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檢測方法
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POPs 代表檢測方法
NIEA

方法編號

首批列管9種有機氯農藥 水中有機氯農藥分析方法－固相萃取/氣相層析儀/電子捕捉偵測器法 W658.51B

土壤、底泥及事業廢棄物中有機氯農藥檢測方法－氣相層析儀法 M618.05C

有機氯農藥檢測方法－同位素標幟稀釋氣相層析／高解析質譜法 M905.00B

首批列管多氯聯苯 水中多氯聯苯檢測方法－液／液相萃取／氣相層析儀／電子捕捉偵測器法 W601.53B

土壤、底泥及事業廢棄物中多氯聯苯檢測方法－氣相層析儀法 M619.04C

空氣中多氯聯苯等有機化合物檢測方法－氣相層析串聯式質譜儀法 A816.10B

戴奧辛類多氯聯苯檢測方法－氣相層析／高解析質譜法 M803.00B

首批列管戴奧辛及呋喃 空氣中戴奧辛及呋喃檢測方法 A810.13B

排放管道中戴奧辛及呋喃檢測方法 A808.75B

排放管道及空氣中戴奧辛及呋喃檢測方法 －同位素標幟稀釋氣相層析／串
聯式質譜儀法

A817.00B

戴奧辛及呋喃檢測方法－同位素標幟稀釋氣相層析／高解析質譜法 M801.13B

戴奧辛及呋喃檢測方法－同位素標幟稀釋氣相層析／串聯式質譜儀法 M805.01B



檢測方法
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POPs 代表檢測方法
NIEA

方法編號

第2批列管9種POPs
（α-六氯環己烷、六溴
聯苯、全氟辛烷磺酸、
四溴二苯醚和五溴二苯
醚等）

土壤、底泥及事業廢棄物中有機氯農藥檢測方法－氣相層析儀法 M618.05C

六溴聯苯檢測方法－氣相層析高解析或串聯式質譜儀法 M503.60B

土壤中全氟與多氟化合物檢測方法－液相層析串聯式質譜儀法 S501.60B

多溴二苯醚檢測方法－氣相層析/高解析質譜法 M802.00B

第3批列管安殺番 土壤、底泥及事業廢棄物中有機氯農藥檢測方法－氣相層析儀法 M618.05C

第4批列管六溴環十二烷 水中六溴環十二烷檢測方法－液相層析串聯式質譜儀法 W549.50B

土壤中六溴環十二烷檢測方法－液相層析串聯式質譜儀法 S502.60B

第5批列管氯化萘、五氯
酚及其鹽類和酯類及六
氯-1,3-丁二烯

環境基質中多氯萘檢測方法—同位素標幟稀釋／氣相層析／高解析或串聯
式質譜儀

M908.00B

半揮發性有機化合物檢測方法—氣相層析串聯式質譜儀法 M806.00B

空氣中揮發性有機化合物檢測方法－不銹鋼採樣筒／氣相層析質譜儀法 A715.16B



檢測方法
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POPs 代表檢測方法
NIEA

方法編號

第6批列管十溴二苯醚和
短鏈氯化石蠟

多溴二苯醚檢測方法－氣相層析/高解析質譜法 M802.00B

短鏈氯化石蠟檢測方法—氣相層析／電子捕捉負離子－質譜儀法 M502.00B

第7批列管全氟辛酸及大
克蟎

水中全氟與多氟化合物檢測方法－液相層析串聯式質譜儀法 W542.51B

土壤、底泥及事業廢棄物中有機氯農藥檢測方法－氣相層析儀法 M618.05C

第8批列管全氟己烷磺酸
土壤中全氟與多氟化合物檢測方法－液相層析串聯式質譜儀法 S501.60B

水中全氟與多氟化合物檢測方法－液相層析串聯式質譜儀法 W542.51B



近兩年公告之檢測方法
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• 土壤中全氟與多氟化合物檢測方法-液相層析串聯式質譜儀法(S501.60B)

• 水中全氟與多氟化合物檢測方法-液相層析串聯式質譜儀法(W542.51B)

• 水中半揮發性有機化合物檢測方法-氣相層析串聯式質譜儀法(W803.50B)

• 空氣中多氯聯苯等有機化合物檢測方法-氣相層析串聯式質譜儀法 (A816.10B)

• 土壤中六溴環十二烷檢測方法-液相層析串聯式質譜儀法(S502.60B)

• 水中六溴環十二烷檢測方法-液相層析串聯式質譜儀法(W549.50B)

• 排放管道及空氣中戴奧辛及呋喃檢測方法-同位素標幟稀釋氣相層析／串聯式
質譜儀法(A817.00B)

• 短鏈氯化石蠟檢測方法—氣相層析／電子捕捉負離子－質譜儀法(M502.00B)

• 六溴聯苯檢測方法－氣相層析高解析或串聯式質譜儀法(M503.60B)



發展方向
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以PFAS為例
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全氟與多氟化合物(PFAS)
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• Perfluoroalkyl substances(全氟)

• Polyfluoroalkyl substances(多氟)



PFAS的主要性質
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 Tail

• hydrophobic 

• lipophobic

 Head  

• hydrophilic 

 Fluorosurfactant - water/oil/stain repellent

Stain 

Repellents

https://unioue.en.made-in-china.com/product/EstnydqxCUcF/China-Water-Stain-Repellent-Spray-Water-Proof-Spray.html

Fast Food 

Packaging

https://www.pinterest.com/pin/315533517618217497/https://www.thriftyfun.com/tf/Cleaning/Carpet/Removing-Dog-Urine-Stains-from-Carpet.html

Outdoor 

Textile
CarpetAqueous Film 

Forming Foam

https://absorbenviro.com.au/too-much-froth-bubble/



PFAS的主要性質
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 C‐F bond is a very strong chemical bond

- few degradation processes: too much energy required to

break bonds

- stable in acids, bases, oxidants, heat

PFASs (PFOS) occurred in Polar 

bears and seals

Teflon 

Teflon used in the 

Manhattan Project

https://www.nipasheonline.com/fahamu-zaidi-kuhusu-mabomu-2-ya-nyuklia-yaliyoangushwa-japan-1945/

https://wacowla.com/blog/2012/09/19/arm-strong-mission/

https://www.discoverak.com/kaktovik-polar-bear-tour/

http://marinebio.org/species.asp?id=300

PFASs in  98% of 

the serum samples

(Antonia M. Calafat et al., 2006)



History - Evolution of PFAS
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2000s

Global distribution

of certain PFASs in

biota and 

environment

https://www.sick.com/us/en/industries/semiconductor/c/g291166

http://smallgrains.org/global/

https://sites.google.com/a/pleasantonusd.net/order-cetacae/home/bottlenose-dolphinhttps://www.flickr.com/photos/54027476@N07/4999944659

PFOS produced 

by 3M in 1952

1950s 1970s1960s

Aqueous Film 

Forming

Foam (AFFF)

developed

Use of PFASs 

expand in 

consumer and 

industrial products 

http://www.wikiwand.com/zh-hk/%E4%B8%89%E5%BC%95%E6%93%8E%E5%99%B4%E5%B0%84%E6%A9%9F



History - Evolution of PFAS
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2019

https://www.sick.com/us/en/industries/semiconductor/c/g291166 https://sites.google.com/a/pleasantonusd.net/order-cetacae/home/bottlenose-dolphinhttps://www.flickr.com/photos/54027476@N07/4999944659

2000

3M ceased 

production of 

PFOS

Voluntary phase

out of C8 PFASs

PFOS listed in 

Stockholm 

Convention

2009

US EPA Drinking 

water Health 

Advisory PFOA, 

PFOS or  PFOA + 

PFOS < 70 ng/L

2016

PFOA listed in 

Stockholm 

Convention

https://www.theguardian.com/australia-news/2017/aug/03/us-warned-australia-over-toxic-firefighting-chemical-17-years-ago



History - Evolution of PFAS
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Current

PFHxS listed 

in Stockholm 

Convention

2022

Development and

use of new PFAS
US EPA Drinking 

water Health 

Advisory

PFOA 0.004 ng/L

PFOS 0.02   ng/L

Gen-X 10     ng/L

PFBS  2000 ng/L

2022



Novel PFAS Used in Industries
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• Short-chain perfluoroalkyl
substances (C4, C6,…)

• Fluorotelomer
(polyfluoroalkyl substances)

• Ether

• Cl was substituted for F

• …

Perfluorobutanoic acid

(PFBA) (C4)

6:2 Fluorotelomer Sulfonate

(6:2 FTSA)

H H

H H

1
2

3

4
5

6

1
2

F-53B



Use of Novel PFAS in Metal Plating
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• PFAS were used as mist suppression in the process

F-53B (C8ClF16O4SK)

- mean biological half-live 

in humans ~18.5 yr b

Potassium perfluorooctane 

sulfonate (C8F17O3SK)

Half life ~ 4.8 yr a

(Specific exemption)

a - Olsen et al 2007 

b -Y. Shi et al. 2016. HumanExposure and Elimination Kinetics of Chlorinated Polyfluoroalkyl Ether 

SulfonicAcids (Cl-PFESAs). Env. Sci. Technol., 50, 2016, 2396-2404.  



Processing Aid for Making Fluoropolymer Resins 
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• DuPont GenX- processing Aid for setting a new industry 
standard for sustainable replacement technology (from 
DuPont 2010)

• Similar persistence, more mobile, less accumulative in 
humans (cf. longer PFAS)1

17

Perfluorooctanoic acid 

(PFOA, C8)

Half life ~ 3.5 yr 2

8

1
2

3

4

5
6

7

Perfluoro-2-propoxypropanoic acid 

(PFPrOPrA, also named GenX)

1

2

3
4

6

5

1- USEPA, Fact Sheet: Human Health Toxicity Assessment for GenX Chemicals, 2021

2 - Olsen et al 2007; 



18

Environ. Sci. Technol. Lett. 2016, 3, 415−419



Extremely High Levels of Suspect Target
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Target and Non-target Analysis
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• Began work on a more “universal” method that would include 
both legacy PFAS and these emerging contaminants

Rogowska J, Cieszynska-Semenowicz M, Ratajczyk W, Wolska L. Micropollutants in treated wastewater. Ambio. 
2020 Feb;49(2):487-503. 



Target Analysis
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 LC/MS/MS

 target low ppt levels
• Can volumes be increased?

• To what extent will background PFAS interfere?

– Offline/Online SPE LC/MS/MS
– Direct Injection LC/MS/MS

High sensitivity but low resolution (0.6 da)



Non-Targeted Analysis

22

 High Resolution Mass Spectrometry (HRMS)

高解析度傅立葉轉換電場軌道離子阱
（Orbitrap）



Suspect and non-target screening workflow of PFAS

23X. Wang et al. / Water Research 183 (2020) 115989



結論
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結論
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• 對於目前斯德哥爾摩公約所列管的31種持久性有機污染物，基本上
都有對應的環境檢測方法可供參考。

• 新的方法多以液相/氣相串聯式質譜儀作為分析儀器

• 以PFOS為例，由於國際上逐步淘汰這些長鏈化學品的趨勢，在某些
工業PFOS 已從其製造過程中徹底消除，並已被其他替代 PFSA 取代。
然而，這些替代物的化學特性等信息仍然不足。建立一種方法來檢
測製程中所使用或排放的 PFAS 具有重要意義。



簡報結束 恭請指教


