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The addition of organic amendments to soil increases soil organic matter content and stimulates soll
microbial activity. Thus, processes affecting herbicide fate in the soil should be affected. The objective
of this work was to investigate the effect of olive oil production industry organic waste (alperujo) on
soil sorption—desorption, degradation, and leaching of diuron [3-(3,4-dichlorophenyl)-1,1-dimethylurea]
and terbuthylazine [N2-tert-butyl-6-chloro- N*-ethyl-1,3,5-triazine-2,4-diamine], two herbicides widely
used in olive crops. The soils used in this study were a sandy soil and a silty clay soil from two
different olive groves. The sandy soil was amended in the laboratory with fresh (uncomposted) alperujo
at the rate of 10% w/w, and the silty clay soil was amended in the field with fresh alperujo at the rate
of 256 kg per tree during 4 years and in the laboratory with fresh or composted alperujo. Sorption of
both herbicides increased in laboratory-amended soils as compared to unamended or field-amended
soils, and this process was less reversible in laboratory-amended soils, except for diuron in amended
sandy soil. Addition of alperujo to soils increased half-lives of the herbicides in most of the soils.
Diuron and terbuthylazine leached through unamended sandy soil, but no herbicide was detected in
laboratory-amended soil. Diuron did not leach through amended or unamended silty clay soil, whereas
small amounts of terbuthylazine were detected in leachates from unamended soil. Despite their higher
sorption capacity, greater amounts of terbuthylazine were found in the leachates from amended silty
clay soils. The amounts of dissolved organic matter from alperujo and the degree of humification can
affect sorption, degradation, and leaching of these two classes of herbicides in soils. It appears that
adding alperujo to soil would not have adverse impacts on the behavior of herbicides in olive
production.
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INTRODUCTION The soils of the countries of the Mediterranean region are
characterized by a low organic matter (OM) conteht (To
improve the amount of organic matter in these soils, the use of
organic amendments, such as sewage sludge, manure, and urban
waste, has been suggested. Alperujo has a very high organic
matter content (90%); therefore, its use as soil amendment has
been proposed to enrich soils poor in organic matter and as a
olution for its disposal without any expensive chemical or
hermal treatment (67). Also, this residue has the advantage
of being free of pathogens and heavy metals. The application
of olive mill wastes to the land, either raw or after composting,
properly mixed, and incorporated at acceptable loading rates,
might constitute an extremely effective contribution to increas-
ing crop yields and to maintaining or improving soil fertility
(8, 9).
Diuron and terbuthylazine are commonly used herbicides in

+ Corresponding author: e-mail. lcox@imase.csic.es olive tree cultures in Spain. Diuron is a substituted-urea
tInstituto de Recursos Naturales yAgrobiologi-a de Sevilla IRNAS CSIC. herbicide u'sed to control a wide variety of anngal and per'ennlal
8 University of Minnesota. weeds. It is absorbed by plant roots and interferes in the

Olive is one of the most important crops in the Mediterranean
region, where 97% of the world’s olive oil is produced.(Spain
is the main olive oil producing country in the world, followed
by Italy. In the early 1990s, a two-phase centrifugation process
was introduced for olive oil extraction. This process extracts
more oil from the olives and consumes less water and energy
as compared to other processes and does not produce olive mil
wastewater (2). The two-phase process for olive oil extraction
produces a solid waste (alperujayhich is rich in organic
matter, including lignin 8, 4). Large amounts of this residue
are generated in short periods of time: in Spain alone, this new
system generates approximately 4 000 000 Mg per year of
alperujo,usually from November to January, and represents a
major potential environmental problem.
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photosynthetic process in the Hill reaction. It is used on many
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The organic amendments were further characterized by fluorescence

agricultural crops and also for long-term pre-emergence weed spectroscopy. The DOC from alperujo and composted alperujo was

control in noncrop areas (10). It is relatively persistent in soil
with half-lives from 1 month to 1 yearl1(). Microbial

degradation is considered to be the primary mechanism for its

dissipation from soil (12,13). Diuron has been detected in
surface waters at concentrations>5 ug/L (14).
Terbuthylazine is a chloro-S-triazine herbicide used for pre-
emergence and postemergence weed corit&l (t is absorbed
by roots and inhibits the Hill reaction and @®orption in the
chlorophyllic function. Triazines are weak bases with low water
solubility. The main degradation process is microbid18).
The main terbuthylazine metabolites, formed by dealkylation
(desethylterbuthylazine) and hydroxylation (2-hydroxydeseth-

ylterbuthylazine), and the parent compound have been detected
in groundwater and are considered to be potential pollutants

for aquifer contamination (19).
It is known that sorption—desorption, leaching, and dissipa-
tion of chemicals in soils are influenced by the soil OM content.

Increased OM in soil generally results in greater pesticide terbuthylazine solutions (initial concentratior,

obtained by shaking with a 0.1 M CaQolution, which minimized

the extraction of clay and mimicked the ionic strength of the pore water
(24). Suspensions were shaken for 15 min at room temperature,
centrifuged at 1000¢or 15 min, and then filtered through a Qu4n

pore polycarbonate filter. DOC was measured with a Shimadzu TOC-
5050A Total Carbon Analyser (Duisburg, Germany). The fluorescence
spectra, from 300 to 480 nm, were obtained in a Varian Cary Eclipse
fluorescence spectrophotometer (Palo Alto, CA) using 1 cm cuvettes
excited at 254 nm. A humification index (HIX) was calculated from
the fluorescence data as (25):

480 345
HIX = Z o/ Z lwi
WI'=1435 WI'=300

where WI is the wavelength in nanometers andis the fluorescence
intensity at this wavelength.

Sorption—Desorption Studies. Duplicate samples (5 g) of un-
amended and amended soils were treated with 10 mL of diuron and
ranged from 5 to

sorption, decreased leaching, and greater persistence in soilsg,min 0.01 M CaCy). Previously, it was determined that equilibrium
Increased sorption may decrease the bioavailability of the was reached in<24 h and that no measurable degradation occurred
pesticides, resulting in inadequate pest control. These effectsduring this period. Equilibrium concentration@ in the supernatants
have been observed in soils amended with sewage sludge andfter 24 h of equilibration time were determined by HPLC under the

carbon-rich waste material2@, 21). The aim of this work was
to determine the influence of the two-phase olive oil mill waste

following conditions: Nova-Pack column, 150 mm length3.9 mm
i.d.; column packing, C18; flow rate, 1 mL mify eluent system for

(alperujo), when added to soils as amendment, on the SOi|diuron 60:40 water/acetonitrile mixture and UV detection at 250 nm

processes affecting the bioavailability, that is, sorption

desorption, degradation, and leaching, of the herbicides diuron

and terbuthylazine.

MATERIALS AND METHODS

Herbicides. Diuron [3-(3,4-dichlorophenyl)-1,1-dimethylurea) (purity
= 99%), purchased from Dr. Ehrenstorfer GmbH (Augsburg, Germany)
is a crystalline colorless solid, which has solubility in water of 36.4
mg L™t at 25°C and logKqw (25 °C) of 2.85+ 0.03 (22). F*C]Diuron
(5.43 MBg/mg, >95% radiochemical purity) was purchased from
IZOTOP Institute of Isotopes Co. (Budapest, Hungary). Terbuthylazine
(N2-tert-butyl-6-chloroN*-ethyl-1,3,5-triazine-2,4-diamine) (99% purity)
was also purchased from Dr. Ehrenstorfer GmbH. It is a colorless
powder with a water solubility of 8.5 mgt at 20°C and logKow of
3.21 (22). f*C]Terbuthylazine (1.99 MBg/mg and 94.3% radiochemical
activity) was kindly supplied by Syngenta (Basel, Switzerland).

Soils and Organic Amendments.Two soils were used in this
study: a sandy soil (SS) (pH 8.4, 0.63% OM, 20% clay, 71% sand)
from an olive grove located in Coria del Rio (Sevilla, Spain) and a
silty clay soil (SC) (pH 8.3, 1.84% OM, 52% clay, 6% sand) from an

and for terbuthylazine 50:50 water/acetonitrile mixture and detection
at 222 nm. Differences betwedd and C. were assumed to be the
amounts sorbed (Cs). Sorption isotherms were fitted to the Freundlich
equationCs = K;C¢''™, and sorption coefficients; and 1f calculated.
Sorption coefficient¥; normalized to organic carbon (OC) content of
the soils (K were also calculatedq. = Ki/%OC x 100.

Herbicide desorption was made with successive washings (three
times) with 0.01 M CaGl of the soil that was initially equilibrated
with 50 uM herbicide concentration for 24 h. Desorption isotherms
were fitted to the Freundlich equation, and the hysteresis coefficient
was calculatedH = [(1/nsged/(1/nkso)] x 100.

Degradation Studies.Duplicate samples (500 g) of each soil were
treated with an ethanol solution of diuron or terbuthylazine to give a
final concentration of 3 mg kg of dry soil. After moisture contents
had been adjusted to 40% of soil water-holding capacity, soil samples
were thoroughly mixed, transferred to glass jars, capped, and incubated
in the dark at 26t 2 °C for 33 days. Moisture contents were maintained
at a constant level throughout the experiment by adding distilled water
as necessary. Soils were sampled periodically and diuron and terbuthy-
lazine extracted by shaking 5 g of soil with 10 mL of methanol for 24
h. Recoveries were 90%. Methanol extracts were analyzed by HPLC

olive grove located in Mengibar (Jaen, Spain). Soil SC was amendedas described above. Diuron and terbuthylazine dissipation curves in

with alperujo from Mengibar in the field (FA) from 2002 to 2005 at a
rate of 18000 kg ha (SC+FA). Soil SC amended in the field (SGA)

original and amended soils were fitted to first-order kinetics< Ci
e X9 and half-lives () calculated.

and unamended soils SC and SS were sampled with a spade, air-dried, Portions (20 g) of SC soil (unamended and amended in the laboratory

and sieved to pasa 2 mmmesh. Unamended SS and SC soils were

SC+A) were placed in 250 mL biometer flasks and treated with 0.1

amended in the laboratory (10% w/w) with the same alperujo added in mL of an ethanol solution ofring-UL-*“C]diuron or terbuthylazine

the field (SS-A and SCtA, respectively). Alperujo had the following
properties: pH 5.8, 93.2% OM, 25 g Kygdissolved organic carbon
(DOC), and C/N= 18.3. Unamended SC soil was also amended in the
laboratory with a 10% w/w composted alperujo (SSA) from the

(1682 Bg) and nonlabeled herbicide to give a concentration of 3 mg
kg™ of dry soil. After evaporation of the solvent, the moisture content

was adjusted te-0.33 kPa and maintained at constant level throughout
the experiment. The flasks were closed with rubber stoppers and

same source. This alperujo was composted by air-drying fresh alperujoincubated at 20C for a period of 6 weeks. The side arm of the biometer
in a tank to favor the fermentation process and to reduce polyphenols.flask contained 1 mL of 1 M NaOH to trap tRéCO, released during

Composted alperujo had the following properties: pH 7.9, 49.2% OM,
3000ug g* DOC, and C/N= 16.5. After composting, olive tree

the experiment. The NaOH solution was sampled periodically and
replaced with fresh solution. The amount €0, in the vials was

prunings and leaves were added to facilitate aeration. The amendmentdetermined by mixing 1 mL of NaOH solution with 5 mL of Beckman
was weighed and added to the soil, and the mixture was sieved twice Ready Safe Scintillation cocktail and counting radioactivity using a

with a 2 mmsieve to homogenize the amendment and soil. OM of the

LD 5000 TD Beckman liquid scintillation analyzer.

soil samples (unamended and amended) and amendments (uncomposted For photolysis studies, 100 mL of diuron and terbuthylazine aqueous
alperujo and composted alperujo) was determined by dichromate solutions (10 mg ') was irradiated in 250 mL quartz flasks for 48 h

oxidation (23), soil pH was determined in a 1:2 (w/w) soil/deionized
water mixture, and texture was determined by sedimentation.

in a Suntest photoreactor equipped with a xenon lamp and a permanent
filter selecting wavelength 290 nm. This apparatus exhibits a radiation
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Table 1. Diuron and Terbuthylazine Sorption—Desorption Coefficients and Half-Lives (t,) in Dissipation Studies

Ks R? R?

soil pH/%O0M (mgt~Ymkg~t mLYm) Koc 1Ung SORP  DESORP  H(%) ti (days) R2(ti)

diuron SS 8.4/0.63 250 (2.37-2.65  685(649-726)  0.79+0.02°  1.00 0.97 622 240 (22.4-25.7)¢ 0.98
SS+A 6.8/4.80 10.0 (9.7-10.3) 360 (348-371)  0.87+£0.02  1.00 1.00 684 342 (125-463) 0.08
SC8.2/1.84 431 (4.01-4.62) 404 (376-433)  084+003  1.00 1.00 607 103 (81.6-141) 0.79
SC+A7.9/4.27 10.3 (9.6-11.1) 415(386-447)  096+005 0.9 0.98 544 150 (96.4-333) 0.52
SC+CA79/451  7.74(7.21-8.31) 206 (276-318)  0.97+0.04  0.99 0.98 327 155(112-252) 0.63
SC+FA85/282  3.69(3.52-3.87) 226 (215-237)  0.88+0.02  0.99 1.00 675  619(56.84-67.90)  0.97
terbuthylazine ~ SS 8.4/0.63 1.29 (1.07-1.57) 353(293-430)  0.95+0.07 098 0.96 281 110 (103-108) 0.98
SS+A 6.8/4.80 17.0 (16.3-17.8) 611 (585-639)  0.96+0.04  1.00 0.60 167 87.1(79.0-97.) 0.96
SC 8.2/1.84 2.60 (2.29-2.89) 244 (215-271)  0.96+0.05 0.9 1.00 605  34.3(30.7-38.8) 0.95
SC+A7.9/4.27 12.0 (11.3-12.8) 485(456-518) 115+006  1.00 0.69 179 109 (935-132) 0.92
SC+CA7.9/451  8.70 (7.65-9.89) 333(292-378)  1.05+0.09 098 0.96 569  88.4(76.1-108) 0.89
SC+FA85/282  2.50 (2.35-2.78) 153 (144-170)  0.98+0.04  1.00 1.00 645 508 (48.2-53.7) 1.00

aNumbers in parentheses are standard errors about the mean K; or t,. ® Numbers are mean 1/r + standard deviation.

very close to that of natural sunlighk). Flasks were sampled laboratory-amended SS soil as compared with the 8-fold increase
periodically, and herbicide concentration was determined by HPLC. in OM. In laboratory-amended silty clay soil (S@), there
Photodegradation curves of diuron and terbuthylazine as a function of yas a 5-fold increase iKs as opposed to the 2increase in
irradiation time were fitted to first-order kinetics and half-lives OM. Similarly to diuron, composted alperujo (SCA) rendered
calculated. _ _ _ _ lower sorption coefficients, and in field-amended siltt clay
In the case of diuron, photolysis studies with unamended and (SC+FA) sorption of terbuthylazine was similar to that in

amended SS soil were also performed. Duplicate amounts of SS and . . o .
SS+A soils (5 g) were treated with diuron (10 mgKgand moisture unamended soil SC, despite a 50% Increase in OM. !n contrast
values for terbuthylazine increased in every

content adjusted to 100% of their soil water-holding capacity in 4 cm 0 diuron, Ko
diameter dishes, which were irradiated for 48 h in the Suntest laboratory soil upon amendment (Table 1).
photoreactor. Moisture content was maintained constant by the addition For both herbicides, higher hysteresis coefficients (higher
of water after 30 min of irradiation. After 2, 6, 12, 24, and 48 h of reversibility) were observed in SC than in SS soil, which is not
irradiation, soil samples were extracted with methanol (1:2 w/v) and in accordance with SC h|gher Sorption Capac][ﬁtﬂe 1) For
extracts analyzed by HPLC for their herbicide content. Photodegradation gg soil, amendment with alperujo slightly increased diuron
curves of diuron in SC and SC+A soils as a function of irradiation - teresis coefficientes, whereas these coefficients greatly
time were fitted to first-order kinetics and half-lives calculated. decreased in the case of terbuthylazine, which indicates a very
Leaching Studies Duplicate columns (3.1 cmi.d.) were hand-packed high increase in irreversibility upon amendment. This can be

with amended and unamended soils to a height of 20 cm soil in each . - . . .
column. Glass wool was placed at the bottom of the column to avoid attributed in part to the higher affinity of terbuthylazine for

soil losses, and sea sand was added at the top of the soil. After saturatiofPrganic matter in SBA soil than in unamended SS soiKoc
of the soils with 0.01 M CaG] solutions of diuron or terbuthylazine  for terbuthylazine increased upon amendment by a factor of
in methanol were added to the soil in the column at a rate of 3 kg 1.7, whereas<,. for diuron decreased upon amendment by a
ha . After 24 h, enough time for the methanol to evaporate, 10 mL of factor of 2.
0.01 M CaC} was added daily and the leachates were collected d_uring In the case of laboratory-amended SC soil, hysteresis coef-
30 days. The leachates were analyzed by HPLC, as previously ficiants decreased upon amendment for both herbicides, sug-
described. Atthe end of the leaching study, soils were taken out of the oo i |ower reversibility, whereas in the field-amended soil
columns with N and sectioned into 5 cm increments corresponding to . - . . . . .
different depths, and the herbicides were extracted with methanol. The hysteresis coefficients Sllghtly |ncrea§ed. On_e interesting dif-
extracts were analyzed by HPLC. ference be@wee_n the sorption behavior of d_|uro_n and that of
terbuthylazine in organically amended soils is the lower
hysteresis coefficient for diuron in the soil amended with
composted alperujo SECA of lower sorption capacity than in
Sorption—Desorption Studies.Diuron sorptior-desorption SCHA. In the case of terbuthylazine we find the contrary, higher
isotherm coefficients in the original and amended SS and SC irreversibility in SC+A of higher sorption capacityéble 1).
soils are given inTable 1. In laboratory-amended sandy soil The higher DOC content of alperujo together with the more
(SS+A), the addition of alperujo amendment increased OM by polar character of the herbicide diuron when compared to
a factor of 8 and diuron sorptiol; value by a factor of 4. In terbuthylazine (higher water solubility and lowé&s,, than
laboratory-amended silty clay soil (3@), there was a similar  terbuthylazine) could account for this. The greater affinity of
increase (&) in both OM andK;. Composted alperujo has much diuron for the high amount of DOC present in alperujo would
lower organic matter and DOC contents (49.2%, 3 glkg  give rise to a higher reversibility of diuron sorption on-8&
respectively) than alperujo (93.2%, 25 g Kgrespectively), soil than on SC-€A sail, in which the amount of DOC is lower
although this OM has a higher HIX (13) than alperujo (H#X and also less polar, as indicated by its higher HIX. Previous
3). This results in lower sorption coefficient for SC+CA than results seem to corroborate this hypothesis, because we have
for SC+A. In field-amended silty clay (SEFA), sorption of found that diuron is able to form stable complexes with DOC
diuron was similar to that in unamended soil SC, despite a 50% from organic amendments (28).
increase in OM. These data show that both source and amount Degradation Studies.Incubation Studies in the Darkihe
of OM can affect diuron sorptior2{, 28), as also indicated by  increase in organic matter content upon amendment has been
the variability inK, values (Table 1). shown to promote biodegradation by enhancing microbial
Alperujo amendments had a similar, but more pronounced, populations and activitie29—32). However, we do not observe
effect on terbuthylazineK increased by a factor of 13 in  this effect with alperujo and the herbicides studied. In the case

RESULTS AND DISCUSSION
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Figure 1. Dissipation of diuron and terbuthylazine in unamended and amended SS and SC soils in the dark.
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Figure 2. Diuron photodegradation in solution and in unamended and

. observed, indicating that sorption was not the only process
amended SS soils (error bars are smaller than symbols). g P y P

affecting degradation. Previous cropping history seems to be
playing an important role in the rapid dissipation of diuron in
of diuron (Figure 1), the shortest half-life was observed in SCHFA soil, because this soil had been treated in the field with
unamended sandy soil S$aple 1), which had low sorption ~ diuron in the past 5 years, whereas soils amended in the
capacity. When SS was amended with alperujo, diuron con- laboratory (SC+A and SC+CA) were not treated with diuron
centration remained unaffected after a 30 day incubation period during this period. This agrees with data reported by Piutti et
(Figure 1; Table 1). This can be attributed to the very high al. (36), who found that degradation rates of diuron, isoproturon,
increase in diuron sorption upon amendment in this Saible and pendimethalin were not affected after the first cropping
1), because sorption protects herbicides from biodegradationcycle, but were significantly increased in planted soils after five
(33—35). Little difference was observed between original soil cropping cycles.

SC and soils amended in the laboratory ¢SCand SC+-CA), A completely different behavior was observed with terbuthy-
despite the increase in sorption. However, it should be noted lazine (Figure 1;Table 1). Dissipation was very slow in the
that this increase in sorption upon amendment was much lowersandy soil, with a much longer half-life than that observed for
than that in sandy soilT@ble 1). In the soil amended in the diuron, despite the lower persistence reported for terbuthylazine
field (SC+FA), the diuron half-life was much lower than in than for diuron 22,37). Small but significant differences were
the original soil SC, despite the similar sorption behavior observed between SS and-55 despite the great increase in
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Table 2. Percentage of Diuron and Terbuthylazine Leached and Extracted from the Soil Columns after the Leaching Study

soil SS SS+A SC SC+A SC+CA SC+FA
diuron leached 13.92 £2.932 0 0 0 0 0
extracted 0—5 cm 20.05+1.33 059+0.14 543+0.71 38.11+0.09 19.35£2.99 19.07 £1.25
extracted 5-10 cm 156.17 £ 2.01 10.47 £ 1.63 6.10 £ 0.65 10.21+4.98 17.64 £0.81 39.78 +2.47
extracted 10-15 cm 9.95+1.32 42.41+9.15 6.49 +2.02 0.85+0.44 1.95+0.29 15.93 + 0.60
extracted 15-20 cm 430+0.10 32.21+10.2 285+1.94 0.81+0.38 0.46 +0.07 0.60 +0.12
total recovery? 63.39 +4.85 85.68 +21.1 20.86 +3.90 49.98 + 4.95 39.39+4.16 75.38 £4.20
terbuthylazine leached 58.38 £ 0.76 0 1.68 +0.45 2.43 £0.65 150 +0.53 3.59+0.27
extracted 0-5 cm 213+0.27 47.07 +£9.62 5.62+0.77 75.66 + 1.19 46.44 +0.01 9.65+3.81
extracted 5-10 cm 3.01+0.27 19.40 +0.10 18.18 +2.47 9.70 +1.57 36.20 +3.01 19.29 + 1.68
extracted 10-15 cm 3.97+0.02 3.71+0.56 21.39+2.47 521+ 156 5.49 +0.07 22.23+1.99
extracted 15-20 cm 6.70+0.18 1.55+1.55 8.72+0.16 5.26 +0.39 359 +0.37 6.26 +2.70
total recovery? 7419+15 71.73 £8.53 55.60 + 6.33 98.27 £ 5.36 93.21 £3.99 61.02 +2.84

2 Numbers are mean value + standard deviation (n = 2). © Total recovery = leached + extracted.

5 diuron or terbuthylazine and at the same time degraded the
—o-s¢ herbicides through co-metabolic reactions that do not cause CO
—A— SC+A release (7).

44 —— SC+CA i ) . i . Lo
—@— SC+FA Photolysis StudiesPhotolysis can be a significant abiotic

degradation process affecting pesticides and other organic
contaminants in water, soils, and plants. No changes in
terbuthylazine solution concentration (201) were observed
after 48 h of irradiation. Diuron photodegradation in agueous
solution (20um) and photodegradation of diuron in SS and
SS+A soils are shown ifrigure 2. Diuron concentration in
the dark control (under the same conditions except for the light)
did not significantly decrease (data not shown). Under the
conditions studied, diuron half-life in aqueous solution was 18.8
h. The half-life increased to 33.1 h in the sandy soil SS, and
the increase is attributed to absorption of light by soil compo-
nents and screening or light attenuation effect of the soil particles
Figure 4. Cumulative leaching of terbuthylazine in unamended and (39). When the soil was amended with alperujo, there was no
amended SC soils. photolysis. We did not observe a photosensitizing effect of the
increase in organic matter, as reported for other pesticides in
the presence of organic matt&6( 40). This can be attributed
not only to the higher adsorption of diuron in-$8 soil when
compared with that in unamended STable 1) but also to the

in the case of soils amended in the laboratory+®Cand dark color of SS+A, which would have a light-filtering effect,

SC+CA, of higher organic matter content and sorption coef- protectln.g dluron.mole_cules from photodegradatlon.

ficients (Table 1). We did not find the rapid dissipation in the ~_ Leaching Studies.Diuron was detected in leachates from

soil amended in the field (SEFA) as was observed in the case SS Soil Figure 3) and was not detected in leachates fromr8S

of diuron, which can be attributed again to the cropping history OF @ny of the leachates of unamended or amended SC soil during

of the soil, because terbuthylazine was not applied in the pastthe 30 day study, which can be attributed to the higher sorption

5 years. in these soilsTable 1). The amounts of diuron extracted and
Diuron mineralization in SC soil after 6 weeks of incubation €ached from the soil columns are givenTiable 2. The total

was low (0.54+ 0.04% of applied) and slightly lower in SOX- amount recovered in SS soil columns (leachedxtracted) is

(0.43+ 0.03% of applied). The effect of alperujo in terbuthy- much lower than that recovered in soil extraction of the-8S

lazine mineralization was greater than that in diuron. Terbuthy- column, which can be attributed to the higher persistence and

% of applied terbuthylazine

0 50 100 150 200 250 300 350
Volume added (mL)

terbuthylazine sorption in sandy soil upon amendment with
alperujo (Table 1). In the case of the silty clay soil SC, the
total amount of terbuthylazine dissipated was in every case lower
in amended soils than in the original onégyire 1), especially

lazine mineralization in unamended SC soil was £.9.16% higher sorption of diuron in S8A than in SS Table 1). In the
of applied, and when soil was amended with alperujo, the case of SC sails, the higher recoveries correspond t¢AC
amount of terbuthylazine mineralized decreased to & 272% and SC+CA soil columns, also of higher persistence and

of applied. These results do not agree with those reported byhigher sorption but lower reversibility than unamended
Gan et al. 32) and Wannerqs), who found increases in SC SOiI, eSpeCiaIIy in the case of SC+CA (Table 1) In the
pesticide mineralization in amended soils due to an increase incase of SG-FA, the amounts recovered are similar to that
soil microbial activity. However, similar results were obtained recovered from unamended soil SC, which do not agree with
in ref 5 with terbuthylazine in a soil amended with urban sewage the lower t;> observed in dissipation studiesTable 1),
sludge and in ref7 with simazine and a soil amended with suggesting that sorption prevails over dissipation, because both
alperujo. The latter attributed this lower mineralization in Soils (SC and S&FA) have similar sorptiofrdesorption
amended soils to a possible toxic effect of alperujo on soil Pehaviors.

microbial population. Alternatively, soil microorganisms in soils High amounts of terbuthylazine (nearly 60% of the applied
amended with alperujo may have preferentially used the organicherbicide) were recovered in leachates from SS d$aure
matter of alperujo as a carbon and energy source instead of3), of very low sorption capacity, whereas no terbuthylazine
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was detected in leachates from-5%. In the latter, very high
recoveries were obtained after soil column extraction (Table
2), which can be attributed to the great increase in terbuthylazine
sorption in SS upon amendment (Table 1). In the case of SC
soil, low amounts of terbuthylazine were found in the leachates
from soil columns Figure 4), and the total amounts recovered
from soil column extractionTable 2) are very high in the more
sorptive soils S&A and SC-CA and similar for unamended
SC and SG-FA soils, of similar sorption capacityTéble 1).
Surprisingly, greater amounts were found in leachates from
amended soils as compared to unamended soil, especially in
the case of S€A and SCHFA, despite the increase in sorption
upon amendment in SC+A soil and the similar sorption—
desorption behaviors of SC and $EA. These results do not
agree with those reported in #fthese authors found a decrease
of simazine leaching in soils amended with solid olive mill
waste, which could be due to specific interactions between
terbuthylazine and soluble organic carbon (DOC) favoring
movement through the soil columns. The higher DOC content
of fresh alperujo (25 g kgt) when compared to composted
alperujo (3 g kg?) and the lower HIX of the fresh alperujo (3
vs 13) can explain the higher amounts leached inF8Gnd
SCH+FA when compared to SECA. These results would
agree with those found in refil, where a decrease in
terbuthylazine recovery from DOC solutions was reported,
suggesting DOC—terbuthylazine interactions, which again re-
veals the complexity and specificity of the processes involved
in pesticide-soil—solution interactions in organically amended
soils.

Conclusions.The addition of olive oil mill wastes, alperujo,
from two-phase decanter centrifuges, either composted or
untreated, can modify the sorption capacity of soil for diuron
and terbuthylazine and subsequently their dissipation and
leaching. With regard to the influence of amendments on
sorption, our results show that the source and amount of OM
can affect sorption and that these effects can be different for
different classes of herbicides. We can also conclude that the
addition of these organic amendments to soil does not always

ensure slower dissipation or decreased leaching of the herbicides.

Implications concerning specific interactions between the dis-
solved organic chemicals (DOC) of these amendments and the

herbicides should be taken into account because, despite the

increase in soil retention upon amendment with alperujo,
leaching can be favored in the case of terbuthylazine. The
possible slight increased leaching of terbuthylaziB®©C
complexes would be counterbalanced by the fact that the
application of fresh or composted alperujo to the land would
appear to be an extremely effective contribution to increasing
crop yields (9) and to maintaining or improving soil fertility if
properly mixed and incorporated at acceptable loading rates.
At the same time, this practice could mitigate a large potential
environmental problem associated with olive oil production
wastes.
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