
应用文档 | 003076

环境

TriPlus™ RSH EQuan 850系统与Orbitrap Exploris™ 
120 质谱仪联用简化环境水样中新污染物的定量分析

作者

Jonah Toth1, Marco Pineda1, 

 Viviane Yargeau1, Maciej Bromirski2

1McGill University, Montréal, Canada

2Thermo Fisher Scientific, Warsaw, Poland

关键词

新污染物、PFAS（全氟和多氟烷基物质）、

农药、药品、环境监测、在线样品前处理、

TriPlus RSH EQuan 850 系 统、Orbitrap 

Exploris 质谱仪

目标

通过在 Thermo Scientific™ TriPlus™ RSH EQuan 850 系统上进行在线固相萃取

（SPE）和使用Thermo Scientific™ Orbitrap Exploris™ 120质谱仪进行痕量定量，

评估和展示对环境水样中新污染物进行简单快速分析的潜力。

简介

液相色谱串联质谱（LC-MS/MS）由于其强大的定性和定量能力，越来越被认

为是分析环境水样中新污染物的主要方法。高分辨（HRAM）质谱仪技术的快

速发展使研究人员能够以更高的灵敏度和分辨率对各种新污染物进行多残留分

析。特别是四极杆 -Orbitrap 联用仪，如 Orbitrap Exploris 120 质谱仪，能够进

行一级离子全扫描，然后进行数据依赖的 MS/MS 采集（FS-ddMS2），从而通

过单次进样获得样品全组分高分辨率一级离子扫描和目标分析物的 MS/MS 二

级碎片定性确认。

尽管在水样中对新污染物进行 LC-MS/MS 分析的关注度很高，但进样前的样品

制备往往被忽视。在分析环境水样时，样品制备通常是必要的，以去除基质干

扰并选择性地预浓缩目标分析物。这个过程不仅通常成本高且耗时，而且不恰

当的样品制备最终会影响后续 LC-MS/MS 分析的数据质量。
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固相萃取（SPE）是一种常用的技术，用于清除基质干扰并在环

境水样中预浓缩分析物。然而，传统的离线 SPE 劳动强度大、

耗时且效率低下。该过程需要在每次加载大量水样前后，在一次

性萃取柱中使用大量有机溶剂。传统的 SPE 不仅需要付出大量

的经济和环境成本，而且还因人为实验过程差异引入了大量系统

误差。

相比之下，在线 SPE 使用 TriPlus RSH EQuan 850 系统将前处理

流程自动化，能够提高效率、改善可靠性，并显著减少劳动力和

材料投入。TriPlus RSH EQuan 850 系统使用一个小型可重复使

用的 SPE 柱进行在线加载小体积（通常 <5 mL）的环境水样，

然后通过 LC 泵输送选择性溶剂进行洗脱。与 LC-MS/MS 方法联

用时，在线 SPE 的应用可以轻松高效地提高分析样品通量。

在这份技术说明中，我们利用 TriPlus RSH EQuan 850 系统上的

在线 SPE 与 Orbitrap Exploris 120 质谱仪联用，对环境水样中的

各种新污染物进行分析，展示了一种快速简化的工作流程。我们

展示了一种经过验证的多农残检测方法，并讨论了新污染物分析

的另外两种应用，包括如全氟和多氟烷基物质（PFAS）以及非

法药物。此外我们还进行了完整的方法学验证，以证明方法的定

量能力与可靠性，包括精度、定量限和基质效应。

实验

本文所述的农药方法涉及在线固相萃取和通过 LC-MS/MS 进行

痕量定量，该方法已被详细报道和讨论过。1

一种通过加速溶剂萃取（ASE）——也称为加压液体萃取

（PLE）——从沉积物样品中提取农药残留的方法也已开发，以

补充上述在线 -SPE-LC-MS/MS 方法。2

应用这些方法于从加拿大魁北克省圣皮埃尔湖附近农业相邻溪流

中采集的现场样本的研究已发表。3

样品制备  

为了在在线 SPE 之前去除任何碎屑或大颗粒，从小型农业邻

近溪流中收集的水样通过亲水性玻璃纤维预滤器过滤，孔径为 

1.0 µm，使用 Fisher Chemical™ Hyflo™ Supercel™ 过滤助剂。

仪器方法
表 1. 配件及耗材

组件 参数

在线 SPE

- TriPlus RSH EQuan 850 系统

- Thermo Scientific™ 不锈钢在线过滤器  
  (0.2 µm)

- Waters™ Oasis™ HLB 直接连接 HP 柱  
  (2.1 mm × 30 mm, 20 µm)

液相色谱

- Thermo Scientific™ Vanquish™ 四元上样泵

- Thermo Scientific™ Vanquish™ 二元洗脱泵

- Thermo Scientific™ Viper™ 不锈钢毛细管

分析柱

- Thermo Scientific™ Hypersil GOLD™ C8 柱 
  (2.1 mm × 50 mm, 1.9 µm)

- Thermo Scientific™ Accucore™ aQ 极性 
  封端 C18 柱 (2.1 mm × 150 mm, 2.6 µm)

离子源
- Thermo Scientific™ EASY-IC™ 加热电喷雾 
  离子源

质谱仪 Orbitrap Exploris 120 质谱仪

数据分析 Thermo Scientific™ TraceFinder™ 5.1 软件

在线固相萃取

样品上样体积 1 mL，上样溶液为体积比 0.1% 甲酸溶于 98:2 水 -

甲醇（体积比）的混合溶液，流速 2.000 mL/min。经过在线过

滤器后，使用亲水 - 亲脂平衡（HLB）柱进行样品净化和预浓缩。

切换阀配置如图 1 所示。
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在 5 分钟的转移时间内，分析物在在线 SPE 柱上被预浓缩，洗

脱基质成分以减少干扰，分析物被洗脱泵反冲出柱并转移到分析

柱进行液相色谱分离。

化学分离

为了优化目标农药列表中异构化合物之间的化学分离，串联使

用了两根分析柱：Thermo Scientific™ Hypersil GOLD™ C8 柱 

（2.1 mm × 50 mm，1.9 µm）和 Thermo Scientific™ Accucore™ 

 aQ 极性封端 C18 柱（2.1 mm × 150 mm，2.6 µm）。两根分

析柱均加热至 40.0 ℃ ± 0.5 ℃。

为了实现从在线 -SPE 柱的解吸和在分析柱上的化学分离，设计

了溶剂 A（Milli-Q™ 水中含有 50 mM 甲酸铵和 0.1% v/v 甲酸）

和溶剂 B（甲醇中含有 0.1% v/v 甲酸）的梯度。考虑到 5 分钟

的转移时间，总方法持续时间为 20 分钟。

质谱

Orbitrap Exploris 120 质谱仪在极性切换模式下运行，使用

+3,500 V 和 -2,500 V 的毛细管电压。使用加热电喷雾离子源，

质谱分析以 60,000（FWMH）分辨率和 60% 射频（RF）透镜

的全扫描开始，然后进行数据依赖的 MS2（dd-MS2）扫描，分

辨率为 15,000 FWMH，使用动态排除和目标质量优先列表。正

离子模式下对强度前 3 的离子进行 dd-MS2 扫描，使用 20%、

40% 和 70% 的阶梯碰撞能量，负离子模式下对强度前 2 的离子

的 dd-MS2 扫描，阶梯碰撞能量 15%、35%、60%。

数据分析

使用 TraceFinder 5.1 软件进行定性和定量分析。靶向数据库包

含了目标农药的前体离子、产物离子、同位素峰形以及保留时间

信息，依据以上信息可自动完成目标物的鉴定和定量，其中质量

容差±5 ppm，保留时间窗口 0.5 分钟。离子碎片比和同位素模

式的匹配进一步确认了目标分析物。

结果与讨论

使用 Thermo Scientific™ 仪器进行这些方法的应用，为研究人员

在分析水样中的新兴污染物时带来了许多好处，包括更高的时间

效率、减少耗材需求以及提高样品分析和分析物定量的可靠性。

显著节省时间

在放置好样品并编制好进样序列后，TriPlus RSH EQuan 850 系

统可以自动进行在线 SPE 和所有相关的样品处理。样品可以连

续分析而不会有任何延迟——并且除了偶尔监控外，不需要研究

人员的任何干预。

相比之下，进行手动 SPE 是劳动密集型的，并且在整个过程中

需要不断的监控，从调节小柱和加载样品到清洗小柱和洗脱目

标分析物。即使在手动 SPE 过程完成后，提取物通常也需要在

LC-MS/MS分析之前进行吹干和复溶，这需要更多的时间和精力。

Figure 1. (A) In the loading position of the valve (1 → 2), the sample is injected and carried with the loading 
solution for preconcentration on the online SPE column; (B) In the eluting position of the valve (1 → 6), the 
online SPE column is backflushed by the eluting pump and analytes are eluted to the analytical columns for 
chemical separations.

After a 5-minute transfer time in which the analytes were 

preconcentrated on the online SPE column and matrix 

components were washed away to reduce interferences, analytes 

were backflushed off the column by the eluting pump and 

transferred to the analytical columns for liquid chromatographic 

separations. 

Chemical separations
Two analytical columns were employed in sequence to  

optimize chemical separations between isomeric compounds 

within the list of target pesticides: a Thermo Scientific™  

Hypersil GOLD™ C8 column (2.1 mm × 50 mm, 1.9 µm) and a 

Thermo Scientific™ Accucore™ aQ polar-endcapped C18 column 

(2.1 mm × 150 mm, 2.6 µm). Both analytical columns were 

warmed to 40.0 °C ± 0.5 °C. 

To achieve both desorption from the online-SPE column and 

chemical separations on the analytical columns, a gradient of 

Solvent A (50 mM ammonium formate with 0.1% v/v formic acid 

in Milli-Q™ water) and Solvent B (0.1% v/v formic acid in methanol) 

was devised. When taking into account the 5-min transfer time, 

the total method duration was 20 min per injection. 

Mass spectrometry 
The Orbitrap Exploris 120 mass spectrometer was operated in 

polarity switching mode using capillary voltages of +3,500 V and 

-2,500 V, respectively. Using a heated electrospray ion source, 

MS analysis began with a full scan at an Orbitrap resolution of 

60,000 full width at half maximum (FWMH) and radio frequency 

(RF) lens of 60% followed by data-dependent MS2 (dd-MS2) scans 

at 15,000 FWMH resolution using dynamic exclusion and targeted 

mass filters. In total, three dd-MS2 scans in positive ionization 

mode were performed using stepped collision energies of 20%, 

40%, and 70% and two dd-MS2 scans in negative ionization 

mode were performed using stepped collision energies of 15%, 

35%, and 60%.

Data analysis 
Compound identification was performed using TraceFinder 5.1 

software based on a HRAM database compiled in-house for the 

target list of pesticides. Quantitation of analytes was automated 

based on the measurement of precursor and product ions with a 

mass tolerance of ±5 ppm and retention time window of  

0.5 min. The matching of ion fragment ratios and isotopic 

patterns provided further confirmation of target analytes. 

Results and discussion
Application of Thermo Scientific™ instrumentation with these 

methods results in a number of benefits for researchers when 

analyzing emerging contaminants in water samples, including 

greater time efficiencies, reduced consumable requirements, and 

improved reliability of sample analysis and analyte quantitation. 

Significant time savings 
After samples are loaded into the trays and a sequence is 

programmed for analysis, the TriPlus RSH EQuan 850 system can 

automate the online SPE process and all associated sampling 

handling. Samples can be analyzed consecutively without delay—

and without any input from the researcher, aside from occasional 

monitoring. 

By comparison, performing manual SPE is labor-intensive 

and requires constant oversight throughout the process, from 

conditioning the cartridges and loading the samples to washing 

the cartridges and eluting the target analytes. Even after the 

manual SPE process is completed, extracts are often dried and 

reconstituted prior to LC-MS/MS analysis, requiring even more 

time and effort. 

Figure 1. (A) In the loading position of the valve (1 → 2), the sample is injected and carried with the loading 
solution for preconcentration on the online SPE column; (B) In the eluting position of the valve (1 → 6), the 
online SPE column is backflushed by the eluting pump and analytes are eluted to the analytical columns 
for chemical separations.
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手动 SPE 过程每个样品可能需要数小时，而 TriPlus RSH EQuan 

850 系统允许研究人员将分析时间缩短到几分钟。图 2 展示了通

过在线 SPE 分析单个样品的潜在节省的时间。在线 SPE 方法的

总运行时间仅为 20 分钟，可以在 24 小时内分析多达 72 个样品，

而手动 SPE 处理 12 个样品就需要耗费整整一天。

在线 SPE 的自动化特性还减少了在过程中引入不必要错误的风

险，包括 SPE 小柱干燥的风险以及与手动 SPE 小柱流不一致带

来的麻烦。

减少耗材需求

除了显著减少研究人员所需的时间和精力外，在线 SPE 还是一

种“更环保”的处理方式，减少了耗材需求。这直接节约了实验

室的成本。

在使用在线 SPE 方法的诸多优点中，或许最显著的是节省了一

次性 SPE 小柱的成本。

在手动 SPE 过程中，这构成了成本的很大一部分，产生了最多

的废弃物，同时也极大地影响了前处理效率——特别是在处理大

量样品时。相比之下，单个在线 SPE 柱能够承受数百次的萃取

过程，将洗脱、上样和平衡吸附剂直接集成到方法中，相对于一

次性使用的 SPE 小柱节省了高达八倍的成本。

图 3 显示了使用 TriPlus RSH EQuan 850 系统的在线 SPE 柱与一

次性使用 SPE 柱相比的其他潜在优势。

此外，在线 SPE 减少了在提取阶段所需的溶剂体积。考虑到上

样泵的流速为 2.000 mL/min，洗脱泵的流速为 0.250 mL/min，

此方法每个样品总共需要 14 mL 的溶剂。相比之下，手动 SPE

程序在整个过程中可能消耗超过 50 mL 的溶剂，这意味着与手

动 SPE 相比，溶剂节省了六倍。

图 2. 手动 SPE 过程与使用 TriPlus RSH EQuan 850 系统的在线 SPE 过程处理一个样品所需时间的估算

Whereas the manual SPE process can take hours per sample, 

the TriPlus RSH EQuan 850 system allows researchers to reduce 

analysis times to minutes. Figure 2 visualizes the potential time 

savings for the analysis of a single sample via online SPE. With a 

total run time of just 20 minutes, the online SPE method allows for 

the analysis of up to 72 samples within a 24-hour period, whereas 

performing manual SPE for a dozen samples can easily consume 

a full day. 

The automated nature of online SPE also mitigates the risk of 

introducing unnecessary error into the process, including the risk 

of the sorbent drying if not constantly monitored and the variable 

flow rates per cartridge that are commonly associated with the 

manual SPE process. 

Reduced consumable requirements 
In addition to significantly reducing the time and efforts required 

by a researcher, online SPE also represents a “greener” process 

with reduced consumable requirements. This directly translates 

into cost savings for laboratories performing routine analysis. 

Among the advantages of the use of an online SPE method, and 

perhaps the most notable, is the cost of single-use cartridges 

Figure 2. Estimation of the time required to process one sample via a manual SPE process versus online 
SPE with the TriPlus RSH EQuan 850 system

during the manual SPE, representing a large proportion of the 

cost, source of variability on the process efficiency, and source 

of waste generation, particularly when processing a significant 

quantity of samples. In comparison, a single online SPE column 

is capable of processing hundreds of extractions with washing, 

conditioning, and equilibration of the sorbent integrated directly 

into the method resulting in conservative savings of up to eight 

times compared to single-use SPE cartridges. 

Figure 3 shows other potential benefits of using an online SPE 

column with the TriPlus RSH EQuan 850 system versus single 

use SPE cartridges. 

In addition, online SPE reduces the volumes of solvents  

needed during the extraction stage. Considering the loading 

pump flow rate of 2.000 mL/min and eluting pump flow rate of 

0.250 mL/min, the method presented herein requires a total 

of a 14 mL of solvent per sample. In contrast, a manual SPE 

procedure can consume upwards of 50 mL of solvent throughout 

the various steps of the process representing six times savings 

on solvents compared to that used on a manual SPE. 

0 30 60 90 120 150 180 210 240 270 300 330 360

Online SPE

Manual SPE

Minutes (approx.)

Conditioning Equilibration Loading Washing Eluting Drying Reconstitution

Figure 3. Efficiencies of online SPE column with the TriPlus RSH EQuan 850 system (scaled to value of 1) 
versus processing of manual SPE cartridges
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图 3. 使用 TriPlus RSH EQuan 850 系统的在线 SPE 柱的效率（缩放至值 1）与手动 SPE 柱处理的比较
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减少基质效应

基质效应，无论是导致信号抑制还是增强，都是在复杂样品基质

中进行新污染物痕量分析时面临的主要挑战。来自基质的干扰可

能会影响定量分析的准确性和重现性。使用 TriPlus RSH EQuan 

850 系统的在线 SPE 有助于去除基质干扰并减少共提取物，从

而有效地最小化基质效应。

为了量化基质效应，计算了在环境地表水和 Milli-Q 水中制备的

校准曲线斜率之间的比率。正值表示信号增强，负值表示信号抑

制，介于 -20% 和 +20% 之间的值通常被认为反映了最小的基质

效应。

在从农业邻近溪流中收集的水样中进行的多农残分析中，1 绝大

多数农药的基质效应都非常低，如图 4 所示。这些环境样品中基

质效应的显著减少得益于在线 SPE 过程的高效处理，包括对目

标化合物的选择性吸附和对干扰共提取物的有效洗脱。

方法的重现性

在线 SPE 与 TriPlus RSH EQuan 850 系统自动化的应用有助于强

大的重现性，这通过在 800 ng/L 下七次日内进样之间计算的相

对标准偏差（% RSD）得以证明。对于 Toth 等人报道的方法，

目标农药的 % RSD 值范围为 1.8% 到 8.4%。这种强大的日内重

现性可以归因于在线 SPE 方法的自动化，确保了不同样品间和

不同时间分析的一致性。

Orbitrap Exploris 120 质谱仪在单次分析色谱运行中执行正负

切换模式的能力将处理时间、耗材、样品体积和分析这些农药

所需的分析工作量减少了一半。定量分析的精度依赖于 HRAM 

Orbitrap 在定量分析期间获得的每个农药峰的扫描点数。在一级

分辨率 60,000，二级分辨率 15,000 的条件下，平均每个峰可

进行 113 次扫描，用于定性分析的二级扫描每秒可进行 11 次。

图 5 显示了在每个色谱峰的平均点数以及扫描速度，表明系统在

UHPLC 条件下运行时，即使峰宽约为 10-20 秒，每个峰上也能

采集至少 10 个点。

图 4. 从农业邻近溪流中收集的环境水样中各种农药的计算基质效应
Figure 4. Calculated matrix effects for various pesticides in environmental water samples collected from agriculture-adjacent 
streams

Reduction of matrix effects
Matrix effects, whether resulting in signal suppression or 

enhancement, represent a major challenge when performing 

trace analysis of emerging contaminants in complex sample 

matrices. Interference from the matrix has the potential to impact 

the accuracy and reproducibility of the quantitative analysis. The 

use of online SPE with the TriPlus RSH EQuan 850 system helps 

to remove matrix interferences and reduce co-extractives to 

effectively minimize matrix effects.  

To quantify matrix effects, the ratio was calculated between the 

slopes of calibration curves prepared in environmental surface 

waters versus Milli-Q water. A positive value indicates signal 

enhancement, and a negative value indicates signal suppression, 

with values between -20% and +20% generally considered to 

reflect minimal matrix effects. 

In the multiresidue study of current-use pesticide residues in 

water samples collected from agriculture-adjacent streams,1 the 

vast majority of pesticides were found to experience minimal 

matrix effects, as shown in Figure 4. The significant reduction 

of matrix effects in these environmental samples is attributed to 

the efficiency of the online SPE process, including the selectivity 

of the sorbent to adsorb target compounds and wash away 

interfering co-extractives. 

Reproducibility of method
The application of online SPE with the automation of the TriPlus 

RSH EQuan 850 system contributes to strong reproducibility, as 

evidenced by the percent relative standard deviation (% RSD) 

calculated between seven intra-day injections at 800 ng/L. For 

the method reported by Toth et al.,2 the % RSD values for the 

target pesticides ranged from 1.8% to 8.4%. This strong intra-day 

reproducibility can be attributed to the automation of the online 

SPE method for consistency between runs and across time. 

The capability of the Orbitrap Exploris 120 mass spectrometer 

to perform positive and negative switching modes on a single 

analytical chromatographic run reduced in half the processing 

time, consumables, sample volume, and analytical effort 

needed for the analysis of these pesticides. The precision of the 

quantitative analysis relies on the HRAM Orbitrap 113 scans on 

average across each of the pesticide peaks obtained during the 

quantitative analysis for the precursor ions at 60,000 resolution 

full width at half maximum (FWMH) with and average scan speed 

for the ddMS2 spectra collected at 15,000 FWMH across each 

peak for identification purposes was about 11 scans per second. 

Figure 5 shows the average number of points detected across 

the peaks, as well as the scan speed, showing the capacity of the 

system to generate a minimum of 10 points across each peak, 

even operating under UHPLC conditions where peak width is 

about 10–20 seconds.
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图 5. 在 Orbitrap Exploris 120 质谱仪上进行正负模式同时切换时，在农场附近溪流中采集的真实环境水样中检测到的 31 种农药的平均点数
Figure 5. Average points detected across the peak with simultaneous positive and negative mode switching on the Orbitrap Exploris 120 
mass spectrometer, for a panel of 31 pesticides in real environmental water samples collected from agriculture-adjacent streams

Table 2. Method performance for various emerging contaminants. The Illicit drugs panel is based on the 2023 SCORE successful inter-laboratory 
blind test. This international annual wastewater-based epidemiology initiative surveys and monitors six compounds with an inter-laboratory proficiency 
study (ILS) plus in this case ketamine as an additional marker. The PFAS panel consisted of seven compounds. Reported concentrations are free acid 
concentrations. Determination of the limits of detection and quantification for the method was performed in accordance with a published procedure 
from the United States Environmental Protection Agency. Full details are provided in our manuscript. 
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表 2. 各种新污染物的方法性能。非法药物检测基于 2023 年 SCORE 成功的实验室间盲测。这项国际年度废水流行病学倡议通过实验室间能力验证研

究（ILS）调查和监测六种化合物，并在本次研究中增加了氯胺酮作为额外标志物。PFAS 检测包括七种化合物。报告的浓度为游离酸浓度。方法的检

测限和定量限的确定是根据美国环境保护署发布的程序进行的。详细信息见我们的稿件。

Figure 5. Average points detected across the peak with simultaneous positive and negative mode switching on the Orbitrap Exploris 120 
mass spectrometer, for a panel of 31 pesticides in real environmental water samples collected from agriculture-adjacent streams

Table 2. Method performance for various emerging contaminants. The Illicit drugs panel is based on the 2023 SCORE successful inter-laboratory 
blind test. This international annual wastewater-based epidemiology initiative surveys and monitors six compounds with an inter-laboratory proficiency 
study (ILS) plus in this case ketamine as an additional marker. The PFAS panel consisted of seven compounds. Reported concentrations are free acid 
concentrations. Determination of the limits of detection and quantification for the method was performed in accordance with a published procedure 
from the United States Environmental Protection Agency. Full details are provided in our manuscript. 
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应用于其他新污染物

虽然研究人员开发了一种利用 TriPlus RSH EQuan 850 系统进行

在线固相萃取（SPE）并结合 Orbitrap Exploris 120 质谱仪进行

痕量定量分析的农药检测方法，但需要指出的是，该分析方法是

在针对不同水源样本开发的其他检测方法基础上取得的最新成

果。这些方法已被应用于多种化学物质的监测，包括对新污染物

如全氟和多氟烷基物质（PFAS）的检测，以及在基于废水的流

行病学研究项目中追踪非法药物等化学指标。

在所有情况下，这些方法都能够检测到新污染物——无论是溪流

中的农药还是自来水和废水中的非法药物和 PFAS。它们在校准

曲线中表现出强线性关系，并且具有低检测限（LOD）和低定量

限（LOQ）。百分比值表示在平均样本（无论是溪流水还是废水）

中检测到的每种化合物占总污染物浓度的比例。各种污染物方法

性能的代表性数据在表 2 中展示。
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The PS80 formulation is characterized based on the relative peak 

area to determine the elution profile. This approach is used for lot-

to-lot comparisons to identify any variation in PS80 raw material 

in formulation development or quality control laboratories.1,2 The 

inverse gradient allows for a uniform detector response, resulting 

in a real mass balance among species with different levels of 

esterification. Table 3 shows the result of peak groups along with 

their respective relative peak areas and relative standard deviation 

(RSD) in the sample. Diversion of the histidine and sucrose 

peak to waste using the integrated valve in the CAD facilitated 

the integration of the first group by allowing for more precise 

identification of the integration starting point. In contrast, when 

the histidine and sucrose peak were allowed to enter the detector, 

the integration of the first group was inconsistent due to baseline 

variation caused by these compounds. Consequently, the first 

group showed a 3-fold improvement in RSD peak area when the 

diverter valve was used, as compared to runs where the histidine 

and sucrose peak entered the detector (data not shown).

Table 3. Relative peak areas and RSD of the peak groups in PS80 
formulation. The data is the average of three injections.

Conclusion
The Vanquish Flex Inverse Gradient LC system, equipped with a 

Vanquish Charged Aerosol Detector P series and its capabilities, 

proved to be an optimal choice for profiling PS80 formulations.

• The diversion of the matrix to waste not only improves 
robustness, by avoiding contamination of the detector, but 
also increases productivity, by facilitating reliable peak area 
integration while eliminating interference from early eluting 
analytes. 

• Four different PVs (1.5, 1.8, 2.25, and 2.4) were measured 
simultaneously as separate channels in the Chromeleon CDS 
to easily identify the optimum linearity with PV 1.8 and with 
a residual error below 4% for all calibration points. The PV of 
1.8 is the default setting for the Vanquish Charged Aerosol 
Detector P series.

• The purity of PS80 samples was assessed by summing the 
peak areas across all four groups and was determined to be 
96.2%.

• The PS80 formulation was characterized by determining the 
relative peak area of the four separated peak groups. 
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Relative peak area [%] RSD rel. area [%]

Group 1 12.48 0.79

Group 2 34.53 1.56

Group 3 30.67 1.02

Group 4 22.32 2.81
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结论

通过在 TriPlus RSH EQuan 850系统上进行在线固相萃取（SPE）

和使用 Orbitrap Exploris 120 质谱仪进行痕量定量，展示了对环

境水样中新污染物进行简单快速分析的潜力。该工作流程的关键

性能标准包括：

• 通过应用在线 SPE 过程而非手动 SPE，研究人员可以显著节

省时间、劳动力和消耗品

• 在减少复杂环境样品基质的基质效应并确保强重现性的同时，

样品通量非常高

• 在不断变化的环境污染物领域中，具有显著的灵活性，可以有

效分析农药、非法药物和 PFAS，并有可能开发其他分析方法。

其他新兴的关注污染物，如内分泌干扰物（EDCs），也可以

使用这种方法进行研究。
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