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The degradation and adsorption of the organophosphorus nematicide fosthiazate were investigated
in nine soils with various physicochemical and biological characteristics. Fosthiazate was more
persistent in acidic soils (pH <6), with half-life () values ranging from 53.3 to 57.7 days, compared
to soils with higher pH (pH >7), with &, ranging from 14.1 to 20.7 days. Application of antibacterial
and antifungal antibiotics to soil samples resulted in a significant inhibition of fosthiazate degradation
only in two of the three acidic soils. In contrast, soil autoclaving resulted in doubling the t, of
fosthiazate in all studied soils, suggesting that both microbial and abiotic processes contribute to
fosthiazate degradation. Statistical analysis indicated a significant negative correlation (P < 0.01)
between soil pH and t,. Fosthiazate was generally weakly adsorbed with Freundlich adsorption
coefficient (K;) values ranging from 1.23 to 2.74 mL/g. Fosthiazate concentration was strongly
correlated with soil organic matter content with higher K; values in soils with higher organic matter
content (P < 0.01). The mean t, and K; values derived from the laboratory studies were used to
parametrize the FOCUS groundwater (GW) models PRZM, PELMO, PEARL, and MACRO for
nematicide application in potato and tomato crops. Predicted environmental concentrations produced
by the models PEARL and MACRO suggested a potential risk for GW in several scenarios, unlike
PELMO and PRZM, which predicted low risk for GW. These findings suggest that the environmental
fate of fosthiazate is strongly influenced by soil characteristics and that this nematicide should be
used with care in acidic, light soils with low organic matter content.
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INTRODUCTION efficient nematicides in controlling root-knot nematodes in a
cucumber plantation (5).

Fosthiazate [(RS)-S-sec-butyl-O-ethyl 2-oxo-1,3-thiazolidin- - Ayhough a lot of information is available regarding the
3-ylphophonothioate] is a relatively novel nonfumigant orga- efficacy of fosthiazate, only a few studies so far have examined
nophosphorus nematicide that is registered in Greece for theyhe gegradation and adsorption of fosthiazate in soil. Qin et al.
control of root-knot nematodes/gloidogynespp.) in protected st presented laboratory degradation and adsorption studies of
crops and in other European countries including the United fosthiazate in three contrasting soils with half-lite4 values
Kingdom for the control of potato cyst nematod@dbodera  ranging from 17.7 to 46.8 days and Freundlich adsorption
rostochiensisndGlobodera pallida) in potato fields. Previous  gefficients (K) ranging from 0.1 to 1.2 mL/g6). The only
field studies have documented the efficacy of fosthiazate againstgther study related to the degradation and adsorption of
different groups of phytoparasitic nematodes in various crops fosthiazate could be obtained from registration data which report
(1—4). Recent comparative field tests with other nonfumigant a similar range of values for soil degradation and sorption,
nematicides showed that fosthiazate and oxamyl were the mostindicating low sorption and relatively high leaching potential

(7). Although the former study provided preliminary evidence
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Table 1. Physicochemical and Biological Properties of the Soils Studied

sand clay loam CaCOs organic organic biomass N P K Ca Fe
soil (%) (%) (%) pH (%) matter? (%) carbon (%) (ug of Clg of soil) («glg) («9/9) («9/9) (u9lg) («9lg)
1 39.8 5.0 55.2 7.46 22.88 1.88 1.02 316.3 10.93 13.08 261.2 1800 791
2 54.3 21.7 24.0 5.26 0.66 1.24 0.67 77.1 14.13 17.28 157.0 300 65.60
3 51.3 5.9 42.8 741 56.32 1.62 0.87 155.1 23.42 11.88 188.7 1650 5.35
4 49.3 32.8 17.9 4.66 0.44 1.88 1.02 88.1 21.98 10.20 160.7 250 84.52
5 495 315 19.0 7.66 0.66 152 0.82 135.3 6.18 11.04 143.5 350 14.72
6 44.0 35.8 20.2 6.07 0.66 1.65 0.89 322.8 18.34 16.44 259.1 450 47.44
7 64.0 129 23.1 8.3 3.96 1.04 0.56 329.6 6.30 16.08 146.6 1050 12.94
8 45.9 325 21.6 7.15 20.68 213 1.08 308.6 7.58 15.36 613.5 1650 11.02
9 32.0 40.6 274 7.45 18.92 112 0.60 228.8 29.03 34.56 585.5 1800 77.54

2 Calculated by the equation organic matter = organic carbon/0.54.

fosthiazate in soil. Knowledge of these factors is important in was also determined using the chloroform fumigatiorcubation
predicting the levels of pesticides likely to remain in soils and method as described by Mele and Carter (21). The physicochemical
allows assessment of the potential risk associated with exposure@nd biological properties of the studied soils are summarizddbie
Degradation and adsorption are the most important processes- ) ) _ i _
controlling the pesticide persistenc®),(and their parameters A co_n_1mercna| formulation o_f fosthiazate (Nemathc_)rm EW 15% ai)
derived from standard laboratory tests can be used for theq® SEl i BEENC e %) M e of osthazate
r;i‘gf:?r?g;rg;té%?ia?fIrr:]?(:?:rr:t]E)I/ttle(;ar!s,rrr]r?;tﬁfmtgtigslsr?;s dgﬁ]sgtlﬁlgg(lshihara Sangyo Kaisha, Belgium-RCC, Itingen, Switzerland, 99.3%)

) o was used for analytical purposes.
become an integral part of the pesticide regulatory scheme. Analysis of Fosthiazate Residues in SoiResidues of fosthiazate

Separate FOCUS (FOrum for the Co-ordination of pesticide i, goil samples (10 g) were extracted after two successive shaking
environmental fate models and their USe) groups, establishedperiods on an orbital shaker for 45 and 30 min with methanol/water
within Europe, produced guidelines for proper model use and 70:30 v/v. The supernatant from the two shakings and the soil slurry
recommended specific models to be used in standard agriculturalwere gathered and centrifuged for 10 min at 3500 rpm. After
scenarios for estimating the risk for groundwater (GW) con- centrifugation, the clear supernatant was collected and mixed with
tamination (9,10). It is now well documented that all math-  distilled water up to a volume of 100 mL. The extract (100 mL) was
ematical models are particularly sensitive to the degradation andSubsequently passed through a C18-BondElut cartridge. Fosthiazate
adsorption parameters, and their results are strongly influenced €Sidues were subsequently eluted with ethyl acetate (2 mL), which
by the parametrization of these variabldd £ 14). Given the was used for chromatographic analysis. Fosthiazate residues in the

i infl th t h del dicti aqueous phase (0.01 M CalCWere determined in a similar way. A
strong Influence these parameters have on model prediclions, g, ja-packard 6890 (Palo Alto, CA) gas chromatograph equipped

this will transpose into uncertainty in model predictions. it a nitrogen-phosphorus detector (GC-NPD) and fitted with an HP-5

Therefore, the selection of such parameters should be done witheapillary column (30 mx 0.32 mm and 0.25m film thickness)

due care using high-quality datasets to minimize as much asconnected to a 50 cm deactivated precolumn was used. Two microliters

possible model uncertainty. of extract was injected on the splitless mode. Injector and detector
The aim of the current paper is to (1) examine the effect of temperatures were 250 and 325, respectively The carrier gas was

soil physicochemical and biological properties on the persistencehelium at a constant flow rate of 3.2 mL/min, the detector gases were

of fosthiazate in soil and (2) to investigate the leaching potential & and hydrogen at flow rates of 60 and 3.2 mL/min respectively, and

of fosthiazate using the FOCUS GW models the makeup gas was helium at a flow rate of 6.7 mL/min. The column
' temperature was initially set to 8€ and then increased to 23CQ at

a rate of 3C°C/min, at which it was held constant for up to 14 min. At

MATERIALS AND METHODS these operating conditions the retention time for fosthiazate was 6.3

Soils and PesticidesSoil samples (5 kg) were collected in April ~ min. The detection limit (LOD) for fosthiazate was 0.2§/g with
2005 from nine orchards from the area of Veria, northern Greece. After recoveries always exceeding 90%.
collection, samples were immediately transported to the laboratory, = Degradation of Fosthiazate in Soils.Triplicate samples (600 g)
where they were partially dried overnight and passed thr@g mm from each of the nine soils were separated, and the first two were
mesh sieve. Subsamples were removed for the determination of soilsterilized via two different means to examine the microbial involvement
moisture and maximum water-holding capacity (MWHC). Moisture in the degradation of fosthiazate. The first sample received a dose of
content was determined by oven-drying subsamples at'Clfor 24 50ug/g (30 mL; 1000 mg/L) of each of the antibiotics chloramphenicol
h. MWHC was measured gravimetrically following saturation of the (broad-spectrum bactericide) and cycloheximide (fungicide). Samples
soil (30 g) with distilled water in a funnel with Whatman no. 1 filter =~ were subsequently mixed by hand to ensure uniform distribution of
paper and allowing it to drain for 24 h. the antibiotics and incubated for 48 h at 26. The second sample

The soil samples included in the study were selected among soils was autoclaved for 20 min at 12C, and the third sample received no
from 120 field sites with known physicochemical properties. Soil treatment. Subsequently, all samples received a dose gf/§
selection was based on differences in soil pH, organic matter content, fosthiazate (9 mL; 200 mg/L), which corresponds to the maximum
and soil texture to obtain, as much as possible, a wide range of valuesrecommended dose for the control of phytoparasitic nematodes.
for the main soil characteristics known to influence the degradation Additional water was added to adjust the water content to 45% of the
and adsorption of pesticides. Measurement of organic matter contentMWHC, and samples were briefly mixed by hand. Sterilized distilled

was performed by using the Walkley and Black oxidation meti&l ( water was added in the antibiotic-treated and autoclaved soil samples.
Soil pH was measured in mixtures of air-dried soil/deionized water Subsequently, bulk samples were divided into 21 subsamples (25 g),
(1:2 wiv). Soil texture was determined using the pipet metHi®). which were placed in aerated plastic bags (100 mL) and incubated in

N-NOs; was measured using the KCl methdd), Soil P was measured  the dark at 20C. It should be stressed that the antibiotic-treated and
using the method described by Olsen et &8)( Soil K and Ca were the autoclaved samples were handled in different parts of the laboratory
measured using the ammonium acetate method (19). Finally, soil Fe compared to the nonsterilized samples to minimize the risk of cross-
was determined using the DTPA meth@@); Soil C microbial biomass contamination. Immediately before incubation and 7, 14, 28, 42, 70,
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and 100 days later, triplicate samples from each treatment and soil were 4.0
removed from the incubator and analyzed for residues as described
before. The moisture content of the soils was maintained constant with
regular additions of water when needed. Sterilized distilled water was
used for moisture adjustment in sterilized soils.

Adsorption of Fosthiazate in Soils.The adsorption of fosthiazate
in soils was determined using the standard batch equilibrium method
(22, 23). Preliminary studies were conducted to determine the time
required for equilibrium of pesticide concentration in the two phases
(soil and water) to be reached. Therefore, 15 subsamples (10 g air-
dried) for each soil were placed in conical flasks (100 mL) and mixed
with 20 mL of a fosthiazate solution (8/g/mL) in 0.01 M CaCl.
Soil samples were shaken on a platform shaker, and at different intervals
(2, 4, 8, 10, and 24 h) triplicates from each soil were removed and Time (days after treatment)
centrifuged at 10000 rpm for 15 min. The supernatant was then collectedFigure 1. Degradation of fosthiazate in soils 1 (<), 2 (W), 3 (%), 4 (O),
and used to determine the concentration of fosthiazate remaining in5 (), 6 (®), 7 (a), 8 (A), and 9 (®). Each value is the mean of three
the water phase. replicates with error bars representing the standard deviation of the mean
Fifteen air-dried soil subsamples (10 g) for each of the studied soils at each sampling point.
were weighed into conical flasks (100 mL) and were subsequently
mixed with 20 mL of 0.01 M CaGlsolution containing fosthiazate at  parameters were obtained using Pearson’s correlation coefficient. In
concentrations of 2, 4, 6, 8, and 1@/mL. Triplicate samples were  all cases statistical analysis was performed using SPSS Win 11.01.1 v.
prepared for each concentration level. Soil samples were agitated for
24 h at room temperature (28 3 °C) and centrifuged as described RESULTS
above, and the aqueous supernatant was collected and used to determine . o . . .
the concentration of fosthiazate in the aqueous pHage«/mL). The Fosthiazate Degradation in SoilsDegradation of fosthiazate
amount of fosthiazate remaining adsorbed on the soil pfasadg/g) in autoclaved, treated with antibiotics, and nonsterilized soils
was calculated from the difference between the amount of pesticide in followed first-order kinetics Kigure 1), and theirty, values
the initial solution and the amount of pesticide recovered in the solution were calculated using the formula
after the 24 h shaking period, assuming that no other processes including
degradation, volatilization, or photolysis are significant during this short ty,= In 2/Kdeg Q)
time period. This is a valid assumption considering the low vapor
pressure and the stability of fosthiazate to photolysis and hydrolysis at wheret,, (days) is the pesticide half-life anthegis the pesticide
the conditions of the experiment)( In addition, the results derived fijrst-order degradation rate (1/day). The, and Keg OF
from.the degra}dation experimgnt showed negligible degradation of fycthiazate in all soil samples tested are summarizethble
fosthiazate during the 24 h period. 2. Significantly shortety;, values for fosthiazateP( < 0.05)
Prediction of the Leaching Potential of FosthiazateThe leaching were observed in soil samples with pH values exceeding 7.0,
of fosthiazate was estimated using the FOCUS versions of the GW o, hair values ranged from 14 days in soil 7 to 20.7 days in
models Pesticide Root Zone Model (PRZM) 2.4.1 v, Pesticide Emission soil 1. In contrast, significantly longex,» values for fosthiazate

Assessment at Regional and Local scales model (PEARL) 2.2.2 v, . . g .
Pesticide Leaching Model (PELMO) 3.2.2 v, and MACRO 4.3 b.v for (P < 0.05) were obtained in the acidic soils (p¥6.1), where

applications into potato and tomato crops, which are the two registered Values ranged from 53.3 days in soil 6 to 57.7 days in soil 4

uses of fosthiazate in the European Union (EU). Potato crop simulations (Table 2).

are included in all nine scenarios, unlike tomato crop, which isincluded ~ There was no significant inhibitionP( > 0.05) in the

in only five scenarios (Chateaudun, Piacenza, Porto, Sevilla, Thiva). degradation of fosthiazate between soil samples treated with

The mean of thex,, Ks, andN values calculated for the studied soils  antibiotics and the corresponding nonsterilized samples in six

were used as input parameters for all four GW models. Different soils that were all characterized by high soil pH. In contrast,

adsorption parameters are required from each model; thus, the mearyntipiotic treatment resulted in a significant increa8e<(0.05)

Krom value was used as input for the PEARL model, . was in the ty, of fosthiazate in soils 2 and 4, which were

fr?écﬁIatvtgsagﬁji\?ezs;;‘guggé tgse iFr: Ri“?o?rlﬂeMﬁé:LFﬁﬂoomn?gglj’ z:d characterized by low soil pH. Sterilization of soil 6 decreased
o p ) the persistence of fosthiazate compared to the persistence of

other pesticide physicochemical parameters including molecular weight, h icide in th di ilized |
vapor pressure, and water solubility were obtained from the literature 1€ N€maticide in the corresponding nonsterilized samples.

(7). No correction ofty, for temperature was required because the Autoclaving the soils resulted in a significaft ¢ 0.01) increase
degradation studies were conducted at’@) which is the reference N thety; values of fosthiazate in all soils compared to the
temperature. In contrasty, values were corrected manually for soil ~ values recorded in the corresponding non-autoclaved soil
moisture following the guidelines of the FOCUS GW gro@y; thus, samples (Table 2). For example, tlg, values of fosthiazate
model corrections for moisture were disabled. The recommended in the nonsterilized samples of soils 4 and 5 were 57.7 and 14.1
application rate of fosthiazate for the control of phytoparasitic days, respectively, compared to 92.3 and 26 days recorded in
nematodes was used (3 kg of ai/ha), but the mode of pesticide the corresponding autoclaved soil samples (Table 2).
application was varied among crops according to the GAP document  posthiazate Adsorption in Soils.The results of the prelimi-
(7). Thus, application of fosthiazate in potato crops was done with nary investigation regarding the time required for pesticide
incorporation at the top 15 cm of the soil, unlike application to tomato - LT . . . e
equilibration in the nine soils are shownkigure 2. Equilibrium

crop, which was considered as surface application without incorporation. . Il soil hed within 10 h d further d .
The application time of the nematicide to potato and tomato crops was In all soils was reached within » and further decreases in

assumed to occur at the time of seeding and 1 day prior to emergencefOSthiazate concentration in the aqueous phase were negligible.
respectively. Therefore, 24 h was taken as the equilibrium period to facilitate

Statistical Analysis. The data obtained from the degradation and S@mple processing and analysis. _
adsorption experiment were subjected to one-way analysis of variance ~1he adsorption isotherms obtained for each of the soils tested
(ANOVA). Correlation coefficients between the different physico- are shown inFigure 3. In general, isotherms deviated from
chemical and biological soil properties and adsorptidagradation linearity and were better described? & 0.96) (Table 3) by

Fosthiazate concentration (ug/g)

120
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Table 2. t, Values of Fosthiazate in Nonsterilized, Treated with Antibiotics, or Autoclaved Samples of the Soils Studied

nonsterilized antibiotic-treated autoclaved
soil ti (days) Keg (1/day) r2 t» (days) Kgeg (1/day) r2 ti» (days) Kgeg (L/day) r?
1 20.7 0.0334 0.993 20.1 0.0344 0.997 44.4 0.0156 0.919
2 55.4 0.0125 0.967 82.4 0.0084 0.927 86.5 0.008 0.895
3 17.3 0.0401 0.994 16.9 0.0409 0.998 36.1 0.0192 0.922
4 57.7 0.0120 0.954 65.9 0.0105 0.945 92.3 0.0075 0.986
5 14.1 0.0491 0.987 13.9 0.0500 0.980 26.0 0.0266 0.985
6 53.3 0.0130 0.943 47.0 0.0148 0.970 62.4 0.0111 0.869
7 14.0 0.0496 0.989 14.0 0.0506 0.985 40.7 0.0170 0.944
8 19.4 0.0357 0.998 19.4 0.0357 0.992 435 0.0159 0.931
9 18.3 0.0359 0.985 18.1 0.0384 0.994 48.1 0.0144 0.956

2.0 4
1.0

0.0 1
0 4 8 12 16 20 24

Concentration of fosthiazate (ug/ml)

Time (hours)
Figure 2. Equilibration of fosthiazate concentrations in solution in soils 1
(©), 2 (m), 3 (), 4 (C), 5 (00), 6 (#), 7 (a), 8 (a), and 9 (@). Each
value is the mean of three replicates with error bars representing the
standard deviation of the mean at each sampling point.

Concentration of fosthiazate in soil (ng/g)

0 T T T T T T 1

0 1 2 3 4 5 6 7
Concentration of fosthiazate in solution {ug/ml)

Figure 3. Adsorption isotherms of fosthiazate in soils 1 (<), 2 (M), 3 (),
4(0),5(00), 6 (®), 7 (a), 8(a) and 9 (@)

Table 3. Adsorption of Fosthiazate in the Soils Studied

soil  Ky(mlig) Ki(mlig) N r2 Kic(mLig)  Kiom (ML/G)

1 2.77 2.74 102 0971 268.6 1457
2 1.48 1.60 093  0.999 238.8 129.0
3 212 1.98 107  0.983 221.6 122.2
4 2.39 2.58 091  0.983 252.9 137.2
5 1.62 177 092  0.982 2159 116.4
6 2.44 2.27 1.08  0.983 255.1 137.6
7 1.48 1.60 0.93  0.963 285.7 153.8
8 175 2.34 0.70  0.986 216.7 117.0
9 172 1.23 131 0.980 205.0 109.8

the Freundlich equation
c.=Kc," (2)

whereK;s is the Freundlich adsorption coefficient aNds the
Freundlich exponent. The adsorption coefficieKts K¢, and

their corresponding coefficients normalized for organic carbon
Kioc and organic matteiKzom andN calculated for each soil are
shown inTable 3. Kq was calculated by using the equatika

= CJC,, assuming that adsorption of fosthiazate can be
described by linear isotherms. Th& values of fosthiazate
ranged from 1.23 mL/g in soil 9 to 2.74 mL/g in soil 1.
Generally, higherK; values were associated with soils with
higher organic matter content (Table N.values ranged from
0.7 in soil 8 to 1.3 in soil 9, although for all other soils the
exponent values ranged from 0.91 to 1.01. Normalization of
the Ks values for organic carbon content resulted in a smaller
variation inKj.c values between soils, which ranged from 205
to 285 mL/g (Table 3).

Correlations between Soil Properties and Degradation and
Adsorption of Fosthiazate. Correlations between fosthiazate
t12 and adsorption coefficiend; with soil physicochemical and
biological parameters are shown Feble 4. A significant
negative correlation (—0.953% < 0.01) between fosthiazate
t1» and soil pH was evident, suggesting higher persistence of
fosthiazate in acidic soils. Soil Ca showed a significant negative
correlation (—0.687P < 0.05) with fosthiazaté,, unlike soil
Fe, which was positively correlated (0.70R, < 0.05) with
fosthiazate;». A strong positive correlation between soil organic
matter content andK; was observed (0.814P < 0.01),
suggesting a higher adsorption of fosthiazate in soils with
increasing organic matter content. No other significant correla-
tion between fosthiazate degradation and sorption and soil
properties was obtained.

Prediction of the Leaching Potential of FosthiazateThe
meanty,, Ksoe, Kiom, @andN values for the nine soils studied in
the experiments described above were 31 days, 240.7 mL/g,
129.9 mL/g, and 0.99, respectively. These mean values were
used for the parametrization of the FOCUS GW models. The
80th percentile value of the annual average concentration of
fosthiazate at the 1 m depth for a 20 year simulation period
was considered to be the relevant predicted environmental
concentration (PECs) for pesticide risk assessment (9). Gener-
ally, lower PECs were predicted when pesticide leaching was
simulated under tomato crop compared to the corresponding
PECs predicted when potato crop simulations were performed
(Table 5). Different results were obtained from the different
models used. Generally, PRZM predicted low risk for GW
contamination for fosthiazate with GW PECs not exceeding 0.1
«g/l in any of the FOCUS scenarios for both tomato and potato
crops. Similar results were obtained with PELMO, with fos-
thiazate PECs exceeding Qu@/L in only the Piacenza scenario
cropped with potatoes. In contrast to the previous two models,
PEARL suggested a relatively high leaching potential for
fosthiazate, with PECs well above Quij/L in seven of the nine
scenarios with potato crop and in four of the five scenarios with
tomato crop. Finally, the MACRO model produced GW PECs
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Table 4. Pearson’s Correlation Coefficients of t,, and K; of Fosthiazate with Soil Physicochemical and Biological Properties?

Ki sand clay loam pH CaCOs oM biomass N P K Ca Fe
tin 0.271 0.048 0.311 -0.363 -0.953** -0.490 0.271 -0.395 0.292 -0.152 -0.291 -0.687* 0.701*
K 1.000 -0.112 -0.216 0.309 -0.311 0.069 0.814* 0.188 -0.171 -0.651 -0.099 0.002 -0.207

a* correlation is significant at the 0.05 level; **, correlation is significant at the 0.01 level.

Table 5. PECS (Micrograms per Liter) GW Predicted by the FOCUS doubling ofty, of fosthiazate in almost all soils studied. The
GW Models PRZM, PELMO, PEARL, and MACRO, Which Were inability of the antibiotics chloramphenicol and cycloheximide
Parametrized with Degradation and Adsorption Parameters Derived to significantly inhibit the degradation of fosthiazate in the
from the Laboratory Studies studied soils could be attributed to the presence of microbes

that were resistant to the specific antibiotics. Application of a

PRZM PELMO PEARL MACRO ; L ;
. more drastic sterilization method such as autoclaving resulted
scenario  fomato potato tomato potalo fomato potato  potato in a significant inhibition of the degradation of fosthiazate.
Chateaudun ~ <0.001 <0.001 <0.001 <0.001 2645 3282  0.303 Antibiotics application is considered to be a mild sterilization
—a - —_ —_ . . . .
Hamourg e e method that does not alter soil physical and chemical properties
Kremsmunster  — 0001 - 0001 - 5003 - a}nd con;equently d.oes not mocjify quaptitatively and qualit.a-
Okehampton - <0.001 - 0.001 - 2610 - tively soil—xenobiotic—microbe interactions. In contrast, soil
ﬁ'a‘zenza <8gg? <ggg‘1‘ <8832 <(1)(1)g§ gggg 3382 - autoclaving is a more efficient sterilization method that has been
orto A A A X . . - . g . .
Sevilla <0001 <0001 <0001 <0001 0160 0060 — found to significantly alter the physicochemical status of the
Thiva <0001 <0.001 <0.001 <0001 0370 0606 - soil (31, 32). Our results suggest that both abiotic and biotic

processes are involved in the degradation of fosthiazate in soils.
2No such crop—region scenario is available. Adsorption of fosthiazate in soils was generally weak, with

K values ranging between 1.23 and 2.74 mL/g. The adsorption

exceeding 0.Jg/L for the potato Chateaudun scenario, sug- Coefficients observed in our study are somewhat higher but close
gesting a potential risk for GW contamination in soils where to the range oK; values reported in previous studies. Qin et

the dominant transport mechanism is preferential flow. al. measured fosthiazate adsorption in three contrasting soils
and reportedXs values ranging from 0.1 to 1.2 mL/@). In
DISCUSSION registration studies, fosthiazate adsorption was measured in six

contrasting soils with; values ranging from 0.74 to 1.7 mL/g

Degradation and adsorption of fosthiazate varied between (7). Our findings suggested a strong positive correlation between
soils, with certain soil properties significantly influencing the K values and the organic matter content of the soils studied. A
rate of these processes. Thein the soils tested varied between similar increase in the adsorption of fosthiazate in soils with
14.1 and 57.7 days, which are within the range reported in the higher organic matter content was also reported bef6je (
literature (5—7). Soil pH was identified as the dominant soil Previous studies with nonionized pesticides such as organo-
property affecting the degradation of fosthiazate, and a strong phosphates have shown that organic matter content is the major
negative correlation between soil pH angd of fosthiazate was  factor controlling their adsorption onto soil particleZs(33).
established. Therefore, a rapid degradation of fosthiazate wasNo other soil physicochemical or biological properties were
evident in all six soils with pH values of 7-8.3, unlike the found to significantly influence adsorption of fosthiazate in soil.
remaining three soils which were characterized by pH values  The leaching potential of fosthiazate was also determined by
of 4.7—6.1. A similar effect of soil pH on the degradation of simulating its fate using the four FOCUS GW models for potato
other organophosphorus soil insecticides/nematicides has beemnd tomato crop scenarios. Predictions varied among different
observed before for isazofo24), cadusafos2p), and fenami- models with the capacity models PRZM and PELMO producing
phos (26). Qin et al. reported a similar relationship between similar results in accordance with their common root in
soil pH and fosthiazate degradation, although the limited number development, suggesting low risk for GW contamination in both
of soils studied did not allow the establishment of further crop situations. In contrast, PEARL predictions indicated a
correlations §). This positive effect of soil pH on the degrada- potential risk for GW contamination in both tomato and potato
tion of organophosphorus pesticides has been attributed to acultivations with PECs exceeding the Quiy/L trigger value
concurrent increase of both microbial and abiotic degradation. for GW risk assessment in the majority of the scenarios.
Generally, soil bacteria, which are more active in the degradation Similarly, MACRO suggested also a potential risk for GW
of xenobiotics, flourish in alkaline soil pH27). In addition, contamination in soils vulnerable to preferential flow mecha-
several previous studies have documented the rapid degradatiomisms. Several studies so far have illustrated that the estimation
of organophosphorus pesticides in soils with high pH due to of the leaching potential of a compound is significantly
their vulnerability to chemical hydrolysi28—30). Previous influenced by the model use®4, 35). Model selection is
registration studies have shown that fosthiazate is rapidly therefore likely to present a significant source of uncertainty in
hydrolyzed in an alkaline environment (pH 9), with, = 3.2 pesticide fate modeling. The most appropriate way to account
days compared to its» = 191 days in an acidic environment  for this uncertainty is to predict pesticide leaching using a range
(pH 5) (7). The significant negative correlation observed of models (4). According to current practice for pesticide
betweent;, and soil Ca could be explained by the well- registration in the EU, the results from a single FOCUS GW
established positive relationship between soil Ca and soil pH. model are considered to be adequate for the assessment of the

Application of antibiotics to soils did not significantly inhibit  risk for GW contaminationd). In our case application of PRZM
degradation of fosthiazate with the exception of two acidic soils or PELMO for simulating leaching of fosthiazate would have
(pH <5.6), where a significant increase i, values was indicated that there can be confidence that the substance is safe
evident. In contrast, autoclaving resulted in an approximate in the great majority of situations in the EU. The parallel
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simulation of fosthiazate leaching with the other chromato-
graphic flow model PEARL suggested a potential risk for GW,
although safe uses for the compound were identified in both
potato and tomato crop scenarios, which are significant in terms
of agriculture in the EU. Our modeling results are in agreement
with the inclusion of fosthiazate in Annex | of the 91/4141/
EEC under the specific provision that “member-states should
pay particular attention to the protection of GW, when fosthi-
azate is applied in regions with vulnerable soil and/or climate
conditions” 36). Our finding are consistent with results reported
by Qin et al. ), who concluded that fosthiazate may leach
easily through soils under conducive conditions and particularly
in soils with relatively low pH. However, in this study the
authors estimated the leaching potential of fosthiazate using an
empirical model, the groundwater ubiquity score (GUS) index
(37), and not sophisticated mathematical modeling.

Overall, laboratory studies indicated longer pesticide persis-
tence in acidic soils with high organic matter content due to
increased hydrolytic stability and soil adsorption. This is
particularly important for the potato monoculture areas in

Pantelelis et al.

(8) Walker, A.; Hollis, J. M. Prediction of pesticide mobility in soils
and their potential to contaminate surface and groundwater. In
Comparing Glasshouse and Field Pesticide PerformaB&PC
Monograph 59; BCPC: Surrey, U.K., 1994; pp 211—224.
FOCUS. FOCUS Groundwater Scenarios in the EU Plant
Protection Product Réew Process; Report of the FOCUS
Groundwater Scenarios Workgroup; European Commission
Document Reference SANCO/321/2000; Health and Consumer
Protection Directorate-General: Brussels, Belgium, 2000; 197
pp.

FOCUS Focus Surface Water Scenarios in the Euhfiation
Process under 91/414/EEC; Report of the FOCUS Working
Group on surface water scenarios; European Commission Docu-
ment Reference SANCO/4802/2001-rev. 2; Health and Consumer
Protection Directorate-General: Brussels, Belgium, 2001; 245

©)

(10)

pp.

(11) Boesten, J. J. T. |. Sensitivity analysis of a mathematical model
for pesticide leaching to groundwat@estic. Sci1991, 31,375—
388.

(12) Boesten, J. J. T. I.; van der Linden, A. M. A. Modelling the
influence of sorption and transformation on pesticide leaching
and persistencel. Environ. Qual.1991,20, 425—435.

Greece, where fosthiazate might be used, which are character- (13) Persicani, D. Pesticide leaching into field soils: sensitivity

ized by light acidic soils with low organic matter content. In
such sails, the persistence of fosthiazate would be prolonged,
offering longer protection from potato-cyst nematodes. On the
other hand, in such soils, the slower degradation of fosthiazate
due to low soil pH and its weak adsorption due to low organic
matter content would favor fosthiazate leaching, entailing a risk
for GW contamination. Spatial analysis with the use of
geographical information systems could identify such vulnerable
areas, and higher tier studies such as lysimeter studies, field
leaching studies, and monitoring could facilitate the identifica-
tion of safe uses or the requirement for mitigation measures.
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