
简介

苯系物是一组结构相似的挥发性有机化合

物，包括苯，甲苯，乙基苯及二甲苯的三

种同分异构体。该类化合物都是已知的污

染物，通常可以在石油生产和储存的地方

发现。苯系物是一类受管制的有毒化合

物，苯同时也是美国EPA规定的致癌物之

一。该类化合物的研究，尤其是饮用水中

低含量的该类化合物研究对保护公众健康

带捕集阱顶空进样
GC/MS 测定饮用水中
低含量的苯，甲苯，乙苯
和二甲苯（苯系物）

应 用 文 章

至关重要。该应用文献重点关注超过目前美国EPA关于苯系物检测限的要求，同时满足和/

或超过美国EPA 524.2方法里关于该类化合物的标准。

仪器

PerkinElmer TurboMatrix™顶空（HS）样品处理系统被用来蒸发和浓缩水样品中的苯系物。

为了降低检测限，使用在线的捕集阱，使该类被分析物在进入分析色谱柱以前被富集。分

析系统使用了配备标准容量分子涡轮泵的PerkinElmer Clarus® SQ 8S气相色谱质谱联用仪。
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GC快速冷却以缩短在样品进样之间的时间（单位时间内分析更多的样品），使用温度程序和小体积衬管以减

小“死”体积从而来改善峰效率，增加分辨率，加快色谱峰，降低检测限。PerkinElmer Clarus® SQ 8S MS分析

样品时使用全扫描的采集模式，检测限改善了20倍。

实验和结果

实验操作条件见表1-3。 在本应用文献中使用了一根Elite 624色谱柱，该色谱柱也是很多实验室利用带捕集阱

顶空分析挥发有机化合物的选择。窄孔、短、高效的色谱柱有助于提高峰效率和信噪比。按照经验，分析物平

衡时间定为8min。

图1是记录的4.0ppb标准样品全扫描谱图。分析结果见表4所示，包括12点校准曲线的结果，0.02ppb的标准品

用于测定信噪比，1ppb的标准品用于测定方法精准度。

图2说明了带捕集阱顶空系统对水样品优异的分析能力。在这些实验里，采用2min的干吹程序彻底将水从目

标分析物里除去。3min的干吹程序可将水降低到基线程度，然而本应用文献的目标是建立一个较快的分析方

法，因此避免采用更长的干吹程序。
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The GC provided rapid cool down to shorten the period between injections (more samples analyzed in a “clock”). Using the 
temperature programmable low volume inlet improved peak efficiency by reducing “dead” volume and resulted in enhanced 
resolution, faster chromatography and improved detection limits. The PerkinElmer SQ 8S MS operating in full scan mode was 
used for this analysis, providing up to 20 times improved detection limits for this application.

Experiment and Results

The experimental conditions are presented in Tables 1 – 3.  An Elite 624 column (20 m x 0.18 mm x 1.0 μm) was used  
in this application, which is also the column of choice for several laboratories analyzing volatile organic compounds by HS 
Trap. The narrow bore, shorter, efficient column aided in enhancing peak efficiency for shorter analysis time and signal-to-
noise performance. Analyte equilibrium was empirically determined to be eight minutes.  

Figure 1.  An example mass at 4.0 ppb acquiring in full scan.

Figure 2.  Water blank is the bottom chromatogram; air blank is the middle chromatogram; 4.0 ppb standard 
demonstrating separation from water is the top chromatogram.
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Figure 1 presents a sample chromatogram recorded at 4.0 parts per billion (ppb) acquiring in full scan. Analytical results are 
displayed in Table 4 and include the 12-point calibration curve results, signal-to-noise recorded for the 0.02 ppb standard and 
precision measurements performed using 1.0 ppb standards.

Figure 2 illustrates the excellent water management ability of the HS Trap system. In these experiments, a two minute dry 
purge completely isolated the water from the target analytes. A three minute dry purge reduced water levels to baseline  
intensity, however a quicker analytical method was the goal of this application so a longer dry purge was avoided. 

图1 4ppb标准品的全扫描谱图
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Figure 1 presents a sample chromatogram recorded at 4.0 parts per billion (ppb) acquiring in full scan. Analytical results are 
displayed in Table 4 and include the 12-point calibration curve results, signal-to-noise recorded for the 0.02 ppb standard and 
precision measurements performed using 1.0 ppb standards.

Figure 2 illustrates the excellent water management ability of the HS Trap system. In these experiments, a two minute dry 
purge completely isolated the water from the target analytes. A three minute dry purge reduced water levels to baseline  
intensity, however a quicker analytical method was the goal of this application so a longer dry purge was avoided. 

图2 最下面是水为空白的色谱图，中间是空气为空白的色谱图，最上是4ppb标准品分离色谱图



结论

本应用文献采用带捕集阱顶空Clarus SQ 8S GC/MS联

用仪分析水样品中的苯系物，获得了短周期和优异

柱效的分析技术。采用一台如Clarus SQ 8S的质谱仪

分析苯系物，不仅增加了灵敏度（降低检测限），

而且提供了分子结构鉴定信息，从而减少假阳性。

该分析系统对水样品尤其具有优越性，来源于基体

的水可通过1min的干吹程序去除。样品制备加上机

械化的优势，带捕集阱顶空系统与使用吹扫捕集系

统相比，具有更长的正常运行时间。该解决方案给

合同检测室购买此系统提供了令人信服的理由和益

处，比如更长的维修间隔，方便使用，快速循环（

在12小时内分析72个样本），仪器和方法耐用，具

有最佳的分析性能。

Table 1.  Headspace Trap Conditions.

Headspace System TurboMatrix HS Trap

Sample Temperature 80 ˚C

Needle Temperature 110 ˚C

Transfer Line Temperature 120 ˚C

Trap Low/Trap High 35 ˚C to 260 ˚C

Equilibration Time 8 min

Dry Purge 2.0 min

Trap Hold 2.5 min

Trap Material Carbopack B & X

Outlet Split n/a

All HS Pressures 23.3 psi

Table 2.  Gas Chromatograph Conditions.

GC/MS Clarus SQ 8S

Column Elite 624-20 m x 0.18 mm x 1.0 µm

Oven 40 ˚C for 0.5 min, then 35 ˚C/min to 185 ˚C

Injector (PSS) Temp Programmable Split/Splitless at 180 ˚C

Inlet Configuration HS Mode turned ON

Carrier Program (He) 1 mL/min for 0.4 min, then 0.7 mL/min

Split Flow from GC n/a

Table 3.  Mass Spectrometer Conditions.

Ionization Mode Electron Impact

Acquisition Full Scan

Mass Range 35 to 350 amu

Filament Delay 1.5 min

Scan Speed 0.15 sec

Interscan Delay 0.04 sec

Run Time 4 min

Ion Source Temperature 200 ˚C

Transfer Line Temperature 200 ˚C
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Table 4.  Analytical Results.

 s/n at Linearity, r2 Precision at 1 ppb 
 0.02 ppb 0.02 to 60 ppb (n=7) 

Benzene 370 to 1 0.9996 2.85%

Toluene 550 to 1 0.9994 2.76%

Ethyl Benzene 578 to 1 0.9993 2.53%

m,p-Xylenes* 670 to 1 0.9997 1.07%

o-Xylene 240 to 1 0.9994 3.86%

*The amounts are double for meta and para xylenes since they  
co-elute.

Conclusion

In this application note the analysis of BTEX in water 
samples by HS Trap GC/MS using the Clarus SQ 8S Mass 
Spectrometer was performed. An analytical technique with 
a short cycle time and excellent performance is described. 
The analysis of BTEX using a mass spectrometer such as the 
Clarus SQ 8S not only allows the benefit of added sensitivity 
(therefore lower detection limits) but also additional analyte 
confirmation, which provides molecular level identification 
thus limiting false positives. Water management in the system  
was exceptional, and water from the matrix could be fully 
eliminated with an additional minute of dry purge time.  
With the sample preparation and mechanical advantages HS 
trap delivers versus purge and trap systems, greater uptime 
using this approach can be expected as well. This solution 
provides contract laboratories with compelling reasons and 
benefits for investing in this system, such as longer intervals 
between system maintenance, operator ease of use, fast 
cycle times (72 samples analyzed within a 12 hour clock), 
instrument and method robustness and optimal analytical 
performance. 

表1 带捕集阱顶空分析条件

仪器 TurboMatrix HS trap 
样品温度 80℃ 
针温度 110℃ 
传输线温度 120℃ 
捕集阱低温/高温 35℃-260℃ 
平衡时间 8min 
干吹 2.0 min 
捕集阱保持 2.5 min 
捕集阱材料 Carbopack B & X 
出口分流  n/a 
所有顶空压力 23.3psi 

表2 GC分析条件

GC/MS Clarus SQ 8S 
分析色谱柱 PE Elite -624 (20 m,0.18 mm内径, 1.0 μm 

  膜厚) 
炉温 40℃保持0.5min，35℃/min升至185℃ 
进样口（PPS） 程序升温分流/不分流180℃ 
进样口配制  HS模式打开 
载气程序（He） 1mL/min保持0.4min，然后0.7mL/min 
从气相分流  n/a 

表3 质谱分析条件

离子化模式 电子轰击 
数据采集 全扫描 
扫描范围 35-350amu 
灯丝延迟 1.5min 
扫描速率 0.15s 
扫描间延迟 0.04s 
运行时间 4min 
离子源温度 200℃ 
传输线温度 200℃ 
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