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Abstract

Trifluralin was selected to study the leaching potentials related to the pollution on Commerce
silty clay loam soil near Baton Rouge, Louisiana, USA. The batch equilibrium of trifluralin
resulted in the Koc value of 875. When the soil columns(®4 cm id. X 26 cm length) were
leached with three pore volumes of water, the distributions of trifluralin in soil and leachate were
99.993% and 0.007% of the total recoveries, respectively. When applied at the rate of 1,683 g/ha
in the field, the amount of trifluralin within the 0~10 cm soil depth was 96.9% of that within
the 0~60cm soil depth 31 days after application. The concentrations of trifluralin detected in 1-
and 2m- depth wells during 62 days after application ranged from 0.04 ng/mL to 0.08 ng/mlL,
which were lower than 2.0 ng/mL of the US. EPA advisory levels for drinking water. Trifluralin
was strongly adsorbed on soil and hardly reached ground water. The leaching properties of
trifluralin in the fields were predicted and concurred with those in the columns.
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Introduction tion because of its pollution on the surrounding

environment. The translocation of agrochemicals

The pesticides are biocides applied mainly to from target to nontarget sites seems difficult to
agroecosytems. Recently the fate of pesticides in be controlled. The areas for fate of pesticides
the environment has been attracted more atten- were separated the atmosphere, the lithosphere,
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the hydrosphere, and the biosphere, but, which
were mixed”.

When applying pesticides, most of the chemi-
cals will directly or indirectly reach the soil. On
reaching the soil, losses for most pesticides occur
through volatilization soon after application. The
remaining pesticides are more or less strongly
adsorbed in the organic and mineral soil fractions.
The persistence and fate of pesticides is depen-
dent on the nature of the chemical itself and a
multitude of environmental factors, such as soil
types, temperature, light, moisture, microorganism,
etc?.

Trifluralin (2,6 - dinitro - N, N - dipropyl - 4
- (trifluoromethyl) benzenamine) is the selective
herbicide for the preemergence control of annual
grasses and broadleaf weeds in soybean, corn, co-
tton, and peanut production in Louisiana®. Water
solubilities of Trifluralin were 0.3mg/L®. The U.S
Environmental Protection Agency advisory levels
of trifluralin for drinking water was 2.0ng/mL>.

Evaluation of pesticide losses by the runoff
process has received considerable attention®. Pes-
ticides on the soil surface are lost with surface
runoff water and also subjected to downward mo-
vement into the soil profile by leaching with wa-
ter. Transport by leaching might cause contami-
nation of groundwater”. The extent of losses with
runoff water and downward leaching of pesticides
in soil is generally dependent on the soil and pe-
sticides properties, soil management, timing of
leaching event and the amount of leached water®.

In intensive farming areas, such as the warm
and humid climate area in the Lower Mississippi
Valley, large quantities of fertilizers and pesticides
were used in crop production. Baton Rouge, Loui-
siana, is an excellent site to conduct a groundwa-

ter pollution experiment. Results from the warm,
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humid climate and clay soils with high watertab-
les could be put into practice readily throughout
the Lower Mississippi Valley and perhaps exten-
ded into other areas of the Southeastern United
States”.

The objective of this study was to identify ad-
sorption and leaching properties of trifluralin in
the lab. scale, to compare with the fields in Loui-
siana USA and to evaluate groundwater quality
with U.S EPA advisory levels for the drinking

water.

Materials and Methods

Materials

The soil used was classified as a Commerce
clay loam?. Selected characteristics of the soil in-
clude ! sand of 48%, silt of 21%, clay of 31%, pH
of 6.1, bulk density of 141 Mg/m?® soil porosity
of 47%, and organic C content of 1.14%®.

Trifluralin (Salute 4EC, Mobay Chemical Co.)
was dissolved in water for the adsorption experi-
ment and field experiment. Trifluralin, (99.0%
each, Crescent Chemical Co.) dissolved in acetone

was used for the leaching experiment.

Adsorption experiment

Adsorption isotherm was determined by placing
4 g of air-dried soil and 40 mL of trifluralin solu-
tion into 50mL sealed centrifuge tubes. The sam-
ples were shaken (135 strokes per minute) for 24
hr, the period that preliminary studies had shown
was sufficient to attain equilibrium. Samples were
then centrifuged at 3000 rpm for 30 min and the
supernatant was used for trifluralin analysis. Dif-

ference between the added amounts of trifluralin
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and the remaining amounts in the supernatant
was considered to be the amounts adsorbed. De-
sorption was determined on the same samples

used for adsorption.

Leaching Experiment

The columns(i.d. 54cm) were uniformly packed
to a depth of 23 cm (bulk density 1.23 Mg/m’,
soil porosity of 41.1%) with untreated soil and sa-
turated with distilled water prior to applying the
trifluralin®®. It was then covered with a depth of
3 cm (8492 g) of soil treated 4521mg of triflura-
lin. Amount of trifluralin added to column was
1683g/ha of trifluralin, the same rate of trifluralin
applied in cotten field studies in Louisiana,
USA™,

The soil column was leached with either 245
mL of distilled water (one pore volume) or 735
mL distiled water (three pore volumes). The 224
+ 6.76 mL of leachate from one pore volume of
water was collected during 33.0 & 8.8 hr (rate of
741 + 198 mL/hr). The soil samples were divi-
ded into 0-5, 5-8, 811, 11-14, 14-20 and 20-26 cm
after leaching.

Fields Experiment

The research farm was located on the Mississi-
ppi River alluvial flood plain with a 0.1% slope at
the Louisiana Agricultural Experiment Station’s
Ben Hur Farms about 6 km south of Baton
Rouge, Louisiana, USA.

Drain plots(3.72ha) were surface drain and had
subsurface drain tubing installed one meter below
the soil surface. Nondrain plot (3.56ha) had only
surface drainage. To quantify a ground water pol-

lution, two monitoring wells were installed in the

center of each field to depth of lm and 2m'®.
The 1m well was placed in the C soil horizon.
The 2m well was placed to determine the conce-
ntration of trifluralin percolating into the C hori-
zon.

A 48.04% emulsifiable concentrate (Elanco pro-
ducts company) of trifluralin was applied to give
1683g/ha at drain plot on June 4 and at Nondrain
plot on June 30, 1991. Soybean was planted on
the fields in July.

Sampling in the Fields

Soil samples were collected with 8.3cm diame-
ter soil auger. Soil was collected from the top 0-
60 cm of the soil profile, air-dried at room tem-
perature, lightly crushed, and passed through a 2
mm sijeve. The initial concentrations of trifluralin
in this soil were below detection limits.

The groundwater on lm and 2m was sampled
by suction sampler. Groundwater samples were
transported immediately after collection to USDA
laboratory at Baton Rouge, LA, where they were

stored frozen until analysis.

Analysis

Trifluralin extraction of water was accomplished
by mixing water with 100 mL hexane in a mag-
netic stirrer for 2 hr. Trifluralin extractions of
soil were accomplished by soxhlet extracting 30
g air-dried soil for 3 hr with 200 mL n-hexane
. acetone (41 : 59, v/v)'>.

Trifluralin concentrations in the extracts were
analyzed using a Tracor 540 GC equipped with %
Ni electron capture detectors. A Megabore co-
lumn (15 m long X 0.53 mm id.) of DB210 was

used.



Results and Discussion

Adsorption

Graphs of experimental data fitted to linear fo-
rms of Freundlich equation were presented in
Fig. 1. Model parameters for adsorption and de-

sorption of trifluralin were shown in Table 1.

Table 1. Freundlich equation parameters for
the adsorption and desorption of tri-
fluralin in soil.

Kd¥ Koc? 1/n?
Adsorption 9.97 875 0.97
Desorption 644 56540 1.01

Ylog A=log Kd+(1/n) log C.

where A :amount adsorbed (ng/g), C . equilib-
rium concentration (ng/mL).

YKoc=Kd/Foc

where . Foc is the fraction by weight of organic
carbon in the soil (0.0114).

The Kd value for adsorption was 9.97. The la-
rge value of Kd indicated strong adsorption on
the soil and a low leaching potential. Koc is a soil
water partitioning constant based on the organic
C fraction (0.0114) of a soil. The Koc value for
adsorption was 875. A large value of 1/n may be
attributed mainly to the adsorption of trifluralin
on clay minerals. Values of 1/n for organic matter
rich soils are less than unity. Low organic matter
content soils show values greater than unity™.

The desorption isotherms did not overlap the
adsorption isotherms(Fig. 1). Noncoincidence of
adsorption and desorption isotherms is called hy-

steresis!®

. The desorption datum was also descri-
bed by the Freundlich equation parameters(Table
1). The Kd desorption/adsorption ratio was 65 for

trifluralin. The higher ratio for trifluralin is fur-
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ther evidence of its stronger adsorption tendency.
The leaching indices (LI) of the pesticides were

calculated using equation from Laskowski'® :

LI=(S) (t1/2)/(Vp)(Koc)
=(0.3) (42.6)/(1.0X106)(875)

where S is water solubility (mg/L at 25T, t1/2
is half life of pesticide in soil (day), Vp is vapor
pressure (mm Hg) at 25C and Koc is an organic
C partition coefficient. With literature values for
S and Vp? and t1/2" and Koc values from the
present study, LI values was calculated in 1.4 X

104,, which shows a low leaching potential.

s < e
- <« e
s —

Adsorbed concentration (fog ng/g)

16 2 26 3 35 4 48
Equiixium concentration (log ng/mL)
Fig. 1. Batch adsorption and desorption of

trifluralin in a Commerce silty clay
loam. (MR : Adsorption, [J : Desorption)

Leaching in soil columns

Distribution of trifluralin in soil columns and
leachate water is given in Fig. 2. Total recoveries
(soil+leachate) after leaching with control (no
leaching), one, and three pore volumes were 74.6
%, 73.2%, and 70.0% of applied amount for triflu-
ralin, respectively.

After leaching with one pore volume, 68.74% of
applied amount was in the 5-cm depth (3 cm of
treated zone plus 2 cm of untreated zone), while
the trifluralin amounts in the untreated zone (be-

low the 5cm depth) were 4.53% of the applied
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Fig. 2. Distribution of trifluralin in soil co-
lumn and leachate after leaching with
(A) no leaching (B) one pore volume
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and (C) three pore volume of water.

amount. With three pore volumes of leachate,
64.50%, 5.83%, and 0.005% of applied trifluralin
were appeared in the treated zone soil, the unt-
reated zone soil and leachate water, respectively

(Fig. 2). This result was concurred with Smith

and Willis's report, which trifluralin in the lea-
chate was 0.003 % of that applied by three pore
volumes®. The low mobility of trifluralin in the
soil column was resulted from undoubtedly strong
adsorption to the soil (Kd=9.97) and low water
solubility(0.3 mg/L).

Leaching in field soil
Trifluralin of distribution of soil depth is given

in Fig. 3 at drained plot and Fig. 4 at nondrained

plot. Trifluralin on the soil surface was subjected
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Fig. 3. Distribution of trifluralin in the soil
within 0-60cm depth in drained plot
applied 1683g/ha in Louisiana.
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Fig. 4. Distribution of trifluralin in the soil
within 0-60cm depth in nondrained
plot applied 1683g/ha in Louisiana.



to downward movement into the soil profile by
leaching with water. Leaching of trifluralin within
the 0 to 10 cm depth was 96.9% of amount within
the 0 to 60cm soil depth on 31 days after appli-
cation. Trifluralin was found mainly in the surface
10cm of soil. Trifluralin strongly adsorbed on soil

has a low potential for leaching.
Leaching in groundwater
High watertables were often caused by exces-

sive precipitation. A portion of this excessive wa-

ter was infiltrated into the soil and was caused
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Fig. 5. Concentration of trifluralin in 1m and

2m well in drained plot applied 1683

g/ha in Louisiana.
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Fig. 6. Concentration in 1m and 2m well of
trifluralin in nondrained plot applied
1683g/ha in Louisiana.
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the watertables to rise near the surface. The con-
centration of trifluralin in groundwater in the
above C layer (Im well) and in the below C layer
(2m well) was shown in Fig. 5 at drained plot and
Fig. 6 at nondrained plot.

The concentration of trifluralin showed the ra-
nge from 0.04 ng/mL to 0.08 ng/mL in Im and
2m well at drained plot and nondrained plot du-
ring 62 days after application. U.S EPA advisory
levels of trifluralin was 2.0 ng/mL'". The concen-
trations of trifluralin in the Im and 2m wells
were lower than that of the U.S. EPA advisory.

This result was similar to Goodrich’s report™
that the concentration of trifluralin in ground wa-
ter was reported to be 2.20 ng/mL for maximum
contaminant level and 040 ng/mL for median co-
ntaminant level. Leaching properties of trifluralin
in the fields were predicted and concurred with

those in the columns.
2 o
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