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摘要  

       本所自 1995 年建置國內第一個專責戴奧辛實驗室以來，為維繫與國際環境分析

之研究趨勢接軌、交流分析技術與成果並廣泛蒐集環境分析相關資訊，即持續每年派

員參與戴奧辛年會。該年會自 1980 年起每年於不同國家舉辦，乃國際戴奧辛分析領域

各產官學最為重視的國際性研討會議，自 2006 年起該會議將研討議題範圍擴大至環境

中各項含鹵有機污染物並更名為含鹵持久性有機污染物國際研討會（The International 

Symposium on Halogenated Persistent Organic Pollutants）。本所於 2017 年派員出席於加拿

大溫哥華舉辦之第 37 屆含鹵持久性有機污染物國際研討會（通稱 2017 戴奧辛年會），

除發表論文分享近年本所工作成果外，亦藉此機會吸取先進國家之經驗與技術，以提

昇本所含鹵持久性有機環境污染物之檢測技術，躋身國際環境分析舞台。 

參加本次大會之重要心得與建議如下： 

一、從過去常見的油品污染來源追蹤需求到近年國內外頻頻發生各種環境污染鑑識需求，

非目標物檢測技術之發展與鑑識案例探討受到更多重視。本次會議中與非目標物檢

測及環境鑑識相關議題包括：環境訴訟 （Environmental litigation）、環境鑑識規劃、

樣 品 採 集 與 管 理 （ Investigation planning, sample collection and management for 

environmental forensics）、多介質與複雜樣品分析技術（Development of comprehensive 

analytical techniques for complex mixture analysis）、高階統計分析（Higher level statistics 

analysis）、污染場址溯源（Contaminated Sites and source tracking）等。但也從發表的論

文中看出環境鑑識的領域涵蓋相當複雜的專業學科，每一個鑑識案件都有其獨特的

背景歷史與鑑識流程發展，舉凡檢測技術、分析儀器及統計分析等等都只是工具的

應用，未來國內在鑑識流程與技術的發展研究尚需針對工業發展現況、地理環境特

性、環保法令及社會文化等等在地特性，逐步構築屬於國內的環境鑑識科學。 

二、隨著國際間對於持久性有機物染物的管制作為，加上各種化學物質的研發應用推陳

出新，每一段時代區間的污染物種類所引發之關注重視往往此消彼長。根據近年全

球性的調查研究顯示以往受到極度重視的戴奧辛類及多氯聯苯類化合物環境中流布
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的濃度已經有降低的趨勢。但是，過去常用為耐火材料添加劑的多溴二苯醚類化合

物雖然已經禁用，但隨著廢棄材料釋出而流布於環境的濃度卻是逐年上升，顯見多

溴二苯醚類化合物將是未來國際間環境污染監測管制的重點。另外，多氯化萘

（Polychlorinated naphthalenes）、全氟化合物（Per-Fluorinated Compounds）、短鏈石蠟

（Short-Chain Chlorinated Paraffins）、有機磷耐燃劑（organophosphorus flame retardants）

及揮發性甲基環矽氧烷（volatile methyl siloxanes）等等新興污染物無論是在環境基線

調查或檢測技術開發都在研討會中有大量的論文發表，這些污染物的議題也將是未

來國內需要重視的方向。 

三、檢測儀器發展方向在非目標物檢測的領域，目前主要仰賴的儀器有二維氣相層析飛

行式質譜儀（GC×GC/TOFMS）使用二種不同分離效果的層析管柱，以達到快速有

效的分離，產生上萬個波峰數，減少波峰共流(coelution)的干擾問題，搭配圖譜解析

軟體，可以對波峰共流進行自動重疊解析(deconvolution)，獲得高可靠度的定性判讀，

增加可觀測之分析物數量。大氣壓氣相層析質譜（Atmospheric Pressure GC）運用較

低能量將樣本離子化，減少離子片段可提高化合物觀測的敏感度與專一性。而且

APGC 並非真空技術，因此與各種方式間的平衡時間可縮到最短，迅速簡單的由

UPLC 轉換為 GC，針對未知物的質譜解讀判定可提供較佳的檢測資訊。 

四、氣相層析離子阱質譜儀（GC-Q-Orbitrap） 是一款結合四極桿、Orbitrap 和離子阱優

點之質譜儀，爲此其具有最大的實驗靈活性，特別是針對高度複雜性的生物樣品足

以達成極佳的深度檢測。同時在分析濃度極低、複雜性極高的樣品時，亦能以更快

的速度識别出更多的化合物與絕佳的定量準確性，且結構分析更是透徹。提供的高

分辨率高質量精度(HRAM) 的性能優勢。Orbitrap 系統連接液相層析儀也有助於增強

未知化合物的分離並實現高通量工作流程。在會中皆有多篇論文討論，雖然儀器條

件的建立較為複雜，然亦不失為所內發展方向之參考。 

五、在樣品前處理系統的部分，歐美及日本等國儀器廠商皆有推出新的自動淨化系統如

LABO 公司的 Automatische Dioxin-System（DEXTechTM）和日本 MIURA 公司的 Full 
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Automatic Sample Preparation System for POPs analysis(GO-HT)等都強調在環境基質中持

久性有機污染物前處理淨化流程的自動化，在人力成本的考量下不失為實驗室發展

的方向。 

六、會議六篇專題演講議題包含諸多跨國性議題與合作研究如 Persistent, bioaccumulative 

and toxic contaminants in marine mammals: a troubling legacy concern for conservationists、

Dioxin and The AhR: The Beginnings and No End In Site、Environmental Forensics of 

Persistent Organics Pollutants、Science and Policy of POPs through Passive Air Sampling、

The role of environmental chemicals in obesity 、 Contamination and human exposure to 

micropollutants including dioxin-related compounds in informal recycling sites for e-waste and 

end-of-life vehicles 等，更凸顯出環境議題與持久性有機污染物的跨國界跨世代的特

質，國內產官學各部門也應朝此方向，拓展國際學術研究合作，擴大研究領域與視

野，不但可與國際接軌更能透合作研究成果的展現更可以爭取國際舞台的地位。 

七、為延續得之不易的國際檢測技術交流機會，藉以了解世界環境分析趨勢與最新技術，

並把握呈現國內研究成果於國際舞台，建議所內同仁能有機會持續與會。。 
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壹、目的  

  行政院環保署環境檢驗所（以下簡稱本所）於民國 84 年 8 月成立戴奧辛小組，並於同年 9

月及 85 年 6 月分別於成大及清大成立兩個超微量實驗室，積極進行焚化廠排放相關戴奧辛檢測

技術建立；87 年 11 月本所國家環境檢驗大樓正式啟用，戴奧辛超微量實驗室亦正式進駐本所。

20 年來在長官的支持與同仁的努力下，對國內環境中戴奧辛之監測、政策擬訂及公害案件等貢

獻卓著。為強化本所戴奧辛檢測技術之公信力。本所 1995 年起透過派員參與戴奧辛年會，了解

國紀環境分析趨勢與最新技術，並把握呈現國內研究成果於國際舞台。 

隨著全球工業化的進步各種推陳出新的化學物質不斷被運用來改善人類的物質生活，進而

也造成環境的壓力，這些化學物質進入到環境生態中也伴隨著種種未知的危機，尤其是具有難

以自然分解、會經由食物鏈在生物體內累積、對於人類的健康與自然生態有毒害的危險性及隨

著生物或自然氣候的長距離移動的特性的持久性有機污染物（Persistent organic pollutants，簡稱

為 POPs）更受到國際的關注。1995 年，聯合國環境署呼籲全球應針對持久性有機污染物採取一

些必要的行動。2004 年 5 月 17 日簽署國批准同意禁用 9 項持久性有機污染物起，截至 2014 年

已經有 23 項 POPs 列管，公告禁止或限制使用。我國雖並非公約之締約方，但為表達我國目前

政策已符合該公約各類管制時程與作業事項，同時為彰顯我國 POPs 管制方向及積極作為，在

2008 年制定我國「持久性有機污染物斯德哥爾摩公約國家實施計畫」作為推動各項工作之依據，

行政院環保署環境檢驗所（以下簡稱本所）也積極致力於持久性有機污染物檢測技術研究及環

境基線調查等，目前在戴奧辛及呋喃（Dioxins and Furans）、毒性多氯聯苯（及 Dioxin-like PCBs）、

多溴二苯醚（PBDEs）及有機氯農藥（OCPs）等持久性有機污染物均已建置完整之檢測技術。 

因應全球環境保護趨勢戴奧辛年會從 2006 年起將研討議題範圍擴大至環境中各項含鹵有機

污染物並更名為含鹵持久性有機污染物國際研討會。本所也持續派員與會期與國際趨勢接軌，

今 2017 年乃派員參加於加拿大舉辦之第 37 屆含鹵持久性有機污染物國際研討會（通稱 2017 戴

奧辛年會），參與人員除代表發表論文分享本所工作成果外，藉此機會將國內研究成果呈現於

國際舞台，亦期了解環境檢測最新趨勢，吸取國際間之經驗與技術，作為本所各項檢測技術前

瞻發展參考。  
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貳、過程  

一、行程紀要  

 2017 年第 37 屆含鹵持久性有機污染物國際研討會 ( 37rd The International 

Symposium on Halogenated Persistent Organic Pollutants ) 於加拿大溫哥華市喜來登華爾中

心酒店 (Sheraton Wall Centre Hotel, Vancouver )舉行，會議舉行時間為我國時間 8 月 20

日至 8 月 25 日共計 6 日 ( 如表一所示) 詳細議程參見附件一。 

表一    筆者行程紀要表 

  

 

 

 

 

 

 

 

 

圖一：會議地點 Sheraton Wall Centre Hotel, Vancouver 

日 期 工作內容 

8/18（五）〜8/19（六） 臺灣→加拿大溫哥華 

 

8/20（日）〜8/25（五） 2017 年戴奧辛年會（會議地點：溫哥華） 

 

8/26（六）〜8/27（日） 加拿大溫哥華→臺灣（8/27 凌晨 05：00 抵達台

灣） 
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二、會議紀要  

 會議內容包含大會演講（Plenary）、特定專題(Special Events )、分類議題口頭論文

報告( Oral )及壁報論文報告 ( Posters )、廠商儀器展示 ( Exhibits ) 等項進行。大會演講

共有 6 場，特定專題以儀器分析技術為主共有 10 個演講議題；分類議題分為 39 類議

題包括口頭論文報告 272 篇及壁報論文報告 261 篇。 

(一) 大會演講（Plenary）論文摘要詳附件四： 

1. Persistent, bioaccumulative and toxic contaminants in marine mammals: a troubling legacy concern 

for conservationists（環境保護所關注的海洋動物中持久性、生物累積和有毒的污染物） 

2. Dioxin and The AhR: The Beginnings and No End In Site（戴奧辛與生物檢測） 

3. Environmental Forensics of Persistent Organics Pollutants（環境持久性有機污染物鑑識） 

4. Science and Policy of POPs through Passive Air Sampling（空氣中持久性有機污染物被動採

樣的學理與政策） 

5. The role of environmental chemicals in obesity（環境化學物質在肥胖中作用） 

6. Contamination and human exposure to micropollutants including dioxin-related compounds in 

informal recycling sites for e-waste and end-of-life vehicles（非法電子廢棄物和車輛回收場中

戴奧辛類化合物的污染和人體暴露） 

(二) 特定專題(Special Events ) 

特定專題主要為儀器商所提供之儀器發展新知與應用，題目如下： 

1. Dioxin, POPs and Emerging Contaminant Workshop: From Sample Prep to Data Analysis（戴奧

辛、持久性有機污染物和新興污染物樣品製備到數據分析） 

2. DFS Magnetic Sector GC-HRMS（DFS 磁場式高解析氣相層析質譜儀） 

3. Dioxins & POPs: Discover the Most Comprehensive GC-MS Portfolio（多選擇性 GC-MS 組合

分析戴奧辛和持久性有機污染物） 

4. Rapid and reliable determination of PCDD/F and PCB with automatic clean up and GC-MS/MS 

(7010)（戴奧辛及呋喃與多氯聯苯自動淨化快速測定技術） 
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5. Cryogenic zone compression to enhance sensitivity in non-targeted mass spectrometry to 

detect trace levels of POPs in blood plasma（以低溫壓縮提高非目標質譜法靈敏度檢

測血漿中微量持久性有機污染物） 

6. An Exposomics study of Canadian native populations utilizing Atmospheric GC coupled with 

HRMS（大氣壓氣相層析質譜技術分析加拿大原住民族群的暴露研究） 

7. Challenges of POP analytics in certified routine laboratories and GMP surroundings（認證實驗

室和 GMP 環境中持久性有機污染物分析的挑戰） 

8. Quicker, greener and cleaner automated clean-up evaluated for any kind of matrix – the 

responsible approach for current state of the art techniques of POP preparation  

9. DEXTech16:  automation at its best – A clean up system that automatically runs a sequence of 

up to 16 samples unattended （持久性有機污染物分析快速自動淨化前處理技術） 

10.Science & Policy of Organohalogens Workshop（有機鹵素科學與政策） 

 

(三) 分類議題(Concurent Session ) 

本次研討會中不提供論文摘要紙本或光碟，所有會議相關資料由與會者依報名時

登錄之帳號密碼至會議論文專屬網站下載使用。分類議題分為 39 類議題包括口頭論

文報告 272 篇及壁報論文報告共 261 篇。議題整理如下：  

1. New methods of Analysis (Analytical) 

2. New and alternate instrumental methods of analysis (Analytical) 

3. Non-target Screening and Determination (Analytical) 

4.Advances in Trace Analysis (Analytical) 

5. Environmental Levels of POPs (Levels and trends) 

6. POPs in the Arctic (Levels and trends) 
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7. Persistent Organic Pollutants (POPs) and Emerging Contaminants in Developing Countries 

(Levels and trends ) 

8. Emerging Contaminants: Lessons Learned from Past, Current Practices and Future Trends  

(Levels and trends) 

9. Distribution, Transport and Fate of Organohalogens in the Atmosphere (Levels and trends) 

10.Gas/Particle Partition of POPs in Air (Levels and trends) 

11.PCBs in schools and Other Indoor Sources (Levels and trends ) 

12.Spatial and Temporal Trends of POPs in Abiotic Compartments (Levels and trends) 

13.Spatial and Temporal Trends of POPs in Biota (Levels and trends) 

14.Pet Exposure to POPs (Levels and trends ) 

15.Environmental Transport and Fae, General(Levels tand trends) 

16.Agent Orange in Vietnam (Human Exposure) 

17.Exposure to POPs in Urban, Indoor and Workplace Environments (Human Exposure) 

18.Human Exposure to POPs , General (Human Exposure) 

19.POPs in Food and Feed (Human Exposure) 

20.Ecotoxicology(Human Exposure) 

21.Absorption, Distribution, Metabolism and Excretion (ADME) of Legacy and Emerging 

Persistent Organic Pollutants (POPS) in Animals (Metabolism and Toxicology) 

22.Metabolomics and Systems Biology in POPs toxicity studies (Metabolism and Toxicology) 

23.Neurotoxicity of Legacy and Emerging Persistent Organic Pollutants (POPs) (Metabolism 

and Toxicology) 

24.Toxicology, General (Metabolism and Toxicology) 

25.From Science to Decision Making (Policy) 
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26.Risk Assessment and Risk Management(Policy) 

27.POPs in longitudinal cohorts (Epidemiology) 

28.Remediation, Best Available techniques/Best Environmental Practices (Remediation) 

29.Formation, Sources and Remediation (Remediation) 

30.Are PFASs a New Concern for Wildlife & Humans? (Compound Specific - PFAS) 

31.Legacy to emerging fluoroalkyl contaminants in air to biota in the global environment 

(Compound Specific - PFAS) 

32.Total Fluorine Analysis and Total Oxidisable Precursor (TOP) Assay with Special Reference 

to  PFAS and Their Alternatives (Compound Specific - PFAS) 

33.Perfluoroalkyl Substances - general (Compound Specific  - PFAS) 

34.Short and Medium Chain Chlorinated Paraffins  (Compound Specific - PCAs) 

35.Brominated Flame Retardants (Compound Specific, BFRs)  

36.Alternate Flame Retardants: Environmental Presence, Fate and Exposure (Compound 

Specific - FRs) 

37.Polycyclic Compounds (Compound Specific) 

38.Environmental litigation (Environmental Forensics) 

39.Contaminated Sites and source tracking (Environmental Forensics)  

 

(四) 口頭論文報告( Oral ) 

在 39 個分類議題中，口頭論文報告共有 272 篇，每天在固定時段分別於 6 間會

議室同時進行報告，作者包含國際學者專家、儀器廠商以及在學學生，進行方式以

投影片簡報 20 分鐘，隨後進行約 5 分鐘問與答。議程相當緊湊，筆者考量參與研討
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會目的與本所現行業務與未來可能發展之相關性，儘可能挑選相關論文報告聽講。

參與聽講的報告約 20 篇題目：（論文摘要詳附件五） 

1. High resolution oribital trapping mass spectrometry measurement of persistent organic 

pollutants in cow's milk 

2. A GCxGC-HR-TOFMS with Enhanced Sensitivity: Targeted and Non-Targeted Analysis of 

Highly Complex Environmental Samples 

3. Variable energy electron ionization enhances the sensitivity and selectivity of brominated 

flame retardant analysis by GC/MS and GC x GC TOF/MS 

4. National and continuous DIOXIN Air Monitoring networj in Taiwan (2006-2016): Spatial, 

temporal ariation and Emission sources apportionment via positive Matrix factorization 

5. High throughput GC-HRMS acquisition methods for the analysis of PCDD/Fs and PCBs in 

biological matrices 

6. Integration of polybrominated diphenyl ethers (PBDE) and other brominated compounds into 

the automated sample preparation for dioxines and PCBs 

7. Organic and inorganic persistent pollutants monitoring: emission source identification 

8. Target, Suspect and Non-Target Screening of Dioxin-Like Compounds in Sediment and Fish 

Using A Sensitive High-Resolution Time-of-flight Mass Spectrometer 

9. Comparison of International Quality Assurance and Quality Control Standards for High 

Resolution Mass Spectrometry Dioxin Analysis 

10.PAHs in Chinese atmosphere: Concentration, source and gas-particle partitioning 

11.Occurence and distribution of perfluoroalkyl and polyfluoroalkyl substances (PFASs) in 

multi-environmental matrices around two fluorochemical manufacturing parks in fuxin, 

China 

12.Environmental impact of biomass and polyethylene waste co-firing: emissions of particulate 

matter, PCDD/Fs and DL-PCBs 
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13.Non-target and suspect screening of organic chemicals in indoor dust from five countries 

14.Screening halogenated contaminants in the marine environment based on high resolution 

mass spectrometry profiling 

15.Non-Target Analysis of Ambient Air Using Cryogenic Air Sampler 

16.PAHs depositions in the environment of a waste incinerator 

17.Organohalogen pollutants in surface particulates from workshop floors of four major e-waste 

recycling sites in China and implications for emission lists 

18.Medium-chain and long-chain chlorinated paraffin products predominate in Swedish coastal 

sediment cores over the past 50 years 

19.Short-Chain Chlorinated Paraffins (SCCPs), a Toxic Industrial Chemical Included for Global 

Prohibition, Contaminate Children’s Toys 

20.Characterization of placental transfer of short- and medium-chain chlorinated paraffins in 

paired maternal and cord serum 

 

(五) 壁報論文報告 ( Posters )  

此次大會壁報論文的呈現與過去不同，除了基於環境保護、減少資源運用與廢棄物的處

理，並且鼓勵論文投稿者能勇於表達介紹自己的研究成果，因此 261 篇壁報論文均是以電視

大螢幕定時播放投影片檔(PPT)的方式呈現，並且在每天的固定時段邀請作者在螢幕前介紹自

己的論文（ mini-orals）。筆者以壁報論文發表方式參與本次研討會，發表論文題目為「The 

Investigation of the Organochlorine Pesticides Residues in Soil of Taiwan」，大會編號 P161-E 被安排

在大會議程第二天下午 Poster Session VI 發表。此篇研究係運用高解析氣相層析質譜儀

（HRGC/HRMS），以同位素標誌稀釋法分析台灣地區 100 件土壤樣品中 26 種有機氯農藥之調

查應用。除了全面性了解台灣地區土壤中有機氯農藥殘留現況外，並驗證 HRGC/HRMS 優異

之靈敏度與定性、定量能力，足以提供極低之定量極限與克服基質干擾等問題，特別適合運

用於環境背景極低濃度之待測物分析，詳細論文內容及壁報資料參見附件二及三。 
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圖二：筆者與本所發表之壁報論文 

大會期間筆者亦抽空流覽會場多篇壁報論文，藉以吸收新知。簡要列出以下 40 篇可供

本所相關業務可參考之論文題目： 

1. Tissue-specific bioaccumulation of halogenated methylbipyrroles and long-chain perfluorinated 

carboxylic acids in marine mammals stranded in northern Japan 

2. Organochlorine pesticides in agricultural soils of the main agricultural valleys of Baja California, 

Mexico 

3. Lipid Loading and Elution Profiles for an Automated Cleanup Method for Polychlorinated 

Biphenyls, Polybrominated Diphenyl Ethers, Dioxins and Furans Analyses 

4. GC-MS Identification of Phthalate and Alternative Plasticisers in Medical Devices 

5. An Evaluation of Federal and State Perfluorooctanoic acid (PFOA) Drinking Water Standards in 

the US 

6. Organisation of an international interlaboratory study as a first step towards a harmonized approach 

to Analysis of Chlorinated Paraffins 

7. Modified Sample Clean-up for Combined POPs Using Automated Multi-Column Fractionation and 

Analytical Optimization 
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8. External Quality Assessment Schemes (AMAP and Dioxins/Furans) to validate POPs measurement 

in human serum and a novel approach by APGC-MS/MS to increase the sensitivity of these 

compounds 

9. Characterisation of chlorinated paraffin profiles in sediment and biota by LC-ESI(-)-HRMS and 

semi-automatic post-acquisition data treatment 

10. Atmospheric Concentrations of some Stockholm Convention Persistent Organic Pollutants in 

West Asia 

11. Enhanced Removal of Perfluorinated Alkylated Substances (PFASs) from Aqueous Solution by 

Mesoporous Graphene Nanosponge 

12. Perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid (PFOS) concentrations in the 

South Korean agricultural environment 

13. PCNs Congeners in Ambient Air from Technical PCN and Unintentional Formation 

14. Atmospheric pressure ionisation for gas chromatography mass spectrometry: New perspectives for 

the determination of persistent organic pollutants (POPs) in human serum 

15. Short-Chain Chlorinated Paraffins (SCCPs), a Toxic Industrial Chemical Included for Global 

Prohibition, Contaminate Children’s Toys 

16. Occurrence and Distribution of Organophosphate Flame Retardants (OPFRs) in Soil and Outdoor 

Settled Dust from A Multi-waste Recycling Area in China 

17. Quantification of total Organohalogens (TOX) in environmental solid samples by using 

Combustion-ion Chromatography 

18. Contamination Status of Dioxin in the sediment of Indus River and Coastal Environment of 

Pakistan 

19. Research, communication, and action: PFAS in food contact materials 

20. Development of Canadian Soil Quality Guidelines for PFOS and PFOA 
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21. Study on Optimum Treatment Conditions for Chlorinated Flame Retardant and Organochlorine 

Pesticides Using Thermal Method 

22. The new method for analysis of selected organophosphorus flame retardants (OPFRs) in indoor 

dust 

23. GC×GC-HR-TOFMS for screening of organohalogenated compounds in cat hair 

24. Polycyclic Aromatic Hydrocarbons (PAHs) and Polychlorinated Naphthalenes (PCNs) in 

Sediment of Hyogo Prefecture, Japan 

25. Occurrence of persistent organic compounds in the surface water from the lower stretch of the 

River Ganga in India 

26. Persistent Organic Pollutants in Groundwater: Exposure profiles of PAHs and OCPs at an 

agricultural site of a north Indian terai region 

27. Characteristics of contamination for DDT in the Air and Soil in Republic of Korea 

28. Assessment of the automated clean-up system DEXTech + for determination of PBDEs along 

with PCDD/Fs and PCBs in environmental samples 

29. Screening for Dioxin-Like Compounds in Sediment Using Modified QuEChERS and a GC-TOF 

Mass Spectrometer with Atmospheric Pressure Chemical Ionization 

30. Determination of short chain chlorinated paraffins (SCCPs) in commercial chlorinated paraffins 

(CPs) products using comprehensive two-dimensional gas chromatography coupled with tandem 

mass spectrometry 

31. Passive sampling of POPs in the Black Sea 

32. Levels of PFOS and the other perfluorinated organic compounds in Polish inland waters and 

Baltic Sea coastal waters 

33. Analysis of BFRs and dioxins and dioxin-like PCBs on a dual column GC-MS/MS system 
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34. Application of LC-Orbitrap HRMS with positive/negative ion-switching for analysis of 

Pharmaceutical and Personal Care Products (PPCPs) 

35. Examination of Commercial Samples of Perfluoroethylcyclohexane Sulfonate: Another Source of 

PFOS Isomers 

36. Use of Passive Samplers to Monitor PCBs in the Effluent Water from a Waste Water Treatment 

Plant 

37. The occurrence of OCPs, PCBs, and PAHs in the soil, air, and particle deposition of provincial 

and metropolitan Naples areas, Italy: Implications for potential risk and environmental cycling 

38. Thermal desorption GC/MS analysis method for analysis of POPs in solid sample 

39. Review of the worldwide concentrations of medium-chain chlorinated paraffins (MCCP) in 

environmental samples and biota 

40. New methodologies for the analysis of halogenated persistent organic pollutants using GC-Q-

Orbitrap 

 

(六) 廠商儀器展示 ( Exhibits） 

本次大會邀請了多家廠商參展，展出內容包括標準品、自動前處理系統、空

氣採樣器材及最新款之高階分析儀器，據觀察本所未來業務發展應用相關的儀器

有 LECO 公司和 Thermofisher 公司的 GC×GC/TOFMS，Agilent 公司、Thermofisher

公司、Shimadzu 公司的 GC-MS/MS，Waters 公司的 APGC/HRMS，Thermofisher 公

司的 GC-Q-Orbitrap 等等，都是目前在持久性污染物或非目標物篩檢的主要工具，

可作為本所未來儀器設備添購的參考方向。另外，訴求快速方便前處理系統也是

這次廠商展示的重點，特別是開發廠商較以往多元化，不再集中於少數廠牌。空

氣採樣器材與監測器材近年來變化不大，不過，符合歐規的 PM2.5高流量採樣氣倒

是在會場吸引不少注意，基於待測物的微量檢測需要更大量更迅速的採樣工具而

言，或許可作為國內的參考方向。 
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參、心得  

本次筆者參加於加拿大舉辦之第 37 屆含鹵持久性有機污染物國際研討會，在

一週的會期當中，超過 500 篇的口頭及壁報發表論文，相當緊湊且內容豐富，實際

上並無法全部涉獵了解，所以此行主要設定與本所業務相關的三大方向做為學習

的主軸，並依序簡述心得如下，相關之論文題目及摘要詳見附錄： 

一、 非目標物檢測技術 

近年國內屢屢發生重大公害案件，政府公權力對污染來源追查、公害責

任求償與危害影響程度等均面臨重大挑戰，凸顯法規目標物檢測已不敷需求。

然而目前所使用的化學物質超過百萬種，想要用一種檢測儀器或一種檢測方

法找出一個或數個未知的污染物種幾乎是緣木求魚。因此，透過各種高階篩

檢儀器如 GC×GC/TOFMS 運用二維氣相層析技術使得待測物在層析管柱中的

分離更加完整清楚，再結合飛行式質譜的全質譜蒐集技術使得待測物的質譜

資訊可以完整地偵測獲得，最後再運用日益進步的質譜比對資料庫和質譜解

構重組軟體獲得非目標物的資訊。HPLC/Q-Orbitrap 則可以針對偏極性的化學

物質進行篩檢，其具有質量準確度，解讀能力，動態範圍和高靈敏度的特性，

適用於高級蛋白質組學分析和小分子研究，對未知物的檢測提供精準的質量

數資訊。APGC 可將樣本離子化後，搭配各種形式質譜儀使用，因為離子化

的過程採用較低的能量，能使得許多化合物觀測到的片段少於 EI 等其他方式。

因此可提高敏感度與專一性，因此可簡化 MS/MS 分析的前驅離子挑選，使得

未知物的篩檢較為簡便可行。 

在非目標物的檢測技術領域，各種檢測儀器均可能須依每個鑑識案件的

檢測需求進行各種搭配組合。另外，質譜比對資料庫和質譜解構重組軟體更

是決定非目標物檢測成功與否的關鍵因素，尤其是質譜資料庫有可能因所採

用的儀器種類和條件而有所差異，所以雖然許多廠商都發展出屬於自家的商

用資料庫，但使用者運用過往經驗自建資料庫仍是不可或缺的一部分。最後，

除了儀器與軟體，人員的鑑識經驗是最重要的一部分，雖說工欲善必先利其

器，但如果只有優良的工具卻沒有豐富鑑識經驗的人來運用，恐怕也只是落
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入看著數據編故事的陷阱。因此，人員的鑑識技術與經驗培養，是未來本所

發展非目標物檢測最迫切需要克服的問題。 

 

二、新興污染物檢測技術 

“新興污染物（Emerging Contaminants）”主要為「新認定或之前未確認」、

「未受法規規範」、「且對人體健康及生態環境具有風險性」的化學污染物，此

類污染物通常經由人類活動（包括：工商業、農業、醫療場所、製藥廠，甚至

ㄧ般家庭生活等）所產生且不容易於環境中分解。新興污染物所涵蓋的範圍非

常廣泛，舉凡新興的環境污染物、食品添加物及污染物、濫用藥物及毒品，以

及存在各式物品內之化學物種等。環境中之新興污染物包括存在於各種環境介

質（水體、土壤及空氣）中之各式環境荷爾蒙（屬內分泌干擾物質 EDCs，例如：

戴奧辛、有機氯殺蟲劑、鄰苯二甲酸酯、壬基酚等）、藥物及個人保健用品

PPCPs（例如：抗生素、類固醇、抗菌消毒劑、清潔劑等）以及釋放於環境中之

各式奈米物質（例如：奈米銀、奈米碳管、二氧化鈦奈米顆粒等）等；新興食

品污染物則包括：三聚氰胺、孔雀綠、防腐劑、色素、微生物、人工甘味，以

及農藥等；至於存在一般物件內之新興化學污染物質則包括有衣服內之螢光劑、

家俱/地毯/電子元件內之阻燃劑、保麗龍之高分子單體等。由於這些化學物質的

種類繁多，加上其所存在的基質環境複雜的關係，導致要偵測到這些物質必須

依賴具高效率的層析分離及質譜偵測器，但是因為有明確的檢測對象，相對上

只要在檢測的技術上克服微量檢測的瓶頸即可。 

從目前的趨勢看來亦即所謂之氣相層析串聯式質譜儀（GC-MS/MS）及液相

層析串聯式質譜儀（LC-MS/MS）都是發展的主流儀器。另外，從此次年會發表

論論文可以發現近年來國際間對於環境中持久性有機污染物的關切主要有溴化

阻 燃 劑 （ brominated flame retardants, BFRs ） 包 括 多 溴 二 苯 醚 （ polybrominated 

diphenyl ethers, PBDEs）和六溴環十二烷（hexabromocyclododecane, HBCD) ，全氟

化合物（perfluoroalkyl substances, PFAS），斯德哥爾摩公約管制的五氯苯和六氯苯

（ penta- and hexachlorobenzene , PeCB and HCB ）， 多 氯 化 萘 （ Polychlorinated 

naphthalenes, PCNs），短鏈石蠟（Short-Chain Chlorinated Paraffins, SCCPs），有機磷

阻 燃 劑 （ organophosphorus flame retardants, OPFRs ） 和 揮 發 性 甲 基 環 矽 氧 烷

（volatile methyl siloxanes, VMS），目前本所除了短鏈石蠟、有機磷阻燃劑、六溴
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環十二烷和揮發性甲基環矽氧烷外，均已建立檢測技術，未來或可在此四類化

合物的檢測技術上加以嘗試開發。 

三、檢測儀器發展方向 

本所在 2007 年即已購入二維氣相層析飛行式質譜儀，然而該層析技術受限

於電腦擷取數據之速度、質譜資料庫比對困難及質譜處理軟體未臻成熟的限制，

並未能在非目標物檢測的領域上有所進展。然而時隔 10 年之後，包括 LECO 公

司和 Thermofisher 公司均推出更新型的 GC×GC/TOFMS，尤其 Thermofisher 公司宣

稱其最新款之儀器檢測所獲得之質譜可直接與國際間常用之 NIST 質譜資料庫進

行比對，更是大大強化其實用性，可作為環境鑑識業務儀器設備添購的參考方

向。在已知物的定量分析部分，Agilent 公司、Thermofisher 公司、Shimadzu 公司

的 GC-MS/MS，其靈敏度和解析度都有大幅度的改進，尤其強調節能、操作方便

及易於維護的特性，對於國內減碳節能的訴求越來越高的情形下，應可作為老

舊檢測儀器逐步汰換的參考對象。 

Waters 公司的 APGC/HRMS，Thermofisher 公司的 GC-Q-Orbitrap 則是具有鮮明

的特色，因為 APGC/HRMS 屬於一種大氣壓下的離子化系統，該廠商宣稱其離子

化的技術較 EI「柔軟」，所以許多化合物觀測到的片段較少，可提高敏感度與專

一性，因此可簡化 MS/MS 分析的前驅離子挑選，更可以搭配各種形式的質譜儀

使用，使其應用面更為廣泛。GC-Q-Orbitrap 則是具有質量準確度，解讀能力，

動態範圍和高靈敏度的特性，對未知物的檢測提供精準的質量數資訊，這樣的

特性如果再結合其他儀器所提供之質譜片段資訊，對於未知物的結構重組判讀

上會有相當的助益。本所於 2013 年購入 UPLC–Orbitrap-MS 並在環境基質中全

氟化合物及個人保健用品 PPCPs（例如：抗生素、類固醇、抗菌消毒劑、清潔劑

等）建立相當成熟之檢測技術，而這些化合物也都是目前國際間所關切的議題。

唯 APGC 大氣壓下的離子化系統，本所仍尚未有使用經驗與技術，日後可考慮進

一步評估其實用性。空氣採樣器材與監測器材近年來變化不大，不過，瑞士廠

商主推符合歐規的 PM2.5 高流量採樣器（Digitel DHA-80）倒是在會場吸引不少注

意，基於待測物的微量檢測需要更大量更迅速的採樣工具而言，此採樣器具備

自動化與程式化，濾紙自動更換功能以及電子控制器，可滿足各種採樣條件以

及長時間連續採樣的需求，彈性佳且大幅節省採樣人力。或許可作為國內的參

考方向。 
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誠如所知，持久性有機污染物具有毒性、難以降解、生物累積性及具有蚱蜢

效應（Grasshopper Effect），能經由不斷蒸發及沈降，在大氣至遠離污染源排放地

區間傳遞，藉由空氣、水和遷徙物種作跨越國際邊界的遷移，並沈積在遠離其

排放地點的地區。因此在會議中可以發現在環境監測部分，多數的研究報告探

討的範圍並不侷限於單一個城市、地區甚至國家，而是擴及到更大範圍的區域

調查與污染物長程傳輸之影響等相關議題（如「New and emerging POPs in the 

Group of Latin America and Caribbean (GRULAC) Region」、「Science and Policy of POPs 

through Passive Air Sampling」）。或者是屬於長期性的追蹤研究（如「Per- and 

polyfluoroalkyl substances in human milk from Swedish mothers: individual and 

geographical differences and temporal trends, 1972-2015」、「Levels, Temporal trends of 

PCDDs/PCDFs at IPTD area using passive air sampler and correlation with active air 

sampling between 2012-2017」）如此規模的研究議題和論文在國內似乎較少，以國

內的檢測技術水平，如能再結合更多的產學各界合作將研究觸角延伸至更大區

域，相信應該會有更高更好的學術成就與貢獻。 

  

肆、建議 

  本次筆者參加第 37 屆含鹵持久性有機污染物國際研討會，對於國際間目前在持久

性有機污染物檢測及環境鑑識技術的發展，有更深一層的瞭解與値得學習的地方，希望

這次蒐集的國際資訊在未來能與國內專家交流，並實際應用到國內的環境鑑識上。關於

這次研討會後，最後歸納有幾點建議如下： 

1. 環境鑑識技術是一門跨領域的複雜學門，無論是地質學、海洋學、大氣學、環境工程

學、化學分析、統計學、資訊科學等，都是鑑識技術發展的基礎科學，國內在這部分

的整合平台似乎尚嫌不足，如果只想憑藉尖端高階的檢測儀器和技術來解決複雜的環

境鑑識問題，仍然稍嫌力有未逮。因此，未來本所在環境鑑識的推動上，需要擴大學

術研究機構結合，培養合約實驗室與學術研究應用團隊，互補產官學鑑識量能之不足。

方能在緊急公害事件發生時，得以明確鑑識污染物種、迅速追蹤污染源、掌控並排除

危害、執行公害責任追償，保障民眾生命財產安全。 
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2. GC×GC/TOFMS 運用二維氣相層析技術使得待測物在層析管柱中的分離更加完整清楚，

再結合飛行式質譜的全質譜蒐集技術使得待測物的質譜資訊可以完整地偵測獲得，最

後再運用日益進步的質譜比對資料庫和質譜解構重組軟體獲得非目標物的資訊。此等

功能對於非目標物篩檢技術有相當的助益，建議持續追蹤了解其發展現況並評估在國

內應用的可行性。 

3. APGC/HRMS 屬於一種大氣壓下的離子化系統，離子化的技術較 EI「柔軟」，所以許

多化合物觀測到的片段較少，可提高敏感度與專一性，因此可簡化 MS/MS 分析的前

驅離子挑選，更可以搭配各種形式的質譜儀使用，使其應用面更為廣泛，建議持續追

蹤了解其發展現況並評估在國內應用的可行性。 

4. 基於待測物的微量檢測需要更大量更迅速的採樣工具而言， PM2.5 高流量採樣器具備

自動化與程式化，濾紙自動更換功能以及電子控制器，可滿足各種採樣條件以及長時

間連續採樣的需求，彈性佳且大幅節省採樣人力，或許可作為國內的參考方向。 

5. 新興污染物檢測技術發展的部分，在本所二十多年來建立的超微量分析基礎上，可考

慮先針對斯德哥爾摩公約公告管制之短鏈石蠟（Short-Chain Chlorinated Paraffins, SCCPs）

和六溴環十二烷（hexabromocyclododecane, HBCD)先行研發檢測技術，後續再規劃有

機 磷 阻 燃 劑 （ organophosphorus flame retardants, OPFRs ） 和 揮 發 性 甲 基 環 矽 氧 烷

（volatile methyl siloxanes, VMS）的檢測技術開發。以期與國際環保關注議題接軌。 

6. 環境基質中全氟化合物及個人保健用品 PPCPs（例如：抗生素、類固醇、抗菌消毒劑、

清潔劑等）都是目前國際間所關切的議題，本所在這部分檢測技術已有相當的成熟技

術，未來可考慮投入更實質面的研究，落實於國民健康與環境保護之效能。 

7. 結合更多的產學各界合作將研究觸角延伸至更大區域，擴及到更大範圍的區域調查與

污染物長程傳輸之影響等相關議題，或者是屬於長期性的追蹤研究進而結合毒理及風

險評估等專家，使未來國內在環境持久性有機污染物的研究更加全面性立體性。 

8. 為延續得之不易的國際檢測技術交流機會，藉以了解世界環境分析趨勢與最新技術，

並把握呈現國內研究成果於國際舞台，建議所內同仁能有機會持續與會。 
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附件一  大會議程  
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附件二  投稿論文摘要 

  

 The Investigation of the Organochlorine Pesticides Residues in Soil of Taiwan 

Hsu YC1, Wu CP1, Sung YY1, Huang YJ1, Weng YM1 
1Environmental Analysis Laboratory, Taiwan EPA, Chungli, Taiwan 320 

 

Introduction 
Organochlorine Pesticides (OCPs) are hydrocarbon compounds containing multiple chlorine substitutions. They were introduced 

since 1940s and have been widely used in agriculture as pest control. There are four main types of OCPs: 

dichlorodiphenylethanes, chlorinated cyclodienes, chlorinated benzenes and chlorinated cyclohexanes. Nine of the 12 most 

hazardous persistent organic pollutants (POPs) targeted by the Stockholm Convention in 2001 are OCPs. Consequently, residual 

POPs might cause significant impacts on human health and the environment. The health risk of POPs has been widely debated 

globally in recent years and came to a consensus agreement of the Stockholm Convention on Persistent Organic Pollutants in 

2001 that prohibit the production and use of these chemicals. Most of them have been banned or restricted in the industrialized 

world. However, some non-targeted OCPs such as Endosulfan, Lindane and DDT are still employed in developing countries for 

mosquito and malaria control. Organochlorine pesticides such as DDT, BHC, Lindane have been banned in Taiwan since 1977. 

In the same time, EPA Taiwan has been carrying out a systematic tracking on the residual concentration of organochlorine 

pesticides in environment with analytical tools such as GC/ECD for the past thirty years. Recently, we initiated the use of the 

isotope dilution method with HRGC/HRMS to analyze 26 organochlorines and their metabolites in environmental samples so 

as to determine the residual OCPs in a more accurate way. We have collected 100 soil samples from selected 16 counties of 

Taiwan. The average total concentration of 26 OCPs in soil samples is 4296 ng/kg d.w. and the concentrations ranged 

164.8~39,183 ng/kg d.w.. The highest OCPs level found in the soil sample of Taiwan is still well below the official regulated 

risk threshold limit. The highest total concentration of samples 39,183 ng/kg is found in a site located at Taichung. The highest 

average total concentration is found in Taoyuan area. Those areas located in the east of Taiwan such as Taitung and Hualien 

exhibited lowest total average concentration. The ratio of DDT and its metabolites can be served as indicators for possible liable 

pollution sources as well as the degree of degradation. The ratio ofΣ（DDD+DDE）/Σ(DDT+DDD+DDE) in the 95 out of 

100 collected samples were found to be higher than 0.52 implicating that these DDT contamination in soil of Taiwan might be 

accumulated from the aged pollutants in the long past.  

 

Material and methods 
(1) Sample collection, extraction and clean-up 

Samples were collected from 16 selected counties of Taiwan. 100 sampling sites were chosen based on the scale of agriculture 

in each county. Sampling time were scheduled from March to August during the busy agriculture season. The analyzed level of 

organochlorine in the soil samples can therefore reflect the use of pesticides in the land field. All samples were dried, ground 

and homogenized before being spiked with 13C-isotopes of the target compounds and extracted by Soxtherm with 

(1+1)Acetone/n-Hexane solvent mixture. Target compound standards and isotope labeled spiking solution were purchased from 

Chembridge Corporation. The extracts were concentrated to about 1 mL by turbo evaporation. Then we substitute the residual 

solvent with 1 mL hexane for subsequent pretreatment process. The extracts were cleaned up with Florisil SPE column. Gel 

permeation chromatography were used to remove the high molecular weight interference such as polymeric materials, humic 

acids, lipids and so on. 

 

(2) HRGC/HRMS analysis 

26 organochlorine pesticides were analyzed by isotope dilution in according to the official standard method NIEA M905.00B 

of Taiwan EPA with high resolution mass spectrometer (HRMS) (AutoSpec PremierTM) coupled with gas chromatograph 

equipped with cold injection system. Pesticides were chromatically separated with J&W (Agilent Technologies) DB-1701 

column (30m×0.25mm×0.25μm).  
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Results and discussion 
The concentrations of 26 organochlorine pesticides in soil samples ranged within 164.8~39,183 ng/kg d.w. The average 

concentration is 4296 ng/kg d.w.. All OCPs level found in the soil samples of Taiwan were well below the official risk threshold 

limit. The highest level were found in those sampling sites of Taoyuan and Taichung, of which the total average concentration 

fell between 10,000~15,000 ng/kg d.w.. The lower level range between 5,000~10,000 ng/kg d.w. were found in those sampling 

sites of New Taipei, Miaoli, Changhua, Yunlin and Chiayi. others The analyzed OCPs levels of other areas are under 5,000 ng/kg 

d.w. as shown in Tab.1. and Fig.1. 

Higher detection ratio are found than most previous reports. Up to 81% Organochlorine pesticides are detected in all samples 

possibly due to that HRGC/HRMS has lower detection limit compared with traditional GC/ECD and GC/MS. 

Pentachlorobenzene, Hexachlorobenzene, BHC, Chlordane, DDT and their metabolites are found in most samples of this study 
as shown in Fig.2. As we compare the analyzed data between OCPs and their metabolites, the detection ratio of OCPs metabolites 

are very close to the ratio of their OCPs originates. The only exception is Oxychlordane of which its detection ratio is 18% that 

is much lower as compared with the number of 90% for both Chlordane and Nonachlor. Residual Chlordane and Nonachlor in 

soil metabolized to Oxychlordane generally took a long time, but the half-life of Oxychlordane is much shorter than those of 

Chlordane and Nonachlor. Oxychlordane in soil tends to metabolize into other compounds in a short time. We observed that the 

average level of chlordane in soil (144 ng/kg d.w.) was higher than that of nonachlor(75 ng/kg d.w.). One possible explanation 

can be attributed to the slower rate of metabolism of chlordane in soil. 

As regard to the acute toxicity, carcinogenic and residual level of OCPs are shown in Fig.3. It is obvious that DDTs and their 

metabolites have biggest triangle area, therefore their residual level in soil should be of more concern in Taiwan. The second 

OCPs group that are worthwhile to be noticed include Aldrin and Endosulfans. Although the residual level (182 ng/kg d.w.) of 

Aldrin is relatively lower than other OCPs and its detection ratio is only 67%, it is advised to keep alert due to its potential high 

toxicity and carcinogenic. Endosulfans has the second highest residual level (364 ng/kg d.w.) and also has high toxicity. Though 

Endosulfans have been banned by the Stockholm Convention since 2011, there is still possibility to observe occasional discharge 

of this chemical to the environment and impacts on bio system and human health need to be continuously monitored.         

Some of previous research works revealed that the half-lives of DDTs in soil are about two years or longer. It is reported in 

some previous research papers that DDTs will last longer than eight years in tissue before being metabolized to DDDs and 

DDEs. In this study we found that p,p’-DDE and p,p’-DDD were detected in all samples (100﹪) while p,p’-DDT was found 

in only less than 30% of collected soil samples. Similar phenomenon are observed in the case of o,p’-DDE, o,p’-DDD and 

o,p’-DDT family group. Residual data of these congeners reflects the widely usage of DDTs in the past. Nevertheless, the 

average concentrations of DDTs (3,047 ng/kg d.w.) found in all soil samples of this investigation are far below the regulated 

level for soil (3 mg/kg d.w.).  

FDDTs is a frequently used indicator for the degree of DDT degradation as show below: 

FDDTs =Σ（DDD+DDE）/Σ(DDT+DDD+DDE) 
For the fresh DDT, the FDDTs will generally fall within the lower range of 0.52. On the other hand, aged DDT contaminations 

usually exhibit higher values. As illustrated in Fig.4, FDDTs of all 95 samples are higher than 0.52. It implied that little fresh DDT 

has been found in these samples as shown in Fig.3. The only two site that have lower FDDTs than 0.52 are both found in samples 

collected from sites in Kaohsiung. Further investigation is needed to confirm whether it is due to illegal use of the banned 

pesticides or it is coming from other sources into this area via some transmission path.    

The concentration distribution of the 26 targeted OCPs in Tainan, Yunlin and Chiayi counties are very similar possibly due to 

that the topographic features and their agriculture activitiese are quite similar in these three areas. However, the average total 

concentration of Tainan (1,035 ng/kg d.w.) is five times lower than the other two areas (6,539 and 6,333 ng/kg d.w.). One possible 

explanation is that due to Tainan is located in more south part of Taiwan. Average temperature in the year is higher and has 

generally more sunny days. It is possible that more and faster OCPs in soil will be metabolized. The average total concentration 

of Tainan is therefore lower and close to Kaohsiung (1,611 ng/kg d.w.) that are both located in the south ends of Taiwan. The 

concentration distribution of the 26 OCPs in those samples collected from sites of Changhua, Miaoli and Nantou varied from 

each other significantly. We attribute these differences to the complex agricultural product and pesticides applcation patterns in 

the past years.  
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Table 1 Summary of Total OCPs concentration in soil of Taiwan 
 
 
 
 
 
 
 
 
 
 

Area Sampling 
sites 

Concentration range Average 
Area Sampling 

sites 

Concentration range Average 

（ng /kg d.w.） （ng /kg 
d.w.） （ng /kg w.w.） （ng /kg 

d.w.） 

Taipei 1 4148~4148 4148 Changhua 8 1152~20932 6299 

New Taipei 3 2312~10045 5396 Yunlin 10 601~26133 6539 
Yilan 3 2848~7873 4683 Chiayi 9 705~15302 6333 

Taoyuan 5 2431~27197 11544 Tainan 12 183~5443 1036 
Hsinchu 4 525~3336 2122 Kaohsiung 6 443~4709 1611 
Miaoli 4 2308~9693 5958 Pingtung 9 1060~3405 1973 

Taichung 6 3226~39183 10129 Taitung 6 174~2178 867 
Nantou 8 225~4221 2906 Hualien 6 165~946 556 

 
 
 
 
 
 
 
 
 
 
 

 

Figure 1 concentration distribution of 16 Areas. Figure 2 Detected percentage of 26 OCPs. 
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Figure 3 Impact estimate of 26 OCPs in soil. 

 

 

 
Figure 4 Index for evaluating the degradation of DDT in soil. 

 

 
Figure 5 concentration distribution of 26 OCPs in Yunlin. 

 

 
Figure 6 concentration distribution of 26 OCPs in Chiayi 

 
Figure 6 concentration distribution of 26 OCPs in Tainan. 

 
 
 

 
Figure 7 concentration distribution of 26 OCPs in Kaohsiung 
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附件三   投稿論文壁報 
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附件四   大會演講論文摘要 
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附件五  20 篇口頭論文摘要 
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