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Atrazine (2-chloro-4-ethylamino-6-isopropylamino-1,3,5-triazine), one of the most widely used agro-
chemicals in the Midwestern United States, has appeared in surface waters at levels above the maximum contami-
nant level of 3 µg/L.  Although atrazine is relatively mobile in soil-water systems, it can associate with a variety
of soil components.  Our study focused on atrazine interactions with two surface soils from the Hillsdale
Reservoir Basin in eastern Kansas.  One soil was collected from an agricultural field (3.4% SOM), while the other
was obtained from an adjacent forested area (6.2% SOM).  U-ring-14C-labeled atrazine was used in sterile bottle-
point adsorption experiments with synthetic “surface water” to create adsorption isotherms.  The distribution of
“bound” atrazine was then determined by “surface water” extractions (quickly desorbed), ethyl acetate extrac-
tions (slowly desorbed), and alkali extractions (humic and fulvic acid bound).  Atrazine remaining on each soil
component after extraction was determined by combusting the soil at 925°C and counting the 14CO

2
 on a liquid

scintillation counter.  At least 70% of the initially sorbed atrazine was quickly desorbed, and soil type did not
have a significant effect on atrazine distribution.  The presence of the soil enzyme, horseradish peroxidase, was
determined to have little effect on the nature and extent of atrazine binding.

INTRODUCTION

Agricultural chemicals, while often benefit-

ing farming productivity, can have detrimental

environmental effects when applied improperly.

Herbicides, such as atrazine (2-chloro-4-

ethylamino-6-isopropylamino-1,3,5-triazine),

are frequently detected in ground and surface

waters (Koplin et al., 1997; Miller et al., 2000;

Pereira and Rostad, 1990).  Several factors

affect adsorption and desorption of herbicides

from soils, including physico-chemical charac-

teristics of the soil and the herbicide, surface

acidity, temperature, electric potential of the clay

surface, and nature of the herbicide formulation

(presence of surfactants, etc.) (Bailey and

White, 1970).  Several recent studies have

focused on the role of soil organic matter

(SOM) in the overall fate of agricultural chemi-

cals (Barriuso and Koskinen, 1996; Barriuso et

al., 1992a; Capriel et al., 1985; Kalousková,

1987; Piccolo et al., 1998; Saint-Fort and

Visser, 1988; Xing et al., 1996; Wang et al.,

1992).  This paper evaluates the distribution of

adsorbed atrazine among the fulvic acid, humic

acid, and humin components of SOM associ-

ated with two Kansas surface soils.  A sorption-

enhancing process, engineered humification, was

also investigated.

BACKGROUND

Atrazine, despite being banned in most

European countries, is the most widely used

herbicide in the United States and is registered

in more than 70 countries worldwide

(Kauffmann et al., 2000).  It has been used

since 1958 as a pre- and post-emergent herbi-

cide to control broad-leafed weeds in the

production of corn and sorghum (Jones et al.,

1982).  Once absorbed though the roots of the

target species, atrazine is translocated to the
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leaves and apical meristem, where photosynthe-

sis is inhibited, causing chlorosis and death of

the weed (Donnelly et al., 1993).  Corn and

other crops are able to take up atrazine, but

decompose it enzymatically before herbicidal

effects occur (Wu, 1980).  While atrazine is

only moderately persistent in the environment,

with a half-life of one to twelve months, appear-

ance in surface waters raises concern due to its

possible health hazards (Bouquard et al., 1997).

Atrazine is a probable human carcinogen, and

its current EPA maximum contaminant level

(MCL) in drinking water is 3.0 µg/L.  In addi-

tion, atrazine has recently been reported to have

long-term reproductive and endocrine-disrupt-

ing effects (Tugulea et al., 1998). Additional

properties of atrazine are listed in Table 1.

Recent attention has focused on atrazine

loadings in the Hillsdale Reservoir in northeast

Kansas.  A 1997 USGS study revealed signifi-

cantly higher concentrations of triazine pesti-

cides in water samples taken downstream of the

reservoir when compared to upstream samples

(Putnam, 1997).  Such findings indicate herbi-

cide storage, rather than an expected dilution

effect.  Since the reservoir is only 92,160 acres

in size, and no significant climate change is

expected, it is believed that the herbicides are

being shielded from biodegradation, possibly

through sorption to natural organic matter.

While parallel studies are examining sediment

and water samples from the reservoir, the

objective of this research is to characterize

atrazine behavior at the point of application:

Hillsdale Basin soils.

Once atrazine has been applied to soils, it

has the ability to associate with various soil

components, including soil organic matter.

Adsorption isotherms, such as the Freundlich

isotherm, are often used to describe the overall
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Table 1. Physical and chemical properties of atrazine.
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sorption characteristics of a particular soil at

equilibrium with a range of contaminant concen-

trations.  The Freundlich model is described by

the equation:

where q
e
 and C

e
 represent the solid- and

aqueous-phase equilibrium concentrations of the

target chemical, respectively. The Freundlich

constant K
F
 is a measure of the sorption capac-

ity of the sorbent.  The Freundlich n measures

sorption linearity, which is related to the hetero-

geneity of sorption site energy.  Both K
F
 and n

are dependent upon the physical and chemical

properties of the sorbate and sorbent.

Adsorption of atrazine to various soils,

clay minerals, and soil organic matter has been

widely researched.  In general, SOM becomes

an important factor with atrazine adsorption in

soils with high SOM contents (> 6%) (Shea,

1989).  Barriuso et al. (1992b) examined

atrazine sorption to two Brazilian oxisols and

concluded that SOM was the most important

factor effecting atrazine adsorption.  Xing et al.

(1996) examined the role of SOM more specifi-

cally by examining competitive sorption between

atrazine and other organic compounds to

various sorbents.  While the study demonstrated

competitive sorption between atrazine and s-

triazine analogs, it also provided evidence for

non-linear or dual-mode sorption of atrazine to

peat and humic acid particles.  Piccolo et al.

(1998) found that the type of SOM plays an

important role in atrazine adsorption.  Studies

using 13C-NMR indicated that aliphatic groups

in humic substances may contribute more to

atrazine binding than aromatic groups.  Atrazine

adsorption to humic acid was higher than

adsorption to montmorillonite in a study by Celis

et al. (1997); however, several studies reveal

notable atrazine associations with clay minerals.

Roy and Krapac (1994) found that atrazine

sorption to low organic carbon sand, till, and

alluvial samples conformed to linear isotherms.

In addition, for eight of the ten adsorbents

studied, atrazine adsorption was not propor-

tional to the organic carbon content, indicating

mineral surface interactions.  Other studies also

indicate that clay minerals can contribute to the

physical adsorption of atrazine, particularly

when SOM content is low (Brown and White,

1969; Laird et al., 1994).

While adsorption is an important mecha-

nism to examine, desorption is equally signifi-

cant, since it is directly related to herbicide

runoff and leaching that leads to surface water

and aquifer contamination, respectively.

Barriuso et al. (1994) found that atrazine

adsorption was generally reversible for

smectities, suggesting weak van der Waals

forces or hydrogen bonds between the atrazine

molecules and the clay surfaces.  For soil

samples, particularly those high in SOM,

however, adsorption is typically less reversible.

Many researchers have found that atrazine

exhibits hysteresis effects, i.e. less herbicide

desorbs than is predicted by adsorption iso-

therms.  Hysteresis reflects the portion of

contaminant that is very strongly or irreversibly

bound to the soil or SOM, and has been

recently described by the hysteresis index:

log log logn
e F e e e Fq K C or q n C K= = +
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where q
e
a and q

e
d are solid-phase solute

concentrations for the adsorption and desorp-

tion experiments, respectively, and T and C
e

specify conditions of constant temperature and

residual aqueous-phase concentration (Huang

and Weber, 1997).  Several studies have

confirmed hysteretic characteristics of atrazine,

with degrees of hysteresis varying with soil type

and SOM content (Ma et al., 1993; Clay and

Koskinen, 1990; Roy and Krapac, 1994).

The adsorption and desorption of atrazine

has considerable effects on its biodegradation

and ultimate fate in surface soils.  Barriuso et al.

(1997) found that SOM content affects atrazine

biodegradation; as increasing amounts of

compost were added to soils, the formation of

bound residues increased and atrazine mineral-

ization decreased significantly.  Capriel et al.

(1985) analyzed soil samples that were sprayed

with 14C-labeled atrazine nine years earlier and

found that approximately 50% of the radioactiv-

ity remained.  Furthermore, 90% of the 14C was

present in organic materials, present as parent

atrazine as well as metabolites.  Such results

indicate that soil organic matter plays an impor-

tant role in the overall bioavailability of atrazine.

While there has been widespread research on

atrazine interactions with soil and soil organic

matter, results are very case-specific, and

available information is unable to explain the

scenario at the Hillsdale Reservoir.  Therefore,

the goal of this study is to develop a spe-

cific understanding of atrazine associations

with Hillsdale Basin surface soils and soil

organic matter.

PROCEDURES

Soils

Two soils were collected near the city of

Gardner in Johnson County, Kansas.  The site,

which is north of the Hillsdale Basin, drains into

the reservoir.  One soil was collected from an

agricultural field (SOM = 3.4%, pH = 6.1),

while the other was obtained from an adjacent

forested area (SOM = 6.2%, pH = 6.9).  Both

soils belong to the Woodson Series (silty loam).

Additional soil characteristics are shown in

Table 2.  The two soils were selected due to

their varying organic matter content and type,

while having similar parent materials, pH, and

epyT
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Table 2. Properties of two Hillsdale Reservoir Basin soils.
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texture composition.  In addition, atrazine had

not been applied to the site for approximately a

year and a half.

Upon collection, soils were air-dried and

passed through 1-mm and 500-mm sieves.

Each soil was split into smaller representative

fractions using the coning and quartering

method.  Before soils were used, spore-forming

bacteria were neutralized using a sequential

autoclaving/incubating procedure, where the

soils were incubated twice for 24 hours and

autoclaved three times for 50 minutes.  Soils

were then stored in the dark in glass jars at 0°C.

Chemicals

To enhance atrazine tracking and detection

limits, U-ring-14C-labeled atrazine was used.

The chemical was purchased from Sigma

Aldrich and had a specific activity of 18 µCi/

µmol.  Known volumes of radioactive atrazine

were added to non-radioactive solutions of

atrazine (Supelco) in synthetic surface water.

Radioactive and non-radioactive atrazine were

used without further purification, and stock

solutions were prepared in acetone.  The

synthetic surface water consisted of 500 mg/L

sodium azide (Fisher Scientific) in distilled water

to ensure sterile conditions.  Horseradish

peroxidase (Type II, RZ: 1.9) was purchased

from Sigma Chemicals and used without further

purification.  Radioactivity remaining in solution

during bottle-point adsorption experiments was

enumerated as disintegrations per minute (dpm)

using a Beckman 6500 liquid scintillation

counter (LSC) with quench and luminescence

corrections.  Radioactivity remaining on the soils

was determined by combustion at 925°C, using

an OX-500 R.J.Harvey Bio-Oxidizer and

counting the 14CO
2
 produced on the liquid

scintillation counter.

Adsorption-Desorption Experiments

Sorption-desorption experiments were

conducted in centrifuge tubes at five sorbate

concentrations spanning three orders of magni-

tude.  The initial atrazine concentrations were

0.25, 1.0, 2.5, 10.0, and 25.0 µM.  Preliminary

experiments determined that a solid/liquid ratio

of 0.175 sorbed a desired 30-70% of added

atrazine.  Other preliminary experiments showed

negligible increase in atrazine sorption after

seven days of contact for the selected solid/

liquid ratio; therefore atrazine adsorption

experiments were allowed a seven-day equili-

bration period.

Adsorption experiments were conducted

in completely mixed batch reactors (CMBRs)

consisting of 10 mL glass centrifuge tubes

closed with open-closure phenolic caps, sealed

with Teflon-lined silicone septa.  Tubes were

first filled with 1.5 grams of soil, and then

approximately 8.5 mLs solution containing

radioactive and non-labeled atrazine was added

with minimal headspace.  Nine replicate

CMBRs were used for each initial atrazine

concentration.  Two controls containing no soil

were used to determine atrazine losses.  The

tubes were vigorously mixed with a Vortex-

mixer, sealed with Teflon tape to minimize

losses, and then placed on a custom-design

vertical tumbler for seven days at 25 ± 1°C.  At

the end of the equilibration period, the tubes

were centrifuged at 2200 rpm for 45 minutes to

separate the solid and liquid phases.  A 250-µL
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aliquot was removed from each tube and

transferred into a scintillation vial containing 5

mL scintillation fluid (ScintSafe Plus 50%,

Fisher Scientific).  The vials were then gently

mixed and allowed to sit overnight to mini-

mize chemiluminescence before LSC analy-

sis.  Adsorption data was fitted to the

Freundlich model.

After the adsorption data was collected,

the remaining atrazine solution was removed

with a pipette, and replaced with clean synthetic

surface water for sequential “fill-and-draw”

desorptions described by Bhandari et al.

(1997).  The tubes containing clean surface

water were re-capped and placed on the

tumbler overnight for atrazine desorption.  The

next day, the tubes were centrifuged and the

supernatant was analyzed as previously dis-

cussed for desorbed atrazine on an LSC.  The

liquid was then removed, and the procedure

was repeated until atrazine concentrations fell

below the detection limit (typically after seven

desorptions).  After all of the water-extractable

atrazine was removed, three of the replicates

were immediately combusted to determine the

amount of atrazine remaining on the soil as
14CO

2
.  The atrazine removed with synthetic

surface water was operationally defined as

“quickly desorbed” atrazine.

After surface water desorptions, “fill-and-

draw” desorptions were repeated using a 4:1 v/

v ratio of ethyl acetate and water.  This particu-

lar solvent mixture was chosen based on recent

literature comparing solvent efficiency for

atrazine extraction from soil (Laabs et al.,

1999).  After one extraction, the slowly desorb-

ing atrazine was removed and counted on an

LSC as previously discussed.  An additional

extraction removed non-detectable concentra-

tions of atrazine.  After the two extractions,

three of the remaining six replicates were

immediately combusted and the “slowly des-

orbed” atrazine was quantified from the 14CO
2

on a LSC.

Humic Acid-, Fulvic Acid-, and Soil/
Humin-Bound Atrazine

After water and solvent desorptions, the

remaining three samples were alkali-extracted

under a nitrogen atmosphere with 0.1 N sodium

hydroxide (Fisher Scientific) to remove humic

and fulvic acids.  Each day, the tubes were

removed from the tumbler, centrifuged at 2400

rpm for 45 minutes, and the supernatant trans-

ferred into separate tubes.  Fresh sodium

hydroxide was added and the procedure was

repeated until the supernatant became clear in

color, and negligible humic or fulvic acids

remained in the soil.  After eight to ten alkali

extractions, the remaining soil was dried and

combusted to determine the atrazine that

remained bound to the soil/humin.

To separate the humic acid from the fulvic

acid, a few drops of concentrated sulfuric acid

were added to the remaining supernatant

samples to precipitate the humic acid.  The

samples were then centrifuged at 1200 rpm for

60 minutes and the supernatant fulvic acid was

removed.  The remaining humic acid was

immediately combusted and the bound atrazine,

measured as 14CO
2
, was counted on an LSC.

The fulvic acid was too dilute for direct LSC

analysis, so fulvic acid-bound atrazine was
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determined by mass balance since losses would

be large during concentration.

RESULTS AND DISCUSSION

Adsorption Isotherms

The adsorption isotherms for both the

agricultural and forest soils were near linear,

with Freundlich n values of 0.88 and 0.90,

respectively (Figure 1, left).  Values of n < 1 are

indicative of adsorption by heterogeneous media

where high energy sites are occupied first,

followed by adsorption at lower energy sites,

while linear isotherms (n = 1) indicate simple

partitioning into the amorphous SOM (Weber

and DiGiano, 1996).  The higher n value for the

forest soil reflects a larger presence of young

amorphous SOM, when compared to the

agricultural soil.  Figure 1 (left) also indicates

that the forest soil has a slightly higher ad-

sorption capacity (0.52) than the agricultural

soil (0.41).

While the forest soil appears to have a

slightly higher adsorption capacity than the

agricultural soil, the trend reverses when SOM

content is accounted for (Figure 1, right).  The

forest soil, which has SOM content of 6.2%,

had a lower sorption capacity per unit SOM

content than the agricultural soil, which has

3.4% SOM content.  This is likely related to the

type of organic matter present; forest soil is

likely to contain more young, amorphous

organic matter, thus explaining the relatively

higher Freundlich n value.  Since forest soil

receives a constant supply of dead leaf litter that

is rich in oxygen, forest SOM has a higher

proportion of partially degraded, amorphous

biopolymers. Agricultural soil does not receive a

constant input of fresh organic material; there-

fore, agricultural SOM is more degraded and

relatively older.  The amorphous SOM associ-

ated with the forest soil has a lower adsorption

capacity than the older, more crystalline SOM

that is present in the agricultural soil.  However,

it is important to note that the two soils, while

containing different amounts and types of SOM,

also contain slightly different clay contents (16%

for the agricultural soil, 10% for the forest soil).

This may be important to consider, especially

for the agricultural soil, since atrazine-clay

Figure 1. Adsorption of atrazine to two Hillsdale Basin soils displayed as a Freundlich isotherm
(left), and a Freundlich isotherm adjusted for SOM content (right).
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associations have been reported to be important

with soils that contain less than 6% SOM (Shea,

1989).  In general, the adsorption characteris-

tics for the two soils were relatively similar.

Desorption of atrazine from the two

Hillsdale soils was also very similar.  Figure 2

shows the adsorption and desorption data for

both of the soils.  It is important to note that the

desorption data represents only the first desorp-

tion from the sequential fill/draw procedure.

Hysteresis indices (HIs), which were calculated

at C
e
 = 1 mM, were 0.55 for the agricultural

soil, and 0.53 for the forest soil.  The HI values,

which are low and not significantly different for

the two soils, are indicative of the relatively

young, amorphous nature of the SOM.  Huang

and Weber (1997) examined the adsorption and

desorption of phenanthrene with materials

having a range of O/C atomic ratios (higher O/C

ratios correspond to geologically younger, less

degraded SOM).  Results showed that as the

ratio of oxygen to carbon decreased, HI values

increased and Freundlich n values decreased,

nearly proportionally.  As adsorption becomes

more site-specific in more geologically aged

materials such as kerogens, desorption becomes

more hysteretic, i.e. molecules that are

adsorbed within the amorphous “rubbery”

SOM matrix are more easily removed than had

they been adsorbed to a more crystalline

“glassy” matrix.  Both the agricultural and forest

soils exhibited near linear adsorption and were

therefore associated with younger SOM having

a high O/C ratio.

Atrazine Distribution

Although the two soils have slightly differ-

ent SOM contents and type, the distribution of

adsorbed atrazine within the two soils was quite

similar.  Table 3 summarizes the distribution of

the adsorbed atrazine for each data point on the

Freundlich isotherm previously discussed.

Results are expressed in both µmol/kg and

percent of the total adsorbed atrazine.  At all

concentrations for both soils, over 70% of the

adsorbed atrazine was quickly desorbed with

synthetic surface water.  The trends in atrazine

distribution can be more easily interpreted from

an area plot (Figure 3), where initial atrazine

concentrations between the experimental values

Figure 2. Adsorption and desorption of atrazine to Hillsdale Basin agricultural soil (left) and forest
soil (right).
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are interpolated.  For both soils, the percent of

bound atrazine (soil/humin-, humic acid- and

fulvic acid-bound) increased relatively propor-

tionally to increases in initial atrazine concentra-

tion, i.e. as C
o
 increased an order of magnitude,

the total bound atrazine also increased approxi-

mately an order of magnitude.  This is likely due

to a concentration gradient effect; at higher

concentrations, more atrazine molecules are

forced into the micropores associated with

SOM and mineral domains, where they are less

easily desorbed.  The unusual increase in

quickly desorbed atrazine at the 10 µM con-

centration for the agricultural soil is likely due to

experimental error.

Another point of interest in the data is the

greater association of atrazine with fulvic acid

than with humic acid.  Barriuso and Koskinen

(1996) have suggested that fulvic acids play an

active role in the immobilization of herbicides;

however, with increasing time, the proportion of

bound residues associated with humic acids and

humin increases.  While a seven-day equilibra-

tion period was determined to be appropriate

for overall atrazine adsorption, a longer equili-

bration period may possibly increase the humic

enizartAdebrosdAfonoitubirtsiD
(µµµµµ ]debrosdayllaitinifo%[)gk/lom

52.0 µµµµµM 0.1 µµµµµM 5.2 µµµµµM 0.01 µµµµµM 0.52 µµµµµM

larutlucirgA
lioS

a ylkciuQ
debroseD

943.0
]1.27[

44.1
]4.37[

22.3
]8.47[

3.21
]7.38[

9.22
]6.27[

b ylwolS
debroseD

980.0
]4.81[

023.0
]3.61[

695.0
]8.31[

444.0
]20.3[

65.3
]3.11[

dicAcimuH
dnuoB

310.0
]96.2[

540.0
]03.2[

190.0
]11.2[

734.0
]79.2[

109.0
]81.4[

dicAcivluF
dnuoB

710.0
]15.3[

990.0
]50.5[

961.0
]29.3[

50.1
]51.7[

96.2
]35.8[

nimuH/lioS
dnuoB

610.0
]03.3[

750.0
]19.2[

032.0
]43.5[

954.0
]21.3[

94.1
]27.4[

lioStseroF

a ylkciuQ
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904.0
]6.17[

56.1
]9.27[

35.3
]0.87[

7.31
]2.77[

2.13
]9.37[

b ylwolS
debroseD

401.0
]2.81[

363.0
]1.61[

554.0
]0.01[

17.1
]36.9[

50.4
]06.9[

dicAcimuH
dnuoB
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]82.2[

660.0
]29.2[
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]97.2[

875.0
]52.3[

82.1
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aQuickly Desorbed = removed with synthetic surface water
b
Slowly Desorbed = extracted with 4:1 ethylacetate = synthetic surface water

Table 3. Atrazine distribution in Hillsdale Basin agricultural and forest soil.
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acid fraction of bound atrazine.  In addition, the

interaction of humic acids with atrazine is also

strongly dependent upon pH. Kalousková

(1987) found that atrazine adsorption to humic

acid increased as pH decreased within the range

of 6.1 to 2.6.  The pH of the soil/synthetic

surface water slurry for this research was 5.95

for the agricultural soil and 5.96 for the forest

soil.  Had the pH been lower, it is likely that

more atrazine would have been present in the

humic acid fraction.  Finally, traditional alkali

separation techniques, such as the one used, are

harsh and may decrease the amount of atrazine

associated with humic acid.  As pH is raised

under alkali conditions, humic acid swells and

becomes more open in structure.  This may

allow atrazine molecules entrapped in a folded

humic acid structure to desorb more readily as

the macromolecule opens up, thus being ac-

counted for in the fulvic acid fraction.

Peroxidase Enzyme Study

The addition of enzymes to enhance

adsorption of phenolic compounds is becoming

an increasingly researched topic (Bhandari et

al., 1997; 1998; 1999; Bollag, 1992).  Soil

enzymes such as peroxidases, laccases, and

polyphenol oxidases are able to catalyze oxida-

tive coupling reactions that can result in the

formation of covalent bonds between phenolic

compounds and humic material, i.e. enhancing

irreversible adsorption.  The results from a

batch equilibrium study with horseradish peroxi-

dase indicated that adsorption of parent atrazine

to Hillsdale soils was not influenced by enzyme

addition.  Figure 4 shows adsorption data for a

single atrazine concentration (10 µM), atrazine

plus enzyme and H
2
O

2
, and atrazine plus H

2
O

2

(control).  It is important to note the Figure 4 is

not an isotherm; data variations represent small

differences in test tube volume.  While it ap-

Figure 3. The effect of C
O
 on atrazine distribution in Hillsdale Basin agricultural soil (left), and

forest soil (right).
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pears that enzyme addition actually decreased

adsorption, the same effect was noted with the

H
2
O

2
 control.  This is believed to be the result

of partial chemical oxidation, perhaps via a

Fenton reaction, of atrazine by the H
2
O

2
 that

caused the herbicide to become slightly less

hydrophobic.  While engineered humification

appears to be ineffective for parent atrazine,

future work is needed to determine if there are

any effects on adsorption of hydroxyatrazine, a

common phenolic degradation product.

CONCLUSIONS

The purpose of this paper was to present

and discuss the results of an ongoing investiga-

tion to describe the role of soil organic matter in

the fate and transport of atrazine in the Hillsdale

Reservoir Basin.  Specifically, studies with

Hillsdale agricultural and surface soils produced

the following results:

! Atrazine adsorption was non linear for both

agricultural and forest Hillsdale Basin

soils at concentrations ranging from

0.25 µM to 25 µM.  Freundlich  n

values were 0.88 and 0.90 for agricul-

tural and forest soils, respectively, and

log K
f
 values were 0.41 and 0.52.

! When SOM content was accounted for, the

agricultural soil manifested a slightly

higher adsorption capacity than the

forest soil.  Differences in SOM type or

clay content are possible causes for this

observation.

! Hysteresis was observed for both soils;

hysteresis indices were 0.55 for the

agricultural soil and 0.53 for the forest soil.

! Soil type did not have a significant effect on

atrazine distribution.

! As atrazine concentrations increased,

“bound” atrazine also increased propor-

tionally.  However, for all concentra-

tions, over 70% of the initially adsorbed

atrazine was quickly desorbed with

synthetic surface water.

! More atrazine was associated with the fulvic

acid fraction of the SOM, rather than

with the humic acid fraction.

! Engineered humification, or the use of

enzymes to enhance adsorption, is not

applicable for parent atrazine.
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