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表 2. PFAS 标准品和在 Q-TOF 9030 获得的分子质量准确度

化合物名称 化学式 RT/ 分钟 理论 (-) m/z 实测 (-) m/z
质量准确度

（ppm）
1 PFBA C4HF7O2 4.85 212.9792 212.9787 2.2

2 PFPA C5HF9O2 8.78 262.976 262.9755 1.8

3 PFHxA C6HO2F11 11.58 312.9728 312.9725 1.2

4 PFHpA C7HF13O2 13.78 362.9696 362.9693 0.8

5 PFOA C8HF15O2 15.65 412.9664 412.9662 0.6

6 PFNA C9HF17O2 17.32 462.9632 462.9631 0.3

7 PFDA C10HF19O2 18.90 512.9600 512.9598 0.4

8 PFUdA C11HF21O2 20.41 562.9568 562.9571 0.5

9 PFDoA C12HF23O2 21.88 612.9537 612.9537 0.1

10 PFTrDA C13HO2F25 23.32 662.9505 662.9506 0.2

11 PFTeDA C14HO2F27 24.71 712.9473 712.9471 0.3

12 PFHxDA C16HF31O2 27.40 812.9409 812.9409 0.0

13 PFODA C18HF35O2 29.87 912.9345 912.9355 1.1

14
PF-3,7- 
DMOA

C10HF19O2 17.97 468.9702 468.9704 0.5

15 HPFHpA CHF2(CF2)5COOH 11.94 344.9790 344.9789 0.3

16 PFBS C4F9SO3H 11.63 298.9430 298.9436 2.1

17 PFHxS C6F13HO3S 16.26 398.9366 398.9371 1.2

18 PFHpS C7HF15O3S 18.07 448.9334 448.9343 1.9

19 L-PFOS C8F17O3HS 19.74 498.9302 498.9308 1.2

20 L-PFDS C10HF21SO3 22.82 598.9238 598.9243 0.7

21 H4PFuNA C11HF21O2 20.41 562.9568 562.957 0.3

22 FOSA C8H2F17NO2S 21.90 497.9462 497.946 0.5

23 N-MeFOSA C9H4F17NO2S 18.78 511.9619 511.9608 2.0

24 N-EtFOSA C10H6F17NO2S 19.39 525.9775 525.9774 0.2

25
N- 

MEeFOSAA
C11H6F17NO4S 18.78 569.9673 569.9674 0.2

26 N-EtFOSAA C12H8F17NO4S 19.40 583.9830 583.983 0.0

27 FHEA C8H3F13O2 13.03 376.9853 376.985 0.7

28 FOEA C10H3F17O2 16.45 476.9789 476.9783 1.3

29 6:2 FTS C8H4F13SO3Na 14.89 426.9674 426.9679 1.3

30 8:2 FTS C10H4F17SO3Na 18.13 526.9610 526.9615 1.1

31 HFPO-DA C6HF11O3 12.45 328.9677 328.9672 1.8

32 9Cl-PF3ONS C8F16O4SClK 20.88 530.8950 530.8961 2.1

33
11Cl- 

PF3OUdS
C10F20O4SClK 23.88 630.8886 630.8896 1.5

34 ADONA C7H2F12O4 14.51 376.9689 376.9689 0.0

表 1.PFASs 在 LCMS-9030 Q-TOF 系统上的分析条件

色谱柱 Shim-pack™ GIST C18 (100 mm x 2.1 mm; 2 
µm)

流速 0.4 mL/min

流动相 A: 5mM 醋酸铵水溶液  B：乙腈

柱箱温度 40° C

进样量 10 µL

梯度洗脱（B） 10% (0 - 2 min)     95% (35 - 40 min)   
     10% (40.1 - 45 min)

接口 加热电喷雾电离

MS 模式 (-) MS & DDA

CID 气体 氩气，270kPa

模块温度 300ºC

DL 温度 250ºC

接口温度 400ºC

雾化气流量 氮气，3 L/min

干燥气流量 氮气，10 L/min

加热气体流量 零级空气，10L/min
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Per- and polyfluoroalkyl substances (PFAS) are man-made fluorinated compounds persistent in the environment including
water, soils, food and living organisms. Standard methods such as EPA 537 were established for monitoring PFAS in drinking
water and surface water[1]. MRM based methods are used for targeted screening of up to about 30 PFASs. However, PFAS is a
large collective of compounds and many of them are not determined by the existing analytical methods[1,2]. As such, PFAS risk
potential present in the environment may be underestimated. This study aims to establish a new approach for screening both
known and undiscovered PFASs in water bodies based on high mass accuracy, characteristic MS/MS pattern and the specific
mass defect features of PFASs on Q-TOF LC-MS.

Table 2. PFAS standards and mass accuracy obtained on Q-TOF 9030

Compound 
Name Chemical Formula RT/min Theoretical 

(-) m/z
Measured 

(-) m/z

Mass 
Accuracy 

/ ppm
1 PFBA C4HF7O2 4.85 212.9792 212.9787 2.2
2 PFPA C5HF9O2 8.78 262.976 262.9755 1.8
3 PFHxA C6HO2F11 11.58 312.9728 312.9725 1.2
4 PFHpA C7HF13O2 13.78 362.9696 362.9693 0.8
5 PFOA C8HF15O2 15.65 412.9664 412.9662 0.6
6 PFNA C9HF17O2 17.32 462.9632 462.9631 0.3
7 PFDA C10HF19O2 18.90 512.9600 512.9598 0.4
8 PFUdA C11HF21O2 20.41 562.9568 562.9571 0.5
9 PFDoA C12HF23O2 21.88 612.9537 612.9537 0.1

10 PFTrDA C13HO2F25 23.32 662.9505 662.9506 0.2
11 PFTeDA C14HO2F27 24.71 712.9473 712.9471 0.3
12 PFHxDA C16HF31O2 27.40 812.9409 812.9409 0.0
13 PFODA C18HF35O2 29.87 912.9345 912.9355 1.1

14 PF-3,7-
DMOA C10HF19O2 17.97 468.9702 468.9704 0.5

15 HPFHpA CHF2(CF2)5COOH 11.94 344.9790 344.9789 0.3
16 PFBS C4F9SO3H 11.63 298.9430 298.9436 2.1
17 PFHxS C6F13HO3S 16.26 398.9366 398.9371 1.2
18 PFHpS C7HF15O3S 18.07 448.9334 448.9343 1.9
19 L-PFOS C8F17O3HS 19.74 498.9302 498.9308 1.2
20 L-PFDS C10HF21SO3 22.82 598.9238 598.9243 0.7
21 H4PFuNA C11HF21O2 20.41 562.9568 562.957 0.3
22 FOSA C8H2F17NO2S 21.90 497.9462 497.946 0.5
23 N-MeFOSA C9H4F17NO2S 18.78 511.9619 511.9608 2.0
24 N-EtFOSA C10H6F17NO2S 19.39 525.9775 525.9774 0.2

25 N-
MEeFOSAA C11H6F17NO4S 18.78 569.9673 569.9674 0.2

26 N-EtFOSAA C12H8F17NO4S 19.40 583.9830 583.983 0.0
27 FHEA C8H3F13O2 13.03 376.9853 376.985 0.7
28 FOEA C10H3F17O2 16.45 476.9789 476.9783 1.3
29 6:2 FTS C8H4F13SO3Na 14.89 426.9674 426.9679 1.3
30 8:2 FTS C10H4F17SO3Na 18.13 526.9610 526.9615 1.1
31 HFPO-DA C6HF11O3 12.45 328.9677 328.9672 1.8
32 9Cl-PF3ONS C8F16O4SClK 20.88 530.8950 530.8961 2.1

33 11Cl-
PF3OUdS C10F20O4SClK 23.88 630.8886 630.8896 1.5

34 ADONA C7H2F12O4 14.51 376.9689 376.9689 0.0

2. Experimental
Thirty-four PFAS standards were purchased from 
Wellington Laboratories. Stock solutions of the 34 
PFAS standards were mixed and diluted with Milli-
Q® water. Mixed standards was injected for 
targeted screening method establishment. Water 
samples (underground water and rivers) were 
obtained, filtered and concentrated for 50 times 
under a stream of nitrogen. The sample was 
then directly injected to the Q-TOF LCMS for 
analysis. A LCMSTM-9030, Q-TOF liquid 
chromatograph mass spectrometer system with 
heated ESI, was used in this study. A GIST-C18 
(100 mm x 2.1 mm; 2 µm) column was used for 
separation of PFASs with a gradient elution of 45 
minutes (Table 1).

Table 1. Analytical conditions for PFASs on 
LCMS-9030 Q-TOF system

Column Shim-packTM GIST C18 (100
mm x 2.1 mm; 2 µm)

Flow rate 0.4 mL/min

Mobile phase A : 5mM NH4Ac in water
B : Acetonitrile 

Oven Temp. 40oC

Inj. vol 10 µL

Gradient Elution (B) 10% (0 to 2 min) ➡95% (35 to 
40 min) ➡10% (40.1 to 45 min)

Interface ESI Heated 

MS Mode Negative MS & DDA

CID gas Argon, 270 kPa

Block Temperature 300ºC

DL Temperature 250ºC

Interface Temp. 400ºC

Nebulizing Gas Flow Nitrogen, 3 L/min

Drying Gas Flow Nitrogen, 10 L/min

Heating Gas Flow Zero Air, 10 L/min
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1. 引言
全氟和多氟烷基化合物（PFAS）是一种人造含氟化合物，可持久存在于水、土壤、食物和生物等环境中。目前已建立了 EPA 537 等标

准方法用于监测饮用水和地表水中的 PFAS [1], 这类基于 MRM 的方法可用于多达 30 种 PFAS 的靶向筛查。然而，PFAS 是一大类化合物，其
中许多化合物无法通过现有的分析方法测定 [1,2]。因此，环境中存在的 PFAS 潜在风险可能被低估。本研究旨在建立一种筛查水体种已知或
未发现的 PFASs 的新方法，该方法基于 PFASs 在 Q-TOF LC-MS 上测定的高质量准确度、特征 MS/MS 模式及特定质量亏损。

2. 实验部分
从 Wellington 实验室购买了 34 种 PFAS 标准品。

将这 34 种 PFAS 标准品的储备溶液混合并用 Milli-Q®

水稀释。进样混合标准品，以建立靶向筛查方法。采
集水样（地下水和河流），过滤并利用氮吹浓缩 50

倍。然后将样品直接进样到 Q-TOF LCMS 中进行分析。
本研究中采用了加热电喷雾电离方式的 LCMSTM-9030 

Q-TOF 液相色谱 - 质谱联用系统。使用 GIST-C18（100 

mm x 2.1 mm；2 µm）色谱柱分离 PFASs，采用梯度
洗脱 45 分钟（表 1）。
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3. Results and Discussion

3.1 Targeted screening and HRMS library for 34 PFASs
A mixed standard of 34 PFASs was used to set up targeted
screening method on Q-TOF. All the PFASs were ionised in
negative ESI mode efficiently to form [M-H]- ions, except for
PF-3,7 DMOA which ionised to form [M-HCOO]-. Mass
accuracy of the PFASs are within 3 ppm with external mass
calibration method (without lock-mass or internal standard for

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0 32.5 min

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0
(x1,000,000)

Figure 1: TIC in full mass range mode of a mixed standard of 34 PFASs with each at 100 ng/mL in Milli-Q® water. 
Peak ID, RT and mass accuracy are shown in Table 2.

3.2 Workflow for screening of undiscovered PFAS

In general, untargeted screening aiming to find undiscovered
PFAS is challenging due to lack of information [2,3]. Hence, it is
important to design first a workflow to extract unique
information enabling to find PFAS candidates from HRMS
data easily before further identification via structural analysis.

Mass detect filtering: Specifically for PFAS, we can employ
mass detect filtering technique to screen and detect PFAS
candidates. Mass defect is the difference between the
nominal mass and the exact mass of a molecule. PFASs
comprise different classes of compounds with one common
feature: F atoms (18.9984 Da) replace all the H atoms
(1.0078 Da) on the C skeleton. As a result, all the PFASs
have negative mass defects. For instance, the mass defects
for the 34 PFASs are from -14.7 mDa (FOEA, (-) m/z
476.97888) to -76.2 mDa (L-PFDS, (-) m/z 598.92383). It is
therefore possible to use mass defect filtering (MDF) method
as an easy tool to find PFAS candidates from the detectable
ions in an unknown sample. A tentative mass defect filtering
range was set from -10 mDa to -80 mDa in the current work.

Diagnostic fragment ions: PFAS produces unique
fluorinated fragments such as C2F5

- (m/z 118.9926) and C3F7
-

Figure 2: Workflow for screening and structural analysis of undiscovered PFASs by Q-TOF LCMS-9030

No. AD-0200

(m/z 168.9893). Some functional groups have characteristic
fragmentation patterns. For example, the sulfonic acid
functional group (-SO3H) can produces fragments SO3

- ions
(m/z79.9574), FSO3

- ions (m/z98.9558) under high CE
conditions. These highly specific fragments can be used as
diagnostic ions to search against the DDA spectra for PFAS
candidates. Accordingly, a workflow for screening of
undiscovered PFAS is set up as shown in Figure 2.

post-run mass correction) (Table 2). Additionally, MS/MS
spectra for all 34 PFASs were acquired by data-dependent
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3.3 Analysis of water sample using targeted and
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Water samples obtained from collaborators were analysed
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utilised, which could exclude their interference in precursor
selection during DDA run. Data analysis was performed first
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example, both PFOA and PFOS were found in one of the

图 1：在 Milli-Q® 水中配制的每种标准品浓度为 100 ng/mL 的 34 种 PFAS 混合标准品的全质量范围模式的 TIC 峰

ID、RT 和质量准确度如表 2 所示。

图 2：未发现 PFAS 的筛查和结构分析的 Q-TOF-LCMS-9030 工作流

3. 结果和讨论
3.1 34种 PFASs的靶向筛查及 HRMS库

采用 34 种 PFASs 混合标准品来建立 Q-TOF 靶向筛查方法。
除 PF-3,7-DMOA（ 电 离 形 成 [M-HCOO]- 离 子） 外， 所 有 PFASs

均在负 ESI 模式下有效地电离形成 [M-H]- 离子。采用外部质量校
准方法（无锁定质量或内标进行后处理质量校正），PFASs 的质
量准确度在 3ppm 以内（表 2）。

3.2 未发现 PFAS的筛查工作流
一般来说，由于缺乏信息，对于未发现 PFAS 的非靶向筛查

具有挑战性 [2,3]。因此，重要的是首先设计一个工作流来提取独特
的信息，以便在通过结构分析进行进一步鉴定前从 HRMS 数据中
轻松地找到候选 PFAS。
质量亏损过滤：特别是对于 PFAS，我们可以使用质量亏损

过滤技术来筛查和检测候选 PFAS。质量亏损是分子的名义质量
和精确质量之间的差异。PFASs 由不同种类的化合物组成，但具
有一个共同特征：F 原子（18.9984 Da）取代了 C 骨架上的所有
H 原子（1.0078 Da）。因此，所有 PFASs 都具有负质量亏损。
例如，34 种 PFASs 的质量亏损从 -14.7 mDa（FOEA，（-）m/z 

476.97888）到 -76.2 mDa（L-PFDS，（-）m/z 598.92383）不等。
因此，可以采用质量亏损过滤（MDF）方法作为一种简单的工具，
从未知样品中的可检测离子中寻找候选 PFAS。在目前的工作中，
质量亏损过滤范围被暂定为 -10 mDa 至 -80 mDa。
诊断碎片离子：PFAS 产生独特的氟代基团碎片，如 C2F5

-（m/z  

118.9926）和 C3F7
-（m/z 168.9893）。

一些官能团具有特征断裂模式。例如，磺酸基官能团（-SO3H）
可在高 CE 条件下产生 SO3

- 离子碎片（m/z 79.9574）、FSO3
- 离

子碎片（m/z 98.9558）。这些具有高度特异性的碎片可以作为
诊断离子，在 DDA 质谱中寻找候选 PFAS。因此，建立了未发现
PFAS 的筛查工作流，如图 2 所示。

3.3 采用靶向和非靶向筛查方法进行水样分析
采用 MS 和 DDA 模式对合作伙伴采集的水样进行了分析。

将原始样品过滤浓缩 50 倍，无需进一步净化。采用了溶剂和流
动相离子排除列表，可以排除它们在 DDA 运行期间对前体选择
的干扰。首先对内部数据库内包含的 34 种目标 PFAS 进行了数据
分析。在对所选峰进行数据库搜索时，可以根据保留时间、精确
质量和 MS/MS 模式生成与库中 PFASs 的匹配列表。例如，在一
个水样 W26 中发现了 PFOA 和 PFOS（图 3）。图 4 说明了通过
匹配 RT、MS、MS/MS 质谱的数据库研究对样品 W26 中的 PFOA

的鉴定过程。PFOA 的 MS 和 MS/MS 质谱的相似度分别为 96%

和 92%。PFOA 的检测质量误差为 0.18ppm。

此外，所有 34 种 PFASs 的 MS/MS 谱图均通过数据依赖采集
（DDA）模式获得。在 LabSolutions™ 中建立了 34 种 PFAS 的数
据库，包括前体离子、MS/MS 质谱和保留时间。
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3. Results and Discussion

3.1 Targeted screening and HRMS library for 34 PFASs
A mixed standard of 34 PFASs was used to set up targeted
screening method on Q-TOF. All the PFASs were ionised in
negative ESI mode efficiently to form [M-H]- ions, except for
PF-3,7 DMOA which ionised to form [M-HCOO]-. Mass
accuracy of the PFASs are within 3 ppm with external mass
calibration method (without lock-mass or internal standard for
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Figure 1: TIC in full mass range mode of a mixed standard of 34 PFASs with each at 100 ng/mL in Milli-Q® water. 
Peak ID, RT and mass accuracy are shown in Table 2.

3.2 Workflow for screening of undiscovered PFAS

In general, untargeted screening aiming to find undiscovered
PFAS is challenging due to lack of information [2,3]. Hence, it is
important to design first a workflow to extract unique
information enabling to find PFAS candidates from HRMS
data easily before further identification via structural analysis.

Mass detect filtering: Specifically for PFAS, we can employ
mass detect filtering technique to screen and detect PFAS
candidates. Mass defect is the difference between the
nominal mass and the exact mass of a molecule. PFASs
comprise different classes of compounds with one common
feature: F atoms (18.9984 Da) replace all the H atoms
(1.0078 Da) on the C skeleton. As a result, all the PFASs
have negative mass defects. For instance, the mass defects
for the 34 PFASs are from -14.7 mDa (FOEA, (-) m/z
476.97888) to -76.2 mDa (L-PFDS, (-) m/z 598.92383). It is
therefore possible to use mass defect filtering (MDF) method
as an easy tool to find PFAS candidates from the detectable
ions in an unknown sample. A tentative mass defect filtering
range was set from -10 mDa to -80 mDa in the current work.

Diagnostic fragment ions: PFAS produces unique
fluorinated fragments such as C2F5

- (m/z 118.9926) and C3F7
-

Figure 2: Workflow for screening and structural analysis of undiscovered PFASs by Q-TOF LCMS-9030
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(m/z 168.9893). Some functional groups have characteristic
fragmentation patterns. For example, the sulfonic acid
functional group (-SO3H) can produces fragments SO3

- ions
(m/z79.9574), FSO3

- ions (m/z98.9558) under high CE
conditions. These highly specific fragments can be used as
diagnostic ions to search against the DDA spectra for PFAS
candidates. Accordingly, a workflow for screening of
undiscovered PFAS is set up as shown in Figure 2.

post-run mass correction) (Table 2). Additionally, MS/MS
spectra for all 34 PFASs were acquired by data-dependent
acquisition (DDA) function. A library containing precursors,
MS/MS spectra and retention times was established based
on the 34 PFAS in LabSolutionsTM.

3.3 Analysis of water sample using targeted and
untargeted screening method

Water samples obtained from collaborators were analysed
with MS and DDA modes. The raw samples were filtered and
concentrated for 50 times without further clean-up. An
exclusion list of ions from solvent and mobile phases was
utilised, which could exclude their interference in precursor
selection during DDA run. Data analysis was performed first
for targeted PFAS (34) registered in the in-house library.
Upon library searching of a selected peak, a matching list
against the registered PFASs might be generated based on
retention time, accurate mass and MS/MS patterns. For
example, both PFOA and PFOS were found in one of the
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PFAS is challenging due to lack of information [2,3]. Hence, it is
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information enabling to find PFAS candidates from HRMS
data easily before further identification via structural analysis.

Mass detect filtering: Specifically for PFAS, we can employ
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(m/z 168.9893). Some functional groups have characteristic
fragmentation patterns. For example, the sulfonic acid
functional group (-SO3H) can produces fragments SO3

- ions
(m/z79.9574), FSO3

- ions (m/z98.9558) under high CE
conditions. These highly specific fragments can be used as
diagnostic ions to search against the DDA spectra for PFAS
candidates. Accordingly, a workflow for screening of
undiscovered PFAS is set up as shown in Figure 2.

post-run mass correction) (Table 2). Additionally, MS/MS
spectra for all 34 PFASs were acquired by data-dependent
acquisition (DDA) function. A library containing precursors,
MS/MS spectra and retention times was established based
on the 34 PFAS in LabSolutionsTM.

3.3 Analysis of water sample using targeted and
untargeted screening method

Water samples obtained from collaborators were analysed
with MS and DDA modes. The raw samples were filtered and
concentrated for 50 times without further clean-up. An
exclusion list of ions from solvent and mobile phases was
utilised, which could exclude their interference in precursor
selection during DDA run. Data analysis was performed first
for targeted PFAS (34) registered in the in-house library.
Upon library searching of a selected peak, a matching list
against the registered PFASs might be generated based on
retention time, accurate mass and MS/MS patterns. For
example, both PFOA and PFOS were found in one of the
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n Sample Analysis of a Mouse Femur

Fig. 8  3D Images of a Mouse Femur

Fig. 9  3D Image of a Mouse Femur

1 ｍｍ

Fig. 10  White : Cortical Bone and Cancellous Bone
 Red : Blood Vessels in Cortical Bone
 Green : Growth Plate Cartilage

1 mm

Fig. 11  White : Cancellous Bone
 Red : Blood Vessels in Cortical Bone
 Green : Growth Plate Cartilage

1 mm

Obtaining images with the X-ray CT system not only 
enables cross sectional and 3-dimensional observations, but 
also enables each region to be extracted for observation, 
and measurements to be taken of bone thickness. Figs. 10 
to 14 show the actual results of scans of mouse femur 
cortical bone, cancellous bone, and extracted blood vessels 
within the cortical bone colored for display, utilizing the 
TRI/3D-BON bone structure analysis software from Ratoc 
System Engineering Co., Ltd. In Figs. 10 and 11, the 
portion shown in white is the cortical bone and cancellous 
bone. In Fig. 10, the cortical bone is made semitransparent 
in appearance. The red portion shows the blood vessels 
within the cortical bone, and the green portion shows the 
growth plate cartilage between the epiphysis and the 
metaphysis. Fig. 13 is an image with this growth plate 
cart i lage extracted. F ig . 14 shows the resu l ts of 
measurements of the thickness of the extracted cortical 
bone and cancellous bone. The thin to thick portions vary 
in appearance from blue to red.
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Figure 3: Chromatogram in full mass range of an unknown water sample W26 on LCMS-9030

water samples W26 (Figure 3). Figure 4 illustrates the identification process of PFOA in sample W26 through library
research via matching RT, MS, MS/MS spectra. The similarities of MS and MS/MS spectra for PFOA are 96% and 92%,
respectively. The mass error measured of PFOA is 0.18 ppm.
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Figure 4: Identification of PFOA in a water sample. (i) Extracted chromatogram of FOAS; (ii) MS and library search
result; (iii) MS/MS spectra and library search result

The same water sample W26 was subjected to 
further investigation to find any undiscovered 
PFAS candidate using the mass defect filtering 
method with a threshold from [-10 mDa] to [-80 
mDa] as described above. In addition, the 
specific PFAS diagnostic fragment ions of C2F5

-

and C3F7
- were also used. Formula Predictor 

software and Structural Analytics software in  
LabSolutionsTM are used in the subsequent 
structural elucidation and identification. A 
precursor ion of (-)m/z382.94179 was found via 
mass detect filtering to be a PFAS candidate 
due to: (i) a matched mass defect (-58.2 mDa),
(ii) both C2F5

-, C3F7
- were found. Moreover, 

using the formula predictor s/w, a most-like 
formula of C6F13SO2H with a mass error of
+0.26 ppm was obtained. The fragments found

图 3：未知水样 W26 在 LCMS-9030 上的总离子流图

图 4：水样中 PFOA 的鉴定。（i）PFOA 的提取离子流图；（ii）MS 谱图和数据库检索结果；（iii）MS/MS 谱图和数据库检索结果
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The same water sample W26 was subjected to 
further investigation to find any undiscovered 
PFAS candidate using the mass defect filtering 
method with a threshold from [-10 mDa] to [-80 
mDa] as described above. In addition, the 
specific PFAS diagnostic fragment ions of C2F5

-

and C3F7
- were also used. Formula Predictor 

software and Structural Analytics software in  
LabSolutionsTM are used in the subsequent 
structural elucidation and identification. A 
precursor ion of (-)m/z382.94179 was found via 
mass detect filtering to be a PFAS candidate 
due to: (i) a matched mass defect (-58.2 mDa),
(ii) both C2F5

-, C3F7
- were found. Moreover, 

using the formula predictor s/w, a most-like 
formula of C6F13SO2H with a mass error of
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The same water sample W26 was subjected to 
further investigation to find any undiscovered 
PFAS candidate using the mass defect filtering 
method with a threshold from [-10 mDa] to [-80 
mDa] as described above. In addition, the 
specific PFAS diagnostic fragment ions of C2F5

-

and C3F7
- were also used. Formula Predictor 

software and Structural Analytics software in  
LabSolutionsTM are used in the subsequent 
structural elucidation and identification. A 
precursor ion of (-)m/z382.94179 was found via 
mass detect filtering to be a PFAS candidate 
due to: (i) a matched mass defect (-58.2 mDa),
(ii) both C2F5

-, C3F7
- were found. Moreover, 

using the formula predictor s/w, a most-like 
formula of C6F13SO2H with a mass error of
+0.26 ppm was obtained. The fragments found

对同一水样 W26 进行进一步调查，以使用质量亏
损过滤方法（阈值从 [-10 mDa] 到 [-80 mDa]）寻找任
何未发现的候选 PFAS。此外，还使用了 C2F5

- 和 C3F7
-

特异性 PFAS 诊断碎片离子。在随后的结构解析和鉴
定 中 使 用 了 LabSolutionsTM 中 的 Formula Predictor 和
Structural Analytics 软件。通过质量亏损过滤发现（-）
m/z 382.94179 是一个候选 PFAS 的前体离子，因为：（i） 

匹配的质量亏损（-58.2 mDa），（ii）发现了 C2F5
- 和

C3F7
-。另外，采用分子式预测软件 s/w，得到了高度

匹配的分子式 C6F13SO2H，质量误差为 +0.26 ppm。在
MS/MS 质谱中发现的碎片与 C6F13

- 和 FSO2- 相匹配，这
分别对应于 PFAS 骨架结构和一个头部基团。样品 W26

中发现的 PFAS 可能是全氟己基亚磺酸或其类似物。图
5 详细介绍了上述数据分析过程。

(I) m/z: 412.9664 (-) 的 XIC 图

(ii) MS 谱图 (iii) MS/MS 谱图

强度（x1,000）强度（x1,000）
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3. Results and Discussion

3.1 Targeted screening and HRMS library for 34 PFASs
A mixed standard of 34 PFASs was used to set up targeted
screening method on Q-TOF. All the PFASs were ionised in
negative ESI mode efficiently to form [M-H]- ions, except for
PF-3,7 DMOA which ionised to form [M-HCOO]-. Mass
accuracy of the PFASs are within 3 ppm with external mass
calibration method (without lock-mass or internal standard for
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Figure 1: TIC in full mass range mode of a mixed standard of 34 PFASs with each at 100 ng/mL in Milli-Q® water. 
Peak ID, RT and mass accuracy are shown in Table 2.

3.2 Workflow for screening of undiscovered PFAS

In general, untargeted screening aiming to find undiscovered
PFAS is challenging due to lack of information [2,3]. Hence, it is
important to design first a workflow to extract unique
information enabling to find PFAS candidates from HRMS
data easily before further identification via structural analysis.

Mass detect filtering: Specifically for PFAS, we can employ
mass detect filtering technique to screen and detect PFAS
candidates. Mass defect is the difference between the
nominal mass and the exact mass of a molecule. PFASs
comprise different classes of compounds with one common
feature: F atoms (18.9984 Da) replace all the H atoms
(1.0078 Da) on the C skeleton. As a result, all the PFASs
have negative mass defects. For instance, the mass defects
for the 34 PFASs are from -14.7 mDa (FOEA, (-) m/z
476.97888) to -76.2 mDa (L-PFDS, (-) m/z 598.92383). It is
therefore possible to use mass defect filtering (MDF) method
as an easy tool to find PFAS candidates from the detectable
ions in an unknown sample. A tentative mass defect filtering
range was set from -10 mDa to -80 mDa in the current work.

Diagnostic fragment ions: PFAS produces unique
fluorinated fragments such as C2F5

- (m/z 118.9926) and C3F7
-

Figure 2: Workflow for screening and structural analysis of undiscovered PFASs by Q-TOF LCMS-9030

No. AD-0200

(m/z 168.9893). Some functional groups have characteristic
fragmentation patterns. For example, the sulfonic acid
functional group (-SO3H) can produces fragments SO3

- ions
(m/z79.9574), FSO3

- ions (m/z98.9558) under high CE
conditions. These highly specific fragments can be used as
diagnostic ions to search against the DDA spectra for PFAS
candidates. Accordingly, a workflow for screening of
undiscovered PFAS is set up as shown in Figure 2.

post-run mass correction) (Table 2). Additionally, MS/MS
spectra for all 34 PFASs were acquired by data-dependent
acquisition (DDA) function. A library containing precursors,
MS/MS spectra and retention times was established based
on the 34 PFAS in LabSolutionsTM.

3.3 Analysis of water sample using targeted and
untargeted screening method

Water samples obtained from collaborators were analysed
with MS and DDA modes. The raw samples were filtered and
concentrated for 50 times without further clean-up. An
exclusion list of ions from solvent and mobile phases was
utilised, which could exclude their interference in precursor
selection during DDA run. Data analysis was performed first
for targeted PFAS (34) registered in the in-house library.
Upon library searching of a selected peak, a matching list
against the registered PFASs might be generated based on
retention time, accurate mass and MS/MS patterns. For
example, both PFOA and PFOS were found in one of the
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in the MS/MS spectrum match C6F13
- and FSO2

-,
which correspond to PFAS skeletal structure and a
head group, respectively. The PFAS found in sample
W26 is likely to be perfluorohexyl sulfinic acid or its
analogue. The above data analysis procedure is
illustrated in detail in Figure 5.
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Figure 5: Illustration of finding an undiscovered
PFAS: (i) XIC of (-)m/z 382.9417 from MS data via
mass defect filtering; (ii) XIC of C2F5

– and C3F7
– ions

from DDA data, (iii) MS spectrum and formula
prediction, (iv) MS/MS spectrum and structural
analysis; (v) assignment of fragment ion using
Structural Analysis s/w.

4. Conclusions

A comprehensive screening method for targeted and
undiscovered PFASs on Q-TOF mass spectrometer has been
established and used in analysis of water samples. With DDA
mode, MS and MS/MS data were acquired concurrently. An
in-house library consisting of 34 PFASs with RT, MS and
MS/MS spectra were used in targeted screening. A workflow
was proposed and used to find and identify undiscovered
PFAS based on mass defect filtering and specific diagnostic
ions of PFASs. PFOA and PFOS were found in sample W26
via library search directly. While a new PFAS, perfluorohexyl
sulfinic acid (C6F13SO2H) or its analogue, was identified
successfully in the same sample using the workflow
established.
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图 5：寻找未发现 PFA 的说明：（i） 通过质量亏损过滤得到的 MS 数

据中（-）m/z 382.9417 的 XIC；（ii）DDA 数据中 C2F5
- 和 C3F7

- 离子的

XIC；（iii）MS 质谱和分子式预测；（iv）MS/MS 质谱和结构分析；（v）

使用 Structural Analysis s/w 匹配碎片离子。

4. 结论
建立了一种在 Q-TOF 质谱仪上对目标 PFASs 和未发现 PFASs

的综合筛查方法，并用于分析水样。在 DDA 模式下，同时采集
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别未发现的 PFAS。通过直接数据库检索在样品 W26 中发现了
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- 离子的 XICs
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in the MS/MS spectrum match C6F13
- and FSO2

-,
which correspond to PFAS skeletal structure and a
head group, respectively. The PFAS found in sample
W26 is likely to be perfluorohexyl sulfinic acid or its
analogue. The above data analysis procedure is
illustrated in detail in Figure 5.
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Figure 5: Illustration of finding an undiscovered
PFAS: (i) XIC of (-)m/z 382.9417 from MS data via
mass defect filtering; (ii) XIC of C2F5

– and C3F7
– ions

from DDA data, (iii) MS spectrum and formula
prediction, (iv) MS/MS spectrum and structural
analysis; (v) assignment of fragment ion using
Structural Analysis s/w.

4. Conclusions

A comprehensive screening method for targeted and
undiscovered PFASs on Q-TOF mass spectrometer has been
established and used in analysis of water samples. With DDA
mode, MS and MS/MS data were acquired concurrently. An
in-house library consisting of 34 PFASs with RT, MS and
MS/MS spectra were used in targeted screening. A workflow
was proposed and used to find and identify undiscovered
PFAS based on mass defect filtering and specific diagnostic
ions of PFASs. PFOA and PFOS were found in sample W26
via library search directly. While a new PFAS, perfluorohexyl
sulfinic acid (C6F13SO2H) or its analogue, was identified
successfully in the same sample using the workflow
established.
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(iii) MS 质谱和
分子式预测

(iv) MS/MS 质谱和
结构分析

(V) 采用 Structure Analysis 
s/w 对全氟己基亚磺酸中一
个碎片的匹配


