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ABSTRACT

Fluorobenzoates are being widely used as conservative tracers for soil and
groundwater studies. Several studies conducted recently prove their usefulness as good
soil and groundwater tracers. To use these compounds in agronomic situations, a
systematic study needed to be done on the plant uptake and toxicity of these compounds.
Green housé experiments were conducted to study the plant uptake and toxicity of three
representgﬁve fluorobenzoates namely, 2,6-DFBA, 3,4-DFBA apd PFBA. The well
established conservative tracer bromide was used as a control for this study. Alfalfa,
barley and canola plants were selected for the study. Tracers were applied to each plant
at a concgnfration of 50 mg/L soil solution. The plants were tested separately for the
- uptake of the three tracers. An analytical method was developed for the analysis of
fluorobenzoates in plant material. Plant extracts and soil extracts were analyzed using
'HPLC in order to determine a mass balance for the added tra;:ers. Analysis of alfalfa,
barley and, canola soil extracts resulted in the recovery of 72%, 69%, 51% of the applied
PFBA, 83%, 59%, 30% of the applied 2,6-DFBA and 39%, 42%, 34% of the applied 3,4-
DFBA, respéctively. The analytical results of alfalfa, barley and canola plant extracts
indicate an average uptake of 9%, 22%, 49% of the applied 2,6-DFBA, and 0.1%, 2%,
19% of the applied PFBA, respectively. An average mass balance of 84% and 70% was
achieved for the 2,6-DFBA and PFBA treatments respectively. Metabolism within the

plant material is suspected to be the reason for the missing mass balance.



ABBREVIATIONS
'2,6-DFBA - 2,6-difluorobenzoic acid; 3,4-DFBA - 3,4-difluorobenzoic acid; PFBA -
pentafluorobenzoic acid; 0-TFMBA - ortho-trifluoromethyl benzoic acid; m-TFMBA -
meta trifluoromethylbenzoic acid; 3,5-DFBA - 3,5-difluorobenzoic acid; TFBA -
trifluorobenzoic acid; TEFBA - tetrafluorobenzoic acid; CPM - counts per minute; HPLC
- high performance liquid chromatography; GC - gas chromatography; UV - ultraviolet;
NMSU - New Mexico State University; pK, - negative log of acid dissociation constant;
K - octanol-water partition coefficient. Sample names or numbers - all the sample
names or numbers are abbreviated with a one letter followed by three numbers. The first
letter stands for the crop type (A - alfalfa, B - barley, C - canola) and the first number

stands for the repetition. The other two numbers does not have any significance.
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INTRODUCTION

A groundwater tracer is any physical or chemical signal that can be carried by
water and thus throws some light on the character of porous media through wﬁich the
water flows. Groundwater tracers are essentially used to study the various
hydrological properties of soils and aquifers such as water flow direction and
velocity, water flux, solute dispersion, solute sorption and retardation, hydraulic
conductivity, porosity, dispersivity and other hydrological parameters. A
groundwater tracer can be either naturally occurring, such as a geothermal plume or
stable isotopes, or it can be injected anthropogenically, such as dyes and other
chemical compounds. An excellent review of several types of groundwater tracers
-and their usefulness was done by Davis et.al. (1980).

Even though several types of tracers exist, anthropogenically added chemical
compounds such as anions and dyes have gotten most of the attention either due to
their low adsorption to porous media or due to their ease of detection. For a chemical
compound to be a good grounciwater tracer it should meet certain requirements such
as low natural abundance; minimum or no interaction, either physical or chemical, in
the porous medium or soil; chemical and biological stability for a considerable length
‘of time; no alteration of the natural flow direction of water; environmental
acceptability; and easy and economical analysis (Davis et. al., 1980; Bowman,
1984b).

In addition to the above requirements, a tracer to be used in soil water studies,

especially under agronomic conditions, should meet some additional requirements.



The greater surface activity and solid/water ratios of soils result in higher sorption,
due to which many compounds used as groundwater tracers may not be useful for soil
water studies (Bowman, 1984b). In addition to this, the most important requirement
is nontoxicity to the plants if used in agricultural situations. Preferably, the tracer
should not be taken up by plants and it should not have any deleterious effect on plant
growth, maturity or yield.

Although no ideal groundwater tracer exists, deuterated and tritiated water,
and low molecular weight anions such as chloride, bromide and nitrate approach the
behavior of an ideal groundwater tracer. However these compounds have certain

limitations such as high natural abundance (chloride, often greater than 100 mg/L),

. lack of stability (nitrate), high costs (deuterated water), or radioactivity (tritiated

.water).  Bromide, due to its usual low background concentrations, minimum
interaction with soils, and ease of quantitative analysis, is used most commonly as a
groundwater tracer (Bowman, 1984b). Even though bromide approaches close to
ideality as a groundwater tracer, recent field studies by Kung (1990) have indicated
that up to 55% of the bromide applied as a tracer was taken up by potato plants, and
44% was reintroduced into the soil after the death and decay of the plants. This kind
of uptake of soil water tracer and reintroduction into the soil after decay is a serious
disadvantage for the interpretation of solute transport studies. Laboratory studies on
bromide uptake by Gish and Jury (1982) indicated that 2% of applied bromide can be
taken up by wheat. Owens et.al. (1985) reported about 30% uptake of bromide by

grass in a field study.



Recent studies indicate that a suite of difluorobenzoate isomers and PFBA
have properties that are suitable for good groundwater tracers. These compounds, due
to their low pK,s (<4.0), exist as anions at neutral to basic pH values, are chemically
and microbially stable, and can be easily analyzed at pg/L levels using HPLC
(Bowman & Gibbens, 1992). Table 1 shows several fluorobenzoates which were
either used or have potential to be used as groundwater tracers. Several studies done
recently, both in the field and in laboratory columns, have proven the usefulness of
fluorobenzoates as good soil and groundwater tracers.  Transport of the
fluorobenzoates was similar to that of bromide in these studies (see Previous Work
Section). However, none of these studies was conducted in the presence of growing
plants.

.. Fluorobenzoates can be used as tracers when any.of the other anions cannot be
~ used or if an additional number of tracers are required. But to use fluorobenzoates as
tracers in agronomic situations, where there is a high possibility of exposure to plants,
a systematic study needed to be done on the plant toxicity and plant uptake of these
compounds.

This work presents the results of plant uptake of fluorobenzoates, part of a
major project entitled “ Plant Toxicity and Plant Uptake of Fluorobenzoates Used as
Soil and Groundwater Tracers”. The project was funded by the United States
Department of Agriculture and was done in cooperation with New Mexico State
University, Las Cruces, New Mexico. The project was divided into three phases with

three corresponding objectives. The first two phases were done by NMSU.
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The three phases of the project were-

1. Determine the levels of fluorobenzoates that inhibit germination of representative
crop seeds.

2. Determine the levels of fluorobenzoates that inhibit growth of established
representative crop plants.

3. Determine the degree of fluorobenzoate uptake by established representative crop
plants.

In this study the results of the third phase are presented. Green house
experiments were conducted to study the uptake of the three fluorobenzoates 2,6-
DFBA; PFBA; and 3,4-DFBA by alfalfa, barley and canola plants. The
- fluorobenzoates used for this study- were selected based on their proven usefulness
and range of chemical characteristics (see Materials and Methods Section). Bromide,
the well established conservative groundwater tracer, was used as a control for the
uptake studies. Use of fluorobenzoates in the presence of plants would be warranted

if they show less uptake than bromide and if they are nontoxic to plants.



PREVIOUS WORK

Bromide, which is widely accepted as a conservative groundwater tracer, was
systematically studied for plant uptake by Kung (1990). In his field study using
potato plants Kung showed that up to 55% of applied bromide was absorbed by
plants. Gish and Jury (1982) in a column study showed that 2% of applied bromide
can be taken up by wheat. Owens et. al. (1985) documented that 30% of applied
bromide can be taken up by grass in a field study.

Fluorinated benzoic acids have been recently used as water tracers in a variety
of soil and groundwater environments. Bowman and Gibbens (1992) evaluated the

transport and degradation properties of several difluorobenzoate isomers relative to

- -’bromide  and recommended that' these-compounds can be used as tracers based on

.. their long term stability and conservativeness in porous media. They concluded that

aromatic acids with direct ring substitution by fluorine have shown the greatest long
term resistance to chemical and biological breakdown in the environment. Jaynes
(1994) evaluated fluorobenzoates as tracers in fertile, high organic soils and
concluded that 2,6-DFBA and PFBA were the most suitable, having transport
properties similar to bromide and minimum retardation or degradation.

PFBA, 2,6-DFBA, o-TFMBA, anci m-TFMBA were used to follow the
downward movement of individual slugs of irrigation water in flood-irrigated
agricultural fields in central Arizona (Bowman & Rice 1986a, 1986b). PFBA, 2,6-
DFBA and o-TFMBA were used to determine surface origin points of subsurface

discharge resulting from rainfall on a forested hillslope in east-central Maine



(Hornberger et al., 1990). In a large-scale multi-year aquifer tracer test in Mississippi,
Young & Boggs (1990) showed that PFBA, 2,6-DFBA and o-TFMBA behaved
essentially similar to bromide. Stensrud et. al (1990) used PFBA, o-TFMBA and m-
TFMBA to characterize aquifer heterogeneity in highly fractured dolomite in
southeastern New Mexico.

All the above studies indicated that, as a class of compounds, fluorobenzoates
have desirable properties for water tracers in soil and groundwater. However, all
these studies were conducted either on bare soils or in aquifers.

To use the fluorobenzoate tracers for solute transport studies in agricultural
soils, plant uptake and plant toxicity of these compounds need to be studied. Several
-+ toxicity studies done on a variety of plants, using a wide range of substituted benzoic
_acids, especially phenolic acids (benzoic acids substituted with a phenol group),

indicated that they were toxic to plants.

A wide variety of substituted benzoic acids (phenolic acids) exist naturally in
plants and soils, either as products of plant degradation or of microbial generation.
Several low molecular weight phenolic acids, particularly p-hydroxybenzoic, vanillic,
p-coumaric, and ferulic acids occur widely in soils (Whitehead, 1964). Wang et. al.
{(1967) extracted and identified a number of benzoic acid derivatives from soils and
showed that p-hydroxybenzoic acid inhibits plant growth in corn, soybean, wheat and
sugar cane plants. Toussoun et. al. (1968) showed that 60% of the total phytotoxicity
to tobacco seeds resulting from decomposing barley plant material was due to fdur

aromatic acids, namely benzoic acid, phenylacetic acid, 3-phenyl propionic acid, and



4-phenyl-butyric acid. Benzoic acid and phenylacetic acid were the major
components in the extract.

In a series of articles Glass (1973; 1974; 1975) and Glass and Dunlop (1974)
reported that several substituted benzoic acids inhibit the absorption of potassium
and phosphate by barley roots, thereby affecting the plant growth indirectly. In a
study conducted by Jacobson and Jacobson (1980) using excised barley roots, a
significant inhibition of respiratory activity and absorption of K~ and CI' were
observed when the roots were treated with 2,3,5-triiodobenzoic acid. Salicylic acid
(o-hydroxybenzoic acid) was also shown to inhibit absorption of K by excised oat
roots (Harper and Blake, 1981). Harper and Blake (1981) also reported about 1.6
~ umol g hr'' uptake of salicylic acid by the excised roots. Depending on the pH of
..the nutrient solution an uptake of 4-10 mg/g dry weight . per hour of ferulic acid and
about 1-4 mg/g dry weight per hour of p-hydroxybenzoic acid by cucumber plants
was reported by Shann and Blum (1987). A rapid uptake of salicylic acid by sorghum
seedlings growing in a nutrient solution was reported by Leather and Einhellig
(1988).

To date no systematic study has been conducted on the plant toxicity and
uptake of flourobenzoates. However, there are a few réports on the effects of these
tracers on some crop plants. Pearson et. al. (1992) reported about 35% growth
reduction in barley plants when PFBA (112 kg/ha) and KBr (37 kg Br/ha) were
applied together in a field test. They also reported reduced barley seed germination in

a laboratory test when PFBA and KBr were applied together. Jaynes (1994) reported



a significant decrease in growth of corn and soybean plants when 3,4-DFBA and 3,5-
DFBA (3 g/mz) were used as tracers. R. C. Rice and coworkers (personal
communication, 1992) noticed growth inhibition in immature wheat plants which
were exposed to m-TFMBA. Nimmo et. al., (1984) reported that 2,6-DFBA, a major
degradation product of diflubenzuron, showed no significant uptake by or effect on
soybean, cotton or apple plants.. All the above studies indicated that a systematic
study on plant uptake and plant toxicity of fluorobenzoates needed to be done before

these tracers can be used in agronomic situations.



MATERIALS AND METHODS

FLUOROBENZOATES TESTED

Two fluorobenzoate isomers, 2,6-DFBA and 3,4-DFBA, as well as PFBA
were used in this study. These were chosen based on their proven usefulness and
range of chemical characteristics. @~ PFBA is the most widely used of the
fluorobenzoate tracers and has been proven nonreactive in the greatest range of ‘soil
and groundwater environments (see Previous Work). Among the difluorobenzoate
isomers 2,6-DFBA has been widely used. All the difluorobenzoates have similar
properties and appear suitable as groundwater tracers (Bowman & Gibbens, 1992).
3,4-DFBA was also included in this study. 2,6-DFBA (pK, = 2.85) and 3,4-DFBA
(pK, = 3.83) fall on the extremes (see Table 1) of the pK, range of all the
. difluorobenzoate isomers. Except for their pK,s, all the difluorobenzoates have
similar physical and chemical properties (Bowman and Gibbens, 1992). It was
expected that differences in pK, would have the greatest effect on differential uptake
and toxicity among the isomers. All the three fluorobenzoates were obtained from
Yarsley Fluorochemicals Ltd., Wolverhampton U.K., and were used without any
further purification.

For the plant uptake study radiolabeled 2,6-DFBA was used along with the
non radiolabeled material. The carboxy (14C) labeled 2,6-DFBA (1.68 mci/mmol
specific activity and greater then 98% purity) was obtained from Sigma Chemical

Company, St Louis, MO, USA.
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ANALYTICAL METHOD DEVELOPMENT

The major goal of this work was to study the plant uptake of fluorobenzoate |
tracers. In order to do this a mass balance for the added tracer needed to be done.
This required analyzing for tracer both in soil and plants, the sum of which should be
equal to the added amount of tracer per pot (assuming no degradation of tracer).
Fluorobenzoates can be analyzed in soil extracts very easily and economically down
to pg/L levels via HPLC (Bowman 1984a). But to date noone has reported the
analysis of fluorobenzoates in plant tissue. Thus, an analytical method needed to be
developed. Any analytical method looking for exotic compounds in plant tissue
involves three steps: extraction, sample preparation and quantification. Since there
‘was" no previously - published method, initial studies were conducted using
fluorobenzoate-spiked plant . material to validate the  extraction  and sample
. preparation. An analytical method was developed to analyze fluorobenzoates in plant.

material using HPLC.

EXTRACTION OF FLUOROBENZOATES FROM PLANT MATERIAL
Fluorobenzoates used in this study havelpKas ranging from 2.7-3.8 (Table 1)
and exist primarily as anions in neutral to basic pH conditions. Due to their low pK,s
and high solubilities, vigorous extraction procedures were not deemed necessary.
Several published works for the extraction of compounds of similar physical and
chemical properties were reviewed. A wide variety of organic acids including

phenolic acids (benzoic acids substituted with phenolic group) exist naturally in

11



plants and play very important roles in plant growth or in protecting the plants or
plant parts against fungal attack, or from herbivores. A combination of methanol,
acetone, ethanol and/or water are usually used for the extraction of phenolic acids
from plant material. Aqueous extraction has been widely used for extraction of
anions such as nitrate, chloride, bromide, sulfate and phosphate from plant material
(Kalabasi and Tabatabai, 1985; Ouimette and Cofey, 1988). Aqueous extraction was
used to extract phenolic acids from plant tissue by Pellissier (1993), and Mole and
Joern (1993).

In the present study a hot-water extraction, a methanolic extraction, and a
cold-water extraction were tried. Prior to extraction, the plants were rinsed well to
- remove soil from the roots; were rolled in paper,and dried completely by placing them
in a oven at 70° C.. The dry weights of the plants were recorded. Plants were ground
_ to a fine powder using a mortar and pestle. This plant powder was used for-the

extraction of fluorobenzoates.

PREPARATION OF HOT-WATER PLANT EXTRACTS

One gram of finely ground plant material was extracted with 50 mL of Type I
water in a Erlenmeyer flask at 60° C on a hot plate, while stirring, for one hour. .Ty'p'e
I water for this and all other analyses was prepared using a Mill-Q system (Millipore
Corporation, Milford, MA). The extracts were filtered under gravity, using a giass

funnel, and the filtrate was used for sample preparation and analysis.

12



PREPARATION OF METHANOL PLANT EXTRACTS

The methanol extracts were prepared using a method described by Hahn et.
al. (1983). Five grams of plant powder was extracted with 20 mL of methanol by
keeping the sample on a reciprocating shaker for 30 minutes. The sample was
centrifuged and the supernatant was collected. The extraction was repeated 5 times
with fresh quantities of methanol. All the extracts were pooled and were reduced to
near dryness under vacuum. The residue was brought to 100 mL volume with fresh

methanol.

PREPARATION OF COLD WATER PLANT EXTRACTS

-+ "Plant powder (0.15 g) was extracted with 50 mL of Type. I water by keeping
the samples on a reciprocating shaker for about 9 hours at room temperature. Then
the plant extracts were filtered under suction with Whatman # 2 filter paper. The

filtrate was used for further sample preparation and analysis.

PLANT EXTRACT CLEANUP AND ANALYSIS

Sample preparation is an essential step in the analysis of trace quantities of
analytes, espeéially in complex matrices like plant extracts. Sample preparation is a
requirement for several reasons. The most important reasons are to provide the
analyte of interest in a solution compatible to further analysis at a concentration that
can be detectable without any problems; and to provide a material as clean as po"'ssible

with minimum interferences especially when using UV detection, in order to prolong

13



the life of HPLC/GC columns used in the final analysis. In other words sample
preparation can be considered as a cleanup and preconcentration step.

Solid-phase extraction, introduced in 1970s, is becoming a widely used
method for sample cleanup. Low pressure liquid chromatography is the principle
involved behind solid-phase extraction. In solid-phase extraction a small, disposable
extraction cartridge filled with sorbent material similar to that of HPLC columns is
used. A wide variety of solid-phase extraction columns with different types of
sorbent materials are available. Less sample preparation time, a fewer number of
steps and therefore less probability of sample loss, and smaller quantities of solvents
used are some of the advantages of solid-phase extraction relative to the traditional
-'methods of sample preparation such as liquid-liquid extraction, Soxhlet extraction,
and other methods.

Sample cleanup in solid phase extraction can be achieved either by retaining
the analyte on the column and selectively eluting the retained analyte using an
appropriate solvent, or by retaining the interference matrix on the cartridge and
allowing the analyte to pass through.

In this study C18 Sep-Pak ® (Millipore Inc., Milford, MA) solid phase
extraction cartridges were used. Table 2 shows the relevant characteristics of the C18
Sep-Paks. The Sep-Paks were preconditioned by passing through them 10 mL of
methanol followed by 10 mL of Type I water. Without allowing the cartridge to dry,
10 mL of acidified plant extract was passed through the sep-pak cartridge under

suction (approximate flow rate of less than 0.7 mL/min). A vacuum manifold was

14
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used for the sample preparation using solid phase extraction cartridges. The plant
extracts were acidified to pH < 1.00 using reagent-grade H;PO,.. The pH was
measured using pH paper. The fluorobenzoates exist in the undissociated state at this
low pH and so are retained on the apolar C18 sorbent (Fig. 1). The retained
fluorobenzoates were eluted by passing 2-3 mL of 1:1 (v/v) mixture of acetone and
phosphate buffer (0.02 M KH,PO, solutién, pH adjusted to 2.5 with 0.02M H;PO,).
The eluent was collected in 20-mL scintillation vials and the volume was measured
using a 3 cc syringe. This eluent was used as the sample for chromatography. For
samples in which ¢ labeled 2,6-DFBA was used, 1 mL of this eluent was used for

scintillation counting.

PLANT UPTAKE OF FLUOROBENZOATES

PLANTS STUDIED

Three crop plants were studied in the plant uptake study. They were alfalfa
(Medicago sativa L.), barley (Avena sativa L.) and canola (Brassica napus L.). These
three plants were selected based on the results of Phase 1 studies. Phase 1 studies
were conducted at NMSU, Las Cruces, in order to determine the levels of
fluorobenzoates that inhibit the germination of representative crop seeds. The three
plants were tested for the uptake of the three previously mentioned fluorobenzoates

and bromide. The plants were treated separately with each tracer. bBromide, the well

established conservative groundwater tracer, was used as a control.
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PLANT GROWTH CONDITIONS

Plants were grown in six-inch diameter pots, with each pot having 600 g of
soil. The pots were lined with plastic sheeting to prevent drainage. The soil mixture
was prepared by mixing one part Belen soil and three parts sand, both of which were
obtained from the Lyndecker research farm, Las Cruces. Based on texture the soil
mix in the pots was classified as loamy sand. The composition of the soil was 87%
sand, 1% silt and 12% clay. The pH and cation exchange capacity of the soil were 7.2
and 6.6 me/100gms respectively. The organic matter content of the soil was 0.5%.

Alfalfa (Wilson foundation class variety), barley (Schuyler variety) and canola
(Cascade variety) were used for this study. Each pot was planted with several seeds
of each plant. ‘Each pot was watered with 80 mL of distilled water. The pots were
 fertilized as needed with a N:P:K::1:2:1 fertilizer. All the pots were watered every
_day to a constant wet weight. Within the first week of plant growth all the pots were
thinned to one plant per pot.

Tracer solution was applied to yield a nominal concentration of 50 mg/L.
‘Twenty five milliliters of a 160 mg/L solution (equivalent to 4 mg) of each tracer
solution was added to each pot, resulting in a nominal tracer concentrations in the 80
ml. of soil water of 50 mg/L.' Each pot/plant was treated with one tracer only. Each
treatment was replicated four times. Tracer solutions were applied thirty days after
planting for alfalfa, fifteen days after planting for barley, and twenty one days after
planting for canola. Plants were allowed to grow further for another two weeks in the

case of barley and canola and for one week in the case of alfalfa. Green house
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temperatures were maintained at an average of 27°C throughout the growth period of
the plants. The plants were grown during the months of May through August 1994.
At this time the plants were harvested by removing the plants carefully from
the soil medium and rinsing the roots thoroughly to get rid of any soil material. All
the soil along with the rinse water was carefully transferred into plastic ziploc bags,
and stored for further analysis. The harvested plants were wrapped in paper and were

oven-dried at 70 °C for about one week or until they were completely dry.

PREPARATION OF PLANT MATERIAL FOR ANALYSIS
The dry weight of each plant was recorded. The dried plants were ground to a
. fine powder using a mortar and. pestle. - Cold-water extracts of each plant material
- -were prepared using the procedure described in -the Materials and Methods section. In
~ the case of plant material treated with '%C labeled 2,6-DFBA, a subsample of the plant
powder was analyzed by oxidation and trapping of the CO, released. The CO, was
trapped in 10 mL of scintillation cocktail and was subjected to scintillation counting.
All plant material was analyzed for fluorobenzoates as described in the method
development section.
The analyses of bromide in plant extracts were done by injecting the plant
extracts directly onto the chromatography column (see chromatography section for

more details).
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PREPARATION OF SOIL EXTRACTS

All the soil along with the rinse water was transferred from the plastic bags
into an aluminum baking pan. The plastic bag was rinsed thoroughly three times with
Type I water. The rinsed water was added to the baking pan and the soil and water
were mixed well using a glass rod. The pan was left in a fume hood until the soil was
completely dry. Then the dried soil was carefully scrubbed from the pan and
transferred into a ziploc bag. The amount of soil recovered was recorded. The soil
was homogenized thoroughly in the bag. Care was taken that there were no lumps
present in the soil.

Gravimetric water content of each soil sample was determined as described by
- Gardener (1986). From each soil sample three 100 g subsamples, were weighed into
- seperate 500-mL polyethylene centrifuge bottles. One hundred milliliters of Type I
water was added to each centrifuge bottle. The bottles were placed on a reciprocating
shaker for 24 hours. Then the samples were centrifuged for 30 min at 9000 RPM.
The supernatant was carefully decanted into 20 mL scintillation vials. This
supernatant was used as the sample for HPLC analysis, and for liquid scintillation

counting in the case of radiolabeled 2,6-DFBA samples.

CHROMATOGRAPHY
Both plant and soil extracts were analyzed for the three fluorobenzoates by an

anion exchange HPLC method (Bowman, 1984b). The instrumentation consisted of a

model 510 HPLC pump, a model U6K manual injector, a model 486 tunable UV-VIS
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detector (all from Waters Chromatography Division, Millipore Corporation, Milford,
MA) coupled to a Hewlett-Packard 53{3;6)7 Qi{’ntegrator/plotter. A 4.6-mm by 250-mm
stainless steel analytical column packed with 5-pm Spherisorb strong anion exchange
material (Phenomenex, Torrance, CA) was used. Series 800 glass 25-pL syringes
from Hamilton Company (Reno, NV) were used for sample injection.

The mobile phase consisted of a 0.02 M phosphate buffer mixed with 18 %
(v/v) acetonitrile. The phosphate buffer was prepared by using a 0.02 M H;PO,
solution to adjust the pH of 0.02 M KH,PO, solution to 2.70. Type I water was used
for the preparation of mobile phase. The phosphate buffer was filtered through a
0.45-um nylon membrane filter, prior to the addition of acetonitrile. A 25-uL sample
. injection volume was used. The flow rate of the mobile phase was 1.8 mL/min and
the detection wavelength was 205 nm.

Analysis of bromide in both soil and plant extracts was accomplished by using
a different column and mobile phase (Gerritse and Adeney, 1985). This was due to
the coelution of nitrate (used as fertilizer) and bromide peaks while using the above-
described column and method. A 4.6-mm by 250-mm stainless steel column packed
with a silica bonded quaternary amine (Vydac 302 ion chromatography column,
Vydac Separations Group, Hesperia, ‘CA) was used for the analysis of bromide. The
mobile phase consisted of 0.02 M KH,PO, buffer, adjusted to a pH of 3.8, using a
0.02M H;PO, solution. The mobile phase flow rate was 1.5 mL/min. The
instrumentation and other conditions were the sanié as those used for the analysis of

fluorobenzoates.
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RESULTS AND DISCUSSION
ANALYTICAL METHOD DEVELOPMENT
The three most important steps involved in the method development were (1)
extraction of fluorobenzoates from plant tissue, (2) retention of fluorobenzoates on

Sep-Pak cartridges, and (3) elution of retained fluorobenzoates from the cartridge.

COMPARISION OF EXTRACTION METHODS

There was no previous work done regarding the extraction of fluorobenzoates
from plant material. However, several workers were able to extract phenolic acids
from plant material using aqueous extraction (see Materials and Methods).v Initial

-studies were conducted to determine: the feasibility of extraction using hot water and _
methanol. - A good- extraction technique should be able to extract the compounds of
interest from plant material efficiently, with a minimum amount of interference so that
the sample preparation steps will be fewer. The hot water and methanol extracts were
studied to know how the chromatograms of these extracts look relative to a
chromatogram of a standard solution.

Figure 2 shows a chromatogram of a standard solution (20 mg/L in water) of
the three fluorobenzoates used in this study. If any ef(tract is reasonably clean with
little interference and does not have any effect on the sensitivity of detection of
analytes at trace quantities, that extraction technique can be used. Figures 3,4, and 5
show the chromatograms of hot water extrécts of cotton, chilli and alfalfa without

added fluorobenzoates. The resultant chromatograms are very complex with a number
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Figure 2. Chromatogram of a three tracer standard in water.
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of peaks and high absorbance at the wavelength of detection. The methanol extracts
of these same plants looked very dark green in color. Methanol, being a good organic
solvent, extracts many organic compounds from plant material. This makes the
sample preparation steps complex and may result in error. Due to the quantities of
organic soultes they generated, the methanol and hot water extracts were not studied

further.

VALIDATION OF COLD WATER EXTRACTION METHOD

The cold water extraction technique was validated by quantifying 1C-labeled
2,6-DFBA in the plant tissue from the plant uptake study. Since all fluorobenzoates
. have similar physiéal and chemical properties, an extraction technique that works well
with 2,6-DFBA was expected to extract other fluorobenzoates also.

Plants from the treatments which included '*C-labeled 2,6-DFBA were
analyzed by two tec@ques : (1) oxidation of ground plant material and collection of
the 14CO;,_, and (2) aqueous extraction. If the aqueous extraction was efficient, the
results obtained from '*C counting in both studies should result in complete recovery
of added 2,6-DFBA. Tables 3, 4 and 5 show the comparisons between the results
obtained by oxidation téchnique and aqueous extraction, for alfalfa, barley and canola
plant samples along with the results of comparisions of the means using a t-test.
Percent recoveries were calculated relative to the total activity applied. As can be seen
from Tables 3,4 and 5, the t-values in all the cases were below the critical t-values.

This shows that the null hypothesis of t-test (means obtained from the two methods are
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same) is not invalidated and that the two methods give comparable results. The
recoveries are quite comparable and suggest that cold-water extraction is a good
technique for extraction of fluorobenzoates from the plant material.

The efficiency of aqueous extraction was checked using the ratio of %recovery
(oxidation technique) to % recovery (aqueous extraction). The values obtained were
(as percentages) 112 %, 80% and 90% for alfalfa, barley and canola respectively. Ina
similar way extraction efficiency was also checked by using the ratios of DPM/g of
plant material values. These values were 104%, 77% and 85% for alfalfa, barley and
canold plants respectively. These results indicate that aqueous extraction is a good

~ technique for extraction of fluorobenzoates from plant material.

VALIDATION OF EXTRACT CLEANUP METHOD

‘Retention of fluorobenzoic acids on Sep-Paks is controlled by the sample pH.
Fluorobenzoates (PFBA, meFMBA) were successfully retained on a reversed-phase
packing .material similar to Sep-Paks, for trace enrichment by Stetzenbach et. al.
(1982). Organic acids can be retained on reverse phase adsorbent media if they exist
in the protonated state, due to their higher affinity for the similar medium and their
poor solubility in water. However,.for the organic acids to exist in protonated state the
pH of the sample should be at least 2 units below the pK, of the organic acids
(Stetzénbach et. al., 1982). For this reason the sample pH was brought down to 1 by
adding feagent grade H;PO, before passing it through the Sep-Pak cartridge. A

similar technique was used by Moors et. al., (1991) for the cleanup of various food
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samples, and the quantitative determination of benzoic acid used as a preservative. In
the case of plant extract samples involving 'C.labeled 2,6-DFBA, the waste coming
out from the Sep-Pak cartridge during the fluorobenzoate retention step was checked
for *C activity. Table 6 shows these values for the three plant samples used in this
study. The %DPM values in the waste coming out from the sep-pak were negligible.
This indicates that 2,6-DFBA was retained queit well on the Sep-Paks.

To elute the retained fluorobenzoates from the Sep-Paks an eluent with the
appropriate combination of organic solvent, ionic strength and pH should be used.
The eluent used should be strong enough to be able to elute the fluorobenzoates from

the cartridge with a minimum volume of solvent, it should be compatible with the

" mobile phase so that it can be injected directly into the HPLC, and it should elute a

minimum amount of interfering matrix. Moors et. al., (1991) used a methanol and

- NH,OH (0.02M) combination to elute benzoic acid retained on C18 packing material.

Initial studies were conducted using spiked plant extracts and standard
solutions using the methanol-NH,OH solvent. Figure 6 shows the sample elution
protocol used for the initial studies. These studies were conducted using wheat,
cotton, and alfalfa plant extracts. The sample volume and the eluting solvent volume
(5ml) were same. This was done to make the estimation of recoveries easier and to
avoid any possibility of concentrating the interfering material. Figures 7, 8, 9 and 10
show the chromatograms along with the corresponding recoveries. Even though this
eluent gave good recoveries, methanol being a very good solvent, there is a possibility

that it may bring out lot of interference material if this solvent is used for
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Figure 7. Tracer recovery after sample cleanup of a standard

solution using Methanol/NH,OH as eluting solvent.
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concentration of fluorobenzoates. This was noticed when an actual sample of canola

plant treated with 2,6-DFBA was analyzed by this way. The sample showed good
recovery in terms of DPM values but when injected into HPLC the peak of interest
was not resolved due to large amount of interference.

For the actual plant samples 2-3 ml of a 1:1 mixture of acetone and phosphate
buffer (0.02 M, pH = 2.5) was used as the eluent. Acetone is a good solvent for
double bonded compounds and was expected to be able to elute the fluorobenzoates
from the Sep-Paks. The low pH of the buffer prevented the pH of the cartridge from
increasing, so the major organic interferents would be retained in the cartridge.

Table 7 shows the percent recoveries obtained when standard solutions and

-~ spiked alfalfa; barley and canola plant extracts were subjected to the above mentioned

sample cleanup method. The plant material containing no tracers was spiked with a
known quantity of tracer either PFBA or 2,6-DFBA and was ground together. The
low retention times of 3,4-DFBA resulted in the non resolution of that peak from the
solvent peak. For this reason no data is available for 3,4-DFBA in plant extracts. This
spiked plant material/powder was subjected to the sample cleanup protocol as
described in the Materials and Methods section. The recoveries ranged from 84 to
98%. .Besides the pH of sample, the other factor controlling the retention and elution
was flow rate. All the sample preparation was done using a vacuum manifold, and
care was taken that a very low flow rate (less then 1ml per minute) was maintained for
the better retention of the fluorobenzoates.

The sample cleanup protocol was also validated by using the CPM values from‘ _

the plant samples treated with '%C.labeled 2,6-DFBA. Percent recoveries were
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calculated in terms of CPM values relative to the CPM values of the plant
extracts/samples prior to the sample clean up protocol (total CPM applied to the Sep-
Pak versus total CPM recovered from Sep-Paks). Table 8 shows these percent
recoveries obtained from liquid scintillation counting of these samples. The recoveries

ranged from 85-95%.

PLANT UPTAKE AND PLANT TOXICITY
Tables 9, 10 and 11 show the recoveries of the tracers from the analysis of soil
extracts of the alfalfa, barley and canola studies. Highest average recoveries were

obtained for bromide. This was followed by PFBA and 2,6-DFBA. However, in the

+..caseof alfalfa. 2,6-DFBA recovery. was more than that of PFBA. The average

- recoveries of bromide were 91%, 109%, and 48% for alfalfa, barley and canola soil
samples respectively. For PFBA the average recoveries were 72%, 69%, and 51% for
alfalfa, barley and canola soils respectively. The average recoveries for 2,6-DFBA
were 83%, 59%, and 30%, for the alfalfa, barley and canola soils respectively. The
average recoveries for 3,4-DFBA were 39%, 42%, and 34%,.for the alfalfa, barley and
canola soils respectively.

Amongst the various fluorobenzoates PFBA is considered to be the most stabie
due to the greater number of fluorine substitutions on the ring. This high stability
(chemical stability due to five substituted highly electronegative fluorine atoms) and
its size may be the reasons for its lower uptake by plants.

Assuming that missing mass was taken up by plants, 2,6-DFBA shoWs higher

uptake by the plants relative to PFBA. The recoveries from the analysis of plant
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extracts also reflect this. Tables 12,13 and 14 show the results of the analysis of
alfalfa, barley and canola plant extracts, respectively, for bromide, 2,6-DFBA, and
PFBA. 3,4-DFBA was not determined due to its coelution with the solvent peak or
some inerfernce material. The short retention time of 3,4-DFBA (see fig. 2) may be
the reason for this problem.

Maximum recoveries from plant extracts were obtained for 2,6-DFBA of
alfalfa and barley plants, and for bromide in th;: case of canola plants. Average
percent recoveries values for bromide were 2.3%, 5.1%, and 55% for alfalfa, barley
and canola plant samples respectively. 2,6-DFBA showed an average recovery of
8.6%, 22%, and 49% for alfalfa, barley and canola samples respectively. An average
recovery of 0.10%, 1.7%, and 8.7% were obtained for PFBA from the alfalfa, barley,
and canola plant samples respectively.

There is a huge variability in the amount of uptake of the three compounds
amongst the three species of plants. Canola showed maximum uptake of the three
compounds, followed by barley and alfalfa. A sigﬁiﬁcant and direct relation can be
noticed between the degree of uptake and the plant mass. Alfalfa plants had the
minimum plant mass (dry weight) and correspondingly showed minimum uptake of
the three compounds.

The partitioning of the fluorinated benzoic acids between the water and plant
material may be explained on the basis of their octanol-water partition coefficients
(log K,,) and their pK;s. Log K,,, values were esti@ated for the 2,6-DFBA and PFBA

using Leo’s fragment constant method (Lyman et. ‘al., 1982). The estimated log K,y
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values for 2,6-DFBA and PFBA were 2.96 and 3.38 respectively. The higher the log
Kow values of a compound the higher the chance will be for its uptake by plants (due to
the preference for the like medium over the aqueous medium). The higher log K,
value of PFBA suggests that it should be taken up more than the 2,6-DFBA.
However, there is another factor that also controls the uptake and that is the pK,. The
pH of the medium should be at least two units below the pK, of any organic acid, for
the major portion of that acid to e);ist in protonated form. Then it will show higher
rate of partition into the organic phase. PFBA has the lowest pK, (2.7) of all the
fluorobenzoates. Even though PFBA_has relatively higher log K, value, its low pK,
results in a smaller fraction exisiting in the protonated form at any given pH, thus
_.resulting in its lower uptake by plants. Based on the pK, values of 2,6-DFBA(3.0) and
3,4-DFBA(3.7), the latter compound should show relatively higher uptake by plants.
The results of the analysis of soil extracts of alfalfa, canola and barley show the least
recovery of 3,4-DFBA among the tracers. This may be due to its higher uptake by
plants.

Several workers studying the phenolic acids absorption and their effect upon
the ion absorption by plants observed that the lower the pH of nutrient medium the
greater the inhibitory effect on jon absorption by plant roots (Glass 1973, 1974, 1975;
Harper and Balke 1981). An increase in the rates of uptake of salicylic acid, ferrulic
acid and p-hydroxy benzoic acid as the pH of nutrient medium was lowered, was

reported by Harper and Balke (1981) and Shann and Blum (1987).
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Tables 15, 16 and 17 show the mass balance achieved for the three plants for
three tracers (Br, 2,6-DFBA, and PFBA). PFBA showed the minimum mass balance
achieved amongst the three compounds. Average mass balance achieved for PFBA
was 72%, 70%, and 70% for alfalfa, barley, and canola plants respectively. An
average mass balance of 92%, 81%, and 79% was achieved in the case of 2,6-DFBA
for the alfalfa, barley and canola plants.

100% mass balances were not achieved probably due to the metabolic
transformation of the fluorobenzoates within the plant tissue. Table 18 shows the
average mass of plant material for four replicétes within each tracer treatment,
followed by the mass balance achieved, and number of days the plants were allowed to
- grow further after the application of tracer..  There is an obvious and direct relation
“between the plant mass, number of days of plant growth after the tracer application,
and the amount of missing mass of tracer. This suggests that metabolic transformation
within the plant tissue may be a possible answer for the missing mass.

Table 19 shows a comparisé_n of the recoveries and mass balance obtained for
the 2,6-DFBA, by liquid scintillation counting and HPLC, for the three plant samples.
A t-test was used to check if any significant differences exist between the means of
percent recoveries obtained by liquid scintillation counting, oxidation and HPLC. The
resultant t-values were below the t-critical values. This indicates that comparable

results were obtained from the two methods.

Tables 20, 21 and 22 show the effect of these tracers on the growth of the three

plants. This was done by comparing the relative dry weights of the plants treated with
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the four compounds to the dry weights of control plants. No major retardation effects
were noticed on the growth of the barley and canola plants. Alfalfa plants treated with
bromide, 2,6-DFBA and PFBA showed relatively lower dry weights. The lack of any
toxic effect on barley and canola plants may be due to a short time of exposure or they

may be more resistant at higher levels of fluorobenzoates.
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CONCLUSIONS AND RECOMMENDATIONS

Green house experiments were conducted to determine the plant uptake of
fluorobenzoates used as soil and groundwater tracers. Three fluorobenzoates, PFBA,
2.6-DFBA, and 3,4-DFBA were studied for their uptake by alfalfa, barley and canola
plants. A method was developed for the analysis of fluorobenzoates in plant material.
The analytical method gave consistent recoveries from spiked plant extracts and
worked well for the analyses of PFBA and 2,6-DFBA in plants. The results for 3,4-
DFBA in plant extracts were not available, due to its low retention time which resulted
in poor resolution of the 3,4-DFBA peak from the interference or solvent peak. Based
on the recoveries from the soil 2,6-DFBA showed relatively higher uptake than PFBA,
in all the three plant species tested: .Canola plants showed maximum uptake of all the
three compounds. 100% mass balances were not achieved, probably due to the
~ metabolic transformation within the plants.

These exberiments were done only for three crop plant species. If these tracers
need to be used in situations involving any other plant species, preliminary studies
ﬁeed to be done for their toxic effects.

These studies were conducted in pots which were sealed to prevent any
‘drainage, so these studies reflect a worst-case scenario. In real ﬁéld situations there is
a great possibility for the tracers to leach away from the surface and root zone. It will
be very interesting to do a field-scale experiment which will give plant uptake results
under more real-life conditions. The effects of the fluorobenzoates on the bacteria that

are symbiotic to plants needs to be studied.
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APPENDIX A
CHROMATOGRAMS OF PLANT EXTRACTS

The following pages include the copies of chromatograms of plant extracts.
For chromatographic conditions please refer to the Materials and Methods section.
Even though the analysis was performed in duplicate for each treatment, only one
chromatogram for each tracer treatment was inéluded in this Appendix. The
chromatograms are labeled with the first letter of the plant name, followed by sample
number and tracer treatment. Controls are chromatograms of plant extracts that were

not treated with any tracer.
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APPENDIX B
CHROMATOGRAMS OF SOIL EXTRACTS

The following pages include the copies of chromatograms of soil extracts. For
chromatographic conditions please refer tovthe materials and methods section. Even
though the analysis was performed in duplicate for each treatment, only one |
chromatogram for each tracer treatment was included in this appendix. The
chromatograms are labeled with thé first letter of the plant name, followed by sample
number and tracer treatment in parenthesis. Controls are chromatograms of soil

extracts that were not treated with any. tracer.
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RUNS 128 ARFR 15, 1935 @¢:z28:2%

ESTO-ARER

RT ARER TTFE CALW AMOUNT
3.828 798271 Fe 1R 2.219
15.76¢% 18331 vy 2R .882
17.215 163872 vy IR .782

TOTAL AREAR=4,5272E+88
MiUL FACTOR=1,0003F+08

-
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* RUN & 142595 NOV 3, 1394 13:08:€3
STHRT

-

chromatogram of soil extract (A105, PFBA)

14,883

't5.658 PFBA
16.313

_——
-
~
.

A
W
(1)

TIMETABLE STOP

RUNS 1423 NOV 3, 1994 1§:08:83
ESTD-HEIGHT

RT HEIGHKHT TYFE CAaLS AMOUNT

15,6589 19964 Y iR 4.454

TOTAL HEIGHT=8.767SE+a6
MUL FARCTOR=1.,0888E+80

CRLIBRATION

ESYD
REF % RTUW: S.e88 NOR-REF % RTH: S.680

LEVEL: 1 RECALJBRATIONS: 1
CALS RT Ly ANT AMT-HEIGHT
IR 15.5%¢ 1 5.9880E+00 2,2399E-084
caLs NAME
1 PFBR

CRI TRRQATINN NPTINNG
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RUN & (393 NOV 2. 1994 11145:41
START

-

chromatogram of soil extract (A106, 2,6-DFBA)

14.535 2, 6~-DFBA

16,2889

] 17. 688

TIMETARBLE STOP

RUNS® 1355 NOY 2, 1994 11:45:4¢
ESTD-AREA

RT RREA TYPE CALS AMOUNT

14,538 120134 PB 1R £.756

TOTAL ARER=4,1336E+0§
MUL FRCTOR=1.Qu08BE+Q8

CALIBRATION

ESTD
REF % RTM: 5.888 NON-REF % RTu: S.6080

LEVEL: RECALIBRATIONS:

ChRL S RT LY AMT AMT/ARER
1R 14,422 1 5.8880E+82 4,1701E-8¢

CRL S NAME

I  2,€6-DFBER

AL IEPLTINN AETIAMS
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" RIIN @& 19 “FR ?2R. 19%% AfIdFALI 1A

—rmEe T TSR TERRIEIL U R edands i T

START -
P.ing
chromatogram of soil extract(B10l,control)
185.974
.
17.R/18
—
“=fnp
RITN# 1AS HFR PR, 14485 Artars 1@
FRTMN~&RFa
ET aRFa TYFF ol # MBTIIINT
F.R47 LAY 1R . RsF
TNTRI ARFA=4.ZAARE+RS
Mill FROTNR=Y . APRAF+MAA
3 & - -t Z =F - SreT

a




e i R s e e i 0 W o e, PN

chromatogram of soil extract (B103, Br)

b/
.

N
o
1

IMETRELE 2TOF

RUNS 11 JHN ZT. 1%51 RI10S:i7
ESTO-HRER
RT HREA TYFE CALW AMOUNRT
£.857 135545% VE 18 4,588
TOTaL KREw 125aE+a2
MUL FARULTOR=1.86UR0E+@R

KUN FHREMMETEFRS
ZEFRO = 4]
«IT 27 = ¢
CHT 3F = 1.2
“«k FREJ = X
THRLTH = ]
PR WD = @.94
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Se 1234 d1ie@esy

chromatogram of soil extract (B105, PFBA)

Gt
o
B
"

Fur

Fund {173 JEF OISV 1524 B1:o%:Q3

EXTQA-RFEN
WEER T/FE  Iwml# HGUNT
i3.734 STAEES v iR 3,715

R H
[

L=l iERmTION
E3TC
s2E o Rty c moes R . P
B . T T.aaa Fte=SEF % FTws T.a89
R S FECmLIBFmTIONEE
N RT [ T -7 WFEm

o= ig, 842 1 7.0000E00 LR RE e I
. i E

H Priw
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3T0P
PUNS 1891 ZEF 18, 1534
EZT0-&RER
FT H“FER TYFPE ChL#
. 238 1273%1% Vv iR
TGTAL AREA=4,2447E+8%
MUL FECTOR=1,0000E+08
CHLIBRATION
€370
FEF % FTh: S.928° NCH-REF
LEVEL: 3} FECALIERAT]
ChLs £T Ly LMY
1R $.71E I $,0803E+48
CRLW NaME

i 2, 5-UFER

AREMQURT

4,218
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RIIN ® 1FA QPR ?2. 1S%%  AR:I39:37
T&RT
tR. 291
15,8485
___———-'—‘_——"——'___'—_
STNP
PlINS X APR 23, 1G9% RARIRWLIP
FETN-aRF&
rT aRFa TYPF Al s amnuNT
2.854 a1 a8 Y 1R .ArRd
TRTal RRES=REREAAA *
Wil FARTOR=!.AAAAFAA
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THECTIIE RSN [T eaaiiine

4« RUN # 13 SN 7. 1381 ed123312 -
TTRFT

N, g

—meiE X
e e
PORr Oy T )

PRS-

e

3 chromatogram of soil extract (C103, Br)

7.838B
RUNS 19 JRN 7. 1361 gds 212
EZTO-RKER
®T REER TrPE CrRL# WMOUKRT

£.86453 93527 W& H 2.&v
TOTHL =FRER=4337581
Myl FalTOk=1,0B03E~r80
RUN PRERMETERS
ZERS = 6
ATT 27 = &
LHY SF = 1.4
Ak FEJ = @
THRSH = ]
Fr Wh = G.eq
CHLIBFwTION
EZTD
EEF % FTWS S.903  HNON-REF % FTW: 5. nBG
LEYELT 1 FECRLIEFWTIOND: o
Cmi# K1 L N WMT . wRER

1F .85 1 $.e8060E+54a $.4454E -8

DI ) THWME

L 91



A AN P LA M Sy 2 4 £ B S o anT T o 0

TUHE WD LI et - T

PMue F AL IWR s e s s s e s s P e s s 1avvvLELETUR
id RUK & Sed JuL 28, 1394 153355283
START .
F.ci
TIKETABLE 370P
- chromatogram of soil extract (C104, 3,4-DFBA)
RUHE ’8s JUL 2S. 1534 i$t14c:33
ESTS-AREA
rT RRE~ TYFE CALS AMOUNT

s.221 715187 WP iR 2.438
CALIBRRTIOHN
£270
REF % RTuW: S.282 HOH-REF % RTu: S.3888
LEVEL: I FECRLIBRATIGKREL
TALS RT H HRT AT AFER

iR 3. i S.aVVBESEB I.ATQGE-Ce
cal# HaME

1 3.4-GFEA .

LIBRATION GFTISHKS

3
F of uncalibrated reabhs ... O,.80888E<00
3

N

Tibration $1t coiiriervavesnss
iasble gost-run KT urdats .. KO
AUFLE AHT s r i ie i nrscssnnee B.808

3

L FRETOR Lo r it veveesenesr 1,00

z 0O

4
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15794 13180824

chromatogram of soil extract (C105, PFBA)

zZ86.317

oster
Fiik® 1145 SEP 26. 15%4 13:88:24
EXTD-HFER
£T AFEA TYFE CaL# AMBUNT
17,113 284355  &v IR 2.558

TOTAL RREA=1,33%7ZE+87
MUL FRCTGR=1,6008E+Q0

CRLIBRATION

ESTD
REF % RTW: S.888 HNON-FEF % RTU: S.230

LEVEL: 1 FECALIERATIONS: 1
caLw RT Ly AT KT HFER
1R 17.952 1 S.06B0E<@@ &.5471E-86
93
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- FRUN #& (123 152112

STRRT

i Y

] s.aTs chromatogram of soil extract (C106, 2,6-DFBA)
{ P

o

W
— e
—Cits
assan
Toan
SIAN

{RERLE
4,342

15.:83 2, 6-DFBA

s
w
3

TIMETRDLE STLF

RN 1123 2EP 5, 1334 a3:152:12
ESTO~RFEN

ET RRER TYPE CAL# AMOUNT

16,2423 4E7ED3 VE ik 2,381

TOTRL wFER=L,T383E=-07

MUl FelTOR=1,0003E+00

CrLiBERTIGN

ESTD

REF W FTud T.BAD  NON-FEF L FTu! S.%59

LEVEL: FECHLIBRATIONS: |

ST T [ T HMT O NFEN 94
iR le.ier P, ANO0EeNd dLEESE -8 .



