
 

 

 

 

UHPLC/SQ MS测定
FMOC衍生后的

草甘膦

草甘膦是被农业及城市园林绿化管理广泛使用的一

种除草剂。有研究表明其具有扰乱内分泌的功能，因

此美国环保署（EPA）要求饮用水及地表水进行草甘

膦的测定。

我们提供了一种利用UHPLC/SQ MS分析草甘膦及其

降解产物（氨基甲基磷酸（AMPA））的方法。使用9-

芴甲氧羰酰基酰氯（FMOC）进行衍生，以提升在质

谱中的响应灵敏度。图1（见下一页）是FMOC与草甘

膦和AMPA反应式。柱后分流阀同时也可用来改变

0-2min时的洗脱盐、过量衍生试剂及其副产物（11-

13min）的流动方向，使其流进废液管，以维持LC/MS

系统更加干净。

实验条件

目标化合物：草甘膦（N-（膦酰基甲基）甘氨酸）， 

AMPA (氨基甲基磷酸)。

样品制备

硼酸盐缓冲液（5 %的硼酸溶液 5 0μL）加入

100μL的系列标准溶液中（含有各种不同浓度的

草甘膦，AMPA和13C，15N草甘膦）。将衍生试剂

FMOC（50μL含有10mg/mL芴甲氧羰酰基酰氯的乙

腈溶液）加入上述溶液中。

标准溶液在黑暗中反应过夜。第二天，加入磷酸（2%

的溶液500μL）终止标准物质的反应。当加入酸时，

过量的FMOC会发生沉淀，通过加入甲醇（300μL）会

重新溶解进入溶液。最终每个分析标准溶液中含有

草甘膦和AMPA的浓度分别为5ng/mL至500ng/mL，

内标物质13C，15N草甘膦浓度为100ng/mL。

液相色谱条件

泵型号： PerkinElmer®Flexar™ FX-15

色谱柱： Phenomenex®, 
 Prodigy C18(3.2 mm x 150 mm, 5 μm)

流动相： A:5mM甲酸铵的水溶液

         B:乙腈

流速： 0.4mL/min

进样体积： 4μL 局部注满的模式

梯度：     时间（min） %A %B
 2                 80       20
                  7                 60    40
                  1                10     90
                5                 10     90

环境
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Figure 1.  Derivatization reactions of glyphosate and AMPA with FMOC.

Figure 3.  Calibration curve of glyphosate (5-500 ng/mL, n=3) plotted as a ratio 
to the internal standard, 13C, 15N glyphosate (r2 = 0.998).

Figure 3.  Calibration curve of AMPA (5-500 ng/mL, n=3, r2=0.998) plotted as a 
ratio to the internal standard 13C, 15N glyphosate.
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Figure 2.  UHPLC/SQ MS elution profile of glyphosate (red trace), 13C, 15N 
glyphosate (blue trace) and AMPA (green trace).

Mass Spectrometer Conditions

Ionization: Ultraspray™ ESI – Negative mode

The [M-H]– ions for each of the analytes were monitored in 
two different time periods:

Time Period 1: (0-8.0 min) SIM ions 390.0 and 392.0 for  
glyphosate and 13C, 15N respectively; dwell time of 200 ms each

Time Period 2: (8.0-11.0 min) SIM ion 332.0 for AMPA; dwell 
time of 150 ms

Capillary Exit  -70 V 
Voltage: 

Results

The derivatized FMOC products of glyphosate and its degrada-
tion product, AMPA, were well separated from each other by 
UHPLC (Figure 2). The calibration curves for glyphosate and 
AMPA are plotted as a ratio to the internal standard and show 
excellent linearity for the concentration range of 5-500 ng/mL 
(r2 = 0.998 for both), Figures 3 and 4 respectively. We were 
easily able to detect 5 ppb concentrations of both glyphosate 
and AMPA using UHPLC in tandem with the Flexar SQ 300 MS 
detector.
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图1 草甘膦、AMPM与FMOC发生的衍生反应

图2 UPHPLC/SQ MS 测定草甘膦（红色），13C，15N草甘膦（蓝色）
和AMPA（绿色）的谱图

图3 草甘膦的校准曲线（5-500ng/mL,n=3），以草甘膦与内标13C，15N
草甘膦的比作图（r2=0.998）

质谱条件

离子化模式： Ultraspray™ ESI负离子模式

每个分析物[M-H]-离子的监测分为两个不同的时期：

第一阶段：（0-8min）SIM扫描草甘膦的离子390.0和392.0

及分别扫描13C，15N，驻留时间为200ms/个

第二阶段：（8-11.0min）SIM扫描AMPA离子332.0，驻留时

间为150ms/个

毛细管出口电压：-70V

结果

UHPLC能够完全分离草甘膦及其降解产物、AMPM与

FMOC的衍生产物（图2）。以草甘膦与AMPM与内标物质的

比作工作曲线，在5-500ng/mL浓度范围内，线性关系良好（

两者均为r2=0.998），分别见图3和图4所示。利用UHPLC与

Flexar SQ 300MS联用，我们很容易测定浓度为5ppb草甘

膦及AMPM。
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Figure 1.  Derivatization reactions of glyphosate and AMPA with FMOC.

Figure 3.  Calibration curve of glyphosate (5-500 ng/mL, n=3) plotted as a ratio 
to the internal standard, 13C, 15N glyphosate (r2 = 0.998).

Figure 3.  Calibration curve of AMPA (5-500 ng/mL, n=3, r2=0.998) plotted as a 
ratio to the internal standard 13C, 15N glyphosate.
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Figure 2.  UHPLC/SQ MS elution profile of glyphosate (red trace), 13C, 15N 
glyphosate (blue trace) and AMPA (green trace).

Mass Spectrometer Conditions

Ionization: Ultraspray™ ESI – Negative mode

The [M-H]– ions for each of the analytes were monitored in 
two different time periods:

Time Period 1: (0-8.0 min) SIM ions 390.0 and 392.0 for  
glyphosate and 13C, 15N respectively; dwell time of 200 ms each

Time Period 2: (8.0-11.0 min) SIM ion 332.0 for AMPA; dwell 
time of 150 ms

Capillary Exit  -70 V 
Voltage: 

Results

The derivatized FMOC products of glyphosate and its degrada-
tion product, AMPA, were well separated from each other by 
UHPLC (Figure 2). The calibration curves for glyphosate and 
AMPA are plotted as a ratio to the internal standard and show 
excellent linearity for the concentration range of 5-500 ng/mL 
(r2 = 0.998 for both), Figures 3 and 4 respectively. We were 
easily able to detect 5 ppb concentrations of both glyphosate 
and AMPA using UHPLC in tandem with the Flexar SQ 300 MS 
detector.

图4 AMPA的校准曲线（5-500ng/mL,n=3,r2=0.998），以AMPA与内
标13C，15N草甘膦的比作图


