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Azimsulfuron Sorption—Desorption on Soil
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The sorption and desorption of the herbicide azimsulfuron, N-[[(4-dimethoxypyrimidin-2-yl)amino]-
carbonyl]1-methyl-4-(2-methyl-2 H-tetrazole-5-yl) 1 H-pyrazole-5-sulfonamide, were studied using five
soils. Sorption isotherms conformed to the Freundlich equation. It was found that pH is the main
factor influencing the sorption and that the sorption on soils was negatively correlated with pH. The
highest level of sorption was measured on soils with low pH and high organic carbon content.
Moreover, inorganic soil colloids, for example, smectite clay minerals and iron oxides, contributed to
the sorption of azimsulfuron. Desorption was hysteretic on soils with high organic and inorganic colloid
contents.
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INTRODUCTION CHs
Azimsulfuron (trade name GulliveFigure 1) is a sulfonyl- /N——N\
urea herbicide for the postemergence controEohinochloa N/ N
species, broadleaf and sedge weeds in rice production. The Va OCHjz

herbicide inhibits the activity of acetolactate synthase (ALS),
which is an essential enzyme in the biosynthesis of the branched-

chain amino acids, valine, leucine, and isoleucifie ALS-

N—
SO,NHCONH—
N $_J

inhibiting herbicides are characterized by low application rates. N—M OCH;
Azimsulfuron controls key weeds at a rate of 6—25 g of active \CH
ingredient per hectare. :

The most significant degradation mechanisms for azimsul- Water solubility (20 °C) K, (25 °C)
furon are metabolism in soil and indirect photolysi8).( pH5 72mgL” pHS 4.43
Nonsterile soils gave faster rates of degradation than sterile soils, pH7 1050 mgL’ pH7 0.043
demonstrating the importance of microbial activity in the pHO 6540 mg L'l pH9 0.0084

degradation.

Herbicides used in paddy fields during the flooding season
can easily cause pollution through runoff into rivers if they
persist longer than the holding period of the water in the paddy.
In addition to degradation, sorption from aqueous solution onto
solid soil surfaces is a key process in determining the transport
and distribution of an organic contaminant in the environment.

The sorption behavior of several sulfonylureas has been
previously reported3—9). Sulfonylureas generally exhibit low
sorption in laboratory studies, and their sorption extent is
negatively correlated with pH. The highest levels of sorption
were measured on soils with low pH and high organic carbon
and/or clay contents.

Azimsulfuron, like other sulfonylureas, is a weak acid. It is
expected to exist predominantly in the anionic form in most
agricultural soils; therefore, it has the potential to exhibit

Figure 1. Chemical structure and selected physicochemical properties of
azimsulfuron.

significant mobility. Relatively little information is available

in the literature about its sorption in soils under either laboratory
or field conditions 2, 10). Knowledge of sorption parameters
is essential to estimate the persistence and mobility of azim-
sulfuron in the soil system.

The aim of this study was to ascertain the influence of soil
properties on the sorption and desorption behavior of azimsul-
furon. For this purpose, the study was carried out using a range
of soils with different properties.

MATERIALS AND METHODS

Materials. Azimsulfuron (99.7% purity) was supplied by DuPont
de Nemours France SA (Centre Europeen de Recherches), Nambsheim,
France. Its purity was checked by high-performance chromatography

79-229219; fax (39) 79-229276; e-mail pusino@uniss.it].
T Universita di Sassari.
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water solubility and octanol/water partition coefficients.() are
dependent on pH as shownhigure 1 (2). The solvents were of HPLC
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Table 1. Selected Physical and Chemical Properties of Investigated 12 O Monghidoro
Soils 10 OBassona
. o . F_g» 8 AFornace
property Vercelli Fornace Chilivani Bassona Monghidoro 5 g o Vercelli
OM (%) 1.0 13 23 4.4 6.3 E 4
clay (%) 8.0 18.0 320 61.0 20.0 3
sand (%) 72.0 57.0 320 21.0 58.0 2 —
silt (%) 20.0 25.0 33.0 18.0 22.0 0 )
pH? 73 78 8.6 76 54 0 3 6 9 12
FeP 55 6.1 10.2 9.9 8.3
CEC* 11.0 175 230 51.2 235 Ce (uM)

Figure 2. Sorption isotherms on natural soil.

a Soiliwater = 1:1. ® Oxalate extractable (g/kg). ¢ cmol/kg.
tions before equilibration ranged from 1.5 to 14M4. The tubes were

Table 2. Mineralogical Composition of Soils Investigated shaken (end over end) for 20 h. After centrifugation, the supernatant
solution was removed and analyzed. Azimsulfuron sorption was also
composition Fomace  Chilivani ~ Bassona  Monghidoro studied on humic acid brought to pH 4.6 by the addition of Ca¢OH)
smectite (%) 12 22 46 3 Preliminary kinetic studies indicated that equilibrium was reached and
illite (%) 42 41 32 that no degradation took place within the aforementioned times.
chlorite (%) 1 9 34 Desorption. Immediately after the sorption process, 5 mL of the
kaolinite (%) 24 12 7 3 supernatant solution was withdrawn and the amount of adsorbed
quartz (%) 4 6 53

herbicide calculated. The remaining slurry was again brought to 10
mL by the addition of 5 mL of water, equilibrated for 24 h, and
centrifuged. These steps (supernatant withdrawing and replacing and
S ) re-equilibrating) were repeated four times consecutively. The concentra-
grade (Carlo Erba Reagenti, Milano, Italy) and were used without tjon of herbicide in the desorption solutions was determined, and the
further purification. amount of herbicide adsorbed on the soil after each desorption step
Five Italian soils, a sandy loam from Fornace (Emilia-Romagna), a was calculated by difference. Each level of dilution thus provided one
clay loam from Bassona (Emilia-Romagna), a loamy sand from point to the desorption isotherms.
Monghidoro (Emilia-Romagna), a sandy loam from Vercelli (Piemonte), — p| ¢ Analyses. The concentration of azimsulfuron was determined
and a clay loam from Chilivani (Sardegna), were examined. The p Lp| . The system was assembled as follows: a Waters 1515 pump
samples were air-dried and sieved &2 mm. The particle size  gquipped with a Waters 2487 UwWis programmable detector operating
distribution was measured by the Purdue University Soil Testing 4t 240 nm; breeze chromatography softwareBandapak G analytical
Laboratory using the pipet method). The organic carbon content  cqjymn (10um, 3.9 x 300 mm) eluting with acetonitrile plus water
was determined according to the modified Walkidlack (12) method. (50 + 50 by volume) previously brought to pH 2.7 with phosphoric
The cation exchange capacity (CEC) was determined according to theaciq at a flow rate of 1 mL mirt. The retention time for azimsulfuron
procedure of Hendershot and Duqueit8) (Ammonium oxalate-soluble  nger the chromatographic conditions described previously was 6.8 min.
Fe was extracted according to the method of Schwertma4 Goil The quantitative determination of azimsulfuron was performed by using
pH was determined on slurries with a soil/water ratio of 1:1. Selected 4p, external standard. Calculations were based on the average peak areas
physicochemical properties of the soils are listedable 1. The clay of the external standard. The detection limit for azimsulfuron was 0.1
mineralogy of all soils, except Vercelli, was determined by X-ray g |-1 as calculated from the concentration of herbicide needed to
diffraction (XRD) analysis (se&able 2). obtain a detector response that was approximately twice the background
Humic acid was obtained from Monghidoro soil according to the gjgnal.
procedure of Stevensoi§). After precipitation, it was centrifuged, Data Analysis. Sorption-tdesorption data were fit to the logarithmic
redissolved, and precipitated three times, then dialyzed against distilled¢y 1, of the Ereundlich equation, logs =

; . . = log Kags + 1/Mgslog Ce,
water until salt-free, and finally freeze-dried. whereCs (in umol kg™?) is the amount of herbicide adsorbed by soil

Sorption on Soil. Azimsulfuron sorption isotherms were obtained o hymic acid Ce (in «M) is the equilibrium concentration in solution,
using a batch equilibrium method. In general, triplicate samples of 5 g and jogK,4sand Lhagsare empirical constants representing the intercept
of air-dried soil, sieved through a 2-mm mesh screen, were equilibrated 54 the slope of the isotherm, respectively. THigy values were
in polyallomer centrifuge tubes with 10 mL of agueous herbicide 5iculated by normalizing the sorption constaiigswith the organic

solution. The initial concentration of the herbicide ranged between 2.3 yatter (OM) content of the soils investigated according to equation
and 11.5«M. The tubes were shaken (end over end) for 16 h at25 | = K., x 100/% OM.

2 °C. Preliminary batch kinetic studies indicated that pseudo-equilibrium
was reached within 7 h and that no changes in concentration occurred
after further shaking for 48 h. After equilibration, the suspension was
centrifuged at 19000fpr 15 min, and the supernatant was pipetted off
and analyzed immediately. The amount adsorbed by soil was calculated
from the difference between the initial and final concentrations of
azimsulfuron in solution. Blanks with initial concentrations of the
herbicide ranging between 2.3 and 14M without soil were prepared
and shaken for 16 h at 2k 2 °C. The control samples analyzed did
not show any variation of initial concentration. Therefore, adsorption  Sorption Studies. The sorption isotherms of azimsulfuron
on polyallomer centrifuge tubes and degradation can be excluded. g, five soils are shown ifigure 2. The empirical Freundlich
The effect of the pH of the soil solution on azimsulfuron sorption eqyation described well the sorption behavior of the herbicide

was examined by using a batch equiliborium method to measure /. "o
adsorption to soils after the addition of HCI or NaOH. The amount E;rogffi(():.izgtgs).(:;i}(e)rctilgl:ilsteea? ﬁ?gféagf\?g;i%i;i/ead; and the

adsorbed was quantified with the same procedure described for natural : .
soils. No measurable sorption was observed on Chilivani soil at

Sorption on Humic Acid. Duplicate samples of humic acid (20 mg)  hatural pH (8.(_5). In all cases 'the isotherms are nonlinear, with
were equilibrated at 2% 2 °C in polyallomer centrifuge tubes with  slopes (Itaqg different from unity. In general, higsvalues were
10 mL of aqueous herbicide solution (pH 3.5). Azimsulfuron concentra- <1, resembling L-type isotherm&¥). An L-type curve indicates

potash feldspar (%) 22 10 7

The hysteresis coefficient, for the sorptior-desorption isotherms
was calculated according to the forma= (1/nyeg/(1/nady, Where
1/nygs and 1/Res are the Freundlich slopes obtained for the sorption
and desorption isotherms, respectively (16).

RESULTS AND DISCUSSION
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Table 3. Freundlich Parameters for the Sorption of Azimsulfuron on Table 5. Freundlich Parameters for the Sorption of Azimsulfuron on
Soil Soil and on Humic Acid at Modified pH Values
sample pH2 Kads? 1/Nags” r Kowm sample pH2 Kads? 1Nags? r
Monghidoro 54  232(x021)  0.88(£0.10) 0998 37 Monghidoro 6.1 1.85 (+0.18) 0.74 (+ 0.10) 0.993
Bassona 76  072(x011)  1.18(+x0.07)  0.99% 16 4.1 9.52 (+0.12) 0.81 (+ 0.08) 0.997
Fornace 7.8 0.64 (£ 0.11) 0.70 (£ 0.03) 0.989 49 Bassona 5.9 5.12 (£ 0.07) 0.80 (+ 0.05) 0.999
Vercell 7.3 040(x0.08)  066(x002)  0.990 40 4.2 9.52 (+ 0.05) 0.78 (+ 0.03) 0.999
Chilivani 8.6 nd nd nd nd Fornace 6.0 0.78 (£ 0.13) 0.77 (£ 0.08) 0.994
4.0 0.91 (£ 0.18) 0.80 (+0.10) 0.994
. b - - . - Vercell 6.1 0.60 (+ 0.09) 0.91 (+ 0.10) 0.990
" \?;;I of aqueous suspension. ° Value in parentheses is the 95% confidence 40 0.84 (2 0.11) 0.89 (£ 0.11) 0.989
: Chilivani 6.2 2.87 (+0.03) 0.97 (+ 0.04) 0.997
41 5.9 (+0.07) 0.96 (+ 0.08) 0.995
Table 4. Linear Regression Analyses for Azimsulfuron Sorption (Kags) humic acid 35 103.00 (+ 1.31) 1.40 (+ 0.08) 0.997
and Selected Properties of Soils (x)? 46 1.83 (£ 0.29) 2.80 (+0.26) 0.974
property correl coeff prob level intercept slope 2pH of aqueous suspension.  Value in parentheses is the 95% confidence
X r P a b interval.
pH 0.969 0.006 6.14 -0.72
OM (%) 0.820 0.089 -0.17 0.32 o o Monghidoro pH = 6.1
CEC 0.073 0.906 0.71 0.04 _
clay (%) 0.116 0.853 0.96 0.01 8t O Bassona pH =5.9
7r X Chilivani pH = 6.2
aFor the equation Kags = a + bx. i 6 aFornace pH =6.0
X
. . . o e . =5 s
a relatively high azimsulfuronsoil affinity at low concentration; g , o VercellipH = 6.1
that is, the extent of sorption decreases as the herbicide> 5l
concentration increases, because it becomes increasingly mor&
difficult for azimsulfuron to find vacant adsorption sites. Only 2
the Bassona soil isotherm showed a value afydl/> 1, !
0

indicating an S-type curve. This shape indicates a low azim-
sulfuron—soil affinity at low concentration. Sorption becomes
easier as the herbicide concentration increases. In most cases
this behavior was attributed to the strong competition between Figure 3. Sorption isotherms on pH-modified soil.

the water molecules and the pesticide for the sorption si@s (

In certain instances, especially in the sorption of organic (Table 5andFigure 3), following the general trend observed
compounds, an S-type isotherm may be due to cooperativefor sulfonylureas and weakly acidic herbicides (20—22).
interactions among adsorbed organic species that stabilize the Furthermore, it is interesting to note that, in the same range
sorbate and enhance its affinity for the surfad®)( An of pH, Bassona soil followed by Chilivani soil, showed the
inspection of the data listed ifable 3indicates that the highest  greatest sorption capacitie3gble 5). These two soils are
KagsVvalue corresponds to Monghidoro soil, which contains the characterized not only by a fairly good amount of organic matter
greatest amount of organic matter. The extent of sorption also by a high clay (mainly of the smectite type, Jadble 2)
decreases with decreasing content of organic matter. Chilivaniand iron oxalate extractable content. The contribution of smectite
soil is an exception because it shows a negligible affinity for clay minerals and iron oxides to the sorption of sulfonylureas
azimsulfuron despite its fairly high content of OM (2.3%). has been reported several tim@3{25). In contrast, Mong-
However, the values of thiéom for the five soils are not very  hidoro soil, exhibiting the greatest organic matter cont€able
close to each other (Table 3), as would be expected if organic 2), a lower iron oxides content, and a negligible smectitic clay
matter is the main soil parameter responsible for sorption. Linear content, did not show a high sorption capacity at 8 and

and multiple regression analyses between selected soil propertiesc4, suggesting a lower contribution of OM to the overall

o
-
N
w
E-N
o

Ce (uM)

and the Freundlich constar{,qs were conductedT@ble 4). sorption process of azimsulfuron, at least at this pH value. An
The highest correlation coefficient was obtained with the soil examination of the Freundlich constants for the sorption
pH. There is no significant correlatio® (< 0.05) betweetKags experiments on humic acid extracted from Monghidoro soil at

and other soil properties. No significant correlations were found different pH values supports this hypothesis (Table 5). Humic
by performing a multiple correlation analysis on the sorption acid exhibits a strong affinity for the herbicide at this rather
data and taking into account two or more soil parameters. low pH (3.5), but at pH 4.6 it exhibits a much lower affinity
The correlation betweelagsand pH is negative, indicating  for azimsulfuron (Table 5). These findings suggest that the
that the extent of sorption increases as the pH decreases. Theserganic matter alone cannot explain the level of herbicide
findings suggest that, most probably, the high sorption observedsorption observed. The decrease in pH also did not influence
on Monghidoro soil was more affected by the low pH value of significantly the sorptive capacity of Fornace and Vercelli soils
the soil suspension (5.4) than by the high organic carbon content.that exhibit the lowest amounts of organic and inorganic colloids
On the other hand, the high pH value of the Chilivani soil and the highest sand content among the five soils tested.
suspension (8.6) could be responsible for the lack of sorption In the pH range of soils herein studied, the herbicid€.G
despite the significant amount of organic matter in the soil. To 3.6) is prevalently in the anionic form; therefore, this is repelled
verify this hypothesis, the sorption of azimsulfuron was studied by the negatively charged soil surfaces, which explains the
after modification of the soil pH to ca. 6 or 4. A comparison of generally lowKagsvalues measured on natural soils. The high
the sorption extent before and after pH modification showed sorption level observed on natural Monghidoro soil is most likely
that azimsulfuron sorption increased as the soil pH decreaseddue to two combined effects. First, the pH value of the
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Figure 4. Freundlich sorption—desorption for azimsulfuron: (@) sorption; (O) desorption.
Table 6. Freundlich Parameters and Hysteresis Coefficients? for the observed. Low desorption levels observed in sorptive soil were
Desorption of Azimsulfuron by Soil attributed to irreversible bonding between the pesticide molecule
] _ and soil colloids, particularly organic matter surfaces (29). An
CP (uM) Vercellic Fornace® Bassona® Monghidoro®

interesting feature of Monghidoro soil is that hysteresis coef-

Tf;:es 46 8:22 g 8:83; ggg g 88?; é:i; g 8:83 g:ig g 8:82; ficients ?ncrease with dfecre_asing azimsulfuron cqncentration,
r 0.984 0.934 0.982 0.982 suggesting that desorption is favored at low sorption levels of
H 1.00 097 013 0.49 herbicide. This finding could indicate that high-energy binding
Kaes 6.9 050(x007) 0.72(x011) 372(x009) 4.97(x0.01) sites are filled only at higher solute concentrations. The highest
e Qo1 (=004 007(+06) 01505 020(x007) hysteresis effect (lowest hysteresis coefficient) was observed
H 0.82 0.96 013 030 in Bassona soil, which otherwise showed a low sorption
Kiee 115 179(£0.14) 084(£0.08) 536(+011) 811 (x021) capacity. Moreover, for this soil, hysteresis coefficients were
Unges 051(£0.09) 055(x0.05 017 (£0.03) 017 (+0.12) not dependent on the initial amount of azimsulfuron adsorbed.
’ gggl gggs 8225 8?83 This suggests that, whatever the level of initial azimsulfuron

concentration, mainly the high-energy binding sites are occupied
by herbicide. Often desorption hysteresis is an artifact due to

a Hysteresis coefficient H = (1/nges)/(1/nags). © Initial concentration. © Value in

parentheses is the 95% confidence interval, several phenomena, for example, chemical or biological deg-
radation or nonequilibrium conditions. However, according to
Monghidoro soil suspension (5.4) is very close to thg palue preliminary studies, in this case the bulk of the equilibration

of organic matter,~5 (25), which makes the organic matter was complete within 24 h. In addition, on the basis of published
only partly ionized. Therefore, azimsulfuron can overcome, at kinetic data 2), chemical and microbial degradation is negligible
least partially, the electrostatic repulsion and be adsorbed.over the pH range (5.4—8.6) and time investigated.
However, the interaction between ionic species and organic
matter surfaces is well-known and, according to literature, can
involve H-bonding, salt bridges, and van der Waals for@as (
28). In addition, the lower solubility of azimsulfuron in water
at pH 5.4 could contribute to the higher sorption level.

Desorption. The parameters for azimsulfuron Freundlich
desorption are presented ifable 6. Figure 4 shows the
azimsulfuron desorption isotherms in soil at differ€nvalues. On the whole, these findings demonstrate that azimsulfuron
The lhags values are greater thannids suggesting that the  behaves similarly to other sulfonylureas, which are prevalently
azimsulfuron sorption by soil was not reversible. Hysteresis adsorbed in the undissociated form. Indeed, if the same soil is
coefficients,H, were calculated and are listed Trable 6. A considered, the sorption extent increases with increasing pK
value ofH close to 1 means that the desorption proceeds asyg|ye of the herbicide (B0).

uickly as sorption does; therefore, hysteresis is absent. On the . .
q y P y The surfaces of oxides or expandable clay minerals (as

other hand, a value ¢ < 1 indicates that the rate of desorption ) . . ; .
is lower than the rate of sorption and that hysteresis takes place SMectites) can contribute to azimsulfuron retention by soil. The

The highest hysteresis coefficient was observed for Fornace andS0TPtion of herbicide on soils rich in colloidal components is
Vercelli soils, which have a low sorption capacity and a low Not reversible. However, depending on the characteristics of soll
hysteresis effect, indicating that the small azimsulfuron amount colloid, different mechanisms involving bonds of different
adsorbed is readily desorbed. This behavior is due to their high energies may take part in the binding process. Further studies
sand content and low amount of organic and inorganic colloids. are necessary to clarify the role of the different soil components
In the more sorptive Monghidoro soil some hysteresis is in azimsulfuron sorption on soil.

Conclusions.The results indicate that the sorption of azim-
sulfuron on soil is largely influenced by pH and soil colloid
content. Because of its lowKp value, azimsulfuron occurs
mainly in dissociated form in agricultural soils. Therefore,
organic matter will be important in the adsorption only if the
herbicide is at least partly in the neutral (undissociated) form.
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