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ABSTRACT

A rapid and simple reversed-phase high-performance liquid chromatography
(RP-HPLC) method has been developed to determine [ 14C]atrazine and its radiola-
beled degradation products using radioisotope detection and liquid scintillation
counting quantitation . A 25 cm x 4.6 mm, 5-µm octadccylsilane (C18) column was
used with gradient elution of acetonitrile and 0 .01 M monobasic potassium phos-
phate (pH 2.0) . The mobile phase was delivered at 1 .0 ml/min. Fractions of the HPLC
eluate were collected and the radioactive peak were quantitated as percent of the total
radioactivity injected into the chromatographic system . A histogram of radioactivity
(dpm) versus fraction number was constructed . Identification of individual radio-
active peaks was conducted by comparing the retention time of the peaks in the
histogram with the retention time of the peaks of non-radiolabeled standards ob-
tained by ultraviolet detection at 230 nm .

This method was applied to determine the degradation products of [1QC]atra-
zinc in a soil metabolism study. Four degradation products in the soil metabolism
study were positively identified by co-chromatography technique . The limit of detec-
tion of the method for [ 14C]atrazine and its degradation products was 5 ng/ml for a
100-µ1 injection volume and when [ 14C]atrazine had a specific activity of 7 .62 10 5
Bq/ mg .

INTRODUCTION

Atrazine (2-chloro-4-ethylamino-6-isopropylamino-s-1,3,5-triazine) is a triazine
herbicide used worldwide for weed control in various agricultural crops . Multiple
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analytical problems are usually encountered when soil metabolism and other
environmental fate studies are conducted using a non-radiolabeled test compound .
Most of these analytical problems can be solved by using the test material labeled with
"C, 3 H or other appropriate radioactive isotopes .

Paper chromatography has been used to determine several triazine herbi-
cides' - Z . Gas chromatography (GC) has been used to determine the triazines in
different sample matrices' -' . Most of the GC methods in the literature to determine
the hydroxy-s-triazines use a pre-chromatography derivatization step .

Recently, high-performance liquid chromatography (HPLC) has been used
extensively to determine atrazine, its residues and its metabolites in soil and other
sample matrices' 16

Most of the reported procedures for the isolation of atrazine and its degradation
products from soil and other sample matrices use complex and multiple-step
extraction for sample preparation before HPLC analysis . These HPLC procedures use
ultraviolet (UV) detection (typically in the 230- to 220-nm range)to monitor atrazine
and its degradation products .

UV detection is usually a non-selective mode of detection . Interference from the
sample matrix peak(s) is often a common problem . Hence, long procedures for sample
cleanup are usually followed to eliminate the interference peak(s) of the sample
matrices .

The use of radioisotopes and liquid scintillation counting quantitation in HPLC
eliminates the interference problems involved in UV detection, is usually more
sensitive than UV detection, and is an absolute method of quantitation . By knowing
the specific activity of the test material, one can directly quantitate the analyte simply
by measuring the total disintegrations per minute (dpm) of the chromatographic peak .
Therefore, a calibration curve is not required for quantitation of the analyte in an
unknown sample . The linear dynamic range of the analytical signal for radioisotope
detection is typically six orders of magnitude .

In this report, a simple and sensitive HPLC method has been described to
quantitate atrazine and its radiolabeled degradation products in a soil matrix . The use
of radioisotopes detection made the method more sensitive than most of the methods
reported in the literature . The one-step extraction procedure resulted in a simpler,
reproducible, and more accurate method than those reported previously .

EXPERIMENTAL

The HPLC system consisted of a Perkin-Elmer (Norwalk, CT, U.S .A .) Series
410B solvent delivery unit, equipped with a Rheodyne (Cotati, CA, U.S.A .) 7275
sample injector with a 200-µl sample loop . An Applied Biosystem (Ramsey, NJ,
U.S .A.) UV-visible detector (Model No . Spectroflow 783) with a flow cell of 8-mm
path length was used. The chromatograms were recorded on a Houston Instrument
(Austin, TX, U.S.A .) D-5237-2 strip chart recorder . Deionized water was collected
from a Milli-Q System (Millipore, Bedford, MA, U.S.A .) . A Model 22400 Branson
sonicator was used to degas the mobile phase (Branson Cleaning Equipment, Shelton,
CT, U.S .A .) . The samples were centrifuged using an IEC centrifuge, Model-K
(Damon, IEC Division, Needham Heights, MA, U.S.A.) . A fraction collector (Model
203, Gilson . Middleton, WI, U.S.A .) was used to collect the fractions from the
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chromatographic system . A Model 3801 liquid scintillation system was used to
determine the radioactivity in the HPLC fraction (Beckman, Fullerton, CA, U .S.A .) .
A 25 cm x 4.6 mm C,s (ODS), 5-,um Econosphere column (Alltech, Deerfield, IL,
U.S .A .) was used to test the developed method .

Materials
Acetonitrile and methanol (HPLC grade) were purchased from EM Science

(Cherry Hill, NJ, U .S.A .) . Atrazine (radiolabeled and non-radiolabeled) and the
non-radiolabeled degradation products (GS-17792, GS-28273, GS-17794, G-28279,
G-30033 and G-34048) were obtained from Ciba-Geigy (Greensboro, NC, U.S .A .) .
All standards were used as received without further purification. The standards used in
this experiment were at least 98% pure . Potassium phosphate monobasic (KH 2P04)
and hydrochloric acid were purchased from Fisher Scientific (Fairlawn, NJ, U.S.A .) .
Liquid scintillation cocktail was purchased from Packard (Downers Grove, IL,
U.S .A .) .

Chromatographic conditions
The mobile phase consisted of a gradient elution of acetonitrile and 0 .01 M

KH 2PO4 (pH adjusted to approximately 2.0 with phosphoric acid) . The rate of the
mobile phase delivery through the analytical column was 1 .0 ml/min. The non-radio-
labeled standards of atrazine and its degradation products were monitored by
a UV visible absorbance detector at a wavelength of 230 nm and from 0 .20 to 0.01
absorbance units full scale (a.u .f.s .) . The mobile phase gradient is listed in Table I .

Prechromatography isolation of atrazine and its degradation products from soil
Isolation of atrazine and its degradation products from the soil samples was

performed as follows. Approximately 10 g of a soil sample (from a soil metabolism
study of atrazinc) containing soil-bound atrazine and its degradation products was
transferred into a container . This soil was heated at reflux with 1 M HCI in methanol
(solvent soil ratio approximately 10 :1) and stirred with a magnetic stir bar for 2 h . The
refluxed sample was allowed to equilibrate to ambient temperature, and was then
vacuum filtered through a 0 .45-µm nylon-66 membrane . The solids in the filter were
washed with an aliquot of the extraction solvent . The filtered extract was concentrated
to 1-2 ml by rotary evaporation at approximately 60°C in vacuum . The concentrated
extract was diluted with 0 .01 M KH 2P04 to a total volume of 10 .0 ml . A 100- to 200-µ1
aliquot of this solution was injected directly into the chromatographic system. A now
chart for the extraction of the soil sample for a metabolism study is in Fig, 1 .

TABLE I

MOBILE PHASE GRADIENT OF THE HPLC SYSTEM

Step lime
(nun)

Acetonitrile
(%)

0.01 M KH 2PO4
(pH ca.2.0) (%)

0 to 10 5 95
10 to 15 20 80
15 to 20 30 70
20 to 35 70 30
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Fig. I . Flow chart for extraction of [ 14 C]atrazine and its metabolites from soil samples of the soil

metabolism study . ACN = Acetonitrile ; TLC = thin-layer chromatography .

Fraction collection and histogram of the injected sample radioactivity
For samples containing radioactivity, the eluate from the column was collected

in 0.5-m1 fractions, which were then analyzed by liquid scintillation counting .
A histogram was generated from each HPLC assay by plotting fraction number versus

radioactivity (dpm) .

Preparation of the stock solution
Stock solutions of [ 14C]atrazine, non-radiolabeled atrazine, and non-radio-

labeled degradation products of atrazine were prepared in neat acetonitrile . The
chemical structures of the standards used in this experiment are shown in Fig . 2. The
retention times of the non-radiolabeled standards (by W detection) with those of the
[ 14C]atrazine and degradation products (as determined by HPLC -liquid scintillation
counting histograms) were compared .

Calculations
The percentage of [ 14C]atrazine, its individual degradation products in soil, and

radioactivity recovered from the HPLC system (after injection) was calculated with
respect to total radioactivity injected into the HPLC system .
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Fig . 2 . Structure of atrazine and its major degradation products .

Atrazine
(2-ctdoro-4et)ylamino-6-isopropylamino-ftrlazlne)
* Position of radidabel .

G-30033
(2-amino-4chloro-6-Isopropylamino-j-triazine)

G-28279
(2-amino-4chloro-6-ethylamino-j-triazine)

G-28273
(2,4dlaMno-6chloro-s-triazine)

G-34048 (Hyroxy Atrazine)
(2-ethyiamino-4-hydroxy-6-isopropylamino- -triazine)

GS-17794
(2-amino-4hydroxy-6-Isopropylamino---triazine)

GS-17792
(2-amino-4ethylamino-6-hydroxy- -triazine)
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of [ 14C]atrazine (or degradation product) =

Radioactivity (dpm) in the fractions of the atrazine peak
(or degradation products)

	

x 100
Total radioactivity (dpm) injected into the HPLC system

Radioactivity (dpm) recovered from the HPLC system =

mU
a
0
N

Ca

J' I
I

Sum of the radioactivity (dpm) in all the fractions of the histogram
Total radioactivity (dpm) injected into the HPLC system

The total radioactivity (dpm) injected into the HPLC system was determined
directly by liquid scintillation counting using duplicate aliquots of an aliquot (same
volume as injected into the HPLC system) of the extract .

Counts per minute (cpm) were converted to disintegrations per minute (dpm)
using the external standard method- The background radioactivity of the HPLC
fractions was determined by collecting the HPLC eluate (in duplicate) before the
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Fig- 3 . Representative chromatogram of non-radiolabeled atrazine and its major degradation products .
Peaks: A = GS-17792 ; B = G-28273; C= GS-17794; D = G-28279; E= G-34048 ; F = G-30033; G=
atrazine . The detector was at 230 nm and 0 .200 a .u .f.s .
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radioactive sample extract was injected . The mean radioactivity of the two blanks was
then subtracted from each of the HPLC fractions . Similarly, the background
radioactivity for the extract of the soil samples was subtracted to eliminate the matrix
effect on chemiluminescence and quenching .

RESULTS AND DISCUSSION

The HPLC method described in this report is capable of separating (baseline)
atrazine and its six degradation products in less than 30 min . Fig. 3 shows
a chromatogram of the nonradiolabeled standards of the degradation products and
atrazine (at 230 nm) . The chromatographic conditions used in this experiment were
optimum in terms of resolution and sensitivity. The pH of the mobile phase is very
critical for the separation of the first three peaks in Fig . 3 . When the pH of the mobile
phase was greater than 3 .0, peaks 2 and 3 coeluted with identical retention times .

Fig. 4 is a representative histogram of a soil reflux extract from a soil metabolism
study of atrazine . The atrazine was incubated for 181 days under aerobic conditions .
Four degradation products of atrazinc were identified in the histogram of the day-181
soil metabolism sample . One unknown degradation product (trace) was also observed
in this sample which is not shown in Fig . 4 . The peaks in the histogram were identified
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Fig . 4 . Representative HPLC histogram of 1 M HCI in methanol reflux extract of day-t81 sample of soil
metabolism of atrazine . Fractions : 12-14 = GS-17792 ; 20 and 21 = GS-17794; 40-42 = G-28279 ;
44-47 = G-34048; 55-58 = atrazine .
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TABLE 11

REPRESENTATIVE HPLC RETENTION TIMES OF NON-RADIOLABELED STANDARDS OF
ATRAZINE AND ITS DEGRADATION PRODUCTS

Retention times are representative values . Actual retention times varied slightly in day-to-day analyses with
new batches of mobile phase .

by comparing the retention times of the non-radiolabeled standards (Fig . 3). The
retention times of atrazine and its degradation products are listed in Table Ii .

The extract of a control soil sample was also injected into the HPLC system to
determine the retention behavior of the UV-absorbing components extracted from the
soil background . It was found that most of these components (at 230 nm) eluted at the
void volume of the chromatographic system . Therefore, most of the degradation
products of non-radiolabeled atrazine may be quantitated by UV detection in a soil
metabolism study .

Recovery of [14C]atrazine from soil by extraction was approximately 93% at day

TABLE III
DISTRIBUTION OF ATRAZINE AND METABOLITES IN BIOLOGICALLY ACTIVE AEROBIC
SAMPLES

ND- Not detected .

a The data am mean values (n = 4) based on the percentage of the radioactivity applied to the test
system . The R .S.D. for one-step extraction was 10% or less for atrazine and its metabolites .

Standard
identification

Retention time
(min )

Atrazine 27 .0
G-30033 22 .0
G-28279 18 .5
G-28273 6 .5
G-34048 20 .5
GS-17792 5 .0
GS-17794 8 .0

Incubation
time (days)

Distribution (%) 4

Alrazine G-30033 G-28279 G-28273

90 .7 0 .8 1 .3 0.1
85.6 2 .1 0 .6 0.7
80 .8 2.2 0 .6 0.4

14 77 .8 2 .6 0 .8 0.2
32 67 .0 2 .1 0 .7 0.3
62 59 .1 2 .7 0 .9 ND
94 56 .5 3 .0 L7 ND
181 33 .1 3 .5 L6 ND
244 26 .5 4 .3 2 .0 0 .2
300 21 .2 4.6 1 .2 0 .1

G-34048 GS-17794 GS-17792

ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND ND ND
0.7 ND ND
0.7 ND ND
0.5 ND ND
0.6 ND ND
0.2 ND ND
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Atrazine
® Flydroxy atrazine

G-28279

Fig . 5 . Recovery of [ 14 C]atrazine and its degradation products under aerobic and anaerobic incubation
conditions for days 94 and 1S1 .

0. The total 4C recovery from the soil decreases with time due to binding with soil and
soil materials . Approximately 78% of the total 14C material extracted by organic
solvent after the [ 14C]atrazine in soil was incubated for 300 days under aerobic
conditions .

The distribution of atrazine and its degradation products during 300 days of
incubation is shown in Table I11 . The relative standard deviation (R.S.D.) for atrazine
and its metabolites was 10% or less for four extractions . This indicates that the
reproducibility of the single-step extraction procedure used in this experiment is good .
No systematic study was conducted to determine the recovery of the hydroxylated
atrazine products by the single-step extraction procedure. However, the recovery of
the more polar hydroxylated products decreased with the increase of incubation
period . The recovery of the parent also decreased with time, but to a lesser extent than
the degradation products . The total radioactivity recovered during the study was also
calculated . The total radioactivity recovered from day 0 to day 300 was approximately
98.6% ± 5% . The recovery of atrazine and its metabolites incubated under aerobic
and anaerobic conditions for different days is in Fig . 5 .

Radiolabeled materials are frequently used in soil metabolism and animal
metabolism studies . Most of the reported methods for conducting soil and animal
metabolism studies use TLC . TLC methods" usually provide poor resolution and are
very time consuming compared with HPLC methods. The sample extract for
radiolabeled compounds can be injected into a reversed-phase chromatography

® GS 17794
C GS 17792

Sample 16 Sample 18 Sample 2 Sample 13 Sample 6 Sample 9
Aerobic Aerobic Aerobic/Anaerobic Aerobic/Anaerobic Aerobic Aerobic

Incubation for Incubation for Incubation for Incubation for incubation for Incubation for
94 Days 91 Days 94 Days 94 Days 181 Days 181 Days
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system without any preconcentration because large volumes of the extract (up to 500
µl) can he injected into an HPLC system . Therefore, for metabolism studies, an HPLC
method is usually more simple, reproducible, and accurate than a TLC method . This
method may also be used in animal metabolism studies of [14C]atrazine . The lower
limit of quantitation for [14C]atrazine and its metabolites was 20 ng/ml for a 100-µ1
injection volume and a R .S.D. of less than 10% . Instead of fraction collection and
quantitation by liquid scintillation counting, a radioactivity detector for HPLC can be
used to conduct on-line quantitation of the analytes .

CONCLUSION

This HPLC method for determining atrazine and its degradation products is
rapid, sensitive and more accurate than most of the methods reported in the literature .
This method was used to determine atrazine and its metabolites from a soil metabolism
study. All of the metabolites of atrazine that were formed in a 300-day soil metabolism
study were separated and quantitated by the described HPLC method . No interference
peak was observed in any of the sample extracts, obtained at different time points .
Because of good selectivity, this method may also be used in animal metabolism studies
of atrazine .
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