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ABSTRACT 

A reversed-phase high-performance liquid chromatographic (HPLC) assay of atraxine, deisopropy- 
latraxine and deethylatraxine in soil samples from corn fields (treated with atraxine) is described. Soil (50 g) 
was homogenixed, treated in an ultrasonic bath and extracted with methanol. The extract was purified on 
an aluminium oxide column, Se.p-Pack C,, cartridges (atrazine only) and acrodisc filters. HPLC was 
performed on a LiChrosorb RP-18 5 pm column using a mobile phase of acetonitrile-water (35:65, v/v for 
atraxine and 20:80, v/v for the metabolites). The method was validated by ultraviolet diode-array spectros- 
copy and verified by capillary gas-liquid chromatography-mass spectrometry. The method is suitable for 
monitoring atraxine concentrations in soil from corn fields; it may also be used for routine measurements 
and for controlling correct atraxine dosing to avoid the misuse of the pesticide. 

INTRODUCTION 

The intense use of pesticides in agriculture and along roads, railway tracks and 
in public areas has led to an increasing awareness of the risks of contamination of the 
environment by xenobiotics. Monitoring programmes in Switzerland indicate that 
several groundwater and drinking water sources contain pesticide residues [ 1,2]. Atra- 
zine is among the most commonly found substances. An assessment of the origin of 
this compound is rather difficult, as the fate of atrazine in soil depends on complex 
interactions between mass flow, diffusion, hydrodynamic dispersion, routes of water 
and solutes in the soil, pesticide stability and sorption on soil particles and pesticide 
stability and sorption on to soil organic matter. Hence measurements of atrazine 
residues in soils will help to achieve a better understanding of the fate of this com- 
pound and to detect possible sources of groundwater contamination. Until now mon- 

0021-9673/91/$03.50 0 1991 Elsevier Science Publishers B.V. 



230 G. KARLAGANIS et al. 

itoring progammes have only been based on measurements of residues in ground- 
water. 

Numerous analytical procedures for determining herbicide residues have been 
described. For the analysis of triazine herbicides the conventional method by gas 
chromatography (GC) with nitrogen-phosphorus detection [3-61, liquid chromato- 
graphy [3,7-91 and GC-mass spectrometry (MS) [lO-151 have been applied success- 
fully. Recently enzyme-linked immunosorbent assay has also been shown to be a 
useful method for the determination of triazine herbicide residues [16]. Residues of 
herbicides in soil samples have been measured [17-191. The persistence of these sub- 
stances in soil with respect to possible crop rotation problems [20-231 has been in- 
vestigated. 

This paper describes a high-performance liquid chromatography (HPLC) 
method for the determination of atrazine residues and metabolites in soil, which may 
be used for routine monitoring programmes. The sampling and analytical reproduc- 
ibilities for atrazine have been determined. 

MATERIALS AND METHODS 

Collection of soil samples 
Soil samples were collected at two different sites, Wasterkingen and Recken- 

holz, from plots treated with five different doses of atrazine (Table I). Each treatment 
included four plots (repetitions) of either 80 or 10 m2. The time between the last 
atrazine application and the sampling data ranged from 109 days to over 3 years, and 
the doses were between 0 and 1.50 kg of atrazine per ha per year (Table I). From each 
plot (repetition) 20 subsamples were collected from a depth of 20 cm with a soil 
sampler (diameter 5 cm) and these were subsequently mixed by hand. The soil sam- 
ples were stored immediately in a cold room at 24C and then frozen at - 20°C until 
analysis. 

Reagents 
All solvents were of analytical-reagent grade, with the exception of solvents for 

TABLE I 

ATRAZINE RESIDUES IN SOIL SAMPLES FROM A CORN FIELD EXPOSED TO DIFFERENT 
ATRAZINE APPLICATIONS AS DETERMINED BY HPLC 

Sampling reproducibility based on four samples per treatment. 

Treatment Location Atrazine application rates 
(kg active ingredient/ha/year) 

1984-1986 1987 

Last atrazine Mean 
application atrazine 
(days before residue 
sampling) @pb) 

Standard 
deviation 

(Ppb) 

A Wasterkingen 0.625 1.25 161 20.5 5.8 

B Waaterkingen 0.625 0 >360 8.0 5.9 

C Reckenholz 0 1.00 109 21.5 9.5 

D Reckenholz 0 1.50 136 10.4 4.1 

E Reckenholz 0 0 >1140 >2.0 __a 

’ Below limit of determination of 2 ppb. 
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HPLC (HPLC grade). Aluminium oxide (basic, W200, Woelm No. 04571) was dried 
for 5 h at 650°C. Water (19 ml per 100 g) was added, mixed and equilibrated at room 
temperature overnight. Sep-Pack C 18 cartridges (Water Assoc., Milford, MA, USA) 
were washed with 10 ml of methanol and 10 ml of water before use. No plastic 
containers were used to avoid contamination of the samples with phthalates. 

Isolation of atrazine from soil 
The frozen soil samples (about 500 g each) were stored overnight at room 

temperature on aluminium foil washed with acetone and hexane. Large pieces were 
disintegrated mechanically with a shovel. The soil sample was pulverized by repeated 
division and recombination. From each sample 100 g were dried at 105°C overnight 
for the determination of dry matter. Another 50-g aliquot of the homegenized soil 
was suspended in 100 ml of methanol and treated for 10 min in an ultrasonic bath. 
This procedure was repeated once more, and the combined methanol extract was 
diluted with 250 ml of water and 50 ml of saturated sodium chloride solution and then 
extracted three times with 50 ml of methylene chloride. The lower phase was separat- 
ed, dried with sodium sulphate and filtered. The combined methylene chloride ex- 
tracts were evaporated at 40°C and the residue immediately redissolved with 5 ml of 
toluene. 

The solution was applied to a chromatography column (22 x 1.8 cm) contain- 
ing 20 g of aluminium oxide and 2 g of a top layer of anhydrous sodium sulphate. 
This purification step was necessary for the removal of interfering soil components, 
especially in the case of soil samples with high humus contents. The column was 
rinsed with 100 ml of hexane, which was then discarded. The atrazine was eluted with 
100 ml of a mixture of hexanediethyl ether (2:1, v/v), the eluate was evaporated to 
dryness at 35°C and the residue was immediately redissolved in 5 ml of distilled water 
and treated in an ultrasonic bath. The aqueous solution was passed through an 
acrodisc filter and a Sep-Pak C18 cartridge, both attached to a glass syringe. Atrazine 
was eluted with 0.5 ml of methanol and 2 ml of methanol-methylene chloride (3:7, 
v/v). The combined eluates were evaporated to dryness at 45°C redissolved in 5 ml of 
acetonitrile-water (35:65, v/v), treated in an ultrasonic bath and filtered through an 
acrodisc filter (1.2 pm) into a vial of the HPLC autosampler. This extract was stored 
at 4°C until determination by HPLC. 

Isolation of deethylatrazine and deisopropylatrazine 
Another 50 g of the homogenized soil sample was suspended in 100 ml of 

methanol and treated for 10 min in an ultrasonic bath. The suspension was filtered 
through a paper filter containing a spoonful1 of anhydrous sodium sulphate. The 
sample was extracted a second time with 100 ml of fresh methanol, as described in the 
preceding section. The filter was then rinsed with 20 ml of methanol. The combined 
methanol extracts were evaporated to dryness at a temperature not exceeding 45°C. 
The residue was immediately dissolved in 5 ml of toluene using an ultrasonic bath for 
a few seconds, The solution was applied to a chromatography column (22 x 1.8 cm) 
containing 20 g of aluminium oxide. The column was rinsed in portions with a total of 
100 ml of hexane, which was then discarded. The two metabolites were eluted with 
100 ml of a mixture of diethyl ether-methanol (2: 1, v/v). The eluate was evaporated to 
dryness at 45°C; it was then immediately redissolved in 5 ml of acetonitrile-water 
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Fig. 1. High-performance liquid chromatogram of atrazine in soil from a corn field. Samples A, B and C 
correspond to different atrazine concentrations (146, 80 and 5 ppb, respectively). The atrazine peak elutes 
after 12 min, as indicated by the arrows. 

(20:80, v/v) and filtered through an acrodisc filter [chemical resistance (CR), 1.45 pm] 
into a vial of the HPLC autosampler. 

High-performance liquid chromatography 
A LiChrosorb RP-18 column (250 x 4 mm, particle size 5 pm; E. Merck, 

Darmstadt, Germany) was used together with a LiChrosorb RP-18 pre-column (5 pm 
particle size). The mobile phases were acetonitrile-water (35:65, v/v) for atrazine and 
acetonitrile-water (2080, v/v) for the metabolites at a flow-rate of 1.2 ml/min and a 
pressure of approximately 13 MPa. The injection volume was 20 ~1 and the solution 
was pumped with a Waters Model 510 pump. Detection was achieved with a Spar- 
Holland SPH 125 autosampler (Emmen, Netherlands) and LDC-Milton Roy UV 
detector (Riviera Beach, FL, USA) at 222 nm, with integration by a Waters 740 delta 
module integrator. Residues were calculated as ppb” wet soil. 

RESULTS AND DISCUSSION 

Fig. 1 shows three HPLC chromatograms of soil samples from corn fields 

’ Throughout this article, the American billion (log) is meant. 
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Fig. 2. UV spectra (HPLC-diode array) of atrazine from a standard solution (left) and from an extract of a 
soil sample (right). Both spectra show the same absorption maxima (222 nm) and shoulders (265 mn). 

TABLE II 

ANALYTICAL REPRODUCIBILITY (INTRA-DAY) OF ATRAZINE, DEETHYLATRAZINE 
AND DEISOPROPYLATRAZINE DETERMINATION BY HPLC 

Compound Sample 
number 

Number of Mean 
determinations (ppb) 
(n) 

Standard 
deviation 
(ppb) 

Coefficient of 
variation 
W) 

Atrazine 1 6 18.12 1.21 6.66 
2 6 9.48 1.18 12.45 
3 6 5.31 0.55 10.18 

Deethylatrazine 4 6 7.37 0.72 9.77 

Dcisopropylatrazine 5 6 6.75 0.31 4.59 

TABLE III 

MEAN RECOVERY (STANDARD DEVIATION) OF ATRAZINE DEETHYLATRAZINE AND 
DEISOPROPYLATRAZINE FROM SPIKED SOIL SAMPLES AS DETERMINED BY HPLC (n = 
6) 

Compound Amount added 
(ppb) 

Atrazine 10 
100 

Deethylatrazine 10 
40 

Deisopropylatrazine 10 
40 

Amount recovered 
(ppb) 

Percentage 
recovered 

6.53 f 0.12 65.3 
61.00 f 3.06 61.0 

7.37 f 0.72 13.7 
33.17 f 5.23 82.9 

6.75 f 0.31 67.5 
33.33 f 5.13 83.3 
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Fig. 3. Mass spectra of atrazine (capillary GC-EI-MS) from a standard solution (top) and from an extract 
of a soil sample (bottom). A Hewlett-Packard GC-MS system HP-5790A/HP-5970A was used equipped 
with a 30 m x 0.25 mm I.D. fused-silica capillary column DB-1 (methyl silicone) at 6o”C, programmed at 
ZO”C/min to 260°C column temperature. 

containing atrazine. Baseline separation was achieved within 15 min. Phthalates may 
appear as additional peaks, therefore plastic containers should not be used during the 
extraction procedures. The identity of the peak with a 12 min retention time was 
confirmed by diode-array UV spectroscopy (Fig. 2). 

The variability of atrazine determination in soil is dependent on the analytical 
method and the heterogeneity of atrazine distribution within the corn field. The intra- 
day reproducibility of the assay in soil samples with low atrazine concentrations 
ranged from 6.7 to 12.5% (Table II). The recoveries were 6145% for atrazine, 74- 

Fig. 4. High-performance liquid chromatogram of atrazine metabolites in soil from a corn field. Deisopro- 
pylatrazine (DEISO) elutes after 4.9 min (soil concentration 3 ppb); deethylatrazine (DEET) elutes after 
8.5 min (12 ppb). 
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83% for deethylatrazine and 68-83% for deisopropylatrazine (Table III). Every fifth 
sample of the assays was a spiked soil sample to check the recovery. The limits of 
detection were 0.5 ppb for atrazine, 0.5 ppb for deethylatrazine and 0.5 ppb for 
deisopropylatrazine (signal-to-noise ratio 4: 1). 

The drying of soil samples before extraction in a heated place should be avoid- 
ed. Drying of a soil sample for 15 h at 60°C reduces the atrazine content by 24% (n = 
6). The HPLC method was validated by capillary GC-electron impact (EI)-MS. The 
mass spectra from a standard solution and from an extract of a soil sample were 
comparable (Fig. 3), yielding a molecular ion of m/z 215 and a base peak of m/z 200 
(M - 15). 
Atrazine metabolites are biologically active and it is therefore important to be able to 
monitor their concentrations in soil. Fig. 4 shows a chromatogram of the two primary 
metabolites of atrazine in a soil from a corn field. 

Table I gives the sum of sampling and analytical reproducibility for atrazine 
and shows the atrazine content after different treatments. Four samples per treatment 
were taken. It is clear that the coefficient of variation is higher (compared to Table II) 
as a result of the variation of atrazine concentrations in the four soil samples taken 
within the corn field. However, the soil samples in Table I were taken in November 
and have low atrazine concentrations of up to 100 ppb (normal dose), or up to 500 
ppb (overdose). 

This method was developed for controlling atrazine dosing to avoid the misuse 
of the pesticide. It can be adapted for other similar compounds. 
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