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摘要

    為能了解國際環境鑑識之最新研究趨勢、分析技術及收集最新研究成果，本所派員參加本（98）年於加拿大卡爾加利市TELUS Convention Centre 舉行之2009年國際環境法醫研討會(International Network of Environmental Forensics Conference)，除發表一篇論文分享本所工作成果外，亦期望藉此大會吸取先進國家之經驗，以提升本所油品污染檢測鑑定分析技術使達國際水準。會議採分組、分項的方式同時進行，包括專題研討會(Workshops)、分組討論、演講論文、壁報論文報告、廠商儀器展示等項同時進行。會期自8月31日至9月02日，共計3日。

環境法醫鑑識技術近年來漸受到全世界關注，鑑識過程具有極高的複雜度，尤其是海上漏油污染事件，可經由環境鑑識技術追蹤了解污染漏油由何者而來。由大會安排之主題及發表之論文類型與內容，可以發現本所正積極發展之IRMS、GC-TOF，GC×GC、GC-MS等鑑識技術，亦是國際上正積極發展之技術，可見本所之研發方向符合國際趨勢。漏油污染成份複雜，經由風化因素影響鑑別及判斷，需搭配適當鑑識技術的檢測方法如生物指標技術(Biomarker)等及軟硬體技術輔助判斷，亦是足以挑戰之課題。本次發表之壁報論文(附件一)藉由發生於2008年11月10日台灣石門地區晨曦輪（Morning Sun）漏油案例，說明這類鑑識工作所需的工具及技能，更進一步探討相關之整治及復育等議題，同時也學習如何使用現有儀器在未來對環境污染物鑑識及追蹤，做更精確的評估。
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壹、目的
環境法醫鑑識技術近年來漸受到全世界關注，鑑識過程具有極高的複雜度。為持續了解國際研究趨勢、分析技術交流及收集最新研究成果，本所乃派員參加本（98）年於加拿大卡爾加利市舉行2009年國際環境法醫研討會，除發表論文和各國與會專家學者分享本所工作成果外，亦期望藉此大會交流學習先進國家之經驗，以提升本所分析技術。同時也與環境法醫相關學者與研究機構交流聯繫，作為未來經驗與技術交流之基礎。藉由參與國際會議研討會，瞭解目前環境鑑識技術在環境污染科學上之應用及遇到的挑戰，同時也學習如何使用現有工具對環境污染物檢測及鑑識，對污染源追蹤做更準確的評估；並汲取先進國家在鑑識科學領域具體作法，以提升本所鑑驗技術。

貳、過程
　　2009年國際環境法醫研討會（2009 International Network of Environmental Forensics Conference）於加拿大亞伯達省卡爾加利市舉行，會期由8月31日至9月2日共計3天。會場位於卡爾加利市TELUS國際會議中心。
　　本次研討會共12個國家近200人與會，發表論文總數達61篇(附件二)，包括3篇專題報告。論文部分包括口頭論文宣讀及壁報論文展示二種。口頭論文宣讀部分共分6大主題分三個場地同時進行，每天每個場地可發表約9至12篇論文，15~30分鐘簡報，5分鐘提問；壁報論文部分，於會議期間同時展示。整體而言，大會安排流程緊湊而順暢。

本次環境法醫研討會論文專題包括如下六大領域：
1.Analytical（分析技術）
· Comprehensive GC x GC 

· Biological Markers in Terrestrial and Marine Environments 

· Quality Assurance and Quality Control of Analytical Data 

· Harmonization Standards for TPH in Soils 

· Application of microbiological techniques 

· International Reference Materials, Standards, and New directives 

2.Data Interpretation and Statistical Techniques（數據擷取及統計）
· Oil Spill Fingerprinting and Source Identification 

· Contaminant Transport Modelling 

· Visualization of Forensic Evidence 

· Statistics ( PCA, PVA, etc) 

· Groundwater Contamination and Characterization 

3.Field Investigations（野外調查）
· Marine Survey and Investigation 

· Legal Sampling Techniques 

· Remote Sensing and Aerial Photography 

4.Case Studies（案例研究） 

· Contaminants of Potential Concern e.g. PAHs, Petroleum Hydrocarbons, Methane, Chlorinated solvents, PCBs 

· Manufactured Gas Plants 

5.Environmental Litigation and Law（環境訴訟及法規）
6.Human Bio-monitoring（人體生態監測）
圖一  大會地點：加拿大卡爾加利市TELUS國際會議中心

圖二  個人與發表之壁報論文合照

圖三  專題演說及口頭論文發表場所會議室之一

圖四  發表專題論文之專家學者(Paul D.Boehm)

圖五  壁報論文展示場所

參、研習心得

　　1989年亞克隆．瓦爾迪茲號（The Exxon Valdez）油輪擱淺並洩出 267,000 桶共 1,100 萬加侖的油進入阿拉斯加威廉王子海峽（Alaska's Prince William Sound, PWS），此次意外造成美國有史以來最嚴重的漏油事件（The Exxon Valdez Oil Spill），也開啟了國際上對相關漏油之鑑識技術及相關調查研究之開端。
溢油指紋鑑別的作用主要在為事故調查處理提供科學證據支持，以彌補其他現場調查的不足，也可協助污染事故調查。通過指紋鑑別，確定溢油來源和種類，可以縮小污染源範圍，提高調查效率，並縮短調查時間。近年來發展環境法醫學這門新興學科，為海洋溢油污染提供研究手段，研究範圍包括鑑定污染源、污染物宿命與傳輸、人體健康及環境污染物的生態效應等，其目的均在於幫助推斷污染事件的製造者和發生時間、原因、污染程度以及對於週遭生態的影響等。本次研討會內容涵蓋不同領域，茲就與國內相關研究較相關之內容，和本次投稿論文較為關聯講者整理介紹如次：加拿大環境部緊急應變科學技術中心溢油部主任王鎮棣博士(Zhendi Wang, Ph.D., Environment Canada, Ottawa, Ontario)在開幕日的專題演說內容「Forensic Fingerprinting & Source Identification of Spill Oil Samples Mixing with Other Hydrocarbons」，主要針對石油指紋鑑別及使用之指標化合物作回顧介紹。由於本所亦積極在發展溢油鑑識技術，相關內容相當具有參考價值。
　　石油指紋研究的範疇包括各種氣態、液態或固態富含碳氫化合物之物質，不管天然存在的原油(crude oil)或精煉過的煉製油 (refined oil)都屬之。油品中油指紋主要受三方面因素影響而表現出差異性：包括原油的形成因素本身之差異性，原油煉製過程形成之特性差異性，和油品溢出到環境中後風化和不同環境基質所產生之油指紋變化之差異性。上述探討石油污染來源長久以來一直都是環境法醫的核心議題。石油中含有數千種碳氫化合物及非碳氫化合物，因而有機會可以找到石油污染的化學指紋，並加以評估其與懷疑污染來源之間的關聯性。近年年來化學指紋在石油污染的鑑定方面有長足的進步，有許多是根源於地質化學上的技術進展，這些技術主要是為探勘及生產原油。以石油的生物指標(biomarker)為例，這些原本是地質學家應用在油源調查方面的研究，在環境法醫上也有廣泛的應用。由生物指標與特徵因子比值對比分析結果，顯示雖然風化作用會改變海域漏油污染油樣的TIC圖譜，但生物指標指紋特性並不受採樣方式及時間所影響，生物指標特徵因子比值則除了TIC圖譜的Pristane/ C17比值與m/z 123圖譜的Homodramine/Dramine比值較易受到揮發風化作用所影響外，其餘各種生物指標特徵因子比值相對表現出很高的穩定性，應可適用於海域漏油污染源之追蹤與鑑識上。對於混合油源之鑑識及判別，則需進一步由圖譜型態和不同特徵因子比例交互比對分析。以下為摘錄Dr. Zhendi Wang原文對風化效應結論之敘述：

Weathering causes considerable changes in the chemical and physical properties of spilled oils. Major chemical compositional changes due to weathering can be summarized as the following:

· For lightly weathered oils, significant losses occur in the low-molecular-weight n-alkanes, however the ratios of n-C17/pristane and n-C18/phytane have been found to be virtually unaltered from those measured for the source oil. Therefore, for fresh or mildly weathered oil products, alkane and isoprenoid analysis may be used for oil source identification. In heavily weathered oils, the n-alkanes, and even the isoprenoids in some cases, may be completely lost. Under such circumstances, GC-FID analysis is of little value for suspect source identification.

· Rapid loss of volatile aromatic compounds including BTEX (benzene, toluene, ethylbenzene, and xylenes) and C3-benzenes. When oils are weathered to a certain degree (approximately in the range of 20-25% weathering), the BTEX and C3-benzenes are completely lost.

· Pronounced decrease in the naphthalenes relative to other alkylated PAH series.

· Development of a profile in each alkylated PAH family showing the distribution of C0 < C1 < C2 < C3.

· Enhancement of the chrysenes relative to other PAH series and significant decrease in the relative ratios of the sum of naphthalenes, phenanthrenes, dibenzothiophenes, and fluorenes to chrysenes.

· Gradual concentration in the relative abundances of biomarker compounds (terpanes and steranes) because of their refractory nature and high resistance to biodegradation. Also, the relative ratios of paired terpane compounds including Ts/Tm, C23/C24, C29/C30, C31 22S/(22S+22R), C32 22S/(22S+22R), C33 22S/(22S+22R) are almost not altered by weathering.
本次研討會現場王鎮棣博士(Dr. Zhendi Wang,Ph.D.ESTD,Environment Canada)及(Stout,Ph.D.NewFields Environmental Forensics Practice,LLC)編著之「Oil Spill Environmental Forensics 」一書中，多位作者如Paul D.Boehm等於會場發表有關油污鑑識技術之相關演說，會中相關學者對於二維GC(Comprehensive Two-Dimensional Gas Chromatography)之應用技術為研討之重點，相關技術值得本組未來考慮之發展方向，茲摘錄有關文中對GC×GC之簡介:
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360 Woods Hole Rd.. Woods Hole, MA 02543.




二維氣相層析儀 (GC × GC) 從1992年設計之初，直到最近幾年其發展才臻於完善，相關的文獻也陸陸續續地發表出來。對於組成成分或基質複雜的樣本，二維氣相層析儀是一個非常適合的分析工具。此技術是基於一特殊的介面 (調節器) 將兩根不同極性的 GC管柱連接在一起，分析物在第一根 GC 管柱分離後，經由調節器維持分離後的效果，一段一段地再送入到第二根 GC 管柱做更進一步的分離，使得之前被第一根管柱分離後還是無法分開的分析物再經過第二根 GC 管柱的分離使其分離開來，相較於傳統的一維氣相層析儀能有更好的分離效果，克服傳統一維氣相層析共析物之困擾，若搭配質譜儀所產生的樣品質譜圖，具有高度辨識能力，由於近年軟體處理能力大幅提升，是國際在分析領域上應用發展主要儀器，以下為摘錄本書第五章圖5-2、5-3對於二維氣相層析儀 (GC × GC)之簡易原理。
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圖 GC×GC應用示意簡圖
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GC×GC之二維圖譜
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2D GC(GC×GC)之應用領域

1989年亞克隆．瓦爾迪茲號（The Exxon Valdez）阿拉斯加漏油事件以來，國際上相關漏油鑑識文獻論述摘述如下:

After the Exxon Valdez spill, geochemical analyses (by Exxon) of shoreline oil residues in the Gulf of Alaska revealed that some of the oil residues were not Alaskan crude from the Valdez, but rather were California-derived oil that had been spilled in the Gulf of Alaska at a much earlier date (Bence et al., 1995, 1996). This example illustrates how the origin of an oil spill can be either constrained or pinpointed by sophisticated chemical analyses that distinguish between various oils. (Wang et al, 2006). We utilize several approaches to determine the origin of oil:
Assessing the origin of oil spills and petroleum soil contamination.
(漏油及土壤石油污染評估及調查)
Whole oil gas chromatography, "Oil Fingerprinting", of the spilled oil and of all of the produced or pipeline oils in the immediate area of the spill can be used to identify the origin of the spill (Sundararaman and Udo, 1998; Staniloae et al., 2001). This approach requires collection and analysis of all nearby potential source oils for the spill. When a positive correlation of spilled oil and facility oil occurs, then the origin of the spill has been determined. If the spilled oil has undergone weathering, water washing, and/or biodegradation, then biomarker analysis and/or other techniques may be required to identify the spill source, as described below. 

Biomarkers, molecular fossils present in an oil, reflect the type and age of the source rock that generated that oil. Specifically, biomarker distributions in an oil reflect (1) the relative abundance of oil-prone vs. gas-prone organic matter in the source, (2) the source rock age, (3) whether the source was deposited in a marine, lacustrine, fluvio-deltaic or hypersaline setting, (4) whether the source lithology was a carbonate or shale, and (5) the thermal maturity at which the source rock generated that oil (e.g., Peters and Moldowan, 1993). Oils from different basins have different biomarker distributions. Since different potential sources of a spill may involve oil derived from different basins, biomarker distributions can be used to either rule out or rule in potential sources of a spill, and can be used to determine if oil in a contaminated area actually represents more than one spill (Stout et al., 2000, 2001). Biomarkers can also be used to assess the origin of some refined hydrocarbon products (Peters et al., 1992; Stout et al., 2005). 

Polycyclic aromatic hydrocarbons (PAH) are another group of compounds present in oil that are especially useful in identifying the source(s) of a spill. A subset of the PAH in oil are products of the diagenesis of steroid, diterpenoid, triterpenoid and hopanoid biological molecules originally deposited in sediments (biomarkers). Several of these biomarkers are present as fully or partially aromatized compounds with multiple aromatic rings; therefore they are polycyclic aromatic hydrocarbons.  These PAH are resistant to biodegradation conditions typically encountered in spill situations and have proved useful for defining a unique fingerprint characteristic of a given oil; this fingerprint can be used to correlate a biodegraded oil to a sample of its non-degraded equivalent, and hence can be use to identify the source(s) of a petroleum release (e.g., Burns, 1997; Stout et al., 2000, 2001). 

Other (non-biomarker) PAH, such as phenanthrene, alkyl phenathrenes, pyrene, benz(a)anthracene, and similar compounds may undergo biodegradation and weathering during post-spill conditions. Analyses for these compounds are useful during the early stages of an oil spill for source identification (Stout et al., 2000, 2001) and at later stages for determining the extent of weathering and biodegradation and the rates of several of the weathering and biodegradation processes. (Lima et al., 2006; Reddy et al., 2002; Farrington et al., 1982).
Different oils commonly have different carbon isotopic compositions. Therefore, carbon isotopic analyses of petroleum samples from a contaminated area frequently can be used to constrain the source of the contaminant and to determine if there is more than one source of oil in a contaminated area (e.g., Bence et al., 1996).
 Monitoring in situ biodegradation of petroleum spills and soil contamination
(現址監測漏油及土壤石油污染生物降解作用)
Microorganisms biodegrade different classes of compounds in petroleum at different rates (e.g., Peters and Moldowan, 1993). As a result, the progressive biodegradation of an oil spill can be monitored by periodic analyses of various compounds in the oil-contaminated soil (e.g., Moldowan et al., 1995; Bence et al, 1996). The early stages of oil biodegradation (loss of paraffins and isoprenoids) can be readily detected by gas chromatographic (GC) analysis of an oil. However, in heavily degraded oils, GC analysis alone cannot distinguish subtle differences in biodegradation due to interference of the unresolved complex mixture (UCM or "hump") that dominates the GC traces. Fortunately, in heavily degraded oils, one can use gas chromatography-mass spectrometry (GC-MS) to quantify the concentrations of biomarkers with differing resistances to biodegradation (e.g., Moldowan and McCaffrey, 1995), allowing the extent of biodegradation to be monitored over time. Recently, the application of GC-GC (comprehensive two-dimensional gas chromatography-gas chromatography) has been shown to be capable of quantitatively resolving many of the compounds in the UCM and providing useful information about weathering and biodegradation, and will certainly prove useful in oil spill "fingerprinting"  (Freisinger and Gaines, 2001; Reddy et al, 2002).  In addition, it has been shown that several of the compounds now resolved from the aromatic hydrocarbon UCM by GC-GC are toxic in laboratory toxicity tests and may have deleterious effects in some oil spill situations (Booth et al, 2007) n an oil, the quantity of a biomarker that is resistant to biodegradation increases as the oil is biodegraded, because such a compound is "concentrated" in the oil by the loss from the oil of the other less-resistant compounds. Therefore, by comparing the concentration of such a resistant compound in a spill with the concentration of the same compound in the original oil, one can estimate how much of the oil has been degraded. For example, Prince et al. (1994) used the concentration in oil of 17a(H),21b(H)-hopane, a biomarker which is relatively resistant to biodegradation, to estimate the extent of biodegradation of oils.
會場摘錄兩篇和本組現有GC-IRMS及GCxGC技術之相關演說論文如下:

The Role of Stable Isotopes in Environmental Forensics
Co-ordinator: 
Paul Philp, Ph.D. (University of Oklahoma)

Objective: 
Introduce stable isotope geochemistry and describe how it may be applied to various environmental problems related to remediation, including the potential for monitoring attenuation of volatile compounds such as PCE, MTBE, and BTEX in contaminated sediments and groundwater.

Overview: 
Stable carbon and hydrogen isotopes have been used for many decades in the petroleum industry, but there has been a virtual explosion in applications in the petroleum exploration, environmental, and forensic geochemical fields with the development of combined gas chromatography-isotope ratio mass spectrometry (GCIRMS). This workshop will present an introduction to stable isotope geochemistry and discuss applications of stable isotopes to various environmental problems, including their potential for monitoring attenuation of volatile compounds such as PCE, MTBE, and BTEX in contaminated sediments and groundwater. The concept of stable isotopes will be introduced, with particular attention to carbon, hydrogen, and chlorine isotopes. Techniques for determination of isotope values will be described along with the advantages and disadvantages of the GCIRMS approach. 

Stable isotopes have an obvious major role in monitoring natural attenuation of contaminants. There already are an extensive number of published applications where stable isotopes have been used for this purpose, particularly with the chlorinated solvents, MTBE and BTEX. At present, stable isotopes are not used routinely for monitoring attenuation of larger molecules, such as PAHs, various pesticide residues, and explosive residues such as TNT, RDX and HDX. However, methods currently being developed may make this possible in the future. The course will provide information on incorporating isotope data into quantitation models to determine the extent and timing of attenuation. Most applications to date have involved the use of carbon and hydrogen isotopes. However, there is a growing interest in the utilization of chlorine and nitrogen isotopes for similar purposes and with time, it is inevitable that these isotopes will be used more commonly in environmental investigations. In addition to the above-mentioned topics, novel applications of stable isotopes to problems involving the emerging area of biofuels and renewable fuels will also be discussed in detail. 
Multidimensional GCxGC Fingerprinting for Environmental and Biological Forensics 
Coordinator:  
Donald G. Patterson, Jr. (Trium)

Objectives: 
To introduce the technology and development of GCxGC, within environmental and human forensics, supported with examples of applications and case studies. 

Overview:
The number of chemicals measured by routine laboratories has limited uses in environmental forensic investigations involving chemical fingerprinting.  A technology is currently available that allows the separation of thousands of chemicals using comprehensive two-dimensional gas chromatography (GCxGC).  In addition to the large increase in resolving power of the GCxGC system, it also allows a three-dimensional visualization of the data in support of the environmental forensics investigation. The comprehensive GCxGC approach utilizes two columns with different separation characteristics such as a polar and a non-polar column. This approach generates three-dimensional structured chromatograms that constitute a fingerprint which is characteristic of the source matrix.    The GCxGC system can be coupled with many different detection systems.  The most powerful system involves the use of time of flight mass spectrometry (TOFMS) which collects full scan spectra at the sensitivity of conventional mass selective detectors set in selected ion monitoring mode. This increase in sensitivity using the GCxGC system (a factor of ~10) is due to the focusing effect of the modulation device located between the first and second GC column.  Through the collection of full scan spectra, any of the thousands of chemicals can be identified by comparing to known spectral libraries. This Workshop will have speakers covering a wide range of topics including: The history and analytical advances leading to this new technology; the use of GCxGC in environmental (soils, oils, gasoline, dust) and human (blood and urine) forensics; the use of GCxGC in various matrices of SRMs; Chemometric approaches to forensic GCxGC data.

以上二篇專題主要是介紹二維氣相層析質譜儀、燃燒同位素質譜儀及飛行時間質譜儀在鑑識之應用，和本組目前新興發展儀器直接相關，所以特別簡介如下：課程中了解由儀器之構造、分析原理、儀器分析條件之設定、實驗方法之評估、定性及定量分析法，並與其他化學分析儀器在鑑識之應用之優缺點比較，使能更進一步汲取上述儀器在鑑識之應用新知。二維氣相層析質譜儀係利用Deans switch之技術，將二支不同極性之層析管結合，將欲分析之樣本經第一支層析管分離，再轉接至第二支層析管分離，最後以質譜儀分析。此種鑑驗技術可將複雜之樣本，經二支層析管分離後達到更高分離解析度，以強化複雜之混合物分離及分析之功能。氣相燃燒同位素質譜儀是近年來發展的新技術，其原理係利用氣相層析儀將有機化合物中的成分分離後，再將各成分燃燒成CO2及H2O，經過除水步驟後，CO2進入同位素質譜儀中分析，並定出13CO2及12CO2的含量及比值。此分析技術可應用於不同地區來源或污染源鑑定。飛行時間質譜術是利用飛行時間質譜儀來鑑定原子或分子的技術，當中性的原子或分子在靜電場中瞬間被游離時，即成為具有動能的離子，這些離子被加速飛行經過大約一米的零電場導管到達粒子偵測器，由於飛行距離是已知的定數，精確記錄的離子飛行時間，即可得到離子的速度，測得的離子飛行時間即可得到精確原子或分子的質量，一般可得到分子的質量為小數點後四位，此可利用之精確分子量資料做電腦搜尋比對分析。
                        肆、建議事項
本次參加於加拿大卡爾加利舉行的國際環境鑑識研討會，雖然只有3天的會程，但論文報告演說及規劃程序相當緊湊精彩，礙於時間及場次安排僅能擇一參加聽講,無法一一參與各場次之精采演說，甚為可惜。此次由大會安排之主題及發表之論文類型與內容，可以發現國際上正積極發展之技術IRMS、GC-TOF，GC×GC、GC-MS等鑑識技術，特別強調是GC×GC搭配不同之偵測器新技術如TOF等，期望本所之研發方向亦可朝國際趨勢積極發展相關技術。個人感覺此行頗有收穫，雖然僅僅3天研討會，了解先進國家如美加等對鑑識技術的發展，相信對日後工作會有相當的幫助。如果預算及時間許可，建議能派員規劃相關政策之業務的同仁積極參與國內外類似研討會，俾能對未來本所政策規劃及檢測技術領域之開展有所助益。

附件一(發表之論文英文摘要)

Investigation Over The Liability For The Spill Oil In An Oil Leakage Accident In The North Sea Territory Of Taiwan
An-Fu Kuo*, Suh-Huey Wu**, Shi-Kwun Wang*, Ying-Ming Wong*
*Environmental Analysis Laboratory, EPA Taiwan

** Exploration & Development Research Institute, Chinese Petroleum Corp.
Abstract
An oil leakage case took place near the north shore of Taiwan on November 10th, 2008. On the way from Singapore to Busan Harbor of Korea, a cargo freighter Morning Sun ground at the exterior bay of Shimen, Taipei County.  About 100 tons of spilled heavy oil polluted over about 2 kilometers band area of the shore. It was judged to be a secondary marine oil spill case by EPA Taiwan and initiated an investigation over the damage and liability of the oil leakage case.

Within two days after the accident, we have collected oil samples from both the polluted shore area and the oil tank in the suspected leak source freighter. 493 tons of heavy oil and 64 tons of diesels were found in the freighter tank. GC/MS and biomarker matching procedure are the two key method used for the comparing of samples collected. Although the characteristic pattern exist some difference between the two samples, we found that their biomarker exhibit identical characteristic in m/z=123 for diterpanes and m/z=191 for tricyclic to pentacyclic terpanes biomarkers which offer a strong clue for the origination of the heavy oil found in the shore.

This is the first successful spill oil investigation case in Taiwan. Along with the emergency response remediation actions and clean up procedures taken for such marine pollution case, it is also very critical to analyze the oil sample collected on the polluted site to characterize their identities and physical or chemical properties. These information can provide not only the necessary data required for the remediation and marine life conservation works, but also for the evaluation of damage in biological, chemical and economical respects. Due to the characteristic and stable features of the representative biomarkers existing in petroleum products, we have proved the potential application in environmental forensics in this case. Future study will be focused on the application of Diagnostic Ratio in this case.     

Keywords: oil spill investigation, biomarker, marine pollution, Environmental Forensics

附件二(大會議程)

MONDAY, AUGUST 31, 2009

7:30‐8:30 BREAKFAST AND REGISTRATION

8:30‐8:35 Welcome and Opening Address Robert Morrison, Ph.D., INEF., Hawaii

8:35‐8:40 Keynote Speakers‐Introduction Steve Mudge, Ph.D., Exponent/Bangor University, Bangor

8:40‐9:10

Forensic Techniques for Chlorinated Solvents

Brian Murphy, Ph.D., Exponent, Sarasota, Florida

9:10‐9:40

Forensic Fingerprinting & Source Identification of Spill Oil Samples Mixing with Other Hydrocarbons

Zhendi Wang, Ph.D., Environment Canada, Ottawa, Ontario

9:40‐10:10

Forensic Advances in Statistical Analysis of Environmental Data

Glenn Johnson, Ph.D,. University of Utah, Salt Lake City, Utah

10:10‐10:30 COFFEE/REFRESHMENT BREAK

BREAK OUT PLENARY SESSIONS

ROOM A

Age Dating

Moderator –Brian Murphy, Ph.D.

ROOM B

Petroleum Hydrocarbons

Moderator – Zhendi Wang, Ph.D.

ROOM C

Legal Sampling and Strategies

Moderator‐Court Sandau, Ph.D.

10:30‐11:00

Scientist as Historians or Historians as Scientists: Developing Useful History for Litigation on Groundwater Contamination by TCE

Stanely Feenstra, Ph.D., Applied Groundwater Research Ltd., Mississauga, Ontario

Biomarkers In Environmental Forensics

Paul Philp, Ph.D. University of Oklahoma, Ada, Oklahoma

Legal Sampling Techniques: Training Programs for Environmental Sampling

P.G. Lambert, Environment Canada, Ottawa, Ontario

11:00‐11:30

Quantitative Hydrocarbon Weathering Indices Using GC/FID Analytical Results:The Simpler the Better

Michael J. Wade, Ph.D., Wade Research Inc., Marshfield, Massachusetts

Research on Spilled Oil Identification from Different Mixture Rates

Zhenhui Gao, Key Laboratory of Marine Spill Oil Identification and

Damage Assessment Technology, Qingda, Shandong

Sampling Strategies in Environmental Criminal Cases

Marion Stelling, Netherlands Forensic Institute, The Hague

11:30‐12:00

Forensic Dendroecological Methods for Age‐Dating Petroleum Releases to Soil and Groundwater: The Use of Elemental Markers

Gil Oudijk, Triassic Technology Inc., Rio de Janerio

Oil Profiling of a Diesel Spill at Sea: Combining Semi ‐ Volatile Organics and Trace Metal Analysis

Sonia Campbell, University of Hawaii, Honolulu

Environmental Forensics and Environmental Law In a French and European perspectives : A Two Way Process

Yvan Razafindratandra, Adamas, Paris

12:00‐1:00

LUNCH WITH INVITED SPEAKER PRESENTATION

Current Perspectives on the Use of Soil Forensics in the Detection of Crime

Lorna A. Dawson, The Macaulay Institute , Aberdeen, Scotland

ROOM A

Stable Isotopes

Moderators‐Diane Saber, Ph.D.

ROOM B

Petroleum Hydrocarbons

Moderator – Glenn Johnson, Ph.D.

1:00‐1:30

Stable Isotope In Environmental Forensics

Paul Philp, Ph.D., University of Oklahoma, Ada, Oklahoma

Application of Environmental Microbiology in Oil Field and Oil Spill

Mutai Bao, Ph.D., Ocean University Of China, Qingdao, Shandong

1:30‐2:00

Hydrocarbon Source Apportionment using Compound‐Specific Carbon Isotope Analysis at a Multiple PRP UST Site

Thomas J. Boyd, Ph.D., National Science Foundation, Arlington, Virginia

Sources of Petroleum Pollution: New Dimension of Hopane

Mahyar Sakari, Ph.D., National University of Malaysia, Selangor

2:00‐2:30

Isotope Investigation with Small Sample Sets – Doing More with Less?

Julie K. Sueker, Ph.D., ARCADIS, Denver, Colorado

Evaluation of Chemical Mixing Models in Identifying and Allocating Spilled Crude Oil from Sediment Background in the Arthur Kill

Paul D. Boehm, Ph.D., Exponent, Maynard, Massachusetts

2:30‐3:00

Compound‐Specific H Isotope Forensics of Lightly Refined Petroleum Products:a Case Study

Yi Wang, Ph.D., Zymax Forensic Laboratory, Escondido, California

Cluster Analysis of Forensics Data of Petroleum Hydrocarbons

Jun Lu, Ph.D., AECOM Environmental, Long Beach, California

ROOM C

Manufactured Gas Plants (MGPs)

Moderator‐ P.G. Lambert

Brian Murphy, Ph.D., Exponent, Sarasota, Florida

David Mauro, META Environmental, Watertown, Massachusetts,

Stanley Feenstra, PhD., Applied Groundwater Research Ltd., Mississauga,

Ontario

3:00‐3:30 COFFEE/REFRESHMENT BREAK

ROOM A

Stable Isotopes

Moderator Gwen O’Sullivan, Ph.D.

ROOM B

Hydrocarbons

Moderator – Michael Wade, Ph.D.

ROOM C

PAHs Urban Background

Moderator – Dave Mauro, Ph.D.

3:30‐4:00

Tracking Cumulative Effects From Sulfur Deposition in the Foothills of Southern Alberta: An Isotope Approach

Ann‐Lise Norman, Ph.D., University of Calgary, Calgary, Alberta

Refinery Leak Detection Using Petroleum Forensics

Alan W.A. Jeffrey, PhD., Zymax Forensic Laboratory, Escondido, California

The Three‐Part Approach to PAH Source Identification and Apportionment in Sediments as Applied to Petroleum, Refined Fuels, Coaltars, Smelters, and Combustion Sources

Paul D. Boehm, Ph.D., Exponent, Maynard, Massachusetts

4:00‐4:30

Advances in Analysis for Non‐Traditional Stable Isotopes: Application for Cr,Cu, Hg, Mo, Se, and Zn

Julie K. Sueker, Ph.D., ARCADIS, Denver, Colorado

Source Identification of Hydrocarbons Following Spill Events

Deib Birkholz, Ph.D., ALS, Edmonton, Alberta

Carbon and Hydrogen Compound Specific Isotope Analysis of PAHs: Study of a Former Manufactured Gas Plant

Antoine Assal, Ph.D., University of Stratclycde, Glasgow

4:30‐5:00

Applying Chemical and Isotopic Forensics to Characterize and Determine Origins of Natural Gas in the Environment

Brian Szatkowski, GCHEM Ltd, Lloydminster, Alberta

Effects of UV Irradiation on Crude Oil by Synchronous Fluorescence and GC‐MS Analysis

Chengwen Song, Ph.D., Dalian Maritime University, Dalian, Liaoning

PAHs in Urban Background: Distribution and Forensic Value

David Mauro, Ph.D., META Environmental, Inc., Watertown,

Massachussetts

5:00‐5:30

Unveiling intra‐molecular Carbon Isotopic Variations in Contaminants:Development of Online Position Specific Isotope Analysis

Caroline Gauchotte, Ph.D., University of Stratclycde, Glasgow

The Role and Importance of Particle Dimensions and Stationary Phase Chemistry for Silica‐Based UHPLC Columns

Frank L. Dorman, Ph.D., Restek Corporation, Bellefonte, Pennsylvania

Parallel Lines of Evidence to Verify Natural Attenuation Processes:Results of Collaborative Efforts

Diane Saber, Ph.D., Gas Technology Institute, Chicago, Illinois

5:30 ADJOURN

6:00‐8:00 BANQUET

Website: www.inefconference.com

TUESDAY, SEPTEMBER 1, 2009

7:30‐8:30 BREAKFAST

ROOM A

Statistical, Modeling

Moderator – Jun Lu, Ph.D.

ROOM B

Visualization and Remote Sensing

Moderator – Jamie Johnston‐Stewart, Trium

ROOM C

Air Pollution

Moderator – Peiyan Sun, Ph.D.

8:30‐9:00

Tracking Sewage

Steve Mudge, Ph.D., Exponent/Bangor University, Bangor, Wales

Visualization of Air and Groundwater Contaminant Fate and Transport

David Griffin, J.D., Caulfield and James, San Diego, California

Fugitive Dust: Methods For Estimating Emission of Contaminated Wind‐Blown Particles

Walter Shields, Ph.D., Exponent, Bellevue, Washington

9:00‐9:30

Identifying Sources of Organics Contaminants in Soil/Sediment Using Chemometric Techniques

Norashikin Saim, Ph.D., MARA University of Technology, Malaysia

The Use of Remote Sensing in the Detection and Prosecution of Environmental Law From Country Planning and Zoning to Federal Court

Alan Cibuzar, A.W. Research Laboratories Inc., Brainerd, Minnesota

S and B isotope Variation to Track Air Pollutant Deposition in the Castle River of Southern AB, Canada

John Guanhua Xie, University of Calgary, Alberta

9:30‐10:00

The Use of Receptor Modeling to Apportion Sources Affecting Chemical Composition of Particles at the Black Sea Atmosphere

Gurdal Tuncel, Ph.D., Middle East Technical University, Ankara

Application of CDOM Fluorescence to Indicate Physical Dynamics of the Surface Ocean

Yong Zhang, Ph.D., Xiamen University, Xiamen, Fujian

Thermal Desorption Aerosol GC*GC System (2D‐TAG) for the Analysis of the Semi‐Volatile Organic Fraction of PM2.5

Tadeusz Górecki, Ph.D., University of Waterloo, Waterloo, Ontario

10:00‐10:30 COFFEE/REFRESHMENT BREAK

ROOM A

Statistical Modeling

Moderator – Alan Jeffrey, Ph.D.

ROOM B

Persistent Organic Pollutants

Moderator – Paul Philp, Ph.D.

ROOM C

Ground and Surface Water

Moderator – Caroline Gauchotte, Ph.D.

10:30‐11:00

Statistical Techniques for Differentiating Sources of Arsenic at a Former Iron Mine, USA

Julie K. Sueker, Ph.D., Arcadis, Denver, Colorado

Patterns of Persistent and Non‐Persistent Chemicals in Human Biomonitoring Studies

Donald G. Patterson Jr., Ph.D., TRIUM, Cochrane, Alberta

Changes in Geochemistry during Enhanced Redcuctive Dehalogenation and Impacts on Stable Isotopes of Carbon and Chlorine

Gregory J. Smith, DPRA, Illinois, Chicago

11:00‐11:30

Use of Statistical Tools to Improve Confidence in Analytical Conclusions

Jun Lu, Ph.D., AECOM Environmental, Long Beach, California

Dioxin and Furan Source Identification Techniques

Walter Shields, Ph.D., Exponent, Bellevue, Washington

Natural Attenuation Mechanisms for Chlorinated Solvents in the Groundwater and Soil Vapour at an Abandoned Landfill

Tom Dance, EBA Engineering Consultants Ltd, Calgary, Alberta

11:30‐12:00

Laboratory Measurement Uncertainty

Chris Swyngedouw, Ph.D., Exova, Calgary, Alberta

Overview of Environmental SRMs Including Human Serum and Milk for Persistent Organic Pollutants (POPs)

Michele M. Schantz

Analytical Chemistry Division, NIST, Gaithersburg, MD 20899

Effects of Flow Depth and Vegetation on Roughness of Natural Waterways

M. Fathi‐Moghadam, Ph.D., Shahid Chamran University, Ahvaz

12:00‐1:30

LUNCH WITH INVITED SPEAKER PRESENTATION

“Cold Leadership” ……into The Last Great Wilderness. A presentation illustrating the extraordinary leadership capabilities of the failed Antarctic expedition of Ernest Shackleton

Brian Keating, Calgary Zoo, Calgary, Alberta

WORKSHOPS

1:30‐3:30

ROOM A

Forensic Environmental Geochemistry; Petroleum Fuels

Alan Jeffrey Ph.D., Zymax Forensic Laboratory, Escondido, CA

Michael Wade, Ph.D., Wade Research, Marshfield, Massachusetts

ROOM B

Multidimensional GC*GC Fingerprinting for Environmental and Biological Forensics

Donald G. Patterson, Ph.D., TRIUM, Cochrane, Alberta

ROOM C

Microbial Source Tracking: Applications in Environmental Forensics

Raul J. Cano, Ph.D., Michael Black, Ph.D. and Christopher Kitts, Ph.D.,

California Polytechnic University, San Luis Obispo, California

COFFEE/REFRESHMENT BREAK

3:15‐5:00

Age Dating

Paul Philp, Ph.D., University of Oklahoma, Ada, Oklahoma

Gil Oudijk, Triassic Technology Inc., Rio de Janerio

Multidimensional GC*GC Fingerprinting for Environmental and Biological Forensics

Donald G. Patterson, Ph.D., TRIUM, Cochrane, Alberta

Automatically Computerized System of Quick Oil Fingerprint Analyses and Identification and Visual Management System of Oil Information

Zhenhui Gao and Peiyan Sun, Ph.D., Key Laboratory of Marine Spill Oil

Identification and Damage Assessment Technology, Qingdao

5:00 ADJOURN

WEDNESDAY, SEPTEMBER 2, 2009

7:30‐8:30 BREAKFAST

8:30‐10:00

ROOM A

The Role of Stable Isotopes in Environmental Forensics

Paul Philp, Ph.D., University of Oklahoma, Ada, Oklahoma

ROOM B

Use of Statistics in Environmental Forensic Investigations

Glenn Johnson, Ph.D., University of Utah, Salt Lake City, Utah

Steve Mudge, Ph.D., Exponent/Bangor University, Bangor, Wales

ROOM C

Legal Sampling and Data Validation for Environmental Litigation

Court Sandau, Ph.D., TRIUM, Calgary, Alberta

10:00‐10:30 REFRESHMENT BREAK

10:30‐12:30

Natural Resource Damage Assessment

Paul D. Boehm, Ph.D., and Nicholas Gard, Ph.D., Exponent,

Maynard, Massachusetts

Weathering and Chemical Fingerprinting of Spilled Oil in the Environment

Zhendi Wang, Ph.D., Environment Canada, Ottawa, Ontario

MTBE Products Liability Litigation: the Role of Hydrogeologic Investigation

Nicole Sweetland, Ph.D., Daniel B. Stephens & Associates, Inc,

Santa Barbara, California
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