
农业上杀虫剂的广泛应用是为保护作物免受害虫和非目标作

物的侵害，使作物损失降到很低，本身也需要强监管来使其对人

类和动物健康风险降到低点。获批的杀虫剂有最大食品残留限

量，这要求同时定性和定量大批量的杀虫剂残留。LC-MS/MS的

多反应检测（MRM）可提供高灵敏度和选择性，但当建立一个检

测上百个化合物的方法时，数据质量是尤其重要的，且帮助保证

每一个化合物被可靠定量。Scheduled MRM™ Pro算法仅能为一个

化合物在它的洗脱时间内智能地监测MRM离子对。这降低了在

任意时间点同时出现MRM离子对数量风险，使循环时间和驻留间

同时保持在良好状态。首先，检测各化合物洗脱时间，然后使用

Scheduled MRM Pro算法建立一个适合的最终方案。

LC-MS/MS解决方案必须可信和灵敏，满足食品检测实验室的

需要。当使用Scheduled MRM™ Pro算法时，数据获取方案具有稳
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定的保留时间来高效工作是至关重要的。一个成功的重要检测需

要同时保证选择性、可重复性、以及可靠性，获得可以保证稳定

保留时间的高质量样本分离。

本实验研究了SCIEX ExionLC™ 2.0系统的流速精确度和保留时

间可重复性。使用Scheduled MRM算法来获得428个MRM离子对信

息，基于定性和定量以及与参照标准品匹配的保留时间，精确定

性杀虫剂，确认它们的身份。由于包含离子化负模式电离的几个

杀虫剂，实施了一个可切换极性的方法。
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The wide use of pesticides in agriculture to minimize crop loss by 
protecting against pests and the growth of unwanted plants has 
led to strong regulations that minimize hazards to human and 
animal health. Approved pesticides have maximum residue limits 
in food, requiring simultaneous identification and quantification of 
large panels of pesticide residues. LC-MS/MS with multiple 
reaction monitoring (MRM) provides high sensitivity and 
selectivity but, when performing a method with hundreds of 
compounds, data quality is extremely important and helps to 
ensure that every compound is effectively quantified. The 
Scheduled MRM Pro algorithm intelligently monitors the MRM 
transitions for a compound only during its elution time. This 
decreases the number of concurrent MRMs monitored at any 
point in time, allowing both the cycle time and dwell time to 
remain optimal. First, the elution times for each compound are 
determined, then a final optimized method is built using the 
Scheduled MRM Pro algorithm. 

LC-MS/MS solutions must be robust and sensitive to meet the 
needs of food testing labs. When using the Scheduled MRM 
algorithm, it is critical to have stable retention times for the 
acquisition strategy to work effectively. An important determinant 
of success in achieving selectivity, reproducibility and robustness 
is having a high-quality up-front sample separation that provides 
stable retention. 

In this work, the flow rate precision and retention time 
reproducibility of the SCIEX ExionLC 2.0 system were 
investigated. The Scheduled MRM algorithm was used to 
acquire 428 MRM transitions, to accurately quantify pesticides 

and confirm their identity based on the characteristic ratio of 
quantifier and qualifier transitions and a retention time match to 
reference standards. Owing to the inclusion of several pesticides 
in the panel that ionize preferentially in negative mode, a polarity 
switching method was also implemented. 

Key features of the ExionLC 2.0 system  
• High-pressure, dual, serial piston pump rated to 860 bar 

(12,500 psi) at flow rates of 0.001 to 2 mL/min for maximum 
flexibility 

• Precise and stable solvent flow delivering less than 0.1% 
coefficient of variation (CV) retention time variation allows the 
use of Scheduled MRM algorithm to monitor a large panel of 
compounds while maintaining quality of the data and 
confidence in identifications 

• Accurate and precise quantification results with linear 
coefficient of determination performance (r2) > 0.99 and 
precision <10% coefficient of variation 

• SecurityLink UHPLC finger-tight fittings and fixed tubing 
lengths aid in simplifying the LC system and column 
connections, providing consistent performance with torque 
limiting technology that prevents column damage or 
overtightening  

 

 

 

 

 

Figure 1. LC flow and gradient stability. Overlaid total ion 
chromatograms (TICs) from 25 repeat injections of 10 µL of the same 
100 ppb pesticide standard mixture.  
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Figure 1. LC flow and gradient stability. Overlaid total ion 
chromatograms (TICs) from 25 repeat injections of 10 µL of the same 
100 ppb pesticide standard mixture.  

图1. 液相流速和梯度的稳定性。25次重复进样10 µL相同100 ng/mL杀虫剂

标准混合物的重叠总离子色谱图。
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ExionLC™ 2.0系统的关键特点

•  高压、串联活塞泵，压力达860bar（12,500 psi)，流速最大变化

范围为0.001到2 mL/min

•  精确稳定的溶剂流速，低于0.1%的变异系数（CV）的保留时间

变动，使用Scheduled MRM™算法使监测大批量化合物成为可

能，同时保留了数据质量和识别可靠性

•   准确且精密的定量结果，其检测能力的线性系数（r2）>0.99，

精密度<10%变异系数

•   SecurityLink超高效液相色谱手紧型接头和固定管长帮助简化液

相系统和柱连接, 使用可以防止柱损伤或柱过紧的扭矩限制技术

能够提供稳定的效果。

方法

材料和溶液: 所有实验使用iDQuant™标准试溶液剂盒（SCIEX 

P/N 4465661）进行授权标准物质（ISP Guide 34, IOS/IEC 17025 and 

ISO 9001:2008）的杀虫剂分析，包含206种杀虫剂。试剂盒包含20

种杀虫剂的10个混合，每种初始浓度为100 µg/mL，溶于100%乙

腈。

这个试剂盒首先用于优化MRM条件，并用于调整已存在方法

的保留时间，用来更新Scheduled MRM Pro算法以达到更好效果。

使用一个 roQ QuEChERS提取试剂盒步骤 [EN 15562 Kit, 飞诺美 

(P/N KS0-8909)]对水果和蔬菜样本进行提取。

样本提取: 杀虫剂分析使用的SCIEX iDQuant试剂盒的混合物 J 

包括20种化合物，加入到芝麻菜样本中，混合物 C加入到红葡萄

样本，并用此验证方法识别和确认的效能。制备浓度为 1000, 500, 

200, 100, 50 和 20 ng/mL的 基质校准样本。

芝麻菜和红葡萄在-20℃冷冻，然后在称重和提取前在室温下

融化。按以下列举的步骤进行操作：

•  制备10 g匀浆样本

•   加入10 mL乙腈并强烈震荡1 min进行提取

•  加入飞诺美 roQ QuEChERS试剂盒缓冲液-盐混合物 (KS0-8909) 并

立即使用涡旋器强烈震荡1 min

•  以 9000 rpm速度离心10 min

•  转移1 mL的样本提取液到一个装有飞诺美 roQ dSPE 试剂 (KS0-

8916, 8913, 8914 or 8915 取决于样本类型)的试管

•  使用强烈震荡30 sec并以9000 rpm离心来清洗样本

•   将500 µL洁净的样本提取液加入到自动进样瓶

•  在使用VWR 0.45 µm聚丙烯滤器滤过前使用水稀释2倍，并转移

到LC- MS/MS 分析的自动进样瓶

色谱条件：使用SCIEX ExionLC™ 2.0系统和一根飞诺美 Synergi 

2.5 µm, 2.0 x 50 mm Fusion-RP色谱柱 (P/N 00B-4423-B0)进行液相分

离。用含甲酸铵缓冲液的水和甲醇进行20 min的梯度洗脱，流速

有0.4 mL/min，柱温为40。SCIEX ExionLC 2.0系统自动进样器模块

包含250  µL的注射器，250 µL缓冲液管路，100 µL 样品环和15 µL的

针管。为了优化样本消耗和使进样循环时间降到最低，使用的注

射模式是微升增强进样模式，进样量设为2.0 µL。注射器速度设为

低，速度因子设为1。加强冲洗模式使用含有0.1%甲酸洗脱溶剂的

1000 µL乙腈/甲醇/异丙醇（2:2:1 v/v/v），以及含有5mM甲酸铵运

载溶剂的1500 µL水/甲醇(9:1 v/v)。

质谱条件：SCIEX Triple Quad™ 3500系统，采取电喷雾离子

化（ESI）探头。使用Scheduled MRM™ Pro 算法，在40 sec的检测

窗，采用极性切换使所有化合物的分析在一个方法得到实现，428

个MRM离子对（其中194个化合物，388个离子对是ESI+模式下检

测，20个化合物在ESI-模式下检测，40个离子对）。

数据获取使用Analyst™ 软件 1.7.2结合ExionLC™ 2.0系统的组件

进行。值得注意的是，ExionLC 2.0系统也能完全支持数据获取使用

SCIEX OS 软件或更新版本软件的仪器。

数据处理：质谱获得数据的数据处理使用SCIEX OS 软件 2.1来

进行，可以生成校准曲线，准确度，精密度统计。

高质量色谱

428个 MRM离子对Scheduled MRM™ Pro 算法监测， 这使200个

杀虫剂在一次LC-MS/MS 分析得到定量和识别。图2显示了一个20 

ng/mL基质混合标准品的色谱图举例。获得了非常好的分离，且峰

宽度窄，峰对称性好，这在进行定量时是非常重要的。   峰对称性

使用对称因子来测量—峰中线和后坡的距离除以峰中线和前坡的距

离，10%的最大峰—通常在1.0左右。图3显示的色谱图举例进一步

强调了窄峰和对称峰使用LC系统和所选色谱相得到的峰宽。对于图

3显示的数据，跨越浓度范围的平均对称因子阿维菌素(emamectin)

为1.1，氰氟虫腙(metaflumizone)为1.1，啶虫脒(acetamiprid)为0.9，

非草隆（fenuron）为0.9。
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保留时间重复性

当保留时间窗口较窄时，良好的保留时间稳定性是非常关键的

因子，可以保证色谱峰都能保持在检测窗内。液相色谱泵的稳定性

是也至关重要的，可以在大批量样本检测时保证一致的保留时间。

这能降低重新校正方法所花费的时间损耗，来适应保留时间漂移，

使任何由于峰位移到目标窗口之外造成的数据丢失风险降到可忽略

不计。图1使用25次连续进样获得的重叠色谱图，表明有良好的液

相泵稳定性。

如图3所示，在可许的保留时间范围内各个分析物的保留时间

精确度均低于0.1%CV，150个化合物平均变异系数为0.066%CV。

对于大多数检测的化合物而言，50次进样的最大保留时间差异<1.5

秒。

采用40秒的窄保留时间窗，在单次20分钟的时间内检测所有

目标物，图4显示了在色谱保留时间窗口中心附近检测峰的保留时

间窗宽度。

当保留时间稳定性非常好时，更多的MRM离子对可以在每次

进样都能检测到。这个方法中，为了使离子比值可以在定量离子

和定性离子间被计算，每个化合物有两个MRM离子对被监测。图4

显示了可以被自动计算和在SCIEX  OS软件的Analytics作图的离子比

值接受标准线。

定量性能

进样分析溶剂标准品，浓度范围为20到1000 ng/mL. 图5显示了

校准线。线性回归使用1/x加权。线性系数 ( r2 ) 通常高于0.99。

计算峰面积重复性也是25次重复进样1 µL（ 100 ng/mL）标

准品样本，然后25次重复进样10 µL。通常变异结果使用选定化合

物，不使用内标，如图6所示。
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was 1.1 for emamectin, 1.1 for metaflumizone, 0.9 for 
acetamiprid and 0.9 for Fenuron. 

Retention time reproducibility 
Very good retention time stability is critical when using narrow 
retention time windows to ensure the peaks remain within the 
detection windows. Stability of the LC pump over time is critical 
to ensure consistent retention times are delivered across large 
sample batches. This reduces the time spent readjusting 
methods to accommodate retention time drifts and minimizes 
any lost data due to peaks shifting out of target windows. Figure 
1 highlights the excellent LC pump stability with overlaid 
chromatograms from 25 consecutive injections.  

As shown in Figure 3, the retention time precision of each of the 
analytes across a range of retention times for these injections is 
less than 0.1% CV, with a mean of 0.066 % CV for the 150 
compounds. For most compounds tested, the maximum 
retention time difference over 50 injections was <1.5 seconds.  

Narrow retention time windows of 40 seconds were used in order 
to time-schedule such a large number of compounds in a single 
20 minute acquisition method. Figure 4 illustrates the retention 
window width as centered around the detected peak. 

When retention time stability is very good, more MRM transitions 
can be scheduled per run. In this method, two MRM transitions 
per compound were monitored in order to enable ion ratios to be 
computed between the quantifier and qualifier transitions. This is 
also highlighted in Figure 4, showing the ion ratio acceptance 
criteria lines that are automatically computed and plotted in 
Analytics in SCIEX OS software.  

 

Quantification performance 
Solvent standards were injected at a concentration ranging from 
20 to 1000 ng/mL. Example calibration lines are shown in Figure 
5. Linear regression with 1/x weighting was used. The linear 
coefficient of determination (r2) was typically higher than 0.99. 

The area reproducibility was also computed from 25 replicate 
injections of 1 µL, then 25 replicate injections of 10 µL, using the 
100 ppb standard. Typical variance results are shown using 
selected compounds, without the use of internal standard, in 
Figure 6. 

 

Figure 2. Extracted ion chromatogram showing the pesticide elution profile. Approximately 200 pesticides detected using 400 MRM transitions 
with Scheduled MRM Pro algorithm. 

 

Figure 3. Retention time precision. Box and whisker plot showing the 
spread of the retention time %CV for 150 compounds from 50 injections 
of the 100 ppb pesticide standard mixture.  
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图2.提取离子色谱图显示了杀虫剂的洗脱特点。使用Scheduled MRM™ Pro算法监测的400个MRM离子对大概检测到200个杀虫剂。

图3. 保留时间精确度。Box 和 whisker曲线显示了150种化合物在50次进样

100 ng/mL杀虫剂标准混合物时保留时间%CV的展开
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Compound identification  
Compound identification is typically performed by retention time 
matching and calculating the ratio between quantifier and 
qualifier MRM transitions. The ion ratio of a detected pesticide in 
unknown samples is compared to the ratio observed in standard 
samples and tolerance levels are applied to affirm the positive 
detection of that target pesticide. These tolerance levels are 
defined by several guidelines and can be user-defined in the 
SCIEX OS software. 

MRM ratios were automatically calculated in SCIEX OS 
software. The ratio of quantifier and qualifier peak areas in the 
unknown samples is automatically compared to the average ratio 
of all included standard samples for compound identification. 
Tolerance levels are displayed in the peak review window in 
Analytics. Here, a generic tolerance of 30% was used, following 
SANCO/12682/2019 guidelines.1 

  

   

 

 

Figure 4. Quantifier and qualifier MRM transitions of selected pesticides. Four pesticides are shown here: (1) emamectin, (2) metaflumizone, (3) 
acetamiprid, (4) fenuron. The concentration range was from 20 to 1000 ng/mL. The MRM ratio of 30% is automatically displayed in the SCIEX OS 
software during peak review in Analytics to help confirm compound identification. 

  

Figure 6.  Peak area precision. Box and whisker plot showing the 
range of the peak area %CV for 164 compounds from 25 injections of 
the 100 ppb pesticide standard mixture, using either a 1 µL injection 
(blue) or a 10 µL injection (orange).  
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图4. 特定农药的定量和定性MRM离子对。这里显示了四种农药：（1）阿维菌素(emamectin)，（2）氰氟虫腙(metaflumizone)，（3）啶虫脒

(acetamiprid)，（4）非草隆（fenuron）。其浓度范围为20-1000 ng/mL。在SCIEX OS软件的Analytics界面进行色谱峰预览时，会自动列出MRM离子比率达到

30%的离子对，以帮助确认识别化合物。

化合物确认

化合物确认通常是以保留时间匹配以及定量离子和定性离子的

比值计算来实现的。未知样本中检测杀虫剂的离子比值与标准样本

中的比值进行比较，采用容错水平确认目标杀虫剂的检出。这些容

错水平在几个指导原则下确认，可在SCIEX OS软件中用户进行自定

义。

MRM比值在SCIEX OS软件中自动定义。未知样本中，定量离

子对和定性离子对峰面积自动与所有纳入的样本的平均比值相比

较来进行化合物确认。容错水平显示在Analytics的峰检查窗口。

这里，按照指导方针1SANCO/12682/2019，使用一个通用的容错

30%。

图6. 峰面积精确度。Box和whisker图显示了从25次进样100 ng/mL的杀虫

剂标准混合物得来的164个化合物峰面积%CV的范围，使用1µL进样量（蓝

色）或10µL进样量（橘色）。
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Verification of qualitative performance
Mix J of the SCIEX iDQuant kit for pesticide analysis containing 
20 compounds was spiked into the arugula sample and Mix C 
was spiked into the red grape sample at 10 µg/kg.

As well as MRM ratio comparisons, compounds are also 
identified based on retention time matching. That also makes it 
critical to have good retention time stability, which is achieved 
through a combination of good sample clean up, 
chromatographic conditions and gradient pump stability. The 
results of identification based on retention time matching and 
MRM ratio comparison are summarized in Table 1. All 20 
pesticides were confidently identified in all spiked samples. The 
average retention time error ranged from 0.017 to 0.355% and 
the average MRM ratio error from -1.50 to 10.42%.

Figure 5. Concentration curves for selected pesticides. Using the developed assay, concentration curves were generated on the pesticide mixture in
solvent over a concentration from 20 ng/mL to 1000 ng/mL. Excellent linearity was observed with r2 values better than 0.995.

Table 1. Pesticide identification.  Pesticides were identified in spiked 
food samples based on retention time (RT) matching, with a tolerance 
of 0.2 min, and MRM ratio comparison for qualitative method 
validation.

Pesticide in 
grape RT (min) RT error 

(%) MRM ratio % Ratio 
error

Benalaxyl 9.21 0.06 0.93 3.44

Benzoximate 9.41 0.02 0.42 2.71

Bifenazate 8.52 0.06 1.93 7.60

Cyazofamid 8.80 0.07 0.17 1.46

Fenamidone 8.10 0.26 0.69 2.85

Fenazaquin 10.67 0. 18 0.25 1.45

Fenhexamid 8.52 0.18 0.57 2.61

Fenoxycarb 8.88 0.06 1.23 -1.50

Flufenacet 8.70 0.08 1.17 7.82

Furathiocarb 9.92 0.28 0.66 1.90

Indoxacarb 9.68 0.12 0.19 -0.28

Mepronil 8.36 0.19 1.53 10.42

Piperonyl-
butoxide 10.02 0.28 0.49 -0.52

Quinoxyfen 10.06 0.29 1.02 4.53

Thiobencarb, 
Benthiocarb 9.33 0.36 0.25 -0.47

Zoxamide 9.13 0.22 0.49 0.48

图5. 选定杀虫剂的浓度曲线。使用建立的方法，生成溶剂中杀虫剂混合物的浓度曲线，浓度范围为20 ng/mL 到 1000 ng/mL。观测到良好的线性，r2值高于

0.995。

表1. 杀虫剂确认。杀虫剂使用添另到实物样本基于保留时间（RT）匹配来

确认，容错为0.2 min，MRM比值比较进行定性方法验证。
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定性表现的验证

SCIEX iDQuant™ 试剂盒的Mix J 用于杀虫剂分析，包含20个化

合物添加到芝麻菜样本中，Mix C添加到红葡萄样本中，浓度均为 

10 µg/kg。

除了MRM比值比较，化合物也基于保留时间匹配进行确认。

良好的保留时间稳定性更加的关键，这可以通过良好的样本前处

理，色谱条件以及梯度泵稳定性共同获得。表1总结了基于保留时

间匹配和MRM比值比较进行的确认结果。所有20个杀虫剂从添加

到样本中进行可靠的确认。平均保留时间偏差在0，017%到0.355%

之间，平均MRM比值偏差在-1.50到10.42%之间。

结论

SCIEX ExionLC™ 2.0系统已经成功应用于LC-MS/MS 方法来分析

食品样本中多于200个杀虫剂, 其样本的前处理是基于 QuEChERS方

法进行的。
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SCIEX ExionLC™ 2.0 系统的关键表现因素，是流速精确度，和

获得的保留时间重复性，这可以使Scheduled MRM™ Pro 算法工作

流程使用于同时识别和定量大批量杀虫剂残留。这已经能在不牺

牲数据质量的前提下实现，使循环时间和处理时间都保持良好平

衡。

这个方法可以提供足够的速度和灵敏度来定量所有的杀虫剂

（约200种），在20到200ng/mL浓度范围内具有良好的线性，线性

系数（r2）通常高于0.99，且变异系数通常都能低于10%。

定量方法可靠性被20个化合物确证，在两种基质中的浓度为

1010 µg/kg。所有的化合物在所有样本中能可靠地检出和确认。

部分原因是 ExionLC™ 2.0系统提供了精良的泵稳定性，这从在一定

保留时间范围内的各个分析物保留时间精密度低于0.1%CV可以看

出。保留时间误差均低于±0.1 min。
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