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新兴环境污染物应用文集

更全面、更准确： 
准确鉴定可疑化学污染物
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鉴定空气、水和土壤中的新兴污染物

内容提要

在本文集中，您将了解到涵盖农药、SVOC 和三氯蔗糖等化合

物的现有及新兴应用。同时，我们的产品和应用专家将帮助您

在满足严格监管标准的同时最大程度提高工作效率。

当今的环境分析结果必须比以往任何时候都更可靠、更高效、更高质。

遗憾的是，环境和生物基质中的药物、PCP、农药及其他潜在毒性化合

物可能难以检出。

更为复杂的是，市售电子电离 (EI) 谱库并不一定含有鉴定目标化合物所

需的质谱数据。

将精确质量数的强大功能应用于鉴定新兴（或不断变化的）污染物

AGILENT 7200 系列 GC/Q-TOF 生成的精确质量数 MS/MS 谱图有利于建

立碎片离子之间的联系，从而确定结构相关性。这一高分辨率系统能够

在保持质量准确度的同时，在 MS/MS 模式中以快速采集速率运行，从

而帮助您为每个峰采集多个 MS/MS 数据而无需多次运行。
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提高对新兴污染物的检测能力 请访问 
www.agilent.com/chem/environmental

► 返回目录

► 返回前言

环境基质

环境基质中未知物的非靶向筛查

暴露于水和土壤中的化学污染物会对全人类造成潜在的健康风险。对新

兴污染物（尤其是存在于水中的药物和个人护理产品）对生物群和人群

产生影响的担忧促使研究人员对环境基质中痕量化学污染物的范围和来

源鉴定投入了更多精力。限制暴露和提高公共安全的要求促进了监测土

壤污染物的全球环境非靶向筛查方案的实施以及废水处理和饮用水净化

效率的提高。

对多数生物与化学相关污染物进行以环境行为为导向的成功表征需要采

用先进的质谱技术进行可疑和非靶向筛查。安捷伦科技公司为新兴污染

物的研究提供了成熟可靠的全程解决方案。在不影响数据质量和谱图分

辨率的情况下，我们用于可疑和非靶向筛查的工具可通过减少假阳性结

果快速提供结果。请联系安捷伦，我们可以帮助您可靠地鉴定目标基质

中的多数相关污染物。

www.agilent.com/chem/environmental
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Abstract

A combination of UHPLC followed by LC/Q-TOF-MS was used to detect suites of

polyethylene glycol compounds (PEGs) that occur in flowback water samples from

hydraulic fracturing. The Kendrick Mass Defect was applied to differentiate the vari-

ous adducts within a suite of PEGs. A database of the accurate masses along with

their retention times by UHPLC has been designed to enable rapid and accurate

analysis of either groundwater or flowback samples from hydraulic fracturing.

Forty PEGs and their various adducts and multiply-charged ions can be identified in

less than 2 minutes of computer time.
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Introduction

Hydraulic fracturing (fracking) extracts oil and gas by forcing
fluids into oil and gas rich shale deposits. The fracking fluids
contain a mixture of proppants (sand), surfactants, biocides,
inorganic salts, and other compounds intended to facilitate
the release of the trapped gas. More than 7,000 wells have
been drilled in Colorado alone, and reports of groundwater
contamination have occurred most notably in Wyoming, New
York, and Pennsylvania [1]. The first water that returns from
the fracking process (flowback) has the potential to contami-
nate nearby aquifers or surface water. Care is taken to recycle
the flowback water, or to dispose of it properly, although the
Safe Drinking Water Act does not apply to hydraulic fracturing
solutions [2]. Thus, there is a demand for tracer compounds
that are indicative of the presence of contamination by
hydraulic fracturing and do not occur in the subsurface [2]. 

In this application note, a combination of ultra high perfor-
mance liquid chromatography (UHPLC) followed by quadru-
pole time-of-flight tandem mass spectrometry
(Q-TOF-MS/MS) was used to detect a bimodal distribution of
polyethylene glycols that may be used as indicator com-
pounds for groundwater or surface water impacted by 
flowback waters. The Kendrick Mass Defect [2,3] was applied
in a novel application to differentiate the various adducts of a
suite of glycols, in particular, the proton, ammonium, and
sodium adducts of each of the chains of glycols. The database
of the accurate masses along with their retention times by
UHPLC is needed to provide a rapid and accurate analysis of
either groundwater or surface water samples using Agilent
MassHunter Software. 

Experimental

Instruments
Separation of the analytes was carried out using an
Agilent 1290 Infinity LC System coupled to an Agilent 6540
Ultra High Definition (UHD) Accurate-Mass Q-TOF LC/MS
system equipped with electrospray Jet Stream Technology.
The instrument conditions are shown in Table 1. 

Sample collection
The flowback sample was collected on October 14, 2014 and
obtained from Weld County, Colorado, with the help of James
Rosenblum, University of Colorado, Department of
Environmental Sustainability. 

Data analysis
The data were processed with Agilent MassHunter Software.
Accurate mass measurements of each peak from the total ion
chromatograms were obtained by means of an automated cal-
ibrant delivery system using a low flow of a calibrating solu-
tion (calibrant solution A, Agilent Technologies, Inc.) that con-
tained the internal reference masses purine m/z 121.0509 and
HP-921 at m/z 922.0098. The instrument provided a typical
mass resolving power of 30,000 at m/z 1522.

Table 1. LC and Q-TOF MS Conditions and Analysis Parameters

LC run conditions

Column Agilent ZORBAX Eclipse XDB-C8, 4.6 × 150 mm, 3.5 µm

Column temperature 25 °C

Injection volume 10 µL

Mobile phase A) 0.1% formic acid in water v/v
B) Acetonitrile 

Linear gradient 10% B for 5 minutes; 
10% B to 100% B over 25 minutes

Flow rate 0.6 mL/min

Post run 12 minutes

Q-TOF MS conditions

Ion mode ESI, positive 

Drying gas 10 L/min

Gas temperature 325 °C

Nebulizer gas 45 psig

Sheath gas 11 L/min at 350 °C

Capillary voltage 4,000 V 

Nozzle voltage 1,000 V

Fragmentor voltage 190 V

Skimmer voltage 45 V

Octopole RF 750 V

Mass range m/z 50–1,000 

Detector rate 2 GHz

Resolving power 30,000 at m/z 1,522
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Results and Discussion

UHPLC/Q-TOF-MS analysis of hydraulic 
fracturing waters
The positive ion electrospray total ion current (TIC) chro-
matogram for the analysis of the flowback water exhibits two
distinct zones, or a bimodal distribution (Figure 1). First is a
polar series of peaks at a retention time of 4–12 minutes, and
second is a less-polar zone that elutes from 12–14 minutes.
The series of peaks in both zones are separated by a nominal
mass of 44 mass units, which suggest a glycol structure con-
sisting of CH2-CH2-O (Table 2). Furthermore, the accurate
mass data in Table 2 show that the differences for the first
seven peaks are 44.0266, on the average. A similar result was
also observed for the second region between 12–14 minutes
in Figure 1 (data not shown). There is an apparent repeatable
relationship among the chromatographic peaks, which makes
it is possible to apply the Kendrick mass scale [3].

Figure 1. UHPLC/Q-TOF-MS chromatogram of a flowback sample from a recently hydraulic frac-
tured well, which shows a bimodal distribution of polymers that differ by 44.026 mass
units, a hydrophilic zone at 4–12 minutes and a second less-polar zone at 12–14 minutes.
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Table 2. Kendrick Mass for a Suite of Polyethylene Glycols Found in
Flowback Water with an Average Mass Difference of 44.0266* 

Retention time
(min)

Ion (m/z) measured
accurate mass

Kendrick
mass Ion adduct

3.5 173.0776 172.975 Na + PEG-EO-3

4.2 217.1048 216.975 Na + PEG-EO-4

5.4 261.1309 260.975 Na + PEG-EO-5

7.3 305.1586 304.975 Na + PEG-EO-6

9.5 349.1830 348.975 Na + PEG-EO-7

10.2 393.2095 392.975 Na + PEG-EO-8

10.7 437.2373 436.977 Na + PEG-EO-9

10.7 432.2830 432.026 NH4 + PEG-EO-9

11.0 476.3067 476.023 NH4 + PEG-EO-10

11.3 520.3333 520.023 NH4 + PEG-EO-11

Kendrick mass scale
Kendrick used a filtering technique (scaling factor) named
after him to better separate and understand a series of hydro-
carbons that differed in mass by a methylene group, CH2. The
Kendrick mass scale has been applied to other series, but only
recently to the polyethylene glycol structures and linear
alkylethoxylates in flowback and produced waters from
hydraulic fracturing by Thurman et al. in 2014 [2]. 

The application of the Kendrick mass scale first involves the
determination of the Kendrick mass scaling factor, which is
determined as the ratio of the nominal mass of the repeating
glycol unit, (CH2CH2-O), divided by the exact calculated mass
of the same glycol unit. This is equal to 44/44.026214748,
which gives a scaling factor of 0.999404559. When this scal-
ing factor is multiplied by the measured accurate mass, the
resulting mass is called the Kendrick mass [2]. For example,
Table 2 shows the Kendrick masses for some of the 
chromatographic peaks in Figure 1.

*JR-5 sample from Weld County, Colorado, based on a scaling factor of 0.999404559.
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The concept of the Kendrick mass defect can then be applied,
which is that if two compounds have the same repeating
chemical structure, that is, (CH2CH2-O), then there will be an
addition of the exact mass of CH2-CH2-O to each new com-
pound in a chromatogram. Thus, when the scaling factor is
multiplied by the measured masses, all the ions that differ by
the CH2-CH2-O group will have exactly the same mass defect
(within the error of accurate mass measurement, which is
typically \0.001 mass units). These results are shown in
Table 2.

For example, Table 2 shows that the measured accurate
masses for ions at retention times of 3.5 to 10.7 minutes all
had different mass defects ranging from 0.0776 to 0.3333.
However, after multiplying by the appropriate Kendrick mass
scaling factor for the glycol unit (CH2CH2-O) of 0.999404559,
only two mass defects, 0.975 and 0.023, were found for this

suite of 9 ions (Table1). The fact that all of the Kendrick mass
defects for each type of ion adduct are nearly identical means
that each of the compounds increases by one ethylene glycol
unit, or an accurate mass of 44.0262. Thus, it is only neces-
sary to obtain the correct formula and structure for one of the
glycols, and then all others can be calculated as either one
unit longer or shorter depending on the gain or loss of the
44.0262 mass unit.

Using the measured mass of 305.1586 (a sodium adduct in
Table 2), which also shows a proton adduct at m/z 283.1753
in Figure 2, a formula can be determined using MassHunter
Software, as shown in Figure 2. The proton adduct at
283.1753 is first highlighted, followed by using the Generate
Formula option to determine the best formula, shown in
Figure 2 as C12H26O7, which is the neutral molecular formula. 
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Figure 2. Q-TOF-MS scan from 7.060 to 7.409 minutes, showing the proton adduct at m/z 283.1753
along with the formula generated in Agilent MassHunter Software. The sodium adduct of
the ion is also shown at m/z 305.1586.
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Analysis by MS/MS of the m/z 283.1753 can determine if the
spectrum will match a polyethylene glycol structure, as
shown in Figure 3. The mass spectrum consists of a series of
44.026 mass unit losses that translate into a simple PEG
structure [4]. The polyethylene glycol unit is equal to
HO-(CH2CH2O)n-H, which means that the chain length of the
unit must be n = 6, since this length provides the correct for-
mula of C12H26O7. Table 2 can then be used to assign PEG-7
and PEG-8 to the higher mass ions, as well as PEGs -3, -4,
and -5 to the lower mass ions, since all of the compounds
with the same Kendrick mass differ by one glycol unit.

Figure 4 shows the mass spectrum for PEG-9 at a retention
time of 10.6 minutes with three major ions at m/z 415.2539,
432.2830, and 437.2378. The mass differences among these
three ions are 17 and 22, which indicate that the proton
adduct is at 415.2539. What is important to note about the
PEG-9 is that the major adduct ion for PEG-9 is no longer the
sodium adduct, but rather the ammonium adduct (compare
Figures 2 and 4). The mobile phase does not contain ammo-
nium; thus, the ammonium adduct is formed from trace levels
of ammonium present in the mobile phase and sample [2].
This shift to the ammonium adduct at PEG-9 has been attrib-
uted to a cage-like structure that surrounds the ammonium
ion more readily (that is, energetically) and favors the ammo-
nium ion over the sodium ion adduct [2]. The same is true for 
ammonium adducts of PEG-10 and PEG-11.
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Figure 3. MS/MS spectrum of the m/z 283.1743 proton adduct from Figure 2.

Figure 4. The mass spectrum at 10.6 minutes for PEG-9, with the major ion being the ammonium
adduct at m/z 432.2830.

405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480

*432.2830

415.2539

437.2378

427.1576 446.2600
453.2099

461.2002 476.28740
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5

×106

Co
un

ts

Mass-to-charge (m/z)



www.agilent.com/chem

Agilent shall not be liable for errors contained herein or for incidental or consequential
damages in connection with the furnishing, performance, or use of this material.

Information, descriptions, and specifications in this publication are subject to change
without notice.

© Agilent Technologies, Inc., 2015
Printed in the USA
February 18, 2015
5991-5473EN

An accurate mass database of PEG compounds
After the application of this Kendrick mass scale, it was pos-
sible to identify proton, sodium, and ammonium adducts of
the various PEGs shown in Figure 1. These enabled the con-
struction of an accurate mass database of these PEG ions
and adducts. It also allowed subsequent use of the
MassHunter Software to find the > 40 different PEGs shown
in Figure 1, as well as their various ion adducts, in less than
2 minutes of computer time. Identification of these PEGs may
enable their use as indicators of contamination of aquifers or
surface water by hydraulic fracturing.

Conclusions

The Agilent 1290 Infinity LC System and Agilent 6540
LC/Q-TOF-MS enabled the UHPLC/MS/MS characterization
of two sets of representative polyethylene compounds from
hydraulic fracturing flowback samples. Applying the Kendrick
mass scale to the accurate masses of these PEGs and other
ethoxylated surfactants [2] facilitates their identification
using Agilent MassHunter Software, and the construction of
a database of such compounds present in flowback samples.
This database can, in turn, enable the use of these 
compounds as unique tracers of hydraulic fracturing.
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摘要

为满足对环境中新兴污染物的检测和鉴定需求，要求采用一种全新的环境筛查方法，该

方法采用精确质量数 LC/MS 进行分析并通过统计软件包进行严格的数据分析。该方法

使用配备 Agilent MassHunter Profiler 软件的 Agilent 6550 iFunnel Q-TOF LC/MS 系
统研究从水处理厂上游与下游采集的河水样品。如果污染物存在于下游而不存在于上游，

则表明发生了污染。从下游水样数据中提取出这些污染物的数据，并将其提交至精确质

量数据库和谱库中以进行鉴定。最终在下游样品中检出了 890 种化合物，并对其中的 
21 种实现了成功鉴定。

前言

环境中的新兴污染物引起了世界许多地区的环境科学家和公众越来越多的关注。农药、除草

剂、药物、防腐剂和阻燃剂是能够对地表水、地下水和饮用水水质构成威胁的污染物。它们

也会对水生生态系统和公众健康产生不利影响1,2。此外，水样中不足 0.1% 的细胞氧化应激可

能与已知污染物的影响有关3。这清楚地表明了对更深入筛查方法的需求。

环境中已知污染物的质谱检测和定量分析方法已发展完善并为人熟知，但这些技术无法对未

知污染物进行检测。因此，本研究中采用高分辨率质谱和化学计量（统计）分析开发出用于

完全非靶向方法的新工具和技术。

使用 Q-TOF LC/MS 和 Mass Profiler 
软件对河水进行环境分析

应用简报
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整套方法使用 Agilent 6550 iFunnel Q-TOF 
LC/MS 系统、Agilent Mass Profiler 软件

和 Agilent MassHunter 定性分析软件分析、

提取并鉴定河水样品中的未知污染物。

实验部分

水样采自德国阿默河，采样点位于某污水处

理厂的上游和下游。使用固相萃取（HLB 和 
ENBV+）进行富集，预浓缩因子为 500。

采用 Agilent 1260 Infinity HPLC 系统进行

分离，该系统包括 Agilent 1260 Infinity 二
元泵 (G4220A)、Agilent 1260 Infinity 高
性能自动进样器 (G4226A) 和 Agilent 1260 
Infinity 柱温箱 (G1316C)。

采用 B.05.01 版 MassHunter 数据采集软件

在 2 GHz 的扩展动态范围模式下操作 Agilent 
6550 iFunnel Q-TOF，MS 模式下的采集速率

为 1 次扫描/秒，而 MS/MS 模式下的采集

速率为 3 次扫描/秒，对靶向 MS/MS 目标

物列表采用基于质量数的碰撞能量设置。

实验参数

UHPLC 色谱柱 Phenomenex Synergi Polar-RP 
色谱柱, 150 × 3 mm, 4 µm，

35 °C

流动相 A) 水 + 0.1% 甲酸

B) 甲醇 + 0.1% 甲酸

梯度程序 Min % B

0 5

1 5

10 95 

17 95 

停止时间 17 min

流速 0.3 mL/min

结果与讨论

在 B.06.00 版 MassHunter 定性分析软件中

使用分子特征提取器 (MFE) 算法对数据进行

分析。MFE 链接源于特定目标分子的质谱

数据，并将结果编入色谱图中。在提取到特

定样品中的分子（特征）后，数据将被提交

至 Mass Profiler (MP) 进行统计分析。

从水处理厂下游采集的水样经重复提取三次

后检测到了 1564 个特征。大多数特征均为

下游样品所特有（1043 个特征），揭示了污

水处理厂出水对地表水水质的重大影响。数

据简化包括保留时间和质量数据的校准、空

白扣除以及在所有三次重复分析中的出现

率。对归属于污水出水的剩余 1043 个特征

进行进一步检验以鉴定可能的污染物。分子

式生成器 (MFG) 软件利用目标特征的精确

质量数计算并得出分子式，并使用源自同位

素模式、同位素间隔以及所分配分子式的理

论精确质量数与所采集特征的精确质量数之

间差值的得分来评价目标特征精确质量数的

准确度。例如，根据质量数差异 94.5、同位

素模式 99.7 和同位素间隔 99.4 的综合得分，

得到 C16H25NO2 于 m/z 264.1967 的得分为 
97.1。使用元素 C、H、N、O、S、P 和 Cl 
在 5 ppm 的质量准确度下，总共为所测量的

精确质量数分配了 894 个总化学式。

通过在数据库中搜索总化学式对下游水样中

的显著特征进行初步鉴定，采用包含 450 多
种水生环境相关污染物的自制数据库得到了 
18 个匹配结果，采用安捷伦法医毒理学个人

化合物数据库得到了 144 个匹配结果，而采

用安捷伦农药个人化合物数据库得到了 26 个
匹配结果。选择相关化合物进行进一步研究

和鉴定。在后续 Q-TOF LC/MS 测量中将这

些化合物编入化合物列表，其中母离子将自

动转移至 MS/MS 分析列表（MS/MS 目标

物列表）中。

图 1. 利用 MFE 在污水处理厂下游河水样品中发现的特征。A) 所有特征，B) 污水处理厂入水中特有的特征
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然后将得到的精确质量数 MS/MS 数据提

交至安捷伦法医毒理学个人化合物数据库与

谱库中进行鉴定。图 2 显示了通过完美匹配

采集质谱图和谱库质谱图对一种名为卡马西

平的抗惊厥和情绪稳定药物进行鉴定的示例。

这一结果揭示了具有精确质量碎片离子信息

的全面质谱库实用性的重要性4。

对于精确质量数据库或谱库中不存在的化合

物，则在 ChemSpider 和 PubChem 等通用

化学数据库中搜索其总化学式。这类搜索可

得到关于可能结构的数百个匹配结果。为缩

小范围并对某种总化学式的阳性匹配结果进

行排序，使用安捷伦分子结构关联 (MSC) 
软件进行电脑模拟碎裂。输入数据为未知

化合物的分子式和实测精确质量数 MS/MS 

数据。MSC 软件随后将总化学式提交至 
ChemSpider 搜索并根据由实测质量碎片计

算得出的匹配对阳性匹配结果进行排序。从 
MSC 中排名较高的匹配结果中选择最可能

的化学结构，如碘帕醇的示例所示（图 3）。

采用确定标准品对最终的确切鉴定结果进行

验证。
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图 2. 在下游水样中检出的药物卡马西平的结构、采集到的谱图 (A) 和谱库谱图 (B)

图 3. 使用母离子和子离子的精确质量数据、Agilent MassHunter 分子结构关联 (MSC) 软件以及 ChemSpider 对碘帕醇进行的鉴定
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结论

使用 Agilent 6550 iFunnel Q-TOF LC/MS 
系统和 Agilent MassHunter 统计与定性分

析软件包套装分析从水处理厂上游及下游采

集到的河水样品。结果得到一种非靶向筛查

方法，该方法可检出 890 多种未知化合物。

提交目标化合物以便采用精确质量数据库进

行鉴定，结果得到 150 种可能污染物。采

用具备谱库匹配功能的 MS/MS 分析方法

鉴定出 21 种污染物，并采用确定标准品对

另外 32 种污染物进行了确认。对于数据库

或谱库中不存在的化合物，则采用电脑模拟

碎裂与 ChemSpider 搜索相结合。这些结果

将用于进一步扩展精确质量数据库和谱库中

存在的化合物，以便进行未来的研究。
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摘要

本研究利用安捷伦 1290 Infinity 液相色谱/6540 精确质量数 Q-TOF 液质联用系统测定分

析水样中磺胺类抗生素和合成代谢类固醇的高分辨率和高质量精度。首次在四极杆-飞行

时间质谱仪上，用高分辨（> 20000 FWHM）进行了符合欧盟关于禁用药物的鉴定点要

求的分析。

前言

欧盟对于高分辨质谱分析食品和食物产品中禁用兽药的要求是，在 10% 峰谷的分辨率大

于 10000。这相当于使用半峰宽（FWHM）时的分辨率是 20000 [1]。对于精确质量数，

每个离子的鉴定点是 2 或是 2.5，如二级质谱分析，其总鉴定点是 4，因此可以对化合物

进行确认定性分析 [1]。已经利用系统被用于环境水样中的鉴定点概念发表了几篇用

Q-TOF 分析水样的文章 [2]。然而，在所有发表的 TOF 应用中，10% 峰谷的分辨率都没

有满足大于 10000（20000 FWHM）的最低要求条件。其原因是，飞行时间质谱在分辨

率为 20000（FWHM）时无法分开小分子的碎片离子（m/z小于 150 的离子）。本应用

简报介绍了使用超高分辨率的安捷伦 6540 精确质量数 Q-TOF 液-质联用系统用于分析液

体样品中的抗生素、合成代谢类固醇和其它药物，其在 10% 峰谷的分辨率轻松超过大于

10000（20000 FWHM）的要求。
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在快速梯度条件下，三个药物的分析时间小于 3 min，峰宽小于

6 s（见图 1）。磺胺二甲氧嘧啶的分子离子峰的质量精确度和分

辨率见图 1。每个组分的测量质量数与理论值的误差都在 0.5 毫道

尔顿内，相当于一个电子的质量。根据欧盟指令关于禁用兽药检

测鉴定点的要求，分子离子峰可以得到 2分，在二级质谱中，

三个碎片离子中每个离子得到 2.5分，总共是 9.5分（见图 1）。

所有离子的分辨率都大于 10000（ 10% 峰谷 ）或 20000

（FWHM）。磺胺类药物中有一个特征离子，其准确离子是m/z

156.0114，见图 2，所有的磺胺抗生素的碎片离子都含有这个离

子。所以，这个离子的准确质量数可以用于扫描其它的磺胺药物

或代谢物。对于这个特征离子，分辨率超过最低要求值 20000

（FWHM）。欧盟指令没有规定准确质量，但只是显示了测量值

与理论值的误差值。还有的就是，还有一个 m/z 156 的同量异

构离子，它的质量数是 156.0768，是磺胺二甲氧嘧啶的另一半结

构（见图 2）。

图 2. m/z 156  的同量异构离子

磺胺二甲氧嘧啶（m/z 311）
的完整二级质谱图
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利用精确质量测定的磺胺二甲氧嘧啶分子式随着误差 10 ppm、

5 ppm 和 2 ppm 的降低而减少，从 10 ppm 时的 10 个可能分子

式，到 5 ppm 的 6 个化学式，到 2 ppm 的 2 个化学式，化学组

成计算用 C、H、N、O、S 和 P。图 3 所示，对于磺胺二甲氧嘧

啶，将合适的原子输入后计算得到的同位素分布结果。同位分布

中强度较高的 A+2 峰（图 3）表明，分子中含有硫元素。所

以，只有误差在 2 ppm 时，才能得到正确的磺胺二甲氧嘧啶分

子式。有关使用相对质量亏损来计算分子式的详细信息可参考

LC/TOF-MS 分析书中文献 3。一般情况下，根据一些知名期刊

关于未知物分析的发表要求，精确度误差限值设定在 5 ppm。然

而，很快能够发现，在遇到大量可能存在的分子式时，这个精

度限制是不够的。因此，对高分辨率和精确质量分析来说，建

议把精度误差限设为 2 ppm 以下，并且使用同位素分布和丰

度。MassHunter 软件包含这些功能。

按照这样的方式，我们在安捷伦 6540 精确质量数 Q-TOF 液质联

用上，用分辨率大于 40000（FWHM）的二级质谱和色谱的联合

方式重复了康力龙的分析实验。如图 4 中所示的，m/z 161.1068

和 m/z 161.1317 这两个子离子代表着因为 CH2CH2
和 N2

的质

量差异而不同的同量异构离子。两个中性丢失分子精确计算的质

量差异是 0.0252 质量单位，而测量值为 0.00249。表 1 所示为 10

个康力龙二级质谱产生的可能的同量异构丢失的中心分子。值得

注意的是，所有碎片离子的平均丢失是 0.0252。这与 CH2CH2
和

N2
的差异非常匹配，标准偏差为 0.0002 质量单位，小于 1%。

整个质量范围内，所有碎片离子的质量精度大约是 1ppm，分辨

率为 25000（FWHM）（见图 5）。因此，安捷伦 6540 精确质

量数 Q-TOF 液质联用仪可以满足康力龙的分析要求，以及满足欧

盟关于高分辨率和精确质量数质谱的规定要求。用高分辨质谱得

到的分子离子峰和子离子可以准确鉴定禁用的合成代谢类固醇，

如康力龙，满足欧盟鉴定点大于 4 的要求。事实上，真正测得的

鉴定点等于 2.0 +10(2.5)，总鉴定点为 27。
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图 3. 磺胺二甲氧嘧啶的同位素分布显示了A+l 和 A+2 离子，以及硫的相对质量
亏损 [3]
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图 4. 禁用合成类固醇（康力龙）的同量异构离子，差异是乙烯离子减去双原子
（CH2CH2-N2

），即 0.0252 质量单位

康力龙：Q-TOF 液质联用仪上得到的离子的分辨率

N2
、CH2CH2

和 CO 中性丢失的分子质量数都是 28，可能这对于

拥有高分辨率和精确质量数的二级质谱分析来说是最大的挑战之

一 [4]。Nielen et al. [4] 的发表文献测定了康力龙（一种禁用合成

代谢类固醇）的碎裂丢失，其中包括 N2
或 CH2CH2

的中性丢

失，误差等于 0.0252 质量单位。特别指出的是，傅里叶变换质

谱和轨道阱质谱可以分辨这样的离子 ，他们分辨率分别是

~50000（FWHM）和 ~100000（FWHM）。此外，他们发现，

Q-TOF 液质联用仪无法分离同量异构的离子，因此提出了利用超

高分辨率的 Q-TOF 液质联用仪来应对这个挑战。
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结论

总之，安捷伦 6540 精确质量 Q-TOF 液质联用系统在离子最大调

谐质量（m/z 2721.8948）下的分辨率（FWHM）大于 40000。

其同时也与快速色谱分离兼容，对最小的碎片离子分辨率可大于

20000（FWHM）。这些性能特点可以用于食品中禁用兽药，如

康力龙，的准确鉴别以及水中药物和抗生素的可靠分析。还定义

了小分子鉴定所需的分辨率，满足欧盟关于高分辨质谱的要求。

表 1. 康力龙子离子的质量精度和差异

测量离子的 质量精
元素组成 理论质量数 精确质量数 度误差

子离子 MH+ 329.2587 329.2591 1.2 ppm 测量误差

229 C15H21N2 229.1699 229.1703 1.7 0.0252

229 C17H25 229.1951 229.1955 1.7

189 C12H17N2 189.1386 189.1385 -0.5 0.0255

189 C14H21 189.1638 189.1640 1.1

161 C10H13N2 161.1073 161.1068 -3.0 0.0249

161 C12H17 161.1325 161.1317 -5.0

149 C9H13N2 149.1073 149.1072 -0.7 0.0248

149 C11H17 149.1325 149.1320 -3.4

147 C9H11N2 147.0917 147.0914 -2.0 0.0255

147 C11H17 147.1168 147.1169 0.7

135 C8H11N2 135.0917 135.0917 0.0 0.0252

135 C10H15 135.1168 135.1169 0.7

119 C7H7N2 119.0604 – –

119 C9H11 119.0855 119.0856 0.8

109 C6H9N2 109.0760 109.0761 0.9 0.0252

109 C8H13 109.1012 109.1013 0.9

95 C5H7N2 95.0604 95.0604 0.0 0.0252

95 C7H11 95.0855 95.0856 1.1

81 C4H5N2 81.0447 81.0449 2.5 0.0251

81 C6H9 81.0699 81.0700 1.2

69 C3H5N2 69.0447 69.0448 1.4 0.0251

69 C5H9 69.0699 69.0699 0.0

测量离子丢失 0.0252

相对标准偏差 0.0002

计算的中性丢失 0.0252
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图 5. m/z 161 子离子是康力龙的同量异构子离子。安捷伦 6540 精确质量数 Q-
TOF 液-质联用仪可轻易分离和鉴定这两个离子，每个子离子的鉴定点是 2.5
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Application Note

Pesticides

Abstract

The first commercially available exact mass pesticide library for GC/Q-TOF has been

developed by using three GC methods that employ backflush. A screening workflow

using this library and the unique All Ions tools enables the detection of pesticide

levels as low as 10 ppb in complex matrices. 
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Introduction

Due to the complexity and variety of food matrices, a con-
stantly growing interest in food safety, and an increasing list
of pesticides, residue analysis has become a more complex
task that requires high selectivity, sensitivity, and a high
throughput approach for data analysis. State-of-the-art pesti-
cide screening requires the consideration of more than
1,000 pesticides and their metabolites. Of these, as many as
600 to 800 compounds are included in routine monitoring pro-
grams. The increasing global emphasis on pesticide screening
is reflected in the implementation of European Union (EU)
guideline SANCO/12571/2013. The most recent revision
specifies criteria for qualitative screening without the use of
expensive standards for each pesticide in each batch of 
samples.

An accurate-mass approach in pesticide screening using
quadrupole time-of-flight mass spectrometry (Q-TOF) offers
more reliable pesticide identification, and allows for a virtually
unlimited number of compounds to be screened simultane-
ously. Gas chromatography (GC) coupled to a Q-TOF mass
spectrometer provides an ideal analytical tool that can be
used to screen, confirm, and quantify trace levels of both
target and unknown compounds, even in complex matrices. 

This application note describes the creation of a curated
GC/Q-TOF exact mass electron ionization (EI) library of pesti-
cides and the development of an accurate mass pesticide
screening workflow designed to help improve reliability and
increase throughput of pesticide residue analysis. More than
740 EI spectra of pesticides were generated using the
high-resolution Agilent 7890 GC, coupled to an Agilent 7200
Series GC/Q-TOF System. 

This exact mass pesticide library enables efficient pesticide
residue screening in the absence of standards. The workflow
was tested using four different vegetable food matrices:
tomato, onion, orange, and potato, spiked with 186 pesticides,
as well as 136 pesticide residues spiked into catfish matrix.
The database was supplied with three retention time (RT)
data sets corresponding to the most common GC methods
used for pesticide screening. An additional advantage of this
approach is that, if required, the same data files can be further
used for identification of unknown and untargeted pesticide
residues later. 

Experimental

Standards and reagents
The pesticide database was built using standards that were
custom-made by Ultra Scientific. These pesticide mixtures
were prepared at 100 parts per million (ppm) in acetone and
methanol. 

Instruments
This study was performed using an Agilent 7890B GC system
coupled to an Agilent 7200 Series GC/Q-TOF System. The
instrument conditions are listed in Table 1, and the instrument
system configuration is shown in Figure 1. 

Figure 1. Agilent 7200 GC/Q-TOF System configuration using midcolumn
backflush.

MMI
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ultimate
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Agilent 7200 
GC/Q-TOF 

System

Sample preparation
QuEChERS sample preparation was used to extract pesticide
residues from five different food matrices at four different
concentrations to test the pesticide residue screening 
workflow.

Data processing and statistical analysis
Agilent MassHunter Qualitative Analysis (B.07, prerelease)
Software tools were used to automatically convert accurate
masses of fragment ions into theoretical (exact) masses for
all abundant fragments in the spectrum, and to import the
spectra into an exact mass pesticide Personal Compound
Database Library (PCDL). The All Ions tool in MassHunter
Qualitative Analysis Software was used for pesticide 
screening.
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Table 1. Agilent 7890 GC and Agilent 7200 GC/Q-TOF Mass Spectrometer Conditions 

GC and MS conditions Method 1 Method 2 Method 3

Column flow Constant flow mode Constant flow mode Constant flow mode

Columns HP-5 MS UI, 15 m, 0.25 mm ID, 0.25 µm film (two each) HP-5 MS UI, 5 m and 15 m, 0.25 mm ID, 0.25 µm film 

RT of Locking compound
(Chlorpyrifos-methyl)

18.111 minutes 9.143 minutes 8.524 minutes

Carrier gas Helium Helium Helium

Inlet temperature 280 °C 280 °C 280 °C

Injection mode Splitless Splitless Splitless

Injection volume 1 µL 1 µL 1 µL

Oven temperature program 60 °C for 1 minute 
40 °C/min to 120 °C, 0 minutes 
5 °C/min to 310 °C, 0 minutes

60 °C for 1 minute
40 °C/min to 170 °C, 0 minutes 
10 °C/min to 310 °C, 0.3 minutes

60 °C for 1.5 minutes 
50 °C/min to 160 °C, 0 minutes 
8 °C/min to 240 °C, 0 minutes 
50 °C/min to 280 °C, 2.5 minutes 
100 °C/min to 290 °C, 3.1 minutes

Run time 40.5 minutes 20.75 minutes 20 minutes

Backflush 5 minutes (Post-run) 5 minutes (Post-run) 5 minutes (Post-run)

Transfer line temperature 280 °C 280 °C 280 °C

Ionization mode EI EI EI

Source temperature 280 °C 280 °C 280 °C

Quadrupole temperature 180 °C 180 °C 180 °C

Mass range 45 to 550 m/z 45 to 550 m/z 45 to 550 m/z

Spectral acquisition rate 5 Hz, collecting both in 
centroid and profile modes

5 Hz, collecting both in 
centroid and profile modes

5 Hz, collecting both in 
centroid and profile modes

Results and Discussion

GC/Q-TOF using a backflush configuration
Backflush is used in the pesticide screening workflow to
reduce background and increase chromatographic resolution
and sensitivity, while decreasing the analysis time. Using this
technique, late eluting, higher boiling substances are flushed
out of the inlet split flow vent instead of driving them though
the entire length of the column into the mass spectrometer.
This approach reduces accumulated chemical noise due to
carryover and increases throughput. System uptime is also
increased, due to reduced maintenance of the columns and
MS detector. 

A quick and simple backflush approach is to use a Capillary
Flow Technology device in the middle of the analytical column
(Figure 1). In this case, instead of using one column,
two 15-m columns (Methods 1 and 2), or a 5-m and a 15-m
column (Method 3) were used and connected by an ultra-low
dead volume Purged Ultimate Union, using an Auxiliary
Electronic Pressure Control (Aux EPC) Module to carry out the
backflush procedure (Figure 1).
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Construction of the curated exact mass
pesticide library
High resolution and mass accuracy are required to acquire
the high-quality spectra for construction of a useful exact
mass pesticide spectra library. As seen in Figure 2, two frag-
ment ions can appear as one peak in unit mass instruments,
but can easily be resolved using the GC/Q-TOF. 

The concept of Personal Compound Databases and Libraries
(PCDLs) is part of an integrated system for confident identifi-
cation through either accurate or exact mass MS or MS/MS
information stored in your own customizable PCDLs. This
includes the theoretical mass of the molecular ion, RT, and
miscellaneous compound information, as well as accurate
mass fragment spectra. This concept has been used to create
an exact mass pesticide PCDL for EI spectra.

Figure 2. The C2H4 [
37Cl]N2 and C2H6 ClN2 fragment ions are seen as one peak in unit mass instruments (A), but can easily be resolved

with the Agilent 7200 GC/Q-TOF System (B).
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The annotation of the EI fragments was performed using
accurate mass information from TOF EI spectra, which were
processed using the Molecular Formula Generator (MFG) and
Fragment Formula Annotation (FFA) tools in the prereleased
version of MassHunter Qualitative Analysis Software B.07
(Figure 3).

Figure 3. FFA of the spectrum using Agilent MassHunter Qualitative Analysis. Fragment formulas were assigned based on the empirical
formula of the pesticide residue and accurate mass spectral data. Annotated fragments are colored in green. The molecular
ion and its isotopes are colored in pink.
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After the fragment annotation was performed, the theoretical
masses of the fragments were automatically calculated, and
the corrected spectra were directly imported into a PCDL
(Figure 4). The spectra of approximately 740 pesticide stan-
dards were acquired using three different RT locked GC meth-
ods to enable flexibility in the GC configuration. These were
then imported directly into the PCDL. The observed mass
accuracy of the library was within 2 ppm, and the average
error of the isotopic abundances was below 1 %, enabling
accurate annotation of the fragment ions with the formulae.
This is the first commercially available exact mass pesticide
library for GC/Q-TOF.

Figure 4. The theoretical (exact) masses of the annotated fragments in the spectrum were imported directly into the PCDL.
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Pesticide screening workflow using the
All Ions tool
The All Ions technique applied to GC/Q-TOF data makes use
of the coelution of the diagnostic reference and qualifier ions
generated during EI to ensure accurate identification. The All
Ions tool is an extension of the unique Find by Formula (FBF)
algorithm in MassHunter Qualitative Analysis Software, and
is the same tool as All Ions MS/MS used for pesticide
screening with LC/Q-TOF. Unlike the latter, the All Ions tool
used with GC/Q-TOF considers the molecular ion in the 
spectrum to be optional, and its absence is not penalized. 

The EICs of the most specific EI fragments in each PCDL
spectrum are extracted and evaluated using a unique coelu-
tion score parameter. The software calculates a number
based on abundance, peak shape (symmetry), peak width, and
RT. Figure 5 provides an example of overlaid EICs for the ions
derived from secbumeton in tomato extract. All ions have the
same chromatographic apex and shape, suggesting that they
originated from the same compound. The normalized ratios of
the fragment ions to the reference ion intensity are plotted
across the RT and made available to the user for inspection in
a Coelution Plot (Figure 5). If all ions exhibit a ratio of approxi-
mately 1 across the middle of the reference ion peak, as in
this example, there is strong confirmation that the fragments
belong to the same compound.

Figure 5. A) Overlaid EICs for secbumeton in tomato extract, with the reference ion in grey and qualifying
ions in other colors. All ions have the same chromatographic apex. B) Coelution plot for
secbumeton. All fragment ions exhibit ratios of approximately 1 across the middle of the 
precursor peak, indicating strong coelution. This provided confirmation for the identification of
secbumeton in the sample.
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It is possible to inspect All Ions results quickly, scrolling
through all compounds in the screen, and efficiently viewing
the compound results table, identification details, overlaid
EICs, the Coelution Plot, as well as spectrum results
(Figure 6). The flexibility of the All Ions tool settings can allow
the user to fine-tune it for the specific application by selecting
the desired number of qualifying ions, coelution score, mass
extraction window, and other parameters. In addition, RT 
locking ensures precise identification of the pesticides.

At this point, the user will have developed a qualitative
method for the identification of compounds using the All Ions
technique. New compounds can easily be added to the screen
by addition to the PCDL followed by data reprocessing.
This important capability provides simple subsequent data 
re-interrogation for additional compounds without sample
reanalysis. 

Figure 6. All Ions tool results overview for pesticides spiked into tomato extract.
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Validating the workflow
Using the pesticide PCDL and the All Ions workflow, four dif-
ferent vegetable matrices (tomato, onion, orange, and potato)
were spiked with 186 pesticides at levels of 20 ppb to
100 ppb. More than 80 % of the residues were detected in
each vegetable extract at a concentration of 20 ppb. In addi-
tion, the All Ions workflow has been tested with catfish, a
dirty matrix that contains a very large number of compounds
that can make it difficult to detect low levels of pesticides.
However, 86 % of 136 pesticides were detected using this
screening method when spiked into catfish matrix at 10 ppb
(Figure 7). 

Conclusions

The accurate mass power of the Agilent 7200 GC/Q-TOF
System has enabled the development of the first commer-
cially available exact mass pesticide library for GC/Q-TOF. A
screening workflow using the unique All Ions tool has also
been used successfully to screen for pesticide residues in five
different food matrices. 

For More Information

These data represent typical results. For more information on
our products and services, visit our Web site at
www.agilent.com/chem.

Figure 7. Total ions GC chromatogram (TIC) from a catfish extract spiked with pesticide residues at 10 ppb. The EIC overlay shows the
location of p,p’-DDT, and the coelution pattern confirms its identity.
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使用 Agilent 7200 系列 GC/Q-TOF  
系统对气溶胶颗粒上的半挥发性有机 
化合物 (SVOC) 进行筛选
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环境

摘要

气溶胶颗粒上吸附的有机化合物组成能够为气雾剂的空气污染研究提供重要线索。将 
Agilent 7200 系列精确质量数 GC/Q-TOF MS 的全采集电子电离 (EI) 模式与 Agilent 
MassHunter 软件工具相结合，能够得到一种用于筛选复杂颗粒提取物中多种化合物的

非靶向工作流程。使用 EI-MS/MS 功能根据子离子碎片的精确质量数来研究未知化合物

的结构。
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前言

半挥发性有机化合物 (SVOC) 具有多种分子结构，与气溶胶颗粒

的形成及其对健康的影响息息相关 [1,2]。由于人们对微小气溶胶

颗粒引起污染的关注度日益增长，且颗粒吸附的有机化合物日益

多样化，因此 SVOC 的筛选成为了一项要求日益严格的复杂任务，

需要采用高选择性、高灵敏度的非靶向工作流程进行数据分析。

一种使用四极杆飞行时间质谱 (Q-TOF) 分析气溶胶颗粒有机物含

量的精确质量数方法提供了更可靠的鉴定结果，并能够同时筛选

几乎无限数量的 SVOC。它提供的理想分析工具可用于筛选和确

证复杂气溶胶颗粒提取物中的目标化合物及未知化合物。

本应用简报展示了一种使用高分辨率 Agilent 7200 系列 GC/Q-TOF 
系统对气溶胶颗粒上吸附的 SVOC 进行非靶向筛选的工作流程。

采用通过 NIST 标称质谱库搜索的解卷积质谱图获得化合物匹配

结果。利用分子离子或碎片离子的精确质量数确证化合物分子式。

GC/Q-TOF 系统的另一个优势是能够在 MS/MS 模式下运行以研

究未知化合物的结构。

实验部分

仪器

采用 Agilent 7890B 气相色谱系统与 Agilent 7200A Q-TOF 系统

联用开展研究。仪器配置如图 1 所示，仪器条件列于表 1 中。气

相色谱运行中启用了保留时间锁定 (RTL) 功能以及安捷伦农药与

环境污染物 (P&EP) MRM 数据库 3.0（部件号 9250AA）中包括

的恒流柱中反吹筛选方法。

图  1. 显示柱中反吹的  Agilent 7200 GC/Q-TOF 系统配置。将  Agilent 7890B GC 
与  Agilent 7200A Q-TOF 进行了联用

PCM

Ultimate

Agilent HP-5ms UI
(15 m × 0.25 mm, 0.25 µm)

Agilent HP-5ms UI
(15 m × 0.25 mm, 0.25 µm)

 1  2

Agilent 7200A
GC/Q-TOF

Agilent 7890B GC

表  1. Agilent 7890B 气相色谱与  Agilent 7200A GC/Q-TOF 质谱的仪器条件

气相色谱条件

色谱柱 Agilent HP-5ms UI 柱，15 m × 0.25 mm， 
膜厚 0.25 µm（各两根）

载气 氦气 

色谱柱 1 流量 1.0 mL/min

色谱柱 2 流量 1.2 mL/min

进样口温度 280 °C 

进样模式 不分流

进样量 2 µL

柱温箱升温程序 60 °C 下保持 1 min， 
以 40 °C/min 升至 120 °C，保持 0 min， 
以 5 °C/min 升至 310 °C，保持 10 min

运行时间 50.5 min

反吹 5 min（后运行）

传输线温度 310 °C

Q-TOF MS 条件

电离模式 EI

离子源温度 300 °C

四极杆温度 180 °C

质量范围 50 - 500 m/z

谱图采集速率 5 Hz，以棒状图和轮廓图两种模式采集
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结果与讨论

色谱峰解卷积和谱库搜索

使用未知物分析软件中的色谱峰解卷积进行数据处理，为找到尽

可能多的化合物，将精确质量提取窗口设置为 100 ppm，并将可

变保留时间窗口大小因子设置为 50 - 200（图 2）。根据与 NIST 
谱库比较得到的匹配因子得分 > 50 的结果鉴别出大约 2600 种
化合物，其中包括烷烃类、藿烷类、酮类、多环芳烃 (PAH)、含

氧多环芳烃 (O-PAH)、酯类和杂环化合物。利用分子式生成器和

分子式计算工具对通过解卷积找到的每种化合物的归属进行确证。

PAH 和 O-PAH 的筛选结果示例如下文所示（图 3 和图 4）。类似

的工作流程可应用于筛选其他类别的化合物。

样品前处理

使用采样器（中国广州）在 300 L/min 的流速下，将气溶胶颗粒 
(PM2.5) 采集到石英纤维过滤器（QFF，Whatman，5 英寸 × 8 英
寸）上。在采样前后，将 QFF 置于 20 °C 和相对湿度 (RH) 40% 
的恒温恒湿洁净室中平衡 24 小时。采用灵敏度达 0.001 mg 的电

子微量天平 (Sartorious, IL, US) 测定各个 QFF 上的颗粒质量。用 
50 mL 二氯甲烷/己烷 (1:1, v/v) 在 7 °C 下对滤液（一半）索氏提

取 48 小时。用过滤器装置对提取物进行过滤。提取物经旋转蒸

发器浓缩后，在纯 N2 流下进一步浓缩至 2 mL，溶剂替换为正己烷。

数据分析

在数据处理时，使用 Agilent MassHunter 定量分析软件 (B.07.01) 
中的未知物分析工具进行色谱峰解卷积，然后通过与 NIST 14 质谱

库进行对比来鉴定化合物。利用精确质量数信息和 MassHunter 
定性分析软件 (B.07.01) 中的精确质量数工具进一步确证解卷积

峰的归属。使用分子结构关联 (MSC) 软件进一步研究初步鉴定出

的化合物结构。

图  2. 用于进行色谱柱解卷积的未知物分析软件。图中显示了总离子流色谱图  (TIC) (A)、组分和谱库匹配谱图的镜像图  (B) 以及组

分的叠加提取离子色谱图  (EIC) (C)

A

B

C
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利用 MS/MS 给出未知化合物的结构

色谱峰解卷积能够发现未知化合物，如图 5 所示。NIST 谱库中

与这一谱图最接近的匹配结果是蒽并[1,9-cd]吡唑-6(2H)-酮，其分

子式为 C14H8N2O。然而，仅仅根据质量准确度即可排除这一初步

匹配结果，因为该分子离子的误差达到了 48.62 ppm。这突出体

现了 Q-TOF 获得的精确质量数据相对于单位质量仪器获得数据的

优势。

使用精确质量数信息给出了该未知化合物的分子式 C15H8O2，其质

量数误差为 2.83 ppm。然而，采用该分子式在 NIST 质谱库中未

能找到任何化合物。7200 GC/Q-TOF 的另一优势在于能够执行精

确质量 MS/MS 分析，该分析对于未知物的结构解析非常有价值。

PAH 和 O-PAH 的鉴定

未知物分析能够鉴定与未分离的复杂混合物共流出的大量 PAH，

如图 3 所示。精确质量数信息可用于确证大约 100 种 PAH，质量

数误差小于 5 ppm。P&EP MRM 数据库包含若干 PAH 的保留时

间 (RT)，利用该数据库可进一步确证匹配结果。数据库与样品之

间的 RT 差值均处于 0.03 分钟的窗口内。良好的 RT 匹配结果进

一步验证了精确质量数信息可用作确证工具。分子式分布显示气

溶胶颗粒的提取物中存在各种 PAH，这些化合物含有 10 - 28 个碳

原子。

同样，在气溶胶颗粒的提取物中也鉴定出了 O-PAH，通过精确质

量数信息确认了其中 34 种组分。图 4 显示了所有鉴定出的 O-PAH 
的质量数误差和分子式分布。一些典型 O-PAH 的结构也显示于

图 4 中。

图  5. 未知化合物与初步  NIST 谱库匹配化合物之间的质谱图比较  (A,B)。解卷积离子的共流出曲线  (C) 确认它们全部属于同一组分。然而，仅仅根据质量准

确度即可排除该化合物，因为其分子离子的误差达到了  48.62 ppm 
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ChemSpider 数据库以查找所有可能的结构异构体。虽然这种确

证并不是完全明晰的，但它还是提供了对初步鉴定的 O-PAH 的进

一步验证。图 7 示出了根据 MSC 软件中所列的碎片给出的碎裂

途径。

图 6 显示了使用 MS/MS 模式通过精确质量碎片得出该未知化

合物结构的工作流程。利用分子式生成器工具可为分子和主要碎

片离子分配准确的经验式。为了给出该未知化合物的结构，将谱

图作为 CEF 文件导入分子结构关联 (MSC) 软件，MSC 将搜索 
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图  6. 使用分子式生成工具由  MS/MS 谱图生成的经验式  (A)，以及使用  MSC 软件对经验式为  C15H8O2 的化合物的结构解析结果  (B)。根据相

对于所提出的分子式的质量误差，以及需要断裂多少化学键来生成所给出的分子式的罚分对每个单独的碎片离子进行了排序
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结论

利用 Agilent 7200 GC/Q-TOF 的多种功能（如精确质量数信息、

全谱模式下的高灵敏度和 MS/MS 功能）可大大改善对气溶胶颗

粒上吸附的 SVOC 化合物的研究。使用 Agilent MassHunter 软
件的解卷积、自动碎片分子式标注和结构解析等功能得到了用于 
SVOC 筛选的非靶向方法。通过谱库搜索进行的化合物确证和针

对未知化合物的结构建议也是重要的研究工具。
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环境暴露与生物基质

环境暴露和生物基质中未知物的非靶向筛查

浓度与化学毒性决定了急性和慢性暴露于环境基质中的化学污染物所产

生的生理反应。以效应为导向的分析有助于研究人员鉴定暴露于受污染

的环境基质对发育中的生物群的影响。测定原污染物及其在水和土壤中

的降解产物与转化产物并鉴定原污染物及代谢物的体内浓度有助于研究

人员鉴定多数相关化学污染物。

对生物与化学相关性最高的污染物进行以效应为导向的成功表征需要采

用先进的质谱技术进行可疑和非靶向筛查。安捷伦科技公司为生物基质

中新兴污染物的研究提供了成熟可靠的全程解决方案。在不影响数据质

量和谱图分辨率的情况下，我们用于可疑和非靶向筛查的样品前处理工

具与系统可通过减少假阳性结果快速提供结果。请联系安捷伦，我们可

以帮助您可靠地鉴定目标基质中的多数污染物。

 
提高对新兴污染物的检测能力 请访问 
www.agilent.com/chem/environmental

► 返回目录

► 返回前言

www.agilent.com/chem/environmental
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