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As a globally popular herbicide, glyphosate (GLY) and its metabolite aminomethylphosphonic acid
(AMPA) pose potential hazards to the ecological environment. In this study, a sensitive and reliable
method for detecting GLY and AMPA was utilized to facilitate exposure risk assessment of the analytes
in environmental systems such as water and soil. GLY and AMPA were extracted from the sample using a
solid-phase extraction (SPE) procedure, derivatized by heptafluorobutyric anhydride and heptafluorobu-

Iéeyw;;lrds: N tanol, and detected by gas chromatography-flame photometric detection (GC-FPD). The linearities of GLY
Glaspch;:;:eatograp y and AMPA in the range of 10-1000 ng/mL were good (r=0.9998, r=0.9991), and the limits of quantitation
AI\S//[PA (LOQ) for GLY and AMPA were 0.37 and 0.81 ng/mL, respectively. The method has been successfully

applied for detecting GLY and AMPA in water, soil and monitoring the degradation of GLY under different
environmental conditions. Simulated migration characteristics of GLY and AMPA in soil were investigated

Degradation
Migration characteristics

for evaluating the potential hazards of GLY and AMPA to the ecological environment.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Glyphosate (N-phosphonomethyl glycine, GLY) is a popular,
highly efficient, low toxicity and broad-spectrum herbicide. Exces-
sive use of GLY causes environmental pollution. Subsequently, GLY
and its aminomethylphosphonic acid (AMPA) metabolite residues
in the soil may enter the human body through food and drinking
water and exert deleterious effects. It has been reported in the lit-
erature that GLY causes reproductive toxicity. GLY can mediate
the transcription and expression of estrogen receptors, and the
toxic effects of GLY on human placental cells are concentration
and time-dependent [1,2]. Several investigations among Canadian
farmers showed that GLY exposure before or during pregnancy may
cause late spontaneous abortion, and damage the DNA in Raji cells
[3,4]. At the same time, GLY also presents neurotoxicity. GLY can
pass through the blood-brain barrier, damage the human nervous
system, and exacerbate autism and Alzheimer’s disease [5-7]. In
addition, a meta-analysis predicted a positive correlation between
occupational GLY exposure and non-Hodgkin lymphoma [8].
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Because of the high similarities between zebrafish and human
genes, zebrafish is often employed in in vivo toxicity studies of GLY
and AMPA. GLY inhibits the cholinesterase activity in zebrafish and
interferes with steroid synthesis and oxidative stress mechanisms
[9,10]. GLY also presents cardiovascular toxicity and neurotoxicity
to zebrafish [11,12]. On the other hand, GLY can deteriorate the
fertility of zebrafish by reducing the sperm quality and affect the
swimming behavior of the juvenile and adult fish [13,14].

Different reports from 2001 to 2015 have acknowledged that
GLY and AMPA were detected in the urine of 31.8% and 40.1%
of the German population, respectively [15]. China is a large
manufacturer and consumer of GLY. GLY and AMPA may easily
migrate into food and drinking water and cause serious health haz-
ards. Due to the toxic effects and widespread existence of GLY
and AMPA, the migration of these chemicals in soil and water
should be closely monitored. The qualitative and quantitative
determination of GLY and AMPA are extremely difficult due to
the absence of fluorophores or chromophores in their structures.
Chromophores/fluorophores can be inserted in the structure of
GLY and AMPA using different derivatization reagents so that the
derivatized products can be detected by the HPLC-UV/FD method
[16-19]. However, substantial by products of the derivatization
process may interfere with the HPLC procedure by diminishing the
selectivity and efficiency. Although LC-MS/MS procedures can eas-
ily detect and quantify GLY and AMPA [20-22], the high capital
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and operational costs of LC-MS/MS often discourage the practical
applications of this instrument.

GLY and its metabolite AMPA have high boiling points, low
volatility, high aqueous solubility, and low solubility in organic
solvents (methanol, ethanol, acetone, and ether). Previous GC
methods for detecting and quantifying GLY and AMPA utilized
complicated, less sensitive and less efficient processes involving
liquid-liquid extraction (LLE) with dichloromethane, solid-phase
extraction (SPE) and derivatization of GLY and AMPA with triflu-
oroacetic anhydride-trifluoroethanol/heptafluorobutanol [23-28].
Recently, micro solid phase extraction (MSPE) and ultrasound-
enhanced air-assisted liquid-liquid microextraction (USE-AALLME)
are becoming new methods for preconcentration, which presents
the advantages of effectiveness, simplicity and low cost [29,30].
In this study, a Cleanert® PEP-2 SPE column was used for pre-
concentration. The PEP-2 SPE column introduces modification
and rebonding techniques on the surface of the parent substrate,
polyethylene divinylbenzene, to which was bound pyrrolidone and
trace amounts of urea-based functional groups. Due to the intro-
duction of urea groups, PEP-2 has a charge-rich surface structure. It
can adsorb highly polar compounds and tolerate extreme acid-base
solutions of pH 0-14. Neutral, acidic or alkaline materials can be
adsorbed on the surface of materials without strips. The pH value of
the sample inhibits the ionization of the compound and maintains
a proper wetting state throughout the long-term drying process,
thus avoiding the low recovery and instability of the experimental
results caused by the drying out of the traditional silica gel matrix
C18 material. The sample extraction is completed in one step by
the PEP-2 SPE column, greatly saving sample preparation time and
increasing the sample recovery rate.

In early studies, isobutylchloroformate, isopropylchlorofor-
mate, trifluoroacetic acid, trifluoroacetic anhydride and trimethyl
ortho-acetate were used as derivatizing agents for GLY and AMPA
analysis by GC methods [31-33]. In this study, many derivatizing
reagents were investigated. Finally, heptafluorobutyric anhydride
and heptafluorobutanol were selected for derivatizing GLY and
AMPA. The reaction temperature, time and the ratio of the deriva-
tizing reagents were optimized through single-factor analysis and
orthogonal tests to achieve the maximum yield.

The combination of a flame photometry detector (FPD) with
gas chromatography (GC) can easily detect and quantify GLY and
AMPA after derivatization owing to the high selectivity of the for-
mer technique towards the organic compounds containing sulfur
and phosphorus, the high resolution, rapid analysis and low injec-
tion volume. In this study, a reliable and sensitive GC-FPD method
has been developed for detecting and monitoring GLY and AMPA
migration in soil, degradation in water and for further assessing the
potential hazards in the ecological environment.

2. Experiments
2.1. Reagents and materials

Glyphosate (GLY) was purchased from J&K Chemical Ltd. (Bei-
jing, China, purity 96%, Lot: LICOO64). Aminomethylphosphonic
acid (AMPA) was purchased from Sigma (St. Louis, MO, USA, purity
99%, Lot: MKBX8824 V). Each standard stock solution was prepared
at 1mg/mL in 18 M2 cm~! water and stored at 4°C, which were
diluted with water to obtain calibration standard solutions.

Trifluoroacetic anhydride (TFAA, for GC derivatization, purity
> 99.0%), pentafluoropropionic anhydride (PFPA, for GC deriva-
tization, purity 99%), 2,2,3,3,3-pentafluoro-1-propanol (PFP, for
GC derivatization, purity > 98.5%), heptafluorobutyric anhydride
(HFBA, for GC derivatization, purity > 99.0%), 2,2,3,3,4,4,4-
heptaflouro-1-butanol (HFB, purity 98%), hydrochloric acid (HCI)

solution (32%), and HPLC grade ethyl acetate were purchased
from Sigma-Aldrich (Shanghai) Trading Co., Ltd. (China). 2,2,2-
trifluoroethanol (TFA, for GC derivatization, purity 99.0%) was
purchased from J&K Chemical Ltd. (Beijing, China). HPLC grade
methanol was purchased from Fisher Scientific (Fair Lawn, NJ,
USA). A Dragon Lab Centrifuge D3024R (Dragon Laboratory Instru-
ments Limited, Beijing, China) and SPE cartridges were used for
sample preparation. Ultra-pure water was obtained from a Heal
Force SMART-N system (Heal Force Bio-Meditech Holdings Limited,
Shanghai, China, 18.2 QM cm~1).

2.2. GC-FPD analysis

The GC-FPD system included an Agilent 7890B series GC
equipped with a split/splitless injection port and an FPD. An Agilent
HP-5 capillary column (30 m x 0.32 mm [.D, 0.25 pm film thickness)
was used for separation of analytes. Nitrogen (purity >99.9999%)
was used as a carrier gas at a constant flow rate of 15 mL/min. A split
injection (split ratio, 5: 1) and injector temperature of 250 °C were
employed. The GC oven temperature was programmed to increase
from aninitial temperature of 120 °C (held for 3 min) to 250 °C (held
for 20 min) at a rate of 10°C /min. The detector temperature was
280°CA 1 pL extract was injected for analysis.

2.3. Sample preparation

Water samples (including Minxin River, Hutuo River and two
topwater) and yellow-brown soil samples (six cultivated soil
samples at the depth layer of 0-20 cm) were collected from Shiji-
azhuang, Hebei Province, China. After drying, the soil samples were
mixed, powdered and sieved through 60-mesh. For soil samples,2 g
soil samples were mixed with 10 mL water into 50 mL centrifuge
tubes by vigorously vortexing and 20 °C ultrasonic treatment for
10 min. Thereafter, extracts and water samples were centrifuged
at 15,000 rpm for 10 min. Finally, 2 mL water samples were used
for analysis. After extraction, the eluents were collected and dried
with a slow stream of nitrogen at 70 °C. The derivatizing reagents
were added and vortexed for 1 min. After vortexing, the extracts
were derivatized following the optimized derivatization process.
The derivatized samples were dried by blowing with nitrogen at
room temperature, and redissolved in 100 L of ethyl acetate, vor-
texed for 5-min, and then 1 pL of each sample was injected into the
GC for analysis.

2.4. Optimization of derivatization process

2.4.1. Optimization of derivatization reagents

GLY and AMPA were to obtain volatile derivatives by acyla-
tion and esterification, which can be directly detected by GC. The
derivatizing reagents were optimized by a three-three cross deriva-
tization process with 50 WL of TEA, PFP, and HFB and 100 L of TFAA,
PFPA, and HFBA, along with GLY and AMPA. After derivatization,
the samples were dried by blowing with nitrogen at room tem-
perature. Finally, the samples were redissolved in 100 L of ethyl
acetate, vortexed for 5-min and 1 L of each sample was injected
for analysis. The derivatization reagents were determined based on
the retention time, peak area, and resolution of the targets.

2.4.2. Optimization and selection of derivatization conditions by
single factor experiments

The influences of reaction temperature (60-110°C), time
(30-80min), and the ratio of derivatizing reagents on the deriva-
tization process were investigated separately by a single factor
experiment.
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Table 1
Factors and levels.
Factor
Level
A Temperature B Time C Proportion of
) (min) derivatizing
reagents (v/v, wL)
1 60 10 10:90
2 70 20 20:80
3 80 30 30:70
4 90 40 40:60
5 100 50 50:50

2.4.3. Orthogonal experimental design

Based on the single factor experiment, five levels were selected
for each of three factors affecting the derivatization process (tem-
perature, time, and the ratio of derivatizing reagents) and SPSS 16
was adopted to design a three-factor and five-level orthogonal test
table. The test was performed according to the Lys (53) orthogonal
table. Factor levels were listed in Table 1.

2.5. Optimization of SPE conditions

A one-step SPE method was utilized to study the extraction
efficiency of GLY and AMPA from the samples by SPE columns,
which included C18E (200 mg/6 mL), PEP-2 (200 mg/6 mL), PEP-
2 (500 mg/6 mL), C18 (200 mg/6 mL) and SIM (200 mg/6 mL). The
variety and amounts of washing solvent and eluent highly influ-
ence the extraction process. With GLY and AMPA being insoluble
in methanol, 0.5, 1, 2, and 3 mL of methanol were used as wash-
ing solvent to evaluate the effects of different volumes of methanol
for removing impurities. Acidified methanol (HCl in methanol solu-
tion), water and methanol solution were selected as the eluents.

2.6. Method validation

Eight mixed concentrations of GLY and AMPA (5, 10, 20, 50, 100,
200, 500, and 1000 ng/mL) in water were used for the calibration
curve. The linear equations and correlation coefficients were cal-
culated. The limit of detection (LOD) and limit of quantification
(LOQ) were determined at signal-to-noise (S/N) ratios of 3 and 10,
respectively. The intraday and interday accuracy and precision of
the method were assessed at low, medium and high levels (20, 200,
and 800 ng/mL, n=6) within one day and different days (n=3). The
extraction recoveries were evaluated by comparing the peak areas
of postextracted GLY and AMPA, spiking in known amounts of stan-
dards in real samples with the corresponding standard solution at
three levels (20, 200, and 800 ng/mL, n=3).

3. Results
3.1. Optimization of derivatization process

3.1.1. Optimization of derivatization reagents

The results of the three-three cross derivatization process
showed that derivatives of GLY and AMPA with HFBA and HFB
showed better separation, more symmetrical peak shapes and
lower detection limits in GC analysis. Based on the results, HFB and
HFBA were selected as derivatizing agents for esterification and
acylation of GLY and AMPA.

3.1.2. Optimization and selection of derivatization conditions by
single factor experiments

The optimum conditions for derivatization by single factor
experiments were determined as the reaction temperature of 90 °C,

Table 2
Design and results of orthogonal test.
Number A B c Peak area
AMPA  GLY

1 1 3 3 705.6 1985
2 1 2 2 854.9 203.2
3 2 3 1 14168  550.7
4 3 1 2 144.0 65.5
5 4 3 2 18467  1299.9
6 3 5 1 19000 14459
7 3 3 4 17994 12639
8 4 4 3 17151 27782
9 5 4 1 14532 9806
10 2 4 2 12391 5430
11 3 4 5 4836 308.7
12 4 1 5 16506  664.0
13 5 2 4 20808  1744.4
14 5 3 5 13076 11723
15 2 5 3 16866  901.8
16 5 5 2 14902 11761
17 1 4 4 16050  466.9
18 1 5 5 14283 4767
19 1 1 1 3302 75.6
20 4 5 4 22284 19401
21 5 1 3 15496  943.0
2 2 2 5 18373 5357
23 3 2 3 738.2 375.6
24 4 2 1 18207 10536
25 2 1 4 319.0 69.1

K, 49239 39933 69209

K, 64988 73319 55747

K; 50652 70760  6395.0
AMPA K, 92615 64960 80326

Ks 78813 87334  6707.4

R 43376 47402 24579

K, 14208  1817.1 41063

K, 26001 39124  3287.6

Ks 34595 44852  5197.1
GLY K¢ 77357  5077.3 54843

Ks 60164 59405  3157.2

R 63149 41235  2327.

reaction time of 60 min, and the ratio of derivatizing reagents, HFB:
HFBA of 30 L: 70 L, v/v.

3.1.3. Orthogonal experimental design

The test was performed according to the L5 (53) orthogonal
table, and the results are listed in Table 2. The influence of reaction
temperature (A) was the highest on the derivatization process, fol-
lowed by reaction time (B) and the ratio of derivatizing reagents
(C) (Table 2).

The factors affecting the derivatization were optimized through
single-factor and orthogonal tests. Combining the results of the sin-
gle factor optimization and orthogonal test, the optimal condition
solution for derivatization was selected as A4B5C4, i.e., a reaction
temperature of 90 °C, derivatization time of 50 min and the ratio of
HFB: HFBA of 40 pL: 60 wL, v/v.

3.2. Optimization of the solid phase extraction conditions

Three SPE columns (C18E, C18 and SIM) showed lower retention
values for GLY and AMPA, whereas the PEP-2 SPE column exhib-
ited the best retention values for those compounds. In addition,
as PEP-2 (500 mg, 6 mL) showed better extraction efficiency than
PEP-2 (200 mg, 6 mL) for GLY and AMPA and satisfied the experi-
mental requirements, PEP-2 (500 mg, 6 mL) was selected as the SPE
column.

When the volume of methanol exceeded 1 mL, the recovery rates
of GLY and AMPA were reduced; therefore, the optimum volume
of methanol was 1 mL as the washing solvent. Acidified methanol
(HCI in methanol solution) was selected as the eluent, based on



W. Zhang et al. / J. Chromatogr. A 1589 (2019) 116-121 119

Table 3
Results of precision and accuracy (X +s, n=6).
Linearit i i
Compound y . Spiked concentration (ng/ml) LOD L0Q
range - — — (ng/mL) (ng/mL)
(ng/mL) Low Middle High
GLY 10-1000 0.9998 105.2(9.5) 100.8(2.8) 101.2(1.8) 0.10 037
AMPA 10-1000 0.9991 102.9(7.3) 102.0(3.1) 101.7(3.3) 0.22 0.81

3 GLY and AMPA spiked at 20 ng/mL level.
b GLY and AMPA spiked at 200 ng/mL level.
¢ GLY and AMPA spiked at 800 ng/mL level.

the properties of GLY and AMPA. When 2 mL of acidified methanol
solution (methanol: HCI 9:1, v/v) was employed as the eluent, the
recoveries of GLY and AMPA were the highest.

3.3. Methodological validation

GLY and AMPA showed a favorable linear relationship over
the ranges of 10-1000ng/ml, and the linear equations were
¥=9.3969x-20.237 (r=0.9998) and y = 4.2455x+9.4607 (r=0.9991).
The LOD valus of GLY and AMPA (S/N=3) were 0.10 and 0.22 ng/mL,
while the LOQ values (S/N=10) were 0.37 and 0.81 ng/mL, respec-
tively. The intraday and interday precisions (RSD, %) were between
1.3-5.5% and the accuracies were between 93.5-109.7%, whereas
the recovery rates were between 75.7-86.9%. The results are exhib-
ited in Table 3. The chromatographic run time was 6 min, which was
suitable for high-throughput sample analysis.

3.4. Methodological applications

3.4.1. Studies on degradation of GLY in water

The 100 ng/mL GLY solutions at different pH values (pH=5, 7,
9) were divided into two groups. One group was placed outdoors,
while the other was placed indoors without light. The concentration
of GLY was determined periodically to evaluate the effects of acid
and light on the degradation of GLY over 100 days (October 13,
2017- January 22, 2018). Under the outdoor conditions after 100
days, the degradation rates of GLY were 9.6%, 2.8%, and 1.4% at pH
5,7,and 9, respectively. Under the dark indoor conditions after 100
days, the degradation rates were 1.6%, 0.7%, and 0.4% at pH 5, 7,
and 9, respectively. At the same pH, the degradation rates of GLY
in outdoor samples were greater than those indoors without light,
and the degradation rate of GLY decreased with the increase in pH.

3.4.2. Study on the migration of GLY and AMPA in soil

A 20 cm-height soil column in a 30cm plastic column with a
diameter of 1cm was prepared. Accurately, 100 uL of a mixed
solution of GLY and AMPA (concentration: 100 pg/mL) was added
to the column. The column was kept under 200 mm simulated
rainfall at an intensity of 1 mm/min for 200 min. After raining,
the soil column was stratified with a 0.5cm intercept. The soil
sample was placed in a 10mL beaker, ultrasonically extracted
with 5mL of water for 30 min, and the sample was prepared and
treated as described in Section 2.3. The retention times for GLY and
AMPA were 5.41 min and 3.30 min, respectively. The typical chro-
matograms of 100 ng/mL GLY, 100 ng/mL AMPA and soil samples
are shown in Fig. 1. GLY and AMPA were distributed from the sur-
face to the 6.5 cm deep soil layer and the maximum concentration
of GLY and AMPA appeared in the 4.0 cm deep soil layer. The results
are shown in Fig. 2.

3.4.3. Sample analysis

Different pH NaOH solutions, potassium phosphate buffer,
ammonia solution, boric acid buffer and water were investigated
for extraction of GLY and AMPA from soil samples. After the extrac-
tion solution dried, salts were precipitated and the derivatization
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Fig.1. 100 ng/mL GLY and 100 ng/mL AMPA typical chromatograms (red- reference,
blue-soil sample) (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article).
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Fig. 2. The results of GLY and AMPA distribution in soil.

reaction was affected, which made it impossible to detect GLY and
AMPA. The results indicated that water provided better extraction
of GLY and AMPA in soil than others. Therefore, water was selected
as the extraction solvent.

The method was used to analyze four water samples and six
soil samples. The data showed that GLY and AMPA were not
detected in the actual samples. The use of GLY is increasing with
the widespread cultivation of certain transgenic crops in various
countries. GLY and AMPA residues have become potential environ-
mental hazards in many countries. China being a bulk producer
and large consumer of GLY must monitor GLY and AMPA levels
and investigate the long-term toxic effects of these compounds in
human beings.

4. Discussion

GLY is a highly popular herbicide used globally. Accordingly, a
simple, rapid, and reliable method was developed for detecting GLY,
as well as its metabolite AMPA, which may help evaluate the poten-
tial role of GLY and AMPA as environmental hazards. In this study,
an SPE GC-FPD method was successfully developed and validated
for simultaneous measurement of GLY and AMPA in water and soil
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Fig. 3. Derivatives of GLY and AMPA with different derivatizing reagents (A TFA:
TFAA, B HFB: TFAA, C HFB: HFBA).

samples. The LOQ of GLY in our study (0.37 ng/mL) is lower than in
the study by Kataoka, H. et al. (1.2 ng/mL) [31]. The LODs of GLY and
AMPA (0.10 and 0.22 ng/mL) in our study obtained by GC-FPD were
lower than GC-FID (2.54 and 3.33 ng/mL) and GC-CI-MS (1.69 and
2.78 ng/mL) [33]. The method is better than “standard examination
methods for drinking water-pesticides parameters” (the detection
limits of GLY and AMPA were 25 ng/mL), which was promulgated by
the National Standardization Administration Committee of China in
2006.

In this study, we tested several derivatizing reagents. Never-
theless, neither derivatizing reagents as TFA and TFAA nor TFA
and HFB provides satisfactory results for the GC-FPD method. The
data showed that derivatives of GLY and AMPA with HFBA and
HFB showed better separation, symmetrical peak shapes and lower
detection limits in GC analysis (Fig. 3), due to the higher boiling
point and lower volatility of HFBA compared to TFAA. Furthermore,
we reduced the amount of derivatizing reagents from 150 pL to
100 L, which minimized the usage of organic solvents according
to green analytical chemistry.

Although GLY degradation in water has been well studied and
reported, the purpose of our study is investigating the degradation
of GLY at different pH and storage conditions. The results show
that degradation rates of GLY under different storage conditions
were different during the 100-day degradation test. Light and acidic
pH accelerated the degradation of GLY. In acidic solution, GLY was
presentin an alternate, easily degraded molecular. The residual sta-
bility of GLY in water (evaluated for 15 days) was consistent with
earlier reports [34]. The degradation of GLY during 100 days was
found to be insignificant, which agreed with the previous litera-
ture [35]. Therefore, GLY residues in water may cause long-term
contamination, especially in deep water without light.

Soil column tests are often used to study the migration of fertil-
izers, pesticides, environmental pollutants and metal ions in soil
[36-39]. However, soil absorption is a dynamic process which
involves numerous steps, and the penetration into soil experiments
may not be accurate under the current scenario. Under the existing
conditions of the laboratory, we attempt to make the experimental
conditions closer to the actual environment and study the migra-
tion of GLY and AMPA in the soil. A 20 cm-height soil column was
prepared in a 30 cm plastic column, while a 10 cm-height column
was used to accommodate 20 mL water. There was no drain or
outlet system for the soil column.

Under the action of precipitation and surface water, GLY and
AMPA migrate from surface soil to deep soil. GLY and AMPA were
detected in 30 cm deep soils in the forest area of Galicia in north-
western Spain [40]. The contents of GLY and AMPA in 0-5 cm deep
tillage soilin Argentina were 35-1502 and 299-2256 pg/kg, respec-
tively [41]. GLY and AMPA were detected at a depth of 35cm in
the soil even after one month of GLY treatment on the fields [42].
The European Union estimated that the detection rates of GLY and
AMPA in soil samples from different countries and regions were
up to 45% [43]. GLY residues in the groundwater samples suggest
that the residual GLY and AMPA can migrate from the soil surface
to the deep soil layer. In this study, soil column leaching experi-
ments were used to simulate the migration characteristics of GLY
and AMPA in the soil under 200 mm rainfall. Both GLY and AMPA
showed significant downward migration, and they were primarily
distributed in the topsoil. GLY and AMPA migrated approximately
7 cm below the soil surface, and the concentrations of GLY and
AMPA were highest at4 cm below the surface. The results were sim-
ilar to those obtained after GLY treatment to the cultivated soil in
Argentina [42]. Frequent and heavy application of GLY may resultin
groundwater pollution, whereas the residual GLY and AMPA from
the land surface would migrate and contaminate surface waters
[44]. The presence of GLY and AMPA in groundwater indicated that
GLY may exhibit a certain grade of mobility in soils [45].

The use of GLY is increasing with the widespread cultivation
of certain transgenic crops in various countries. GLY and AMPA
residues have become potential environmental hazards in many
countries. China, being a bulk producer and large consumer of GLY,
must monitor GLY and AMPA levels and investigate the long-term
toxic effects of these compounds in human beings.

5. Conclusion

In this study, an accurate, sensitive and reliable GC-FPD method
was suitable for simultaneous detection of GLY and AMPA in water
and soil. The method showed good linearity, precision, accuracy
and stability. A novel one-step SPE (Cleanert® PEP-2 SPE column)
method was employed for extraction of GLY and AMPA from sam-
ples. HFB and HFBA were used as derivatization reagents, and
the optimal derivatization parameters were obtained. This GC-FPD
method may be helpful in monitoring the GLY and AMPA levels in
soil or water and for assessing the impact of these compounds on
the environment.
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