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Interaction of Formulation and Soil Components on
the Aqueous Concentration of Fluridone'
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ABSTRACTY

Fluridone was added as an aqueous suspension (AS),
5% slow-release pellet (SRP), or a 5% pellet (5P) to
deionized water which contained settled sand, kaolin, ben-
tonite, or peat. Fluridone formulated as AS was detected
in water immediately after application. Fluridone release
from 5P pellets was faster than SRP pellets regardless of
the time at which pellet integrity was lost. A period of 72
or 400 hours was required for total release of fluridone
from the two pellet formulations when agitated vigorously
or mildly, respectively. Fluridone adsorption to bentonite
was non-linear (S-type), while adsorption to kaolin and
peat was linear (Langmuir or L-type). Quartz sand ad-
sorbed little (<1%) fluridone. The concentration of
fluridone in solution varied with time, formulation and
kaolin, bentonite, and peat, but not sand. Pellet formula-
tions of fluridone can be used beneficially when controlled
release is desired in areas characterized by sandy hydrosoil.
Conversely, the AS formulation may be a more appropri-
ate choice for areas characterized by high amounts of clay
or organic matter.
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INTRODUCTION

Fluridone (1-methyl-3-phenyl-5-[3-(trifluoromethyl)-
phenyl]-4(1H)-pyridinone), the active ingredient in the
aquatic herbicide Sonar®, is used to control submersed and
emergent plants (6, 9). Sonar® is available in three formu-
lations: Sonar® AS, Sonar® 5P, and Sonar® SRP. The latter
two formulations are pellets from which fluridone is re-
leased at different rates. Formulation and application
method have both been shown to affect the concentration
of fluridone in treated water (2, 12). Consequently, these
factors could influence weed control and therefore war-
rant further investigation.

Fluridone is a weak base with a pK, of 1.7 (11). At low
pH, the pyridinone ring becomes protonated and posi-
tively charged, which increases the adsorption of fluridone
to negatively-charged soil particles (10). Decreased
phytotoxicity has been attributed to this pH dependent
phenomenon (4, 7). Fluridone adsorption is also highly
correlated with the proportion of montmorillonite clay or
organic matter in soil (5, 11). Herbicidal sorption is directly
proportional to the adsorption coefficient (K,) of soil and
values for fluridone determined using fourteen soils
ranged from 2.6 for sandy soils to 100 for muck soils (3).

Formulations have long been used to modify herbicide
performance. Formulations can modify how a herbicide
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interacts with various physical and/or environmental fac-
tors resulting in enhanced efficacy. For example, formula-
tions are used to increase herbicide efficacy in water-stres-
sed plants (1), protect the herbicide from photodecompos-
ition (13), reduce ion-related herbicide antagonism (8), and
control release rates (12). Pellet. formulations of fluridone
are manufactured specifically to control rate of release into
water. However, fluridone pellets sink to the bottom when
applied to an aquatic system, which results in most of the
herbicide being in proximity to the hydrosoil. This situa-
tion could result in enhanced binding to the soil with a
subsequent decrease in water concentration and weed con-
trol. In contrast, fluridone applied as an aqueous suspen-
sion is dispersed throughout the water column which de-
creases the tendency to interact with hydrosoil (relative to
the pellet formulations). Consequently, when an area to be
treated is characterized by high clay or organic matter con-
tent, the use of pellets could result in reduced control due
to an increase in soil adsorption.

Studies were conducted to assess the benefits or
liabilities associated with the use of the three fluridone for-
mulations because fluridone is used extensively through-
out Florida in areas that differ in hydrosoil composition.
This was accomplished by determining the release and
availability of fluridone in water as influenced by soil com-
ponent and/or formulation. More effective use of
fluridone through proper formulation selection is one po-
tential use of this information.

MATERIALS AND METHODS

Release rates of formulations. A pellet of each fluridone
formulation (5P or SRP) was added to 250 ml of deionized
water (pH 6.9) in 250-ml centrifuge tubes and agitated
vigorously or mildly at 27 C on a linear shaker. One-milli-
liter samples were collected over either a 72- or 500-hour
period (depending on amount of agitation). The samples
were first passed through a filter (0.22 pm) and then the
syringe and filter were rinsed with an equal volume of
methanol to remove residual fluridone. The amount of
fluridone released by the pellets was determined by high
performance liquid chromatography (HPLC). Samples
were analyzed using a 15-cm Supelco® C8-DB column
(nominal particle size 5.0 pm) with a 70:30 methanol:water
mobile phase and a flow rate of 0.75 mI/minute. Retention
time for fluridone was 5.6 to 6.1 minutes. Detection of
fluridone was accomplished using a UV-visible detector*
set at 300 nm (0.01 AUFS). The concentration of fluridone
in the supernatant was calculated using known standard
concentrations. Each treatment was replicated three times
and each replicate was sampled once at each time interval.
The entire study was conducted twice.

Adsorption to soil components. Twenty-five mg of either a
peat soil®* (29% organic matter), kaolin® (a non-expanding
clay), bentonite® (an expanding clay), or quartz sand” were

*Supelco, Inc., Bellefonte, PA 16823.
“Perkin-Elmer Corporation, Norwalk, CT 06856.
Vitagreen Inc., Polk City, FL 33868.

sFisher Scientific, Fair Lawn, NJ 07410.
"Feldspar Corporation, Edgar, FL 32149.
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added to 40 ml of deionized water containing either 3.8,
7.5, 15, or 30 uM fluridone (pH 6.9) in 40-ml centrifuge
tubes. Mixtures were agitated using a linear shaker for 24
hours and then centrifuged to pellet suspended adsorbent.
The concentration of fluridone in the solution was deter-
mined by HPLC. The amount of fluridone adsorbed to
the soil was then calculated (jumoles/g) by determining the
difference in the amount of fluridone added and the final
amount in solution. Each treatment was replicated three
times and each replicate was sampled once. The entire
study was conducted twice.

Interaction of soil components and formulations. Ten grams
of sand, peat, kaolin, or bentonite were each added to 200
ml of deionized water (pH 6.9) in 250-ml glass flasks. After
settling, enough fluridone, as Sonar® AS, Sonar® 5P, or
Sonar® SRP, was added to achieve a concentration of 10
ppm (10 mg/1). Each pellet weighed approximately 40 mg
and contained 5% (w/w) fluridone. The weights of the pel-
lets were selected so that the maximum average concentra-
tion of fluridone that could be released into the water
would theoretically yield a 10 =1 ppm solution. Controls
were included that contained fluridone but no soil compo-
nents (to account for any loss due to factors other than
adsorption) and soil components but no fluridone (to ac-
count for any contamination).

Each solution was agitated using a wrist-action shaker
maintained at a temperature of 27 C. The shaker was set
at the slowest setting to simulate the effect of mild water
turbulence. Two-milliliter aliquots were removed from the
center of these flasks over 400 to 600 hours. A time period
of this length ensured that the pellets released all fluridone
(based on the results of the release rates study).

The samples were passed through a 0.22 pm filter
which was rinsed with an equal volume of HPLC-grade
methanol to remove any residual fluridone. Samples were
analyzed by HPLC and the mean concentration of
fluridone in the water column over time determined. Each
treatment was replicated three times and each replicate
was sampled once at each time interval. The study was
conducted twice.

RESULTS AND DISCUSSION

Release rates of formulations. The initial release rates of
fluridone from the two pellet formulations differed mar-
kedly when agitated mildly (Figure 1). After 150 hours,
the release of fluridone from the 5P formulation was 100%
greater than the SRP formulation with water column con-
centrations of 8 and 4 ppm, respectively. Approximately
400 hours were required for both pellet types to release all
bound fluridone.

Fluridone was released faster from both pellet formula-
tions when agitated vigorously (Figure 1). However, a dif-
ference in fluridone release between the 5P and SRP for-
mulations was still apparent within the first 20 hours.
Beyond this time, there was little difference in fluridone
concentration between the formulations.

The release rate of fluridone is probably controlled by
two factors: clay type and the integrity of the pellet. The
SRP pellet is made of a clay that binds to itself more tightly
than the clay used to make the 5P pellet (personal com-
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Figure 1. Effect of mild or vigorous agitation on release characteristics of
Sonar® formulations (pooled mean of two studies with standard devia-
tion).

munication, D. Tarver). Vigorous agitation caused the 5P
pellet to break apart quicker and release fluridone at a
greater rate within 12 hours. After 24 hours, the SRP pel-
lets lost integrity and complete release occurred. With mild
agitation, integrity for both formulations was maintained
for longer and contributed to extended release.

Adsorption to soil components. Bentonite adsorbed the
greatest amount of fluridone when the concentration was
13 pM or greater (Figure 2). Below 13 uM, peat adsorbed
the greatest amount of fluridone per unit of weight. Kaolin
adsorbed fluridone in the same manner as peat, but to a
lesser degree. Quartz sand adsorbed negligible amounts
(<1%) of fluridone.

As illustrated by the adsorptlon curve, fluridone ad-
sorption to bentonite was concentration dependent (s-type
adsorption curve). This was evident when the concentra-
tion of fluridone in solution was greater than 13 uM. Once
above this concentration, the adsorption of fluridone by
bentonite greatly increased. Peat and kaolin exhibited L-
type, or Langmuir-type adsorption, which demonstrate
that there was a linear increase in adsorption as the amount
of herbicide increased up to the binding capacity of each
soil component. This type of adsorption is very common
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Figure 2. Fluridone adsorption curves for four different soil components
(pooled mean of two studies with standard deviation).

for pesticides. Quartz sand exhibited C-type adsorption
(i.e., linear adsorption), however, the slope of the curve
was close to zero, indicating that concentration had very
little effect on adsorption. This lack of adsorption was
probably dire to the inert natures of sand.

Interaction of soil components and formulations. Sand had
little effect on the release rates of fluridone from either
pellet formulation (Figure 3). Sand apparently increased
the release rate of fluridone from both pellet formulations
due to the abrading action within the flask (Figure 1 vs.
Figure 3). Two to four percent of the fluridone was ad-
sorbed by sand during the study. The low adsorptivity of
sand allowed the majority of fluridone contained in the
pellets to be released into the water.

In solutions containing kaolin or bentonite and the AS
formulation, fluridone concentration decreased by 60%
within 150 hours (Figure 3). However, the concentration
of fluridone was greater throughout the study for the AS
formulation versus either of the two pellet types for both
clays. Very little fluridone was present in the water
throughout the study for either pellet formulation.

In comparison to the AS formulation, enhanced ad-
sorption to the clay substrates for both pellet formulations
was probably due to the increased concentration of
fluridone in proximity to the clay. Under natural condi-
tions, clay would be more compressed than was the case
for these studies. Adsorptivity per unit of mass of clay
would decrease proportionally with amount of accessible
binding sites. However, limited numbers of binding sites
would not be expected under natural conditions due to the
vast amount of hydrosoil present in a lake bottom.

In solutions containing peat, fluridone concentration
was very low throughout the study for all three formula-
tions (Figure 3). However, higher concentrations of
fluridone resulted from the AS treatment throughout the
initial 350 hours. This difference again illustrates that the-
concentration of fluridone was greater when the herbicide
was not in direct contact with the soil component (i.e., pel-
lets laying on the bottom). After 350 hours, the concentra-
tions of fluridone for all three formulations were similar.
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Figure 3. Influence of formulation and soil component on fluridone adsorption (mean of three replicates with standard deviation).
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