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Sorption interactions of plant cuticular matter with organic compounds are not yet fully understood.
The objective of this study was to examine the competitive sorption—desorption interactions of the
triazine herbicides (atrazine and ametryn) with cuticular fractions isolated from tomato fruits and leaves
of Agave americana. The 13C NMR data suggest a rubber-like nature for the cutin. This biopolymer
exhibited reversible and noncompetitive sorption. Enhanced desorption of atrazine was recorded in
the bi-solute system with bulk and dewaxed A. americana cuticles. 13C NMR analyses of these samples
suggested that the sorbed competitor ametryn facilitated a physical phase transition of rigid paraffinic
sorption domain to mobile and flexible domain during sorption process. We suggest that the different
sorption—desorption behavior obtained for the two cuticles is related to the higher content of waxes
(14% vs 2.6%) and lower content of cutin (46% vs 75%) in the A. americana versus tomato fruit
cuticle.

KEYWORDS: Plant cuticle; cutin; cutan; atrazine; NMR; sorption; desorption; glass transition temperature;
paraffinic carbon

INTRODUCTION pectin) that are layered between the epidermal cell wall and

. S . - the cuticle membrane (8).
Sorption—desorption interactions of herbicides and other ®)

hydrophobic organic compounds (HOCs) are one of the major Several studies have.shovyn the selective pregervation of cutin
processes affecting the fate of these compounds in soils. The@"d cutan biopolymers in soils,(5, 9—11) and their incorpora-
predominant sorbent for such compounds is the soil organic 0N into humic macromoleculeslZ). Recent studies have
matter (SOM). One of the precursors for SOM is plant cuticle "ePorted that these cuticle-derived biopolymers can sorb sig-
(1, 2), a thin layer of predominantly lipids that covers all primary Nificant amounts of highly hydrophobic as well as relatively
aerial surfaces of vascular plan®(The outer surface of the  Polar organic compounds (13—17). The aliphatic-rich structure
cuticle is covered with waxes, which consist of a complex ©Of the cuticle has been suggested to provide both hydrophobic
mixture of long-chain aliphatic and cyclic components (4). In nonspecific sorption domain and specific adsorption sites,
most plant species, the major structural component of the p|antfa0|lltat|ng hydrophobic and H-bonding interactions, respectively
cuticle is the cutin biopolymer (between 30 and 70% by weight). (13, 15).
This is a high-molecular-weight, insoluble, polyester-like biopoly- ~ Several studies have suggested that SOM consists of at least
mer composed of various inter-esterified aliphatic hydroxy acids two types of sorption domaind g, 18,19). These domains can
with chain lengths of g and Gg (5). In some plant species, be characterized as expanded and condensed organic structures,
such asAgave americanathe base and acid hydrolysis-resistant analogous to rubbery and glassy synthetic polymégs 20,
biopolymer, known as cutan, is a major constituent of the cuticle 21). Sorption to the rubbery gel-like domain is governed by a
layer together with cuting, 6). Cutan is composed of a small  solid-phase dissolution (partitioning) process, resulting in
aromatic skeleton ether bonded to a long chaimaflkenes reversible, noncompetitive sorption and linear sorption iso-
and n-alkanes (7). In addition to these two aliphatic-rich therms. However, sorption to the glassy (condensed) domain
biopolymers, the plant cuticle contains polysaccharides (mainly of SOM is generally nonlinear, exhibiting partially irreversible
sorption behavior (desorption hysteresis), and is expected to be

* Corresponding author. Tel+972 948-9384. Fax:-+972 947-5181. affected by competition of a similar solut8, (16, 22, 23).

E-rp_ia_irllt ?_TegetZ@Uag_ri-hUj_i-aC-fil-J | The physicochemical properties of the sorbent (i.e., SOM)
+ Univeratty of Massachusetts, o in soils and sediments have been suggested to affect the sorption
8 UFZ - Centre for Environmental Research. affinity and mechanism of HOCs (24—26). Thus, to elucidate
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the fate of HOCs in the environment, a better understanding of previously weighed into 20-mL Teflon centrifuge tubes. The mass of
the role of SOM constituents in the sorption process is essential.sorbents were selected to achieve-80% sorption. The tubes (three
Therefore, the objective of this study was to examine the replicates and a blank for each concentration) were agitated in the dark
competitive sorptiorrdesorption behavior betweestriazine at 200 rpm for 3 d (25C). _

herbicides (atrazine and ametryn) to improve our mechanistic After the sorption experiments, desorption was performed by
understanding of the sorption capabilities of the plant cuticular replacing 60% of the supernatant with fresh (sorbate-free) background

. . . - olution. Then the tubes were re-agitated under the conditions used in
fracFlonS based Qn th.elr.umque properties and structures andtshe sorption experiments. Desorption was performed for the periods
motivated by their ubiquitous abundance.

tested in kinetic experiments to determine the desorption equilibrium
time for each sorbentsorbate pair. Based on these tests, desorption
MATERIALS AND METHODS was performed for 3 d for all sorbents except for the cutan residue,
which exhibited a longer equilibrium time (7 d). At the end of the
Isolation of Cuticular Fractions. Cuticular fractions were isolated sorption and desorption steps, all tubes were centrifuged (00D

from the fruits of tomato (Lycopersicon esculentiyiil) and leaves min), and 1-mL aliquots were removed and filtered (048) for
of the succulent planfgave americana. Tomato cuticle is a cutan-  guantitative HPLC analysis.

free cuticle, whereas the cuticle Af americanahas been reported to
be composed of both cutin and cutan biopolymer$§3The cuticular
fractions (bulk cuticle, dewaxed cuticle, cutin and cutan biopolymers)

Competitive sorption between atrazine and ametryn was performed
at a constant ametryn concentration (150 mg/L) and varying atrazine
. . X concentrations. Competitive desorption was performed by the above-
were isolated using the method reported previously by Chefedy ( described procedure with the background solution containing the

lBrlefIy, Cft’t'CLe _T_hee_ts were ?;mua:iy Eeﬁ(led f_r?m Lhe fresh fruits or 4 €auilibrium concentration of the competitive ametryn {6 mg/L).
e_a;]/es a erl' ol 'ng 'ZW?Eer' q en the u CU“CI €s iets/\li_vere Itre_ate This allowed us to perform the desorption experiment for atrazine at
with an oxalic acid (4 g/L) and ammonium oxalate (16 g/L) solution constant ametryn concentration.

at 90°C for 24 h and washed to remove any residual materials. Waxes Atrazine and ametryn concentrations were detected using an L-7100

were removed by Soxhlet extraction with chloroform/methanol (1:1, . .
v/v) for 6 h. To obtain the cutin biopolymer, the dewaxed tomato LaChrom HPLC W.'th aL|Chro§pher RP-18 column (25.@1174.0 mm,
5um), equipped with a photodiode-array detector. Atrazine and ametryn

cuticles were hydrolyzed with 6 M HCI (6 h under reflux). To obtain . L B
the cutan fracti{)n t);le dewaxed cuticu(lar material isol?’:tted fram were eluted using acetonitrile/water (70:30, v/v) as the mobile phase
' and detected by absorbance at 222 nm.

americanawas saponified (1% w/v KOH in methanolrf@ h at 70 ’ )
°C), and then hydrolyzed (6 M HCI; 6 h under reflux). All treatments ~ Data Analysis. The Freundlich parametersK{ and N) were
were performed twice to ensure complete removal of the desired Calculated using the logarithmic form of the equatipr- Kr x Cc,
fraction. All purified fractions were washed with deionized water, Wheredis the sorbed amount per unit weight of sorbent (mg/kg),
freeze-dried, ground, and sieved (<0.5 mm). is the equilibrium concentration (mg/Lir [(mg/kg)-(mg/L)™] is the
Analyses of the Cuticular Fractions.Elemental (C, H, N) analyses Freundlich capacity coefficient, ard (dimensionless) describes the

were conducted in duplicate using an automated elemental analyzer'(T(OthSrTveigr\éﬁléﬁét\é 3“:)65;8:“21?2%;02?1:;?% ia:)%?glr?t/ it;og:l;ient
(EA 1108, Fisons Instruments, Milan, ltaly). The cross-polarization ‘ *° Y F

magic angle spinning (CPMASIC nuclear magnetic resonance (NMR) sorbent. Since thKr oc value depends on thévalue, it is not possible

spectra were acquired with a Bruker Avance 300 MHz NMR spec- :ﬁ corrnp?;e ?_ﬁﬁron?]V?'”%sdfpir'%oihe;ms V]\c'f'th d:é;remv?luei Tlhtjsd
trometer (Bruker, Analytic, Billerica, MA). The acquisition parameters € organic ormalized distribution coefficierk,€) were calculate

] P for a Ce of 0.1 and 5 mg/L using the equatitibc = Kroc x CMND,
were as follows: spectral frequency 75 MHz, spinning rate 5 kHz, L e . - o :
contact time 1.5 ms, 1 s recycle delay, and line broadening 40 Hz. The Statistical analysis (All Pairs, Tukey<ramer,P = 0.05) was performed

spectra were integrated into the following chemical-shift regions: by IMPIN software, version 4.0.4. (SAS Institute Inc., Cary, NC).
paraffinic carbon (8-50 ppm); alcohols, amines, carbohydrates, ethers,
and methoxyl carbons (5686 ppm); aromatic and phenolic carbons RESULTS AND DISCUSSION

(96—163 ppm); and carboxyl, carbonyl, and amide carbons-(2@8 o ) . .
ppm). Sorption in a Single-Solute SystemSorption and desorption

Specific heats of the corresponding cuticular materials were deter- data of atrazine with cuticular fractions isolated from the fruits
mined in a Shimadzu DSC-50 differential scanning calorimeter (Si- Of tomato and leaves &. americanaare presented iRigures
madzu Corp., Kyoto, Japan) with computer-aided data analysis, 1 and2, respectively. The sorption parameters are summarized
following the procedure described by Casado and Here2iiy (The in Table 1. With the tomato cuticle fractions, th& oc values
dried samples (18615 mg) were heated from 273 to 323 K at 5 K/min.  calculated for the bulk cuticle and the cutin biopolymer were
The h_eat flow into the sample was calculated using the following 284 and 760 (mg/kg OC)-(mg/LY, respectively. In addition,
equation: dH/dt= mG,(dT/dt) where dH/dts the measured heat flow 10 pulk sorption isotherm was highly nonlinear exhibiting a

(I/min), mis the sample mass (gJ;, is the specific heat (J/g-K) and . -
dT/dtis the scan rate (K/min). To establish an optimal baseline under .Freund“ChN value of 0.74 as compared to 0.94 for atrazine

cooling conditions, the program was carried out on two empty pans. |sptherm with th.e cutin. D“.e. tq the highly norlllnear isotherm

This baseline was used for correction of the baseline with sample runs. With the bulk cuticle, at equilibrium concentrati@h of 5 mg/L
Batch Sorption—Desorption Experiments.Atrazine (2-chloro-4- the calculatedoc value for atrazine with the cutin biopolymer

ethylamino-6-isopropylamincs-triazine) and ametryn (2-ethylamino- ~ Was 3.7 times higher than the value calculated for the bulk

4-isopropylamino-6-methylthio-1,3,5-s-triazine) were kindly provided —cuticle (690 and 186 L/kg OC, respectively). & of 0.1 mg/

by Agan Chemical Manufacturers (Ashdod, Israel). Atrazine exhibits L, the Koc value for atrazine with the cutin biopolymer was

an aqueous solubility of 30 mg/L and ldgow of 2.7. Ametryn’s 872 versus 516 (L/kg OC) for the bulk cuticle.

properties are as follows: aqueous solubility of 185 mg/L anddeg Similar to the atrazine sorption behavior obtained with the

of 3.07. Both compounds are weak bases exhibitiigvalues of 1.7 tomato cuticular matter, with th&. americanacuticles fractions,

ang:c.)rlt’ treirs‘r?eb;ttlt\:/:Zo(rZ?izn experiments were conducted for 3 d (basedatrazine exhibited the lowetkr,oc value with the bulk cuticle.

on kinetic experimentspperforrr?ed for 21 d). Aliquots from a concen- Remqval of th'? cuticular waxes (14% by weight) resulted in a

53% increase in the calculated atrazifieoc value (Table 1).

trated HPLC-grade methanol stock of atrazine were dissolved in a . . o
background solution containing 5 mM CaGto maintain a constant I urther removal of the polysaccharides and cutin (19 and 47%

ionic strength), 100 mg/L Naito inhibit microbial activity), and 50 Dy weight, respectively) resulted in a significant increase in the
mg/L NaHCQ (pH 7). Atrazine solutions (10 mL) at various Kroc from 160 for the bulk cuticle to 347 (mg/kg OQ@ng/
concentrations (0515 mg/L) were added to the cuticle samples L)™N for the cutan biopolymer. With th&. americanacuticles
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Figure 1. Atrazine sorption (filled) and desorption (empty) data with tomato fruit cuticular fractions: bulk cuticle (A) and cutin (B) in single-solute (left)
and bi-solute (right) systems. Each point represents the mean of triplicate vials; bars represent standard error.

fractions theKg oc values can be compared since all isotherms values for bulk tomato fruit cuticle at47 and 25°C and for
were linear and exhibited statistically similar Freundlikh the cutin biopolymer at 23C (27,30, 31). The phase transitions
values (Table 1). It is important to note that@¢ of 0.1 mg/L, were assigned to the melting of waxes and the phase transition
atrazine’sKoc values with cutan were significantly lower than inside the cutin biopolymer. In our study, a continuous change
that obtained for the cutin biopolymer isolated from the tomato of C, between 10 and 4%C rather than a distinct glass transition
(323 and 872 L/kg OC, respectively). Moreover, the atrazine \yas obtained with the tomato bulk and cutin cuticlEg(re
affinity to the bulk tomato cuticle was higher than to the bulk 4 B). TheT, of the tomato cuticle has been reported to vary
A. americana, probably due to the higher cutin content in the yith fruit maturation. Mature cuticles did not show a clear glass
bulk tomato as compared to its level in the blkAmericana  transition (31). Our cuticles were isolated from mature tomato

(75% vs 47%, respectively). _ fruits; therefore, T, was not observed in the investigated
Similar to Chefetz13) and Chamel and Vittor2®), our data temperature range. This physical conformation of the bulk

emphas_ize the ir_nportance of th_e cutin bi_opolymer asa Sorbenttoma'[o cuticle and the cutin biopolymer is supported by the
for triazine herbicides. The cutin, a major component of the

1 : . X 7
cuticle, exhibited a strongly paraffinic nature. The paraffinic C r:Cgiglrl:Al(?oipse()c tfpﬁgu:; ?f[)ﬁeTT)ilT atjgrrnp;?skallgct%%pﬂ;ﬁénlc
made up 76% of the total C in the cutin sample as calculated .
from the 13C NMR spectra figure 3), and the H/C ratio of spectrum were at 25 ppm (GFand .29 ppm (mob|.le amorphous
this sample was 1.64T@ble 2). This ratio was lower for the C domain) 82, 33). The 32-ppr_n signal (crystalline or rigid C)
bulk tomato cuticle, probably due to the presence of unsatturated""ppe"’Ired only as a'shoulder in te NMR spectlrum of the
aliphatic chains and cyclic components in the cuticular waxes Pulk tomato cuticleigure 3F), whereas in the cutin spectrum,
(4). Removal of the waxy layer (2.6% by weight) and pectin this shoulder is negligible (Figure 3E). This suggests that the
(21% by weight) from the bulk tomato cuticle resulted in a |€vel of rigid paraffinic domain which facilitates nonlinear
significant increase in the sorption ability of the cutin biopoly- SOrption is higher in the bulk cuticle than in the cutin, which
mer. It was suggested that these two structural fractions of the@ppears to be rubbery-like biopolymer. The condensed structure
cuticle (waxes and pectin) are attached to the cutin biopolymer of the bulk cuticle is probably attributed to the pectin which
and therefore prevent solute uptake (13). hold together the cutin in a complexes network. These data are
In this study, the physical conformation of the sorbents was supported by the significantly lower linearity of the atrazine
studied by**C NMR spectroscopyHigure 3) and differential sorption isotherm with the bulk tomato cuticle versus the
scanning calorimeter (DSC) to obtain the glass-transition isotherm with the more flexible cutin biopolymer (Freundlich
temperature () (Figure 4). Several studies have reportégl N values of 0.74 and 0.94, respectively). With this biopolymer,
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Figure 2. Atrazine sorption (filled) and desorption (empty) data with Agave americana cuticular fractions: bulk cuticle (A), dewaxed cuticle (B), and
cutan (C) in single-solute (left) and bi-solute (right) systems. Each point represents the mean of triplicate vials; bars represent standard error.

Table 1. Atrazine Sorption and Desorption Parameters

sorption desorption
sorbent K}:pca NP R? KF‘oca NP R?
Tomato Fruit-Derived Cuticular Matter
single-solute system bulk 2842 0.74 £0.04 0.95 2402 0.90£0.03 0.99
cutin 760P 0.94+0.01 1 7500 0.99£0.03 0.98
bi-solute system bulk 2002 0.93£0.02 0.98 1932 0.86 £ 0.05 0.87
cutin 743 0.89+0.01 1 694° 0.96 £0.01 1
Agave americana Leaf-Derived Cuticular Matter
single-solute system bulk 1602 1.06 +0.03 0.98 1802 1.29+£0.09 0.93
dewaxed 2454 1.04 +£0.03 0.97 2654 1.09 +£0.08 0.93
cutan 347 1.03+0.03 0.98 3841 1.22 +0.06 0.95
bi-solute system bulk 200° 0.90 £0.01 1 90° 15+0.07 0.95
dewaxed 2304 0.90 +0.06 091 130¢ 1.28 £0.07 0.94
cutan 194 1.02 +0.04 0.97 192" 128 +0.04 0.98

2 Ke.oc is the C-normalized distribution coefficient [(mg/kg OC)-(mg/L)~". Means with different superscripts (a—h) are significantly different (p < 0.05). Comparisons are
made only within the same sorbent type. ?+ one standard error.

atrazine is likely to perform H bonding interactions with H dewaxed fraction of th&. americanacuticle fraction is probably
acceptor groups (13). related to the crystalline nature of the epicuticular waxes present
The significant increase in atrazine sorption affinity to the in the bulk cuticle 84). These waxes have very little binding
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30 interactions. In contrast, with the cutin biopolymer, both

L hydrophobic and polar (H-bonding) interactions can occur(13,
15).
A

2 Sorption in a Bi-solute System Additional information on

32 the sorption mechanism can be obtained by studying the
competitive behavior of similar sorbates such as atrazine and
B 2 ametryn. Structurally similar sorbates are expected to compete

29 more strongly with each other than with sorbates exhibiting

c ./\,\___,\J\(\‘__, different physicochemical propertie9, 35, 36). Xing et al.
32 (19) have reported the nonlinear and competitive sorption
29 behavior ofs-triazines with glassy polymers and linear, non-
D 106 72 competitive behavior with rubbery polymers such as polyeth-
ylene, chitin, and cellulose. In our study, for the tomato cuticle

200 150 100 % o fractions (bulk and cutin) the atrazinkroc values were
statistically similar in the absence and presence of ametryn

Chemical shift (ppm) 29 (Figure 1, Table 1). However, atCe of 0.1 mg/L theKoc value

for atrazine with the bulk tomato cuticle was decreased by from
516 to 235 L/kg OC in the presence of the competitor ametryn.
At C. of 5 mg/L, the calculateoc values in the presence and
absence of ametryn were not significantly different. This trend
was resulted from the significant increase in the Freundiich
value from 0.74 in the single-solute to 0.93 in the bi-solute
system with the bulk tomato cuticle. This suggests that at low
atrazine concentrations, the ametryn competes successfully with
atrazine for sorption sites in the bulk tomato cuticle, probably
due to the relatively high level of rigid paraffinic domain in
this fraction. However, with the cutin biopolymer, simildpc

! i " ! ' values were obtained for atrazine at both systems (single- and

200 150 100 % 0 bi-solute). This is probably due to the rubbery nature of this
Chemical shift (pprm) fraction where competition between solutes is not expected.
Figure 3. Solid-state 3C NMR spectra of cuticular matter isolated from Although the cutin biopolymer made up 75% by weight of the
A. americana leaves [cutan (A), dewaxed (B), and bulk (C)] and cuticular bulk tomato cuticle and it is the main sorbent within the bulk
fractions isolated from tomato fruits [cutin (E) and bulk (F)]. Spectra D cuticle, its physical nature within the cuticle (attached by pectin
and G refer to the bulk cuticles (A. americana and tomato, respectively) and waxes) limits the accessibility of its sorption sites. This
loaded with 2.6 (% wt) ametryn. results in a successful competition of ametryn over atrazine in

low atrazine concentration with the bulk cuticle sorbent.
capabilities to polar solutes such as atrazine. A crystalline or  |n competitive sorption experiment with glassy type of
condensed structure of the epicuticular waxes is supported bysorbent, the sorption affinity of the tested solute is expected to
the13C NMR data presented iRigure 3. The spectrum of the  decrease, while with rubbery-like sorbent the sorption affinity
bulk A. americanacuticle (Figure 3C) is characterized by a is not affected19,37). However, in our study with the bukk.
sharp peak at 32 ppm and a smaller peak at 29 ppm assigned t@americanacuticle, atrazine exhibited an increase in sorption
crystalline and mobile amorphous paraffinic domains, respec- affinity in the bi-solute system. The calculatig oc values for

tively (32, 33). The ratio of the two peak intensitiestppm: the sorption of atrazine with the bufk americanacuticle were
Has ppm (rigid to mobile-amorphous domain) was 1.64 for this 160 and 200 (mg/kg O@mg/L) N in the single- and bi-solute
sample. When waxes were removed (dewaxed cutitgre systems, respectively (Table 1). In addition, atrazine sorption

3B) this peak-intensity ratio decreased to 0.98. This suggestsisotherm had more curvature in the presence of ametryn
an increase in the relative level of mobile amorphous state (FreundlichN value was decreased from 1.06 to 0.9).Gjtof
paraffinic domains in the dewaxed cuticle. This change was 0-1 Mg/L, the atrazin&oc values with the bulkA. americana
followed by a 53% increase in the calculatégoc for atrazine cuticle exhibited an increase of 78% in the bi-solute system as
with the dewaxed cuticle compared to the wax-containing (i.e., COMPared to the single-solute system (251 vs 139 L/kg OC,

bulk) cuticle. The DSC measuremenfigure 4) show a distinct respectively). A similar trend of decreasing in sorption nonlin-
Ty in the bulk A. americanacuticle in the temperature range earity and increasing dfoc value at lowC, was observed for

between 13 and 16C. This T, was not observed with the the dewaxed cuticle. In this case, Freundlishvalue was
dewaxed sample and therefore is assigned to the epicuticulardecreased from 1.04 10 0.9 and the value at ¢ of 0.1 mg/L
was increased from 223 to 290 L/kg OC. However, the presence
Waxes. of ametryn significantly reduced the sorption affinity of atrazine
The high affinity of atrazine to the cutan biopolymer is related to the cutan biopolymer (th&r oc value decreased by 44%).
mainly to its hydrophobic nature. The cutan was characterized  pesorption in Single- and Bi-Solute SystemsDesorption
by a low O content and exhibited a low polarity index data and sorptiondesorption hysteresis can provide further
(calculated by the atomic (@ N)/C ratio, Table 2). Moreover, insight into the sorption mechanism and structural composition
the3C NMR spectrum of this sample did not exhibit any peaks of the sorbent. With the bulk and cutin fractions isolated from
assigned to O-containing C functionalities (e.g., carboxyl or the tomato fruit, atrazine exhibited a reversible sorption with
carbonyl structures). Therefore, we assume that the atrazineno observable desorption hysteresis in the absence and presence

interactions with this sorbent are governed by hydrophobic-type of ametryn (Figure 1). Similar to the tomato cuticular matter,
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Table 2. Relative Yields of Cuticular Fractions, Their Elemental Composition, and Atomic Ratios

sample yielda C H ob N HIC o/lC (0O+N)C
tomato fruit cuticle bulk 100 64.0 8.2 26.6 1.2 155 0.31 0.33
cutin 75 715 9.8 18.6 0.1 1.64 0.19 0.20
Agave americana leaf cuticle bulk 100 67.0 10.4 21.8 0.5 1.87 0.24 0.25
dewaxed 86 65.2 10.2 23.6 0.5 1.89 0.27 0.28
cutan 20 76.8 117 11.2 0.4 1.82 0.11 0.11

a0y weight. b Calculated by mass difference.
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Figure 4. Differential scanning calorimeter heating thermograms of cuticular matter isolated from tomato fruits [bulk (A) and cutin (B)] and cuticular
fractions isolated from A. americana leaves [bulk (C), dewaxed (D), and cutan (E)]. Thermograms F and G refer to the bulk cuticles (tomato and A.
americana, respectively) loaded with 2.6 (% wt) ametryn.

the atrazine sorption isotherms with All americandractions in the presence of a competitor (ametryn). In general, enhanced
exhibited reversible sorption behavior in single-solute system desorption is observed in systems in which surfactants or
(Figure 2, left side;Table 1). With the cutan biopolymer, no  dissolved organic matter are present or have been ad®d (
desorption hysteresis of atrazine was obtained in the bi-solute These materials operate as a third medium, assisting to desorb
system as well. However, in the bi-solute system, the atrazine bound molecules. In our study, the concentration of dissolved
desorption data obtained with the bulk and dewaxed organic matter in the test tubes was negligible, suggesting that
americanacuticles exhibited enhanced desorption (Figure 2, this mechanism was not controlling the enhanced desorption
right side). For these two sorbents, the desorpipac values observed for atrazine in the bi-solute system with bulk and
were significantly lower than the values obtained for the sorption dewaxedA. americanacuticles.

isotherms (Table 1). This indicates that it was easier to desorb  Another possible mechanism that could assist in enhancing
atrazine from the sorbent matrix (i.e., bulk and dewaxed cuticles) desorption is phase transition of the sorption domain due to a
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high load of competitor (2089). To check this hypothesis, we ized distribution coefficient; NMR, nuclear magnetic resonance;
analyzed the bulk cuticles (tomato aAdamericana) by solid- OC, organic carbon; SOM, soil organic mattél;, glass-
state’®C NMR and by DCS after they had been loaded with transition temperature.

ametryn. The samples were interacted with ametryn under the
conditions described for the sorption experiments. FGeNMR
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