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Abstract. A study was carried out on the sorption of two and the evolution of the organic matter (quality) also play a very
sparingly water-soluble pesticides (diazinon and linuron) by @mportant role. In general, retention increases with the degree of
sandy loam soil modified with different exogenous organichumification of soil organic matter (Kozait al. 1983; Gaillar-
materials (EOMs) containing humic-like substances: city refuselonet al. 1983; PaysPaezet al. 1992), although increases in
compost (CRC), peat (P), commercial “humic” acid (HA), the solubility of hydrophobic organic compounds due to
liquid “humic” acid (LHA), and two (nonhumic) model dissolved organic matter have also been described (Wershaw
compounds (surfactants), tetradecyltrimethylammonium broal. 1969; Chiouet al. 1986; Lee and Farmer 1989; Santos-
mide (TDTMA) and sodium dodecyl sulphate (SDS), beforeBuelgaet al 1992). Thus, these two sorption processes may
and after 2- and 8-month incubation periods with the soil.In allgjther prevent or favor pesticide leaching.

cases, the isotherms fitted the Freundlich sorption equation There are few references to the effect of exogenous organic
(x/m = KC¢"), generally withr? values greater than 0.99. The matter (EOM) on pesticide sorption, especially with respect to
value of the sorption constaKtfor the natural soil was 8.81 for  the effect on this process of the nature of the organic matter
diazinon and 2.29 for linuron. These values increased signifiapp”ed and the evolution of this in the soil. Among the organic
cantly for EOM modified soils with respect to natural soil, with materials that may coincide with pesticides in the soil, the most
the exception of the samples modified with SDS and LHA, iNimportant are solid or liquid organic amendments, such as
which cases they decreased, possibly due to the micellgfngnyre, city refuse compost, peat, sewage sludge, liquid
properties of these compounds. Incubation of EOMs with soikpymic» acids, and surfactants, which are used as adjuvants in
increased their sorption capacity: tg: values were increased pegticide formulations and also are present in irrigation water
proportionally to the incubation time for both pesticides and for g, 4 sewage sludge. Carbon-rich materials provide soluble and
all treatments carried out. Accordingly, the sorption capacity ofingo|yple organic matter that may alter pesticide sorption.
hydrophobic pesticides increases with the degree of evolutionygitionally, the later evolution of these materials in the soil
in the soil of EOMs with “humic _-type compounds, possmly ay lead to important changes as regards their reactivity with
due, among other causes, to the increase in the EOMs’ colloid ydrophobic organic compounds owing to an increase in the
properties and the modifications occurring in the hydrophobic-degree of polycondensation of the *humic” molecules provided
hydrophilic characteristics of the soil surfaces.The main concluby these materials and the incorporation of a variety of

sion 1S that apphr_:anon to the soil of carb_on-rlch WaStes’functional groups with different reactivities (Mawaz-Ifigo
gspemally those with a high dpgree of maturity, may offer aM3nd Almendros 1992; Almendros 1995). In particular, the most
'”?p‘?”a'.“ strate'g.y for reducmg pespude leaching anq f(.)rhumified organic matter may develop important specific surface
eliminating pesticide residues from soil with the use of anionic ! . .
surfactants. areas anql hence have a hl_gh sorption capacity. The structural
characteristics and properties of the “humic” compounds of
some of these materials, such as city refuse compost, are
moreover different from native soil humic substances (Glazza
Vila and Martn 1985). Accordingly, their evolution in the soll
Pesticide residues are an important source of pollution both iould alter the pesticide sorption. Regarding surfactants, owing
soils and surface or ground waters. It is therefore necessary i@ their specific properties, these are able to increase the
carry out basic studies on the main processes governing thgpparent solubility of hydrophobic organic compounds, espe-
transport of such compounds, their sorption and mobility. Theially at concentrations above their critical micellar concentra-
sorption of hydrophobic pesticides is intimately linked to the tion (Singer and Tjeerdema 1993; Di Cesari and Smith 1994;
content of total organic carbon (TOC) of the soil (Chiou 1989; Sunet al. 1995).
Calvet 1989; Arienzet al. 1994). However, the TOC content  |n the present work, we studied the sorption of two sparingly
(amount) should not be understood as the only criterion fofyater-soluble pesticides—diazinon and linuron—in a soil
assessing the sorption capacity of a pesticide; both the natuegmended with different EOMs as a function of their nature and
degree of evolution after a 240-day period of incubation.
Diazinon (0,0-diethyl-0-2-isopropyl-6-methylpyrimidin-yl phos-
Correspondence tcE. Iglesias-Jimeez phorothioate) is an organophosphorus insecticide and linuron
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(3(3,4-dichlorophenyl)-1-methoxy-1-methyl-urea) is a herbi- Table 1. Total Organic Carbon contents (g g of natural soil and
cide belonging to the urea group. Both compounds are Ver§0i| treated with organic materials before and after 2- and 8-months
persistent in the soil (Maier-Bode and iittel 1981; Sattar 1990) Incubation periods

and their residues have been detected in surface and ground 0 Days 60 Days 240 Days
waters (Hallberg 1989; Croll 1991).

Soil 43 3.8 3.8

CRC 125 9.8 8.3
Materials and Methods P 17.3 17.2 17.3
HA 15.2 15.4 13.6

, LHA 6.2 45 3.6
Soil Sample TDTMA 16.2 14.6 14.8
SDS 17.7 16.2 16.2

The soil material used was from the surface horizon (0-10 cm) of &

Eutric Cambisol from a northwestern area of the province of Sala-

manca (Spain). The characteristics of the soil were as follows: pH, 7.5;

TOC, 4.5 gkd; clay, 18.1%; silt, 15.5%; sand, 64%; and cation- . . .

exchange capacity, 9.4 cmolfkgThe mineralogical composition of Solution containing 5, 10, 15, 20, or 25 pg-huf the pesticide and a

the clay fraction was illite, kaolinite, and montmorillonite. solution activity of 100 Bq mt in 30-ml stoppered centrifuge tubes.
Samples were equilibrated by shaking for 19 h in a mechanical shaker

thermostatted at 20°C; this time had previously been confirmed to be
Pesticides sufficient for equilibrium to be reached. Following equilibration, the
suspensions were centrifuged for 30 min at 3300 r.p.m. To determine
the pesticide concentration in equilibrium, a 1.0-ml aliquot of clear

1 . . - . 0
“C-labeled diazinon with a specific activity of 610 MBd gnd 97% supernatant solution was mixed in minivials with 4.5 ml of scintillation

purity was purchased from International Isotope (Munich, Germany).quuid (Ecoscint A. National Diagnostics, Atlanta, GA, USA), aHe

Unlabeled diazinon of technical purity (98%) was supplied by Rlecjelactivity (disintegrations per minute) was determined on a Beckman LS

de Haen (Hannover, Germany). The chemical is a liquid with a water. A
solubility of 40 mg L (Tomlin 1994). 1800 scintillation counter (Beckman Instruments Inc., Fullerton, CA,

. . o o USA). All measurements were carried out in duplicate. The equilibrium

14C. 0,

‘f? Iabeledbltln_uro; }N'th al_:{spectl:n; aAcélwté/ of tfl? I\(/IBBqlgnd 986’ | solute concentration in the solid phase was calculated as the difference
purily was obtainec from Hoechs (Fran urt, ermany). Unla- between the initial pesticide concentration and the equilibrium concen-
beled linuron of technical purity (99%) was supplied by Promochemtration according to the following equation:

GmbH (Wesel, Germany). The chemical is a solid with a water ' '

solubility of 81 mg L (Tomlin 1994). XM= (Co — C.) viw
- 0~ e

Organic Materials wherex/mis the concentration in soil (ug'g), C, is the initial con-
centration in solution (ug m), C. is the final concentration in solution

P ) . - ;
The organic materials employed were the following: city refuse (g mF), vis the solution volume, anatis the weight of the soil.

compost (CRC) from the MSW treatment plant at Valdemmga

(Madrid, Spain);Grun Garant peat (P) (Deutsche Torfgesellschoft . .

GmbH, Saterland Scharrel, Germanjjumimagliquid amendment ~Results and Discussion

(LHA) (Braker Laboratories, S.L., Valencia, Spain); commercial humic

acid (HA) (Fluka AG, Busch, Switzerland); sodium dodecy! sulphate|n all cases, the pesticide sorption isotherms fit the Freundlich

(SDS) anionic surfactant (AldrICh Chemical Co., Milwaukee, WI, equation ‘(/m = KCen), genera”y Withr2 values greater than

USA), and tetra_decyltrim(_athylammo_nium bromide (TDTMA) cationic § g99. |n this equation, th& constant represents the amount

su_llrfsct{fngtéAldnch Ch?n::cal Co.,dMllwaukee,WI,fU”SA)..2811 4 Sorbed for an equilibrium concentration of 1 Hg'mand n

CRCGSMfcomemSO the amendments were as follows: 281'ddg reflects the degree to which the pesticide sorption extent is

, or P, 221 for LHA, and 470 for HA (on a dry-weight basis). .

dependent upon concentration. TKeand K, values for the
sorption of both pesticides by natural soil and modified soils

Preparation of Amended Soils before and after incubation of the EOMs are shown in Tables 2
and 3.K, is the K value normalized to 100% total organic

Soil mixtures €2 mm fraction) were prepared with amounts of the carbon Koc = 100 K/%TOC). Figure 1 shows the sorption

different EOMSs equivalent to a dose of 9.08 mg/C/g-5¢#0 t/C/hat isotherms for diazinon and linuron corresponding to nonincu-

equivalent-rate), except LHA, which was applied at a dose of 4.54bated samples.

mg/C/g soifl, referred to as dry-weight. The mixtures were homog- The isotherms obtained for diazinon are in general of type C

enized in an orbital shaker. Part of the mixture was separated for usgy = 1), according to the classification of Giles al. (1960),

with no further treatment while the other part was incubated over 24051though some do display a slight “L” nature at high equilib-

days (s%il humiditylequivaler;lt to Sg%f;)f the f(ijeld cafpacitybat28°C).t;Aln rium concentrationsn(< 1). According to Gilest al. (1960)

intermediate sample was collected after 60 days of incubation. Table - oo - '

shows the TOC content of the soil amended with the dif'ferentEype c ISOtherms. indicate a constant partition of the S(.)Il'?te

treatments before and after incubation of the material. between .the solution and t.he adsorbent, and are characterlstlg of
the sorption of hydrophobic organic compounds by the organic
matter of soils or sediments.

Sorption Experiments The isotherms obtained for linuron are in general of type L
(n < 1), with the exception of that corresponding to TDTMA,

Sorption isotherms were determined using a batch equilibrium methodvhich has am value close to unity (C isotherm). The type L

Five grams of air-dried soil<2 mm) were mixed with 10 ml of shape is indicative of a gradual decrease in sites available for
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Table 2. K and Koc values for the adsorption of diazinon by natural case they decreased. The values ofkheonstant followed an
and EOM-treated soils before and after 2- and 8-months incubatiogyrder of: HA> TDTMA > P> CRC> soil > LHA > SDS for

periods diazinon and TDTMA> HA > P > CRC > LHA > soil >
0 Days 60 Days 240 Days SDS for linuron. These sequences in the order of sorption do not
vary appreciably after 2 and 8 months of incubation of the
K Koe K Koe K Koc  EOMs with the soil.
Soil 8.81 2049 8.54 2247 7.93 2087 Regarding the two surfactants employed, TDTMA (a cationic
CRC 10.84 867  10.14 1035 9.28 1118 surfactant) is strongly retained by soil colloids, the sorption of
P 12.09 699  13.00 751 1334 771 the pesticide increasing noticeably. By contrast, SDS (an
HA 88.31 5810 8805 5718  92.17 6777 gpjgnic surfactant) drastically reduces the sorption of diazinon
LHA 7.34 1184 7.54 1676 7.55 2097

and linuron by the soil. Surfactants are amphiphilic substances
characterized by having two different moieties, one polar and
the other nonpolar, at opposite ends of a single molecule. The
polar moiety is hydrophilic and the nonpolar one is hydropho-
bic. The nonpolar end is generally a long-chain hydrocarbon,
which may be linear, branched, or aromatic (Singer and
sI‘jeerdema 1993). Above the critical micellar concentration
0 Days 60 Days 240 Days (cmc), surfactants form self-aggregates (micelles) with the
hydrophobic groups inside and with the hydrophilic groups in

TDTMA 21.93 1354 22.81 1562 22.23 1502
SDS 0.07 0.33 0.43

Table 3. K and Koc values for the adsorption of linuron by natural and
EOM-treated soils before and after 2- and 8-months incubation period.

K Koc K Koc K Koc ) : .

‘ contact with the agqueous phase. Such micelles act as colloids
Sail 2.29 533 2.62 689 2.42 637 and can strongly enhance the apparent solubility of hydropho-
SRC lggg g;g 12'}1(3) 13%385 158-15% 1%2722 bic organic compounds, especially anionic and nonionic surfac-

: ) ‘ tants, extracting them from soils and sediments (Kile and Chiou
HA 19.70 1296 22.36 1452 22.10 1625 . .
LHA 266 429 184 409 1.70 472 1989; Liu et al. 1991; Edwardset al. 1991; Singer and
TDTMA  72.70 4488 6918 4738 7855 5307 lieerdema 1993). By contrast, cationic surfactants may be
SDS 0.42 0.35 0.30 retained by soil colloids via a cation-exchange mechanism, to

form structures known asmemimicelles and may strongly
enhance pesticide sorption through hydrophobic bonds (Wag-
neret al. 1994). The strong sorbent power of the organic matter
&erived from quaternary ammonium cations has been reported
in studies carried out on the sorption of hydrophobic organic
compounds in general (Boyd al. 1988a, 1988b) and hydropho-

sorption as the concentration of solute in solution increases; th
is, the sorption of new molecules would occur with greater
difficulty, possibly involving some kind of bond or a specific o - ; . .
type of binding mechanism to the humic material. SpurlockPiC Pesticides in particular (Hermosiand Cornejo 1992;
(1995) indicated the presence of specific sorbed phase interapa'chez-Camazano and&hez-Martn 1994) using clays and
tions for substituted phenylureas in soils, particularly at lowSCilS saturated with these organic cations. According to our
sorbed concentrations. In this sense, as Spurlock and Bigg&dings, TDTMA should increase the sorption of diazinon and
(1994) reported, relatively polar nonionic compounds ”ke!lnuron _Wlth respect to natural soil t_hrough hyd_rophoblc
linuron sorb nonlinearly, possibly due to unsuppressed minerdltéraction with the hydrocarbon chains of hemimicelles.
adsorption, particularly at low concentrations relative to solubil-However, the sorption of linuron by TDTMA is much greater
ity. Reports have been made of the existence of a kind ofhan that of diazinon K: 72.70 and 21.93, respectively),
specific interaction of substituted phenylureas and humic acididicating a greater affinity of linuron for the TDTMA sorbed
through charge transfer, mainly with free radical quinonebythe soil with respect to the TDTMA remaining in solution in
structures (Senesi and Testini 1984; Senesi and Miano 19954e form of micellar structures (under the experimental condi-
Despite this, it should be noted that the degree of curvature dfons used here to obtain the isotherms, the dose provided was
the isotherms is in fact very small (tmevalue varies between 74.9 times above the cmc of TDTMA: 100 mg'). The fact
0.8 and 0.9) and some even display a “C” character at highthat TDTMA-modified soil sorbs linuron more strongly than
equilibrium concentrations. Accordingly, in general it is pos- diazinon (despite solubilities that would predict otherwise) may
sible to assume a partition mechanism (hydrophobic interache due to different sorption mechanisms (Spurlock and Biggar
tion) to explain the sorption of linuron, at least at higher 1994). This is consistent with a recent work (lglesias-Jiez
equilibrium concentrations. Indeed, hydrophobic interaction agt al. 1996) where the authors compare the sorption of diazinon
a predominant mechanism in the sorption of linuron by humicwith that of ethofumesate, a pesticide with a water-solubility of
acid was already described in 1974 by Khan and Marzurkevicii10 mg L%, which is closer to that of linuron. At concentrations
(1974). above the cmc, ethofumesate (more soluble) is sorbed more
The value of the sorption constakt for the natural soil than diazinon by the TDTMA retained by the soil. These
before incubation was 8.81 for diazinon and 2.29 for linuron.findings point to the importance of the degree of hydrophobicity
These values varied considerably in the sorption of bothof the pesticide molecule, of the clay fraction, of the surfactant
pesticides by the modified soils as a function of the EOMconcentration employed, that is, above or below the cmc, and of
added, ranging from 0.07 to 88.31 for diazinon and from 0.42 tathe cationic or anionic nature of the surfactant; the anionic
72.70 for linuron (see Tables 2 and 3, respectively). In generalsurfactant is not—or only slightly—retained by the soil, and
these values increased significantly with respect to natural soihence SDS retains the molecules of both pesticides in solution
with the exception of the samples modified with SDS, in whichin the hydrophobic interior of the micelles, thus avoiding their
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DIAZINON LINURON

x/m (ug/g)

x/m (LUg/9)

x/m (ug/g)

0 T T T T T T T T T
0 4 8 12 16 20

Ce (ug/mL) Ce (ug/mL)

Fig. 1. Adsorption isotherms of diazinon and linuron (nonincubated samples)

sorption by the soil. This kind of behavior persists even after 8CRC) being maintained for both diazinon and linuron. This
months of incubation (Tables 2 and 3), implying a low rate ofincrease was very important in the case of solid “humic” acid
microbial degradation of SDS; additionally, the amount of (HA), where the Freundlick constant rose from 8.81 to 88.3
unmineralized compound must be sufficient to maintain afor diazinon and from 2.29 to 19.70 for linuron. In the case of
concentration above the cmc. CRC and P, despite the relatively high load of carbon incorpo-
Application of solid carbon-rich materials with humic-type rated into the soil, the increase in tieconstant with respect to
compounds (HA, P, CRC) to the soil increased khealues, the natural soil was lower than that observed in the treatment
although the degree of sorption varied considerably dependingith HA. These results are in agreement with the notion that the
on the nature of the EOM, the same relative order (HA& > sorption of nonionic pesticides is increased with the degree of
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maturity or the “humification” state of the material (G al. 50
1991). 2 months
By contrast, the application of liquid “humic” acid (LHA) to &8 months

the soil decrease values. Like other liquid amendments,
LHA contains one part of “humified” organic matter in solution
and another part in suspension. When this substance is added &
the soil, one fraction is incorporated into the the adsorben g
complex and the other remains in soluble form. According tOcu
Wershaw's micellar model (Wershaw 1986), dissolved organlcm
matter may enhance the apparent solubility of hydI’OphObI(o
organic compounds in a similar way to the mode of action ofU
surfactants under supra-micellar conditions. According to thIEo
model, the humic material in solution would be formed from ™
amphiphilic humic polycondensates that would interact to form
micelle-like or pseudomicelle structures in solution, with a
polar hydrophilic exterior surface and a hydrophobic interior. Soil  CRC P HA  LHA TDTMA SDS

This micellar configuration displays the property of being able

to retain nonpolar molecules inside it through hydrophoblcF'g 2. Decrease in TOC content following incubation of the organic

rcent)

interaction. materials with the soil
Effect of Incubation on the Sorption of Diazinon small increase points to a slight evolution of the humic fraction
and Linuron of the peat toward more polycondensed forms, with greater

sorbent power, due to the incorporation of phenolic or prehumic

Incubation of EOM with the soil causes the most labile organicpolyphenolic structures during incubation. The increase in the
matter to become mineralized, giving rise to a reduction in soildegree of polycondensation and in the specific surface area of
TOC contents. Figure 2 shows the loss of TOC with respect tdiumic-like macromolecules could also account for the slight
the nonincubated samples, expressed in percent form. CRC ammktrease irk . observed with HA treatment for both pesticides.
LHA show the strongest degree of mineralization—34 and 42%An increase in the degree of polycondensation during soil
after 8 months, respectively (the TOC content in soil treatecdbrganic matter humification is an important factor in the
with LHA is approximately equivalent to that of unamended retention of organic compounds (Benoit 1994). However, in the
incubated soil). By contrast, no appreciable changes are seaase of the peat, the variation in tkg; values after incubation
with P throughout the incubation period, possibly due to its highcould also be explained in terms of an increase in the reactive
content in lignin, and HA is only slightly mineralized as from 2 surface area of the lignin fraction due to a slight degradation of
months of incubation, pointing to the high biological stability of other associated materials. In this sense, the rapid increase
the “humic” molecules present in this material. observed in the retention of hydrophobic pesticides by fresh

The reduction observed in the TOC is reflected in a decreasgparingly humified plant residues is due to a progressive
in the K values of some treated soils, this reduction beingincrease in the proportion of recalcitrant constituents, such as
important in the case of diazinon with CRC and for linuron with lignin, with a greater sorption capacity, consecutive to the
LHA (Figure 3). However, the incubation process of EOM in degradation of more labile materials, especially the hemicellu-
soil increases the sorption capacity of the nonmineralizedose and cellulose fractions (Benoit 1994). It is possible both
organic matter in all case& values were increased for both processes (increase in reactivity due to a proportional increase
pesticides and for all treatments carried out; the increases weig lignin and polycondensation of carbon-rich prehumic mol-
in general proportional to the incubation time (Figure 4).ecules) might contribute together to the increase in the sorption
Accordingly, the nonmineralized organic matter (more evolvedcapacity.
and stabilized) shows a greater sorption capacity than fresh The increase i, with CRC (65% for linuron and 29% for
organic matter applied to soil. The order of increask jpafter ~ diazinon) after 8 months was striking. The humic acid-like
8 months was LHA (77%)> CRC (29%)> HA (17%) > substances of CRC are highly aliphatic in nature and different in
TDTMA (11%) > P (9%) for diazinon and CRC (65%) HA structure than the soil humic compounds, with an elevated
(25%)> TDTMA (18%) > P (16%)> LHA (10%) for linuron.  presence ofn-alkanes and fatty acids (Gonea-Vila and

The slight increase i, for both pesticides observed with Martin 1985). Natural soil humic acids have polyphenolic
the cationic surfactant TDTMA (which is slightly mineralized— structures with a greater degree of polycondensation and
10%) suggests an increase in the size of the hemimicelles at tliomaticity (Andreux 1979; Stevenson 1982); hydrophobic
adsorbent surface owing to the effect of incubation. This isactive sites of these include some aliphatic side chains or lipid
possibly due to the incorporation of new alkyl-ammonium portions together with aromatic lignin-derived moieties with
molecules that would interact with previously sorbed alkyl high carbon contents and bearing a small number of polar
chains via hydrophobic or van der Waals’ interactions betweemroups (Senesi and Miano 1995). Accordingly, the high degree
the alkyl chains themselves (Bowd al. 1988b). This therefore of hydrophobicity of the humic-type compounds of CRC
makes the adsorbent surface more hydrophobic. implies that their evolution in the soil and their reactivity with

Incubation of P only slightly increases tg values (10%  hydrophobic pesticides must be different from that of soil
for diazinon and 16% for linuron). Since this material does nothumic compoundsi.e., the application of CRC as an organic
undergo any important mineralization during incubation, thisamendment could alter soil pesticide sorption properties. An
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Fig. 3. Variations in the FreundlicK values of diazinon and linuron  Fig. 4. Variation inK,. values K 100/%TOC) of diazinon and linuron
due to the effect of incubation of organic materials with the soil due to the effect of incubation of organic materials with the soil
(expressed in percentage form with respect to nonincubated samples)expressed in percentage form with respect to nonincubated samples)

increase in the degree of hydrophobicity of the adsorbenbetween quinone structures and substituted phenylurea herbi-
surfaces after incubation, owing to the accumulation of ali-cides (Senesi and Testini 1984; Senesi 1992; Senesi and Miano
phatic structures from the CRC, could account for the increas&995). Even Senesi (1990, 1992) suggests that important
in the Ko for both hydrophobic pesticides. In this sense, parallels exist between chemical reactions that these herbicides
GonZdez-Vila et al. (1985) have reported important increasesundergo with soil humic substances (formation of organic
in the soil ofn-alkanes and fatty acids bound to the organic-donor-acceptor complexes) and their herbicidal action in plants
mineral complex following the application of CRC. Neverthe- (phytotoxicity), i.e., the photosynthesis inhibition by interfer-
less Ko values of diazinon and linuron for the CRC-treated soilence with single-electron transfers in the Hill reaction in
after incubation were lower thag,. values for nontreated soils; chloroplasts. Charge-transfer interactions between substituted
this indicated a higher sorption capacity of the organic matter ophenylureas and humic acid materials in soil were also indi-
natural soil than organic matter from compost. cated by Briggs (1969).

An important fact is that the increase with timelp. values, Accordingly, the evolution of certain aromatic compounds
expressed as a percentage, was higher in the case of linurdarnished by CRC toward permanent free radicals, semiquinone-
(more water-soluble than diazinon). This greater sorptiorntype or quinone-like structures, would occur during incubation,
capacity for linuron of the organic matter from CRC after in a way similar to the humification process of soil organic
incubation could be explained, apart from nonspecific hydrophomatter (Andreux 1979; Stevenson 1982). Senesi (1989) re-
bic or partitioning interaction, in the sense that the incubation ofported that electron spin resonance spectra of “humic” acid
CRC would elicit an increase in the formation of reactive from various organic waste materials as compost and sewage
structures or groups for the formation of more specific bondssludge as well as sludge-amended soils indicated the presence
with linuron, especially free radical quinone structures (electronof free radical species of the same chemical nature as those of
acceptor molecules). Electron donor-acceptor mechanisms anmthtive soil humic acids. The increase in concentration of
the formation of charge-transfer complexes may be possiblguinone-like compounds with an increasing degree of humifica-
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tion has been reported for some carbon-rich materials, such &s Lorenzo, J. M. Ordax, and A. Nea for technical assistance and

peat samples (Senesi 1990). The increase in quinone-likAgrEvo S.A. (Alcacer, Valencia, Spain) for kindly supplying the

structures would possibly give rise to a greater degree ofC-labeled pesticide linuron.

adsorption of the phenylurea herbicide linuron by specific

interaction through a charge-transfer mechanism (Senesi ar]geferences

Miano 1995). The joint occurrence of charge-transfer bonds on

Well-humlfled, highly 'a'romatllc humlp ac@s, and' hydr.ophoblc Almendros G (1995) Sorptive interactions of pesticides in soils treated

bonding on_low-humlfled, highly aliphatic humic aC|d_s,_ has' " ith modified humic acids. Eur J Soil Sci 46:287—301

been described by Senesi al (1994) for the herbicide angreux F (1979) Gelse et propiéte des molecules humiques. In:

alachlor. Duchaufour Ph, Bonneau M, Souchier B (edsjdélegie. 2.
The increase i, was noteworthy for LHA with diazinon Constituants et propieselu sol. Masson et Cie, Paris, 460 pp

(77%), theK, of natural soil being reached. The increase forArienzo M, Crisanto T, Sachez-Camazano M, 8ehez-Martn MJ

linuron was 10%. As reported above, in the case of LHA, the (1994) Effect of soil characteristics on adsorption and mobility of

original organic matter is strongly mineralized. The important  (**C)-diazinon. J Agric Food Chem 42:1803-1808

increase irkq with diazinon could be explained partly in terms Barriuso E, Baer U, Calvet R (1992) Dissolved organic matter and

of an increase in the degree of hydrophobicity of the adsorbent adsorption-desorption of dimefuron, atrazine and carbetamide by

. . . . soils. J Environ Qual 21:359-367
surface dqe fo thg Hlncorpcl)ratlon 'T‘to the soil Of the MO enoit P (1994) R de la nature des mates organiques dans la
hydrophobic “humic” material. In this sense, Barriugt al.

. ; . . stabilisation des ‘s8dus de polluants organiques dans les sols.
(1992) have reported that the interaction of dissolved organic  pp p. Thesis, Unitede Science du Sol, INRA-Grignon-Paris,

matter with the soil during incubation could modify the 194 pp

hydrophobic-hydrophilic characteristics of soil surfaces, increasBoyd SA, Mortland MM, Chiou C (1988a) Sorption characteristics of
ing the number of sites available for the less water-soluble organic compounds on hexadecyltrimethylamonium-smectite. Soil
pesticides and decreasing the number of sites available for the Sci Soc AmJ52:652-657

more hydrophilic compounds. Despite this, the Freundich Boyd SA, Lee JF, Mortland MM (1988b) Attenuating organic contami-
values after 8 months of incubation were in both cases lower = nant mobility by soil modification. Nature 333:345-347 _
than the respectivi value for incubated natural soil. Thus, the Briggs GC_; (1969) Mole(?ular structure of herbicides and their sorption
K value was 7.93 for the sorption of diazinon by soil and 7.55 by soils. Nature 223:1288

. . S . Calvet R (1989) Adsorption of organic chemicals in soils. Environ
for the sorption of this pesticide by LHA-treated soil; for Health Persp 83:145-177

linuron, theseK values were 2.42 and 1.70, respectively. chioy CT (1989) Theoretical considerations of the partition uptake of
Therefore, even after 8 months of incubation LHA slightly  nonionic compounds by soil organic matter. In: Sawhney BL,
reduces the sorption capacity of the soil for both pesticides, Brown K (eds) Reactions and movement of organic chemicals in
implying that both of them have a high affinity for the still soils. SSSA Sp. Publ 22, Madison, WI, pp 1-29
dissolved, nonmineralized organic matter. Chiou CT, Malcolm RL, Brinton TI, Kile DE (1986) Water solubility
enhancement of some organic pollutants and pesticides by dis-
solved humic and fulvic acids. Environ Sci Technol 20:502-508
. Croll BT (1991) Pesticides in surface waters and groundwaters. J Inst
Conclusions Water Environ Manage 5:389-395
Di Cesari D, Smith JA (1994) Surfactant effects on desorption rate of
The sorption capacity of hydrophobic pesticides by soils  nonionic organic compounds from soils to water. Rev Environ
amended with EOMs containing humic-type compounds in-  Contam Toxicol 134:1-29
creases with the degree of evolution of EOM, possibly due tdEdwards DA, Luthy RG, Liu Z (1991) Solubilization of polycyclic
the increase in its colloidal properties, the degree of polymeriza- hydrocarbons in micellar nonionic surfactant solutions. Environ
tion, and the incorporation of a variety of functional groups __S¢i Technol 25:127-133 o
with different reactivities. In particular, the interaction of EOMs Gaillardon P, Gaudry JC, Calvet R (1983) Effect des fmasie
with the soil during incubation could modify the hydrophobic- ~ ©r92niques ajoutss au sol sur Fadsorption des herbicides. Influ-
- S . ence de la composition des niadie organiques. Weed Res
hydrophilic characteristics of soil surfaces. 23:333-338
In sum, the addition of EOM to soils may alter the sorption gjies CH, MacEwan TH, Nakhwa SN, Smith DA (1960) Studies in
and mobility of hydrophobic pesticides, the degree of modifica-  agsorption.Part XI. A system of classification of solution adsorp-
tion depending on the nature, the degree of “humification” tion isotherms and its use in diagnosis of adsorption mechanisms
(evolution), the residence time of the EOM, and, especially, on  and in measurement of specific surface areas of solids. J Chem Soc
the presence of soluble fractions. Additionally, depending on  786:3973-3993
their cationic or anionic nature, the coexistence of surfactant&onZdez-Vila FJ, Martn F (1985) Chemical structural characteristics

with pesticides in the soil may decrease or increase sorptiontoa ©f humic acids extracted from composted municipal refuse. Agric
considerable extent. Ecosystems Environ 14:267-278

The results suggest the possibility of using organic materialésonzaez.'w? FJ'. Martn .F’ Verdejo T (1985) Changes in the lipidic
and surfactants to develop physicochemical methods for prevent- fraction In soll resulting from composted municipal refuise. Agro-
p pny p chimica 29:210-219

ing the pollution of soils and waters by pesticides, and forg o | Bicki T, Hinesly D, Felsot A (1991) Effect of carbon-rich waste
eliminating pesticide residues from these media. materials on movement and sorption of atrazine in a sandy,
coarse-textured soil. Environ Toxicol Chem 10:1273-1282
Hallberg GR (1989) Pesticide pollution of groundwater in the humid
Acknowledgments.This work was financially supported by the United States. Agric Ecosystems Environ 26:299-367
Spanish “Comisio Interministerial de Ciencia y Tecnol@jlas apart  Hermosn MC, Cornejo J (1992) Removing 2,4-D from water by
of Project AMB94-0688. The authors wish to thank M. C. Macarro, L. organo-clays. Chemosphere 24:1493-1503



124 E. Iglesias-Jimeezet al.

Iglesias-Jimaez E, Sachez-Martn MJ, Saachez-Camazano M (1996) Senesi N, Testini C (1984) Theorical aspects and experimental
Pesticide sorption in a soil-water system in the presence of evidence of the capacity of humic substances to bind herbicides by

surfactants. Chemosphere 32:1771-1782 charge-transfer mechanism (electrons donor-aceptor processes).
Khan SU, Mazurkevich R (1974) Adsorption of linuron on humic acid. Chemosphere 13:461-468
Soil Sci 118:339-343 Senesi N, Miano T (1995) The role of abiotic interactions with humic

Kile DE, Chiou CT (1989) Water solubility enhancements of DDT and  substances on the environmental impact of organic pollulants. In:
trichlorobenzene by some surfactants below and above the critical  Huang PM, Berthelin J, Bollag JM, McGill WB, Page AL (eds),
micelle concentration. Environ Sci Technol 25:127-133 Environmental impact of soil component interactions, Vol 1. CRC

Kozak J, Weber JB, Sheets TJ (1983) Adsorption of prometryn and | ewis Publ, Boca Raton, FL, pp 311-335
metolachlor by selected soil organic matter fractions. Soil SCigenesi N, Brunetti G, La Cava P, Miano T (1994) Adsorption of
136:94-101 ) . . ) ) alachlor by humic acids from sewage sludge and amended and

Lee DY, Farmer WJ (1989) Dissolved organic matter interactions with  ,5n_amended soils. Soil Sci 157:176—184
napropamide and four other nonionic pesticides. J Environ Quabinger MM, Tjeerdema RS (1993) Fate and effects of the surfactant

. 18:468-474 e . sodium dodecyl sulphate. Rev Environ Contam Toxicol 133:95—

Liu Z, Laha_S, Luthy RG (1991) Surfactqnt sqlublllzatlon of po!ycycllc 149
fg:)g]gt_'l% :r):g;cl)(;%r_lic;gffgpounds in soil-water suspensions. WaSpurIock FC (1995) Estimation of humic-based sorption enthalpies

Maier-Bode H. Hatel K (1981) Linuron and monolinuron. Residue from nonlinear isothe:rm_temperatur_e dependence: Theoret_ical
Rev 77:1_1352 ' development and application to substituted phenylureas. J Environ

Martinez-Ifigo MJ, Almendros G (1992) Pesticide sorption on soils Qual 24:42__49 . . .
treated with evergreen oak biomass at different humificationSpurIOCk FC, Biggar JW (1994) Thermodynamics of organic chemical
stages. Commun Soil Sci Plant Anal 23:1717-1729 partition in soils. 2. Nonlinear partition of substituted phenylureas

from aqueous solution. Environ Sci Technol 28:996-1002.

PayaPaez AB, Corfs A, Sala MN, Larsen B (1992) Organic matter . i
fractions controlling the sorption of atrazine in sandy soils. Stevenson FJ (1982) Humus chemistry. John Wiley & Sons, New York,

Chemosphere 25:887-898 443 pp . - .
Sachez-Camazano M, Sehez-Martn MJ (1994) Organo-clays as Sun S, Inskeep W, Boyd S (1995) Sorption of nonionic organic
adsorbents for azinphosmethyl and dichlorvos in agueous medium. ~ €0mpounds in soil-water systems containing a micelle-forming
Water Air Soil Pollut 74:19—28 surfactant. Environ Sci Technol 29:903-913
Santos-Buelga MD, $&hez-Martn MJ, Smchez-Camazano M (1992) Tomlim C (1994) The pesticide manual. British Crop Protection
Effect of dissolved organic matter on the adsorption of ethofume-  Council, Surrey, England, pp 296, 626 o
sate by soils and their components. Chemosphere 25:727-734 Wagner J, Chen H, Brownawell J, Westall JC (1994) Use of cationic
Sattar MA (1990) Fate of organophosphorus pesticides in soils.  surfactants to modify soil surfaces to promote sorption and retard

Chemosphere 20:387-396 migration of hydrophobic organic compounds. Environ Sci Tech-
Senesi N (1989) Composted materials as organic fertilizers. Sci Total nol 28:231-237
Environ 81/82:521-542 Wershaw RL, Burcar PJ, Goldberg MC (1969) Interaction of pesticides
Senesi N (1990) Application of electron spin resonance (ESR) spectros-  with natural organic material. Environ Sci Technol 3:271-273
copy in soil chemistry. Adv Soil Sci 14:77-130 Wershaw RL (1986) A new model for humic materials and their
(1992) Binding mechanisms of pesticides to soil humic interactions with hydrophobic organic chemicals in soil-water or

substances. Sci Total Environ 123/124:63-76 sediment-water systems. J Contam Hydrol 1:29-45



