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整体解决方案

新污染物



新污染物，全球关注焦点
新污染物多为大量化学品进入生产和使用后产生。目前国际上广泛关注的新污染物有四大类：一是持久

性有机污染物，二是内分泌干扰物，三是抗生素，四是微塑料，在被排放到环境中后，被界定为新污染物。

新污染物由于具有较强的生物毒性、环境持久性、生物累积性等特征，能够对生态环境或者人体健康存在

较大的危害性风险。但国内外对新污染物的治理均处于起步阶段，相应的检测、治理手段等均面临重重

挑战，新污染物治理成为全球性重大课题。
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内分泌干扰物（EDCs）

◆ 新污染物环境传输路径和分析策略

◆ 新污染物分析工作流程

◆ 新污染物检测案例分享

POPs
• PFAS 定量定性分析

• PCB 定量定性分析

• 二噁英分析“金标准”

微塑料

DBPs

◆ 新污染物健康风险和暴露评估

◆ 创新性样品制备

◆ 数据整合分析
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新污染物环境传输路径和分析策略
新污染物在环境中难以降解并在生态系统中易于富集，可长期蓄积在环境中和生物体内，能够随着空气、水流长距离迁移或顺着食物链扩

散，进而威胁人类健康。国内新污染物治理将按“筛”、“评”、“控”三个步骤展开，先筛查出环境健康危害性大、环境介质频繁检出、生产使

用量大的化学物质，然后通过危害评估、暴露评估和风险表征持续开展科学的环境健康风险评估，从数万种化学物质中精准圈定当前阶段环

境风险较大的新污染物，列入重点管控新污染物清单，进而实施全生命周期管控措施。因此，新污染物分析策略包括三个维度：靶向分析、非

靶向筛查和新污染物健康风险与暴露评估。
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靶向分析

• 目标化合物识别和定量

• 法规方法分析

• 根据检出限确认化合物存在

非靶向筛查

• 未知化合物发现

• 不局限于潜在化合物列表

• 通过样本数据回溯找到新化合物

健康风险与暴露评估

• 环境中污染物检测

• 暴露人群代谢组学检测
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新污染物工作流程
新污染物分析工作流程取决于样品基质类型和分析目标。样品前处理部分，不同样品基质采用不同样品制备方法，如饮用水样品，采用固相

萃取（SPE）方法；对于土壤样品，加速溶剂萃取仪（ASE）是最佳方法。色谱分离部分，根据灵敏度和选择性选择使用液相色谱（LC）、气相

色谱（GC）或离子色谱（IC）进行分离。最佳质谱仪取决于分析目标是靶向分析、非靶向筛查或健康风险与暴露评估。数据处理软件将取决

样品制备

自动化样品制备方案简化和加速样品提取、制备和分离

Thermo ScientificTM Compound 
DiscovererTM 软件提供有价值的数
据洞察

从信息丰富的 HRAM 化合物数据中提

取有效的高置信度数据

色谱分离

提供灵活性和性能兼具的分离技术，涵盖 LC，GC 和 

IC 色谱分离平台
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于分析工作流程，变色龙色谱软件（CDS）或 TraceFinderTM 软件专为

靶向分析和定量而设计，Compound DiscovererTM 软件适用于非靶向

筛查和化合物结构鉴定。

Thermo ScientificTM mzLogic
提供先进的鉴定算法

提高未知化合物的定性效率和鉴定

结果的置信度

Orbitrap HRAM 定量定性

利用高质量的高分辨率精确质量（HRAM）

质谱数据鉴定未知化合物

Thermo ScientificTM AcquireXTM

智能数据采集

采集丰富的单样品 MSn 数据 知识存储，并通过 Thermo 
ScientificTM mzVault 软件离线访
问 mzCloud 库

使用 mzVault 质谱软件管理谱库

单四极杆 / 三重四极杆

优异的定量能力，应对未来的定

量挑战

利用 Thermo ScientificTM 
TraceFinderTM 软件简化高通量筛查和
定量

无缝集成化合物数据库和质谱库，快速建

立方法并通过谱库匹配提高筛查置信度

分析和使用

与mzVault无缝分享知识，

或软件之间直接转换

Thermo ScientificTM mzCloudTM 未知化合物
鉴定新型数据库

利用业界领先、高质量和多样性数据库及高分辨率

MSn 碎片谱库进行样品组分鉴定



PFAS 靶向定量分析
PFAS 被称为“永远的化学品”，是全球重点管控的新污染物。针对 >C8 成分和挥发性较弱的

PFAS 化合物，液质联用是主要分析技术，而对于碳链更短（<C8）、挥发性更强的 PFAS 化合物，

则可通过自动热脱附 TD 系统 和气相色谱质谱联用法（TD–GC/TD–GC/MS）进行分析。

Thermo ScientificTM TSQTM Altis Plus

三重四极杆液质联用仪

•  超过 6 个数量级的线性动态范围与高选择性

•  提高的采集速度与低至 0.3 毫秒的有效驻留

时间设置

•  超快选择反应监测（SRM）可按方法筛选或

定量分析数千种化合物

•  优异的数据稳健性和可靠性

20 pg/mL 混标中 17 种外标化合物提取离子流色谱叠加图

POPs

PFAS 三重四极杆液质联用仪分析

实现串联三重四极杆液质联用仪 17 种全氟化合物直接进样方法分析。方法选

择性高，分析速度快，灵敏度完全满足法规要求，同时具有良好的重现性和线

性范围。

Thermo ScientificTM ISQTM 7610

单四极杆气质联用仪

• NeverVent 技术在不卸真空情况下维护

EI 离子源，快速更换色谱柱

• 配置灵活并可随时根据客户分析需求扩

展系统分析性能

• 使用更宽线性动态范围及更长使用寿命

的检测器进行方法整合，有效减少仪器

宕机时间

PFAS 气质联用分析

通过自动热脱附 TD 系统和气相色谱质谱联用法（TD–GC/TD–GC/MS），适用

于水质和土壤中低 ppt 级和亚 ppt 级 PFAS 监测。结合更先进的 GC/MS 技术（

三重四极杆、高分辨质谱）还可增强检测和化合物鉴定能力。

1 µL PFAS 总离子流图（浓度如下：PFAC 0.3 ng/µL、

4:2 FTOH 10 ng/µL、6:2 FTOH、8:2 FTOH 和10:2 FTOH 

30 ng/µL、FTAcr 4 ng/µL、N-MeFOSA 7 ng/µL 以及 

N-MeFOSE 5.5 ng/µL）

样品提取色谱图，同时对疑似 PFAS 

化合物进行定性

除 LC-MS/MS 外，GC/GCMS 也是 PFAS 靶向定量分析的一种重要技术手段

PFAS



对于含有未知 PFAS 化合物的复杂样品，使用 Compound  

Discoverer 软件可以缩短数据处理时间并迅速获得结果。

Compound Discoverer 软件工作流程模块化，可根据不同

应用定制化。通过自定义工作流程、灵活可视化、分组工

具和交互式链接显示来定制化数据处理

Thermo ScientificTM Orbitrap 

ExplorisTM 120 高分辨液质联用仪

• 高场 Orbitrap 质量分析器，可实现

120,000 分辨率，消除复杂基质干

扰，消除假阳性和假阴性

•  更快的扫描速度，提高化合物鉴定

通量

•  一针进样即可获得正负两种模式数

据，缩短数据采集时间

•  具有全新的扫描方式选择

UCMR3 样本分析结果表明含有痕量的非靶向化合物（PFDS）。样品采集后的鉴定通过查看同位素标记、精确质量

数和保留时间来进行确证。

注：左边的真实水样色谱图 PFDS（RT 17.5）及其异构体（RT 17.2）的线性 Vs 右边 PFDS 异构体标准品的线性

U.S. EPA 537 目标化合物

PFAS  
化合物

Critical Level 
(ng/L)

DL  
(ng/L)

LCMRL 
(ng/L)

PFBS 0.15 0.2 <0.5

PFDA 0.15 0.26 <0.5

PFDoA 0.47 0.73

PFHpA 0.09 0.15 <0.5

PFHxA 0.13 0.19 <0.5

PFHxS 1.7 2.4

PFNA 0.11 0.17 <0.5

PFOA 0.22 0.5

PFOS 0.26 0.5

PFTA 0.15 0.2 <0.5

PFTrDA 0.31 0.55

PFuNA 0.38 1

U.S. EPA 537 目标化合物

PFAS  
化合物

Critical Level 
(ng/L)

DL  
(ng/L)

LCMRL 
(ng/L)

PFBA 0.19 0.64

PFODA 0.55 1

PFDS 0.13 0.19 <0.5

PFHxDA 0.12 0.5

PFPA 0.18 0.19 <0.5

一针进样，同时实现化合物筛查、确证和定量

Input Files

Mark 
background 
compounds

Predict 
compositions

Search  
mass lists

ChemSpiderTM 数据库

Fill gaps

Merge features

Align retention times

Select Spectra

Group unknown compounds

Detect unknown compounds

采用全扫描模式进行未知 PFAS 化合物筛

查时，可获得化合物的检出限或 MRLs

蓝色标记的化合物不包含在 U.S. EPA 537 

列表中，但在相同的 UCMR3 饮用水过程

水提取物中被发现。
搜索mzCloud 谱库

未知PFAS化合物筛查
PFAS 化合物可通过三重四极质谱仪（MS）靶向分析进行检测和定量。然而，未知 PFAS 化合物鉴定

和定量则需要使用高分辨质谱技术（HRAM MS）。随着高分辨质谱技术的进步，利用高分辨质谱的

高分辨和高质量精度的全扫描采集优势，可对样品进行回溯性分析以及其他未知污染物筛查，先进的

化合物筛查和识别流程便于了解样品的全面信息，提高未知化合物鉴定的覆盖度同时提升置信度。

POPs

PFAS



AOF-CIC 提供了一种简单且经济的方法来确定样品中是否存在其他 PFAS 分子。该技术通过选择并仅分析
“可疑”样品，有助于优化分析仪器的使用。

工业废水 CIC 色谱图，稀释比例：1：10
总氟包括无机氟和有机氟。有机部分包含可吸附有机氟（AOF）和可萃取有机氟

（EOF），这两种化合物可通过 LC-MS/MS 进行分析。还有一些有机化合物不能通

过这两种方法捕获。

Thermo ScientificTM 燃烧离子色谱系统

• 实现复杂基质自动化样品制备

• 产生更少的环境污染物

• 高灵敏度

• 使用简单，节省时间
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151050
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/c
m

燃烧离子色谱法（CIC）测定可吸附有机氟（AOF） 

可吸附有机氟的分析用于确定样品中氟总质量是否超过目

标化合物中氟质量。如果氟总质量偏高，则样本中可能存

在目标化合物以外的其他 PFAS。

该方法的应用在其他可吸附有机卤成分（AOX）的测定中

得到了很好的验证。

LC-HRAM MS
非靶向筛查

是否还存在其他 PFAS ？ 氟总质量大于目标化合物
中氟质量

总氟含量无显著增加 发现未知氟化合物定量目标化合物

OF

总氟 (TF)

无机氟
(IF)

有机氟 (OF)

可吸附有机氟

(AOF)

PFAS 靶向分析

可萃取

有机氟(EOF)

LC-MS/MS
靶向筛查

氟质量守恒

燃烧离子色谱法测定AOF
是否存在其他 PFAS 化合物？

自动燃烧离子色谱法（CIC）为可能存在的PFAS或其他含氟化合物提供了一种补充非靶向筛查方法。

POPs

2928

工业的发展是我国经济增长和人民生活水平提高的基本驱动力，而为了实现工业安全、绿色和可持续发展的

目标，加快推进工业转型升级势在必行。工业转型升级需要企业考虑如何提高生产效率、加强生产安全、注

重产品质量和立足环境友好等，赛默飞可以为这些关键环节提供专业的分析技术及多层次解决方案，为您全

方位提高生产力。

• 原料中成分及杂质分析
• 生产工艺优化
• 催化剂中毒分析

• 工业循环水中阴
阳离子含量分析

• 生产过程中副产
物分析

DELTA V Advantage：
石油勘探中油气的溯源问题，寻

找源和汇，分析成因

TSQ 8000 Evo：

石油标记物分析

Trace 1300 GC（带阀）：

炼厂气、天然气分析

UltiMate 3000

（特有非紫外吸收CAD检测器）：

组分与杂质分析

AQF-IC：

催化剂中硫和卤素分析，同样适

用于产品质量控制

Dionex Integrion：

工业循环冷却水中阴阳离子测

定；半导体行业高纯水

iCAP Q ICPMS：

高纯试剂中杂质元素的测定

LCMSMS：

化妆品等日用品中激素/非法添加

分析

ISQ GCMS：
VOCs离线和在线监测

Trace 1300 GC：

工作场所空气中三甲胺等脂肪族胺、

芳香烃类化合物分析

LIMS：

数据管理与安全

• 产品中杂质分析
• 高纯试剂分析
• 溶剂残留

• 产品环境友好
• 废水废气废渣
• VOCs

工 作 流 程

工业领域解决方案

提高生产效率

立足环境友好 注重产品质量

加强生产安全

    
    石油勘探/开采/炼油 生产加工与生产安全 产品质量与安全 环境安全与数据安全

iCAP 7000：

化工产品中杂质元素的测定

（如汽油中硅、锂电池中杂质元素）

Thermo Scientific 
综合信息

数

据
管
理

  
          实验室执行  

   
   
实
验
室
管

理

2 
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Thermo ScientificTM TSQTM 9610 

三重四极杆气质联用仪

• 采用全新 AEI 离子源，IDL 低至 0.3 

fg（OFN），轻松实现复杂基质中

痕量化合物高灵敏度、高通量分析

• NeverVent 技术适用于 EI 和 AEI 离

子源，在不卸真空情况下可清洁离

子源、更换色谱柱，并且在 AEI 离

子源系统中可更换灯丝

TSQ 9610 三重四极杆气质联用仪实现复杂基质中 PCBs 高灵敏度、高通量分析。
在进行土壤污染物的全面表征，Orbitrap 高分辨气质联用仪使样品通量提高了四倍。

POPs

环境基质中痕量多氯联苯 GC-MS/MS 分析

TSQ 9610 GC-MS/MS 系统单次进样可实现包括 PCB 在内的多种不同化合物的高灵敏

度分析；提供扩展的动态范围，使得高浓度 PCB 和低浓度二噁英可通过同一方法进行

定量分析。

Thermo ScientificTM

Orbitrap Exploris GC 高分辨

气质联用仪

• 分辨率高达 60,000 分辨率（FWHM，

 m/z=200），采集速率高达 40 Hz

• 提供 ppt 级全扫描 HRAM 数据

• 低于 1 ppm 的质量精度

土壤污染物 Orbitrap Exploris GC 全面表征

利用 Orbitrap Exploris GC 高分辨和高质量精度的全扫描采集优势，实现土壤样品中 16 

种 EPA PAHs，7 种标记 PCBs，3 种 oxyPAHs，10 种甲基 PAHs 和 9 种 NSOPAHs 的

高灵敏度定量分析的同时，可对土壤样品进行回溯性分析以及其他未知污染物筛查。

Compound Discoverer 3.2 软件 QuEChERS 土壤

萃取物解卷积 EI 数据 NIST 检索索引

50 pg/μL（50 pg 柱上进样量（OC））溶剂标样（溶剂

为正己烷）中 PAHs 和 PCBs 的 FS XIC 谱图的叠加图

使用 TSQ 9610 GC-MS/MS 系统整合方法分析 PCB、
OCP 和 PBDE

使用 TSQ 9610 GC-MS/MS 系统和同一方法同时分

析痕量二恶英和高浓度 PCB

附录 6 – 表 6. Compound Discoverer 3.2 软件 QuEChERS 土壤萃取物解卷积 EI 数据 NIST 检索索引

化合物名称 RT 参考值 
[min]

实测值
（m/z） NIST 分子式 NIST 理论

值（m/z）

质量数
误差

（ppm）
峰面积 RI 计算值

RI
差
值

NIST 分子式 分数 SI RSI

苯甲醇 4.466 79.05409 C6H7 79.05423 1.78 16069986 1039 5 C7H8O 95.7 937 987

速灭磷 6.543 127.01549 C2H8O4P 127.01547 0.13 17076195 1429 16 C7H13O6P 99 960 962

克草猛 6.729 128.10695 C7H14NO 128.10699 0.32 8595860 1469 0 C10H21NOS 95.2 895 936

邻苯二甲酰亚胺 6.788 147.03149 C8H5NO2 147.03148 0.10 1242332 1482 0 C8H5NO2 99.4 968 968

虫螨畏 6.874 180.00058 C5H9O3PS 180.00045 0.71 6569371 1501 6 C7H13O5PS 98.5 931 932

氯甲氧苯 6.945 190.96625 C7H5Cl2O2 190.96611 0.72 17004439 1517 0 C8H8Cl2O2 98.2 960 981

苯，五氯 - 7.084 249.84847 C6HCl5 249.84859 0.50 24762934 1549 0 C6HCl5 94.2 943 973

四氯硝基苯 7.384 202.87970 C5HCl4 202.87974 0.18 4337238 1609 0 C6HCl4NO2 94.3 975 988

毒草安 7.411 120.08082 C8H10N 120.08078 0.36 9254651 1612 0 C11H14ClNO 97.2 938 964

二苯胺 7.501 169.08841 C12H11N 169.0886 1.13 24878507 1624 2 C12H11N 95.6 954 983

农药草灭特 7.537 83.08540 C6H11 83.08553 1.48 12902977 1628 8 C11H21NOS 96.4 859 874

氯苯胺灵 7.587 127.01830 C6H6ClN 127.01833 0.20 9390559 1634 0 C10H12ClNO2 97.9 953 976

氟乐灵 7.590 264.02240 C8H5F3N3O4 264.02267 1.01 10518127 1635 0 C13H16F3N3O4 96.9 855 860

氟草胺 7.612 292.05356 C10H9F3N3O4 292.05397 1.40 11572988 1637 0 C13H16F3N3O4 98.3 915 924

硫特普 7.640 293.99060 C6H16O5P2S2 293.99089 0.98 5705056 1641 0 C8H20O5P2S2 98.9 945 948

甲拌磷 7.764 75.02623 C3H7S 75.0263 0.89 9945770 1656 0 C7H17O2PS3 93.4 858 914

五氯苯甲醚 7.934 264.83575 C6Cl5O 264.83568 0.28 10759890 1677 0 C7H3Cl5O 98.6 950 954

氯硝胺 7.936 123.99490 C6H3ClN 123.99485 0.35 2725458 1677 0 C6H4Cl2N2O2 96 886 907

阿特拉津 7.963 200.06975 C7H11ClN5 200.06975 0.00 8074011 1681 67 C8H14ClN5 97.5 947 948

异恶草酮 8.022 125.01531 C7H6Cl 125.01525 0.41 24300346 1688 0 C12H14ClNO2 95.9 884 907

特丁津 8.073 214.08533 C8H13ClN5 214.0854 0.34 9737849 1694 82 C9H16ClN5 98.5 969 969

二嗪酮 8.102 137.07097 C7H9N2O 137.07094 0.22 13998989 1698 90 C12H21N2O3PS 98.5 924 926

拿草特 8.113 172.95569 C7H3Cl2O 172.95555 0.82 17602860 1699 85 C12H11Cl2NO 98.2 942 944

地虫硫磷 8.148 108.98717 C2H6OPS 108.98715 0.17 23490821 1708 73 C10H15OPS2 98.3 950 956

嘧霉胺 8.177 198.10248 C12H12N3 198.10257 0.48 45520948 1715 0 C12H13N3 94.9 918 978

氯唑磷 8.203 118.98820 C2H2ClN3O 118.98809 0.90 9010911 1722 0 C9H17ClN3O3PS 98.1 905 915

乙拌磷 8.221 88.03407 C4H8S 88.03412 0.56 8860789 1727 0 C8H19O2PS3 97.2 921 951

百菌清 8.239 265.87787 C8Cl4N2 265.87806 0.72 19236284 1732 0 C8Cl4N2 97.1 966 971

蒽 8.252 178.07787 C14H10 178.0777 0.93 764555 1736 70 C14H10 97.8 909 914

野麦畏 8.287 268.03238 C10H16Cl2NOS 268.03242 0.14 6379150 1745 80 C10H16Cl3NOS 97.4 896 897

驱虫特 8.386 149.02332 C8H5O3 149.02332 0.03 5881147 1772 181 C16H22O4 98.1 915 916

敌稗 8.464 160.97940 C6H5Cl2N 160.97936 0.28 19471408 1793 0 C9H9Cl2NO 98.7 955 960

甲基毒死蜱 8.514 285.92539 C7H7Cl2NO3PS 285.92558 0.69 20128971 1807 72 C7H7Cl3NO3PS 97.9 940 941

四氟苯菊酯 8.523 163.01637 C7H3F4 163.01654 1.02 11807916 1809 0 C15H12Cl2F4O2 97.3 897 927

农利灵 8.526 212.00269 C10H8Cl2N 212.00283 0.68 3926786 1810 0 C12H9Cl2NO3 97.6 921 942

甲草胺 8.561 160.11224 C11H14N 160.11208 1.05 8630775 1820 74 C14H20ClNO2 92.8 849 907

甲基立枯磷 8.570 264.98505 C9H11ClO3PS 264.98496 0.34 30985887 1822 74 C9H11Cl2O3PS 97 848 848

皮蝇磷 8.643 284.93015 C8H8Cl2O3PS 284.93033 0.66 22859648 1843 0 C8H8Cl3O3PS 97.4 887 973

甲基嘧啶磷 8.682 290.07211 C10H17N3O3PS 290.07228 0.56 12041239 1853 79 C11H20N3O3PS 98.1 913 914

杀螟松 8.726 260.01404 C9H11NO4PS 260.01409 0.20 6776685 1866 0 C9H12NO5PS 97.7 911 918

马拉硫磷 8.755 124.98213 C2H6O2PS 124.98206 0.55 9227531 1874 0 C10H19O6PS2 99 953 954

利谷隆 8.786 61.05217 C2H7NO 61.05222 0.67 996941 1882 0 C9H10Cl2N2O2 93.7 754 767

抑菌灵 8.801 123.01375 C6H5NS 123.01372 0.22 10765859 1886 71 C9H11Cl2FN2O2S2 98.3 923 924
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TSQ 9610 系统配置高级电子电离（AEI）源，其稳健性可延长仪

器正常运行时间。Hope 解释说：“该仪器坚固耐用，能够更好地

处理复杂基质，并且仅需极少的重复进样来确认结果。”TSQ 
9610 GC-MS/MS 系统的其他优势之一是易于使用。他说，“对

新分析人员进行 TSQ 9610 GC-MS/MS 系统培训非常简单，有助

于快速启动、运行系统并获得分析结果。” 

未来，Pacific Rim 将进一步研究自动样品制备以提高样品通量。

Hope 解释说：“我们相信提取等工艺过程在未来将实现完全自动

化，因此我们可以对分析设备进行改进以使其成为这一自动化工

艺的一部分。”Pacific Rim 将继续与 Thermo Fisher Scientific 开
展未来项目合作。Hope 表示：“自 PRL 成立以来，我们一直在

寻找更新的技术来帮助我们降低检测限并提高分析效率。我们之

所以选择 Thermo Fisher Scientific，是因为他们提供了该领域最

具创新性的产品，有助于我们实现这些目标。” 

TSQ 9610 GC-MS/MS 系统配置 XLXR™ 检测器，它是一种具有

扩展动态范围和更长使用寿命的电子倍增器，有助于 Pacific Rim 
分析人员通过一种方法同时定量二恶英和 PCB。Hope 解释说：

“TSQ 9610 GC-MS/MS 系统提供扩展的动态范围，高浓度 PCB 
和低浓度二恶英可通过同一方法进行定量分析，这一特性令人印

象深刻。” 

 

 

图 4. 使用 TSQ 9610 GC-MS/MS 系统和同一方法同时分析痕量二恶英和高浓度 PCB 

相
对
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“我们喜欢 TSQ 9610 GC-
MS/MS 系统的稳健性和操作

简便性。对新分析人员进行仪

器使用培训也非常简单。” 

3 

 
图 2. 使用 TSQ 9610 GC-MS/MS 系统分析 PAH 并获得 3-300 pg/µL 范围内苯并（a）芘的校正曲线 

TSQ 9610 GC-MS/MS 系统的应用减少了实验室面临的一些挑

战。Hope 解释说：“实验室面临的主要挑战之一是提供灵敏且稳

定的结果以满足监管要求。引入 TSQ 9610 GC-MS/MS 系统使这

一挑战不再成为问题，该系统可在低检测限下提供一致的结

果。”此外，该仪器支持整合 Pacific Rim 公司传统上分开应用的

方法，这一特性进一步提高了实验室样品通量。 

Hope 评论道：“TSQ 9610 GC-MS/MS 系统可以帮助我们创建

通过单次进样检测多种不同分析物类型（标记  PCB、BDE 和 
OCP）的方法。帮助我们减少了每个样品的进样次数，加快了为

客户提供结果的速度。” 

 
图 3. 使用 TSQ 9610 GC-MS/MS 系统整合方法分析 PCB、OCP 和 PBDE 
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PCB 定量定性分析
PCB 同系物中 dioxin-like PCBs（DL-PCB）被归类为持久性有机污染物。U.S. EPA 1668 法规采用高

分辨气质谱分析地表水、土壤、沉积物等样本基质中PCB。随着，气相色谱 - 三重四极杆质谱技术发展，

其高灵敏度和高选择性，使得 GC-MS/MS 成为多氯联苯定量分析的可靠工具。

• 新型的检测器动态范围该更

广，使用寿命更长，极大的

延长了仪器的运行时间

PCB

T
IC
（
计
数
）

保留时间（分钟）

T
IC
（
计
数
）

图 1. 示例色谱图显示了 50 pg/µL（50 pg 柱上进样量（OC））溶剂标样（溶剂为正己烷）中 PAHs 和 PCBs 的 FS XIC 谱图的叠加图，

所有化合物在 <20 min 内均呈现出出色的色谱峰形。A）含氮多环芳烃杂环喹啉的峰不对称度为 1.0；（B）关键组分菲和蒽的 EP 分

离度为 1.5；（C）关键组分苯并（a）蒽和屈的分离度为 1.3；（D）关键组分苯并（b）荧蒽和苯并（k）荧蒽的 EP 分离度为 1.0。（E）

QuEChERS 未加标土壤萃取物，FS，m/z = 50-550；（F）QuEChERS 未加标土壤萃取物，天然残留物的 XIC 图；化合物：1= 喹啉，

2= 芴，3= 二苯并噻吩，4、5= 菲 / 蒽，6= 荧蒽，7= 芘，8、9 = 苯并 [a] 蒽、屈，10 = 5,12- 萘并蒽，11、12 ＝苯并 [b/k] 荧蒽，13

＝苯并 [a] 芘，14 ＝茚并 [1,2,3-cd] 芘，15 ＝二苯并 [a，h] 蒽，16 ＝苯并 [ghi] 苝。图中未显示 C13 标记的内标。



高分辨磁质谱：环境中二噁英和 POPs 分析“金标准”

DFS 高分辨双聚焦磁式质谱仪

•  二噁英实验室的标准配置

•  >60000（10%峰谷定义）的最大分辨

率，动态定量范围达 106（5fg-5ng）

•  注入至色谱柱的 TCDD 数量低至 20 fg，

可带来优异的信噪比（大于 200:1）

•  适用于各种复杂基质应用的多功能实验室

Market Region Regulation Matrix Analytes

Environmental USA US EPA 1613 B Drinking water,soils sludge Dioxins

Environmental USA US EPA Method 23 Emission Dioxins

Environmental USA
US EPA Method 
8290

Chemical wastes, soil/
sediments,tissue,water

Required

Environmental USA US EPA 1668A Water,soil,sediments,tissue PCB cogeners

Environmental USA US EPA TO-9A Ambient air,work environment Dioxins and furans

Environmental USA US CARB 428 Stationary emissions PCBs,209 cogeners

Environmental USA US CARB 429 Stationary emissions for PAHs PAHs

Environmental USA US EPA 1614 A Water,soil,sediment,tissue PBDEs

Environmental EU EN 1948-3 Emission,ash Dioxins,210 cogeners

Environmental EU EN 1948-4 Emission,ash PCBs,209 cogeners

Environmental EU EN ISO 22032 Water,soil,sediment,tissue PBDEs

Environmental Japan JIS K0311 2008 Stationary emissions Dioxins and furans

Environmental Japan JIS K0312 2008 Industrial and waste water Dioxins and furans

Environmental China HJ77.1-2008 Water Dioxins and dioxin-like

Environmental China HJ77.2-2008
Ambient air,Stationary 
emissions

Dioxins and dioxin-like

Environmental China HJ77.3-2008 Solid wastes Dioxins and dioxin-like

Environmental China HJ77.4-2008 Soil,sediments Dioxins and dioxin-like

Environmental China HJ916-2017
Water,soil/sediments,solid 
waste,air

Dioxins and dioxin-like

DFS 相关法规

二噁英POPs 自欧盟食品安全指导文件的推出，串联质谱成为二噁英检测方法之一，但串联质谱检测方法仍需进

一步验证来评价其可靠性，而 DFS 高分辨磁质谱作为二噁英检测的“金标准”，常规分析兼具灵

敏度和稳健性。

二噁英分析“金标准”
二噁英

Thermo Fisher Scientific • Hanna-Kunath Str. 11 • Bremen, 28199, Germany • thermofisher.com

ABSTRACT 
Purpose: Helium shortage is a global concern affecting operational costs of GC Analysis. 
Another important economic factor for a laboratory is the analysis time. Added to the 
intrinsic high sensitivity and robustness - due to the large ion source - for dioxin and POPs 
analysis of a Magnetic Sector High Resolution Mass Spectrometer the attachment of 2 
GCs to one single MS strongly increases its flexibility. The DualData XL Option of the 
Thermo Scientific™ DFS™ Magnetic Sector GC-HRMS is a technical implementation 
based on a double GC configuration which allows at increasing the sample throughput. 
Effectively the productivity in number of samples injected on one single MS is almost 
doubled. In addition to the time-saving, by using this option combined with an Instant 
Connect Helium Saver Injector Module and a flow optimized DualData XL method, helium 
consumption can be drastically reduced.

CONCLUSIONS
It has been demonstrated that the DualData XL Option allows a higher sample 
throughput  by no loss in performance  such as peak shape or sensitivity.  

 Increase of productivity up to double sample throughput.

 Excellent peak shape using MCD wafer technology.

 No loss in sensitivity compared to a standard dual GC System.

 Drastic reduction of helium consumption by using the Instant Connect Helium Saver 
Injector.

 Applicable to different POPs such as dioxins, PCBs and PBDEs. Statement of the 
findings, indicating future research directions.
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1. U.S. Environmental Protection Agency, Method EPA 1613 Rev. B, Washington, 

October 1994.

2. European Committee for Standardization, EN 1948, Brussels, December 1996.

3. Application Note AN30098, Thermo Fisher Scientific, Bremen 2006.
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Figure 1. Thermo Scientific DFS Magnetic Sector GC-HRMS coupled to two Thermo 
Scientific TRACE 1310 GC.

Figure 5. Principle of the DFS GC-HRMS Dual Data Acquisition column switching 
system for dynamic flow switching of the GC effluent and inner view of a micro 
fluidic channel device (MCD) wafer.  

Each GC was equipped with a dynamic flow switching system which allows at dividing 
the GC eluate to waste or to the MS source (see Figure 4). The ability to cut out parts of 
the chromatogram in order to prevent any cross contamination caused by the second GC 
run was checked by a measurement of EPA 1613 CS5 standard. Furthermore the ability 
to cut out the solvent was proved by monitoring the MS Ion source pressure while 
injection solvent up to a volume of 10ul into the system. The solvent don’t reach the 
source, when the valves are in ON position. In the meantime the flow into the ion source 
will be compensated by helium delivered by a computer controllable carrier gas module 
in order to keep the pressure in the ion source constant. The helium makeup gas in can 
be reduced on both GCs in a way that the function of the dynamic flow switching system 
is given but reduce the ion source pressure during an alternating Sequence and saves 
helium at the same time. 

Heinz Mehlmann, Dirk Krumwiede, Thermo Fisher Scientific, Thermo Fisher Scientific, Hanna-Kunath Str. 11, Bremen, Germany, 20199

Magnetic Sector GC-HRMS with DualData XL Option: helium savings and flow optimization 
for maximized productivity and cost savings for PBDE, dioxin and PCB analysis

In a typical experiment, the first GC run was started, and during the wait time of 20 
minutes, while the solvent peak as well as other compounds of no interest eluted all GC 
eluate was diverted to waste. After 20 minutes, the GC eluate was directed to the ion 
source of the MS and MS data acquisition started. At approximately the same time, a 
second sample was injected to the second GC, running the same process as the first 
one. (i.e. during the first 20 minutes no GC eluate was directed towards the MS. Once the 
first GC finished cooling down the oven to start condition, another injection occurred, and 
the same scheme as denoted above repeats). This resulted in two GCs running 
simultaneously with staggered sample injections. Only the retention time windows of 
interest from each GC were directed to the MS for data acquisition. 

METHODS
The configuration used in this study consists of two Thermo Scientific™ TRACE 1310™ 
GC equipped with the DualData XL Option using two columns coupled to the 
DFS Magnetic Sector GC-HRMS. The mass spectrometer was set up in a multiple ion 
detection mode (MID) at a resolution of 10,000 (10% valley definition). FC43 and PFK
was used as a reference compound to provide the inherent lock and cali masses. The 
Thermo Scientific™ TriPlus RSH  Autosampler with extended x-rail served both GCs from 
one common sample tray. Typically one μL of sample was injected in split less mode using 
a Thermo Scientific Instant Connect Helium Saver Injector Module. A method 1613 
CS1 – CS5 calibration standard (1:10 diluted from Cambridge Isotope Laboratories) and 
CS3 / CPM 8290/1613 was used  as well as method 1668 and 1614 standards to 
demonstrate the chromatographic performance of the system. 

It was found that the effects due to some increased dead volumes and a disturbed flow 
path caused by the MCD were negligible. No additional peak tailing was observed and 
the requirements of EPA 1613 to separate the 2,3,7,8 TCDD to the next eluting TCDD
with a valley of better than 25% was easy achievable . 

Also other POPs such as PBDEs or PCBs can be run with the Dual Data XL Option as 
well as combinations of different applications per GC on one Dual Data XL System. e.g. 
dioxins on GC1 60m column and PBDEs on GC2 using a 15m column. Due to the 
typically acquisition time of those applications the PBDEs can be acquired while the 
dioxins are already injected but still in the waiting time frame. In such a sequence for 
each dioxin sample, an additional PBDE run can be acquired in the same time 
compared to a standard sequence only for dioxins on a single GCMS System.

Methods: For all gas chromatographic analyses a certain amount of ‘dead’ time is an 
intrinsic part of the measurement. The dead time is the time before the first relevant peak 
is detected and after the last relevant peak elutes. Dioxin analyses are typically conducted 
using 60 m columns that result in run times of 50-60 minutes. The dead time for such 
analyses can be up to 20-30 minutes per sample. 

The dead time can be almost eliminated by performing alternate staggered injections 
using two GCs coupled to one MS. First, both GCs are running in parallel. Secondly, the 
timing is such that the chromatogram section with peaks from one GC falls into the 
chromatogram  section with no peaks from the other GC and vice versa. To realize a time-
controlled staggered injection sample sequence specific software is needed and some 
hardware modifications inside of each GC need to be implemented. These modifications 
ensure that at any point of time the flow of one GC only – time section with peaks - is 
guided into the mass spectrometer for measurement while the flow of the other GC – time 
section without peaks - is directed into waste. A time controlled dynamic flow switching 
system using a proprietary  micro fluidic channel device (MCD) allows to switch flow 
between vacuum purge and MS (see Figure 5).

Results: Chromatograms with and without the MCD device are practically 
undistinguishable from one another in terms of peak shape or sensitivity. The concept was 
proven by numerous experiments and is by now validated in full production dioxin analysis 
laboratories. The Thermo Scientific DualData Option for the DFS Magnetic Sector 
GC-HRMS can be used for a range of POPs analyses applications such as dioxins, PCBs 
or PBDEs. Also a combination of different  applications is possible. With an increase of 
more than 90% the sample throughput for e.g. dioxins is almost doubled. Using the 
Instant Connected Helium Saver Injector Module in combination with the DualData option 
is an efficient way to save analysis time and Helium. 

INTRODUCTION
The sequence timeline on a standard dual GC configuration is interrupted by segments of 
dead time (see Figure 3a). In the sequence timeline of a Dual Data equipped dual GC 
configuration a staggered injection is possible with no dead time between each data 
acquisition (see Figure 3b). 

Figure 2. Timescale of a typical dioxin GC.

Figure 3a. Normal dual GC configuration: The gray area represents dead time, 
where no data is acquired.

Figure 3b. DualData Acquisition sequence. Only the relevant retention time 
windows of both GCs are monitored.
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Figure 8. Example of peak integrity of dioxin trace analysis (Hexa CDD/F) using 
the DualData Acquisition.
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Figure 9. Separation of the 2,3,7,8-TCDD to the next eluting TCDD. The valley is 
below 25% as required by EPA1613. 
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Figure 10a. Example of PCB trace 
analysis (5Cl PCB)

Figure 10b. Example of PBDEs trace 
analysis.
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Figure 4. TRACE 1310 GC with DualData XL module (left front slot), standard SSL 
Injector (right front slot) and the Instant Connect Helium Saver Injector Module 
(back slots) mounted on the DFS Magnetic Sector GC-HRMS.

RESULTS
The analytical performance with DualData XL Acquisition and conventional GC/MS 
configuration was compared using the same set of polychlorinated dioxins and furans, 
PCBs and PBDE samples as model compounds. Sensitivity was compared by using low 
concentrated PCDD/PCDF standards as well as a low level pooled blood sample. The GC 
separation integrity, ruggedness and long-term stability of the column switching system 
have been proven in unattended sample. The Instant Connect Helium Saver Injector 
Module can be used on the DFS Magnetic Sector GC-HRMS in combination with the 
DualData XL Option. 

The Instant Connect Helium Saver Injector Module is an innovative split/splitless (SSL) 
inlet system capable of dramatically reducing helium consumption.

Figure 7. Schematic flow diagram of the Instant Connect Helium Saver Injector 
Module during Injection (left side) and during data acquisition. 

The septum purge and the split flow is substitute by nitrogen. During the injection, a small 
portion of nitrogen enters the analytical column but such as the solvent it will be guided 
into the service vacuum by the DualData XL flow switching system.  

Figure 7. The module and injector components of the Instant Connect Helium 
Saver Injector Module.
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ABSTRACT 
Purpose: Helium shortage is a global concern affecting operational costs of GC Analysis. 
Another important economic factor for a laboratory is the analysis time. Added to the 
intrinsic high sensitivity and robustness - due to the large ion source - for dioxin and POPs 
analysis of a Magnetic Sector High Resolution Mass Spectrometer the attachment of 2 
GCs to one single MS strongly increases its flexibility. The DualData XL Option of the 
Thermo Scientific™ DFS™ Magnetic Sector GC-HRMS is a technical implementation 
based on a double GC configuration which allows at increasing the sample throughput. 
Effectively the productivity in number of samples injected on one single MS is almost 
doubled. In addition to the time-saving, by using this option combined with an Instant 
Connect Helium Saver Injector Module and a flow optimized DualData XL method, helium 
consumption can be drastically reduced.

CONCLUSIONS
It has been demonstrated that the DualData XL Option allows a higher sample 
throughput  by no loss in performance  such as peak shape or sensitivity.  

 Increase of productivity up to double sample throughput.

 Excellent peak shape using MCD wafer technology.

 No loss in sensitivity compared to a standard dual GC System.

 Drastic reduction of helium consumption by using the Instant Connect Helium Saver 
Injector.

 Applicable to different POPs such as dioxins, PCBs and PBDEs. Statement of the 
findings, indicating future research directions.
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Figure 1. Thermo Scientific DFS Magnetic Sector GC-HRMS coupled to two Thermo 
Scientific TRACE 1310 GC.

Figure 5. Principle of the DFS GC-HRMS Dual Data Acquisition column switching 
system for dynamic flow switching of the GC effluent and inner view of a micro 
fluidic channel device (MCD) wafer.  

Each GC was equipped with a dynamic flow switching system which allows at dividing 
the GC eluate to waste or to the MS source (see Figure 4). The ability to cut out parts of 
the chromatogram in order to prevent any cross contamination caused by the second GC 
run was checked by a measurement of EPA 1613 CS5 standard. Furthermore the ability 
to cut out the solvent was proved by monitoring the MS Ion source pressure while 
injection solvent up to a volume of 10ul into the system. The solvent don’t reach the 
source, when the valves are in ON position. In the meantime the flow into the ion source 
will be compensated by helium delivered by a computer controllable carrier gas module 
in order to keep the pressure in the ion source constant. The helium makeup gas in can 
be reduced on both GCs in a way that the function of the dynamic flow switching system 
is given but reduce the ion source pressure during an alternating Sequence and saves 
helium at the same time. 

Heinz Mehlmann, Dirk Krumwiede, Thermo Fisher Scientific, Thermo Fisher Scientific, Hanna-Kunath Str. 11, Bremen, Germany, 20199

Magnetic Sector GC-HRMS with DualData XL Option: helium savings and flow optimization 
for maximized productivity and cost savings for PBDE, dioxin and PCB analysis

In a typical experiment, the first GC run was started, and during the wait time of 20 
minutes, while the solvent peak as well as other compounds of no interest eluted all GC 
eluate was diverted to waste. After 20 minutes, the GC eluate was directed to the ion 
source of the MS and MS data acquisition started. At approximately the same time, a 
second sample was injected to the second GC, running the same process as the first 
one. (i.e. during the first 20 minutes no GC eluate was directed towards the MS. Once the 
first GC finished cooling down the oven to start condition, another injection occurred, and 
the same scheme as denoted above repeats). This resulted in two GCs running 
simultaneously with staggered sample injections. Only the retention time windows of 
interest from each GC were directed to the MS for data acquisition. 

METHODS
The configuration used in this study consists of two Thermo Scientific™ TRACE 1310™ 
GC equipped with the DualData XL Option using two columns coupled to the 
DFS Magnetic Sector GC-HRMS. The mass spectrometer was set up in a multiple ion 
detection mode (MID) at a resolution of 10,000 (10% valley definition). FC43 and PFK
was used as a reference compound to provide the inherent lock and cali masses. The 
Thermo Scientific™ TriPlus RSH  Autosampler with extended x-rail served both GCs from 
one common sample tray. Typically one μL of sample was injected in split less mode using 
a Thermo Scientific Instant Connect Helium Saver Injector Module. A method 1613 
CS1 – CS5 calibration standard (1:10 diluted from Cambridge Isotope Laboratories) and 
CS3 / CPM 8290/1613 was used  as well as method 1668 and 1614 standards to 
demonstrate the chromatographic performance of the system. 

It was found that the effects due to some increased dead volumes and a disturbed flow 
path caused by the MCD were negligible. No additional peak tailing was observed and 
the requirements of EPA 1613 to separate the 2,3,7,8 TCDD to the next eluting TCDD
with a valley of better than 25% was easy achievable . 

Also other POPs such as PBDEs or PCBs can be run with the Dual Data XL Option as 
well as combinations of different applications per GC on one Dual Data XL System. e.g. 
dioxins on GC1 60m column and PBDEs on GC2 using a 15m column. Due to the 
typically acquisition time of those applications the PBDEs can be acquired while the 
dioxins are already injected but still in the waiting time frame. In such a sequence for 
each dioxin sample, an additional PBDE run can be acquired in the same time 
compared to a standard sequence only for dioxins on a single GCMS System.

Methods: For all gas chromatographic analyses a certain amount of ‘dead’ time is an 
intrinsic part of the measurement. The dead time is the time before the first relevant peak 
is detected and after the last relevant peak elutes. Dioxin analyses are typically conducted 
using 60 m columns that result in run times of 50-60 minutes. The dead time for such 
analyses can be up to 20-30 minutes per sample. 

The dead time can be almost eliminated by performing alternate staggered injections 
using two GCs coupled to one MS. First, both GCs are running in parallel. Secondly, the 
timing is such that the chromatogram section with peaks from one GC falls into the 
chromatogram  section with no peaks from the other GC and vice versa. To realize a time-
controlled staggered injection sample sequence specific software is needed and some 
hardware modifications inside of each GC need to be implemented. These modifications 
ensure that at any point of time the flow of one GC only – time section with peaks - is 
guided into the mass spectrometer for measurement while the flow of the other GC – time 
section without peaks - is directed into waste. A time controlled dynamic flow switching 
system using a proprietary  micro fluidic channel device (MCD) allows to switch flow 
between vacuum purge and MS (see Figure 5).

Results: Chromatograms with and without the MCD device are practically 
undistinguishable from one another in terms of peak shape or sensitivity. The concept was 
proven by numerous experiments and is by now validated in full production dioxin analysis 
laboratories. The Thermo Scientific DualData Option for the DFS Magnetic Sector 
GC-HRMS can be used for a range of POPs analyses applications such as dioxins, PCBs 
or PBDEs. Also a combination of different  applications is possible. With an increase of 
more than 90% the sample throughput for e.g. dioxins is almost doubled. Using the 
Instant Connected Helium Saver Injector Module in combination with the DualData option 
is an efficient way to save analysis time and Helium. 

INTRODUCTION
The sequence timeline on a standard dual GC configuration is interrupted by segments of 
dead time (see Figure 3a). In the sequence timeline of a Dual Data equipped dual GC 
configuration a staggered injection is possible with no dead time between each data 
acquisition (see Figure 3b). 

Figure 2. Timescale of a typical dioxin GC.

Figure 3a. Normal dual GC configuration: The gray area represents dead time, 
where no data is acquired.

Figure 3b. DualData Acquisition sequence. Only the relevant retention time 
windows of both GCs are monitored.
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Figure 10a. Example of PCB trace 
analysis (5Cl PCB)

Figure 10b. Example of PBDEs trace 
analysis.
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Figure 4. TRACE 1310 GC with DualData XL module (left front slot), standard SSL 
Injector (right front slot) and the Instant Connect Helium Saver Injector Module 
(back slots) mounted on the DFS Magnetic Sector GC-HRMS.

RESULTS
The analytical performance with DualData XL Acquisition and conventional GC/MS 
configuration was compared using the same set of polychlorinated dioxins and furans, 
PCBs and PBDE samples as model compounds. Sensitivity was compared by using low 
concentrated PCDD/PCDF standards as well as a low level pooled blood sample. The GC 
separation integrity, ruggedness and long-term stability of the column switching system 
have been proven in unattended sample. The Instant Connect Helium Saver Injector 
Module can be used on the DFS Magnetic Sector GC-HRMS in combination with the 
DualData XL Option. 

The Instant Connect Helium Saver Injector Module is an innovative split/splitless (SSL) 
inlet system capable of dramatically reducing helium consumption.

Figure 7. Schematic flow diagram of the Instant Connect Helium Saver Injector 
Module during Injection (left side) and during data acquisition. 

The septum purge and the split flow is substitute by nitrogen. During the injection, a small 
portion of nitrogen enters the analytical column but such as the solvent it will be guided 
into the service vacuum by the DualData XL flow switching system.  

Figure 7. The module and injector components of the Instant Connect Helium 
Saver Injector Module.

DFS 双数据同时采集进行痕量二噁英
（HxCDD/F）分析时的色谱峰形

轻松满足 EPA 1613 标准对 2,3,7,8-TCDD 和
下一个出峰的 TCDD 25% 峰谷分离要求

 

二噁英分析工作流程
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确证

数据管理和报告
DFS 高分辨双聚焦

磁式质谱仪
GC-HRMS系统

 Orbitrap™ 
高分辨气质
联用系统

三重四极杆
气质联用
系统

“一站式”
解决方案

Dionex 
Analyzer

筛查 /
风险评估

火箭蒸发系统加速溶剂萃取仪



靶向分析

• 微塑料、添加剂和吸附的微量有机成

分质量浓度

• 颗粒大小、浓度

非靶向分析

• 对塑料聚合物进行表征

• 定量复杂基体低浓度化合物

联用方案

• FTIR 和 GC/MS 同时检测，优势互补

• 4D 谱图鉴定化合物，定性更准确

• 常量 + 痕量定量分析，范围更宽

• 一机六用：GC,IR,MS,GC/MS,FTIR-
GC, FTIR-GC/MS

多种方案，多重选择，满足微塑料分析不同应用需求

Py-GC/MS 测定环境中微塑料

热裂解法 Py-GC/MS 利用高温裂解产生的特征碎片信息经色谱分离和质谱鉴定，能够有效鉴别塑料成分和进行定量测定。通过查找

微塑料样品的热裂解气质联用谱图中是否含有各种塑料成分的特征热裂解产物，即可对微塑料样品中的成分进行定性。Py-GC/MS 作

为塑料分析研究的常用工具，方法成熟，且有完善的微塑料数据库，可大大方便科研工作者对微塑料的研究。

不同微塑料成分在 Py-GC/MS 上的特征碎片谱图 微塑料谱库自动检索结果

微塑料

联用方案
FTIR-

GC&GC/MS

微塑料（Microplastics，MPs）是近年来新污染物研究的热点，目前常用的检测方法包括热裂解 Py-

GC/MS、热脱附 TD-GC/MS、傅里叶红外 FTIR-GC&GC/MS 联用和 ICPMS 等，用于微塑料及其添

加剂和吸附污染物的定性与定量分析、及微塑料聚合物表征。
微塑料
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Thermo ScientificTM 离子色谱-质谱联用仪

•  更高的选择性和灵敏度，减少假阳性

•  IC-MS 法检测消毒副产物，检出限低至 0.01-0.27 ppb

•  除满足碘乙酸、二氯乙酸、三氯乙酸及卤氧化物等热门

DBPs 的定性定量监测外，可扩展完成所有氯代和溴代卤

乙酸的分析

•  IC-MS 联用方法还可拓展至抗生素、高氯酸盐等强极性

化合物分析

离子色谱-质谱联用系统分析水质中卤代乙酸（HAAs）

卤代乙酸 IC-MS 分析方法，是美国 EPA 557 引用的标准方法，

已通过方法验证，能帮助提高置信度并节省时间。

DBPs 法规方法和分析技术

总三卤甲烷

EPA 501.1 (GC purge and trap)
EPA 502.2 (GC-ECD)
EPA 524.2 (GC-MS)
EPA 551.1 (GC)
GBT 5750.10 (GC,GC-MS)

卤代乙酸 (HAAs)
EPA 552.3 (GC-ECD)
EPA 557 (IC-MS)
GBT 5750.10 (GC,IC,LC-MS/MS)

亚氯酸盐和氯酸盐
IEPA 300.0 (B) and 300.1 (B), ISO 15061, 
EPA 317.0, EPA 326,and EPA 327 ( 比色法 )
GBT 5750.10 (IC)

溴酸盐

EPA 300.0 (B), 300.1 (B), ISO 15061,
EPA 302 (2-D IC); 
EPA 317, 326, ISO 11206,
EPA 321.8 (IC-ICP-MS), EPA 557 (IC-MS)
GBT 5750.10 (IC)

Orbitrap Exploris GC 高分辨气质联用仪分析水中的消毒副产物

完整表征 DBP 混合物中存在的碘代 DBPs，对进一步研究其在消毒水中的反应和潜在毒理效应至关重要。由于基质的复杂性和化合

物的超低浓度，水质中碘代 DBPs 鉴定非常困难，基于高分辨率、高质量精度的 Orbitrap Exploris GC 系列工作流程能为新消毒副产

物发现提供技术支撑。

针对碘化 DBPs 谱图解卷积峰检测和化合物结构推测的化合物检测流程

化合物名称 m/z 检测值 特征碎片 m/z 理论值 质量偏差（ppm）

Methane,chlorodllodo- 303.7822 C(12)1CI(37)1HI2 303.7821 0.3

Methane,chlorodllodo- 301.78513 C(12)1CI(35)1HI2 301.7851 0.2

全扫描高分
辨精确质量
数测定

解卷积 标准谱图

元素组成

通过CI
进行确认

检测 提取 检索

鉴定

为防止饮用水传染疾病，对饮用水进行化学消毒是国际上公认和普遍采用的消毒工艺，替代消毒剂

的使用和水中其他未知污染物驱动对更先进的水质监测流程和技术的需求。常规饮用水处理技术通

常无法去除消毒剂（尤其是氯）与饮用水中一些天然有机物（NOM）、藻类有机物（AOM）、人

为污染物（杀虫剂、药品、洗涤剂等）、溴化物及碘化合物反应而产生的新污染物。

DBPs

离子色谱-质谱联用系统和高分辨气质联用仪为当前 DBPs 分析挑战和新 DBPs 发现提供新技术手段



内外暴露研究相结合挖掘与疾病相关的关键暴露因素

新污染物与健康风险关系研究，有自下而上（从环境入手）和自上而下（从人体样本入手）两种思路，也可以将两种方法相结合，再

结合流行病学、分子生物学以及分析化学等多种手段，全面挖掘与疾病风险相关的关键环境因素。基于质谱的代谢组学方法可以同时

检测和量化数以千计的代谢物特征。然而，环境和生物体在内的所有代谢物具有复杂的化学性质和动态范围，赛默飞完整的产品矩阵

可为相关研究提供完善的整体解决方案。

为了应对新污染物带来的诸多潜在风险，不仅需要对其进行浓度和含量监测，还需进一步进行暴露后的健康风险评估，并进行长期追

踪，以获得更全面的数据，增强对污染物的治理和健康风险的预防。

新污染物不仅对生态环境造成损害，而且会进一步通过饮食、水、空气或者直接皮肤接触等方式进入人体，并通过食物链的级联放大

作用，最终对人类健康造成巨大风险，如增加患病风险、免疫和炎症反应、氧化应激、遗传损伤和代谢紊乱。暴露于不同类型的污染

物可能产生不同的生物效应，基于质谱的代谢组学分析可以为污染物对生物体造成的影响提供更深入的分子机制的理解。

从测定人体体液中的代谢物质
变化切入

暴露人群代谢组学检测

自上而下

自下而上

环境中污染物检测

从测定空气、水、食物
中的污染物切入

代谢组学相关
软件，分析方法

新污染物鉴定
相关软件，分析

方法

新污染物健康风险与暴露评估

环境全过程与健康效应



离线 SPE：AutoTrace 280

适用于液体样本或固体、半固体样品提取液中痕量有机萃取和浓

缩，尤其适合于大体积液体样品中痕量污染物。与传统液-液提

取方法相比速度更快，分析物回收率更高。

在线 SPE：TriPlus RSH EQuan 850 系统

可以将分析时间从小时缩短到分钟

Thermo ScientificTM TriPlus RSH 

EQuan 850 自动进样器

•  样品可直接进样在线富集

•  自动化在线浓缩，减少人为操作误差并

降低成本

•  大体积进样直接改善样品的最低检测限

（最大可达 20 mL）

Thermo ScientificTM Rocket 火箭蒸发器

•  可全自动浓缩或干燥多达 18 只 ASE 试管或 

6 只大容量烧瓶

•  省去净化和分析过程间的人工样品转移步骤 

•  真正的自动操作功能，无需照看

•  用于终点检测的 Genevac AutoStop 功能

Thermo ScientificTM 

DionexTM ASETM 350 加速溶剂萃取仪

•  无人值守，可萃取高达 24 份样品

•  全自动在线溶剂混合，实现复杂萃取

•  收集器(60 mL)可直接转移至 Rocket 蒸发器

•  存储 24 种萃取方法和 24 种萃取序列，非

常灵活

ASE+Rocket 样品制备

ASE 溶剂萃取仪和 Rocket 火箭蒸发器充分整合萃取- 净化- 浓缩

一体化高效样品制备优势，完全省去净化和手工样品转移步骤。

创新的样品前处理解决方案，帮助优化实验室工作流程，提升实

验室生产力，确保获得高准确度、高重复性的样品制备效果。

创新性样品制备
样品前处理是实验室工作流程中最关键的步骤，60% 以上实验结果误差出现在此阶段，被视为整个分析工作流程中最难驾驭的阶段。

环境中新污染物含量极低，样品前处理过程中标准化、自动化、高通量等问题是提高分析效率和确保获得高准确度、高重复性的样品

制备效果关键。

全系列自动样品制备解决方案，满足低至高通量要求

样品前处理效率

使用 
Dionex ASE 系统

Dionex ASE 系统(配In-Cell)、
配套样品收集器和 Rocket 蒸发器

10  小时

4.5  小时 10  小时

提取

72  小时

红框表示样品转移步骤

净化

萃取

4.5  小时

萃取

净化

  1小时
蒸发

1  小时
蒸发

1  小时
蒸发

标准
运行时间

*18 份样品的平均处理时间

Thermo ScientificTM DionexTM 

AutoTraceTM 280 固相萃取仪

•  自动选择溶剂进行 SPE 柱的活化、清洗、

洗脱

•  6 个萃取通道，可根据需要同时或顺序萃

取 1-6个 样品

•  可处理高达 20 L 的大体积液态样品

•  EPA 方法中水样测试认可标准方法

样品前处理效率（18 份样品的平均处理时间）

离线 SPE Vs 在线 SPE

离线 SPE

在线 SPE



量身定制的软件

针对新污染分析，能提供功能强大的软件平台，覆盖从靶向分析至非

靶向筛查的峰提取和定量分析软件解决方案，以及定制化报告和选

项，包括高级计算、图表和结果标记。

• 高效审计追踪功能

• 创新的 eWorkflow 设计

• 兼容 LC、GC、LC和MS

• 可控超 400 种第三方仪器

• 基于 SRM 的常规/高分辨定量分析

• 基于数据库/谱库的靶向、非靶向筛查

• 工作活动视图报告

• 五十个预配置报告模板

• 指纹谱分析，相对定量

• 谱图解卷积、简化

• 云谱库、本地谱库自动检索

• 代谢通路分析

• 统计分析与图形化

Trace Finder

Compound 
Discoverer

从数据发现到多水平数据处理，再到多层信息深度挖掘

Chromeleon 
CDS

Chromeleon 7.3 CDS
No compromise

标准品数据库 mzLogic 算法线上数据库

19,871 个化合物 Library, 谱图数量 >897.5
万，每两周实时更新

271 个数据库 ,114 百万化合物结构
突破数据库限制的新工具 , 增加鉴定结

果及可信度

HRAM MS MSMSMSn

拟合分子式
mzCloud 相似

性搜索

搜库 得到碎片结构

最大程度解释碎片结构

候选化合物重新排序

M+H MSMS

CxHyNz

Compound  
Discoverer 

软件

TraceFinder 
软件

Chromeleon 
CDS软件

非靶向筛查

靶向筛查

非靶向和靶向定量

仅靶向定量

GxP/21 CFR Part 11 合规性

谱库兼容性

三方仪器控制

         = 不适用 = 一般 = 可以 = 较好 = 非常好

新污染物分析，不仅需通过整合质谱分析工作流驱动的软件解决方案，让实验室人员以更智能、更高效的方式简化从仪器优化、故障

排除到方法开发和结果报告的日常检测任务，更重要的是实现从已知到未知化合物的全面检测、峰提取与定量、统计学分析与可视化

作图、化合物全面鉴定、通路分析等数据整合分析，挖掘更多有效信息，以支持新污染筛查及风险健康与暴露评估。

突破污染物鉴定束缚：标准品谱图库+线上数据库+ mzLogic算法

数据整合分析




