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Introduction

Laboratories monitoring trace level pesticides and herbi-
cides by gas chromatography/mass spectrometry (GC/MS)
frequently utilize Selected Ion Recording (SIR) techniques
to maximize analytical sensitivity for quantification. With
analytical standards, precision is limited to a large extent
only by the autosampler and other instrumental effects.
However, real-world samples pose a greater challenge. 
In this latter case, matrix effects have a detrimental effect
on both sensitivity and precision.

Often, such analyses are carried out using on-column
injection, as classical (hot) splitless injection can result
in the loss of thermally labile species. The practical
disadvantages of on-column injection usually manifest
themselves in the form of degraded separation and peak

tailing as the retention gap rapidly becomes contaminated
with matrix components. Chromatographic performance
may be restored by cleaning or replacement of the retention
gap, but this is time consuming and requires a significant
level of operator skill.

In programmed splitless injection the sample is introduced
into a cool (quartz) injector liner packed with quartz or
silanized glass wool. The packed liner has a much greater
sample capacity than the retention gap used in on-column
injection methods. After injection, the temperature of the
injector is rapidly heated to transfer the analytes to the
head of the chromatographic column. This approach
exposes the sample to substantially milder conditions
than the flash vaporization used in classical splitless
injection. It eliminates possible decomposition caused 
by contact of the analytes with a heated metal syringe.
Another advantage of this approach is that the same
experimental setup may also be used for large-volume
injection with solvent purging. 

Results

In the following example, a spiked (50 ppb) river water
extract has been analyzed 12 times using programmable
splitless injection. The chromatographic conditions are
listed in Table 1, and a typical SIR chromatogram is shown
in Figure 1. These 12 replicate injections were made after
some 40 to 50 previous injections into the same liner.
Some of these earlier injections involved large-volume
injection techniques. Despite this, the precision data in
Table 2 shows no trends, and the quality of the chromato-
graphic separation is unchanged throughout the test.Figure 1. SIR chromatogram of herbicides in water.
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Diazinon (n = 12)
RT (SD min) = 0.005
% RSD Abs. Area = 2.85

Propetamphos (n = 12)
RT (SD min) = 0.005
% RSD Abs. Area = 3.13

Atrazine (n = 12)
RT (SD min) = 0.004
% RSD Abs. Area = 2.46

Simazine (n = 12)
RT (SD min) = 0.005
% RSD Abs. Area = 2.67
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气相色谱

利用GC/MS选择离子检测分析水中的
有机磷和有机氮类除草剂

简介

实验室采用气相色谱/质谱联用仪（GC/MS）监测水中痕量

的除草剂，通常利用选择离子检测（SIR）技术，以增加定量

分析的灵敏度。根据分析标准，精密度很大程度上仅由自动

进样器及其它仪器影响决定。然而在现实分析中，样品带来

了更大的挑战。在后面的例子中，基质效应对灵敏度和精密

度均产生了不利的影响。

通常，该类分析采用柱上进样的方式，传统的（热）不分流进

样方式可能导致热不稳定物质损失。柱上进样的实际缺点

通常表现为分离度降低，并且由于滞留带快速的转变成基质

的污染物质，从而导致峰拖尾。色谱性能可能通过清洗或者

更换滞留带得到恢复，但是这将需要消耗时间，并且需要操作

者高超的操作技能。

在程序不分流进样过程中，样品被引入到冷的（石英）进样口

装有石英或硅烷化玻璃棉的衬管中。该填充的衬管具有比柱

上进样通常使用的滞留带大得多的样品容量。样品进样后，进

样口快速升温将分析物转移至色谱柱头上。相对于传统不分

流进样将样品暴露于快速气化的条件而言，该方法将样品引

入到相对温和的条件。该方法消除了样品与热的金属注射器

接触引起样品分解的情况。该方法的另外一个好处是，同样的

实验设置也可用于大体积注射溶剂清洗。

结果

在接下来的例子中，采用程序化的不分流进样，对河水中加标

（50ppb）的提取样品进行了12次分析。色谱条件见表1所列，

典型的SIR谱图见图1所示。该12次重复进样使用先前已经注

射了40至50次样品的衬管，先前的进样包括大体积进样技术，

尽管这样，数据的精密度（表2）依然没有变化趋势，整个分析

过程的色谱峰分离质量并没有发生改变。
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表1  仪器条件：下面的条件可以用于任何最近的PerkinElmer® GC/MS系统（自动系统XL/TurboMass Gold or Clarus® 500 GC/MS)。

气相色谱

色谱柱 Elite-5ms; 30 m x 0.25 mm ID x 0.25 μm film thickness (5%-Diphenyl)

载气 He，1.0mL/min恒流

炉温 60°C，3min，25°C/min到200°C，然后4°C/min到260°C，保持6.4min

PSS（程序分流/不分流进样温度） 初始温度60°C，100°C/min升至260°C

分流流速 在-0.5min时0mL/min，3min后50mL/min

质谱仪 

采集模式 选择离子检测（SIR）

监测质量 137,138,173,179,186,194,200,201,215,236,304

驻留时间 0.04s

溶剂延迟 5min

传输线温度 225°C

离子源温度 150°C

表2. 除草剂成分总结报告：加标50 ppb除草剂河水的重复进样分析结果

                                                            Simazine                                Atrazine                              Propetamphos                                Diazinon

                                                        （m/z 201）                           （m/z 200）           （m/z 194）                            （m/z 179）

 保留时间 积分面积 保留时间 积分面积 保留时间 积分面积 保留时间 积分面积

 10.587 15491 10.651 22801 10.817 14653 10.945 22237

 10.596 15040 10.661 23339 10.826 15385 10.954 20246

 10.587 15167 10.652 23914 10.817 14746 10.945 20937

 10.587 15505 10.652 23264 10.826 15055 10.955 21302

 10.587 14726 10.651 23572 10.817 15206 10.954 21991

 10.587 15281 10.651 23449 10.826 15805 10.945 21662

 10.587 15093 10.652 24337 10.817 15143 10.955 22422

 10.587 15784 10.652 23709 10.826 15611 10.955 22216

 10.587 15439 10.651 23970 10.817 16119 10.945 21941

 10.587 15537 10.651 23623 10.826 14768 10.954 22040

 10.587 16306 10.652 24893 10.817 15715 10.945 21877

 10.578 15743 10.643 24522 10.817 15790 10.945 21775

    平均值 10.588 15426 10.652 23783.24 10.821 15333 10.950 21721.04

    SD 0.005 411 0.004 584.17 0.005 479 0.005 619.48

    RSD % 0.05 2.67 0.04 2.46 0.04 3.13 0.05 2.85


