
简介

在环境研究领域，鉴定新兴污染物在地表水样

品中的存在越来越被关注。许多该类污染物是

由市政污水排放进入地表水而产生的。在这些

新兴的污染物中，地表水中的药物和个人护理

药品（PPCPs）的测定浓度已经分别达到百万

分之一和几兆分之一。PPCPs的存在，说明当

前污水处理系统对于去除该类物质是低效的。
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我们目前研究了一种利用UHPLC-TOF分析美国东北部水样品中目标和非目标

PPCPs化合物的方法。三重四级杆是多反应监测模式，仅仅根据预定的目标进行

分析筛选，与三重四级杆不同，时间飞行质谱仪提供全谱的精确质量数，这可

被用来分析和鉴定无限量的化合物，无需提前知道被分析化合物的信息，或者

当没有参考标准物质的时候。在本研究中，我们展示了PerkinElmer AxION 2® 

TOF能够提供准确质量信息，且当其与AxION EC ID软件联用时，可用于鉴定地

表水中的未知化合物。
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试验条件

样品采集和制备：

采集水样品（400mL）于1L的琥珀瓶中，样品通过

Whatman™的玻璃纤维过滤器过滤（GF/C,1.2μm），

然后储存在4 °C温度下，待分析。分析之前，样品经

过C-18的固相萃取小柱（SPE）萃取。

SPE萃取：

本应用文献采用的是Phenomenex Strata™-X SPE小柱

（500mg/6ml）进行样品萃取。萃取之前，小柱依次

通过甲醇（5mL）、水（5ml）清洗。将经过滤的水

样品加于SPE小柱上，每个水样中加入PPCPs标准品

（100ng）或未加标，以5-6mL/min的流速流过SPE小

柱，真空抽干约20min，然后使用甲醇（4mL）和酸化

甲醇（含有2%的甲酸，4mL）进行淋洗，淋洗液氮气

吹干至约0.3mL，水定容至0.5mL。

液相色谱条件：

泵：PerkinElmer Flexar™ FX-10 泵

流动相A：含有0.1%甲酸的水溶液

流动相B：含有0.1%甲酸的乙腈溶液

梯度洗脱：在5min之内B由10%增加至90%

进样体积：3μL，部分填充进样模式

使用的色谱柱：PerkinElmer Brownlee™ SPP C-18, 

2X50 mm，2.7μm

质谱仪条件：

质谱仪：PerkinElmer AxION™ 2 飞行时间质谱仪

离子源：PerkinElmer Ultraspray™ 2 (双ESI 源)

离子化模式：正离子模式

脉冲模式：100-800m/z

光谱采集速率：1.5 谱图/s

毛细管出口电压：100V

捕集模式：100-800 m/z (D7:42, D8:63)

内标校准：利用m/z分别为118.08625和622.02896两

个离子作为锁定离子进行内标校准。

结果

在当前的研究中，AxION 2 TOF MS被用于分析水样中

存在的九种目标PPCPs化合物及一些未知的化合物。

九种目标化合物在色谱柱上3min之内获得分离（图1

）。SPE萃取程序回收率约为75%或者更高（数据以

加入100ppb标准的MilliQ水样测定结果为依据）。使

用AxION 2 TOF MS高灵敏度的TrapPulse™（捕集）模

式，对于大多数分析化合物，具有低于ppb级优越的

仪器检出限（测定咖啡因和可可碱的检测限分别是4.0

和8.0ppb），很宽的线性范围（0.5-500ng/mL）。
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Results 

In the present study the AxION 2 TOF MS was used to analyze  
nine targeted PPCPs and several unknown compounds 
present in the river water samples. The separation of the 
nine target analytes was achieved under 3 mins on column 
(Figure 1). The SPE extraction procedure resulted in an  
estimated 75% or greater recovery of the analytes (based on 
100 ppb standard spiked in MilliQ water). Using the AxION 2  
TOF MS in the higher sensitivity TrapPulse™ mode, showed 
excellent sub ppb instrument detection limits for most  
analytes (detection limits for caffeine and theobromine were 
4.0 and 8.0 ppb, respectively) and linearity over a very wide 
concentration range (0.5 to 500 ng/mL).

Experimental Conditions

Sample collection and preparation: 

River samples (400 mL) were collected in 1 L amber bottles. 
Samples were filtered through Whatman™ glass fiber filters 
(GF/C, 1.2 μm) and stored at 4 °C until analysis. Prior to 
analysis, the samples were extracted through C-18 solid 
phase extraction (SPE) cartridges.

SPE extraction: 

Phenomenex Strata™-X SPE cartridges (500 mg/6 mL) were 
used for extraction. The cartridges were initially conditioned 
with methanol (5 mL) followed by water (5 mL). The filtered 
river sample was loaded on the cartridges with or without 
a spike of standard PPCPs (100 ng each) and extracted 
through the cartridge at 5-6 mL/min. The cartridge was 
dried under vacuum for ~20 mins prior to eluting with 
methanol (4 mL) and acidified methanol (containing 2% 
formic acid, 4 mL). The eluate was dried under nitrogen to 
~0.3 mL and diluted to 0.5 mL with water. 

Liquid chromatography conditions:

Pump: PerkinElmer Flexar™ FX-10 pump 

Mobile phase A: Water containing 0.1% formic acid 

Mobile phase B: Acetonitrile containing 0.1% formic acid 

Gradient conditions: 10% B to 90% B in 5 min 

Injection volume: 3 μL in partial fill mode 

Column used: PerkinElmer Brownlee™ SPP C-18, 2X50 mm, 
2.7 μm

Mass spectrometry conditions: 

Mass spectrometer: PerkinElmer AxION™ 2 TOF

Ionization source: PerkinElmer Ultraspray™ 2 (Dual ESI source) 

Ionization mode: positive 

Pulse mode: 100-800 m/z

Spectral acquisition rate: 1.5 spectra/sec

Capillary exit voltage: 100 V 

Trap mode: 100-800 m/z (D7:42, D8:63) 

Internal calibration: Internal calibration was done using 
two ions m/z 118.08625 and 622.02896 as lock mass ions.

Figure 1.  Shows the separation of PPCPs in under 2.5 min.
图1  2.5min之内PPCPs的分离



河水样品中目标和非目标化合物的鉴定

从污水处理厂的下游采集的地表水水样品，按照上述方

法进行处理。检测结果显示，该水样品中含有卡巴西

平、二苯基羟胺、磺胺甲噁唑、氟西汀（图2）。检测得

到的化合物通过与标准物质的精确质量和保留时间是否

匹配来进行确认。
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Identification of target and non-target analytes in river 
water 

The surface river water samples were collected downstream 
from a sewage treatment plant and were processed and 
analyzed as described above. This analysis revealed the  
presence of carbamazepine, diphenylhydramine, sulfa-
methoxazole and fluoxetine in the river water samples 
(Figure 2). The presence of these compounds was confirmed 
by accurate mass and retention time matching with standards.  
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Figure 2.  Identification of carbamazepine, diphenylhydramine, sulfamethoxazole and fluoxetine in river sample using accurate mass and retention time matching 
with standards.
图2 利用精确质量和标准物质的保留时间鉴定水样品中的卡巴西平、二苯基羟胺、磺胺甲噁唑、氟西汀。
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Figure 3.  Shows a major unknown target analyte eluting at  ~2.7 mins.

Figure 4 a and b.  Accurate mass and isotope ratio of unknown analyte was entered into AxION EC ID software to determine elemental composition. The AxION EC ID 
software searches against the PubChem database and by sorting for decreasing AIDs (chemical listed for most number of assays), the  first possible candidate for the given 
elemental composition was given as N, N-Diethyl-m-toluamide (DEET), a common ingredient in insect repellents.

a b

图3  约2.7min淋洗出峰的主要未知目标分析物

图4  a和b 未知分析化合物的精确质量和同位素比值被输入AxION EC ID软件，进行元素组成的测定。采用PubChem数据库检
索，以降序AIDs（大量化合物编号）编号排序，给定元素组成的第一可能的候选化合物为N,N-二乙基-m-甲苯酰胺（DEET），是
杀虫剂的常规成分。
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该水样品被用于进一步检测，进行非目标化合物的分

析。利用AxION EC ID软件来分析在约2.7min被淋洗

出的一个主要色谱峰。精确的单一同位素质量和同位

素的比值信息被AxION EC ID用于进行PubChem 数据

库检索（或其它的数据库检索），进行可能的分子式

匹配，并提供可能的匹配汇总，以及对于一个给定元

素组成的化合物提供可能化合物的结构建议。在这个

例子中的元素组成，C12H17NO得到了最高的匹配分值

（图4a），最可能的候选物是N,N-二乙基-m-甲苯酰胺

（DEET），该化合物是基于已知的活性AIDS编号（检

测IDs）（图4b）。DEET是杀虫剂的常规成分，未知化

合物的精确分子质量与DEET预期的分子质量之间的误

差小于2ppm（图5）。通过与标准物保留时间的匹配

进一步确证了河水样品中含有DEET化合物。利用类似

的方法，河水样品中还测出了对乙酰氨基酚化合物，

该化合物是一种常用的止痛药（未给出数据）。
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Figure 5.  Presence of DEET was confirmed by accurate mass data

The river sample data was further examined for unknown 
non-target analytes. A major chromatographic peak eluting 
at ~2.7 min (Figure 3) was analyzed using AxION EC ID 
software. Accurate monoisotopic mass and isotope ratio 
information is used by AxION EC ID to search the PubChem 
database (or other data bases) for potential molecular 
formula matches and provide a ranked summary of the 
potential matches as well as suggestions for possible 
compound structures for a given elemental composition. 
In this example, the elemental composition, C12H17NO was 
listed with highest score (Figure 4a) and the top candidate 
was identified as N, N-Diethyl-m-toluamide, (DEET) based  
on the number of active AIDS (Assay IDs) reported (Figure 4b).  
DEET is a common ingredient in insect repellent and the 
accurate mass of the unknown compound was verified  
to be within 2 ppm mass error of the expected mass of 
DEET (Figure 5). The presence of DEET in the river sample 
was further confirmed by retention time matching with  
the standard. Using a similar approach, acetaminophen,  
a commonly used analgesic drug was also identified in  
the river water (data not shown).  

Conclusions

The PerkinElmer AxION 2 TOF operated in the higher sensi-
tivity TrapPulse mode resulted in instrument detection limits 
of <1 ppb for majority of the PPCPs. The surface river water 
sample was screened for both target and non-target PPCPs. 
The accurate mass and isotope ratio provided by the TOF 
confirmed presence of several of the target PPCPs including 
antidepressant drugs in the surface waters. The non-target 
PPCPs in the sample were identified using accurate mass 
information along with powerful database search tools such 
as the AxION EC ID software.

References

1. Daughton, C.G., Jones-Lepp, T.L., Pharmaceuticals and 
personal care products (PPCPs) in the environment.  
Scientific and Regulatory Issues, ACS Symp. Ser. 791, 
Oxford University Press, Washington, U.S. (2001).

2. Daughton, C.G., Environ. Impact Assess. Rev. 24 (2004) 711.

结论

PerkinElmer AxION 2 TOF采用高灵敏度的TrapPulse操

作模式，对于大多数的PPCPs化合物而言，仪器的检

出限<1ppb。利用该仪器进行了地表水样品中目标和

非目标PPCPs化合物的监测。TOF提供的精确质量和

同位素比值，确证了地表水中存在一些目标PPCPs化

合物，包括抗抑郁药物。采用准确的质量信息与强大

数据库检索软件工具的联用，如AxION EC ID软件，

来实现样品中非目标PPCPs化合物的鉴定。
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图5 精确质量确认DEET的存在


