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Determination of Amitrole in Environmental Water Samples
with Precolumn Derivatization by High-Performance Liquid
Chromatography
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Amitrole is a nonselective polar herbicide that can easily pollute ground and surface waters because
of its high solubility in water. A precolumn derivatization high-performance liquid chromatographic
method for amitrole analysis has been developed. Derivatization of amitrole was performed with
4-chloro-3,5-dinitrobenzotrifluoride (CNBF). The derivatization conditions and the influence of elution
composition on the separation were investigated. In pH 9.5 H;BO3—Na,B,0; media, the reaction of
amitrole with CNBF was complete at 60 °C after 30 min. The stability of the derivative under light
irradiation and room temperature in methanol—water samples was demonstrated. The derivatized
amitrole was separated on a K C4g column (250 mm x 4.6 mm, 5 um) at room temperature, and UV
detection was applied at 360 nm. The separation of derivatized amitrole was achieved within 18 min
by gradient elution mode. The method correlation coefficient was 0.9995, in concentrations ranging
from 1.59 to 318 mg L~". The detection limit of amitrole was 0.16 mg L™ with a signal-to-noise
ratio of 3. The proposed method was applied to the quantitative determination of amitrole in
environmental water with recoveries of 92.0—103.0% and RSDs of 2.22—6.26, depending on the
sample investigated. This method has good accuracy and repeatability that can be used to quantify

amitrole in environmental water.
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INTRODUCTION

The intensive use of pesticides in recent years has increased
agricultural productivity, but at the same time it has generated
pesticide residues in natural waters at levels that exceed the legal
limits and have caused high-risk problems in environment and
food safety. Cases of incidental pesticide pollution of water
reservoirs have become more numerous in recent years. Amitrole
(3-amino-1,2,4-triazole) is a nonselective herbicide used for the
control of a wide range of weeds (1, 2). This herbicide, although
potentially carcinogenic, is of low toxicity to mammals. Because
of the good solubility of amitrole in water, leaching may occur
and can lead to polluted ground and surface waters under certain
conditions such as sandy soils with a low content of organic
carbon and a high water level (3—5). Because of its low volatility,
losses by photodecomposition or volatilization are negligible (6 ).
The low volatility and high solubility of this herbicide residue
in water indicate a possible food contamination through plants,
fruits, and water media (7). Analytical procedures for the
determination of amitrole are complicated due to the high
polarity and good water solubility of the herbicide. In this actual
situation, a rapid and reliable method for the determination
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4-chloro-3,5-dinitrobenzotrifluoride (CNBF);

of amitrole in environmental samples is therefore a must for
this research.

Analytical methods for the analysis of amitrole include thin-
layer chromatography (TLC) (8), capillary electrophoresis
(CE) (9—11), gas chromatography (GC) (12—14), and liquid
chromatography (LC) after derivatization (/5—17). Because of
amitrole’s suitability for aqueous samples, HPLC is the analytical
technique of choice for polar compounds. However, for LC with
conventional detection systems, such as UV—vis or fluorescence
detectors, amitrole needs to be derivatized because of the lack
of chromophore or fluorophore. For these reasons, chemical
derivatization or labeling becomes a necessary procedure to
transform the analytes into derivatives that can be more easily
isolated, separated, and detected (/8).

4-Chloro-3,5-dinitrobenzotrifluoride (CNBF) is a common
derivatization reagent, which has been known to react with
primary or secondary amines in the presence of base to produce
stable  N-substituted-2,6-dinitro-4-(trifluoromethyl)benzamine
derivatives, which display satisfactory ultraviolet absorption (/9—22).
In the present work, we proposed a simple, sensitive, and selective
HPLC method for the determination of amitrole by precolumn
derivatization with CNBF. The derivatization process was fast
and required minimal consumption of solvents. The detection
limit was 0.16 mg L™, which was comparable to or better than
that reported for existing detection methods. The proposed
method was applied to the determination of amitrole in environ-
mental water. To the best of our knowledge there is no method
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available describing the HPLC detection of amitrole with CNBF
derivatization.

MATERIALS AND METHODS

Instrumentation and Conditions. A high-performance liquid chro-
matography system, which consisted of two LC-10ATvp pumps and a
SPD-10Avp ultraviolet detector (Shimadzu), was used for analysis and
separation. A reversed-phase K ODS C g column (250 mm x 4.6 mmi.d.,
particle size = 5 um) was used for separation at ambient temperature, and
a Chromato Solution Light Chemstation for LC system was employed to
acquire and process chromatographic data.

Chemicals and Reagents. Amitrole was purchased from Hangzhou
Fude Chemical Co., Ltd. (Zhejiang, China). A standard solution of
0.01 mol L™" amitrole was prepared in water and further diluted to the
required concentration when used. Working standard was prepared by
mixing an aliquot of the stock solution and water. The stock and working
standard were stored under dark conditions at 4 °C when not in use.
Acetonitrile and methanol were of HPLC grade and purchased from J. T.
Baker (Phillipsburg, NJ). Ultrapure water was obtained in the laboratory
using a Milli-Q water purification system (Millipore, Billerica, MA).
CNBEF was obtained from Alfa Aesar (Ward Hill, MA), and its solution
was prepared in methanol and filtered through a 0.45 4m nylon membrane
filter and refrigerated when not in use. Cetyltrimethylammonium bromide
(CTAB) was purchased from Sinopharm Chemical Reagent Beijing Co.,
Ltd. (Beijing, China). All other chemicals and solvents were of analytical
grade and from commercial sources. H;BO;—Na,B40; buffer was pre-
pared by mixing 0.2 mol L~" H;BO; solution with 0.05 mol L™! Na,B,0,
solution to the required pH value. The phosphate buffer was prepared by
dissolving K,HPO,4 in water, and then the pH was adjusted to the required
value by adding concentrated H3PO,.

Chromatographic Method. Before the analysis, the C;g column
equipped with a guard column (4 mm x 3 mm i.d.) was pre-equilibrated
with the mobile phase for 30 min. HPLC separation of amitrole derivative
was carried out on the K ODS C,g column. Acetonitrile—0.01 M CTAB
solution (5:5, v/v, eluent A) and phosphate buffer (pH 4.5 with phosphoric
acid) (eluent B) were used as mobile phases. All of the solvents were filtered
with a 0.45 yum membrane filter. The program was set for a linear gradient
starting from 40% of solvent A to 90% of the solvent at 15 min. The
injection volume was 20 uL, and the detection wavelength, 360 nm. The
flow rate was constant at 0.8 mL min~', and the column was at room
temperature.

Derivatization Procedure. To a 1.0 mL vial containing an appro-
priate amount of amitrole solution were added 300 uL of H3;BO;—
Na,B,40; buffer (pH 9.5) and 100 uL of CNBF methanol solution. After
the whole solution was diluted to 1.0 mL with water, it was incubated at
60 °C for 30 min, and 2 M HCI (10 L) was added to quench the reaction.
The resulting solutions were filtered through 0.45 um nylon filters and
injected in the chromatographic system. Each sample was assayed in
triplicate, and all of the assays were carried out at ambient temperature.

Analysis of Real Samples. Environmental water samples were
centrifuged at 4000 rpm for 10 min to remove solid particles and then
the supernatant was filtered through a 0.45 yum membrane filter before
analysis. An aliquot of 1 mL of samples or | mL of amitrole standards was
transferred to a vial, adjusted to pH 9.5 with reaction buffer, and water was
added to 3 mL. After thorough mixing on a vortex mixer, 2 mL of CNBF
solution was added and mixed again. The mixture was heated in a water
bath for 30 min at 60 °C, shaking by a vortex mixer at 10 and 20 min. The
reaction was quenched by the addition of 50 uL of 2 M HCI. The resulting
solution was filtered through 0.45 um nylon filters and injected in the
chromatographic system.

RESULT AND DISCUSSION

Optimization of Derivatization Conditions. The reaction of
CNBF with the amino group on the amitrole molecule is
represented in Figure 1. CNBF is known to have good activity
and selectivity for amino compounds and to be employed as
an excellent active group. It can react with amines in low
concentration to form stable derivatives under basic conditions,
and the excess reagent is hydrolyzed to the corresponding phenol.
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Figure 1. Reaction scheme of CNBF with amino group on amitrole
molecule and H,0.

The hydrolysis compound can be written as (CNBF)OH. Because
CNBF has relatively poor solubility in water, organic solvent
should be added to the derivatization medium to avoid the
precipitation of the reagent and derivative. Therefore, at least
100 uL of methanol should be added to the derivatization
medium. There is a competition between the labeling and the
hydrolysis, so excess labeling reagent should be used.

The effect of amitrole/CNBF ratio, derivatization pH value,
derivatization reaction temperature, and derivatization reaction
time on the peak area of amitrole—CNBF derivative is presented
in Table 1. First, the influence of the amount of reagent on the
derivatization was investigated. An aliquot of amitrole was
reacted with various concentrations of CNBF (1.0 x 1072,
2.0 x 1072, 3.0 x 1073, and 4.0 x 107 mol L™"). The results
showed that the peak areas of derivative are highest and
unchangeable when the concentration of reagent reached 3.0 x
107* mol L', and there was not a statistically significant
difference between 3.0 x 10 *and 4.0 x 10~ mol L' Therefore,
3.0 x 107 mol L™! was selected as the optimal concentration.
The reaction of CNBF with amitrole was also found to be pH
dependent. The influence of various pH values on the peak area
was also studied by using borate buffer. The optimum reaction
pH was determined by derivatizing amitrole at pH values ranging
from 7.5 to 11.0. The results showed that the peak areas of the
derivative were almost stable at pH 8.5—11.0. This was probably
due to deprotonation of amitrole at the basic condition, which
can promote the nucleophilic addition, as observed in the case of
aliphatic diamines (23). Also, as the pH rose, the peak areas of
CNBF—OH increased more quickly than those of amitrole—
CNBEF. Hence, an optimum derivatization pH of 9.5 was selected
for all subsequent experiments. Temperature is a very important
factor in optimizing the derivatization rate. Therefore, the values
ranging from 40 to 70 °C were performed to find the best
derivative temperature. It was found that peak areas of the
derivative reached a plateau at 60 °C. The reaction time was a
critical factor for the derivatization reaction. The effect of
reaction time on derivatization was studied over the period from
10 to 40 min while all other parameters were kept constant. It was
clear that peak areas reached an optimum value over a period of
30—40 min. To keep the total analysis time short, a reaction time
of 30 min was chosen.

Optimization of Separation Conditions. The mobile phase
composition was optimized to achieve fast and optimum
separation of amitrole derivative, CNBF, and (CNBF)OH.
Chromatographic separations were carried out under gradient
reversed-phase condition on the K C;g column. Acetonitrile—
CTAB solution (5:5, v/v, eluent A) and phosphate buffer
(eluent B) were used as mobile phases. The retention time of
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Table 1. Effect of Amitrole/CNBF Ratio, Derivatization pH Value, Derivatization Reaction Temperature, and Derivatization Reaction Time on the Peak Area of

Amitrole—CNBF Derivative

amitrole/CNBF ratio? peak area ( x 10% pH peak area ( x 104 temperature (°C) peak area ( x 104 time (min) peak area ( x 104
1:1 8.6218 75 8.2856 40 7.3563 10 7.4243
1:2 8.6761 85 8.5237 50 8.5852 20 8.6659
1:3 8.7163 10.0 8.7162 60 8.7148 30 8.7183
1:4 8.7171 11.0 8.7156 70 8.7166 40 8.7206

2 The amitrole concentration used was 1.0 x 10~ mol L™ ; the CNBF concentration selected was 3 x 10 mol L™ for the effect of pH, temperature, and reaction time on the
peak areas of amitrole—CNBF derivative. Each sample was determined in triplicate injections.
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Figure 2. HPLC chromatogram of amitrole (50 mg L") standard solution
after derivatization (A) and CNBF hydrolysis without amitrole (B). Peaks:
1, amitrole—CNBF; 2, CNBF; 3, (CNBF)OH.

derivative was 2.85 min without CTAB in mobile phase; the
derivative could not be separated completely with some interfer-
ences. To reduce the interferences, CTAB was used as ion-pairing
reagent to delay the retention time of derivative and the effect of
CTAB concentration was also studied. It was found that appro-
priate addition of CTAB (10 mM) could improve separation
efficiency and the peak shape of amitrole; a higher concentration
of CTAB caused the delay of retention time with peak broad-
ening. In this method, 10 mM CTAB was used in subsequent
experiments. The program was set for a linear gradient starting
from 40% of solvent A to 90% of the solvent at 15 min, which
gave the best separation within the shortest analysis time. The
pH value of buffer in the mobile phase was studied. In this
experiment, the retention time of derivative had no obvious
change as the pH value varied from 3.0 to 6.0 and the peak
areas of derivative also indicated that CNBF derivative was
pH-insensitive and stable. In this experiment, pH 4.5 was used.
The chromatograms of amitrole derivative with CNBF and
CNBEF hydrolysis obtained in gradient elution mode are shown
in Figure 2.

Stability of the Derivatives. The stability of amitrole derivative
with CNBF in methanol—water (1:9, v/v) at room temperature
was investigated over 4 days without light irradiation. No
significant change in peak area of the derivatives was found.
Derivative in methanol—water (1:9, v/v) also showed no signifi-
cant change in the absolute peak areas when exposed to ordinary
light from a 100 W bulb for about 24 h. It appeared that the
derivative of amitrole was very stable, as evidenced by the fact
that the derivative showed < 5% degradation when analyzed by
HPLC after 7 days of standing at room temperature.

Table 2. Linear Calibration Range, Regression Equation, and Detection Limit
of Amitrole

parameter amitrole
calibration range (mg L") 1.59—318
regression equation,? Y 2736X + 165
coefficient regression, R? 0.9995
RSD (%), n = 6, within-day 2.86
RSD (%), n = 6, between-day 3.78
detection limit” (mg L™") 0.16

@ X = concentration of amitrole (mg L™"); Y = peak area of amitrole derivative.
SN = 3, per 20 uL injection volume.

Validation of the Method. Test solutions with different con-
centrations in the range of 1.59—318 mg L™ of standard amitrole
were prepared and analyzed by using the optimized derivatization
procedure and separation conditions for the determination of
amitrole. The peak areas of the standards were recorded. The
slope and intercept of the calibration graph were obtained by
linear regression of peak area versus concentration: y = ax + b,
where ais the slope, b is the intercept, x is the concentration, and y
is the peak area. The coefficient regression (R?) is 0.9995. The
relative standard deviations (RSDs) of both within-day and
between-day were calculated. The detection limit of amitrole
was calculated as the amount of amitrole that resulted in a peak
3 times higher than that of the baseline noise. The linear calibra-
tion range, regression equation, and detection limit of amitrole
were calculated, and the results are listed in Table 2. The detection
limit for amitrole was 0.16 mg L™'. It was shown that the
quantification of amitrole could be done well with this method.
Several RP-HPLC methods for amitrole analysis were developed
using precolumn derivatization and either fluorescence or UV
detection (/5—17). Dugay and Hennion (/5) diazotated amitrole
in the native aqueous sample and were able to separate the
derivative with HPLC, reaching a detection limit of 1.0 mg L™
with UV detection. Garcia Sanchez et al. (/6) derivatized
amitrole with fluorescamine and analyzed the samples with
RP-HPLC using fluorescence detection. The best achieved detec-
tion limit was 0.375 mg L™". Bobeldijk et al. (17) developed a
method for the determination of amitrole in water by precolumn
derivatization, liquid chromatography, and tandem mass spec-
trometry with 9-fluorenylmethyl chloroformate (FMOC-CI) as
labeling reagent. The calculated LOD reached 0.025 mg L™'. By
comparison of methods for determination of amitrole given in the
literature, the detection limits of a few reagents were higher than
that of CNBF, except FMOC-CI using fluorescence and mass
spectrometry. Considering the detection properties (such as
detection wavelength, derivatization time, and temperature, and
detection limits) in the determination of amitrole, CNBF was
more advantageous than other reagents.

Application to Sample Analysis. The applicability of the pro-
posed method was evaluated in environmental water samples.
Amitrole was identified by adding standard to the samples. The
results obtained from the analysis of samples are shown in Table 3.
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Table 3. Average Recovery of Amitrole from Water Samples by Using Proposed Method

tap water?

pond water’ river water®

amitrole added (mg L™") amitrole found (mg L") recovery (%) &= RSD ¢ amitrole found (mg L~ recovery (%) + RSD ¢ amitrole found (mg L™" recovery (%) + RSD ¢

2.0 1.88 94.0 £2.56
5.0 4.96 99.2 + 6.26
10.0 9.80 98.0 +-4.61
20.0 19.68 98.4 £2.65
50.0 49.50 99.0 £2.22

1.84
4.93
10.02
19.56
49.46

92.0+4.16 2.06 103.0 £5.96
98.6 £3.63 5.12 102.4 4-3.56
100.2 +3.89 9.91 99.1+ 324
97.8+£3.16 19.62 98.1 £3.51
98.9+2.34 49.38 98.7 £2.42

2Collected from China Agricultural University, Beijing, China. ® Collected from Shangzhuang, Haidian District, Beijing, China. ° Collected from Xiaojiahe River, Haidian Distric,

Beijing, China. “Mean value of six determinations.
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Figure 3. Chromatograms obtained from (A) river water and (B) river
water spiked with 5 mg L™ of standard amitrole. Peaks: 1, amitrole—
CNBF; 2, CNBF; 3, (CNBF)OH.

The chromatograms of sample and spiked standard are presented
in Figure 3. The recoveries of amitrole were from 92.0 to 103.0%
and RSDs from 2.22 to 6.26, depending on the sample investi-
gated.

A method for the detection of amitrole in different types of
water was developed in this study. The application of CNBF as
a derivatizing reagent seemed to be an attractive choice for
the determination of amitrole with HPLC and had a good
performance in tap, pond, and river waters. The reaction of
CNBF with amitrole lead to a stable derivative. The proposed
method showed good repeatability (better than 6.26% in all
matrices), low detection limit (0.16 mg L"), and excellent
linearity (0.9995) that could be used as the quantification method
for amitrole in environmental water.
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