
简介

水是支持任何生物细胞的生理活动的载体，因此水对我

们生命及我们这个星球生物多样性是至关重要的。水有

三个主要的来源：海洋水、地表水、地下水，在这三个

来源中，地下水储存于含水层，组成了世界上可饮用水

的90%，且是该星球最大的淡水水库。然而地下水容

易受到农业中广泛用于控制杂草生长除草剂的污染。

被除草剂污染的水可引起人类健康的问题，包括癌症肿

瘤、生殖畸形、内分泌的破坏和DNA损伤。
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九种常用除草剂

联合国环境保护计划署（UNEP）认为上世纪八十年代在Karakalpakia (在中亚地区的咸海区域)癌症

死亡率200%增加及新生儿畸形增加的原因是饮用水中农药的污染。世界各地不断的监测是检测饮

用水中有害除草剂水平的关键。

在美国，清洁水法案（CWA）严格限定了地表水污染物的排放。再者，环保署（EPA）已经建立了

饮用水中任何一种污染化合物的限量。因此，常规测试以确保水的安全性和法规依从性是当地政府

以及生产企业的最关心的项目之一。
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Table 1.  Detailed UHPLC system and chromatographic  
conditions.

Autosampler: Flexar FX UHPLC 
 Setting: 50 µL loop and 15 µL needle  
 volume, partial loop mode 
 Injection: 5 µL; injector wash and  
 carrier:water

Detector: Flexar FX PDA UHPLC Detector 

Analytical Wavelength: 225 nm 

Pump: Flexar FX-15 

Column: Xterra® MS C18, 3.5 µm, 100 x 4.6 mm  
 Restek® Pinnacle® DB C18, 3 µm, 100 x  
 2.1 mm (Cat #9414312)

Mobile phase: B: acetonitrile, A: water  
 (HPLC grade solvent)

Software: Chromera® Version 3.0

 Conventional LC Column at 30 °C 

 Time Flow rate B % Curve 
 (min) (mL/min) 
 16 1.0 10-45 1

 UHPLC Column at 50 °C 

 Time Flow rate B % Curve 
 (min) (mL/min)
 8 1.0 15-45 1

 Two min. equilibration after injection.

Experimental

A working solution containing 20-28 µg/mL of each  
herbicide was prepared by dilution from neat material  
using water as a solvent. Precision was evaluated with six 
injections of the working standard. Linearity was determined 
across the range of 125-28000 ng/mL. A sample of purified 
water was spiked with the working standard to obtain a 
solution between 0.5-0.7 µg/mL. 

A PerkinElmer® Flexar™ FX-15 UHPLC system fitted with a 
Flexar FX PDA photodiode array detector was used. The 
separation was achieved using a Restek® Pinnacle® DB C18, 
3 µm, 100 x 2.1 mm. The run time was approximately eight 
minutes with a back pressure of 8500 PSI (586 bar). 

Figure 1.   Names and structure of nine herbicides studied. 

实验

浓度为20-28 μg/mL的9种除草剂的工作溶液，由纯

物质经水稀释而成。精密度通过六次工作标准溶液的

进样结果计算得到，线性测定范围是125-28000 ng/

mL。纯净水中加入标准工作液以获得0.5-0.7 μg/mL

的样品溶液。

本应用文献采用了配有Flexar FX PDA二极管阵列检测

器的PerkinElmer® Flexar™ FX-15 UHPLC系统。使用

Restek® Pinnacle® DB C18, 3 μm, 100 x 2.1 mm色谱

柱进行分离。运行时间约8min，反压为8500 PSI (586 

bar)。

图1 9种待测除草剂的名称及结构

表1  UHPC系统和色谱条件

自动进样器 Flexar™ FX UHPLC

 设置 ：５０µＬ采用环和１５µＬ进样针，

 部分环进样模式

　　　　　　　 进样体积：5µＬ；洗针液：水

检测器 Flexar FX PDA UHPLC 检测器

分析波长       225nm 

泵            Flexar FX-15

色谱柱         Xterra® MS C18, 3.5 μm, 100 x 4.6 mm

 Restek® Pinnacle® DB C18, 3 μm, 100 x2.1 mm 

  (部件号9414312)

流动相         B: 乙腈  A:水（HPLC级溶剂）  

软件           Chromera® Version 3.0

 常规LC色谱柱  30°C 

 时间（min） 流速（mL/min） B%      curve

   16                                1.0             10-45          1

 UHPLC色谱柱  50°C

 时间（min） 流速（mL/min） B%      curve

   8                                       1.0             15-45        1

 运行完成后平衡2min
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Table 2.  Precision, linearity and recovery.

Compound responses % RSD (n=6) ng/mL* Linearity range r²  recovery % Spiked water

Metamitron 1.4 175-28000 0.9999 106

Pyrazon 1.4 125-20000 1 103

Monuron 1.0 175-28000 1 97

Blatex 1.2 175-28000 1 102

Chlorotoluron 1.0 125-20000 1 95

Diuron 1.2 175-28000 0.9999 101

Propazine 1.0 125-20000 1 106

Terbuthylazine 1.0 125-20000 0.9999 109

Terbutryn 0.6 125-20000 0.9998 98

Results And Discussion

Initially, the method was developed with a conventional 
C18 LC column. The optimal flow rate of this method was 
determined to be 1.0 mL/min. at a temperature of 30 °C. All 
the herbicide peaks eluted within 16 min. (Figure 2). Eight 
minutes run time was achieved by using a column design for 
UHPLC that is capable of sustaining a pressure up to 15000 
Psi and a temperature up to 80 °C. The selectivity, capacity 
and resolution were significantly improved (Figures 3 and 4). 

In addition to the reduction of the run time and the solvent  
usage by half, the resolutions of analyte peaks were 
improved. The optimal flow rate was 1.0 mL/min. at a 
temperature of 50 °C and an improved separation was 
obtained.

The final analysis was completed in eight min. with a 
total solvent usage of 8.0 mL per injection, an impressive 
improvement from 16 min. run time and 16.0 mL solvent 
usage when the conventional HPLC column was used. This 
is important not only because of the relatively high cost of 
HPLC-grade solvents, but also because far less solvent must 
be disposed of as waste. This results in much lower cost of 
ownership and a much “greener” laboratory operation.

Overall, excellent method performance was achieved. The 
linearity of the analysis achieved an average r2 value of 1. 
The average precision was 1.1% ranging from 0.6-1.4% 
RSD. The average recovery for spiked sample was 102% 
ranging from 97-109%. Details of the method performance 
are presented in Table 2.

A spectrum of each herbicide was obtained from the analysis 
of the standard solution over a range of 190 nm to 700 nm, 
and the wavelength maximum was determined, enabling the 
selection of a suitable wavelength setting for the analysis.  
A spectral library was created within Chromera using the 
standard solution run, and was used to confirm the identity 
of the peaks in spiked water samples.

An annotated UHPLC chromatogram of the spiked water 
sample and the spectra of five herbicides are shown in 
Figures 5 and 6.  

Confirming the identity of compounds in the chromatogram 
of a known or an unknown sample is an important aspect 
of quality assurance, and adds another level of confidence 
to the analysis. Confirmation of the presence of herbicides 
in the spiked samples is done by using the spectral library 
function allowing the comparison of the spectra at the peak 
apexes to the spectra from the standard solution previously 
stored in the spectral library.    
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结果和讨论

起初，该方法是使用常规C18 LC的色谱柱开发建立的。

理想的测定流速为1.0mL/min，温度为30°C，所有的

除草剂出峰在16min之内（图2）。使用了为UHPLC设

计的色谱柱（该色谱柱能够维持高达15000 psi的压力

和温度高达80°C）后，运行时间为8min，且方法的灵

敏度、色谱峰容量和分离度都得到了明显的提高（图3

和4）。

除了减少一半的运行时间和溶剂用量，被分析物峰的分

离度也得到了改善。理想的测定流速为1.0mL/min，温

度为50°C，并且获得更高的色谱分离。

最后，分析在8min之内完成，每一次进样溶剂的用量

为8mL，从而比使用常规HPLC色谱柱运行16min消耗

16mL的溶剂用量明显改善。这是非常重要的，不仅仅

是因为成本相对较高的HPLC级溶剂，而且也是因为减

少了废液的处置。这是更低成本和更加“绿色”实验室

操作的结果。

总的来说，该方法获得了优越的性能参数。线性测定

r2的平均值为1。平均精密度值是1.1%，其范围是0.6-

1.4% RSD。加标回收率的平均值是102%，其范围是

97-109%。详细的方法性能见表2所示。

在190-700nm波长的范围扫描9种除草剂标准物质，测

定各种除草剂的最大吸收波长，以选择适当的检测波

长。利用运行标准溶液，Chromera创建了各物质的谱

库，且被用于鉴定水样品中的加标峰。

一个加标的水样品的UHPLC色谱图和5种除草剂的全扫

描谱图见图5和6所示。

通过色谱鉴定样品中已知或未知组分是质量保证的一个

重要方面，同时给分析结果增加了另一水平的置信度。

通过谱库的功能确认了加标样品中存在的除草剂，该谱

库的功能是允许样品组分峰顶点处的光谱与先前存在谱

库里的标准物质的光谱作比较。
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表2 精密度，线性和回收率

化合物 RSD%（n=6）ng/mL 线性范围  r2  水加标样品回收率%
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Figure 2.  Chromatogram from the analysis of a standard solution of herbicides 
with a conventional  HPLC column. 

Figure 3.  Chromatogram from the analysis of a standard solution of herbicides 
with a UHPLC column showing maximum wavelength.

Figure 4.  Chromatogram from the analysis of a standard solution of herbicides 
with a UHPLC column.

Figure 5.  Chromatogram from the analysis of purified water spiked with 
herbicides. 

Figure 6.  Stored spectra of five herbicides from the analysis of a standard 
solution.

Conclusion

The application of UHPLC to the analysis of nine herbicides 
has resulted in about 50% reduction in run time, as well as 
a reduction of solvent usage by half when compared to the 
conventional HPLC analysis. The PerkinElmer Flexar FX-15 
UHPLC system and Restek® Pinnacle® DB C18, 3 µm, 100 x  
2.1 mm column resolved all the nine herbicides studied in 
about eight minutes and the method was shown to be linear. 
The PerkinElmer FX PDA provides a rugged and accurate 
detection over a range of 190 nm to 700 nm, encompassing 
UV and visible wavelengths. PerkinElmer’s Chromera software 
offers many data acquisition and processing features: spectral 
library creation, and peak purity, spectra 3D and contour 
maps, which are powerful tools for interrogating the infor-
mation content of a 3d photodiode array chromatogram. 
The spectral library search function allowed the storage of 
standard herbicides spectra, later used for peaks identification 
and confirmation in sample. 

结论

本应用文献采用UHPLC分析9种除草剂，与使用常规

HPLC分析方法比较，本方法减少了大约50%的运行时

间，以及一半的溶剂消耗量 。PerkinElmer Flexar FX-15 

UHPLC系统和Restek® Pinnacle® DB C18, 3 μm, 100 

x2.1mm色谱柱在8min之内完成了所有9种除草剂的分

离，方法是线性的。PerkinElmer FX PDA在190-700nm

的范围内（涵盖紫外和可见波长范围），坚固耐用且

准确检测。PerkinElmer的Chromera软件提供了多种

数据采集和处理的功能：创建谱库，峰纯度，三维光

谱，等高线图，该软件是一款解析三维PDA色谱信息强

有力的工具。谱库创建和搜索功能允许储存除草剂的

标准色谱峰，以用于后续实际样品中待测物的鉴定、

确证。
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图2 常规HPLC色谱柱分析除草剂标准物质的色谱图

图3  UHPLC色谱柱分析除草剂标准物质的谱图，图中标注
每个组分的最大波长

图4  UHPLC色谱柱分析除草剂标准物质的色谱图

图5 加标的纯水样品的分析色谱图

图6 储存的5种除草剂标准物质的光谱图
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