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ABSTRACT

An improved method is presented for the determination of
atrazine and hydroxyatrazine in soils. The method involves
performing an initial extraction of the soil sample with a mixture
(90:10 v/v) acetonitrile-aqueous 0.1 M hydrochloric acid. After
centrifugation, the extract is concentrated onto a disposable
strong cationic exchange, sulfonic acid-bonded, solid phase
extraction (SPE) cartridge, and interfering soil substances are
removed by rinsing. The atrazine and hydroxyatrazine are eluted
with a 50:50 (v/v) acetonitrile-aqueous 0.1 M K2HPO4 solution. The
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analysis was performed using a reversed-phase, high performance
liquid chromatographic column of Cl8-bonded silica with an
ion-pairing solvent system (50:50 v/v) acetonitrile-water
containing 0.020 M n-heptanesulfonic acid and 0.10 M phosphoric
acid. This isocratic solvent system provided am excellent
separation of not only atrazine, simazine and propazine but also
of hydroxyatrazine, hydroxysimazine and various dealkylated
products of atrazine. An ultraviolet diode array detector
provided linear calibration plots in the 0.1-10 ppm range, with
lower limits of detection of 0.01 ppm for atrazine and propazine.
This improved extraction and HPLC analysis method was used to
mopitor the persistence of atrazine in the soil of three local
corn fields. Over the 130-day growing season of the corn, the
levels of atrazine in the upper 2-3 cm of the soil were found to
drop from 2.0 to about 0.2 ppm. No significant levels of
hydroxyatrazine were found in the farm soils sampled.

INTRODUCTION

Atrazine (2-chloro-4-ethylamino-6-isopropylamino-1i,3,5-triazine
AT), with trade names of Aatrex, Gesaprim or Griffex, is an
s~triazine herbicide used world-wide for its effectiveness in
controlling broadleaf weeds on cropped lands. Stemming from this
widespread, annual application to farm soils, residues of AT have
been found in 4,551 of 8,804 surface water samples and 366 of
2,750 ground water samples in the U.S.A. (1). 1In a study of State
of Comnecticut drinking water samples, AT was the most frequently
detected pesticide (2). Huang et al. have recently reported
finding AT, simazine (SI), alachlor and metolachlor throughout the
soil profile down to the water table, using sensitive isotope-
dilution gas chromatographic/mass spectrometric procedures. These
researchers caution that such residues could be leached into the
groundwater for years to come (3).

In soil, AT is slowly degraded over periods of weeks—to-mounths
through hydrolytic reactions and microbiological transformations
(4). The principal reactions are hydrolysis at the 2-position to
yield hydroxyatrazine (HYAT) and dealkylations at either or both
the 4~ and 6-positions to yield the de—ethyl atrazine (DEAT),
de-isopropyl atrazine (DIAT), and de-ethyl,de-isopropyl atrazine

(DEDIAT) (4,5). Erickson and Lee have provided a recent review
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article on the degradation of the various s-triazine herbicides
(6).

Determination of s-trazine herbicides and their derivatives
usually entails an initial solvent extraction from their source
material, followed (when necessary) by derivatization of the
residues and analysis by gas chromatography (GC) with a nitrogen
specific detector. However, due to lack of volatilization and
thermal instability, HYAT cannot be directly analyzed by GC.

Muir and Baker reported developing a semi-quantitative
determination of HYAT from soil using a lengthy clean-up
procedure, followed by reacting the HYAT with diazomethane to form
a volatile ether derivative and by using packed column gas
chromatography with a Hall conductivity detector. Average
recoveries of 68 per cent, s.d. of 2.7 per cent for n=18, were
obtained using soil spiked with HYAT at the 0.79 ppm level (7).

In 1979, Ramsteiner and Hormann reported using normal-phase
HPLC with an ultraviolet detector set at 240 om to monitor the
hydroxy-metabolites of four s-triazine herbicides: (AT), propazine
(PR), simazine (SI) and terbutylazine extracted from soil and
plant material. Comparative studies between differemt extraction
methods showed that a heated (Soxhlet) extraction provided the
highest recoveries for the hydroxy-s-triazines studied and that
phosphoric acid increased the solubility of the hydroxy-s-
trazines. Their methanol extracts were passed through a strong
cation exchange resin column with the hydroxy-s-triazines eluting
with methanol. After evaporation of the methanol, the extracts
were analyzed using a 10-pm silica HPLC column (Lichrospher S1-60)
with a mobile phase mixture of chloroform-methanol-water-87% H3POA4
acid (70:30:60:0.1 v/v/v/v). Detection limits for HYAT of 0.05
mg/1000 g of plant material were reported (8). In a later
modification, it was reported that soil samples were Soxhlet
extracted overnight with a mixture of methamol-water (80:20 v/v);
additional hydrochloric acld was then added. Hydroxyatrazine and
hydroxysimazine were concentrated onto a XAD-4 resin column and

eluted with methanol. The resulting fraction was reduced in volume
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and then injected onto a 5-pm reversed-phase, HPLC column (Altex
Ultrasphere ODS, 250 mm x 4.0 mm i.d.) using a mobile phase (60:40
v/v) methanol-water containing 0.1 M citric acid and 0.020 M
n-octanesulfonic acid in order to form an ion-pair with the
hydroxy-s-triazine molecules. A limit of detection of 5 ng for
HYAT was reported using 240 nm excitation on the 0.04 AUFS range.
Recoveries of HYAT from three different soil types spiked at
levels of 0.10 ppm to 1.0 ppm were reported to range from 75 -
102 per cent with an average of 86, s.d. of 9 for n=20 (9).

In 1981, Beilstein et al. reported using reversed-phase HPLC
with a 250 mm x 4.6 mm i.d. column packed with 5-ym LiChrosorb
RP-18 to separate seventeen s-triazine herbicides and various of
their hydroxylated and de-alkylated products. A linear 20-min.
gradient from aqueous 0.10 M K3P04, pH of 6.7, to 70:30 (v/v)
methanol taqueous 0.10M K3P04 was used with the column kept a 2 °c.
A linear calibration range from 90 pmol-480 pmol for AT with
detection at 220 nm and from 40 pmol-60 ymol for HYAT with
detection at 240 nm was reported (10).

In 1982, Vermeulen et al. showed that reversed—-phase HPLC

with an octyl Ultrasphere (250 x 4.0 mm i.d.) column and an
isocratic solvent system of 40:60 (v/v) methanol-aqueous 0.05 M

ammonium acetate, pH adjusted to 7.4, was suitable to monitor the
concentrations of atrazine and its degradation products from soil
extracts., Average recoveries for AT of 78.4 per cent, with a s.d.
of 4.2 per cent, and for HYAT of 72.5 per cent, with a s.d. of 4.8
per cent, were reported from 5 ppm spiked additions to a sandy
loamy soil using an extracting solution of acetonitrile-water
(90:10 v/v). It was noted that recoveries varied with soil type.
In agreement with earlier reports, a pK, of 1.71 for AT and 5.15
for HYAT were determined spectrometrically (11).

undergo a series of equilibrations in aqueous solutions, as
depicted by Figure 1. On the basis of the observation of a strong
infrared absorption at 1740 em™L assigned to a carbonyl group, a

rapid enol-keto isomerization resulting in a 1 to 4 ratio of the
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Figure 1. Tautomeric and various possible protonated resonance
structures for hydroxy-s-triazines. (According to Jordan et al.,
(18). Permission to reproduce this figure given by the publisher
Springer-Verlag Heidelberg).

N

enol-form to the keto—form for the hydroxyatrazine and
hydrozypropazine was proposed (12). From nuclear magnetic
resonance studies, it was proposed that the keto-form undergoes
various resonance changes involving protonation at one of the
three ring nitrogens to form positively charged structures.

(Part of the intent of this work was to use a negatively-charged,
sulfonic acid counter—-ion in the HPLC mobile phase to form ion
pairs with the protonated forms of the hydroxy-s-triazines
depicted in Figure 1).

In 1984, Wachob reported using disposable solid phase
extraction (SPE) cartridges to improve the clean-up step and to
obtain high recoveries of AT from soil samples. An average
recovery for AT of 100.2 per cent with a s.d. of 0.8 for n=5 from
a 2 ppm spiked soil and an average recovery of 97.0 per cent with
a s.d., of 3.4 for n=5 from a 0.5 ppm spiked soil were obtained.
The soil type was not specified; however, it was reported that
interferences commonly associated with solvent extraction of soil
samples were effectively removed by using the SPE cartridge (13).

(These same SPE cartridges were used in the present study).
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In 1988, Pacakova et al. reported using a 5 um reversed-phase
HPLC column (Separon SIC 18, 150 mm x 4.5 mm I.D.) to separate
eighteen different s-triazine herbicides, their derivatives or
by-products in various mobile phase ratios of methanol-water and
NaH2PO4. The variation in each compound’s capacity factors, k7,
with the methanol content, pH and ionic strength of the mobile
phase were reported. For an optimum separation of the
hydroxy-products from the parent s-triazines, an isochratic mobile
phase of 40:60 (v/v) methanol-aqueous 0.010 M NaH2PO4, with pH
adjustment to 6.8, was suggested. The authors used these
conditions to investigate the effect of substituent groups and the
solution”s pH on the photolysis rate of the various s-triazines
(14).

Due to the extensive, world-wide use of atrazine,
considerable interest exists in its persistence in the soil and
migration into the ground water and surface water. It was the
intent of this present research to develop a viable extraction
method for both AT and HYAT from farm land soils, high in carbon
content, to which atrazine had been applied and to monitor the
concentrations of AT and HYAT found in the upper 2-3 cm of the
sprayed soil over the growing season of the corn. A
reversed-phase, isocratic HPLC mobile phase of (50:50 v/v)
acetonitrile—aqueous 0.10 M H3P0O4, containing 0.020 M
n-heptanesulfonic acid with the pH adjusted 2.8, was used to
improve the solubility of the HYAT and to provide sufficient
resolution between AT and HYAT. A diode array detector was used
not only for its improved sensitivity but also to provide the
capability of rapidly obtaining the ultraviolet spectrum of each

eluting peak so as to aid in its qualitative identification.

MATERTALS

High Performance Liquid Chromatography

The HPLC consisted of a Perkin Elmer (Norwalk, CT) Model LC-4

pumping system with an IS$5-100 autoinjector, a Rheodyne (Cotati,



10: 10 25 January 2011

Downl oaded At:

ATRAZINE AND HYDROXYATRAZINE RESIDUES 1373

CA) Model 7125 valve-and-loop injector fitted with a 6 pL loop and
a Perkin Elmer Model 1C-235 diode array detector. The absorption
spectrum of each eluting peak was scanned over the range of
190-360 nm. The chromatograms were displayed on a Perkin Elmer
Model LCI-100 recording integrator. The HPLC column, 300 mm in
length and 4.6 mm in internal diameter, was packed with 5 pm
spherical, Cl8-bonded silica (Ultremex C-18, Phenomenex Inc.,
Torrance, CA). A flow rate of 1.0 mL/min was used with the column
kept at ambient temperatures. For extractions of AT and HYAT from
the soil samples, a wrist-action shaker (Model 75, Burrell Corp.,
Pittsburgh, PA) and a centrifuge (Model FXD, International
Equipment Co., Needham Heights, MA) were used.

Chemicals

Authentic samples of AT and various other s-triazines, HYAT,
hydroxysimazine (HYSI), other AT by-products were of analytical
standard quality and kindly donated by Ciba Geigy Corp. of
Greensboro, N.C. A commercial mixture of Atrazine 4L (Universal
Cooperatives, Inc., Minneapolis, WI) was applied at an application
rate of about 570 g per 4047 M2  (1.25 1b/acre) to the corn fields
by workers of the University of Connecticut Agriculture
Department. Other chemicals and solvents used in this research
were of reagent or HPLC quality. Individual stock solutions of
authentic s-triazine standards were prepared at the 100 ppm level
in 50:50 (v/v) acetomitrile-aqueous 0.1 M H3PO4. The
hydroxy-s-triazines were first solubilized in 0.1 M HCl to which
the 50:50 (v/v) acetonitrile—aqueous 0.1 M H3PO4 was then added.
When not in use, the concentrated standard solutions were
refrigerated at 4 °C. Aromatic sulfonic acid, solid phase
extraction (SPE) cartridges (Part No. 7090-03, J.T. Baker Chemical
Co., Phillipsburgh, N.J.), 3-mL in size, were fitted into a
Baker-10 vacuum manifold (7018-0, J.T. Baker Chemical Co.) and
used as described by Wachob (13). A 75-mlL reservoir was fitted

above the extraction cartridge to facilitate the rinsings.
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METHODS

Soil Sampling

Soil sampling plots, 1.8 m by 1.8 m, delineated by small
piles of rocks, were located in each of the three corn fields
belonging to The University of Connecticut. The plots were
surveyed and were located 12.2 m from an U.S.A. Geological Survey
marker or other identifying landmarks. During the actual
soil sampling, the date, time, weather conditions and height of
the corn were noted. A "bulb planter"” was used to collect a
surface core of about 6.4 cm in diameter and about 2-3 cm in
height of the corn field soil Five cores, resulting in a total
of about 250 grams of soil, were collected at random locations
within the 1.8 m by 1.8 m plot, composited and stored in glass
jars equipped with Teflon ®jar seals. The soil samples were kept
in a cooler surrounded by ice packs, and upon return to the
laboratory, stored at 4 © C until time of analysis. For the
subsequent analyses, only those portions of the soil sample that
passed through a 2.0 mm sieve were used. The soils of all of the
three corn fields sampled were classified as an Agawam fine sandy
loam (coarse-loamy, mixed, mesic Typic Dystrochrepts) according to
the system used by the U.S. National Cooperative Soil Survey (15).
The three fields sampled would be rated as being of prime farm
land soils by the U.S. Department of Agriculture, Soil

Conservation Service (16).

Soil Sample Preparation

A 25.00 g sample of the sieved soil was placed in a 250-mL
Erlenmeyer flask to which 50.0-mL of 90:10 (v/v) of
acetonitrile—aqueous 0.10 M HC1l was added. This mixture was
vigorously shaken using a wrist—action shaker for ome hour; the
extract was then centrifuged at 4000 rpm for 10 min. For soil
spiking experiments, a concentrated standard solutiom, that would

result after dilution to being a 2.0 ppm solution in AT and HYAT,
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was placed in contact with the dry, sieved soil for one hour with
periodic hand swirling of the flask. The previously described
extraction step was then carried out. Then 5.00-mL of the
centrifuged soil supernate was diluted with 25.0-mL of a 0.1 per
cent acetic acid solution. This mixture was aspirated through the
aromatic sulfonic acid solid phase extraction (SPE) cartridge at a
rate of approximately 3 to 5 mL/min. This cartridge previously
had been activated by rinsing with 20-mL of methanol, followed by
20-mL of deionized water, then by 2-mL of 0.1 per cent acetic
acid. The sorbed soil extract on the SPE cartridge was then
washed with about 1.0-mL of acetonitrile followed by about 2-mL of
deionized water to remove interfering soil coextractants. The
sorbed AT and HYAT were eluted using 2.00-mL of 50:50 (v/v)
acetonitrile-aqueous (.10 M K2HPO4 solution, having a pH of
8.2-8.5.

RESULTS AND DISCUSSION

Table 1 compares the per cent recoveries for AT and HYAT at
the 2.0 ppm spiking level onto the same soil using various
extraction methods and extracting solutions. (The earlier review
chapter by Mattson et al. (17) on the extraction and quantitative
determination of s-triazine herbicides from soils provided an
excellent starting point for this work). The soil used for these
extractions was a Lower Basal Till that was known to have a
low-binding capacity for organic compounds and a low carbon
content. High recoveries, 100 per cent for AT and 91 per cent for
HYAT, were obtained by shaking vigorously 50 g of the spiked soil
with a mechanical wrist-action shaker for 30 min. in an extracting
solution of (90:10 v/v) acetonitrile-aqueous 0.10 M hydrochlorice
acid. Table 2 summarizes certain of the important chemical and
physical characteristics of the various sand and soils studied.

Table 3 presents additional data for the per cent recoveries
of AT and HYAT at a 2.0 ppm spiking level for the various soils

having very different carbon contents. The left-hand portion of
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Table 3 shows data from the wrist-action shaking and
centrifugation steps alone, while the right-hand portion presents
the per cent recoveries from the wrist action shaking/extraction
coupled to the solid phase extraction (SPE) cartridge
concentration and rinsing steps. It should be noted from Table 3
that the per cent recoveries were found to vary for the different
soils. Similar variations in per cent recoveries of HYAT with
soil types have been reported by Vermeulen et al. (11) and were
noted in a recent review article by Erickson and Lee (6). The 50
per cent recoveries for HYAT are among the highest values reported
from a farm land soil with approximately six per cent organic
matter. The use of 0.10 M hydrochloric acid likely assisted in
the protonation and solubilization of the basic s-triazine
nitrogens and may aid in the conversion of HYAT to the keto form
depicted in Figure 1.

Comparison of chromatograms of soil extracts before and after
the use of the SPE cartridges demonstrated the effectiveness of
these small cationic exchange SPE cartridges in removing the early
eluting incipients from soil extracts. The left hand and middle
parts of Figure 2 show chromatograms of the extract of a farm soil
taken from an unsprayed area of Lee Farm found to have a 0.1 ppm
residual of AT and to which 4.0 ppm HYAT had been added. Figure
2{(a) shows the chromatogram of the soil extract before it was
passed through the SPE cartridge while Figure 2(b) is the
chromatogram of the same soil extract after it had been eluted
from the SPE cartridge. Figure 2(¢) shows a chromatogram of the
extract of the Upper Spring Manor Farm Site-1 soil after elution
from the SPE cartridge that was determined to have 12.3 ppm AT and
1.2 ppm HYAT. In Figure 2 (b) and (¢), it should be noted that
the peaks for HYAT and AT are well resolved from any early eluting
peaks due to incipients that would be coextracted from the farm
land soils. To iovestigate further the performance of the SPE
cartridges, the elution distribution of 10 ppm solutions of AT and
HYAT were individually measured from representative SPE

cartridges. TFigure 3 shows that 99.3 per cent of the recoverable
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Figure 2. Chromatograms showing the effectiveness of the sample
clean-up provided by the solid phase extraction (SPE) cartridges
for the determination of atrazine (AT) and hydroxyatrazine (HYAT)
from farm land soils. (a) Without passing through the SPE
cartridge (b) The same soil extract after passing through the
SPE cartridge. Figure 2 (a) and (b) represent the chromatograms
of the extract of the soil from an unsprayed area of Lee Farm
found to have a 0.1 ppm residual level of AT and to which 4.0 ppm
of HYAT was added. The HPLC conditions were 70:30 (v/v)
acetonitrile-water containing 0.020 M n-heptanesulfonic acid and
0.10 M H3P0O4, pH=2.8. Fig. 2 (c) was a soil extract from Upper
Spring Manor Farm Site-1 determined to contain 12.3 ppm AT and 1.2
ppm HYAT. HPLC elution conditions were 50:50 (v/v)
acetonitrile-water containing 0.020 M n-heptanesulfonic acid, 0.10
M H3PO4, pH 2.8. UNK signifies the peak for an upknown compound
which had an absorption maximum at 211 om.
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Figure 3. Elution distribution of AT and HYAT level, from the
solid phase extraction (SPE) cartridge. Experimental Method
described in the Soil Sample Preparation Section.

AT and 98.2 per cent of the recoverable HYAT were eluted from the
SPE cartridge in the first 2.0 mL elutiom with 50:50 (v/v)
acetonitrile-aqueous 0.1 M K2HPO4.

Table 4 summarizes certain of the preliminary chromatographic
conditions used and the observations made when various mobile
phases were compared during the developement of a separation of AT
and HYAT on the 300 mm long, Cl18-bonded silica HPLC column used in
this study. Tt became evident that enhanced sensitivity for both
AT and HYAT in terms of increases in relative peak heights and
shifts in absorption maxima occured when the acidic, ion-pairing
mobile phase was used. Figure 4 presents a chromatogram showing
the separation of atrazine (AT), simazine (SI), hydroxyatrazine
(HYAT), hydroxysimazine (HYSI), the de-ethylAT (DEAT), the
de-isopropylAT (DIAT), and the de-ethyl,de~isopropylAT (DEDIAT) in
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Figure 4. Reversed-phase, ion-pair HPLC separation of various
s-triazines and certain of their degradation products. Column:
5-pm, Cl8-bonded, spherical silica, 300 mm long and 4.6 mm i.d.,
mobile phase: 50:50 (v/v) acetonitrile-water containing 0.020 M
n-heptanesulfonic acid and 0.10 M H3P0O4, pH = 2.8, flow rate: 1.0
mL/min, sensitivity range of 0.0l AUFS on the photo diode array
detector, about 6 nanog. of each compound injected. The peak
identities are: DEDIAT = de-ethyl,de-isopropylatrazine, DIAT =
de-isopropylatrazine, DEAT = de-ethylatrazine,

HYSI = hydroxysimazine, HYAT = hydroxyatrazine, SI = simazine and
AT = atrazine.

the isocratic solvent system of 50:50 (v/v) acetonitrile-water
containing 0.020 M n-heptanesulfonic acid and 0.10 M H3P04 at a
flow rate of 1.0 mL/min. The separation of these compounds was
also investigated in the presence of two other ion-pair reagents,
n-octanesulfonic acid and n-decylsulfonic acid. The capacity

factors of the various compounds are summarized in Table 5. The
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Figure 5. Composite of the ultraviolet spectra for the various
s-triazines and certain of their degradation products as obtained
by the diode array detector. Absorbances normalized to the 0.05
AUFS settings. Other conditions as noted in Figure 4.

n-heptanesulfonic acid was determined to be the ion-pair reagent
of cholce because it provided for the highest resolution between
HYAT, ST and AT and gave the best peak shape for the compounds of
interest. From Table 5, it is interesting to note that the
capacity factors for AT, SI, Propazine (PR) and the de-alkylated
products of AT decreased whereas those for HYAT and HYSI increased
with increasing length of the alkyl group of the ion-pair reagent.
The scanning diode array detector used in this study provided
a convenient method for qualitative identification of the eluting
peaks based upon their ultraviolet spectra. Previously, UV
absorption maxima were reported for the s-triazine herbicides at
220 nm, the hydroxy compounds in acid solution at 240 nm and the
de-alkylated products, when detected, from 200-212 nm (8-11, 14).
Figure 5 presents a composite of the UV absorption spectra of the
compounds studied as obtained by the diode array detector in the
mobile phase: (50:50 v/v) acetonitrile-water containing 0.020 M

n~heptanesulfonic acid, 0.10 M H3PO4, pH of 2.8. In the
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Figure 6. Ultraviolet absorption spectra of HYAT at pH 2.8 in the
mobile phase 50:50 (v/v) acetonitrile-water containing 0.020 M
n-heptanesulfonic acid with 0.10 M H3P0O4, and at a pH of 7.0 in
70:30 (v/v) acetonitrile-water containing 0.010 M K2HPOQ4.

preliminary mobile phase development studies with methanol-water,
an impurity peak with an absorption maximum of 206 nm often
co-eluted with the AT peak. In neutral pH mobile phases, the
peaks for HYAT and HYSI were found to be significantly broader
with considerable tailing attributed to the enol-~keto
isomerization depicted in Figure 1. Figure 6 presents the UV
absorption spectra obtained on the diode array detector for HYAT
at pH values of 2.8 and 7.0.

Studies were performed to verify that there was a linear
relationship between peak height and concentration of the compound
injected. Table 6 presents a summary of the linear least squares
regression equations for AT, HYAT and PR. In all cases, over the
range from 0.4 to 10.0 ppm, the three compounds had Pearson’s
linear correlation coefficients of 0.999. Tower limits of
detection were estimated to be 0.01 ppm for AT and PR and 0.04 ppm
for HYAT. A maximum absorption wavelength of 220 nn was used for

detection of AT and PR; 240 nm was used for the detection of HYAT.
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Results and Discussion of the Field Studies

The developed method involving an acid solution extraction,
concentration onto the solid phase extraction (SPE) cartridge, and
then separation by reversed-phase HPLC analysis with an ion-pair
reagent and a diode array detector, was used to monitor the
degradation of AT in the soil from three local corn fields. Only
the upper 2-3 cm of the soil was sampled at 21 day intervals
throughout the growing season. The three corn fields had been
initially sprayed over a three-day interval in mid-May with a
commercial mixture of Atrazine 4L herbicide. (Using the
developed HPLC method, the commercial Atrazine 4L was found to
have 43.8 per cent atrazine, in comparison to a level specified on
the manufacturer”s label of 43.0 per cent as active ingredients.
No hydroxyatrazine was found to be present in the Atrazine 4L
prior to the spraying). The HPLC peaks assigned to AT or HYAT
were identified by comparison of their retention times and by
matching their UV absorption spectra to those of known standards
as recorded by the diode array detector.

Table 7 summarizes the analyses for AT found in the farm
soils sampled. In general, the levels of AT from the five
sampling sites in the three corn fields dropped from about 2.0 ppm
to 0.2 ppm over the 130 days. There were sporadically high values
for AT, marked by an **, that were confirmed by repeated analyses
of the soil samples or by careful review of the data. These high
values were attributed to improper or non-homogeneous sampling of
the upper 2-3 cm levels of the atrazine-sprayed soils. In only
five of the thirty-six samples reported in Table 7 was a peak for
HYAT detected. The levels of HYAT were found to be less than 0.6
ppmn and a peak for HYAT was detected only when an elevared level,
above 2.5 ppm, was detected for AT. (In a separate study, it was
shown that AT was not converted to HYAT in the acid extraction and
SPE cartridge clean-up step.)

Of potential interest, two samples of ground water from

shallow wells located at the edge of two of the corn fields were
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taken during the growing season of the corn. A ground water well
located about 12.2 m from the sampling site at the Lower Spring
Manor farm field, contained 0.1 ppb of AT 22 days after spraying.
Whereas 42 days after spraying, the groundwater sampled from a
well 12.2 m from the Lee Farm Site 1 soil sampling site contained
a level of 3.8 ppb of AT. Implications for contamination of
nearby ground water by repeated, yearly straying of corn fields
with AT is being reviewed by State of Connecticut regulatory

agencies.
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