
PROGRAM BOOKLET AND ABSTRACTS

68th Tobacco Science 
Research Conference

Volume 68

September 28–October 1, 2014
Charlottesville, Virginia, USA

Hosted by 
delfortgroup





III



IV



       September 29, 2014

Dear Delegates,

The City of Charlottesville enthusiastically welcomes attendees to the 68th Annual Tobacco Science 
Research Conference. You’ve selected a wonderful venue by having this conference in the city that’s best 
known for Thomas Jefferson, the author of our nation’s Declaration of Independence. The Omni Hotel of 
Charlottesville is but steps away from our historic pedestrian mall that was once known in colonial times 
as Three Notch’d Road. Today, you’ll find more than 60 unique dining experiences, plenty one-of-a kind 
local retail shops, and theaters that host some of entertainment’s biggest stars. We invite you to take in as 
much as your schedule allows! Additionally, Charlottesville is home to two presidential homes—Thomas 
Jefferson’s Monticello and James Madison’s Ash Lawn-Highland—and the architecturally famous Rotunda 
and Academical Village on the Grounds of the University of Virginia, also designed by Thomas Jefferson. 
Monticello and the Rotunda are both UNESCO World Heritage Sites.

We wish each of you a productive and memorable time at this year’s conference and invite you to 
learn more about what to do while in Charlottesville by visiting www.visitcharlottesville.org or strolling to 
the end of the historic mall to stop in to meet with our Travel Specialists at the Downtown Visitor Center.

Most Sincerely,

Kurt Burkhart
Executive Director
Charlottesville Albemarle Convention and Visitors Bureau 

www.visitcharlottesville.org
P.O. Box 178, Charlottesville, VA 22902, Telephone: 434.293.6789



2

Program and abstracts 
Volume 68

2–6 p.m.

9 a.m.–6 p.m.

7–9 p.m.

8 a.m.–5 p.m.

8:15–10 a.m.

10–10:30 a.m.

10:30–11:30 a.m.

11:30 a.m.–1 p.m.

12:30–2 p.m.

2–3:20 p.m.

3:20–3:40 p.m.

3:40–5 p.m.

Conference registration and information desk open 
Omni atrium

Conference registration and information desk open
Pre-function area

Welcome reception, hosted by delfortgroup
Omni atrium 

Conference registration and information desk open
Pre-function area

General session
Ballroom

Coffee break
Pre-function area

General session
Ballroom

Lunch
Omni atrium

Poster sessions
Preston Room

Afternoon sessions
Ballroom

Coffee break
Pre-function area

Afternoon sessions
Ballroom

68th Tobacco Science Research Conference
General Program

Saturday, September 27

Sunday, September 28

Monday, September 29
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8 a.m.–5 p.m.

8:10–9:50 a.m.

9:50–10:20 a.m.

10:20 a.m.–12 p.m.

12–1:30 p.m.

1:30–2:50 p.m.

2:50–3:20 p.m.

3:20–5 p.m.

4 p.m.

6:45–11 p.m.

8:30–9:50 a.m.

9:50–10:20 a.m.

10:20 a.m.–12 p.m.

Conference registration and information desk open
Pre-function area

Morning sessions
Ballroom

Coffee break
Pre-function area

Morning sessions
Ballroom

Lunch
Omni atrium

Afternoon sessions
Ballroom

Coffee break
Pre-function area

Afternoon sessions
Ballroom

TSRC Business Meeting
Wilson Room

Night at the Theater
Paramount Theater

Morning sessions
Ballroom

Coffee break
Pre-function area

Morning sessions
Ballroom

Tuesday, September 30

Wednesday, October 1

68th Tobacco Science Research Conference
General Program
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Michael W. (“Mike”) Ogden, a native of Virginia, received B.S. degrees in both 
Chemistry and Applied Mathematics from Emory & Henry College, and a 

Ph.D. in Analytical Chemistry from Virginia Tech. In 1985, he joined the Research & 
Development Department of R.J. Reynolds Tobacco Company in Winston-Salem, 
North Carolina, as a research chemist. R.J. Reynolds is a subsidiary of Reynolds 
American Inc.

His initial work was focused on development of markers, methods, and 
measurements to determine the chemistry of and exposure to environmental 
tobacco smoke (ETS). His work with his team led to the establishment of many 
official methods of analysis, including AOAC, ASTM, CORESTA, EPA, and ISO. In 

recognition, Mike received the 1991 AOAC Associate Referee of the Year Award, the 1992 TSRC Distinguished 
Achievement in Tobacco Science Award, and the 2002 CORESTA Prize.

Within R.J. Reynolds, Mike held various scientific and research management positions over 25 years. 
After rising to Principal Scientist in 1998, he became Director of Biological Chemistry in 2001 and Senior 
Director of Human Studies in 2006, reflecting an increased research interest in biochemistry, toxicology, 
and epidemiology. During this time, he led one of the company’s first randomized controlled clinical trials 
to examine levels of biomarkers of exposure in smokers who switched to potentially reduced exposure 
products and was the first to investigate metabolomics in biofluids of smokers using various tobacco 
products. 

Since 2009, Mike has been Senior Director of Regulatory Oversight at another Reynolds American 
subsidiary, RAI Services Company, where he is responsible for scientific and regulatory engagement for all 
Reynolds American tobacco operating companies.

Mike has been actively involved in TSRC and CORESTA over the past three decades. In TSRC, he 
has been member and chair of the Program Editorial Committee, member of the Analytical Methods 
Committee, and has been on the organizing committee of several conferences. In addition, he was a 
primary proponent and led the charge in 1998 for the name change of the Tobacco Chemists’ Research 
Conference (TCRC) to the present Tobacco Science Research Conference (TSRC) in order to better reflect a 
multidisciplinary approach to tobacco research beyond chemistry (in vitro and in vivo toxicology, human 
studies, etc.).

In addition to active roles within various CORESTA Task Forces and Sub-Groups, Mike was a member 
of the Scientific Commission from 1996–2002. He led the 2002 CORESTA Congress organizing committee 
and has played determinant roles in moving CORESTA forward in looking at biological effects of tobacco 
products and in fulfilling its mission to promote international cooperation in scientific research relative 
to tobacco. He became R.J. Reynolds’ representative on the CORESTA Board in 2004 and, since then, has 
served two terms each as CORESTA’s Vice-President and President. He is widely regarded in CORESTA for 
his strategic views on driving change and transformation within the tobacco industry at a global level. For 
service to CORESTA, Mike has been awarded the CORESTA bronze, silver, and gold medals in 2000, 2006, 
and 2014, respectively.

Mike has been a member of ACS since 1984, AOAC since 1987, and ASTM since 1994, as well as an 
Editorial Board member of Tobacco Science 1996–2004, an Executive Board member and Treasurer of ANSI 
TAG ISO/TC 126 since 1997, an Advisory Board member of Beiträge zur Tabakforschung International since 
1998, and an Adjunct Professor of Chemistry at Virginia Tech since 2006. He has authored or co-authored 
over 80 technical publications and more than 100 conference presentations, and holds 3 patents.

Significant mentors have been Ray Spell, Harold McNair, Alan Rodgman, and Charles Green.

Mike and his wife, Diane, reside in Winston-Salem and are parents of two sons, Eric and Robert.

Lifetime Achievement AwArd

Dr. Michael W. Ogden
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68th tobacco Science ReSeaRch confeRence  
Interdisciplinary Perspectives on Governmental Regulations of Tobacco Products

Combined Session
Monday, September 29, 2014

8:15–8:30 a.m.

8:30–9:15 a.m.

9:15–10 a.m.

10–10:30 a.m.

10:30–11:30 a.m.

11:30 a.m.–1 p.m.

12:30–2 p.m.

Welcome

1. Integrating Chemical, Toxicological and Clinical Research to 
Assess the Potential of Reducing Health Risks Associated with 
Cigarette Smoking Through Toxicant Regulation
Chris Proctor, Christopher Shepperd, Kevin McAdam, Alison 
Eldridge and Clive Meredith, Group Research and Development 
Centre, British American Tobacco, Regents Park Road, 
Southampton, UK

2. Interaction of Tobacco Product, Mouth Level Intake, and 
Biomarker Measurements on Exploring Exposure Assessments 
Cliff Watson, Centers for Disease Control and Prevention, Atlanta, 
Georgia, USA

Coffee break

3. Molecular Biology-Based Approaches for Facilitating 
Compliance of Future Tobacco Products in an FDA Regulatory 
Environment
Ralph Dewey and Ramsey S. Lewis, Crop Science Department, 
North Carolina State University, Raleigh, North Carolina, USA

Lunch

Poster sessions

4. Evaluation of Methodologies for the Determination of 
Carbonyls in Smokeless Tobacco Products 
Regina Ballentine, Karl Wagner, Jason W. Flora, and Naren Meruva; 
Altria Client Services, Richmond, Virginia, USA 

5. The Use of Precision-Cut Lung Slices to Assess Inflammation, 
Parenchymal Damage, and Collagen Deposition: Three Markers 
of Tobacco Exposure-Induced Pulmonary Toxicity
Holger P. Behrsing; Institute for In Vitro Sciences, Inc., Gaithersburg, 
Maryland, USA

6. Validation of a Smoking Puff Analyzer for Use with an 
Electronic Cigarette Prototype
David Bennett, Chris Connell, Andrea Vansickel, Jeffery Edmiston, 
and Naren Meruva; Altria Client Services, Richmond, Virginia, USA



6

Program and abstracts 
Volume 68

7. Retrospective Analysis of Data from Cigarette Smoke Mouth 
Level Exposure (MLE) Studies
Sheri A. Bowman, John Caraway, Peter Chen, and Paul R. Nelson; R.J. 
Reynolds Tobacco Company, Winston-Salem, North Carolina, USA

8. Evaluation of an Online, Puff-By-Puff Method for the 
Determination of Nitric Oxide, Nitrogen Dioxide, and Total 
Mono-Nitrogen Oxides in Fresh Mainstream Smoke
I. Gene Gillman and Johnathon D. Blomberg; Enthalpy Analytical 
Inc., Durham, North Carolina, USA
Ian F. Tindall, Linda A. Crumpler, and James H. Vincent; Cerulean, 
Milton Keynes, UK

9. Determination of the Chinese Cigarette Harm Index 
Reduction Utilizing Various Filtration Technologies: Cellulose 
Acetate, Carbon-On-Tow, and CelFX™ Carbon 
Gu Haibing, Shen Jingjing, and Miao Jianjun; Nantong Cellulose 
Fibers Co., Nantong, China 

10. Determination of 17 Free Amino Acids in Tobacco Products 
Using UPLC with UV Detection
Cathy X. Jin, Celeste T. Wilkinson, John Miller, and Naren Meruva; 
Altria Client Services, Richmond, Virginia, USA

11. The Effect of Paper Composition Changes on Double Wrap 
Cigarettes
Dae-Young Kim, Yong-Jin Choi, Sung-Ju Oh, Jae-Hyun Lee, and Seok-Su 
Jang; KT&G R&D Headquarters, Daejeon, South Korea 

12. Characteristics and Composition of Mainstream Smoke 
from 10 RYO Tobacco Brands Sold in Spain: Effects of Additives 
Capable of Reducing the Evolution of Carbon Monoxide, 
Nicotine, and TPM
Antonio Marcilla, M.I. Beltrán, A. Gomez-Siurana, I. Martínez, and D. 
Berenguer; Alicante University, Alicante, Spain

13. Thermal Decomposition of Tobacco/Glycerol/SBA-15 
Mixtures in Nitrogen and Air Atmospheres 
Antonio Marcilla, M.I. Beltrán, A. Gomez-Siurana, I. Martínez, and D. 
Berenguer; Alicante University, Alicante, Spain

14. Selected Primary Aromatic Amines (PAAs) in E-Cigarette 
Vapor by GC-MS
Alexandra Martin and Fraser Williamson; Arista Laboratories, 
Richmond, Virginia, USA
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15. A Comparison of Two Methods for the Quantification of 
Tobacco-Specific Nitrosamines in Human Urine
Patrick S. Miller, Alan M. Dzerk, G. Paul Brown, Ridha Nachi, Christine J. 
Kafonek, and Kirk E. Newland; Celerion, Lincoln, Nebraska, USA

16. Inflammatory Cytokine Profiles in the Plasma and Saliva of 
Chronic Smokers and Moist Snuff Consumers
G. L. Prasad and Bobbette A. Jones; R.J. Reynolds Tobacco Company, 
Winston-Salem, North Carolina, USA

17. Global Profiling of Metabolites from Saliva of Tobacco 
Consumers 
G. L. Prasad, Bobbette A. Jones, and Eckhardt Schmidt; R.J. Reynolds 
Tobacco Company, Winston-Salem, North Carolina, USA 
Adam D. Kennedy; Metabolon, Durham, North Carolina, USA

18. Drying Process of Flue-Cured Tobacco Leaves Using 
Intelligent Control System
Mohsenzadeh Reza, Taherkhani M., Shamel rostami M. T., Seraji 
M. R., and Kordjazi E.; Tirtash Research & Education Center, Iranian 
Tobacco Company

19. Manufacture of Semi-Modern Barn for Curing Oriental Tobacco
Mohsenzadeh Reza, Seraji M. R., Ahmadi M., Davanlo A. R., and Alinejad 
R.; Tirtash Research & Education Center, Iranian Tobacco Company

20. Comparison of Quality Characteristics and Labor Costs 
of Flue-Cured Tobacco Using New Boxes and Conventional 
Methods in Bulk Curing
Mohsenzadeh Reza, Shamel rostami M. T., and Seraji M. R.; Tirtash 
Research & Education Center, Iranian Tobacco Company

21. An M-Type Thioredoxin Affects Potyvirus Infection in 
Tobacco Cells
Meng-ao Jia, Hancheng Wang, Xingjiang Chen, Ning Lu, and Yi Cao; 
Guizhou Academy of Tobacco Science, Guiyang, Guizhou, China

22. Long-Term Assessment of Urine and Urine Extract Stability 
at -70°C for Urine Mutagenicity Analysis
Eckhardt Schmidt and Walter Morgan; R. J. Reynolds Tobacco 
Company, Winston-Salem, North Carolina, USA

23. Improved Method for Determination of Tobacco-Specific 
Nitrosamines (TSNAs) in Tobacco and Tobacco Smoke by Ultra 
Performance Liquid Chromatography-Tandem Mass Spectrometry
Niti Shah, Jason W. Flora, and Naren Meruva; Altria Client Services, 
Richmond, Virginia, USA 
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24. Simultaneous Determination of Nicotine, Propylene Glycol, 
Glycerin, Menthol, Ethanol, and Water in Electronic Cigarettes 
by Gas Chromatography
Tyler Smith and Naren Meruva; Altria Client Services, Richmond, 
Virginia, USA

25. The Determination and Comparison of Hydrogen Cyanide 
(HCN) Levels in the Mainstream Smoke of Three Reference 
Cigarettes Using Three Different Analytical Techniques to 
Understand Differences and Variability Between Methods
Andy Stinson, Barbara Whitehead, and Amanueal Tewolde; Liggett 
Group LLC, Mebane, North Carolina, USA
Amelia M. Paolantonio, Erik T. Alvarez, and I. Gene Gillman; Enthalpy 
Analytical Inc., Durham, North Carolina, USA

26. HPHCs-Validation of Method: Limitations in the “Accuracy 
Profile”
V. Troude, Sophie Gadois-Pommereul, Maryline Blanchet, Gérard 
Bru, and Matthieu Dubois; SEITA/Imperial Tobacco, Fleury-les-
Aubrais, France

27. Analysis of Volatile Components of Tobacco Absolute Oil by 
Using GCxGC-TOFMS and Retention Index
Kai Wang and Ruizhi Zhu; R&D Center of China Tobacco Yunnan 
Industrial Co., Ltd., Kunming, China 

28. Determination of Nicotine in the Tobacco Extracts by Using 
Ultra-Performance Liquid Chromatography with Photo-Diode 
Array Detection
Kai Wang and Ruizhi Zhu; R&D Center of China Tobacco Yunnan 
Industrial Co., Ltd., Kunming, China 

29. Analysis of Free Amino Acids in Tobacco, and Validation on 
the Agilent 6490 LC-MS-MS System
Jeff Zhu, Nancy Qian, and Jonathan Wilkins; Eurofins Lancaster 
Laboratories, Winston-Salem, North Carolina, USA
Serban Moldovean; R.J. Reynolds Tobacco Company, Winston-
Salem, North Carolina, USA

30. Application of TILLING Technology to Screen for Mutations 
in the Tobacco Glycosyltransferase Gene NtGt1a 
Qiang Fu, Jie Zou, Ji-shun Zhang, Shifeng Lin, Jing Yu, Yushuang 
Guo, Xiaolian Zhang, Shizhou Yu, Jie-hong Zhao, and Xueliang Ren; 
Guizhou Academy of Tobacco Science, Guiyang, Guizhou, China
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Session A—Human Smoking/Toxicology

2 p.m.
31. Design of a Clinical Trial to Compare 
Smoking Cessation Rates with Camel 
Snus and a Nicotine Lozenge
Paul R. Nelson and Peter Chen; R.J. Reynolds 
Tobacco Company, Winston-Salem, North 
Carolina, USA

2:20 p.m.
32. Results from a Clinical Trial to Compare 
Smoking Cessation Rates with Camel Snus 
and a Nicotine Lozenge
Paul R. Nelson and Peter Chen; R.J. Reynolds 
Tobacco Company, Winston-Salem, North 
Carolina, USA

2:40 p.m. 
33. Assessment of Exposure Biomarkers 
in U.S. Consumers of Snus, Moist Snuff, 
Cigarettes, and Dual Use
John W. Caraway, Bobbette A. Jones, 
Peter Chen, and Michael F. Borgerding; 
R.J. Reynolds Tobacco Company, Winston-
Salem, North Carolina, USA

3 p.m.
34. Do You Have a Validated Biomarker 
for This Compound?
Raymond H. Farmen, Kirk E. Newland, and 
Rafiq Islam; Celerion, Lincoln, Nebraska

Session B—Tobacco Chemistry

2 p.m.
38. Analysis of Free Amino Acids in 
Tobacco with a New LC/MS/MS Procedure
Serban C. Moldoveanu; R.J. Reynolds 
Tobacco Company, Winston-Salem, North 
Carolina, USA
Jeff Zhu; Lancaster Labs. Inc., Winston-
Salem, North Carolina, USA

2:20 p.m. 
39. Analysis of Sugars and Myo-inositol 
in Tobacco with a New LC/MS/MS 
Procedure
Serban C. Moldoveanu and Wayne Scott; 
R.J. Reynolds Tobacco Company, Winston-
Salem, USA

2:40 p.m. 
40. Nicotine Activity in Tobacco
F. Kelley St. Charles; St. Charles Consultancy, 
Lewisville, North Carolina, USA
Serban C. Moldoveanu; R.J. Reynolds 
Tobacco Company, Winston-Salem, North 
Carolina, USA

3 p.m. 
41. Highly Time-Resolved Two-Dimensional 
Mapping of the Molecular Combustion and 
Pyrolysis Product Concentrations During a 
Puff in a Burning Cigarette 
Ralf Zimmermann, Rom Hertz-Schünemann, 
and Thorsten Streibel; University of Rostock, 
Rostock, Germany
Sven Ehlert and Andreas Walte; Photonion 
GmbH, Schwerin, Germany
Chuan Liu and Kevin McAdam; British 
American Tobacco, Southampton, UK

Monday, September 29, 2014

~3:20–3:40 p.m. Coffee break~
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Session A—Human Smoking/Toxicology

3:40 p.m. 
35. Comparison of the In Vitro Toxicity 
Profiles of E-Cigarettes, Tobacco-Burning 
Cigarettes, Smokeless Tobacco, and 
Nicotine Replacement Therapy Products: 
E-Liquids, Extracts and Aerosols
Robert D. Leverette, Manoj Misra, Bethany 
T. Cooper, and Melanee B. Bennett; Lorillard 
Tobacco Company, A.W. Spears Research 
Center, Greensboro, North Carolina, USA

4 p.m. 
36. Effects of Cigarette Smoke 
Condensation Under Different Smoking 
Regimens on Human Oral Epidermoid 
Carcinoma Cells
Fan Ziyan, Liu Shanshan, Li Zhonghao, Pang 
Yongqiang, Jiang Xingyi, and Tang Gangling; 
China National Tobacco Quality Supervision 
& Test Center, Zhengzhou, China
Zhai Niu; China Tobacco Gene Research 
Center, Zhengzhou, China

4:20 p.m. 
37. Estimation of Smoke Constituents 
Exposure by Mimicking Consumer 
Smoking Behavior in Anhui District and 
Comparison with ISO and HCI Yields
Ran Wang, Chenghui Wang, Lu Li, Yingbo 
Xu, and Min Ning; China Tobacco Anhui 
Industrial Co., Ltd. Hefei, Anhui, China

Session B—Tobacco Chemistry

3:40 p.m. 
42. Impact of GC Inlet Temperature 
on Analyte Response in GC-MS for 
Selected Volatile Organic Compounds in 
Mainstream Cigarette Smoke
Norman Fraley; Eurofins Lancaster 
Laboratories, Winston-Salem, North Carolina, 
USA

4 p.m. 
43. Comparative Characterization of 
Smoke Residue Collection Efficiency of 
Cryo-Impinger and Ambient Temperature 
Vapor-Phase Tedlar Collection Bags
Norman Fraley, Ulli Becker, Darius Grissom, 
and Lorelei Nemcik; Eurofins Lancaster 
Laboratories, Winston-Salem, North Carolina, 
USA

4:20 p.m. 
44. Determination of Ethyl Carbamate 
in Tobacco and Smokeless Tobacco 
Products by HPLC-APCI+-MS/MS
Jutta Pani, Herwig Stepan, and Bernhard 
Mayer-Helm; JTI-Ökolab, Vienna, Austria 

4:40 p.m. 
45. Determination of N-Nitrososarcosine 
in Smokeless Tobacco Products
Jutta Pani, Madeleine Werneth, and 
Bernhard Mayer-Helm; JTI-Ökolab, Vienna, 
Austria

Workshop

3–5 p.m. Monday
E-Cigarette Workshop

I. Gene Gillman; Enthalpy Analytical Inc., Durham, North Carolina, USA
John H. Lauterbach; Lauterbach & Associates, LLC, Macon, Georgia, USA
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Session A—E-Cigarettes (Part 1)

8:10 a.m. 
46. Characterization of Electronic Cigarette 
Formulations and Aerosols 
Jason W. Flora, Naren Meruva, Chorng B. 
Huang, David Bennett, Regina Ballentine, 
Michael Werley, and Willie J. McKinney; Altria 
Client Services, Richmond, Virginia, USA

8:30 a.m. 
47. Nicotine and Related Impurities in 
Electronic Cigarette Cartridges: Stability 
Studies and Methodologies
Jason W. Flora, John Miller, Julie Schrall, 
Jennifer Smith, Chris McFarlane, and Naren 
Meruva; Altria Client Services, Richmond, 
Virginia, USA

8:50 a.m. 
48. Chemistry and Toxicology of Red, 
Green, Gold, and Exotic E-Liquids
John H. Lauterbach; Lauterbach & Associates, 
LLC, Macon, Georgia, USA

9:10 a.m. 
49. Dynamic Mapping of Menthol and 
Nicotine Deliveries from Eclipse Cigarettes
Quanli Gu; R.J. Reynolds Tobacco Company, 
Winston-Salem, North Carolina, USA

9:30 a.m. 
50. The Analysis of Isotopically Labeled 
Propylene Glycol in E-Cigarettes
Kirk E. Newland, Raymond H. Farmen, 
Christine J. Kafonek, and Rafiq Islam; 
Celerion, Lincoln, Nebraska

Session B—Method Development (Part 1)

8:10 a.m. 
56. Product Comparison: The Risk 
Associated with Multiple Testing
Thomas Verron, Xavier Cahours, and 
Stéphane Colard; SEITA/Imperial Tobacco, 
Fleury-les-Aubrais, France

8:30 a.m. 
57. Leak-Based Method for Measurement 
of Low Air Permeability of Cigarette 
Papers
Stepháne Colard; Imperial Tobacco Limited, 
Bristol, UK
Georges Cholet and Marléne Testud; Sodim 
SAS

8:50 a.m. 
58. CO Diffusion Through Cigarette Paper
Joseph Wanna; SWM Intl., Alpharetta, 
Georgia, USA

9:10 a.m. 
59. The Binder Role in CelFX™ Matrix 
Technology Structures Used for Tobacco 
Smoke Filtration
Raymond M. Robertson; Celanese, Narrows, 
Virginia, USA

9:30 a.m. 
60. CelFX™ Matrix Technology Carbon 
Filter Performance in a Repeat Use 
Application
Raymond M. Robertson; Celanese, Narrows, 
Virginia, USA

Tuesday, September 30, 2014

~9:50–10:20 a.m. Coffee break~
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10:20 a.m. 
51. Use of Carbon-13 Labeled Glycerol to 
Identify Potential Decomposition Products
John H. Lauterbach; Lauterbach & Associates, 
LLC, Macon, Georgia, USA
Andrae Spencer; Global Laboratory Services, 
Inc., Wilson, North Carolina, USA

10:40 a.m. 
52. Modelling of the Effect of Indoor 
Intermittent Emissions Produced by 
Electronic Cigarette Users on Exposure 
of Bystanders
Stepháne Colard; Imperial Tobacco Limited, 
Bristol, UK
Thomas Verron; SEITA, Imperial Tobacco Group

11 a.m. 
53. Room Air Levels of Selected 
Constituents from E-Vapor Products
Chuck Stiff, Michael Thompson, John 
Maloney, Michael Oldham, George Patskan, 
Ken Shafer, and Mohamadi Sarkar; Altria 
Client Services, Richmond, Virginia, USA

11:20 a.m. 
54. Non-Targeted Analysis of Emissions 
from E-Cigarette and Heat-Not-Burn 
Devices
Christopher Rawlinson, Justin Frosina, 
and Christopher Wright; British American 
Tobacco, R&D, Southampton, UK

11:40 a.m. 
55. Evaluation of the Potential for 
Second-Hand Exposure to E-Cigarette 
Aerosol in an Office Environment
Edward A. Robinson, Robert D. Leverette, 
and Manoj Misra; Lorillard Tobacco 
Company, Greensboro, North Carolina, USA

10:20 a.m. 
61. Application of Plant Protein Particles 
in Cigarette Filter
Li Jing-quan, Shen Jing-xuan, Chen Yong-
bo, Yao Zhen-yu, and Xiao Wei-yi; Yunnan 
Reascend Tobacco Technology (Group) Co., 
Ltd., Kunming, China

10:40 a.m. 
62. Matrix Effect Evaluation Based on a 
Multi-Residual Pesticide Determination 
Method on Tobacco by ASE-HPLC-MS/MS
Hu Bin, Al Dan, Yu Fei, Pan Lining, Chen Li, and 
Liu Huimin; Zhengzhou Tobacco Research 
Institute of CNTC, Zhengzhou, China

11 a.m. 
63. Functional Porous Cellulose Acetate/
Carboxymethylcellulose Composite 
Microspheres for Effective Removal of 
Hydrogen Cyanide from Cigarette Smoke
Peijian Sun, Xuehui Sun, Song Yang, Yipeng 
Wang, Yunzhen Jia, Le Zhao, Hongbo Wang, 
Cong Nie, and Huimin Liu; Zhengzhou Tobacco 
Research Institute of CNTC, Zhengzhou, China

11:20 a.m. 
64. Development of an On-Line Method 
for Separating Stems from Tobacco 
Lamina Based on Low-Energy X-Ray 
Transmission Imaging 
Wenkui Zhu, Liangyuan Chen, and Bin Wang; 
Zhengzhou Tobacco Research Institute of 
CNTC, Zhengzhou, China
Bin Liu, Junwei Mao, Kejun Zhong, Jianping 
Xi, and Hui Zhang; China Tobacco Hunan 
Industrial Co. Ltd., Hunan, China
Yibin Wang and Nanjing Jiao’er; Science and 
Technology Ltd., Jiangsu, China

11:40 a.m. 
65. The Transfer Behavior of Flavors on Filter 
Plug Wrap in Mainstream Cigarette Smoke 
Liu Lin, Xiao Weiyi, Yao Zhen-yu, Huang 
Haiqun, Shen Yan, Wangyalong, and Liu 
Zhe; Yunnan Reascend Tobacco Technology 
(Group) Co., Ltd., Kunming, China
 

~12–1:30 p.m. Lunch~
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Session A—E-Cigarettes (Part 2)

1:30 p.m. 
66. Real-Time Puff-By-Puff Analysis of 
Electronic Cigarette Aerosol Using GC-MS
Chorng B. Huang and Naren Meruva; Altria 
Client Services, Richmond, Virginia, USA

1:50 p.m. 
67. Determining an E-Cigarette Puff 
Regime That Delivers the Most Consistent 
TPM Across the Broadest Range of 
Cartomizer Designs
Michael Connor; Borgwaldt KC Inc., 
Richmond, Virginia, USA

2:10 p.m. 
68. Bimodal Puffing as a Sensitive Probe 
of Electronic Cigarettes
Quanli Gu; R.J. Reynolds Tobacco Company, 
Winston-Salem, North Carolina, USA

2:30 p.m. 
69. E-Cigarette Smoking Machine vs. 
Conventional Smoking Machine –  
Differences in Requirements and 
Technology
Nils Rose; Borgwaldt KC, Hamburg, Germany

Tuesday, September 30, 2014

Session B—Method Development (Part 2)

1:30 p.m. 
74. Application of Multi-Dimensional GC 
Techniques to the Analysis of Cigarette 
Smoke
Louise Bishop, Christopher Wright, and 
Jana Ticha; British American Tobacco, R&D, 
Southampton, UK
Michal Brokl and Jean-Francois Focant; 
Mass Spectrometry Laboratory (CART), 
University of Liège, Liège, Belgium

1:50 p.m. 
75. Determination of Tobacco Specific 
Nitrosamines (TSNAs) in Tobacco and 
Tobacco Smoke by GC-MS/MS
Niti Shah, Tyler Smith, Jason W. Flora, 
and Naren Meruva; Altria Client Services, 
Richmond, Virginia, USA

2:10 p.m. 
76. Determination of Heterocyclic 
Aromatic Amines in Cigarette Smoke by 
UPLC-MS/MS
Niti Shah, Cathy Jin, Karen Avery, Jason 
W. Flora, and Naren Meruva; Altria Client 
Services, Richmond, Virginia, USA 

2:30 p.m. 
77. Determination of Selected Flavour, 
Humectant, and Plasticiser Compounds 
in Tobacco, Tobacco Products, Electronic 
Cigarette Liquid, and Electronic Cigarette 
Vapour by Gas Chromatography With 
Mass Selective Detection (GC-MSD) in 
Selected Ion Monitoring (SIM) Mode
Tony Melton; Essentra Scientific Services, 
Jarrow, UK

~2:50–3:20 p.m. Coffee break~
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3:20 p.m. 
78. Determination of Potential Flavour 
Additives in Tobacco Products by 
Headspace Solid Phase Microextraction - 
Gas Chromatography-Mass Spectrometry 
(HS-SPME-GCMS)
David Li, Peter Joza, Andrew Masters, and 
W.S. (Bill) Rickert; Labstat International ULC, 
Kitchener, Ontario, Canada

3:40 p.m. 
79. Determination of Benzo[a]pyrene in 
Smokeless Tobacco Products Using Gas 
Chromatography-Mass Spectrometry
Naren Meruva, Chorng B. Huang, and Karl 
Wagner; Altria Client Services, Richmond, 
Virginia, USA; Bill Adams; Eurofins Lancaster 
Laboratories, Richmond, Virginia, USA 

4 p.m. 
80. Determination of Acetamide and 
Acrylamide in Mainstream Cigarette 
Smoke Using Liquid Chromatography-
Mass Spectrometry
David Conley; Essentra Scientific Services, 
Jarrow, UK

4:20 p.m. 
81. Analysis of Volatile Aldehydes in 
Smokeless Tobacco with a Rapid, One-
Step Extraction and Derivatization with 
UHPLC-MS/MS Quantification
David Ericsson, Johan Patring, and Johan 
Lindholm; Swedish Match North Europe AB, 
Stockholm, Sweden

4:40 p.m. 
82. Permeable Mechanism of Complex 
Enzymes for Improving Casing Absorption 
in Tobacco Leaves
Chang-gui Qiu and Ying Hou; Yunnan 
Reascend Tobacco Technology (Group) Co. 
Ltd., Kunming, China
Jihui Lui, Hui Wang, Yikun Hua, and Xianguo 
Wang; Technology Centre of Hongyun Honghe 
Tobacco (Group) Co., Ltd., Kunming, China
Shengjiang Yang and Kaixin Huang; Kunming 
Weinuo Jinshen Biological Engineering Co., 
Ltd., Kunming, China

3:20 p.m. 
70. On-Line Photo Ionization Mass 
Spectrometry for Characterization of Smoke 
from E-Cigarettes or Heat-Not-Burn Devices
Ralf Zimmermann, Thorsten Streibel, Jan Heide, 
and Romy Hertz-Schünemann; University of 
Rostock, Rostock, Germany; Sven Ehlert and 
Andreas Walte; Photonion GmbH, Schwerin, 
Germany; Chuan Liu and Kevin McAdam; British 
American Tobacco, Southampton, UK

3:40 p.m. 
71. A New Method for the Analysis of 
Carbonyl Compounds in E-Cigarette 
Liquids
Fraser Williamson and Alexandra Martin; 
Arista Laboratories, Richmond, Virginia, USA

4 p.m. 
72. Comparison of Select Analytes in 
Aerosol from E-Cigarettes with Smoke 
from a Conventional Cigarette and with 
Ambient Air
Rana Tayyarah, Robert D. Stevens, and 
Timothy M. Smith; Lorillard Tobacco 
Company, Greensboro, North Carolina, USA

4:20 p.m. 
73. Comparison of Select Analytes in 
Exhaled Aerosol from E-Cigarettes with 
Exhaled Smoke from a Traditional Cigarette 
and Exhaled Breaths
Gerald A. Long, Timothy M. Smith and 
Robert D. Stevens; Lorillard Tobacco 
Company, Greensboro, North Carolina, USA
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Session A—Agronomy

8:30 a.m.  
83. A Molecular Genetic Approach Toward 
Reducing TSNAs in Air-Cured Tobaccos
Ralph E. Dewey, Jianli Lu, and Ramsey S. 
Lewis; North Carolina State University, 
Raleigh, North Carolina, USA

8:50 a.m.  
84. Developing Genetic Elements 
Including DNA Promoters and Vectors 
to Modify the Plant Genome, Including 
Tobacco, Using a CRISPR-Cas9-sgRNA 
Genome Editing System
Indu B. Maiti and Dipak Kumar Sahoo; 
University of Kentucky, Lexington, Kentucky, 
USA
Nrisingha Dey; Department of Gene Function 
and Regulation, Institute of Life Sciences, 
Department of Biotechnology, Government 
of India, Nalco Square, Chandrasekherpur, 
Bhubaneswar, Orissa, India

9:10 a.m.  
85. Study on Sugar-Related Enzyme 
in Cured Tobacco Leaves: The Effect of 
Curing Method on Remaining Activity
Atsushi Nagai; Japan Tobacco Inc., 
Yokohama, Japan

9:30 a.m. 
86. Difference Analysis of Aroma 
Component Contents in Typical Clear 
Aroma-Type Tobacco Growing Areas in 
China
Zhan Jun, Zhang Xiaolong, Zhou Fangfang, 
and Zhou Lijuan; Yunnan Reascend Tobacco 
Technology (Group) Co. Ltd, Kunming, China
Luo Huayuan, Wang Shaokun, and Zhu 
Haibin; Hongyun-Honghe Tobacco (Group) 
Co. Ltd, Kunming, China

Session B—Regulations & Quality

8:30 a.m.  
92. The Pore Size Distribution of Naturally 
Porous Cigarette Papers and Its Relation to 
Air Permeability and Diffusion Capacity – 
Part 1
Stefan Bachmann, Maria Gleinser, 
Dietmar Volgger, and Bernhard Eitzinger; 
delfortgroup AG, Wattens, Austria 

8:50 a.m.  
93. The Pore Size Distribution of Naturally 
Porous Cigarette Papers and Its Relation to 
Air Permeability And Diffusion Capacity – 
Part 2
Bernhard Eitzinger, Maria Gleinser, 
Stefan Bachmann, and Dietmar Volgger; 
Delfortgroup AG, Papierfabrik Wattens 
GmbH & Co. KG, Wattens, Austria 

9:10 a.m. 
94. Comparison of Full Length Burn 
Testing According To ISO 12863 and 
the Proposed Alternative by NIST 
Laboratories, USA
Mario Mayr; delfortgroup, Wattens, Austria

Session B—Materials & Manufacturing

9:30 a.m. 
95. Chemical Analysis in the Regulation 
of Tobacco Products
Christopher Wright, Derek Mariner, Mark 
Williams, and Christopher Proctor
British American Tobacco, R&D, 
Southampton, UK

Wednesday, October 1, 2014

~9:50–10:20 a.m. Coffee break~
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10:20 a.m.  
96. Information on the Cooperative 
Agreement Between the Center for 
Tobacco Products and the University 
of Kentucky to Develop a “Cigarette 
Tobacco Reference Products Program”
Orlando Chambers, Huihua Ji, and John 
Geary; KTRDC, University of Kentucky, 
Lexington, Kentucky, USA

10:40 a.m.  
97. A New Approach to Interlaboratory 
Collaborative Study Outlier Detection
Michael J. Morton; Altria Client Services, 
Richmond, Virginia, USA

11 a.m. 
98. Optimisation of Testing Scheme 
by Associating Smoking Data with 
Cigarette Burning Model
Stepháne Colard; Imperial Tobacco Limited, 
Bristol, UK

11:20 a.m.  
99. New Multiple-Frequency Technology 
for Non-Contact Moisture Measurements 
of Large-Scaled Tobacco Samples
Hendrik Richter and Andre Tews; TEWS 
Elektronik GmbH & Co. KG, Hamburg, 
Germany

10:20 a.m. 
87. Increased Endogenous Potassium-
Enhanced Nicotine Accumulation and 
Sugar Decomposition in Flue-Cured 
Tobacco Leaves 
Zhao JieHong, Yu Jing, Guo Yushang, Lin 
Shifeng, Zou Jie, Fu Qiang, Zhang Xiaolian, 
and Yu Shizhou; Molecular Genetics Key 
Laboratory of China Tobacco, Guizhou 
Academy of Tobacco Science, Guiyang, China

10:40 a.m. 
88. The Influence of Main Chemical 
Constituents and Tobacco Leaf Stalk Position 
on Seven Endogenous Harmful Components 
in Mainstream Cigarette Smoke
Geng Zhao-liang, Zhang Jie, Ge Yong-
hui, Xiang Zhang-min, Cai Kai, and Feng 
Yong-gang; Guizhou Academy of Tobacco 
Science, Guiyang, China

11 a.m. 
89. Sensitivities of Ralstonia Solanacearum 
to Four Non-Target Agronomic Chemicals 
and Its Metabolic Reaction Under Chemical 
Pressures
Hancheng Wang and Maosheng Wang; 
Guizhou Academy of Tobacco Science, 
Guiyang, Guizhou, China

11:20 a.m. 
90. Isolation and Functional Analysis of 
an LTR-Retrotransposon from Tobacco 
(Nicotiana tabacum)
Yushuang Guo, Shifeng Lin, Jing Yu, Jie 
Zou, Qiang Fu, Shizhou Yu, Xiaolian Zhang, 
Jiehong Zhao, and Xueliang Ren; Key 
Laboratory of Molecular Genetics, Guizhou 
Academy of Tobacco Science, Guiyang, China

11:40 a.m.  
91. The Influence of Different Crop Rotation 
Models on Growth and Development, 
Yield and Quality of Products, and Pests 
and Diseases of Flue-Cured Tobacco
Feng Yi, Tao Weng, An ling Duan, and Lu 
Yan; Yunnan Reascend Tobacco Technology 
Group Co. Ltd., Kunming, China
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68th Tobacco Science Research Conference
Symposium

Monday, September 29, 2014

Welcome

Symposium: Interdisciplinary Perspectives on Governmental Regulations of 
Tobacco Products 

8:30 a.m. Monday
1. Integrating Chemical, Toxicological and Clinical Research to Assess the 
Potential of Reducing Health Risks Associated with Cigarette Smoking 
Through Toxicant Regulation
Chris Proctor, Christopher Shepperd, Kevin McAdam, Alison Eldridge and Clive 
Meredith, Group Research and Development Centre, British American Tobacco, 
Regents Park Road, Southampton, UK

The concept of a risk continuum for tobacco and nicotine products has been 
proposed that represents the likely association of different categories of product 
with toxicant exposure and possibly risk. At one end are cigarettes, deemed the 
most risky, and at the other is medicinal nicotine, deemed the lowest risk. This 
paper focuses on the results from a series of chemical, toxicological and clinical 
studies on prototype cigarettes designed to substantially reduce exposure to 
some toxicants. We conclude that there is insufficient evidence to support reduced 
toxicant cigarettes as a distinct category in the risk continuum, and suggests that 
it is difficult to determine the potential public health benefit of regulation that sets 
toxicant limits. The greater toxicant reductions that may be achieved in products 
that heat rather than burn tobacco or in electronic cigarettes might be necessary to 
clearly reduce risks compared with cigarettes.

9:15 a.m. Monday
2. Interaction of Tobacco Product, Mouth Level Intake, and Biomarker 
Measurements on Exploring Exposure Assessments 
Cliff Watson, Centers for Disease Control and Prevention, Atlanta, Georgia, USA

Standardized smoking machine measurements of mainstream cigarette smoke 
constituents is a useful tool for product comparisons, but offers less utility for 
exposure assessments at the individual or population level. Exposure biomarkers 
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measurements in clinical or large survey studies provide a much better means 
for directly assessing smokers’ exposure to select constituents. However, such 
measurements can require invasive techniques for collecting blood, urine, or other 
biological samples. One non-invasive technique to examine both usage and smoke 
intake is the analysis of spent cigarette filters which can be used to estimate the 
“mouth level intake”. A combination of qualitative analysis of mainstream smoking 
machine deliveries with the mouth level intake may provide useful information 
related to behavior and exposure. We have combined the analyses of biomarkers, 
mouth level intake, and smoking machine results to help understand how smokers 
use the products and how design features can help interpret biomarker results.

10:30 a.m. Monday
3. Molecular Biology-Based Approaches for Facilitating Compliance of Future 
Tobacco Products in an FDA Regulatory Environment
Ralph E. Dewey and Ramsey S. Lewis, Crop Science Department,  
North Carolina State University, Raleigh, North Carolina, USA

Passed in 2009, the Family Smoking Prevention and Tobacco Control Act granted 
the U.S. Food and Drug Administration (FDA) the authority to regulate tobacco 
products. Among the powers given the FDA in this landmark legislation was the 
authority to define what acceptable levels of certain chemical constituents may be, 
including compounds known to be toxicants. This agency was also given the charge 
to investigate the effects of altering nicotine yield on the addictiveness of tobacco 
products, and they have the power to mandate decreased levels of nicotine if 
deemed in the interest of overall human health. Molecular biology-based strategies 
have proven to be powerful tools in the efforts to reduce the levels of select 
toxicants in tobacco, as well as a means for modulating the levels of nicotine. In the 
great majority of these reports, however, the end product is a genetically modified 
(GM) plant, and to date all major international tobacco companies refuse to use GM 
tobacco in their products. Despite this obstacle, molecular technologies still have 
the potential to play a significant role in efforts to modify the chemical constituents 
of tobacco in a manner that may help the industry comply with what may become 
future “harm reduction”-related mandates. In addition to reviewing current progress 
in this area, the topic of emerging precision genome editing technologies will be 
reviewed, as these approaches provide new avenues of introducing desirable traits 
into the tobacco plant that are likely to be more acceptable to the industry and 
consumers than traditional GM technologies.
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Posters

12:30 p.m. Monday
4. Evaluation of Methodologies for the Determination of Carbonyls in 
Smokeless Tobacco Products 
Regina Ballentine, Karl Wagner, Jason W. Flora, and Naren Meruva
Altria Client Services, Richmond, Virginia, USA 

The carbonyls formaldehyde, acetaldehyde, and crotonaldehyde are on the FDA 
list of Harmful and Potentially Harmful Constituents (HPHCs) found in tobacco 
products. As mandated by the Family Smoking Prevention and Tobacco Control 
Act, tobacco manufacturers and importers are required to report quantities of 
HPHCs to the United States Food and Drug Administration (FDA). Currently no 
standardized method exists for the determination of these carbonyls in smokeless 
tobacco products (STPs). The objective of this study was to compare two commonly 
used analytical platforms, gas chromatography-mass spectrometry (GC-MS) 
and high-performance liquid chromatography-ultraviolet detection (HPLC-
UV), for the determination of these carbonyls in snus, moist smokeless tobacco 
(MST), dry snuff, and chewing tobacco. The GC-MS procedure used O-(2,3,4,5,6-
pentafluorobenzyl) hydroxylamine (PFBHA) derivatization as compared to 
the 2,4-dinitrophenylhydrazine (DNPH) derivatization used with the HPLC-UV 
procedure. The extraction and derivatization steps were evaluated for stability of 
the carbonyl yields for CORESTA reference tobacco products CRP1, CRP2, CPR3, 
CRP4 as well as 3R4F tobacco filler samples. The PFBHA derivatization used with 
the GC-MS method showed greater analyte stability as compared to the DNPH 
derivatization. Furthermore, the GC-MS method had inherently greater selectivity 
due to mass spectrometry detection as well as greater sensitivity afforded by 
selected ion monitoring (SIM).

5. The Use of Precision-Cut Lung Slices to Assess Inflammation, Parenchymal 
Damage, and Collagen Deposition: Three Markers of Tobacco Exposure-
Induced Pulmonary Toxicity
Holger P. Behrsing
Institute for In Vitro Sciences, Inc., Gaithersburg, Maryland, USA

The Family Smoking Prevention and Tobacco Control Act (TCA) gives the Food 
and Drug Administration (FDA) broad authority to regulate tobacco products. The 
FDA-Center for Tobacco Products (CTP) calls for several research priority areas, 
including in vitro models and assays that will assess tobacco constituent safety and 
comparative product toxicity. Precision-cut lung slices (PCLS) retain normal lung 
architecture and endogenous cell types and have been effective in assessing acute 
pulmonary toxicity. Having demonstrated release of traditional leakage markers, 
inflammation, and tissue damage, recent advances in PCLS culture and choice 
of biomarkers suggest suitability for detecting specific events that contribute to 
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the etiology of tobacco-induced chronic obstructive pulmonary disease (COPD). 
PCLS were exposed to various compounds known to cause acute and chronic 
pulmonary lesions. Acute toxicity was assessed via cytokine level, protein content, 
and the overt destruction of parenchymal tissue. Chronic exposures also included 
quantifying activated macrophages and assessing a marker of fibrosis (in addition 
to general histopathological evaluation). Acute toxicity elicited a rapid increase 
in cytokine levels, reduction in tissue leakage markers, and overt parenchymal 
damage. Chronic exposures lasting up to several weeks also resulted in decreased 
tissue viability, increased numbers (and location of ) activated macrophages (ED-
1 positive cells) and deposition of collagen. In summary, PCLS data from various 
chemical assessment studies are compiled to highlight the changes in different 
markers of acute and chronic toxicity, as related to the known events of tobacco-
induced COPD etiology. It is expected that PCLS will prove to be a valuable tool 
in elucidating both acute and chronic effects of compounds found in tobacco or 
modified risk tobacco products such as e-cigarettes.

6. Validation of a Smoking Puff Analyzer for Use with an Electronic Cigarette 
Prototype
David Bennett, Chris Connell, Andrea Vansickel, Jeffery Edmiston, and Naren Meruva
Altria Client Services, Richmond, Virginia, USA

The objective of this study was to determine the suitability and validity of the 
Sodim Smoking Puff Analyzer Mobile (SPA-M) for use with an e-cigarette prototype. 
The accuracy and precision of SPA-M topography device for measurement of 
puff duration, puff volume and puff profile was evaluated. First, the SPA-M device 
flow and pressure differential sensor calibration was verified with a Sodim flow 
calibrator. The SPA-M device demonstrated accuracy and precision within ± 2% of 
the target value. A 20-port linear and a single port smoking machine were used 
to create standard puff profiles with the e-cigarette prototype and 3R4F reference 
cigarette. The linearity of the SPA-M device with the e-cigarette and 3R4F cigarette 
was verified for a range of puff volume (35–140 mL), puff duration (2-5 sec), flow 
rate (7–65 mL/sec) under sine and square wave puff profiles. The performance of 
the SPA-M with standard settings was acceptable for use with 3R4F cigarettes but 
not for the e-cigarette prototype. The optimal e-cigarette configuration was then 
evaluated using single-hole and proprietary multi-port quad-hole mouth pieces. 
Based on the evaluation, the proprietary multi-port quad-hole mouth piece was 
selected for all further testing. A K-coefficient, which compensated for e-cigarette 
aerosol and temperature was determined for use with the SPA-M software. Using 
the derived K-coefficient, the accuracy and precision of SPA-M with the e-cigarette 
prototype was observed to be within ± 10% of puff volume targets. The repeatability 
and intermediate precision across all puff profiles was below 5%. Results of this 
investigation demonstrate that puff topography instrumentation can be validated 
for use with e-cigarettes. 
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7. Retrospective Analysis of Data from Cigarette Smoke Mouth Level Exposure 
(MLE) Studies
Sheri A. Bowman, John Caraway, Peter Chen, and Paul R. Nelson 
R.J. Reynolds Tobacco Company, Winston-Salem, North Carolina, USA

Over the past eight years, R.J. Reynolds Tobacco Company conducted a series 
of cigarette smoke mouth-level exposure (MLE) studies. In those studies, used 
cigarette filters were analyzed to determine per cigarette and daily MLE to “tar” and 
nicotine. 
In two of the studies, conducted in 2007 and 2013, filter ventilation data from 39 
different cigarette brand-styles were obtained. The relationship between MLE and 
filter ventilation was examined by regression analysis. MLE nicotine per cigarette 
was relatively constant across the range of filter ventilations examined, while MLE 
“tar” per cigarette decreased as filter ventilation increased. Daily MLE to both “tar” 
and nicotine decreased as filter ventilation increased. As filter ventilation increased 
from 0 to 81%, predicted daily MLE to “tar” and nicotine decreased 50% and 32%, 
respectively.
Camel Blue/Lights, Marlboro Gold/Lights cigarettes were evaluated in multiple 
studies between 2006 and 2013. MLE to “tar” and nicotine per cigarette remained 
relatively constant across these studies. Daily MLE to “tar” and nicotine declined 
slowly over time. Across the studies, a wide range of individual MLEs to “tar” 
and nicotine was observed that illustrates the considerable impact of individual 
smoking behavior on potential smoke exposure. 

8. Evaluation of an Online, Puff-By-Puff Method for the Determination of Nitric Oxide, 
Nitrogen Dioxide, and Total Mono-Nitrogen Oxides in Fresh Mainstream Smoke
I. Gene Gillman and Johnathon D. Blomberg; Enthalpy Analytical Inc., Durham, North 
Carolina, USA
Ian F. Tindall, Linda A. Crumpler, and James H. Vincent; Cerulean, Milton Keynes, UK

The amount of nitric oxide (NO), nitrogen dioxide (NO2) and total mono-nitrogen 
oxides (NOx) in mainstream smoke is of regulatory concern, but to date few reliable 
methods exist for the accurate measurement of these compounds. NO can be 
difficult to reliability analyze since it reacts rapidly with oxygen to form NO2 and the 
measurement of aged mainstream smoke will overestimate the concentration of 
NO2. In order to overcome this reactivity, we will present the results from a novel and 
robust method for the quasi real time analysis of NO, NO2 and total NOx present in 
fresh mainstream smoke. Smoke samples were collected with an automatic 20 port 
rotary smoking machine interfaced with an Ecophysics chemiluminescent analyser. 
Gas samples were measured on a puff-by-puff basis and reported per puff and total 
mass per cigarette. We will present data for NO, NO2 and total NOx measured in 
1R5F, 3R4F and CM7 mainstream smoke collected under ISO conditions over three 
days. A comparison of the data collected with this method will also be compared to 
other published results with an emphasis on smoke aging effects.
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9. Determination of the Chinese Cigarette Harm Index Reduction Utilizing 
Various Filtration Technologies: Cellulose Acetate, Carbon-On-Tow, and 
CelFX™ Carbon 
Haibing Gu, Shen Jingjing, and Miao Jianjun
Nantong Cellulose Fibers Co., Nantong, China 

In 2008, a group of researchers in China studied the harmful constituents in 
mainstream smoke of 163 cigarette brands purchased from the Chinese market. 
Based on this study, a cigarette harm index was established by selecting seven of 
the constituents1. The objective of this work was to compare the Cigarette Harm 
Index by utilizing various filtration technologies. The filter technologies included 
cellulose acetate, carbon-on-tow/acetate, and CelFX™ carbon/acetate filters. Six 
cigarette variants were smoked and tested using the Chinese Tobacco Industry 
Standard methods. The data showed that the CelFX™ carbon filter was very effective 
in reducing HCN and crotonaldehyde. Hence, the CelFX™ carbon filters reduced the 
Harm Index from ~9 (controls) to 6.7 - 7.1. The carbon-on-tow filters showed very 
little if any reduction. 

1. Xie, Jian-Ping, et al. Tobacco Science and Technology, 2009, 2, 259.

10. Determination of 17 Free Amino Acids in Tobacco Products Using UPLC 
with UV Detection
Cathy X. Jin, Celeste T. Wilkinson, John Miller, and Naren Meruva
Altria Client Services, Richmond, Virginia, USA

Free amino acids play an important role in smokeless tobacco taste and cigarette 
smoke flavor. Amino acid levels change during tobacco aging, curing and tobacco 
manufacturing process. The objective of this research was to develop and validate 
a rapid and robust method for the analysis of 17 free amino acids in tobacco 
products using ultra performance liquid chromatography (UPLC) with ultraviolet 
(UV) detection. Tobacco samples were extracted with MilliQ water and an aliquot 
of extract was acidified with 0.1N HCl. The acidified extract was derivatized using 
Waters AccQ •Fluor Reagent (6-aminoquinoyl-N-hydroxysuccinimidyl carbamate 
(AQC) and the derivatives were analyzed using UPLC with UV detection. An Acquity 
UPLC BEH C18 column (1.7 µm particle size) was used and the mobile phases were 
Waters AccQ•Tag Ultra Eluent A and Eluent B. All requirements for method validation 
were met including linearity, accuracy, precision, limits of detection (LOD), limits of 
quantitation (LOQ), method robustness, and standard and sample extract stability. 
For example, the linearity was demonstrated with a calibration range of 5 to 900 
pmol/µL (0.3 to 180 µg/mL) with a coefficient of determination of R2>0.995 for each 
amino acid. The recoveries for 17 amino acids in tobacco ranged between 90%-
112%. The limit of quantitation (LOQ) ranged from 3.0 to 13 µg/g in tobacco for the 
various amino acids. Once validated, this method was used to evaluate CORESTA 
reference tobacco products CRP1, CRP2, CRP3, CRP4 and 3R4F tobacco filler where 
amino acid levels were detected from below LOQ to 6000 µg/g.
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11. The Effect of Paper Composition Changes on Double Wrap Cigarettes
Dae-Young Kim, Yong-Jin Choi, Sung-Ju Oh, Jae-Hyun Lee, and Seok-Su Jang
KT&G R&D Headquarters, Daejeon, South Korea 

The smoke from cigarettes is usually divided into mainstream and sidestream smoke 
by the smoker’s behavior. Not only smokers but non-smokers have some complaints 
about sidestream smoke doe to the tightening cigarette regulations and social 
atmosphere. In the past, we have researched and developed various experiments 
through changing of the parameters: permeability, basis weight, amount and type 
of filler in cigarette papers to reduce sidestream smoke. This paper introduces the 
best-optimized product in double wrap cigarette papers by changing parameters. 
A substantial portion of tobacco market share in South Korea is an ultra low tar 
cigarette (1mg/cig.), that is to say our target product. The double wrap cigarettes 
have 0% free air self-extinguish (FASE) and proper properties (smoke delivery, 
ash appearance, combustion speed, sensory evaluation). The key factors of low 
sidestream smoke are permeability, basis weight, amount of filler in cigarette paper. 
Especially, the combustion speed has the biggest impact on burning chemicals 
content. Experiments have been completely carried out in a range of basis weight 
30~60 g/m2, filler content 30~40%, burning chemicals 1.5~0.5% in the formation 
of cigarette papers. All things considered, we can conclude that the best-optimized 
composition of outer cigarette papers is basis weight 60 g/m2, filler content 
40% and burning chemicals 0.5%. This composition leads to 37% low sidestream 
smoke and better emotional quality in comparison to market existing products. 
Additionally, we confirmed that LSS technology is a useful tool to consider the 
other people through the consumer survey. 

12. Characteristics and Composition of Mainstream Smoke from 10 RYO 
Tobacco Brands Sold in Spain: Effects of Additives Capable of Reducing the 
Evolution of Carbon Monoxide, Nicotine, and TPM
Antonio Marcilla, M.I. Beltrán, A. Gomez-Siurana, I. Martínez, and D. Berenguer
Alicante University, Alicante, Spain

In this study, 10 commercial roll-your-own (RYO) tobacco brands that together 
represent 40% of this market in Spain were smoked under ISO conditions. The 3R4F 
reference cigarette tobacco was also smoked for comparison. The mainstream 
smoke was analyzed to study the main components of the gas; the particulate 
matter was collected on the filters and on Cambridge filter pads (CFP), and the 
three fractions were then analyzed and grouped into several chemical families. Two 
types of tubes were used; the first had no ventilation holes and was used with all 
the commercial brands, and the second one, with ventilation holes, was used with 
two commercial brands and with the 3R4F reference tobacco in order to determine 
the diluting effect of the holes. The results were compared with those obtained in 
a previous study where 10 brands of commercial Spanish cigarettes were studied. 
The results show that RYO brands provide larger yields of nicotine, TPM, and 
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carbon monoxide than do the commercial brands of cigarettes. The addition to the 
tobacco of materials of siliceous or carbonaceous origin with a highly developed 
meso- and macro-porous structure has shown to be very effective (as was the case 
when studying the conventional cigarettes) in reducing the amount of almost 
all individual compounds and chemical families considered, including carbon 
monoxide, nicotine, and tar evolved from smoking such mixtures. 

Acknowledgements
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de Investigación Cientifica y Technológica” of the “Ministerio de Ciencia e Innoación” 
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13. Thermal Decomposition of Tobacco/Glycerol/SBA-15 Mixtures in Nitrogen 
and Air Atmospheres 
Antonio Marcilla, M.I. Beltrán, A. Gomez-Siurana, I. Martínez, and D. Berenguer
Alicante University, Alicante, Spain

During cigarette smoking, complex chemical and physical processes take place, 
and these may depend on the temperature and the oxygen availability in the 
different zones of the cigarette. Numerous efforts have been carried out to model 
the complex processes involved in tobacco smoldering. 
In the present work, the effect of SBA-15 zeolite catalyst on the qualitative 
composition of the gases evolved in the pyrolysis of tobacco and tobacco-glycerol 
mixtures was studied by TGA/FTIR under N2 and air atmospheres. The behavior of 
nicotine and tobacco-nicotine mixtures in the absence and the presence of SBA-15 
was also studied.
In an inert atmosphere, the addition of SBA-15 does not noticeably change the 
temperature of the maximum decomposition rate of the main decomposition 
events. Nevertheless, the relative weight loss involved in the reaction steps 
associated with the glycerol loss and hemicellulose, cellulose, lignin and other 
events seems to decrease. The evolution with temperature of the more significant 
IR bands of the gases evolved (water, carbonyl compounds, alcohols and ethers, 
CO and CO2 aromatics, methane and methyl group-containing compounds) shows 
interesting reductions of some compounds in certain temperature ranges as a 
consequence of the addition of catalyst. Nicotine is also noticeably affected by the 
catalyst under pyrolysis conditions. 
The use of an oxidizing atmosphere produces noticeable modifications in the 
thermal processes studied, thus appearing a significant weight loss associated with 
oxidation processes. The catalyst decreases the relative weight loss involved in most 
of the decomposition steps of tobacco, and also shifts these oxidizing processes 
to higher temperatures. Moreover, the presence of glycerol strongly modifies the 
behavior of the samples, especially the last steps of the oxidation of the residues. 
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14. Selected Primary Aromatic Amines (PAAs) in E-Cigarette Vapor by GC-MS
Alexandra Martin and Fraser Williamson
Arista Laboratories, Richmond, Virginia, USA

Primary aromatic amines (PAAs) are compounds of interest to a number of tobacco 
regulators and are routinely found in mainstream (MS) tobacco smoke. Six of the 
93 compounds currently included on the US FDA’s established list of harmful and 
potentially harmful constituents in tobacco products and tobacco smoke (HPHCs) 
are primary aromatic amines. Health Canada and ANVISA Brazil also require the 
reporting of PAAs. With the increasing interest in e-cigarette and other vapor 
products, there is need for sensitive methods of measurement for PAAs, which are 
expected to occur at much lower levels in these types of products. The method 
described here is a modification of a method used routinely in a high-sample 
throughput laboratory for PAA analysis in MS smoke and demonstrates the 
successful analysis of four PAAs in ecigarette vapor: 1-and 2- aminonaphthalene 
and 3- and 4-aminobiphenyl. E-cigarette vapor is collected using a 44-mm 
Cambridge filter pad (CFP). Once the vapor collection is complete the CFP is 
extracted with methylene chloride for 30 minutes using mechanical shaking. A 
portion of the extract is evaporated to approximately 2.5 mL, dried with sodium 
sulfate and derivatized with pentafluoropropionic acid anhydride (PFPA). The final 
sample is analyzed by GO-MS using negative chemical ionization. The calibration 
range for the aminonapthalenes is 10 pg/mL to 500 pg/mL and the range for the 
aminobiphenyls is 5 pg/mL to 250 pg/mL. It should be noted that, even with a lower 
limit of quantitation (LLOQ) of 50 pg/pad, no quantifiable PAAs have been observed 
in the vapor from any e-cigarettes tested to date.

15. A Comparison of Two Methods for the Quantification of Tobacco-Specific 
Nitrosamines in Human Urine
Patrick S. Miller, Alan M. Dzerk, G. Paul Brown, Ridha Nachi, Christine J. Kafonek, and 
Kirk E. Newland
Celerion, Lincoln, Nebraska, USA

A validated method for the determination of four tobacco-specific nitrosamines 
(TSNAs) – NNAL, NNN, NAT, and NAB – was compared to a method published in 2009 
in the Journal of Chromatography B 877: 1185-1192, by Kavvadias, Scherer, et al. 
Single sets of calibration standards and quality control samples, which covered the 
full analytical range of each analyte in both methods, were utilized. The analytical 
range for NNN differed the most between the methods, with the Celerion method 
covering 0.200 – 40.0 pg/mL and the published method covering 2.00 – 250 pg/mL.
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In total, 20 urine lots (10 from nonsmokers and 10 from smokers) were assayed 
with each method for a comparison of the basal concentrations of each TSNA. 
Selectivity and matrix effect were assessed by comparing the quantitative accuracy 
of each method when known amounts of the TSNAs were added to the basal 
concentrations. Basal concentrations of the TSNAs compared within 20% for 8/10 
smoker lots for NNAL, 7/10 smoker lots for NAT, 6/10 smoker lots for NAB, but only 
2/10 smoker lots for NNN. For some of the smoker urine lots, the differences in 
the basal concentrations of NNN were substantially different. A summary of the 
results is presented, including sample chromatography, and possible reasons for 
differences between the methods are discussed.

16. Inflammatory Cytokine Profiles in the Plasma and Saliva of Chronic 
Smokers and Moist Snuff Consumers
G. L. Prasad and Bobbette A. Jones
R.J. Reynolds Tobacco Company, Winston-Salem, North Carolina, USA

Chronic cigarette smoking causes inflammation, as evidenced by higher White 
Blood Cell counts (WBCs) and other leukocyte subsets. While some reports indicate 
that generally healthy smokers (SMK) exhibit changes in cytokines and other 
inflammatory mediators, additional work is needed. It has not been reported 
whether consumers of non-combustible tobacco, such as moist snuff, also 
experience increased inflammation. Recently, we observed that in contrast to SMK, 
levels of WBCs and several major leukocyte subtypes in Moist Snuff Consumers 
(MSC) resemble more closely the Non-Tobacco Consumers (NTC). Here we present 
the levels of selected inflammatory cytokines from tobacco consumers from the 
same study. 
Cytokine profiles of Human InflammationMAP®v1.0 panel (Myriad RBM) were 
generated from plasma and saliva samples collected from generally healthy 
adult male study subjects from SMK, MSC, and NTC cohorts who fasted overnight 
(food and tobacco). Detailed bioinformatic analyses revealed that some cytokine 
levels are useful for differentiating the three cohorts. Among the most significant 
differences between SMK and NTC were Intracellular Adhesion Molecule 1 and 
Matrix Metalloproteinase-9 from plasma, and Monocyte Chemotactic Protein 1 
from saliva. Levels of these three cytokines, among others, were also significantly 
different between SMK and MSC. There were fewer differences between the 
nonsmoking (MSC and NTC) cohorts: levels of plasma Ferritin, and salivary a-1-
Antitrypsin, a-2-Macroglobulin, and Fibrinogen differed between MSC and NTC. 
Comparative analyses of the nonsmoking (MSC plus NTC) and smoking (SMK) 
cohorts revealed that additional cytokines such as Interleukin-8 emerged as being 
highly significant (p<0.01). Overall, these findings show that SMK exhibited most 
differences in inflammatory cytokine levels and suggest increased inflammation 
relative to MSC and NTC cohorts, with far fewer differences detected between MSC 
and NTC.
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17. Global Profiling of Metabolites from Saliva of Tobacco Consumers 
G. L. Prasad, Bobbette A. Jones, and Eckhardt Schmidt; R.J. Reynolds Tobacco Company, 
Winston-Salem, North Carolina, USA 
Adam D. Kennedy; Metabolon, Durham, North Carolina, USA

The long-term health effects associated with cigarette smoking have been shown 
to be more harmful compared to those associated with the consumption of non-
combustible tobacco products, such as moist snuff. In order to investigate the long-
term health effects of tobacco exposure, we evaluated the saliva metabolomic 
profiles of 40 smokers (SMK), 40 moist snuff consumers (MSC), and 40 non-tobacco 
consumers (NTC) using UHPLC-mass spectrometry based metabolomic profiling. 
Saliva samples were collected from adult male subjects who abstained overnight 
from both food and tobacco. Metabolomic profiling and data analyses performed 
at Metabolon, Inc, (Durham NC) indicate that a total of 407 biochemicals (310 
known and 97 unnamed metabolites) were detected. While the known metabolites 
included three biochemicals from nicotine metabolism, the rest of them belonged 
to diverse metabolic pathways.
Smokers exhibited a larger number of statistical (p<0.05) differences relative to 
the non-smoking groups. For example, 94 metabolites were significantly different 
in SMK compared to NTC, 91 changes were detected in SMK versus MSC and 46 
biochemicals were different between MSC and NTC. These biochemicals fit into 
distinct metabolic pathways such as oxidative stress, inflammation, macromolecular 
rearrangement/tissue remodeling, xenobiotic biochemistry, amino acid, cellular 
energetics and microbial metabolism. Random Forest analyses revealed that SMK 
profiles were distinct from the MSC and NTC cohorts, while MSC profiles showed 
more subtle changes and were difficult to distinguish from NTC. In summary, these 
data present changes in global saliva biochemical profiles in generally healthy 
cigarette smokers and moist snuff consumers. These differences in the metabolite 
profiles may be useful in understanding the relative risks associated with smoking 
compared to consumption of smokeless tobacco products.

18. Drying Process of Flue-Cured Tobacco Leaves Using Intelligent Control 
System
Mohsenzadeh Reza, Taherkhani M., Shamel rostami M. T., Seraji M. R., and Kordjazi E. 
Tirtash Research & Education Center, Iranian Tobacco Company

As is known, a proper tobacco curing process is both a chemical and a drying process. 
The curing process involves controlling the barn humidity and temperature by 
adjusting the temperature settings and fresh air intake. The intelligent control can 
reduce the workload and labor cost involved in the curing process and guarantee 
the quality and market value of the cured tobacco. This study was carried out for 
design and construction of intelligent control system in processing steps of Flue-
cured tobacco and in comparison with traditional method (manually) on quality 
characteristics, production and labor costs and save of time. This study was done 
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in Tirtash Research and Education Center at 2008-2013 for the first time. Leaves 
were cured in 4-5 picks up and 2 treatments. The system has three cycles, manually, 
automatically and semi- automatically. Ability to monitor and control the various 
stages of tobacco processing. Hardware lock device has been processed to enhance 
safety, save information in memory courses, reaction to Update alarms defined, 
Send SMS to the failure of the fan and burner and etc. Results showed that Using 
of intelligent control system in processing steps of flue-cured tobacco, reduced 
number of labor, save of time (60-160 hours) and increased quality of tobacco (20-
30%). The control system can be used to control the environmental parameters in 
the curing barns for various tobacco leaves. It has characters of convenience, high 
level of automation, high efficiency and low labor cost.

19. Manufacture of Semi-Modern Barn for Curing Oriental Tobacco
Mohsenzadeh Reza, Seraji M. R., Ahmadi M., Davanlo A. R., and Alinejad R. 
Tirtash Research & Education Center, Iranian Tobacco Company

Harvesting, stringing and the preparation of leaves for curing and marketing are 
the most factors for tobacco production in most countries. Stringing and curing 
of oriental tobacco leaves is very labor intensive in comparison to other tobacco. 
Oriental tobacco in the most country is sun-cured. This study was done to 
determine the most suitable fan, reduce of production costs, quality improvement 
and determination of difficult and benefits with 4 treatments at Tirtash Tobacco 
Research and Education center in 2012-2013 in the 4 pickups. We tried the same 
curing conditions can be sun-dried in this study. Volume of barn was 30-32 cubic 
meterd (220×270×300 Cm). Three types of fan with power air movement of 6000 
-8000, 9000-12000 and 13000-18000 cubic meters per hour were placed in the barn. 
Fourth treatment was average price of oriental tobacco regions of Mazandaran and 
Golestan. Times of yellowing, wilting, stem drying and leaf drying were same for all 
treatments. Stop times were in all processes free. Average price of tobacco, sugar, 
nicotine, time of stringing and racking were recorded. Results showed that the use 
of the semi-barn will reduced production costs, number of labor and labor hours 
for 40 to 50 percent.

20. Comparison of Quality Characteristics and Labor Costs of Flue-Cured 
Tobacco Using New Boxes and Conventional Methods in Bulk Curing
Mohsenzadeh Reza, Shamel rostami M. T., and Seraji M. R. 
Tirtash Research & Education Center, Iranian Tobacco Company

In Iran, two methods are used for flue-curing - bulk curing barns using racks, and 
conventional barns using strings to hang the leaves. The Iranian racks are most 
widely used in bulk curing. A survey was done in order to compare Iranian racks 
with new boxes, for what regards the number of operators and labor cost, time 
of loading and unloading tobacco leaves, quantity, quality and grades, average 
market price, chemical compositions and organoleptic properties (flavor, taste, 
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combustibility, impact and irritation) of tobacco cured with the two methods. 
This research was conducted for the first time at the Tirtash Tobacco Research and 
Education Center in Iran. Tobacco leaves were harvested in four or five primings 
from the various stalk positions of cultivar Coker 347. Then new boxes and racks 
were filled by hand. 14 boxes (length 183 cm, width 60 cm, height 60 cm, weight 30 
kg) and 46 racks (length 183 cm, width 20 cm, weight 5 kg) were placed in two bulk 
curing barns (length 475 cm, width 183 cm, height 195 cm), and leaves were cured 
with the same conditions during yellowing, colour fixing, leaf and stem drying 
stages. The results showed that new boxes reduced number of operators needed 
and labor cost, loading and unloading time of tobacco leaves by about one-half. But 
differences were not significant in nicotine, reducing sugars, protein, total N, average 
market price, quality and organoleptic properties. Boxes and racks were almost similar 
on the 1, 2 and 3 grades and percentage of variegated tobaccos. Average of wet and 
cured tobacco were 53 and 11 kg each new box and 17.3 and 4 kg each Iranian rack.

21. An M-Type Thioredoxin Affects Potyvirus Infection in Tobacco Cells
Meng-ao Jia, Hancheng Wang, Xingjiang Chen, Ning Lu, and Yi Cao
Guizhou Academy of Tobacco Science, Guiyang, Guizhou, China

Expression of many host genes are altered during virus infection, and this change can 
in turn affect the defense response. We have obtained the CDS of a gene, designated 
NbTrm, which encodes an m-type thiroredoxin in tobacco, using a homology-based 
cloning method. The CDS of NbTrm is 549 bp in length, and encodes a predicted 
protein with a thiroredoxin super family conserved domain in the C terminus. Potato 
virus Y (PVY) is the type member of the family Potyviridae. In a study of PVY infection in 
Nicotina benthamiana, we observed that the expression of NbTrm was up-regulated 
at about 10 days post-inoculation (dpi) by semi-quantitative PCR. We also determined 
that virus-induced gene silencing (VIGS) of NbTrm in tobacco by using the pgR106 
vector system significantly enhanced PVY accumulation as determined by Northern 
blotting. In contrast, transient over-expression of NbTrm in tobacco protoplasts by 
PEG-mediated transfection showed that increasing NbTrm expression could inhibit 
the amplification of PVY viral RNA. Our preliminary data suggests that Nbtrm, which 
encodes an m-type thiroredoxin, can be up-regulated by potyvirus infection and 
plays an inhibitory role during PVY infection of tobacco cells.

22. Long-Term Assessment of Urine and Urine Extract Stability at -70°C for 
Urine Mutagenicity Analysis
Eckhardt Schmidt and Walter Morgan
R. J. Reynolds Tobacco Company, Winston-Salem, North Carolina, USA

The study aims at validating urine/extract storage stability using the Ames test. Bacterial 
strain YG1024 was used in this study having demonstrated to be more sensitive in 
detecting mutagenicity in human urine caused by cigarette smoking than other strains 
using a bacterial mutation assay. Limited data are available on the impact of long term 
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cryo-storage, freeze/thawing and dilution on mutagenic activity. In this study urine 
samples from 10 smokers and 10 non-tobacco consumers were collected and stored 
at -70°C. Ames tests were conducted using fresh, 1-, 6-, and 12-month stored urine 
samples and urine extracts. Validation was performed by comparing the mutagenic 
response of stored urine/extracts to that of fresh one. The responses observed across 
the four time points were compared using a Poisson regression model for statistical 
analysis of the linear portions of the dose response curves. Results have shown no 
statistically significant variations and no consistent pattern (magnitude of potency) in 
the Ames test end point. The data demonstrated that storage of urine samples for up 
to 12 months at ≤-70°C did not consistently affect the magnitude or potency of the 
mutagenic profile. Also, up to 2 rounds of freeze-thaw did not have any adverse effect on 
the mutagenic response of urine/extracts. In addition, there was no consistent pattern 
of response when diluted urine extracts stored for 1 month at ≤-70°C were compared 
to fresh urine, extracted and analysed immediately. It was concluded from these results 
that urine samples were stable for up to 12 months when stored at ≤-70°C and suitable 
for urine mutagenicity assessments. In addition, diluted urine extracts appeared to be 
stable at ≤-70°C for up to 1 month.

23. Improved Method for Determination of Tobacco-Specific Nitrosamines 
(TSNAs) in Tobacco and Tobacco Smoke by Ultra Performance Liquid 
Chromatography-Tandem Mass Spectrometry
Niti Shah, Jason W. Flora, and Naren Meruva
Altria Client Services, Richmond, Virginia, USA 

Tobacco-specific nitrosamines (TSNA) are harmful and potentially harmful constituents 
(HPHCs) found in tobacco products. CORESTA has published recommended methods 
(CRMs) for the determination of TSNAs in tobacco (CRM N°72) and tobacco smoke (CRM 
N°75) utilizing liquid chromatography tandem mass spectrometry (LC-MS/MS). The 
objective of this work was to develop an improved method for the determination of 
TSNAs in tobacco and tobacco smoke using ultra performance liquid chromatography 
tandem mass spectrometry (UPLC-MS/MS). The application of a UPLC system combined 
with the new generation mass spectrometers facilitated improved resolution, more 
rapid analysis, and greater sensitivity. This method utilized a UPLC column with sub 
2-micron particle size that offered higher chromatographic resolution, minimized matrix 
effects and reduced analysis time. All requirements for method validation were met 
including linearity, accuracy, precision, limits of detection (LOD), limits of quantitation 
(LOQ), robustness, and standard and sample extract stability. For example, the linearity 
was demonstrated for all analytes with a coefficient of determination of R2>0.995. The 
recoveries for all analytes were within 85%-115%. For tobacco analysis, the LOQ (based 
on lowest calibration standard) for N-nitrosonornicotine (NNN), N-nitrosoanatabine 
(NAT), and 4-(N-Methyl-N-Nitrosamino)-1-(3-Pyrridyl)-1-Butanone (NNK) was 162 ng/g 
and the LOQ for 4-nitrosoanabasine (NAB) was 40 ng/g. For smoke analysis, the LOQ for 
NNN, NAT and NNK was 8 ng/cig and the LOQ for NAB was 2 ng/cig. We also established 
criteria for the migration of the TSNA methods from LC-MS/MS to UPLC-MS/MS. It 



31

68th tobacco Science ReSeaRch confeRence  
Interdisciplinary Perspectives on Governmental Regulations of Tobacco Products

was also demonstrated that there is no need for sample clean up using solid phase 
extraction (SPE), a costly and time-consuming step. Results for this improved TSNA 
method correlated well with results obtained from CORESTA recommended methods 
(CRMs N°72 and 75). 

24. Simultaneous Determination of Nicotine, Propylene Glycol, Glycerin, 
Menthol, Ethanol, and Water in Electronic Cigarettes by Gas Chromatography
Tyler Smith and Naren Meruva
Altria Client Services, Richmond, Virginia, USA

As e-cigarettes (electronic nicotine delivery systems [ENDS] or e-vapor devices) are 
gaining popularity in global markets, there is an increasing need for quantitative 
analytical methods to measure e-cigarette fluid compositions for quality assurance 
(QA) testing and commercial product investigations. The objective of this work was 
to develop a highly efficient quantitative method that simultaneously determines the 
amount of major formulation and aerosol components of e-cigarettes including nicotine, 
propylene glycol (PG), glycerin, menthol, ethanol and water. The sample extracts of 
e-cigarette formulations and aerosols were analyzed using gas chromatography (GC) 
equipped with a flame ionization detector (FID) and a thermal conductivity detector 
(TCD). As this method quantitated six different formulation components of interest 
from a single sample preparation on a single instrument, it was referred to as the “6-in-1 
method.” Results are reported as percent by weight for each component (weight %), 
milligrams per cartridge (mg/cartridge), milligrams per puff count (mg/puff count), or 
milligrams per e-cigarette (mg/e-cig). All requirements for method validation were met 
including linearity, accuracy, precision, limits of detection (LOD), limits of quantitation 
(LOQ), method robustness, and standard and sample extract stability. For example, 
the linearity was demonstrated for all analytes with a coefficient of determination of 
R2>0.995. The recoveries for all analytes ranged between 88%-105%. The LOQs were 
1.25 mg/cartridge for nicotine, PG, glycerin, menthol, and ethanol and 12.5 mg/
cartridge for water. The integrated 6-in-1 method provides the following benefits: lower 
cost of analysis, reduced sample requirements, and improved laboratory productivity. 

25. The Determination and Comparison of Hydrogen Cyanide (HCN) Levels in 
the Mainstream Smoke of Three Reference Cigarettes Using Three Different 
Analytical Techniques to Understand Differences and Variability Between 
Methods
Andy Stinson, Barbara Whitehead, and Amanueal Tewolde; Liggett Group LLC, Mebane, 
North Carolina, USA
Amelia M. Paolantonio, Erik T. Alvarez, and I. Gene Gillman; Enthalpy Analytical Inc., 
Durham, North Carolina, USA

The FDA Center for Tobacco Products has identified hydrogen cyanide (HCN) as a 
harmful and potentially harmful constituent (HPHCs) in tobacco smoke. Currently 
there is no internationally accepted method for the analysis of hydrogen cyanide 
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but at least one national health organization has adopted the use of continue flow 
analyzers (CFAs) for the determination of hydrogen cyanide content of tobacco 
smoke. Several other analytical techniques are also commonly used to measure 
HCN including Ion Chromatography (IC) with electrochemical detection and 
spectrophotometric detection. In this presentation, we will compare the hydrogen 
cyanide concentration determined by each method in the mainstream smoke 
from 3R4F, CM7 and 1R5F reference cigarettes under both ISO and Canadian 
Intense smoking regimes and compare the advantages and disadvantages of each. 
All measurements were made from the same set of smoke samples collected at 
Liggett Group; Liggett conducted CFA analysis, and Enthalpy Analytical analyzed 
the samples using a spectrophotometric method and using IC with electrochemical 
detection. This study was designed to minimize sample differences since each test 
method was performed on the same sample. We will present the analytical values 
for each assay, short-term repeatability, and compare the results of the three 
methods used to determine HCN in mainstream smoke.

26. HPHCs-Validation of Method: Limitations in the “Accuracy Profile”
Valerie Troude, Sophie Gadois-Pommereul, Maryline Blanchet, Gérard Bru, and 
Matthieu Dubois
SEITA/Imperial Tobacco, Fleury-les-Aubrais, France

Analytical results must be both reliable and comparable, because they are often 
submitted and interpreted for regulatory purposes. Therefore, it is increasingly 
necessary for analysts to validate analytical procedures and to estimate the 
uncertainty associated with the results provided by the procedure.
Some requirements of the methodology of the “accuracy profile” are the 
sample selection, the choice of the matrices and the reference value [1]. Some 
constraints during HPHC testing of tobacco and smoke are the limited number of 
certified reference materials having a high level of traceability and standardized 
methodologies for analysis. Additionally it is quite difficult to find a matrix that is 
free of the target analyte. As a result, the analyst often has to resort to references 
with a lower level of traceability, such as spiked samples.
A combination of these factors means that the methodology of the accuracy profile 
is used to the extreme limit of its original intention, and so it makes sense to look 
at the applicability. The following parameters were therefore determined: limit of 
detection, of quantification, limits of the tolerance interval, precision, recovery 
and measurement uncertainty, using the concept of accuracy profile for benzo[a]
pyrene in tobacco; heterocyclic amines, polyaromatic hydrocarbons and caffeic 
acid in smoke. 
The consequences of the selection of the matrices on the calculated Tolerance 
Interval will be described to confirm that the methods are fit for the intended use. 
[1] NF V03-110 (2010) Analyse des produits agricoles et alimentaires - Protocole de 
caractérisation en vue de la validation d’une méthode d’analyse quantitative par 
construction du profil d’exactitude
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27. Analysis of Volatile Components of Tobacco Absolute Oil by Using GCxGC-
TOFMS and Retention Index
Kai Wang and Ruizhi Zhu
R&D Center of China Tobacco Yunnan Industrial Co., Ltd., Kunming, China 

Using the dust of flue-cured tobacco (honghuadajinyaun, from Yuxi city) produced in 
redrying process as raw materials, the tobacco absolute oil was prepared with organic 
solvent extraction, and the sensory quality of tobacco absolute oil in cigarette was evaluated. 
The preparation method was simple and efficient. The volatile components of the absolute 
oil were analyzed by comprehensive two-dimensional gas chromatography – time-of-
flight mass spectrometry (GCxGC-TOFMS), and the analyzing results were characterized by 
means of MS library search ad retention index comparison. The homologues and isomers 
were confirmed by using retention index, and the accuracy of compound qualitative 
analysis in absolute oil was improved. The results show that 67 components were identified, 
and the major components included nicotine, neophytadiene, palmitic acid, solanone, 
ethyl palmitate, sclareol, ethyl linoleolate, farnesol, linolenic acid, linoleic acid, phenylethyl 
alcohol, etc. When the nicotine, solanone and solanedione appeared simultaneously in the 
analytical results, it was considered as the typical characteristics of tobacco extracts. The ratio 
of nicotine, solanone and solanedione may be used to identify the quality of tobacco extract. 

28. Determination of Nicotine in the Tobacco Extracts by Using Ultra-
Performance Liquid Chromatography with Photo-Diode Array Detection
Kai Wang and Ruizhi Zhu
R&D Center of China Tobacco Yunnan Industrial Co., Ltd., Kunming, China 

It’s developed a new rapid method to detect nicotine in tobacco extracts by UPLC-
PDA. In the assay, the tobacco extracts include tobacco concrete, tobacco absolute 
oil, tobacco essential oil and tobacco extractum etc. As available solvent, the isopropyl 
alcohol, ethanol, water and 75% ethanol were compared in the extracting experiment, 
and the 75% ethanol was selected as extraction solvent because of its good efficiency 
and solubility for the most tobacco extracts. Ultrasonic vibration was used as extracting 
condition because it displayed better extracting result than mechanical vibration for 
viscous tobacco condition because it displayed better extracting result than mechanical 
vibration for viscous tobacco extracts especially. Mobile phase was consisted of 0.1% 
sodium hydrogen phosphate buffer salt solution and methanol, and the buffer can 
suppressed the formation of combined nicotine. By using external standard method, 
the calibration curve of nicotine showed a good linearity in the range of 0.1—10 mg/L 
with a correlation coefficient of 0.9999, and the spiked recoveries of the method were 
between 96 and 103%. The relative standard deviations (R.S.D.) of detecting results were 
less than 1%. The method was used to test the concentration of nicotine, and the result 
indicated that the amounts of nicotine in five different kinds of samples were in the range 
of 0.5–33%. GC-FID was also compared to this UPLC method in our work, and there was 
no obvious difference in testing results, but the GC had some faults, such as consuming 
more time and short of safety (isopropyl alcohol was used as solvent in GC method). 
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29. Analysis of Free Amino Acids in Tobacco, and Validation on the Agilent 
6490 LC-MS-MS System
Jeff Zhu, Nancy Qian, and Jonathan Wilkins; Eurofins Lancaster Laboratories, Winston-
Salem, North Carolina, USA
Serban Moldoveanu; R.J. Reynolds Tobacco Company, Winston-Salem, North Carolina, 
USA

The present study describes a number of improvements and changes performed on 
a LC-MS-MS method for the analysis of amino acids in tobacco which was initially 
developed using an Agilent 1200 HPLC and a Sciex API 5000 MS-MS, and has been 
previously presented in this TSRC. The improved method has been implemented on 
a different LC-MS-MS instrument, namely an Agilent 1290/6490 LC-MS-MS system. 
The improvements include the use of four internal standards for quantitation of 
the amino acids, a modification of the gradient for better separation of leucine/
isoleucine, and a change in the flow rate of the mobile phase for achieving shorter 
run time. The method was validated for routine analysis of 19 amino acids in green 
and cured tobacco material. In addition, a comparative study between the HPLC-
FLD method and the LC-MS-MS was performed. 

30. Application of TILLING Technology to Screen for Mutations in the Tobacco 
Glycosyltransferase Gene NtGt1a 
Qiang Fu, Jie Zou, Ji-shun Zhang, Shifeng Lin, Jing Yu, Yushuang Guo, Xiaolian Zhang, 
Shizhou Yu, Jie-hong Zhao, and Xueliang Ren
Guizhou Academy of Tobacco Science, Guiyang, Guizhou, China

Targeting Induced Local Lesions IN Genomes (TILLING) combines chemical 
mutagenesis with high throughput screening to allow for the generation and detection 
of mutant alleles in selected genes. In this study, TILLING has been applied to produce 
a series of mutations in a gene that plays an important role in herbicide detoxification. 
Specific TILLING primers were designed based on the sequence of the tobacco 
glycosyltransferase gene NtGt1a. In the TILLING experiment platform we established, 
we screened 1,716 No. 2 Guiyan individuals from the M2-M3 generation in the two 
years 2011 and 2012. We obtained two NtGt1a gene mutants and identified the point 
mutations by sequencing. The sequencing and alignment results indicated that only 
one of the two gene mutants was a missense mutation in which an aspartic acid residue 
was substituted by asparagine. The PROVEAN score was -1.320, suggesting that the 
mutation was likely to be neutral. We also assayed sugar levels in wild-type and mutant 
plants, but the results showed no significant differences. However, our results showed 
that the TILLING method was effective in detecting glycosyltransferase mutants in 
tobacco. By opening it to the community, we hope to fulfill the expectations of both 
crop breeders and scientists who are using tobacco as their model of study.
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MONDAY AFTERNOON, SEPTEMBER 29, 2014

Session A—Human Smoking/Toxicology

2 p.m. Monday
31. Design of a Clinical Trial to Compare Smoking Cessation Rates with Camel 
Snus and a Nicotine Lozenge (Part 1)
Paul R. Nelson and Peter Chen
R.J. Reynolds Tobacco Company, Winston-Salem, North Carolina, USA

R.J. Reynolds conducted a multicenter clinical trial to compare smoking cessation 
rates when healthy smokers with an intent to quit were switched to Camel SNUS or 
a nicotine lozenge. The effect of providing one-time smokeless tobacco relative risk 
information to subjects assigned to SNUS was also examined.
The study consisted of three cohorts: SNUS with one-time smokeless tobacco 
relative risk information; SNUS without smokeless tobacco relative risk information; 
and Nicorette Lozenge. The study was powered to detect a difference of 14.5% (OR 
of 0.57) for an average abstinence of 50% between two cohorts with a sample size 
of 200 subjects per cohort. This powering allowed detection of smaller differences 
in cessation rates if the true abstinence rate was different than 50%. 
Following enrollment, subjects were randomized to a cohort and provided with 
either SNUS or Nicorette lozenges for a 12 week period. The subjects were followed 
for up to 12 months beyond their target cessation date. Study subjects periodically 
answered questionnaires on their use of cigarettes and study product.
Four different criteria, based upon SRNT working group recommendations, were 
used to evaluate cessation. Criteria evaluated included: prolonged smoking 
abstinence; repeated point prevalence smoking abstinence; and two measures of 
continuous smoking abstinence. Abstinence was confirmed by measurement of 
exhaled CO and blood cotinine levels. 
A description of the study design, study endpoints, and cohort demographics will 
be provided in this presentation. 

2:20 p.m. Monday
32. Results from a Clinical Trial to Compare Smoking Cessation Rates with 
Camel Snus and a Nicotine Lozenge (Part 2)
Paul R. Nelson and Peter Chen
R.J. Reynolds Tobacco Company, Winston-Salem, North Carolina, USA

R.J. Reynolds conducted a multicenter clinical trial to compare smoking cessation 
rates with Camel SNUS, with and without smokeless tobacco health-related 
background information, and a nicotine lozenge. Cessation was evaluated using 
Fisher’s exact test and logistic regression across study visits for prolonged smoking 
abstinence, repeated point prevalence smoking abstinence, and two measures of 
continuous smoking abstinence and using survival analysis. 
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At twelve months, overall quit rates were low for all cessation endpoints (1-5%, 
depending on the endpoint) and there were no statistically significant differences 
among quit rates for any cohort as measured by any cessation criterion. Survival 
analysis results with or without a grace period showed no statistically significant 
difference between the Nicorette and Snus with/without information cohorts. 
Additionally, there was no statistically significant difference in cessation rates 
between SNUS with and without limited, one-time risk information at any time 
point.
Product usage among participants in each cohort was also examined. For subjects 
who reported use of study product and cigarettes (dual users), regardless of their 
status as a treatment success or failure, the number of cigarettes smoked per 
day was determined. During the period of the study during which product was 
provided to the subjects (through week 11), those subjects who used both study 
product and cigarettes concurrently greatly reduced (p < 0.05) their self-reported 
consumption of cigarettes. During the period of the study when subjects provided 
their own SNUS or Nicorette, dual users of study product and cigarettes also 
experienced a statistically significantly (p < 0.05) reduction in their self-reported 
number of cigarettes smoked.

2:40 p.m. Monday
33. Assessment of Exposure Biomarkers in U.S. Consumers of Snus, Moist 
Snuff, Cigarettes, and Dual Use
John W. Caraway, Bobbette A. Jones, Peter Chen, and Michael F. Borgerding
R.J. Reynolds Tobacco Company, Winston-Salem, North Carolina, USA

Biomarkers of exposure (BoE) to constituents in tobacco products and tobacco 
smoke were assessed in adult, U.S. tobacco consumers who participated in a multi-
center, cross-sectional study. A total of 320 subjects (267 males/53 females) were 
enrolled in the following cohorts based on their usual tobacco product use—SMK: 
cigarettes (n=60); CS: Camel SNUS (n=50); MS: moist snuff (n=50); DU-MS: dual 
use moist snuff/cigarettes (n=50); DU-CS: dual use Camel SNUS/cigarettes (n=50); 
NT: no tobacco use (n=60). Subjects completed a 24-hour clinical confinement 
during which they were allowed to use their own tobacco products but abstained 
overnight from food and tobacco. Selected BoE were measured in blood and 24-
hour urine samples and exhaled breath. In general, tobacco combustion-related 
BoE levels in the smokeless tobacco cohorts (CS and MS) were significantly lower 
(41-92%) than in the cohorts who smoked cigarettes (SMK, DU-MS, and DU-CS) and 
were not significantly different compared to the non-tobacco cohort. The mean 
levels of combustion-related biomarkers in the dualuse cohorts (DU-MS and DU-
CS) were either similar to or significantly lower (16-38%) than in the SMK cohort. On 
average, the dual-use cohorts also smoked significantly fewer (17-28%) cigarettes 
per day than the SMK cohort. For some tobacco-specific BoE (total nicotine 
equivalents, NNAL, and NNN), levels were significantly higher (1.4-4.5 times) in the 
cohorts who used moist snuff (MS and DU-MS) than in the other tobacco cohorts. 
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Overall, the results suggest that toxicant exposure from dual use of cigarettes and 
smokeless tobacco is similar to or lower than exclusive use of cigarettes. The results 
are consistent with a risk continuum for tobacco products.

3 p.m. Monday
34. Do You Have a Validated Biomarker for This Compound?
Raymond H. Farmen, Kirk E. Newland, and Rafiq Islam
Celerion, Lincoln, Nebraska

There are many ways to answer the question “do you have a validated biomarker 
for this compound”. Often this question cannot be answered unless you have the 
following information about the intended assay:
• Is this for a small molecule or a large molecule?
• What is the species? Is this the right biomarker for this species?
• What is the intra-subject and inter-subject variability?
• Is this data going to be used for a PK/PD plot or for a statistical comparison?
• Is this an endogenous biomarker? Will this biomarker be present in the  
 matrix? Do different disease states affect the concentration of this biomarker?
• Is this biomarker present in the environment?
• Is reference material available for this biomarker?
• What is the cost you are willing to spend for this assay?
Since the tobacco industry has moved into the area of regulated bioanalysis, we have 
noted that there is confusion surrounding the regulatory standards required for 
analytical methods to be used for testing biomarkers in biofluids. This presentation 
will focus on demonstrating the benefits of using a fit-for-purpose approach 
concerning the validation of biomarkers. In conclusion a properly constructed and 
validated Bioanalytical Tobacco Assay (BTA) that has the appropriate selectivity, 
sensitivity and improved analytical precision has a direct impact upon statistical 
analysis of the study. Specifically, these parameters will have a direct impact upon 
the number of subjects that you have to dose in order to achieve the same statistical 
power.

3:40 p.m. Monday
35. Comparison of the In Vitro Toxicity Profiles of E-Cigarettes, Tobacco-
Burning Cigarettes, Smokeless Tobacco, and Nicotine Replacement Therapy 
Products: E-Liquids, Extracts, and Aerosols
Robert D. Leverette, Manoj Misra, Bethany T. Cooper, and Melanee B. Bennett
Lorillard Tobacco Company, A.W. Spears Research Center, Greensboro, North Carolina, 
USA

The popularity and use of electronic cigarettes (e-cigarettes) continues to increase 
worldwide, in parallel with an accumulating body of scientific information on 
their potential toxicity and safety. In order to determine and compare the toxicity 
of e-cigarettes, an in vitro battery of four established assays was used to examine 
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the cytotoxicity (Neutral Red Uptake: NRU), mutagenicity (Ames), genotoxicity 
(Micronucleus: MN) and inflammatory responses (IL-8) of certain commercial 
e-cigarettes, tobacco-burning cigarettes (reference and commercial), smokeless 
tobacco (SLT) and nicotine replacement therapy (NRT) products. The initial toxicity 
evaluation was performed on e-liquids extracted from blu™ e-cigarettes (2 flavors 
each with 2 levels of nicotine) and aqueous extracts of the SLT and NRT products. 
For comparison to tobacco-burning cigarettes, cigarette smoke and e-cigarette 
aerosols were generated under the Health Canada Intense smoking regime, 
pad-collected and extracted in DMSO. In addition to pad-collected smoke and 
aerosols, the cytotoxicity, mutagenicity and inflammatory responses of freshly 
generated whole smoke and e-cigarette aerosols were also tested and compared. 
In all assays (NRU, Ames, MN, IL-8), exposures with e-cigarette liquids and aerosols 
showed no significant activity when compared to tobacco-burning cigarettes, at 
the tested comparable doses. Results for the e-cigarettes, regardless of flavor and 
nicotine, were very similar, indicating that the presence of nicotine and flavors, at 
the levels tested, did not induce any cytotoxic, genotoxic or inflammatory effects. 
These findings indicate that neither the e-cigarette liquids or their aerosols, nor 
the aqueous extracts of the SLT and NRT products produce any meaningful toxic 
effects in these four in vitro test systems, in which conventional tobacco-burning 
cigarette smoke preparations, at comparable exposures, are markedly cytotoxic 
and genotoxic.

4 p.m. Monday
36. Effects of Cigarette Smoke Condensation Under Different Smoking 
Regimens on Human Oral Epidermoid Carcinoma Cells
Fan Ziyan, Liu Shanshan, Li Zhonghao, Pang Yongqiang, Jiang Xingyi, and Tang 
Gangling; China National Tobacco Quality Supervision & Test Center, Zhengzhou, China
Zhai Niu; China Tobacco Gene Research Center, Zhengzhou, China

In this study, immortalized human oral cells (oral epidermoid carcinoma cell line 
KB) was used as an experimental model to assess the cytotoxicity of exposure to 
cigarette smoke condensates (CSCs) prepared under ISO and HCI smoking regimens. 
The dose of the total particulate matter exposed to the cells ranged from 0 to 300 
µg/mL, and the MTT tests and BrdU (5-bromo-2-deoxyuridine) incorporation tests 
were conducted after the cells were exposed to the CSCs for 24 h. 
The results indicated that oral cell in vitro proliferation can be inhibited after exposed 
to CSCs, and exposure to the CSCs has an influence on metabolic activity and 
nucleic acid replication activity of the cells. In both the MTT and BrdU incorporation 
tests, the cytotoxicity was decreased from ISO regimen to HCI regimen under the 
same per unit of TPM, similar to an earlier cytotoxicity report on Chinese hamster 
ovary (CHO) cells. Compared with the MTT test results, the BrdU incorporation assay 
showed that the nucleic acid replication activity was inhibited more significantly 
than metabolic activity with the EC50 ranging from 68(ISO) to 81 (HCI) µg/mL for the 
BrdU incorporation assay, and 92(ISO) to 123(HCI) µg/mL for the MTT test.
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Further study on the release of harmful components in mainstream smoke showed 
that the toxicant output per unit of TPM and Nicotine for the HCI regimen was lower 
than the ISO regimen for reference cigarette 3R4F. Furthermore, the CSCs under 
the HCI regimen have higher water content than ISO. Herein, these two factors 
might contribute to the decrease in cytotoxicity to human oral cells under the HCI 
regimen than the ISO regimen. 

4:20 p.m. Monday
37. Estimation of Smoke Constituents Exposure by Mimicking Consumer 
Smoking Behavior in Anhui District and Comparison with ISO and HCI Yields
Ran Wang, Chenghui Wang, Lu Li, Yingbo Xu, and Min Ning
China Tobacco Anhui Industrial Co., Ltd. Hefei, Anhui, China

Although smoking behavior may vary from person to person, cigarettes were 
smoked under some standard patterns to give a valuation idea. Among these 
standard smoking regimes, ISO and HCI are most used ones for regulation and 
study purpose. However, ISO method was doubted to give much lower values than 
“actual” exposure.
In China, over 90% tobacco consumers smoke Virginia-type cigarettes. Three 
commercially popular Virginia-type cigarettes were picked, which have high (> 10 
mg/cig), medium (8-10 mg/cig) and low tar (< 8 mg/cig) respectively. Representative 
consumers were picked for each type of cigarettes with consideration of gender, 
age, smoking history, smoking intensity, etc. Investigation of consumer smoking 
behavior by hand-held puffing topography device was conducted in Anhui district 
in China. Smoking processes were recorded, including flow rate, puff volume, 
smoking frequency, puff duration, “end point” (tipping length), etc. Ventilation 
blocking percentage was estimated by observing how consumers hold the 
cigarette when smoking. Over 1,000 consumers participated in the survey. Typical 
smoking pattern for each type of cigarettes was determined by calculating mean 
values of key factors.
The high/medium/low tar cigarettes were smoked on Borgwaldt 20H smoking 
machine by mimicking their consumer behavior. Smoke constituents, such as 
tar, nicotine, CO, phenol, TSNA, carbonyl, HCN, NH3 and benzo[α]pyrene, were 
collected and analyzed according to ISO or CORESTA methods. The results can be 
an estimation of representative exposure values of typical consumers. The results 
were also compared with ISO and HCI values. It was concluded that although ISO 
and HCI yields both deviated from the “actual” values, the overall yields obtained 
from ISO smoking regime are more close to the estimated exposure than those 
from HCI.
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MONDAY AFTERNOON, SEPTEMBER 29, 2014

Session B—Tobacco Chemistry

2 p.m. Monday
38. Analysis of Free Amino Acids in Tobacco with a New LC/MS/MS Procedure
Serban C. Moldoveanu; R.J. Reynolds Tobacco Company, Winston-Salem, North 
Carolina, USA 
Jeff Zhu; Lancaster Labs. Inc., Winston-Salem, North Carolina, USA

The levels of amino acids in tobacco are important for leaf characterization. They 
contribute substantially to the level of toxicants in cigarette smoke, and to the 
sensory properties of cigarettes. The analysis of amino acids in tobacco leaf has 
been practiced using a variety of analytical techniques, but difficulties are still 
encountered with the analysis. A common procedure uses derivatization with 
o-phthalaldehyde-fluorenylmethyl chloroformate (OPA-FMOC) followed by HPLC 
analysis with fluorescence detection. This technique provides reliable results, 
although has shortcomings: uses derivatization; the freshness of derivatization 
reagents influences the accuracy or results; amino acids are recognized only 
based on their retention times in the chromatograms; it is limited in covering a 
range of amino acids concentrations. An improved original procedure for amino 
acid analysis has been developed by separating the un-derivatized amino acids 
by ion-pair reversed-phase HPLC with detection performed using a tandem mass 
spectrometer. This new procedure resolves the shortcomings of OPA-FMOC analysis 
and provides accurate and precise results in the analysis of 21 amino acids. The 
procedure has been used for comparing the amino acid content in 15 different 
tobaccos. Although based on a limited number of tobacco types, the study provides 
a comparison of flue-cured, burley, and Oriental tobaccos, leaf + some tips vs. lower 
stalk, and different growing locations. Besides the expected differences between 
flue-cured, burley, and Oriental(s), the study showed that the difference in amino 
acid profile between leaf + some tips vs. lower stalk is mainly of quantitative nature. 
Also, it showed that the growing location for the tobacco alters the ratios of the 
levels of different amino acids, but maintains rather similar profiles for the same 
tobacco type.  

2:20 p.m. Monday
39. Analysis of Sugars and Myo-inositol in Tobacco with a New LC/MS/MS 
Procedure
Serban Moldoveanu and Wayne Scott
R.J. Reynolds Tobacco Company, Winston-Salem, USA

The levels of sugars in tobacco are important for leaf characterization. They 
contribute substantially to the sensory properties of cigarettes, and generate 
by pyrolysis undesirable compounds such as aldehydes. More modern analyses 
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of sugars have been performed using HPLC, but their molecules do not have 
chromophors and detection is typically performed using a refractive index detector, 
which is not very sensitive and allows identification based only on retention time. The 
high hydrophilic character of sugar molecules requires the use of special columns 
such as Rezex™ or HILIC-amino for separation. A new procedure for the quantitation 
of sugars has been developed using a new HILIC type column and a tandem mass 
spectrometer for detection. The procedure allows the separation and analysis of 
several C5 and C6 monosaccharides, several disaccharides, sorbitol, as well as several 
inositols. The procedure uses a YMC-Pack Polyamine II column, and the separation 
is performed in isocratic conditions using mobile phase with 67% CH3CN and 35% 
H2O, that has 80 mM Cs(CH3COO). The mass spectrometer selects in Q1 the adduct 
molecule of Cs+ with the sugar, and in Q3 detects the Cs+ ions. This procedure has 
been used for the quantitation of fructose, glucose, sucrose and myo-inositol in 15 
different tobaccos. Although based on a limited number of tobacco types, the study 
provides a comparison of flue-cured, burley, and Oriental tobaccos, leaf + some 
tips vs. lower stalk, and different growing locations. The results show the expected 
differences between flue-cured, burley, and Oriental(s). Also, it showed that the 
growing location for the tobacco alters the ratios of the levels of different sugars, but 
maintains rather similar profiles for the same tobacco type. 

2:40 p.m. Monday
40. Nicotine Activity in Tobacco
F. Kelley St. Charles; St. Charles Consultancy, Lewisville, North Carolina, USA
Serban C. Moldoveanu; R.J. Reynolds Tobacco Company, Winston-Salem, North Carolina, USA

The vapor pressure of pure nicotine has been reported in the literature. However, to 
the best of our knowledge, measurements of the vapor pressure of nicotine from 
tobacco have not been reported. Nicotine migration from tobacco to cigarette filters 
during storage (presented at the 2013 TSRC) indicated that the vapor pressure of 
nicotine from tobacco would be orders of magnitude lower than that of pure nicotine. 
This is not surprising since nicotine in tobacco would primarily exist as a salt. We have 
conducted preliminary experiments to quantitate the vapor pressure of nicotine at 
room temperature from different grades of burley, flue-cured and oriental tobacco. 
In addition, measurements on pure nicotine were made to test the methodology. The 
headspace from samples stored in gas bags was sampled using XAD4 cartridges. The 
XAD4 was then extracted in vials with ethyl acetate containing triethylamine using the 
validated technique for nicotine in environmental tobacco smoke. For pure nicotine the 
headspace from gas bags was sampled by bubbling through extraction solution in a 
gas tight syringe as well as using XAD4 cartridges. Both HPLC/MS/MS and GC/MS/MS 
with selective ion monitoring were used for analysis with similar results. Nicotine activity 
from tobacco (vapor pressure divided by the vapor pressure of pure nicotine) ranged 
from 0.0001 to 0.005 with burley > flue-cured > oriental. Relative standard deviation 
for measurement was on the order of 25% for both pure nicotine and tobacco. This 
corresponds to the change in nicotine vapor pressure for a 2 °C temperature change.
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3 p.m. Monday
41. Highly Time-Resolved Two-Dimensional Mapping of the Molecular 
Combustion and Pyrolysis Product Concentrations During a Puff in a Burning 
Cigarette 
Ralf Zimmermann, Rom Hertz-Schünemann, and Thorsten Streibel; University of 
Rostock, Rostock, Germany
Sven Ehlert and Andreas Walte; Photonion GmbH, Schwerin, Germany
Chuan Liu and Kevin McAdam; British American Tobacco, Southampton, UK

Cigarette smoking is an extremely complex and dynamic chemical process. The 
gas phase chemistry of tobacco combustion in the tobacco voids and pores is 
difficult to address by conventional analytical methods. Recently photo ionisation 
mass spectrometry (PIMS) was established as a fast on-line analytical technique 
to analyse the chemical signature of highly dynamic combustion and pyrolysis 
processes in cigarettes [1]. A new combination of PIMS (laser-based single photon 
ionisation, 118 nm) and a capillary microprobe sampling system (µ-probe) for 
direct examination of the composition of organic vapours in the centre of the 
cigarette’s combustion zone was developed [2]. Here this µ-probe-PIMS-approach 
is applied as a spatial and temporal resolved mapping method. Repetitive smoking 
experiments with a reproducible smoke machine and standard reference cigarettes 
were performed and different sampling positions in the cigarette rod were multiply 
addressed by µ-probe PIMS-measurements. The time-resolved PIMS-sequences 
were later combined to spatially-resolved, time-dependent “maps” for the different 
compounds. This new imaging technique was used to measure quantitative 
distributions of e.g. nitrogen monoxide, benzene and oxygen in the burning tip 
of a cigarette during a 2 second puff (with up to 100 ms time resolution). The 
different formation and destruction zones of the investigated compounds in the 
reaction region and their dynamic changes were observed during the puff, and 
space-resolved kinetic data was obtained. For example, the classical formation and 
destruction mechanisms of NO during the puff (fuel-NO formation and re-burn in 
hydrocarbon rich zones) were observed resolved in space and time.
[1] Adam, T. et al., Anal. Chim, Acta 657 (2010) 36-44, [2] Hertz, R., et al., Analytica 
Chimica Acta, 714 (2012) 104-113

3:40 p.m. Monday
42. Impact of GC Inlet Temperature on Analyte Response in GC-MS for Selected 
Volatile Organic Compounds in Mainstream Cigarette Smoke
Norman Fraley, Eurofins Lancaster Laboratories, Winston-Salem, North Carolina, USA

Regardless of the method used to collect volatile organic residues from mainstream 
cigarette smoke, if Gas Chromatography (GC) is used for separation and detection, 
inlet conditions dramatically affect the instrument response. This effect becomes 
significant when multiple analytes of dramatically different chemistries are 
determined in a single analysis. This study examines the effect of varying the GC inlet 
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conditions on 18 selected volatile organic residues gathered from a cryo-impinger 
collection method. Comparison of the data and conclusions are presented.

4 p.m. Monday
43. Comparative Characterization of Smoke Residue Collection Efficiency of 
Cryo-Impinger and Ambient Temperature Vapor-Phase Tedlar Collection Bags
Norman Fraley, Ulli Becker, Darius Grissom, and Lorelei Nemcik
Eurofins Lancaster Laboratories, Winston-Salem, North Carolina, USA

The recovery and retention of highly volatile organic compounds is strongly 
influenced by the environmental conditions at the time of collection. Highly 
volatile compounds in cigarette smoke can be collected using gas collection 
bags, akin to the collection of air samples. Alternatively, these compounds can be 
trapped in solvents at very low temperatures using impingers. We developed two 
methods for a selected number of highly volatile organics. One method utilizes the 
trapping of the compounds at -70°C and the other used gas sample bags at room 
temperature. This study compared the collection efficiency of these two methods. 
Several cigarettes with different levels of TPM were compared using the HCA and 
the ISO smoking regime. The talk will present comparison data, conclusions and 
recommendations.

4:20 p.m. Monday
44. Determination of Ethyl Carbamate in Tobacco and Smokeless Tobacco 
Products by HPLC-APCI+-MS/MS
Jutta Pani, Herwig Stepan, and Bernhard Mayer-Helm, JTI-Ökolab, Vienna, Austria 

Introduction
Ethyl carbamate (urethane) occurs in a wide range of alcoholic beverages and 
fermented foods such as bread, yoghurt or soy sauce but also in fruit and vegetable 
juices. Apart from that, traces of ethyl carbamate have been found in smokeless 
tobacco products such as moist snuff or snus. Most likely, its formation takes place 
during fermentation or storage under the influence of light and elevated temperature. 
It has been classified “probably carcinogenic to humans” (IARC group 2A). 
Experimental
A highly efficient purification technique was established for ethyl carbamate from 
smokeless tobacco. After extraction using an aqueous buffer, a polymeric reversed 
phase material is used in a solid phase extraction step to purify the extracts. 
Buffer with 10% methanol is sufficient to elute the highly polar analyte from the 
column while matrix components remain on the column. Final determination 
of ethyl carbamate is performed using reversed phase high performance liquid 
chromatography (HPLC) - atmospheric pressure chemical ionization in the 
positive mode (APCI+) - tandem mass spectrometry (MS/MS). An isotope-labeled 
internal standard (ethyl carbamate-D5) is used to correct the peak areas before 
quantification via external standard calibration.
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Results and Discussion
A comparison of ionization techniques, APCI und ESI (electrospray ionization), 
showed that APCI gives a significantly improved sensitivity. CORESTA reference 
products CRP 1 – 4 were analyzed but only CRP2 (moist snuff) showed detectable 
levels of 38 ng/g. Recoveries ranged from 80% in CRP2 to 45% in CRP3. Furthermore, 
extensive validation was performed.
Our proposed clean-up method results in highly purified samples, which are a 
prerequisite for a robust method with increased system stability.

4:40 p.m. Monday
45. Determination of N-Nitrososarcosine in Smokeless Tobacco Products
Jutta Pani, Madeleine Werneth, and Bernhard Mayer-Helm, JTI-Ökolab, Vienna, Austria

Introduction
The method mainly used for the determination of N-nitrososarcosine (NSAR) in 
tobacco – gas chromatography coupled with a thermal energy analyzer – lacks 
selectivity and requires derivatization and laborious sample cleanup. A different 
technique, liquid chromatography combined with electrospray ionization tandem 
mass spectrometry (LC-ESI-MS/MS), is advanced but involves difficulties regarding 
(i) the retardation of the polar compound NSAR and (ii) unequal ESI-MS/MS 
responses of the syn and anti conformers of NSAR.
Experimental
LC-ESI-MS/MS measurements were carried out using an Obelisc N column in 
Hydrophilic Interaction Liquid Chromatography (HILIC) mode coupled with a triple 
quadrupole MS in negative ionization mode. Samples were extracted with aqueous 
formic acid and subsequently purified with solid supported liquid-liquid extraction. 
For quantification external calibration with internal standard-correction using the 
isotope labeled NSAR-D3 was applied.
Nuclear magnetic resonance spectroscopy was used to assign the syn and anti 
conformers and to determine their ratios.
Results and Discussion
The selected stationary phase in HILIC mode is capable of retaining the polar 
compound NSAR reasonably. Using two different LC gradient methods it was 
observed that the conformers show different ESI-MS/MS response and that their 
ratios differ in real samples and in standards of different age. As a consequence, 
for proper quantification the conformer ratio in the external standard needs to be 
adjusted to the same ratio as in the samples.
The method described has been applied to several tobacco products and has been 
fully validated for CORESTA Reference Product 2 (moist snuff) and 3 (dry snuff) 
showing expanded measurement uncertainties of approximately 20% and limits of 
quantification of about 20 ng/g.



45

68th tobacco Science ReSeaRch confeRence  
Interdisciplinary Perspectives on Governmental Regulations of Tobacco Products

Workshop
3–5 p.m. Monday

E-Cigarette Workshop
I. Gene Gillman; Enthalpy Analytical Inc., Durham, North Carolina, USA
John H. Lauterbach; Lauterbach & Associates, LLC, Macon, Georgia, USA

This workshop will be presented in two parts. The first section will focus on the 
basic design and construction of both typical disposable/rechargeable devices 
and selected advanced personnel vaporizers. Topics will include cartomizer and 
atomizer construction, battery voltage and device yield profiles. This section of 
the workshop will include a “hands-on” session in which workshop participants 
will be able to collect e-cigarette aerosol with an analytical smoking machine. The 
second section will focus on e-liquids, including product stewardship, analytical 
techniques, and comparisons of tobacco-like and exotic flavors.

TUESDAY MORNING, SEPTEMBER 30, 2014

Session A—E-Cigarettes, Part 1

8:10 a.m. Tuesday
46. Characterization of Electronic Cigarette Formulations and Aerosols 
Jason W. Flora, Naren Meruva, Chorng B. Huang, David Bennett, Regina Ballentine, 
Michael Werley, and Willie J. McKinney, Altria Client Services, Richmond, Virginia, USA

E-cigarettes, also known as E-vapor products and electronic nicotine delivery 
systems, are gaining popularity in the U.S. and global markets. Currently, limited 
published data exists on the formulations and chemicals that may be formed 
during aerosol generation. A harmful and potentially harmful constituent 
(HPHC) list developed for currently regulated tobacco products includes several 
chemical classes such as carbonyls, aromatic amines, volatile organic compounds, 
polyaromatic hydrocarbons and tobacco specific nitrosamines (TSNAs). The 
E-vapor product category, however, is currently not regulated and no specific 
list of HPHCs exists. Most e-cigarette formulations contain propylene glycol (PG) 
and glycerin, which are known to produce aldehydes when heated. In addition, 
ethylene glycol, diethylene glycol and nicotine related chemicals have been 
previously reported as potential e-cigarette formulation impurities. Our objective 
was to evaluate NuMark’s commercial e-cigarette formulations and aerosols for 
the chemicals listed above, determine toxicological significance and share results 
with the scientific community. Aerosols were collected using 4 second puffs, 55 
cc puff volumes, and 30 second puff intervals. E-cigarettes were puffed to battery 
exhaustion to maximize aerosol collection. For carbonyls analysis, aerosols were 
collected in 20 puff increments to account for analyte instability. TSNAs were 
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measured at levels acceptable in US pharmacopeia grade nicotine. Nicotine related 
impurities in NuMark’s e-cigarette formulations were below levels suggested by 
ICH guidelines Q3B(R2) (<0.5% of the total nicotine concentration). The levels of 
thermal degradation products from PG and glycerin detected in the aerosol were 
determined to be toxicologically insignificant. 

8:30 a.m. Tuesday
47. Nicotine and Related Impurities in Electronic Cigarette Cartridges: Stability 
Studies and Methodologies
Jason W. Flora, John Miller, Julie Schrall, Jennifer Smith, Chris McFarlane, and Naren 
Meruva, Altria Client Services, Richmond, Virginia, USA

E-cigarettes, also known as E-vapor products and electronic nicotine delivery 
systems, are gaining popularity worldwide. The nicotine used in e-cigarette fluids 
is extracted from tobacco and the purity of the nicotine can vary depending upon 
manufacturer and grade (e.g., US pharmacopeia grade). The US and European 
Pharmacopoeia make recommendations for the purity of nicotine intended 
for pharmaceutical products; however, no official purity recommendation for 
the nicotine used in e-cigarettes has been made. Not only can nicotine contain 
natural impurities such as other tobacco alkaloids, but it can also degrade and 
form nicotine-N-oxides, cotinine and myosmine. To date, only a few publications 
have evaluated the nicotine related impurities in e-cigarette fluids and none have 
evaluated these fluids during long term storage. Therefore, the objective of this 
work was to investigate nicotine and nicotine related impurities in disposable 
NuMark prototype e-cigarette cartridges during long-term storage. Sensitive, 
selective, and robust analytical methodologies for quantitation of nicotine (gas 
chromatography mass spectrometry (GC-MS)) and nicotine impurities (liquid 
chromatography tandem mass spectrometry (LC-MS/MS)) in e-cigarette fluids were 
developed and validated. Nicotine and the nicotine impurities listed in the US and 
European Pharmacopoeia guidelines were quantitatively investigated for 52 weeks. 
Storage conditions included both “worst case” environmental conditions (e.g., high 
temperature with high and low humidity) as well as the long-term and accelerated 
conditions recommended by the International Conference on Harmonisation (ICH) 
Guidance Q1A(R2). For all products investigated, at ambient (long-term) conditions 
up to 52 weeks, nicotine related impurities remained below levels suggested by ICH 
guidelines Q3B(R2) (<0.5% of the total nicotine concentration). 

8:50 a.m. Tuesday
48. Chemistry and Toxicology of Red, Green, Gold, and Exotic E-Liquids
John H. Lauterbach, Lauterbach & Associates, LLC, Macon, Georgia, USA

E-liquids for use in e-cigarettes and e-liquids already contained in disposable 
e-cigarettes and prefilled cartomizers continue to be the subject of articles in 
the popular press, scientific journals, and presentations at scientific meetings. 
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Some articles in the popular press have focused on unintentional poisonings from 
carelessly handled bottles of e-liquids. Others have focused on the current lack of 
governmental regulation on the formulation, production, and packaging of e-liquids. 
Scientific journal articles and presentations at scientific meetings have touched on 
the composition of e-liquids with more focus on accuracy of nicotine labeling and 
trace analytes than on complete analyses of the e-liquids and the likely fate of those 
compounds in the vaporization processes that create the aerosol inhaled by users 
of e-cigarettes. So the objective of this presentation is to provide the results of our 
research dealing with the composition of e-liquids both purchased as e-liquids as 
well as e-liquids taken from disposable e-cigarettes and the prefilled cartomizers 
used with popular brands of rechargeable e-cigarettes. Results from GC-MS analyses 
under several different conditions (polar column, nonpolar column, persilylation of 
the e-liquids followed by GC-MS on nonpolar column) as well as thermal analyses 
studies to determine percent nonvolatile, pH determinations, and in vitro bioassays 
will be given. Our research showed that popular major brand disposable e-cigarettes 
(red – high nicotine nonmenthol, green – high nicotine methol, and gold – moderate 
nicotine) have relatively simple chromatographic profiles compared with the more 
exotic flavors. More importantly, full characterization of an e-liquid requires analyses 
of both volatile analytes and any nonvolatile components, with in vitro bioassays used 
as necessary, in order to provide sufficient information for good product stewardship.

9:10 a.m. Tuesday
49. Dynamic Mapping of Menthol and Nicotine Deliveries from Eclipse 
Cigarettes
Quanli Gu, R.J. Reynolds Tobacco Company, Winston-Salem, North Carolina, USA

Menthol and nicotine deliveries from current market (green) Eclipse cigarettes 
have been studied in real time using the time resolved mass spectrometer. The 
obtained spectra enable unambiguous identification of aerosol species menthol 
and nicotine. For consecutively measured 20 puffs per cigarette, the spectra display 
different profiles of puff to puff for menthol and nicotine. Maximal menthol shows 
up in early puffs (5th - 7th) while maximal nicotine appears in later puffs (8th - 9th); 
modest menthol in the last puffs (16th - 20th) are still observed but little or no 
nicotine are observed. Since the experiments were performed on a basis of single 
cigarettes, the presented data reveal the nature of Eclipse performance.

9:30 a.m. Tuesday
50. The Analysis of Isotopically Labeled Propylene Glycol in E-Cigarettes
Kirk E. Newland, Raymond H. Farmen, Christine J. Kafonek, and Rafiq Islam 
Celerion, Lincoln, Nebraska

Measurement of the excipients in eCigarettes has become a hot topic of discussion 
with the release of the new draft guidance from the FDA. However, difficulties 
in the selective measurement of the bioavailable portion of the excipients have 
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allowed questions regarding the reduced health risk of eCigarette use to remain 
open and nebulous to resolve. One of the commonly maligned chemicals is the 
carrier agent, propylene glycol. Despite the warnings from popular media and 
less popular politicians, propylene glycol (also found in soft drinks, ice cream, 
deodorant, cosmetics, and M&Ms) is identified by the FDA as safe for consumption 
at reasonable levels over long periods of time.
To date, methods validated for the measurement of propylene glycol in blood 
matrix have been confounded by significant interference of dietary and common 
lifestyle exposures. Measurements of basal levels of propylene glycol in plasma 
from healthy non-smokers (and non-vapers) range from 200 to 13,000 ng/ml. With 
this broad range of exposure there is no measureable difference between vapers 
and non-vapers.
We have developed a novel approach to the clinical testing of eCigarettes which 
includes either propylene glycol or glycerin or both as a carrier for nicotine delivery. 
By utilizing carbon heavy propylene glycol as the carrier agent in the eCigarette all 
dietary and lifestyle related exposures of non-labeled propylene glycol in plasma 
can be separated during mass spectrometry analysis.
With this approach the question of propylene glycol bioavailability from each 
model, dose and dose period can be answered. Furthermore, this approach will be 
able to unequivocally determine the second hand exposure to eCigarettes.

10:20 a.m. Tuesday
51. Use of Carbon-13 Labeled Glycerol to Identify Potential Decomposition 
Products
John H. Lauterbach; Lauterbach & Associates, LLC, Macon, Georgia, USA
Andrae Spencer; Global Laboratory Services, Inc., Wilson, North Carolina, USA

The presence of acetaldehyde and other low molecular weight carbonyl compounds 
in mainstream e-cigarette aerosols (MECA) has been one of key arguments against 
the use of e-cigarettes. It has been alleged that these carbonyl compounds come 
from partial thermal decomposition of the glycerol (aka VG) and/or propylene glycol 
(aka PG) used to form the MECA and to dissolve the nicotine and flavors (if used). 
However, there could be other sources of these carbonyl compounds including 
decomposition of the added flavors and/or decomposition and/or outgassing of 
the materials used to construct the e-cigarette. Consequently, we developed an 
analytical technique to determine if VG was the source of acetaldehyde. Glycerol-
13C3 (99 atom % 13C) was obtained from Sigma-Aldrich. The glycerol-13C3 was 
diluted 4:1 with unlabeled PG. This solution (5 drops) was added to a blank V2 
cartomizer and the cartomizer allowed to equilibrate at ambient temperature for 
20 minutes. The cartomizer was mated with a standard V2 battery section, and the 
device was puffed using a 55/3/30 puffing regimen with a square-wave puff profile. 
The aerosol from 230 – 250 puffs was collected in impingers containing DNPH 
trapping solution, and the trapped DNPH derivatives were analyzed by GC-MS. The 
analysis showed that the acetaldehyde-DNPH derivative was composed mostly of 
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13C2 acetaldehyde. Thus, under the conditions of test, one decomposition product 
of VG was acetaldehyde. Additional details and experimental will be included in the 
presentation.

10:40 a.m. Tuesday
52. Modelling of the Effect of Indoor Intermittent Emissions Produced by 
Electronic Cigarette Users on Exposure of Bystanders
Stepháne Colard; Imperial Tobacco Limited, Bristol, UK
Thomas Verron; SEITA, Imperial Tobacco Group

In the context of the regulatory debates about the appropriateness to ban or not 
e-cigarette use in public places, the need to understand and identify the factors 
affecting bystanders’ exposure is particularly useful.
The propagation, dilution and extraction of indoor intermittent, localized emission 
sources are described by a simplified macro scale modelling based on basic 
physical principles and reproducing the following steps: puff inhalation, retention 
in air pathways, exhalation, aerosol propagation, dilution, air renewal, deposition 
on surfaces, exposure of bystanders and dose inhaled by breathing during a certain 
period of time. The modelling input parameters were the quality of constituents 
inhaled per puff; the retention rate; the puffing session frequency, the number of 
puffs in each puffing session; the speed of aerosol propagation in the environment; 
the volume of the room; the air exchange and recycling rates; the speed of 
deposition on the surfaces; the distance from user to bystanders; bystanders’ 
breathing pattern and the time spent in the room. Outputs were then the exhaled 
constituent concentrations in space and time, and the quantity of constituent 
breathed.
The model was applied to describe a scenario considering an e-cigarette user and 
a bystander colleague working in a same office. It was possible to simulate the 
effect of intermittent aerosol constituents’ exhalation over time and to compare 
calculations with experimental data.
Modelling is a good was to understand how indoor air quality can be changed by 
e-cigarette users and for identifying the key factors related to exposure, even if 
further experimental studies in real-life conditions still need to be conducted. 

11 a.m. Tuesday
53. Room Air Levels of Selected Constituents from E-Vapor Products
Chuck Stiff, Michael Thompson, John Maloney, Michael Oldham, George Patskan, Ken 
Shafer, and Mohamadi Sarkar, Altria Client Services, Richmond, Virginia, USA

This study was designed to determine e-liquid constituents in the atmosphere 
where e-vapor products are used. The objective was to measure levels of nicotine, 
propylene glycol (PG), glycerol, menthol and suspended particulate in a room 
where e-vapor prototypes/MarkTenTM commercial products were being evaluated. 
The room space was 4892 ft3 and had 1.47 air changes/ hour. There were four 
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test days and each test day comprised six separate vaping sessions. Each session 
consisted of 3 -12 participants with a total of 183 participants over four test days. 
Each participant was instructed to take 6 puffs ad libitum. Baseline measurements 
were collected at the beginning and end of the four test day period. Active samples 
were collected over the 12-hr. test period for the selected constituents and total 
suspended particulate (TSP) using NIOSH methods. Direct reading measurements 
were collected over the 12-hr. test period for nicotine, menthol, and suspended 
particulates using a portable GC and condensation nuclei counter, respectively. 
Detection limits were 0.015 mg/m3 (nicotine), 0.065 mg/m3 (PG), 0.077 mg/m3 
(glycerol), 0.18 mg/m3 (menthol), and 0.153 mg/m3 (TSP). Regulatory exposure 
limits (NIOSH), calculated for 12-hour periods, are 0.25 mg/m3 (nicotine), 5 mg/m3 
(PG, glycerol and TSPs) and 4.8 mg/m3 (menthol). Direct reading results were 0.0-
0.01 mg/ m3 (nicotine), 0-0.3 mg/ m3 (menthol) and 2767-169370 particles/cm3 
(particle diameter ranging from 20-1000 nm). The particle count correlated with 
product use in the rooms. In conclusion, room levels of selected constituents were 
all below applicable regulatory limits and below limits of detection. These findings 
along with other published literature, should inform a science-based regulatory 
decision regarding restricting use of e-vapor products.

11:20 a.m. Tuesday
54. Non-Targeted Analysis of Emissions from E-Cigarette and Heat-Not-Burn 
Devices
Christopher Rawlinson, Justin Frosina, and Christopher Wright
British American Tobacco, R&D, Southampton, UK

The analysis of emissions from e-cigarette and heat-not-burn devices presents 
several technical challenges. These include: ensuring that testing conditions are 
relevant to the mechanism of operation and to known or expected consumer 
use; design of representative sampling conditions; and ensuring that the testing, 
measurement or analytical method is fit for purpose.
As well as the declared chemical constituents that are intentionally present, a 
number of additional constituents may be found in the aerosol that are associated 
with impurities, contamination or thermal degradation. In order to inform product 
understanding and to assure due diligence, testing methods are required to screen 
the chemical constituents of e-cigarette and heat-not-burn device emissions.
The presentation will include approaches to ensure representative sample 
collection and will demonstrate the advantages and limitations of Cambridge Filter 
Pad collection, sorptive trapping and liquid impinger techniques. The presentation 
will also illustrate the limitations associated with conventional gas chromatographic 
analysis and opportunities to overcome key technical constraints. Analyses to date 
have demonstrated complex chromatograms, with more than 50 constituents 
detected in e-cigarette emissions and 150 constituents detected in heat-not-burn 
emissions, at or above a threshold of 5ng/puff.
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11:40 a.m. Tuesday
55. Evaluation of the Potential for Second-Hand Exposure to E-Cigarette 
Aerosol in an Office Environment
Edward A. Robinson, Robert D. Leverette, and Manoj Misra
Lorillard Tobacco Company, Greensboro, North Carolina, USA

While several published studies have described the potential for second-hand 
exposure to e-cigarette aerosol, their designs have not been ideal for fully 
characterizing the impact of e-cigarette use on indoor environments. This study 
was designed to comprehensively characterize the potential for second-hand 
exposure to e-cigarette aerosol in a controlled environment typical of an office. 
Samples were taken by a certified Industrial Hygienist and analyzed for glycerin and 
33 of the chemicals on the FDA’s list of harmful and potentially harmful constituents 
(HPHCs) in tobacco smoke. Samples were analyzed using fully validated methods 
commonly used to characterize indoor air. Custom methods were validated for 
polyaromatic amines and tobacco specific nitrosamines. Airborne particulate levels 
were monitored at 0.3 - 10.0 μm. The IRB-approved study used 6 subjects (regular 
smokers or experienced e-cigarette users) per 2 hours over an 8 hour sampling 
session who vaped ad libitum (blu™ Classic Tobacco Disposable, 24 mg nicotine; 
or blu™ Magnificent Menthol Disposable, 24mg nicotine) or smoked (Marlboro™ 
Gold Box, 4 cigarettes per 2 hours) to produce the second-hand aerosol/ smoke. Ad 
libitum usage (mass of e-liquid consumed and number of puffs taken) per subject 
showed no dependence on e-liquid flavor. Among the HPHCs measured, only 
nicotine was detectable above background levels for e-cigarettes. Total particulate 
count was similar for e-cigarettes and the conventional cigarette in spite of three 
times more puffs for e-cigarettes per sample. Cumulative PM2.5 is calculated at less 
than 5 mg/m3 per 8-hour session for all products. Overall, the data indicate that, 
with the exception of nicotine, potential second-hand exposure in a typical office/
public building setting to a range of HPHCs from e-cigarettes is indistinguishable 
from background. 

TUESDAY MORNING, SEPTEMBER 30, 2014

Session B—Method Development, Part 1

8:10 a.m. Tuesday
56. Product Comparison: The Risk Associated with Multiple Testing
Thomas Verron, Xavier Cahours, and Stéphane Colard
SEITA/Imperial Tobacco, Fleury-les-Aubrais, France

Manufacturers are increasingly being asked by regulatory authorities to report 
data on their new products. For example, the FDA requires that these data are 
used to compare a new tobacco product to a predicate tobacco product in order 
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to prove substantial equivalence. In 2013, we showed [1] the importance firstly to 
have validated and standardized methods with known precision, and secondly 
to use the appropriate statistical methods (critical differences as recommended 
by the ISO 5725 part 6) to compare results from different laboratories in order to 
avoid misleading conclusions. However, if the comparison of products involves 
several analytes simultaneously, then the use of critical differences separately for 
each analyte, using the same level of significance (p<0.05), could lead to wrong 
conclusions. This issue well known in statistics is still very active topic of research 
with many challenges to be taken into account such as the notion of independence 
and statistical power.
In this presentation we will define the multiple testing issue and concepts and we 
will introduce some existing methods for addressing multiple testing. 
[1] B. Teillet, X. Cahours, T. Verron, S. Colard, S. Purkis. Comparison of Smoke Yield 
Data Collected from Different Laboratories. Beitr. Tabakforsch. Int. 25 (2013)663-
670.
[2] ISO5725-6, 2001. Accuracy (trueness and precision) of measurement methods 
and results. Part 6. Use in practice of accuracy values.

8:30 a.m. Tuesday
57. Leak-Based Method for Measurement of Low Air Permeability of Cigarette 
Papers
Stepháne Colard; Imperial Tobacco Limited, Bristol, UK
Georges Cholet and Marléne Testud; Sodim SAS

The air permeability of cigarette paper is assessed currently under the ISO 2965 standard 
by applying a constant difference of pressure of 1kPa between the two faces of a paper 
and by measuring the corresponding airflow. 
Lower Ignition Propensity regulations have led tobacco manufacturers to use specific 
cigarette papers with narrow bands of low air permeability to achieve regulatory 
compliance. ISO 2965 was revised the published in 2009 to take into account the specific 
geometry and characteristics of the bands and to include suitable narrow measuring 
heads. The consequence was a drastic reduction of the measured airflow levels with 
banded papers and a need for equipment covering specifically low airflow ranges.
The well-known pressure-airflow relationship across cigarette paper enabled the 
development of an alternative method to ISO 2965 not requiring direct airflow 
measurement, and then not requiring expensive airflow meters. In the alternative, 
measurements are made of the evolution of the pressure over time after the initial 
difference of pressure was applied between the two faces, and to analyse consecutively 
the profile of pressure impacted by the leaks across the paper. The related theoretical 
aspects were developed for both viscous and inertial airflows, and experimental 
investigations were conducted with banded and standard cigarette papers. 
Results showed very good consistency with ISO 2965 and lower repeatability, 
demonstrating that a leak-based method could be a simple, reliable and cheaper 
alternative. 
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8:50 a.m. Tuesday
58. CO Diffusion Through Cigarette Paper
Joseph Wanna, SWM Intl., Alpharetta, Georgia, USA

Cigarette paper plays a critical role in CO diffusion during the smoking process. 
Introducing bands with low diffusion to comply with LIP regulations reduce 
CO diffusion through these bands. However, there are no tests that measure CO 
diffusion through the bands and paper during the smoking process. The objective 
is to develop a method to measure CO diffusion through cigarette paper during 
the smoking process. SWM contacted Arista Labs and inquired about developing 
a method using a CO analyzer that can be used to measure CO diffusion through 
cigarette paper at various positions along the tobacco column during cigarette 
puffing. A new technique was successfully developed that measures CO diffusion 
through the band and base paper. The method will be presented. Cigarettes from 
seven brands were selected for testing. Band and base paper diffusions were 
measured. Band diffusion ranged from 0.034 cm/sec to 0.100 cm/sec and base 
diffusion from 1.05 cm/sec to 1.319 cm/sec. CO diffusion was measured from 
the first and second band, in-between the bands and after the second band. CO 
diffusion through the base paper was 30% higher than CO diffusion through the 
bands. This paper will discuss the technique and preliminary CO diffusion results 
from each band. 

9:10 a.m. Tuesday
59. The Binder Role in CelFX™ Matrix Technology Structures Used for Tobacco 
Smoke Filtration
Raymond M. Robertson, Celanese, Narrows, Virginia, USA

The CelFX™ advanced filtration platform offers a novel structure to filter cigarette 
smoke. The platform utilizes a special binder plus an active material to create a 
structure that efficiently filters cigarette smoke. Initial studies demonstrated that 
dual CelFX™ carbon/acetate filters reduced main stream smoke constituents much 
better than conventional carbon containing filters. Significant knowledge exists 
on the impact of activated carbon in the filtration of cigarette. This research work 
seeks to bridge that knowledge with analysis of the binder’s role in smoke filtration, 
constituent removal and filter pressure drop. Initial observations show filters 
made solely from binder material produce an ultra-low pressure drop structure. 
This observation helps explain why CelFX™ filters can achieve high active material 
loadings with pressure drops equivalent to cellulose acetate filters.
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9:30 a.m. Tuesday
60. CelFX™ Matrix Technology Carbon Filter Performance in a Repeat Use 
Application
Raymond M. Robertson, Celanese, Narrows, Virginia, USA

Cigarette holders can be considered a fashion statement or an opportunity to 
provide additional cigarette smoke filtration. The holders are designed for single 
use or multi-use. Repeat filtration using a single filter is very challenging, especially 
for volatile components. A cellulose acetate filter would exhibit hot collapse after 
repeated use. The CelFX™ platform offers a means to address multi-use filtration 
challenges for both volatile and particulate phase components. Its rigid structure 
does not collapse with repeated use. The high active carbon loads continue to 
reduce smoke constituents with repeated use (20 cigarettes/filter). This research 
work focuses on CelFX™ carbon filtration efficiency with repeated use on Kentucky 
3R4F cigarettes and commercial super slim cigarettes.

10:20 a.m. Tuesday
61. Application of Plant Protein Particles in Cigarette Filter
Li Jing-quan, Shen Jing-xuan, Chen Yong-bo, Yao Zhen-yu, and Xiao Wei-yi
Yunnan Reascend Tobacco Technology (Group) Co., Ltd., Kunming, China

The morphologies of three types of plant protein particles, which are derived from 
wheat, soy, and broad bean, were characterized by SEM. In our preliminary study, the 
plant protein particles were applied in cigarette filter to investigate their functional 
features. The SEM results reveal that the plant protein particles have many globular 
proteins on the surface. The filter containing plant protein particles can reduce the 
amount of hazardous substances in cigarette mainstream smoke, comparing with 
the filters without plant protein particles. The reduction rates of the hazardous 
substances are as follow: Crotonaldehyde reduction: 18.76% by wheat protein, 
19.42% by soy protein and 19.20% by broad bean protein. Among which, the broad 
bean protein exhibits notable effects on reducing phenol, by 16.25%. Compared to 
the sample, the filter with plant protein particles can improve comfort.

10:40 a.m. Tuesday
62. Matrix Effect Evaluation Based on a Multi-Residual Pesticide Determination 
Method on Tobacco by ASE-HPLC-MS/MS
Hu Bin, Al Dan, Yu Fei, Pan Lining, Chen Li, and Liu Huimin
Zhengzhou Tobacco Research Institute of CNTC, Zhengzhou, China

A new method combining accelerated solvent extraction and liquid 
chromatography-tandem mass spectrometry (ASE-LC-MS/MS) was developed for 
multi-pesticide residue detection in tobacco. In this method, extraction and cleanup 
of tobacco samples were integrated into a single step by putting binary adsorbents 
at the bottom of the extraction cell. Subsequently, the targets were analyzed by LC-
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MS/MS under multiple-reaction monitoring mode. Based on this method, a series 
of tests were performed to study the matrix effects of 22 typical pesticide targets 
and the influences of extract solution, purificant, and concentration of target on 
matrix effect.
The influences of extract solution, purificant, and the target concentration on the 
matrix effect were investigated and compared by two approaches: the extract-
adding method and the weighing method. The study results showed that, first, the 
influence of extract solution on matrix effect depends on the chemical characteristics 
of co-extracts, which determine whether the co-extracts are easier or harder to 
ionize than the targets in ion source. Second, the influence of purificants on matrix 
effect lies on what kinds of, and how much, co-extracts the purificants can remove. 
The matrix effect could be reduced only when the co-extracts removed by the 
purificant are easier to ionize than the targets. Third, the relation between matrix 
effect and target concentration indicated that matrix effects increase along with 
the concentration of each target in a corresponding proportion, which reflected the 
competing equilibrium between co-extracts and the target compound ion source. 
All of the results of matrix effect evaluation mentioned above should be helpful 
in determining how to reduce the matrix effects in developing new analytical 
methods, and in studies of the matrix effect mechanism. 

11 a.m. Tuesday
63. Functional Porous Cellulose Acetate/Carboxymethylcellulose Composite 
Microspheres for Effective Removal of Hydrogen Cyanide from Cigarette 
Smoke
Peijian Sun, Xuehui Sun, Song Yang, Yipeng Wang, Yunzhen Jia, Le Zhao, Hongbo 
Wang, Cong Nie, and Huimin Liu
Zhengzhou Tobacco Research Institute of CNTC, Zhengzhou, China

Hydrogen cyanide (HCN), a major toxicant in cigarette smoke, was assigned as 
one of the 18 priority smoke constituent that should be regulated. Absorption 
is an effective method to remove toxic compounds from the cigarette smoke. 
However, the absorption from cigarette smoke was difficult due to that adsorbents 
need to operate under high flow rate at the gas-solid interface in the presence of 
thousands of other chemicals. By modifying the micro-structure and introducing 
functional groups to the adsorbents, the absorption ability could be enhanced via 
the chemisorption mechanism. Thus, chemisorption as well as the micro-structure 
adjustment may therefore represent a viable mechanism for the selective filtration 
of HCN in cigarette smoke. In this study, porous cellulose acetate/carboxymethyl 
cellulose (CA/CMC) composite microspheres were prepared via the combination 
of emulsion-solvent evaporation and in-situ cross-linking method. Cupric ions, 
which have high complexing ability to HCN, were introduced to the CA/CMC 
microspheres during the in-situ cross-linking process. The pore structure and 
surface chemistry of these microspheres were characterized using N2 adsorption/
desorption, SEM/EDS and mercury intrusion porosimetry. The microspheres have a 
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high cupric ion loading amount of 0.8~4.1wt% and a porous structure, which has 
connect pores and with much smaller crosslinked CMC microspheres in the caves 
of the CA/CMC composite microspheres. With these functional porous microsphere 
as filter additive agent, the HCN content in cigarette smoke could be reduced up to 
27.3~50.1 % as compared to the cigarettes without any additive agent.

11:20 a.m. Tuesday
64. Development of an On-Line Method for Separating Stems from Tobacco 
Lamina Based on Low-Energy X-Ray Transmission Imaging 
Wenkui Zhu, Liangyuan Chen, and Bin Wang; Zhengzhou Tobacco Research Institute of 
CNTC, Zhengzhou, China
Bin Liu, Junwei Mao, Kejun Zhong, Jianping Xi, and Hui Zhang; China Tobacco Hunan 
Industrial Co. Ltd., Hunan, China
Yibin Wang and Nanjing Jiao’er; Science and Technology Ltd., Jiangsu, China

During the tobacco threshing and redrying processes, separation quality of tobacco 
leaves and stems has a significant effect on the purity of output tobacco lamina. For 
the traditional separation method by air classifier, separation efficiency is limited by 
the finite difference in suspension velocities of stem tobacco leaves. Developing an 
accurate detection method for stems is of key importance for improvement of tobacco 
lamina quality by upgrading separation efficiency from stems and leaves. In the present 
work, an on-line detection and separation system of stem from tobacco lamina was 
developed using low-energy X-ray transmission imaging and digital imaging analysis 
technology. Optimal testing conditions were determined as an X-ray radiation intensity 
of 70KeV, a detection belt speed of 1.6m/s, as well as the gray segmentation threshold of 
40,000 used in the image recognition algorithm. The free stems and stems with leaves 
were respectively used as target samples to test the validation of the detection method. 
Test results showed that both the recognition rates for free stems and stems with leaves 
were higher than 98%. When stems with leaves were mixed with pure leaves and then 
detected, the recognition rate was still as high as 94.5%, and the separation rate of stems 
was 92%. The experiments indicated the feasibility of the on-line detection method of 
separating stems from tobacco lamina based low-energy X-ray transmission imaging, 
which has potential applications for the accurate separation of stems and leaves in the 
tobacco threshing and redrying processes. 

11:40 a.m. Tuesday
65. The Transfer Behavior of Flavors on Filter Plug Wrap in Mainstream 
Cigarette Smoke 
Liu Lin, Xiao Weiyi, Yao Zhen-yu, Huang Haiqun, Shen Yan, Wangyalong, and Liu Zhe
Yunnan Reascend Tobacco Technology (Group) Co., Ltd., Kunming, China

Flavor and aroma are important characteristics of cigarette smoke. Current methods 
of incorporating flavors into cigarettes involve spraying flavoring onto tobacco, 
spraying flavoring onto the cigarette paper, and inserting flavor pellets into the 
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filter. Furthermore, the filter plug wrap is flavored such that some of the flavoring 
will stay on the filter plug wrap and some of the flavoring will migrate into the 
filter, the tobacco and the mainstream cigarette smoke. In this paper, 2,3,5 - three 
methyl pyrazine, ethyl maltol and nerolidol were added individually into the filter 
plug wrap to study the transfer rate of three flavors in cigarette mainstream smoke. 
The determinations of three flavor compounds were performed by using selected 
ion monitoring (SIM) mode, on the basis of retention time and characteristic ion 
ratios. After total particulate matter (TPM) collecting, main products were analyzed 
by gas chromatography-mass spectrometry (GC-MS), standard curves were drawn 
by the quantitative ion area and the concentration, the content of each flavor was 
determined and the transfer rate of three flavors in mainstream cigarette smoke 
was calculated. Results showed that: 1. Three kinds of flavors had good linear 
relation, the linear correlation coefficients were higher than 0.9995; 2. The transfer 
rates of 2,3,5 - three methyl pyrazine, ethyl maltol and nerolidol in mainstream 
cigarette smoke ranged 2.82%, 9.38%, 22.75%, because of high volatility, flavors 
with low boiling points had significantly higher transfer rates to particulate phase 
of mainstream smoke than flavors with high boiling points. It should be noted that 
flavors on filter plug wrap can be transferred into cigarette mainstream smoke, 
while it is significant to explore the development of filter plug wrap. 

TUESDAY AFTERNOON, SEPTEMBER 30, 2014

Session A—E-Cigarettes, Part 2

1:30 p.m. Tuesday
66. Real-Time Puff-By-Puff Analysis of Electronic Cigarette Aerosol Using GC-MS
Chorng B. Huang and Naren Meruva, Altria Client Services, Richmond, Virginia, USA

With the increasing popularity of e-cigarettes (electronic nicotine delivery systems 
(ENDS) or e-vapor devices) in the global marketplace, there has been an increasing 
interest in characterizing the aerosol produced by these devices. E-cigarette 
formulations and aerosols typically contain propylene glycol and/or glycerin, water, 
nicotine, and flavors. The objective of this research was to develop an automated 
puff-by-puff gas chromatography-mass spectrometry (GC-MS) system for real-time 
analysis of e-cigarette aerosols to better understand how these devices perform 
during use. The system is equipped with a single port smoking machine, a 6-port 
automated sampling and switching valve integrated with an Agilent 5973 GC-MS. 
The system is capable of monitoring nicotine and selected flavors (e.g. menthol) 
in multiple puffs of an e-cigarette. A portion of the e-cigarette aerosol from each 
single puff was directly injected onto the GC column for real-time puff-by-puff 
analysis. This technique used one e-cigarette per measurement and required no 
sample preparation of the aerosol prior to GC-MS analysis. This novel method 
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provided qualitative data and percent change in the analyte concentration relative 
to a control product. The puff-by-puff data from analysis of commercial e-cigarettes 
containing different amounts of nicotine in the formulation showed that nicotine 
delivery decreases with number of puffs. 

1:50 p.m. Tuesday
67. Determining an E-Cigarette Puff Regime That Delivers the Most Consistent 
TPM Across the Broadest Range of Cartomizer Designs
Michael Connor, Borgwaldt KC Inc., Richmond, Virginia, USA

Expanding on the initial study conducted in 2013 that establish a base line of effects 
on TPM yields of various e-cigarette designs with varied puff shape, duration, 
volume and interval. The latest investigation identifies how six different e-cigarette 
brands and their designs react under a varied number of smoking parameter 
variations, and how the magnitude of change can be as dependent on the design 
of the e-cigarette design as it can be on the magnitude of the smoke parameter 
change.
The resulting data provides an insight in to how a single set of smoking parameters 
can product a wide variation of TPM yields for these none homogenous product 
designs of apparently similar products.
As a baseline delivery component TPM yield is used to compare the effects of the 
varied smoking parameters on the varied e-cigarette designs. 
A further observation is made with the inclusion of a comparison between the 
duration of the actual vapor production phase versus the duration of the puffing 
duration. 
In conclusion a set of smoking parameters is established as a base line for delivery 
testing of e-cigarettes with a potential method of verification of the e-cigarette’s 
completion of the puffing method.

2:10 p.m. Tuesday
68. Bimodal Puffing as a Sensitive Probe of Electronic Cigarettes
Quanli Gu, R.J. Reynolds Tobacco Company, Winston-Salem, North Carolina, USA

Several brands of electronic cigarettes are studied using bimodal puff conditions 
with a photo-ionization based mass spectrometer. The time and mass resolved 
spectra enable unambiguous identification of aerosol species and yield dynamic 
information about aerosol formation and evolution. For the bimodal puff profile, 
zero, one or two peaks are observed in the spectra. In addition, puff to puff 
reproducibility is excellent for each brand. The puff parameters including flow rate, 
duration and relative peak intensities are closely related to the delivery of aerosol 
components including nicotine, propylene glycol and glycerin. This shows that the 
bimodal puffing experiment can be used as a sensitive and additional probe of the 
performance of electronic cigarettes.
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2:30 p.m. Tuesday
69. E-Cigarette Smoking Machine vs. Conventional Smoking Machine – 
Differences in Requirements and Technology
Nils Rose, Borgwaldt KC, Hamburg, Germany

E-products are a rapidly growing market. Starting with disposable or rechargeable 
products that look similar to conventional cigarettes, the market changed to 
more complex products. These so called 2nd- and 3rd-generation products offer a 
technical platform of much higher flexibility and customization to the user. 
Besides the fundamental discussions about how to rank this product category as a 
medical device or a tobacco product, the question about the ingredients not only 
in the liquids but also in the aerosol was raised.
Certain studies have been performed and published, but it became obvious that 
nearly all of the publications were based on data that had been generated in 
different ways. There are minor correlations given and some of the interpretations 
and data reporting are somehow misleading like the expression of the results in 
“cigarette equivalents”
To get a better understanding of the products and the way they have to be analyzed, 
CORESTA, with 9% members linked to e-products, launched a TF in 2012 to support 
harmonization of nomenclature and to define the relevant categories of products 
with a view of making recommendations for product testing.
This presentation will summarize specific technical behaviors and design features 
of the e-products influencing the requirements of the design of a standard 
aerosol generator (“vaping machine”) in comparison to the existing conventional 
smoking machines. Physical properties like size, weight, PD, or activation systems 
are discussed as well as their impact to the used puff generator, cigarette holder, 
termination system or aerosol traps. Finally, the outlook to a first harmonized 
method is presented, and some first results are shared. 

3:20 p.m. Tuesday
70. On-Line Photo Ionization Mass Spectrometry for Characterization of 
Smoke from E-Cigarettes or Heat-Not-Burn Devices
Ralf Zimmermann, Thorsten Streibel, Jan Heide, and Romy Hertz-Schünemann; 
University of Rostock, Rostock, Germany
Sven Ehlert and Andreas Walte; Photonion GmbH, Schwerin, Germany
Chuan Liu and Kevin McAdam; British American Tobacco, Southampton, UK

Photoionization time of flight mass spectrometry (PI-TOFMS) is well suited for on-
line characterization of tobacco smoke. Depending on the photoionization method 
(single photon ionization, SPI or resonance-enhanced multiphoton ionization, 
REMPI), compounds such as butadiene, acetaldehyde, naphthalene, phenol or 
polycyclic aromatic hydrocarbons (PAH, by REMPI) can be detected with high time 
resolution (puff-resolved). A special SPI-TOFMS system, based on a special VUV-
lamp for PI and integrated with a smoking machine, is commercially available 



60

Program and abstracts 
Volume 68

(LM2x-Photo-Tof, Borgwaldt KC, Hamburg/Germany) and is suitable for many 
routine industrial and research tasks.
The more sophisticated laser-PI-TOFMS technology allows a parallel use of REMPI 
and SPI in conjunction with conventional EI for high sensitive detection of smoke 
constituents as well as pyrolysis products from e-cigarettes and tobacco heat-not-
burn smoking devices. Furthermore, the laser-PI-TOFMS can be coupled to thermal 
analysis devices in order to investigate the vaporization dynamics and the formation 
of pyrolysis products from e-cigarette compounds 
The application of the laser-PI-TOFMS technology for on-line recording of the 
release dynamics of compounds such as glycerin, vanillin, menthol and nicotine 
is presented. Furthermore the evolving tobacco-pyrolysis products from heat-
not-burn smoking devices are analyzed on-line. Finally, pyrolysis experiments on 
e-cigarette compounds are discussed. The results from the unconventional smoking 
devices are compared to findings obtained from standard reference cigarettes. 

3:40 p.m. Tuesday
71. A New Method for the Analysis of Carbonyl Compounds in E-Cigarette 
Liquids
Fraser Williamson and Alexandra Martin, Arista Laboratories, Richmond, Virginia, USA

Carbonyl compounds (carbonyls) are organic molecules that contain a carbon atom 
double-bonded to an oxygen atom. Specifically these include compounds known 
as aldehydes and ketones that are usually found in traditional mainstream tobacco 
smoke and are of interest to many regulatory bodies including the US Food and 
Drug administration (FDA), Health Canada and AN VISA (Brazil). The increasing 
popularity of e-cigarette and vapor products carries with it an increasing interest 
in the measurement of many of the Harmful and Potentially Harmful Constituents 
(HPHC5) identified by the FDA.
E-cigarettes and electronic vapor products typically contain a nicotine solution 
(e-liquid) with high levels of vegetable glycerin (VG) or propylene glycol (PG) that can 
potentially decompose into various carbonyl compounds at high temperatures. Due 
to the wide concentration ranges of carbonyls likely to be observed in e-cigarettes 
and electronic vapor products, the standard tobacco emissions carbonyl assay using 
2,4-dinitropheny1hydrazine (DNPH) derivatization followed by HPLC separation 
may not provide the sensitivity and specificity needed for this analysis. The purpose 
of this presentation is to demonstrate a new analytical method for testing carbonyl 
compounds from e-liquids. The sample is dissolved in acetonitrile, derivatized 
with o-(2,3,4, 5,6-pentafluorobenzyl)hydroxylamine hydrochloride (PFBHA) then 
extracted with hexane. The hexane extract is analyzed by single quadruple Gas 
Chromatography-Mass spectrometry (GCMS) using negative chemical ionization. 
The validated method works for a wide range of carbonyl containing compounds 
and provides ng/g detection with good specificity, robustness and reproducibility. 
The potential application of the method to analysis of carbonyls in e-cigarette 
vapor will also be discussed.
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4 p.m. Tuesday
72. Comparison of Select Analytes in Aerosol from E-Cigarettes with Smoke 
from a Conventional Cigarette and with Ambient Air
Rana Tayyarah, Robert D. Stevens, and Timothy M. Smith
Lorillard Tobacco Company, Greensboro, North Carolina, USA

Popular commercial electronic and conventional cigarettes were evaluated using 
smoking machines and standard puffing regimes to compare nicotine delivery and 
relative yields of chemical constituents for which cigarette smoke is routinely tested. 
ISO 17025 accredited methods for conventional cigarette testing were modified 
and verified for use with e-liquid and aerosol testing. The e-liquids and aerosol were 
tested for key ingredients (glycerin, propylene glycol, water, and nicotine). e-Cigarette 
aerosol and cigarette smoke were tested for select harmful and potentially harmful 
constituents (HPHC): carbon monoxide, and select carbonyls, phenolics, volatile 
organic compounds, metals, tobacco-specific nitrosamines, polyaromatic amines, 
and polyaromatic hydrocarbons. Air blanks were included as a negative control for 
the aerosol analyses. Overall HPHC yields were more than 99% lower for e-cigarette 
aerosol compared to cigarette smoke. Hence, the e-cigarette aerosol was found to be 
more similar to the air blanks than to the cigarette smoke samples. 

4:20 p.m. Tuesday
73. Comparison of Select Analytes in Exhaled Aerosol from E-Cigarettes with 
Exhaled Smoke from a Traditional Cigarette and Exhaled Breaths
Gerald A. Long, Timothy M. Smith and Robert D. Stevens
Lorillard Tobacco Company, Greensboro, North Carolina, USA

Exhaled aerosols were collected following the use of two leading US commercial 
electronic cigarettes and a conventional cigarette by human subjects and analyzed 
for phenolics, carbonyls, water, glycerin and nicotine using a vacuum-assisted filter 
pad capture system. ISO 17025 accredited methods for conventional cigarette smoke 
analyses were adapted and verified for use with exhaled cigarette smoke and exhaled 
e-cigarette aerosols. Exhaled breath blanks were determined for each subject prior to 
each product use session. Distribution and mass balance of exhaled e-cigarette aerosol 
showed the composition was greater than 99.9% water and glycerin, and a small amount 
(<0.06%) of nicotine. Total phenolic content in exhaled e-cigarette aerosol was not 
distinguishable from exhaled breath blanks, while total phenolics in exhaled cigarette 
smoke were significantly greater than in exhaled e-cigarette aerosol and exhaled 
breaths averaging 75 µg/session (range 45 to 158 µg/session). The total carbonyls in 
exhaled e-cigarette aerosol were also not distinguishable from exhaled breaths or room 
air blanks. Total carbonyls in exhaled cigarette smoke were significantly greater than in 
exhaled e-cigarette aerosols, exhaled breath and room air blanks, averaging 242 µg/
session (range 136 to 352 µg/session). These results suggest that exhaled e-cigarette 
aerosol does not increase bystander exposure for phenolics and carbonyls above the 
levels observed in exhaled breaths of air.
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TUESDAY AFTERNOON, SEPTEMBER 30, 2014

Session B—Method Development, Part 2

1:30 p.m. Tuesday
74. Application of Multi-Dimensional GC Techniques to the Analysis of 
Cigarette Smoke
Louise Bishop, Christopher Wright, and Jana Ticha; British American Tobacco, R&D, 
Southampton, UK
Michal Brokl and Jean-François Focant; Mass Spectrometry Laboratory (CART), 
University of Liège, Liège, Belgium

Tobacco smoke is an extremely complex and dynamic aerosol consisting of liquid/
solid droplets (particulate phase) suspended in a mixture of gases and semi-
volatiles (gaseous phase). It is formed during overlapping processes of oxidation, 
pyrolysis, pyrosynthesis, distillation, sublimation, condensation, filtration and 
elution. Smoke is emitted either as the mainstream smoke from the cigarette filter 
or from the smouldering cigarette in the form of sidestream smoke. Mainstream 
smoke consists of over 6000 identified compounds and some reports claim the 
number of unidentified compounds might reach up to 100,000.
Methods have been developed for the separation and identification of mainstream 
smoke constituents that include headspace solid-phase microextraction (HS-SPME) 
and comprehensive two-dimensional gas chromatography (GC×GC) coupled to 
time-of-flight mass spectrometry (TOFMS). Such approaches allow evaluation of 
the profiles of volatile and semi-volatile compounds present in mainstream tobacco 
smoke. Data analysis methodology has been developed and used to evaluate the 
capability to distinguish quantitative or qualitative differences between samples by 
the use of statistical comparison and principal component analysis (PCA).
Examples will be presented of chemical profile differentiation, for example, those 
associated with modifications to cigarette filter materials and the potential use of 
this technique for characterisation of non-combustible products.

1:50 p.m. Tuesday
75. Determination of Tobacco Specific Nitrosamines (TSNAs) in Tobacco and 
Tobacco Smoke by GC-MS/MS
Niti Shah, Tyler Smith, Jason W. Flora, and Naren Meruva 
Altria Client Services, Richmond, Virginia, USA

NNN (N’-nitrosonornicotine), NNK ((4-methylnitrosamino)-1-(3-pyridyl)-1-
butanone), NAB (N’-nitrosoanabasine), and NAT (N-nitrosoanatabine) are the most 
common tobacco specific nitrosamines (TSNAs) measured in tobacco and tobacco 
smoke. While CORESTA recommended methods (CRMs) exist for the determination 
of TSNAs in tobacco (CRM N°72) and tobacco smoke (CRM N°75) using liquid 
chromatography-tandem mass spectrometry (LC-MS/MS), the objective of this 
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study was to develop and validate a more sensitive, selective and higher throughput 
method for TSNAs using gas chromatography-tandem mass spectrometry (GC-MS/
MS). This new method involved extraction of the tobacco samples using an organic 
solvent followed by solid phase extraction (SPE) to reduce matrix interferences 
and to concentrate the sample extract. Samples were then analyzed by GC-MS/MS 
in the chemical ionization (CI) mode using multiple reaction monitoring (MRM). 
All requirements for method validation were met including linearity, accuracy, 
precision, limits of detection (LOD), limits of quantitation (LOQ), method robustness, 
and standard and sample extract stability. For example, the linearity for the GC-MS/
MS method was demonstrated with a coefficient of determination of R2>0.995. 
For tobacco analysis, the LOQ (based on lowest calibration standard) for NNN, NAT, 
and NNK was 162 ng/g and the LOQ for NAB was 40 ng/g. For smoke analysis, the 
LOQ for NNN, NAT and NNK was 8 ng/cig and the LOQ for NAB was 2 ng/cig. The 
analytical performance of GC-MS/MS method was compared to the conventional 
LC-MS/MS method based on the analysis of CORESTA tobacco reference products 
(CRP-1, CRP-2, CRP-3 and CRP-4) and Kentucky reference cigarettes (3R4F and 
1R5F) where both methods showed comparable quantification of TSNAs. However, 
this new GC-MS/MS platform provided lower LOQs, higher selectivity, and higher 
throughput compared to the LC-MS/MS method. 

2:10 p.m. Tuesday
76. Determination of Heterocyclic Aromatic Amines in Cigarette Smoke by 
UPLC-MS/MS
Niti Shah, Cathy Jin, Karen Avery, Jason W. Flora, and Naren Meruva
Altria Client Services, Richmond, Virginia, USA 

As stated in the Federal Register (Vol. 77, No. 64) Docket No. FDA-2012-N-0143, 
Heterocyclic Aromatic Amines (HAAs) are included in the “Established List of the 
Chemicals and Chemical Compounds Identified by FDA as Harmful and Potentially 
Harmful Constituents [HPHCs] in Tobacco Products and Tobacco Smoke.” Currently 
no standardized method exists for determination of the listed HAAs (AC, MeAC , PhIP, 
IQ, Trp-P-1, Trp-P-2, Glu-P-1 and Glu-P-2) in tobacco smoke. Therefore, the objective 
of this work was to develop a highly sensitive, selective and validated method for 
the determination of these HAAs in tobacco smoke using ultra performance liquid 
chromatography tandem mass spectrometry (UPLC-MS/MS). For this new analytical 
method, five cigarettes were smoked under both ISO and Health Canada Intense 
conditions and the mainstream smoke was collected using a 44 mm Cambridge 
filter pad. The filter pad was extracted using an aqueous acidic solution (0.1 N 
hydrochloric acid) for 30 minutes and the smoke extract was subjected to solid 
phase extraction (SPE) clean up using an Oasis MCX cartridge to remove potential 
interferences prior to UPLC-MS/MS analysis. The chromatographic separation and 
the MS/MS parameters were optimized for the eight analytes and four isotopically 
labeled internal standards to achieve accurate quantitation of low levels of HAAs 
in cigarette smoke. The method was validated for linearity, accuracy, precision, 
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limits of detection (LOD), limits of quantitation (LOQ), robustness and sample 
extract stability. The method exhibits good linearity (coefficient of determination 
of R2>0.995) in the concentration range of 4-200 ng/cigarette for all analytes, with 
a LOQ of 4 ng/cigarette. This validated method was used to determine the levels of 
HAAs in 3R4F, 1R5F, and CORESTA monitor (CM7) reference tobacco products. 

2:30 p.m. Tuesday
77. Determination of Selected Flavour, Humectant, and Plasticiser Compounds 
in Tobacco, Tobacco Products, Electronic Cigarette Liquid, and Electronic 
Cigarette Vapour by Gas Chromatography With Mass Selective Detection (GC-
MSD) in Selected Ion Monitoring (SIM) Mode
Tony Melton, Essentra Scientific Services, Jarrow, UK

Using Coresta Recommended Method Number 60, Determination of 1,2-Propylene 
Glycol and Glycerol in Tobacco and Tobacco Products by Gas Chromatography, as a 
starting point, a method was developed and validated at Essentra Scientific Services 
for routine use in the determination of Propylene Glycol, Glycerol, Triethylene Glycol, 
Triacetin, Menthol, and Eugenol in tobacco and tobacco products. This method was 
then submitted to and accredited by the United Kingdom Accreditation Service 
(UKAS) to ISO 17025.
Subsequently, with the increase in use of and the interest in the performance of 
these products, this method has been modified to incorporate electronic cigarette 
liquid and electronic cigarette vapour. As Ethylene Glycol and Diethylene Glycol 
have been identified as impurities of interest in electronic cigarette vapour, these 
have also been included in the suite of compounds determined.
This paper will present results from the method development, validation and also 
highlights problems associated in the transfer from Helium to Hydrogen as a carrier 
gas with GC-MSD and the routes taken to overcome them.

3:20 p.m. Tuesday
78. Determination of Potential Flavour Additives in Tobacco Products 
by Headspace Solid Phase Microextraction - Gas Chromatography-Mass 
Spectrometry (HS-SPME-GCMS)
David Li, Peter Joza, Andrew Masters, and W.S. (Bill) Rickert
Labstat International ULC, Kitchener, Ontario, Canada

Rapid screening techniques for the detection of flavour components in tobacco 
using headspace - solid phase microextraction - gas chromatography mass 
spectrometry (HS-SPME-GCMS) are primarily qualitative, requiring additional 
analysis to provide the quantitative information for specific compounds of interest. 
Using isotope-labeled “internal standards”, reference tobacco products, and 
standards for selected compounds (33) representative of potential flavour additives 
in tobacco products, the same technique can be applied to provide quantitative 
results for these targeted compounds. 
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The procedure uses 0.5 grams of tobacco product placed into a 10 mL headspace 
vial. The sample is spiked with a fiber performance check (FPC) solution (d6-
benzene, d5-acetophenone, d5-benzophenone) and 3.0M aqueous potassium 
chloride. The sample is incubated for 5 minutes at 50°C with periodic agitation, then 
the headspace extracted onto a PDMS-DVB fiber. Desorption onto a 60 m x 0.25 
mm ID x 0.25 µm DB-5MS column occurs at 250°C. Chromatographic separation is 
achieved over a 60 minute run time with the mass spectrometer operated in the 
range from 35–500 m/z.
Calibrations for the 33 potential flavour additives were divided into two levels. 
Low level calibrations range over single order of magnitude from as low as 1 ng for 
isoamyl isovalerate. The high level calibrations range over two orders of magnitude 
up to 800 µg for vanillin. The limit of detection (LOD) is estimated by calculating 
the root mean square error (RMSE) of a calibration curve prepared by fortifying a 
reference tobacco. Other than menthol, no flavour compounds considered to be 
at additive levels were found in the series of products tested using this technique.

3:40 p.m. Tuesday
79. Determination of Benzo[a]pyrene in Smokeless Tobacco Products Using 
Gas Chromatography-Mass Spectrometry
Naren Meruva, Chorng B. Huang, and Karl Wagner; Altria Client Services, Richmond, 
Virginia, USA
Bill Adams; Eurofins Lancaster Laboratories, Richmond, Virginia, USA 

Benzo[a]pyrene (B[a]P) is a Harmful and Potentially Harmful Constituent (HPHC) 
found in tobacco products. As mandated by the Family Smoking Prevention and 
Tobacco Control Act, tobacco manufacturers and importers are required to report 
quantities of HPHCs to the United States Food and Drug Administration (FDA). The 
objective of this work was to develop a highly sensitive, selective and validated 
method for the determination of B[a]P in the smokeless tobacco products (STPs). 
The method consisted of extraction of the tobacco sample using methanol 
followed by purification of the tobacco extract using solid phase extraction (SPE). 
The eluent from SPE was evaporated to dryness and the sample was reconstituted 
using an organic solvent prior to Gas Chromatography-Mass Spectrometry (GC/MS) 
analysis. The use of SPE cleanup and the concentration step followed by selected 
ion monitoring (SIM) using GC-MS provided a highly sensitive and selective method 
for determination of trace levels of B[a]P in STPs. CORESTA reference products (CRP-
1, CRP-2, CRP-3 and CRP-4) and Kentucky reference cigarette filler (3R4F) were used 
for method validation. All requirements for method validation were met including 
linearity, accuracy, precision, limits of detection (LOD), limits of quantitation (LOQ), 
method robustness, and standard and sample extract stability. For example, the 
linearity was demonstrated with a coefficient of determination of R2>0.995, the 
mean recovery for B[a]P was within 93%-107%, and the LOQ was 0.5 ng/g. The 
advantages of GC-MS procedure over HPLC-UV for determination of B[a]P in STPs 
will be discussed.
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4 p.m. Tuesday
80. Determination of Acetamide and Acrylamide in Mainstream Cigarette 
Smoke Using Liquid Chromatography-Mass Spectrometry
David Conley, Essentra Scientific Services, Jarrow, UK

The International Agency for Research on Cancer (IARC) classifies Acetamide and 
Acrylamide as possible and probable carcinogens, respectively. Both of these short-
chain amides are found in mainstream tobacco smoke and have been included in 
the United States Food and Drug Administration’s (FDA) harmful and potentially 
harmful constituents (HPHC) list. 
A fast and sensitive method for the simultaneous analysis of these amides by LC-
MS/MS has been developed to meet future regulations and was accredited to 
ISO 17025. In this new method, mainstream smoke is passed through a 92 mm 
Cambridge pad to which Acetamide- d3 and Acrylamide- d3 internal standards are 
added. A simple liquid-liquid extraction/clean-up procedure will be presented and 
its effect on Acetamide stability discussed.
For control cigarettes (Kentucky Reference 3R4F) smoked under ISO (35/60/2) 
conditions, the concentration of Acetamide and Acrylamide determined (n=39) 
using this method was 2.95 μg/cig and 1.34 μg/cig, respectively, and for intense 
smoking conditions (55/30/2, vents blocked), 12.09 μg/cig and 4.39 μg/cig, 
respectively. This data compares well with GC-MS results. Limits of detection 
(LOD) of 0.05 μg/cig were determined for both analytes after correction for matrix 
suppression. Relative standard deviations for measurements of the control cigarette 
under both ISO and intense conditions were less than 8% for both amides. Typical 
analytical run times were less than 7 minutes. 
The procedure has also been shown to be applicable to sidestream smoke and 
e-cigarette vapour. Data will be presented for cigarette and e-cigarette products. 

4:20 p.m. Tuesday
81. Analysis of Volatile Aldehydes in Smokeless Tobacco with a Rapid, One-
Step Extraction and Derivatization with UHPLC-MS/MS Quantification
David Ericsson, Johan Patring, and Johan Lindholm
Swedish Match North Europe AB, Stockholm, Sweden

In the past few years, volatile aldehydes (carbonyls) have been included in the FDA’s 
“Draft Proposed Initial List of Harmful/Potentially Harmful Constituents in Tobacco 
Products”. They have routinely been analyzed in tobacco smoke for many years, but 
much less in smokeless tobacco. Consequently, there is now need for a reliable and 
high-throughput method in tobacco industry labs for analysis of STPs.
Aldehydes need to be derivatized in order to improve the sensitivity and selectivity 
of both GC- and UHPLC-methods. In this method, the commonly used derivatization 
agent 2,4-dinitrophenylhydrazine (DNPH) is used together with UHPLC-MS/MS.
The key characteristic of this rapid sample preparation method is that aldehyde 
extraction, derivatization, and enrichment are performed simultaneously during a 
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1-hour-shaking in a two-phase system, consisting of an aqueous and an organic 
phase. The extraction and the derivatization occur in the aqueous ammonium 
formate buffer, and the aldehyde-DNPH derivatives are then enriched in the organic 
isohexane phase. After shaking, a non-measured volume of the isohexane phase is 
readily transferred to an LC-vial. Besides the enrichment-effect of the derivatives in 
the organic phase, the most important function of isohexane is stabilization of the 
aldehyde-derivative concentration (at least 8 days), which otherwise has proven 
troublesome in aqueous tobacco extracts.
Isotopically labeled internal standards improve the precision and accuracy. UHPLC 
enables fast separation (5 min/sample) and MS/MS (Xevo TQ-S, Waters) gives 
excellent sensitivity and selectivity. LOQ for Formaldehyde, Acetaldehyde and 
Crotonaldehyde is 0.05, 0.5 and 0.03 ppm, respectively. The method repeatability 
(RSD) is 6-8%, accuracy 70-110%, and the capacity is ca 75 samples/day. Altogether, 
this method has the robustness, sensitivity, and capacity to meet the demands of 
tobacco industry labs.

4:40 p.m. Tuesday
82. Permeable Mechanism of Complex Enzymes for Improving Casing 
Absorption in Tobacco Leaves
Chang-gui Qiu and Ying Hou; Yunnan Reascend Tobacco Technology (Group) Co. Ltd., 
Kunming, China
Jihui Lui, Hui Wang, Yikun Hua, and Xianguo Wang; Technology Centre of Hongyun 
Honghe Tobacco (Group) Co., Ltd., Kunming, China
Shengjiang Yang and Kaixin Huang; Kunming Weinuo Jinshen Biological Engineering 
Co., Ltd., Kunming, China

In order to investigate the distribution characteristics and permeable mechanism of 
casing materials absorbed on the surface of tobacco leaves, the epicuticular waxes 
on the surface of the tobacco leaf were processed by using methylene chloride 
and complex enzymes. To compare the impact of casing materials absorption of 
tobacco leaves in the two different methods by glucose marked using 3-amino-9-
ethylcarbazole (AEC) was sprayed onto tobacco leaf and observed with fluorescence 
microscopy. The results showed that (1) the epicuticular wax content of the tobacco 
leaf was 5,896 µg/g, (2) initially, glucose molecules penetrated inward from the 
intercellular space of the epidermal cells in tobacco, and (3) the penetration rate is 
relatively low in the stomates. This could effectively improve the permeation rate of 
glucose and promote the casing absorption of the tobacco leaf after degradation 
of the epicuticular waxes on tobacco leaves.
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WEDNESDAY MORNING, OCTOBER 1, 2014

Session A—Agronomy

8:30 a.m. Wednesday 
83. A Molecular Genetic Approach Toward Reducing TSNAs in Air-Cured 
Tobaccos
Ralph E. Dewey, Jianli Lu, and Ramsey S. Lewis
North Carolina State University, Raleigh, North Carolina, USA

There is great interest in lowering the levels of tobacco-specific nitrosamines 
(TSNAs) in tobacco products. Because air-cured burley tobaccos generally 
contribute a disproportionate share of TSNAs in typical “American blend” cigarettes, 
reducing the TSNA content of this tobacco market type would be particularly 
welcomed. We have previously been successful in lowering the levels of the specific 
TSNA N-nitrosonornicotine (NNN) in burley tobaccos via the down-regulation of 
the genes responsible for the synthesis of its alkaloid precursor nornicotine. We 
have recently employed a molecular genetics-based strategy that was designed to 
reduce the accumulation of all classes of TSNAs in air-cured tobaccos. Burley plants 
were genetically transformed to express several candidate transgene constructs. 
T2 generation plants were grown in two North Carolina field locations in 2013 
to determine their effect on TSNA formation. One construct was identified that 
mediated substantial reductions in all TSNA species in comparison to control lines. 
Averaged over both locations, total TSNA levels were reduced by over 75% in the air-
cured leaf of plants expressing this specific construct. The details and implications 
of this strategy will be discussed

8:50 a.m. Wednesday 
84. Developing Genetic Elements Including DNA Promoters and Vectors to 
Modify the Plant Genome, Including Tobacco, Using a CRISPR-Cas9-sgRNA 
Genome Editing System
Indu B. Maiti and Dipak Kumar Sahoo; University of Kentucky, Lexington, Kentucky, 
USA
Nrisingha Dey; Department of Gene Function and Regulation, Institute of Life Sciences, 
Department of Biotechnology, Government of India, Nalco Square, Chandrasekherpur, 
Bhubaneswar, Orissa, India

We have created a series of DNA promoters useful for expressing foreign genes 
in transgenic plants. We have also designed and constructed a small and highly 
efficient binary Ti vector, pSiM24, for transformation of higher plant cells. We 
reduced the size of the backbone of and earlier binary vector, pKYLXM24 (GenBank 
Accession No. HM036220), a derivative of pKYLX71 (Schardl et al., 1987) from 12.8 
Kb to 7.1 kb. The binary vector pSiM24 is composed of modified genetic elements. 
The pSiM24 plasmid offers a wide selection of cloning sites, a high copy number 
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in Escherichia coli, and high cloning capacity for easily manipulation of different 
genetic elements. The vector has been fully tested in transferring transgenes 
(GFP and GUS) both transiently (Agro-infiltration, protoplast electroporation, 
and biolistics), and stably in plant systems (Arabidopsis and tobacco). Using both 
Agrobacterium and biolistic procedures, this vector has been tested to express a 
real gene like IL10; hence pSiM24 would be useful for nuclear transformation as 
well as plant made product (PMP) applications (Sahoo et al., 2014. PLoS ONE 9(6): 
e98988. doi:10.1371/journal.pone.0098988). In addition, the pSiM24 plasmid can 
act as a platform for various applications like gene expression studies and different 
promoter expression analyses. The sequence information for pSiM24 and relevant 
genetic elements is provided in NCBI database under GenBank accession no. 
KF032933. We are modifying this plasmid to express Cas9 gene and specific sgRNAs 
to edit target genes in plant genomes.

9:10 a.m. Wednesday 
85. Study on Sugar-Related Enzyme in Cured Tobacco Leaves: The Effect of 
Curing Method on Remaining Activity
Atsushi Nagai, Japan Tobacco Inc., Yokohama, Japan

Sugars in cured tobacco leaves are one of the key compounds that bear on the 
taste/aroma of cigarette smoke. The sugar compositions are known to undergo 
changes during storage. In previous report, we demonstrated that sucrose also 
underwent changes during storage, which was mainly caused by an enzymatic 
reaction (A, Nagai, 67th Tobacco Science Research Conference, 2013). These results 
revealed the importance of understanding the remaining enzyme activity from a 
quality control standpoint. In this study, sugar-related enzymes that retain activity 
in cured leaves are investigated, along with our previous study.
A model test was first carried out to find enzyme activities that affect certain 
components in cured leaves. Sugar-related substrates, known as tobacco 
components, were added to the samples, which were then stored. The substrates 
in some instances changed with time. One sample that had been heat treated 
before adding a substrate showed no change. These results indicated the possible 
existence of an active enzyme. Further investigation was conducted using a crude 
enzyme solution prepared from several leaves. Model substrates reacted in the 
solution, and each enzyme’s activity could be assayed by calculating the reaction 
rate. Flue-cured Virginia showed more significant activity of α-amylase and invertase 
than did burley leaf or oriental leaf. On the other hand, burley leaves showed 
significant α-glucosidase and β-glucosidase activity. After further investigations 
it was concluded that a difference in the activity pattern between samples was 
predominantly affected by the curing method.
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9:30 a.m. Wednesday 
86. Difference Analysis of Aroma Component Contents in Typical Clear Aroma-
Type Tobacco Growing Areas in China
Zhan Jun, Zhang Xiaolong, Zhou Fangfang, and Zhou Lijuan; Yunnan Reascend 
Tobacco Technology (Group) Co. Ltd, Kunming, China
Luo Huayuan, Wang Shaokun, and Zhu Haibin; Hongyun-Honghe Tobacco (Group) Co. 
Ltd, Kunming, China

A total of 91 C3F samples from nine typical clear aroma-type tobacco growing 
areas (Kunming, Qujing, Honghe, Dali, Chuxiong, and Baoshan in Yunnan province, 
Sanming and Longyan in Fujian province, and Liangshan in Sichuan province) 
in China were used in the research, and the differences in the contents of aroma 
components measured by GC/MS were analyzed. Our goal was to provide the basis 
for a production layout foundation in which to further study the mechanism of clear 
aroma type formation. The results showed that the contents of aroma components 
showed differences, although the nine tobacco areas all produced clear aroma-
type tobacco. Neophytadiene was much higher in the Kunming tobacco area. 
The contents of ketones and acids were much higher in Liangshan; aldehydes and 
heterocyclics were much higher in Honghe; ketones, lipids, and acids were much 
higher in Longyan. In all, small differences in the total aroma components existed 
between the tobacco areas, while the predominant aroma components were 
different in the nine tobacco areas. There was complementation in the different 
aroma components and total aroma components, and the ratio of neophytadiene to 
the other aroma components had a major effect on tobacco aroma type formation. 
This led to the same type of aroma even when the contents of the various aroma 
components were different.

10:20 a.m. Wednesday 
87. Increased Endogenous Potassium-Enhanced Nicotine Accumulation and 
Sugar Decomposition in Flue-Cured Tobacco Leaves 
Zhao JieHong, Yu Jing, Guo Yushang, Lin Shifeng, Zou Jie, Fu Qiang, Zhang Xiaolian, 
and Yu Shizhou
Molecular Genetics Key Laboratory of China Tobacco, Guizhou Academy of Tobacco 
Science, Guiyang, China

In order to increase endogenous potassium levels in tobacco leaves, an expression 
vector was constructed for the HAK1 gene (putative high-affinity potassium 
transporter) of Nicotiana tabacum driven by the rbcS gene promoter. HAK1-
overexpressing tobacco lines were obtained after transformation of flue-cured 
tobacco cultivar K326, and the transformants were verified by PCR and Southern 
blot assays. The expression levels of HAK1 and the potassium channel TORK1 
were apparently increased, with the highest expression levels being 58.9-fold 
and 15.7-fold greater, respectively, than in wild type. The activity of root ATPase 
and the potassium content in fresh leaves of HAK1-overexpressing plants were 
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both increased, but they decreased with increasing concentrations of external 
potassium in the culture solution. The general chemical components of flue-cured 
cutters overexpressing HAK1 were changed, and showed a trend of potassium and 
nicotine increasing and sugar decreasing, in which the average potassium content 
was up to 24.3%. This demonstrated that the HAK1 gene functions in increasing 
potassium and then improving the C/N ration in tobacco leaves, and could be 
useful in breeding for future production of less harmful tobacco.

10:40 a.m. Wednesday 
88. The Influence of Main Chemical Constituents and Tobacco Leaf Stalk 
Position on Seven Endogenous Harmful Components in Mainstream Cigarette 
Smoke
Geng Zhao-liang, Zhang Jie, Ge Yong-hui, Xiang Zhang-min, Cai Kai, and Feng Yong-
gang, Guizhou Academy of Tobacco Science, Guiyang, China

In order to study the influence of main chemical constituents and leaf stalk position 
in flue-cured tobacco on seven endogenous harmful components in mainstream 
cigarette smoke, flue-cured tobacco samples were collected and analyzed from 
five production areas in southwest China in 2010 and 2012. Results showed that: 
1) Except for carbon monoxide (CO), endogenous harmful components and the 
hazard index (H, a calculation method of cigarette harmfulness) exhibited a high 
correlation with cured tobacco stalk positions. For total released volume, the 
stalk position order was; upper > middle for B[a]P, NNK, HCN, NH3 and phenol, 
and middle > upper for crotonaldehyde. No significant relationship was found 
between CO and stalk position. For all the tested samples, the stalk position order 
was upper > middle for hazard index (H). 2) Correlation analysis showed that seven 
endogenous harmful components and the hazard index (H) showed inconsistent 
correlations with main chemical components in flue-cured tobacco. Both leaf 
carbonaceous compounds and nitrogen compounds were important precursors to 
seven endogenous harmful components in cigarette mainstream smoke, but the 
relationships among them were very complicated. For each endogenous harmful 
component, the same type of chemical component could present either a positive or 
a negative correlation, which showed the consistent or contradictory relationships 
to one another. The cigarette hazard index was positively correlated with contents 
of nitrogenous substances (the main tobacco alkaloids, protein, total nitrogen, 
etc.), major polyphenols, and organic acids, while it was negatively correlated 
with potassium and some carbonaceous compounds (e.g. total sugars, reducing 
sugars, starch, and other carbonaceous compounds). These results suggested that 
properly increasing potassium content and decreasing nitrogenous substances in 
flue-cured tobacco leaves may reduce the cigarette hazard index and harmfulness.
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11 a.m. Wednesday 
89. Sensitivities of Ralstonia Solanacearum to Four Non-Target Agronomic 
Chemicals and Its Metabolic Reaction Under Chemical Pressures
Hancheng Wang and Maosheng Wang
Guizhou Academy of Tobacco Science, Guiyang, Guizhou, China

Tobacco bacterial wilt caused by Ralstonia solanacearum is one of the most 
destructive diseases suffered by tobacco in China. Streptomycin, calcium oxide, 
mancozeb, and synthetic fertilizer are four important non-target chemicals used 
frequently during the tobacco-growing period. This study evaluated the activities 
of four chemicals against R. solanacearum. Phenotypic pattern of R. solanacearum 
under pressure of those chemicals were also compared with control treatments. 
Bacterial growth of R. solanacearum was more sensitive to mancozeb, less sensitive 
to streptomycin, and not sensitive to calcium oxide and synthetic fertilizer. Metabolic 
reaction of R. solanacearum on Biolog GEN III Microplates was not or poorly affected 
by synthetic fertilizer or calcium oxide, while it was significantly inhibited by 
mancozeb and poorly inhibited by streptomycin. Substrates utilization of sucrose, 
α-D-glucose, D-fructose, D-galactose, D-sorbitol, myo-inositol, and p-Hydroxy-
phenylacetic acid were inhibited by streptomycin and chemical sensitivities of 
pH 6, pH 5, tetrazolium violet, and tetrazolium blue were also changed by this 
chemical. No carbon source could be utilized by the pathogen under the pressure 
of mancozeb. Also, streptomycin had limited efficacy against R. solanacearum, 
while mancozeb could be used for bacterial wilt management. These new findings 
provide important information for tobacco bacterial wilt management in the field. 

11:20 a.m. Wednesday 
90. Isolation and Functional Analysis of an LTR-Retrotransposon from Tobacco 
(Nicotiana tabacum)
Yushuang Guo, Shifeng Lin, Jing Yu, Jie Zou, Qiang Fu, Shizhou Yu, Xiaolian Zhang, 
Jiehong Zhao, and Xueliang Ren
Key Laboratory of Molecular Genetics, Guizhou Academy of Tobacco Science, Guiyang, 
China

Long terminal repeat (LTR)-retrotransposons are genetic elements that can move 
and sometimes spread within genomes, and are important for plant genomic 
organization. In this research, a novel LTR-retrotransposon gene named Ntrt1 
was isolated from Nicotiana tabacum using homology-based and RACE (Rapid 
amplification of cDNA ends) cloning technology. The full-length copy of Ntrt1 was 
5,046 bp in length, and it is predicted to encode three important proteins; the 
Gag/pol polyprotein, the central retrotransposon protein, and the retrotransposon 
integrase protein. Quantitative real-time RT-PCR analysis showed that Ntrt1 is 
expressed ubiquitously in tobacco tissues, including leaves, roots, and stem, and 
the expression level is highest in the leaf. An Ntrt1 gene silencing vector was 
constructed based on the geminivirus satellite and introduced into Agrobacterium 
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tumefaciens strain EHA105. Agrobecterium strains harboring the recombinant 
silencing vector and an infectious clone of TYLCCNV (Tomato yellow leaf curl 
China virus) were co-agroinoculated into tobacco plants. Tobacco plants co-
agroinoculated with TYLCCNV and the empty gene silencing vector were used as 
the control. Quantitative real-time RT-PCR analysis revealed that the expression 
level of Ntrt1 was reduced to 15% that of the control, and that virus-induced gene 
silencing of Ntrt1 led to dwarfing in tobacco. These results suggest that expression 
of Ntrt1 is required for plant development.

11:40 a.m. Wednesday 
91. The Influence of Different Crop Rotation Models on Growth and 
Development, Yield and Quality of Products, and Pests and Diseases of Flue-
Cured Tobacco
Feng Yi, Tao Weng, An ling Duan, and Lu Yan
Yunnan Reascend Tobacco Technology Group Co. Ltd., Kunming, China

Tobacco is an important cash crop in Yunnan Province. As tobacco plantations have 
developed, the living standards of the peasants have risen considerably. However, 
the soil productivity has declined, the quality and yield of tobacco has decreased, 
and plant and pests disease outbreaks have been greatly affected by continuous 
cropping. A study has been carried out to examine the influences of different 
models of crop rotation on the pests and diseases of flue-cured tobacco, and yield 
and quality of products using line Yunyan85. Also, we performed an output value 
evaluation in order to obtain good models of crop rotation to the center of flue-
cured tobacco. Based on the growth characteristics of tobacco, this study used 5 
treatments and 4 replications, which includes the rotation models of garlic-tobacco, 
wheat-tobacco, rice-tobacco, and corn-tobacco, with tobacco as the control. The 
field management practices were the same used locally for high output cash crops. 
We used sampling surveys in the investigation. The results indicated that the control 
efficiency for the rotations of garlic-tobacco and rice-tobacco to pests and diseases 
of flue-cured tobacco were as high as 92.13% and 93.15%, which were significantly 
higher than the others. At the same time, the yields of flue-cured tobacco for the 
tobacco-garlic and rice-tobacco rotations were also significantly higher than the 
others, and were 2,015 kg/hm2 and 2,010 kg/hm2, respectively. Furthermore, the 
ratio of mid-to-high grade leaves of flue-cured tobacco for the rice-tobacco rotation 
was 19.30 percentage points higher than the control. The output value of flue-
cured tobacco for the garlic-tobacco rotation amounted to 21,739.36 yuan/hm2, 
which was 5,002.91 yuan/hm2 more than the control. In general, the garlic-tobacco 
and rice-tobacco rotations were the most feasible models for tobacco plantations.
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8:30 a.m. Wednesday 
92. The Pore Size Distribution of Naturally Porous Cigarette Papers and Its 
Relation to Air Permeability and Diffusion Capacity – Part 1
Stefan Bachmann, Maria Gleinser, Dietmar Volgger, and Bernhard Eitzinger 
delfortgroup AG, Wattens, Austria 

In the tobacco industry, it is well known that porosity is one of the most significant 
physical properties of cigarette paper. There are indirect and direct methods 
to characterize this parameter. Measurement of the diffusion capacity and air 
permeability are indirect methods, where gases are transferred through the paper 
by concentration or pressure differences. Using mercury porosimetry, porosity is 
measured directly via the pore volume of the paper.
The aim of this study is to analyze the pore size distributions resulting from mercury 
porosimetry of eight different cigarette papers with different air permeabilities, 
fiber furnishes, filler contents, and burn additive contents. The pore size distribution 
was measured before and after heating the papers to 230°C for 30 minutes in the 
presence of air.
For a qualitative analysis, pore size distributions have been divided into three 
sections based on radius: 0.04-0.8 µm (section 1), 0.8-3 µm (section 2), and 3-30 µm 
(section 3). Comparing the pore size distributions for the unheated paper samples 
with different permeabilities, we found that papers with low air permeability 
showed higher pore volumes in section 1, while papers with high permeability 
showed higher pore volumes in section 2. Variation of the filler content causes 
changes in the pore volume only in sections 1 and 3. As expected, the influence 
of burn additive content on the pore size distribution was small in all sections. By 
heating the papers before mercury porosimetry analysis, the overall pore volume 
increases compared to unheated papers.
The results show how the pore size distribution of cigarette paper can be 
influenced by tools available to the cigarette paper manufacturer such as the paper 
composition and paper properties.

8:50 a.m. Wednesday 
93. The Pore Size Distribution of Naturally Porous Cigarette Papers and Its 
Relation to Air Permeability And Diffusion Capacity – Part 2
Bernhard Eitzinger, Maria Gleinser, Stefan Bachmann, and Dietmar Volgger 
Delfortgroup AG, Papierfabrik Wattens GmbH & Co. KG, Wattens, Austria 

Regulations regarding the self-extinguishment of cigarettes and the upper limits on 
smoke yields have, in addition to air permeability, led to an appreciation of diffusion 
capacity as a further important parameter of cigarette paper. Air permeability and 
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diffusion capacity are linked together by the porous structure of the cigarette 
paper. It is the aim of this study to investigate this link by establishing a correlation 
between the pore size distribution of naturally porous cigarette papers and their air 
permeability and diffusion capacity, respectively. To this end eight cigarette papers 
were selected which differed in permeability, diffusion capacity, fiber furnish, filler 
content and burn additive content. The pore size distribution of these papers 
was measured by mercury porosimetry before and after the papers had been 
exposed to 230°C for 30 minutes. The pore size distribution was multiplied with 
a Gaussian weighting function and integrated to obtain a weighted pore volume. 
The two parameters of the weighting function, center and width, were chosen to 
maximize the correlation of the weighted pore volume with air permeability and 
diffusion capacity, respectively. The results show correlation coefficients greater 
than 0.9 for air permeability and diffusion capacity. The optimal center values of 
the weighting functions were at a pore radius of 2.5 µm for air permeability and 1.0 
µm for diffusion capacity. These results indicate that, in agreement with theoretical 
considerations, large pores are better correlated with air permeability, while small 
pores are more strongly correlated with diffusion capacity. The results may help to 
fine-tune cigarette paper properties to maintain compliance with regulations with 
fewer compromises regarding consumer acceptance.

9:10 a.m. Wednesday 
94. Comparison of Full Length Burn Testing According To ISO 12863 and the 
Proposed Alternative By NIST Laboratories, USA
Mario Mayr, delfortgroup, Wattens, Austria

The Objective for performing this study was to compare LIP / FSC cigarettes, showing 
different pass rates with two test methods, one according to ISO 12863 and the 
second with the alternative set-up as proposed by NIST (thin stainless steel substrate 
plus one layer of filter paper instead of the 10 layers, as defined in ASTM E.2187-09 
and ISO 12863). Samples have been chosen with a Full Length Burn rate below and 
above 25%. This objective included also an evaluation of the impact on the variation 
of the results when performing the test on the metal sheet. The observations from our 
study were that LIP cigarettes which failed the test when performing according ISO 
12863 will pass the test when performing according the proposed alternative. There 
are no significant differences when comparing the results of LIP cigarettes which 
passed the test according ISO 12863 with 0% Full Length Burn and the proposed 
alternative. A further topic in our study was to test if the results of the proposal from 
NIST are more comparable to ISO 12863 when increasing the layers of filter papers 
on the metal sheet. We called it “progressive testing”. It is described in ISO 12863 – 
Annex C (normative) C3. –Procedure for selection of substrate assemblies for testing. 
In conclusion it means that cigarettes which will not pass the test today will pass the 
test when analyzed with the metal sheet plus one layer of filter paper. Results with 
the metal sheet plus one layer of filter paper are misleading – with the risk of non-
conformity products on the market; Full Length Burn above 25%!
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9:30 a.m. Wednesday 
95. Chemical Analysis in the Regulation of Tobacco Products
Christopher Wright, Derek Mariner, Mark Williams, and Christopher Proctor
British American Tobacco, R&D, Southampton, UK

Internationally, the regulation of tobacco products is increasing, especially with 
regard to the constituents of tobacco products and cigarette smoke. Historically, 
internationally harmonized testing methods for substances measured and reported 
in cigarette smoke were been limited to ‘tar’, nicotine and carbon monoxide. 
Although some regulators, such as Health Canada, have required the reporting of a 
wider range of tobacco and cigarette smoke constituents for a number of years, the 
US Food and Drug Administration have recently produced a substantially expanded 
list of harmful and potentially harmful constituents substances in tobacco and 
cigarette smoke for more detailed investigation. 
However, with the exceptions of alkaloids and tobacco-specific nitrosamines in 
tobacco and benzo(a)pyrene in smoke, testing methods for many substances in 
these lists are not harmonized outside the tobacco industry and the performance 
standards of available methods in terms of sensitivity, selectivity and ruggedness 
are not generally consistent.
The comparative performance of existing analytical methods for tobacco smoke 
constituents will be illustrated, an approach will be proposed for the assessment of 
method fitness for purpose, and technical solutions will be presented to improve 
the inter-laboratory agreement of data. These will include the development of 
reference materials, the conduct of proficiency studies, and the use of scientific 
workshops to establish best technical practice in this field. 

10:20 a.m. Wednesday 
96. Information on the Cooperative Agreement Between the Center for 
Tobacco Products and the University of Kentucky to Develop a “Cigarette 
Tobacco Reference Products Program”
Orlando Chambers, Huihua Ji, and John Geary
KTRDC, University of Kentucky, Lexington, Kentucky, USA

The Food and Drug Administration’s Center for Tobacco Products (CTP) recently 
announced a cooperative agreement with the University of Kentucky to develop 
a cigarette tobacco reference product program. The University of Kentucky has 
provided reference cigarettes as the standard for non-clinical investigational 
purposes by tobacco manufacturers, contract and government laboratories, and 
academic institutions since 1968. The new project will produce and characterize 
50 million high-quality reference cigarettes that are representative of an American 



77

68th tobacco Science ReSeaRch confeRence  
Interdisciplinary Perspectives on Governmental Regulations of Tobacco Products

blended cigarette; they will be manufactured in a single run with certain physical 
and chemical characteristics to allow for proficiency testing, instrument calibration, 
method validation, and for investigation purposes. Significant improvements will 
be made in the current Kentucky reference product program in terms of operational 
efficiency, establishing research capability, and initiating the proficiency testing 
program. Information will be presented on the design of the new reference 
cigarette and the planned changes to the Kentucky reference cigarette program. 
The schedule for the proficiency testing program and the process used to certify 
the mean values of the reference cigarettes used in the proficiency testing scheme 
will be presented. 

10:40 a.m. Wednesday 
97. A New Approach to Interlaboratory Collaborative Study Outlier Detection
Michael J. Morton, Altria Client Services, Richmond, Virginia, USA

The interpretation of Harmful and Potentially Harmful Constituent (HPHC) test 
results, and the results of other analytical testing is often guided by the inherent 
variability of the associated test method. A common approach to characterize that 
variability is through interlaboratory collaborative studies. One of the standard 
guides for the conduct and analysis of interlaboratory collaborative studies is 
described in ISO 5725-2: 1994(E). One of the recommendations of ISO 5725-2: 
1994(E) is the use of Cochran’s test to determine laboratories that have excessively 
large replicate-to-replicate variation. One potential problem with employing 
Cochran’s test is that it is very sensitive to the assumption that the data follow 
the Gaussian probability distribution. A simulation analysis showed that the 
probability of falsely eliminating a laboratory as an outlier is approximately 30% 
for some common distributions instead of the stated probability of 1%. This false 
rejection of outliers has the potential to result in a misleading underestimation of 
method variation. We evaluated an alternative approach, derived from Levene’s 
test, that is much less sensitive to the Gaussian assumption. This approach falsely 
eliminates laboratories as outliers much less frequently than Cochran’s test. In the 
cases that Cochran’s test has a false error rate of 30%, simulation studies showed 
this approach to have an error rate of a little less than 5%. This approach thereby 
has the potential to more accurately represent the variability within and between 
analytical laboratories. 
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11 a.m. Wednesday 
98. Optimisation of Testing Scheme by Associating Smoking Data with 
Cigarette Burning Model
Stepháne Colard, Imperial Tobacco Limited, Bristol, UK

Tar, nicotine and carbon monoxide (TNCO) cigarette yields determined under 
different smoking regimes form part of a continuous linear function, with filter 
ventilation both blocked and open, when linked to the reduction Δt in the 
smoking time due to puffing (TSRC 2013). This means that the use of a single 
smoking regime is sufficient to characterize emissions for a particular product if 
the smoulder rate is known. However, this single smoking regime has to carefully 
chosen because the application of intense conditions can produce high water 
yields leading to trapping issues. In addition, the smoulder rate determination 
involved in the calculation of Δt can be difficult for cigarettes with low ignition 
propensity design which present some tendency for self-extinguishment during 
measurement. 
Experimental issues were overcome in a novel testing scheme involving the 
determination of smoking times under two smoking regimes and inputting this 
data into a burning model. Beyond inter-puff smoulder rate determination, the 
model was used to provide an extensive set of information such as the weight of 
tobacco burnt during puffs. Good correlations were observed between mass of 
tobacco burnt during puffs and TNCO or benzo[a]pyrene yields derived under ISO 
validated methods.
It was concluded the application of two smoking regimes is required to provide 
smoking times and Δt but the analysis of the yields is required from only one of 
them; taken together, this is an optimal scheme since it provides comprehensive 
characterization of products at reduced cost. An appropriate choice of validated 
smoking regime could then overcome the experimental limitations and still fit 
with the regulatory purposes of product monitoring and characterization.  

11:20 a.m. Wednesday 
99. New Multiple-Frequency Technology for Non-Contact Moisture 
Measurements of Large-Scaled Tobacco Samples
Hendrik Richter and Andre Tews
TEWS Elektronik GmbH & Co. KG, Hamburg, Germany

Microwaves are known to be well suited for measuring the moisture levels in 
tobacco and related products. Non-contact microwave transmission technology 
was developed to measure the moisture of large bulky objects such as tobacco 
bales and C48 boxes with cut tobacco. It is common to measure moisture by 
analyzing microwave attenuation or phase shift at a particular microwave 
frequency. 
However, such methods usually lack measurement accuracy due to such 
phenomena as microwave interferences, and density and/or thickness variations, 
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the latter generally requiring weight scales. 
This paper presents a novel multiple-frequency technology based on the 
measurement of two independent microwave parameters. It permits the 
measurement of moisture of products independently of varying density and/or 
thickness.
The new multi-frequency approach uses the key attributes of both frequency and 
time domain methods. This allows moisture measurements with high precision 
and accuracy irrespective of varying sample dimensions, positions or orientations:
For example, the measurement precision for C48 boxes of tobacco exceeds ±0.2%. 
The measurement accuracy was determined by comparing the measurement 
results to reference values from the laboratory using common reference methods 
(e.g. oven drying). The measurement accuracy was found to be ±0.2%-±0.4%, 
depending on sampling method and handling.
This new technology is published as US2010295556 (A1) and marketed under the 
brand name MW-T by TEWS Elektronik GmbH & Co. KG.
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