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Abstract

Coupled with off-line extraction, a pre-column derivatization liquid chromatographic fluorescence detection (LC-FL)
procedure was developed for the determination of atrazine and simazine in soil, crop and water samples. Concentrations in
real samples were expected to be at or below the low ng/g level, which requires pre-concentration of analytes and improved
detection. 4-(2-Phthalimidyl) benzoyl chloride (PIB-Cl) was used as a pre-column derivatization reagent for high-
performance liquid chromatography. The clean-up and second-time concentration procedures, which were indispensable in
the conventional analytical methods for soil and crop analysis because of the complexity of the samples, were replaced by a
derivatization reaction between PIB-Cl and the analytes. The fluorescent and ultraviolet characteristics of the derivatives
were investigated. The derivatization reaction and chromatographic separation conditions were optimized systematically.
Detection limits of 1.2 ng/g for atrazine and 1.1 ng/g for simazine were obtained with recoveries of 84—95% for
environmental samples. On the basis of practical application to five soil and five crop samples, the LC—FL method was
compared with the conventional GC—MS method. [ 1998 Elsevier Science BV. All rights reserved.
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1. Introduction

Atrazine and simazine are mainly released into the
environment by agricultural and industrial processes.
As a result, these contaminants end up in soil, crop
and water. In order to detect them at the very low
levels encountered in real samples, many analytical
methods were developed [1-4]. In recent years,
several procedures, including the on-line combina-
tion of solid-phase extraction (SPE)—liquid chroma-
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tography (LC)—mass spectrometry (MS) [5,6], SPE—
LC—diode array detection (DAD) [7] and SPE—gas
chromatography (GC)-MS [8], the use of large-
volume injection in GC—cryotrapping-Fourier trans-
form infrared spectrometry (FT-IR) [9] or GC-MS—
MS [10] and the application of new lamina ex-
traction disks [11], have successfully been applied
for the identification and quantitation of atrazine and
simazine in surface, ground and drinking water.
Detection limits at the wg/l, even ng/l levels, could
be obtained. Less often, works however, have been
found to improve the analytical methods of atrazine
and simazine in soil and crop samples because of the

0021-9673/98/$ — see front matter [ 1998 Elsevier Science BV. All rights reserved.

PIl: S0021-9673(98)00742-0



58 A. Gong, C. Ye / J. Chromatogr. A 827 (1998) 57-63

complexity of these samples. The enzyme-immuno-
assay of atrazine and simazine was also mainly
developed for water samples [12—14]. Difficulty in
optimizing the extraction conditions when strong
interactions occur between the analytes and the
matrix was found for the supercritical fluid extraction
(SFE) technique used for real soil samples analysis
[15].

The pre-column derivatization LC—fluorescence
detection (FL) technique, from another point of view,
was developed to improve the analytical method. In
this paper a derivatization reagent, 4-(2-
phthalimidyl)benzoyl chloride (PIB-Cl), was applied
to react with atrazine and simazine for their de-
termination. There were four characteristics for the
off-line pre-column derivatization LC—FL method.
The first aspect was fluorescence detection, i.e., to
increase the sensitivity of the analytes. The fluores-
cent investigation indicated that atrazine and
simazine have no fluorescent properties but their
PIB-Cl derivatives have strong fluorescent charac-
teristics. Detection limits at the wg/g level can be
obtained not only for water samples but also for soil
and crop samples. The second aspect is to omit the
clean-up and second-time concentration processes. A
lot of co-extracts from soil and crop samples are no
longer identified by fluorescent detection. Therefore,
the time-consuming clean-up and second-time con-
centration procedures could be omitted. The third
aspect is that by using off-line extraction, larger
amounts of soil and crop samples can be extracted if
necessary in order to acquire the low detection
limits. Finaly, under the derivatization and detection
conditions mentioned in this paper, only atrazine and
simazine can be determined. The other triazine
which contains —NH group(s) can be detected if the
excitation and emission wavelength are adjusted for
them. In brief, the complicated soil and crop samples
can be analyzed and the low detection limits at ng/g
levels can be obtained by taking advantage of the
high sensitivity and selectivity that can be achieved
by fluorescence detection.

In our laboratory, the derivative reaction and
chromatographic separation conditions for atrazine
and simazine were investigated and optimized. The
repeatability, precision and recovery of this method
were examined. The analytical data of five agricul-
tural soil and five crop samples, analyzed by this

method, were compared with the conventional GC—
MS method.

The study demonstrated that the off-line pre-col-
umn derivatization LC-FL method was an alter-
native to the conventional GC-MS or GC—nitrogen—
phosphorous detection (NPD) methods for the de-
termination of atrazine and simazine in the real
samples, especialy in soil and crop samples.

2. Experimental
2.1. Apparatus and materials

The high-performance liquid chromatography
(HPLC) measurements were carried out on a
Shimadzu LC-6A instrument equipped with
Shimadzu fluorescence spectromonitor RF-510LC
detector. The stainless steel column used (25 cmX
4.6 mm |.D.) was packed with DuPont ODS chemi-
cally bonded phase, particle size 10 pm, and was
pre-tested by the manufacturer. The excitation wave-
length of 312 nm and emission wavelength of 420
nm were selected for al measurements. The deriva
tives were eluted with methanol— water (73:27, v/v,
pH 6) at a flow-rate of 0.8 ml/min.

Atrazine and simazine were purchased from Ciba-
Geigy (Basel, Switzerland). PIB-Cl was synthesized
using a literature method [16]. A Milli-Q pure water
device was used. All organic solvents were of
analytical-reagent grade and purified by redistilla-
tion.

Soil samples from an agricultural area (Hebel
Province, China) were collected from the surface
(top 10 cm), freeze—dried and sieved through a
120-pm mesh. The composition of the soil is shown
in Table 1. For crop analysis the died whole rice
plants were collected from a atrazine-accident field
(Hebel Province, China), freeze—dried and sieved

Table 1
The composition of the soil samples

Clay (%) Silt (%) Sand (%) Organic carbon (%) pH
1 7 30 63 18 7.8
2 12 35 53 14 8.1
3 5 22 73 0.8 7.7
4 10 40 50 2.3 75
5 8 25 67 20 7.3
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through a 120-pm mesh. Water samples from in-
dustrial waste water were collected in a clear glass
bottle and adjusted to pH 6, then filtered with a
microporous funnel (4G).

2.2. Yynthesis of PIB-Cl

PIB-CI was synthesized with o-phthalaldehyde
and 4-aminobenzoic acid using a literature method
[16] and examined by MS [PIB-ClI, fine colourless
needles, m.p.>230°C. Cac. for C,.H,,NO,CI:
66.4% C, 3.7% H, 5.2% N; found: 66.6% C, 3.8% H,
5.2% N. MS m/z, 271(M+)] and by IR [740 cm™*
C—Cl, 1300 cm™* 1370 cm ' C-N, 1600 cm *
CgH,, 1690 cm™* C=0].

The examination showed that the synthesized
product PIB-Cl was in good agreement with its
molecular formula and structure.

2.3 Method

One hundred grams of soil sample and 100.0 ml of
methanol were added to a 300.0-ml plug-Erlenmeyer
flask. The mixture was shaken for 1.5 h at 270 rpm
on an oscillating machine. The soil extract was
prepared for further treatment.

One hundred grams of crop sample and 100.0 ml
of methanol were added to a 300-ml plug-Erlen-
meyer flask. The mixture was immersed for 12 h at
room temperature and shaken for 2.0 h at 270 rpm
on an oscillating machine. The crop extract was
prepared for further treatment.

Two hundred millilitres of water sample, 20 ml of
acetone, 5 g of sodium chloride, and 50 ml of
methylene chloride were added to a 500-ml bottle.
The mixture was stirred for 30 min using a PTFE-
coated stirring bar. The content was transferred to a
1-| separatory funnel. The organic layer was drained
into a 500-ml roundbottom flask and the agueous
layer was returned back to the original sample bottle.
Extraction was repeated twice. The water extract was
prepared for further treatment.

Under reduced pressure, water, soil and crop
extracts were filtered with a microporous funnel
(4G) and through 5 cm of anhydrous Na,SO, in a
sintered glass filter column. A 50-ml volume of fresh
methylene chloride was used for washing the col-
umn. The extracts were evaporated to about 3 ml on

a rotary evaporator at 35°C in a water bath with
vacuum. The concentrated extracts were dried under
a gentle stream of nitrogen. They were transferred to
a flask and diluted to 5.0 ml with benzene quantita-
tively.

A 4.0-ml sample extract was collected in a 25-ml
plug-Erlenmeyer flask. Six milligrams of PIB-Cl and
1.0 g of catalyst were added to the flask. The mixture
was shaken gently for 25 min at 20°C in awater bath
and centrifuged at 4000 rpm. Then, 5 wl of clear
liquid was injected onto the column.

3. Results and discussion
3.1. Optimization of derivatization conditions

A systematic study of the conditions for deri-
vatization was performed with temperature being
varied between 0 and 40°C and the reaction time
between 20 min and 60 h. The optimum conditions
were a reaction time of 25 min at 20°C.

A mixture of the solid NaOH—Na,CO, (1:1, w/w,
80 mesh) was prepared as the catayst for the
derivatization reaction. The maximum yield was
achieved when the mole ratios of PIB-CI to atrazine
and simazine were >3 and the catalyst to atrazine
and simazine ratio was >3800. In order to ensure the
maximum vyield, 6.0 mg PIB-Cl (PIB-Cl/analytes
more than 10) was applied to the analytes at the
g/ g level for every derivatization procedure.

For the derivatization reaction, acetone, acetoni-
trile, methylene chloride, tretramethylene oxide and
benzene were tested. Benzene, treated with sodium
metal to remove the trace water, was the best solvent
because of the high solubility of reactants and
derivatives. Benzene was adso a safe solvent for the
chromatographic column because of the very low
solubility of the catalyst in it. Moreover, the deriva-
tives were stable for more than 10 days if kept in
benzene at room temperature.

3.2, Chromatographic conditions

The derivatives were scanned using a Shimadzu
DU-650 spectrophotometer and RF-520 spectro-
fluorophotometer. The ultraviolet absorption wave-
length of 345 nm and strong blue fluorescent charac-
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teristics for the derivatives were found. The optimum
excitation and emission wavelengths were 312 nm
and 420 nm, respectively.

Aqueous acetonitrile, methanol and tretra
methylene oxide were tested for the chromatographic
separation. Aqueous methanol was found to be the
optimum mobile phase for the separation and de-
termination of the derivatives.

The separation of derivatives was carried out on a
ODS chemically bonded phase column with water—
methanol. For standard samples, PIB-Cl and their
derivatives were easy to separate from each other
with methanol—-water (60:40, 70:30, 80:20, v/v) in
30 min because of few interference peaks. However,
for real samples analysis the target peaks were partly
overlapped with some unknown peaks when metha-
nol—water (60:40, 80:20, v/v) was used as the
mobile phase. Methanol-water (73:27, v/v) was
found to be the optimum composition for the chro-
matographic separation with no overlapping peaks.
Therefore, this composition was selected as the
mobile phase for the determination of real samples.
The typical chromatograms of fluorescent detection
for standard, soil, crop and water samples are shown
in Fig. 1.

3.3. Performance of fluorescent detection

Soil, crop and water samples were spiked with
atrazine and simazine in order to determine the
repeatability, precision and recovery. Severa charac-
teristics of the fluorescent method are given in Table
2.

The relative standard deviations (R.S.D.s) were
1.0~2.8%. Recoveries of 84-95% were obtained for
real samples. The R.S.D.s for water samples were
smaller than in soil and crop samples. The recoveries
in water samples were higher than in soil and crop
samples probably because crop texture and soil
granular had strong absorption sites. The regression
equations of peak height (cm) and injection con-
centration (wg/g) were determined with correlation
coefficients of 0.999. According to the extraction
ratio in pre-treatment, when the signal-to-noise ratio
(S/N) was 2, detection limits of 1.2 ng/g for atrazine
and 1.1 ng/g for simazine could be obtained.

On the basis of the good repeatability, low de-
tection limits and high recoveries, the residues of

atrazine and simazine in environmental samples can
be analyzed in this method quantitatively.

3.4. Comparison of LC—FL and GC-MS data

In order to examine the reliability of the off-line
pre-column derivatization LC—FL procedure, five
soil and five crop samples from an agricultural area
(their composition are shown in Table 1) were
analyzed by this procedure in our laboratory and
simultaneously, by the conventional off-line extrac-
tion GC-MS procedure in another laboratory. The
analytical data are shown in Table 3.

The analytical results achieved by LC—FL were in
good agreement with the results by GC-MS with a
relative difference of 5-11%. For soil and crop
analysis the LC—FL procedure, i.e., extraction, con-
centration, derivatization and LC—FL, was less time-
consuming than the conventional GC—MS procedure,
i.e., extraction, concentration, clean-up, second-time
concentration and GC-MS, because the clean-up and
second-time concentration process (about 100 min)
were replaced by a derivatization process (about 20
min).

Therefore, the off-line extraction derivatization
LC—FL procedure was an alternative to the conven-
tional off-line extraction GC-MS procedure.

4. Conclusions

The potential of the off-line extraction pre-column
derivatization LC—FL procedure was demonstrated
by the successful analysis of soil, crop and water
samples. Atrazine and simazine were used as model
compounds for pesticides which contain —NH
group(s) and do not possess fluorescence characteris-
tic without derivatization. On the basis of the con-
ventional sample pretreatment procedure, the clean-
up and second-time concentration process were
replaced by a derivatization process. The derivatives
with strong fluorescence properties could be detected
by the LC—FL system. Detection limits at the ng/g
level and recoveries in the range 84-95% for real
samples can be obtained. The relativity of the
derivatization LC—FL and conventional GC-MS
procedures was indicated by the practical application
to five soil and five crop samples.
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Fig. 1. The typical chromatograms of standard, soil, crop and water samples by the pre-column derivatization LC—FL procedure. | =Atrazine
(67 ng/g) and simazine (33 ng/g) standard samples; |I=soil sample (2); Ill=crop sample (3); IV=water sample. Mobile phase,
methanol-water (73:27, v/v); flow-rate, 0.8 ml/min; FL detection at 312 nm excitation and 420 nm emission; Peaks: 1=PIB-Cl;
2=simazine derivative; 3=atrazine derivative.
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Table 2
Data for the atrazine and simazine in fluorescence detection

Sail Water Crop

Atrazine Simazine Atrazine Simazine Atrazine Simazine
Spike (ng/g) 100 100 60 60 30 30
Average peak height (n=3) (cm) 6.4 9.6 7.6 11.3 4.0 6.0
R.S.D. (%) 2.7 19 13 1.0 2.8 2.8
Recovery (%) 86 87 92 95 84 88
Detection limit (S/N=2) Atrazine 1.2 ng/g

Simazine 1.1 ng/g
Linear range Atrazine 0.12-100 ng

Simazine 0.11-100 ng
Regression equation Atrazine y=3.0261x+0.36, R=0.999

Simazine y=4.4865x+0.58, R=0.999
Table 3
Comparison between LC—FL and GC-MS procedures

Sail (ng/g) Crop (ng/g)
1 2 3 4 5 1 2 3 4 5

LC-FL 21.9 61.8 31.2 51.0 40.8 95.2 125.1 116.3 834 94.5
GC-MS 204 58.8 28.7 56.5 455 90.5 118.6 123.8 89.2 90.3

However, there were two disadvantages for the
LC—FL procedure. First, compared with the on-line
SPE-GC-MS or NPD procedure, the off-line ex-
traction LC—FL procedure was a relatively time-
consuming procedure for water sample analysis.
Secondly, PIB-Cl was not commercialy available.

In spite of some disadvantages, the off-line ex-
traction LC—FL procedure, with its high sensitivity
and selectivity, is the first-step in the search for
automated on-line analysis for soil and crop samples.
If fluorescence derivatization detection is connected
with SPE, the detection limit can be decreased for
water analysis. If fluorescence derivatization detec-
tion is combined with SFE, it may be possible to
achieve a fast and sensitive technique for soil and
crop analysis. If a new derivatization reagent which
reacts with analytes rapidly is found, it is likely to
accomplish an automated on-line analysis for soil
and crop samples when connected with SFE or
ultrasonic wave extraction.
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