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GENERAL PROGRAM

Sunday, September 18, 2016

1:30 pm – 5:00 pm CTRP Workshop ............................................................Congressional

2:00 pm – 6:00 pm Registration .............................................................. Conference Foyer

2:00 pm – 6:00 pm Speaker Ready Room .......................................................... Carnoustie

6:30 pm – 9:30 pm Welcome Reception ......................... Honda Pavilion/Masters Terrace

 Hosted by – Cerulean

Monday, September 19, 2016

7:30 am – 8:30 am Session Chairs Breakfast .................................................Canterbury A 

7:30 am – 8:30 am U.S. TAG: ISO/TC 126 Breakfast ...................................Canterbury B 

7:30 am – 5:00 pm Registration .............................................................. Conference Foyer 

7:30 am – 5:30 pm Speaker Ready Room .......................................................... Carnoustie

8:00 am – 8:45 am Morning Coffee ..................................................PGA Ballroom Foyer

8:45 am – 11:50 am  Symposium ................................................................... PGA Ballroom

 “Population Health Standards for Tobacco Regulation”

 Chair: Chris Proctor, British American Tobacco (Investments) Limited

10:00 am – 10:30 am Coffee Break ........................................................PGA Ballroom Foyer

11:50 am – 1:00 pm Lunch ...............................................................British Open Ballroom

11:50 am – 1:00 pm Tobacco Science Council Meeting .................................Canterbury A

1:00 pm – 2:20 pm Poster Session .......................................................... Conference Foyer

2:20 pm – 5:10 pm Session A:

 E-Cigarettes I & Smokeless Tobacco Products ............PGA Ballroom A

2:20 pm – 4:30 pm Session B: Agronomy I ...............................................PGA Ballroom B

3:20 pm – 3:50 pm Coffee Break ........................................................PGA Ballroom Foyer
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Tuesday, September 20, 2016

8:00 am – 5:00 pm Registration .............................................................. Conference Foyer

8:00 am – 5:00 pm Speaker Ready Room .......................................................... Carnoustie

8:30 am – 9:00 am Morning Coffee ..................................................PGA Ballroom Foyer

9:00 am – 11:50 am Session A - 

 Methods Development & Smoke Chemistry.............. PGA Ballroom A

9:00 am – 11:50 am  Session B: Human & Biological Studies.....................PGA Ballroom B

10:00 am – 10:30 am Coffee Break ........................................................PGA Ballroom Foyer

11:50 am – 1:15 pm Lunch ...............................................................British Open Ballroom

12:00 pm – 1:30 pm Policy Committee Lunch ...............................................Canterbury A

1:15 pm – 2:20 pm Poster Session .......................................................... Conference Foyer

 2:20 pm – 5:10 pm Session A: E-Cigarettes II ...........................................PGA Ballroom A

2:20 pm – 5:10 pm  Session B:

 Design Characteristics, Regulation & Quality .......... PGA Ballroom B

3:40 pm – 4:10 pm Coffee Break ........................................................PGA Ballroom Foyer

5:15 pm – 6:00 pm  TSRC Business Meeting .................................................... Canterbury

6:30 pm – 7:15 pm Social Hour .........................................................PGA Ballroom Foyer

7:30 pm – 10:00 pm Award Banquet ............................................................. PGA Ballroom

Wednesday, September 21, 2016

8:00 am – 8:30 am Morning Coffee ..................................................PGA Ballroom Foyer

8:00 am – 11:20 am Speaker Ready Room .......................................................... Carnoustie

8:30 am – 11:20 am Combined Session: E-Cigarettes III ..........................PGA Ballroom A

9:50 am – 10:20 am Coffee Break ........................................................PGA Ballroom Foyer

11:20 am Adjourn
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 LIFETIME ACHIEVEMENT AWARD
George J. Wagner

George J. Wagner, a native of Western New York, received his B.S, 
M.S. and PhD degrees in Biology/Biochemistry from the State 
University of New York at Buffalo. After postdoctoral study at the 
Brookhaven National Laboratory (BNL) he joined the faculty there 
as an Associate Scientist. In 1983 he took a faculty position in the 
Agronomy Department (now, Plant and Soil Sciences), University 
of Kentucky, and became Professor in 1987. 

His early work focused on discovery of metabolic pathways for 
the degradation of vitamin C and the biosynthesis of tartaric acid 
in grapes and other plants. After moving to the BNL his research 

was refocused to study the isolation and characterization of plant membranes. These efforts 
resulted in a 1975 publication, in the Journal, Science, describing the first method for 
isolating intact plant vacuoles. About 1980, because of the emergence of the Organization 
of Petroleum Exporting Countries (OPEC) and the oil embargo of 1973, the Department 
of Energy, which governed the BNL, directed research to refocus on the consequences of 
enhancing domestic energy production. Thus, Dr. Wagner began to study the accumulation 
by plants of cadmium, a by-product of coal combustion, and to research the means for 
reducing it in consumed plant products. This began his work with tobacco, which was and is 
a very amenable experimental plant model.

After moving to Kentucky this research was continued, and led to the discovery in tobacco 
of the first Cd transport enzyme in the vacuolar membrane of plants (published in the 
Journal of Biological Chemistry). Additional key research showed that Cd accumulation in 
plant leaves is regulated by the roots (published in the journal, Tobacco Science). Continuing 
studies involved genetic engineering to enhance vacuolar sequestration and cytoplasmic 
chelation of Cd in tobacco roots to reduce translocation to the leaves. Laboratory and field 
tests showed that manipulation of root vacuolar transporters may decrease Cd accumulation 
in lamina by half (published in, Plant Physiology and Plant Biotechnology). More recent 
work by others suggests that Cd in tobacco lamina can potentially be reduced perhaps 90% 
through manipulation of membrane transporters in or near the plant root.

In addition to the Cd work, the Wagner laboratory has studied the biochemistry of tobacco 
trichomes that produce tobacco gum. This research led to the development of tobacco 
plants that have high aphid resistance (published in the journal, Nature Biotechnology). 
Pathways for the production of pathogen-interactive and organoleptic sucrose esters were 
characterized (published in the Proceedings of the National Academy of Sciences). Also, a 
unique, non-gum producing type of tobacco trichome was shown to produce a novel protein 
called phylloplanin that inhibits Blue Mold disease, and shows broad-range effectiveness 
against various pathogenic fungi (published in, The Plant Cell, and Crop Science). 

Dr. Wagner’s group has published over 100 refereed publications. His work has been 
supported by grants from the USDA, NSF, DOE, NASA, FDA, KTRDC, KSEF, and research 
contracts from several tobacco companies. He received the 21st Distinguished Achievement 
in Tobacco Science Award in 1989 and the T.P. Cooper Research Award from the University of 
Kentucky, College of Agriculture in 1997. Dr. Wagner has accepted this Lifetime Achievement 
Award, with gratitude, on behalf of the many scientists who have contributed to the research 
discoveries made in the his laboratories over the years.
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70th TOBACCO SCIENCE RESEARCH CONFERENCE

Monday Morning, SepteMber 19, 2016
CoMbined SeSSion

8:45  WELCOME: Linda Crumpler, Cerulean, 70th TSRC Chair

8:55  SYMPOSIUM: “Population Health Standards for Tobacco Regulation” 
 Chair: Chris Proctor, British American Tobacco (Investments) Limited

9:00 1. POPULATION HEALTH STANDARDS FOR MODIFIED RISK 
TOBACCO PRODUCTS. Conrad J. CHOINIERE; FDA Center for 
Tobacco Products, Silver Spring, MD USA

9:30 2. PREDICTING THE POPULATION HEALTH EFFECTS OF 
CHANGING TOBACCO EXPOSURES: STATISTICAL MODELS FOR 
REGULATORY COMPLIANCE. Annette M. BACHAND and Sandra I. 
Sulsky; Ramboll Environ, Amherst, MA USA

10:00  Break

10:30 3. DESIGN AND IMPLEMENTATION OF PRE- AND POST-
MARKETING SURVEILLANCE FOR TOBACCO PRODUCTS.  
Saul SHIFFMAN and Karen K. Gerlach; Pinney Associates, Inc. 
Pittsburgh, PA USA

11:00 4. CONSUMER TESTING TO ADDRESS POPULATION HEALTH 
STANDARDS FOR TOBACCO PRODUCTS. Geoffrey M. CURTIN; 
RAI Services Company, Winston-Salem, NC USA

11:30  Panel discussion with all symposium speakers

11:50  Lunch

1:00  Posters

 5. “HOOKAHS ARE TASTY AND FUN!?” A QUALITATIVE STUDY OF 
HOOKAH SMOKING AMONG SOUTH AFRICAN UNIVERSITY 
STUDENTS. Rachana DESAI1, Brendon R. Barnes2 and Priscilla 
Reddy3; 1Human Science Research Council, Cape Town City Central, 
South Africa, 2University of Johannesburg, Johannesburg South Africa 
and 3University of Western Cape, Western Cape, South Africa

 6. DETERMINATION OF LEAKAGE IN E-VAPING PRODUCTS.  
Hasan GOKSEL and Thomas Jacques; Philip Morris Product S.A., 
Neuchatel, Switzerland

User
Not Presented
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 7. DIRECT SINGLE PUFF GC-MS ANALYSIS OF ELECTRONIC 
CIGARETTES AND THE EFFECT OF INTERPUFF INTERVAL ON 
RELATIVE NICOTINE DELIVERY. Joseph G. LISKO1, Jose J. Perez1, 
Liza Valentin-Blasini1, Clifford H. Watson1, Sydney L. Holmberg2 and 
Grace E. Lee3; 1US Centers for Disease Control and Prevention, Atlanta, 
GA USA, 2Oak Ridge Institute for Science and Education, Oak Ridge, 
TN USA and 3Battell Memorial Institute, Columbus, OH USA

 8. REGULATORY IMPLICATIONS OF THE ISO AND FTC SMOKING 
REGIMENS IN TOBACCO PRODUCT REVIEW. Changyu “Jake” 
CHAE, Matthew J. Walters and Matthew R. Holman; US FDA/Center 
for Tobacco Products, Silver Spring, MD, USA

 9. A PROPOSED APPROACH FOR MODELING HPHC YIELDS. Ali A. 
ROSTAMI, Yezdi B. Pithawalla, Thaddaeus Hannel, Michael Morton, 
Jingzhu Wang, Tom Gannon and Karl Wagner; Altria Client Services 
LLC, Richmond, VA USA

 10. DETERMINATION OF BENZO[A]PYRENE IN ELECTRONIC 
CIGARETTE FORMULATIONS AND AEROSOLS BY GAS 
CHROMATOGRAPHY-MASS SPECTROMETRY. Regina 
BALLENTINE, Jason W. Flora and Karl A. Wagner; Altria Client 
Services, Richmond, VA USA

 11. DETERMINATION OF VOLATILE ORGANIC COMPOUNDS 
(VOCS) IN ELECTRONIC CIGARETTE FORMULATIONS 
AND AEROSOLS BY GAS CHROMATOGRAPHY-MASS 
SPECTROMETRY. Anthony P. BROWN, Jason W. Flora and Karl A. 
Wagner; Altria Client Services, Richmond, VA USA

 12. DETERMINATION OF TOBACCO-SPECIFIC NITROSAMINES IN 
ELECTRONIC CIGARETTE LIQUIDS AND AEROSOLS BY UPLC/
MS/MS. Xiaohong “Cathy” JIN, Jason W. Flora and Karl A. Wagner; 
Altria Client Services, Richmond, VA USA

 13. AN EVALUATION OF CIGARETTE SMOKE AEROSOLS IN VITRO 
USING A MODIFIED AMES METHODOLOGY AND THE BALB/C 
3T3 NEUTRAL RED UPTAKE CYTOTOXICITY ASSAY. Michael 
HOLLINGS, Adam Seymour, Amber Woodhams, Mark Ballantyne and 
Julie Clements; Covance Inc., Harrogate, UK

 14. PUFF BY PUFF TAR, NICOTINE AND CARBONYL 
PROFILES UNDER DIFFERENT SMOKING REGIMENS OF 
COMMERCIAL CIGARETTES WITH VARIOUS CARBON FILTER 
TECHNOLOGIES. Raymond M. ROBERTSON; Celanese, Narrows, VA 
USA

User
Not Presented
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 15. EXPOSURE ATMOSPHERE CHARACTERIZATION USING TANK 
VAPING PRODUCTS. Amit GUPTA, Barry Hayden, Steve Behringer, 
Lindsey Petrelle and Ed Psurny; Battelle, Columbus, OH USA

 16. DEVELOPMENT & EVALUATION OF A BENCHTOP WALKAWAY 
PLATFORM FOR THE AUTOMATED SOLVENT EXTRACTIONS 
OF CAMBRIDGE FILTER PADS AND AGRICULTURAL TOBACCO 
SAMPLES. Li Shijie1, Liu Wei1, Julian “Tony” COX2 and Justin Lu2; 
1China Tobacco Yunnan Industrial CO., Ltd, Kunming, China and 
2Sirius Automation Inc., Buffalo Grove, IL USA

 17. EX VIVO EFFECTS OF SMOKELESS TOBACCO EXTRACTS ON 
SELECT IMMUNE RESPONSES. Gaddamanugu L. PRASAD1, 
Subhashini Arimilli2, Brad E. Damratoski2, Eckhardt Schmidt1, Jannell 
Rowe3 and Salem Chouchane4; 1RAI Services Company, 2Wake Forest 
University Health Sciences, 3R.J. Reynolds Tobacco Co and 4Eurofins 
Lancaster Labs Inc, Winston-Salem, NC USA

 18. DIACETYL AND ACETYLPROPIONYL IN E-LIQUID VAPOR BY 
STATIC HEADSPACE GCMS. Norman FRALEY; Eurofins Lancaster 
Laboratories, Winston Salem, NC USA

 19. GROUND RAW TOBACCO AND CIGARETTE FILLER REFERENCE 
PRODUCTS. Huihua JI, Franklin Fannin, Anne Jack, Socrates Canete, 
Ying Wu and Lowell Bush; University of Kentucky, Lexington, KY USA

 20. EVALUATION OF A BIOMARKER OF OXIDATIVE STRESS:  THE 
8-ISO PROSTAGLANDIN F2α: PROSTAGLANDIN F2α RATIO IN 
HUMAN PLASMA. Patrick MILLER1, Kirk Newland1, Alan Dzerk1, 
Ray Farmen1, Cam Tuan Tran2, Christelle Haziza2 and Patrick Picavet2; 
1Celerion, Inc., Lincoln, NE USA and 2Philip Morris International, 
Neuchâtel, Switzerland

 21. E-CIGARETTE AEROSOL COLLECTION: 44 MM CAMBRIDGE 
FILTER PAD CAPACITY. John H. MILLER IV, James Wilkinson, Jason W. 
Flora and William P Gardner; Altria Client Services, Richmond, VA USA

 22. DETERMINATION OF THE AMOUNT OF PON AND NNK IN 
CURING TOBACCO LEAVES. Ying WU, Huihua Ji, Franklin Fannin 
and Lowell Bush; University of Kentucky, Lexington, KY USA

 23. REDUCTIONS IN BIOMARKERS OF EXPOSURE (BOE) TO 
HARMFUL OR POTENTIALLY HARMFUL CONSTITUENTS 
(HPHCS) FOLLOWING PARTIAL OR COMPLETE SUBSTITUTION 
OF CIGARETTES WITH ELECTRONIC CIGARETTES IN ADULT 
SMOKERS. Grant O’CONNELL1, Donald W. Graff2 and Carl D’Ruiz3; 
1Fontem Ventures B.V, Amsterdam, The Netherlands, 2Celerion Inc, 
Lincoln, NE USA and 3Fontem Ventures B.V Greensboro, NC USA
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 24. A POST-MARKET SURVEILLANCE METHODOLOGICAL 
PROTOCOL FOR ASSESSING TOBACCO USE BEHAVIORS 
AMONG THE US ADULT POPULATION. Mimi M KIM and Geoffrey 
M Curtin; RAI Services Company, Winston Salem, NC USA

 25. WHAT IS MEDDRA AND WHY IS IT IMPORTANT FOR ME? 
Samina QURESHI, PSI International, Inc., Fairfax, VA USA

 26. WITHDRAWN

 27. CIGARETTE SMOKING AND SMOKING CESSATION RESTORES 
LARYNGEAL SECRETORY HOMEOSTASIS IN RATS. Rumi UEHA, 
Satoshi Ueha, Francis Shand, Kouji Matsushima, Takaharu Nito, Kenji 
Kondo, Yoko Fujimaki, Hironobu Nishijima, Takao Goto, Koichi 
Tsunoda and Tatsuya Yamasoba; The University of Tokyo, Tokyo, Japan

 28. DAMAGE TO OLFACTORY PROGENITOR CELLS IS INVOLVED 
IN CIGARETTE SMOKE-INDUCED OLFACTORY DYSFUNCTION 
IN MICE. Rumi UEHA, Satoshi Ueha, Kouji Matsushima, Takaharu 
Nito, Kenji Kondo, Shu Kikuta, Kaori Kanaya, Hironobu Nishijima and 
Tatsuya Yamasoba; The University of Tokyo, Tokyo, Japan

 29. DESIGN AND MANUFACTURE OF NEW  MODERN BARN AND 
RACK FOR CURING TOBACCO AND OTHER AGRICULTURAL 
PRODUCTS. Reza MOHSENZADEH; Iranian Company Tobacco, 
Behshahr- Mazandaran, Iran

 30. DESIGN AND CONSTRUCTION OF LEAF SEWING MACHINE 
AND COLLECTOR FOR ORIENTAL TOBACCO. Reza 
MOHSENZADEH and Yaghoob Yaghoobi; Iranian Company Tobacco, 
Behshahr- Mazandaran, Iran

 31. THE CORESTA WEBSITE. B. MANSION1, F. Laures1, N. de Tervarent2, 
P. M. Guitton2, E. Marignac2, S. Colard3, A. M. Jack4, R. Stevens5 and K. 
A. Wagner6; 1Mamasam, Vincennes, France, 2CORESTA, Paris, France, 
3SEITA-Imperial Tobacco, Fleury-les-Aubrais, France, 4University of 
Kentucky, Lexington, KY USA, 5ITG Brands, Greensboro, NC USA and 
6Altria Client Services, Richmond, VA USA

 32. COMPREHENSIVE INSIGHTS INTO TOBACCO SMOKE USING 
TD-GCXGC-TOF MS WITH TANDEM IONISATION. Matthew 
Edwards1, Stefan Koschinski2, Laura McGregor1, Chris HALL3 and Bob 
Green4; 1Markes International Ltd, Wales, UK, 2Markes International 
GmbH, Neu-Isenburg, Germany, 3Markes International, Inc., 
Cincinnati, Ohio USA and 4SepSolve Analytical, Peterborough, UK 

User
Not Presented

User
Not Presented



70th Tobacco Science Research Conference Population Health Standards for Tobacco Regulation

8

SeSSion B
Agronomy i

Session Chairs: Anne Jack & Eric Willard

2:20 PM

40. THE PATTERN OF BENZO [A] 
PYRENE AND TOBACCO-SPECIFIC 
NITROSAMINE ACCUMULATION 
IN FIRE-CURED TOBACCO; A 
COMPARISON OF TWO BARN 
TYPES. Anne JACK, Andy Bailey, Angela 
Schoergendorfer, Huihua Ji and Ying Wu; 
University of Kentucky, Lexington, KY USA

2:40 PM

41. ESTABLISHING A SAMPLING 
PROTOCOL TO ESTIMATE TOBACCO 
SPECIFIC NITROSAMINES IN 
GROWERS’ BALES: RESULTS FROM 
THE FIRST YEAR OF A TWO YEAR 
STUDY. Colin FISHER and Kristen 
McQuerry; University of Kentucky, 
Lexington, KY USA

3:00 PM

42. DEVELOPMENT OF USER-
FRIENDLY MARKERS FOR DISEASE 
RESISTANCE TO BLACK ROOT 
ROT THROUGH GENOTYPING BY 
SEQUENCING. Qiulin QIN, Yuting Li, 
Natalia Martinez, Robert Miller, Na Ding, 
Xia Wu, Dandan Li and Shengming Yang; 
University of Kentucky, Lexington, KY USA

mondAy Afternoon, SeptemBer 19, 2016

SeSSion A
e-CigAretteS i

Session Chair: Chris Russell

2:20 PM

33. NICOTINE DELIVERY 
FROM E-CIGARETTES PART 
1: STUDY DESIGNS FOR TWO 
PHARMACOKINETIC STUDIES. Ian M. 
FEARON1, Alison Eldridge1, Nathan Gale1, 
Christopher J. Shepperd1, Mike McEwan1, 
Oscar M. Camacho1, Eleni Mavropoulou1, 
Mitch Nides2, Kevin McAdam1 and Chris 
Proctor1; 1British American Tobacco 
(Investments) Limited, Southampton, UK 
and 2Los Angeles Clinical Trials, Burbank, 
CA USA

2:40 PM

34. NICOTINE DELIVERY FROM 
E-CIGARETTES PART 2: DATA 
AND LEARNINGS FROM TWO 
PHARMACOKINETIC STUDIES. Ian M. 
FEARON1, Alison Eldridge1, Nathan Gale1, 
Christopher J. Shepperd1, Mike McEwan1, 
Oscar M. Camacho1, Eleni Mavropoulou1, 
Mitch Nides2, Kevin McAdam1 and Chris 
Proctor1; 1British American Tobacco 
(Investments) Limited, Southampton, UK, 
and 2Los Angeles Clinical Trials, Burbank, 
CA USA

3:00 PM

35. PATTERNS AND PERCEPTIONS OF 
E-CIGARETTE USE AND CIGARETTE 
SMOKING AMONG 20,972 ADULTS 
IN THE UNITED STATES. Christopher 
RUSSELL1, Mitchell Nides1 and Neil 
McKeganey2; 1Los Angeles Clinical 
Trials, Burbank, CA USA and 2Centre for 
Substance Use Research, Glasgow, UK

3:20 PM BREAK
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mondAy Afternoon, SeptemBer 19, 2016

3:50 PM

36. PUFFING PROFILE EFFECTS 
ON CARBONYL FORMATION IN 
E-CIGARETTE AEROSOLS. John 
H. MILLER IV, Jason W. Flora, James 
Wilkinson, Celeste Wilkinson, Kathleen M. 
Sink and William P. Gardner; Altria Client 
Services, Richmond, VA USA

4:10 PM

37. NICOTINE RELATED IMPURITIES 
IN E-CIGARETTE CARTRIDGES AND 
REFILL FORMULATIONS. Jason W. 
FLORA, Celeste Wilkinson, Kathleen M. 
Sink, Diana L. McKinney and John H. 
Miller; Altria Client Services, Richmond, 
VA USA

4:30 PM

38. ANALYSIS OF TSNAS IN NICOTINE 
USED AS A COMPONENT IN 
E-LIQUIDS. Serban MOLDOVEANU1, 
Jeff Zhu2 and Nancy Qian2; 1R .J. Reynolds 
Tobacco Co. and 2Eurofins Lancaster Labs, 
Inc., Winston-Salem, NC USA

4:50 PM

39. ANALYSIS OF SOME ORGANIC 
ACIDS IN TOBACCO LEAF, SNUS AND 
WET SNUFF. Serban MOLDOVEANU 
and Scott Wayne; R. J. Reynolds Tobacco 
Co., Winston-Salem, NC USA

3:50 PM

43. GENETIC MAPPING OF 
GENES REGULATING NICOTINE 
BIOSYNTHESIS, NIC1 AND NIC2, IN 
TOBACCO. Shengming YANG1, Qiulin 
Qin1, Dandan Li1, Robert Miller1, Anne 
Jack1, Matthew Humphry2 and Kieron 
Edwards2; 1University of Kentucky, 
Lexington, KY USA and 2British American 
Tobacco, Cambridge, UK

4:10 PM

44. EFFECT ON CULTIVATION AND 
CURING ON THE CONTENTS OF 
TERTIARY AMINES IN TOBACCO 
LEAVES. Kei KOBAYASHI and Atsushi 
Nagai; Japan Tobacco Inc., Yokohama, 
Japan

4:30 PM

45. WITHDRAWN

ADJOURN
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SeSSion B
HumAn & BiologiCAl StudieS

Session Chair: Summer Hanna

9:00 AM

55. CHARACTERIZATION OF PUFF 
TOPOGRAPHY DURING 8-HOURS 
OF AD LIBITUM USE OF MARKTEN® 
E-VAPOR PRODUCTS. Jeffery 
EDMISTON1, Yuxi Zhao2, Qiwei Liang1, 
Andrea Vansickel1, Jianmin Liu1 and 
Mohamadi Sarkar1; 1Altria Client Services, 
LLC, Richmond, VA USA and 2Eurofins 
Lancaster Laboratories PSS, c/o Altria 
Client Services, Richmond, VA USA

9:20 AM

56. RANDOMIZED CONTROLLED 
TRIAL METHODOLOGICAL 
CONSIDERATIONS FOR EVALUATING 
EXPOSURE FROM CIGARETTES 
AND E-VAPOR PRODUCTS USE 
UNDER AD LIBITUM AMBULATORY 
CONDITIONS. Jeffery EDMISTON1, Yuxi 
Zhao2, Qiwei Liang1, Jianmin Liu1, Cheryl 
Duhon1 and Mohamadi Sarkar1; 1Altria 
Client Services, LLC, Richmond, VA USA 
and 2Eurofins Lancaster Laboratories PSS, 
c/o Altria Client Services, Richmond, VA 
USA

9:40 AM

57. BIOMARKERS OF COMBUSTION-
RELATED TOXICANTS DECREASE 
AFTER SMOKERS SWITCH TO AN 
ELECTRONIC CIGARETTE. Elaine K. 
ROUND, Peter Chen, Anthony K. Taylor 
and Eckhardt Schmidt; RAI Services 
Company, Winston Salem, NC, USA

SeSSion A
metHodS development & Smoke 

CHemiStry

Session Chair: Thaddeus Jackson

9:00 AM

46. CAMBRIDGE FILTER PAD 
COLLECTION EFFICIENCY OF 
MENTHOL FROM E-CIGARETTE 
AEROSOLS – AN INVESTIGATIVE 
STUDY. Mehran SHARIFI, Peter Joza, 
Romulo Lodevico and William Rickert; 
Labstat International ULC, Kitchener, ON 
Canada

9:20 AM

47. DETERMINATION OF PON IN 
TOBACCO AND TOBACCO PRODUCTS 
USING LC/MS/MS. Huihua JI, Ying Wu, 
Neil Fannin and Lowell Bush; University of 
Kentucky, Lexington, KY USA

9:40 AM

48. SELECTED “DEEMING” ANALYTES 
IN TOBACCO PRODUCT VAPOR 
PHASE BY VACUUM ULTRAVIOLET 
(VUV) GAS CHROMATOGRAPHY. 
Norman FRALEY; Eurofins Lancaster 
Laboratories, Winston Salem, NC USA

tueSdAy morning, SeptemBer 20, 2016

10:00 AM BREAK
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10:30 AM

58. MASS MEDIA AND TOBACCO IN 
BANGLADESH: AN INVESTIGATION 
ON THE ROLE OF MASS MEDIA IN 
THE LIGHT OF TOBACCO CONTROL. 
Tahsina SADEQUE1 and Kapil Ahmed2; 
1Somoy Media Ltd, Dhaka, Bangladesh and 
2Bangladesh Center for Communication 
Programs, Dhaka, Bangladesh

10:50 AM

59. DETERMINATION OF NICOTINE 
AND ITS METABOLITES IN RAT BRAIN 
USING MICRODIALYSIS COUPLED 
WITH UHPLC-Q-EXACTIVE HIGH 
RESOLUTION MASS SPECTROSCOPY. 
MAO Jian, Lu Binbin, Li Peng, Liu Junhui, 
Zhang Wenjuan, Hong Guangfeng, Huo 
Xiankuan and Sun Shihao; Zhengzhou 
Tobacco Research Institute of CNTC, 
Zhengzhou, China

11:10 AM

60. A PROPOSED BRIDGING 
APPROACH FOR THE ASSESSMENT 
OF NOVEL TOBACCO PRODUCTS. Ian 
M. FEARON, James J. Murphy, Marianna 
Gaca, Oscar M. Camacho, Krishna 
Prasad and Christopher Proctor; British 
American Tobacco (Investments) Limited, 
Southampton, UK

tueSdAy morning, SeptemBer 20, 2016

10:30 AM

49. BACK-DECK BLEND SEPARATION 
AND FRONT-DESK BLEND 
CHEMISTRY. John H. LAUTERBACH; 
Lauterbach & Associates, Macon, GA USA

10:50 AM

50. DETERMINATION OF AMMONIA 
IN CIGARETTE USING OPTIMIZED 
ION CHROMATOGRAPHY METHOD. 
YUAN Fei, Zhang Feng, Li WeiQing and 
Yao Meiyi; Chinese Academy of Inspection 
and Quarantine, Beijing, China

11:10 AM

51. CHANGES IN GLYCOSIDE 
COMPOSITION IN TOBACCO LEAF 
AFTER HARVEST. Atsushi NAGAI; Japan 
Tobacco Inc., Yokohama, Japan

User
Not Presented

User
Not Presented
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11:30 AM

61. SCIENCE BASED APPROACHES 
FOR DIFFERENTIATING TOBACCO 
PRODUCT CLASSES. Gaddamanugu 
L. PRASAD; RAI Services Company, 
Winston-Salem, NC USA

tueSdAy morning, SeptemBer 20, 2016

11:30 AM

54. DETERMINATION OF 9 AROMATIC 
AMINES IN MAINSTREAM SMOKE 
BY DISPERSIVE LIQUID PHASE 
MICROEXTRACTION AND GAS 
CHROMATOGRAPHY MASS 
SPECTROMETRY. DENG Huimin, Li 
Zhonghao, Yang Fei, Fan Ziyan, Heng 
Yingying, Jiang Xingyi, Tang Gangling and 
Hu Qingyuan; China National Tobacco 
Quality Supervision and Test Center, 
Zhengzhou, China

LUNCH

1:15 PM  Posters - The same posters 5-32 will be available for a second session.

Papers 52 & 53 were withdrawn
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SeSSion A
e-CigAretteS ii

Session Chair: Gene Gilman

2:20 PM

62. FTIR METHOD FOR E-CIGARETTE 
AEROSOL CHARACTERIZATION. Falk 
RADTKE, Anna Susz, Roberto Monni, 
Andree Stoop, Jan Verbeeck and Serge 
Maeder; Philip Morris International, 
Research & Development, Philip Morris 
Products S.A., Neuchâtel, Switzerland

2:40 PM

63. CHANGES IN E-CIGARETTE 
AEROSOL DURING TRANSPORT FOR 
TOXICOLOGY STUDIES. Ian TINDALL, 
Colin Jones and Akinwande Cole; 
Cerulean, Milton Keynes, UK

3:00 PM

64. ANALYSIS OF 21 CARBONYL 
COMPOUNDS IN E-LIQUIDS 
AND E-AEROSOLS BY GAS 
CHROMATOGRAPHY-MASS 
SPECTROMETRY AFTER PFBHA 
DERIVATIZATION. Mingliang BAO, 
Peter Joza and William Rickert; Labstat 
International ULC., Kitchener, ON Canada

SeSSion B
deSign CHArACteriStiCS, regulAtion 

& QuAlity

Session Chair: Jason Flora

2:20 PM

69. PAPER FILTERS – THE 
INFLUENCE OF DIFFERENT PAPER 
COMPOSITIONS  AND PAPER 
PROPERTIES ON FILTRATION 
EFFICIENCY AND PRESSURE DROP. 
Stefan BACHMANN, Maria Gleinser and 
Dietmar Volgger; delfortgroup AG, Traun, 
Austria

2:40 PM

70. TEASE TIPPING: TO PROTECT 
AND TO ATTRACT. Michael LINDNER 
and Markus Gutwald; Tannpapier GmbH, 
Traun, Austria

3:00 PM

71. RAPID MEASURING MOISTURE 
OF TOBACCO USING MICROWAVE 
RESONANCE TECHNOLOGY. Paul 
JADOT and Andre Tews, TEWS Elektronik 
GmbH, Hamburg, Germany

tueSdAy Afternoon, SeptemBer 20, 2016
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3:20 PM

65. DETERMINATION 
OF 2,3-BUTANEDIONE, 
2,3-PENTANEDIONE, AND ACETOIN 
IN ELECTRONIC CIGARETTE 
FORMULATIONS AND AEROSOLS 
BY GAS CHROMATOGRAPHY-MASS 
SPECTROMETRY. Matt S. MELVIN, Jason 
W. Flora and Karl A. Wagner; Altria Client 
Services, Richmond, VA USA

4:10 PM

66. COMPUTATIONAL MODELING OF 
E-VAPOR AEROSOL DYNAMICS AND 
DEPOSITION IN RESPIRATORY TRACT. 
Ali A. ROSTAMI1, Nicolas Castro1, Yezdi B. 
Pithawalla1, Michael J. Oldham1, Weiling 
Li1, JingJie Zhang2 and Yu Feng3; 1Altria 
Client Services LLC, Richmond, VA USA, 
2Lancaster Laboratories, c/o Altria Client 
Services LLC, Richmond, VA USA and 
3Oklahoma State University, Stillwater, OK 
USA

4:30 PM

67. AN EVALUATION OF ELECTRONIC 
CIGARETTE FORMULATIONS AND 
AEROSOLS FOR HPHCS TYPICALLY 
DERIVED FROM COMBUSTION. Karl 
WAGNER, Regina M. Ballentine, Anthony 
P. Brown, Jason W. Flora, Xiaohong 
(Cathy) Jin and Matt S. Melvin; Altria 
Client Services, Richmond, VA US

3:20 PM

72. ESTIMATION WITH 
VALUES BELOW THE LIMIT OF 
QUANTIFICATION. Michael MORTON 
and Kenworth Lion; Altria Client Services, 
LLC, Richmond, VA USA

4:10 PM

73. QUANTITATIVE RISK ASSESSMENT 
OF TOBACCO PRODUCTS IN 
SUBSTANTIAL EQUIVALENCE 
EVALUATIONS. Robinan GENTRY1, 
Mona S. Gupta2 and Kristin M. Marano2; 
1Ramboll Environ, Monroe, LA USA and 
2RAI Services Company, Winston-Salem, 
NC USA

4:30 PM

74. HOW TO FULFILL STATUTORY 
REQUIREMENTS ON PRODUCT 
RELATED HEALTH INFORMATION. 
Samina QURESHI; PSI International, Inc., 
Fairfax, VA USA

3:40 PM BREAK

tueSdAy Afternoon, SeptemBer 20, 2016



Program and Abstracts

15

4:50 PM

68. DO TEMPERATURE REGULATED 
E-CIGARETTES PREVENT THE 
FORMATION OF THERMAL 
DECOMPOSITION PRODUCTS UNDER 
DRY WICK CONDITIONS? I. Gene 
GILLMAN and Kathy E. Humphries; 
Enthalpy Analytical, Durham, NC USA

4:50 PM

75. THE WHAT AND WHY OF 
MEDDRA. 
Samina QURESHI; PSI International, Inc., 
Fairfax, VA USA

tueSdAy Afternoon, SeptemBer 20, 2016

ADJOURN

5:15 PM  TSRC BUSINESS MEETING: All attendees are encouraged to attend.
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WedneSdAy morning, SeptemBer 21, 2016
ComBined SeSSion

e-CigAretteS iii
Session Chair: Ian Fearon

8:30 AM 76. DEVELOPMENT OF A TECHNIQUE FOR THE DETERMINATION 
OF pH-VALUES OF AEROSOLS GENERATED BY E-CIGARETTES. 
John H. LAUTERBACH; Lauterbach & Associates, Macon, GA USA

8:50 AM 77. A ROBUST METHOD FOR EVALUATING THE PH OF E-LIQUIDS.  
F. Kelley ST.CHARLES1, Serban Moldoveanu2 and Wayne Scott2; 1St.
Charles Consultancy, Lewisville, NC USA and 2R.J. Reynolds Tobacco 
Co., Winston-Salem, NC USA

9:10 AM 78. A DISTRIBUTED COMPUTATIONAL FLUID DYNAMICS (CFD) 
MODEL FOR ESTIMATION OF ROOM AIR LEVELS OF SELECTED 
AEROSOL CHEMICALS FROM EMISSION OF E-VAPOR 
PRODUCTS (EVP). Ali A. ROSTAMI1, Samuel Agyemang2 and Yezdi 
B. Pithawalla1; 1Altria Client Services LLC, Research, Development and 
Regulatory Affairs, Richmond, VA USA and 2TriMech Solutions LLC, 
Glen Allen, VA USA

9:30 AM 79. AEROSOLIZATION OF VAPOR PRODUCT CARRIERS 
FOR CHEMICAL RISK ASSESSMENT: BASIC SCIENCE 
INVESTIGATION OF PROPYLENE GLYCOL AND GLYCERIN.  
D. T. SZABO, A. G. Hudson, E. Theophilus and C. Culbert; RAI 
Services Company, Winston-Salem, NC USA

10:20 AM 80. VOLATILE COMPONENTS RELEASE CHARACTERISTICS OF 
TOBACCO SMOKE UNDER HEATING CONDITIONS.  
ZENG Shitong1, Cui Kai1, Liu Shan1, Tang Peipei1, Sun Shihao1,  
Zong Yongli1, Zhang Jianxun1, Hu Anfu2 and Yang Jun2; 1Zhengzhou 
Tobacco Research Institute of CNTC, Zhengzhou, China and 2China 
Tobacco Zhejiang Industrial Co., LTD., Zhejiang, China

10:40 AM 81. GAS - PHASE PERSISTENT RADICALS FROM TOBACCO AND 
WATER-PIPE SMOKES, BIOMASS COMPONENTS PYROLYSIS/
OXIDATIVE PYROLYSIS. Lavrent KHACHATRYAN, Mohammad 
Barekati-Gourdazi and Dorin Boldor; LSU, Baton Rouge, LA USA

11:00 AM 82. SIMULTANEOUS DETERMINATION OF NICOTINE, 
1,2-PROPYLENE GLYCOL AND GLYCEROL IN E-LIQUIDS BY GAS 
CHROMATOGRAPHY METHOD. CAI Junlan, Chen Li, Wang Bing, 
Peng Bin, Yu Jingjing, Cui Huapeng, Zhang Xiaobing, Liu Huimin, 
Liu Shaofeng; Zhengzhou Tobacco Research Institute of CNTC, 
Zhengzhou, China
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70th Tobacco Science Research Conference
MONDAY MORNING, SEPTEMBER 19, 2016

Symposium

8:45 AM WELCOME: Linda Crumpler, Cerulean, 70th TSRC Chair

8:55 AM SYMPOSIUM: “Population Health Standards for Tobacco Regulation”
 Chair: Chris Proctor, British American Tobacco (Investments) Limited, 

Southampton, UK

9:00 AM MONDAY

1. POPULATION HEALTH STANDARDS FOR MODIFIED RISK TOBACCO 
PRODUCTS. Conrad J. CHOINIERE; FDA Center for Tobacco Products, Silver Spring, 
MD USA

The passage of the Family Smoking Prevention and Tobacco Control Act (Tobacco 
Control Act) in 2009 granted the U.S. Food and Drug Administration (FDA) regulatory 
authority over the manufacture, distribution and marketing of tobacco products. Before 
tobacco manufacturers may market new products, they must obtain authorization from 
FDA. The Tobacco Control Act describes multiple pathways for introducing new products 
on the market, including Substantial Equivalence and Premarket Review. In addition, a 
manufacturer may submit a modified risk tobacco product application if seeking to market 
a product to reduce the harm of tobacco-related disease. Tobacco manufacturers must 
submit scientific data and information so that FDA can evaluate whether the products meet 
the statutory standards allowing the marketing of these products.

This presentation will provide an overview of the population health standards related to 
each of the pathways and examples of the types of scientific information that could be used 
to demonstrate whether products meet those standards, with a primary focus on the role 
of the social and behavioral sciences for assessing impacts on the population as a whole 
and modified risk tobacco products. Because of the complexity of tobacco products and 
the population health standards against which modified risk tobacco products must be 
assessed, manufacturers provide FDA a broad range of scientific information to enable 
evaluation of products. A multi-faceted scientific review carefully considers the risks and 
benefits to the population as a whole including the health risk to the individual users of 
the products and the impacts on non-users, including the likely impact on initiation and 
cessation of tobacco use.

9:30 AM MONDAY

2. PREDICTING THE POPULATION HEALTH EFFECTS OF CHANGING 
TOBACCO EXPOSURES: STATISTICAL MODELS FOR REGULATORY COMPLIANCE.  
Annette M. BACHAND and Sandra I. Sulsky; Ramboll Environ, Amherst, MA USA

The Family Smoking Prevention and Tobacco Control Act of 2009 (the Act) mandated that 
FDA assume regulatory authority for tobacco products. A key provision of the Act states 
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that FDA shall grant a modified risk tobacco product (MRTP) order only if an applicant 
has demonstrated, among other conditions, that the new tobacco product will result in 
reduced harm with no concomitant increase in risk to the population as a whole. This 
implies that both the intended, beneficial consequences and the potential for unintended, 
harmful consequences must be considered. Because the context for such evaluations 
involves predicting the potential effect of a new exposure, statistical models are necessary. 
By comparing counterfactual scenarios where cigarettes and the MRTP are available and 
a base case where cigarettes are used exclusively, statistical models estimate changes in 
population mortality which might result from projected changes in exposure patterns. 
Model results can be used to predict the magnitude, and thus likelihood, of changes in 
exposure patterns needed to produce population benefit or harm. To be responsive 
to regulatory requirements, models must be based on a scientifically valid conceptual 
framework. They must be flexible, allowing users to input and modify scenarios easily, 
and all required assumptions must be clearly documented. Models should be calibrated 
and results should be validated against existing population data. We examined the specific 
model requirements identifiable from the Act, and assessed each of several published models 
proposed to satisfy regulatory requirements. Most are not directly relevant to regulatory 
requirements or suffer from conceptual shortcomings. In particular, models that attempt 
to project the effects of introducing an MRTP to a cross-sectional, mixed age population 
require untenable assumptions and may produce biased results due to missing exposure 
histories and incomplete follow-up.

10:30 AM MONDAY

3. DESIGN AND IMPLEMENTATION OF PRE- AND POST-MARKETING 
SURVEILLANCE FOR TOBACCO PRODUCTS. Saul SHIFFMAN and Karen K. Gerlach; 
Pinney Associates, Inc. Pittsburgh, PA USA

Under the Family Smoking Prevention and Tobacco Control Act, the Food and Drug 
Administration may require pre- and/or post-market surveillance of tobacco products to 
assess the expected or actual product impact on population health. This will typically involve 
data both from users of the product and from potential users. This presentation discusses 
methods for developing and implementing such surveillance, including the practical 
and conceptual challenges involved. Surveys are an important tool for surveillance, with 
both public-use Federal surveys and special-purpose surveys playing a role. Both survey 
design and sampling considerations are crucial to survey validity. Considerable practical 
challenges arise when attempting to characterize use of products with a small market share. 
Significant conceptual challenges arise in linking any one product to potential effects on the 
population as a whole, especially in a dynamic tobacco/nicotine marketplace. In addition 
to surveys, surveillance may require retrieval and analysis of data from other sources, such 
as calls to Poison Control Centers, emergency department visits, traditional media stories, 
and social media mentions. The presentation will discuss the development of surveillance 
tools and the challenges of their implementation.
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11:00 AM  MONDAY

4. CONSUMER TESTING TO ADDRESS POPULATION HEALTH STANDARDS FOR
TOBACCO PRODUCTS. Geoffrey M. CURTIN; RAI Services Company, Winston-Salem, 
NC USA

The Family Smoking Prevention and Tobacco Control Act (FSPTCA) gives the US Food 
and Drug Administration (FDA) the authority to regulate the manufacture, distribution, 
and marketing of tobacco products. With the explicit goal of protecting the public health, 
the FSPTCA establishes a framework whereby tobacco products are to be regulated based, 
in part, on a set of public health and population health standards that require consideration 
of the risks and benefits to the population as a whole, including both users and non-users 
of tobacco products. In general, these standards have been described in terms of ‘likelihood 
of initiation of tobacco use among non-users’ and ‘likelihood of continued use (or 
quitting) among current users’. FDA has given guidance recommending the collection of 
such information, through consumer testing, in support of a number of tobacco product 
regulatory submissions, including substantial equivalence reports, premarket tobacco 
applications (PMTA), and modified-risk tobacco product applications (MRTPA). This 
presentation discusses the development and implementation of consumer testing in the 
areas of ‘comprehension and perceptions’ and ‘likelihoods of use’, including the practical 
and conceptual challenges involved in addressing these new standards. In particular and as 
a specific example, the presentation focuses on consumer testing in support of an MRTPA, 
which additionally requires testing of consumer comprehension for modified-exposure or 
modified-risk messaging.

1:00 PM POSTERS

5. “HOOKAHS ARE TASTY AND FUN!?” A QUALITATIVE STUDY OF HOOKAH 
SMOKING AMONG SOUTH AFRICAN UNIVERSITY STUDENTS. Rachana DESAI1, 
Brendon, R. Barnes2 and Priscilla Reddy3; 1Human Science Research Council, Cape Town 
City Central, South Africa, 2University of Johannesburg, Johannesburg South Africa and 
3University of Western Cape, Western Cape, South Africa 

Objectives: University students in South Africa continued to smoke the hookah despite 
exposure to hookah smoking prevention and cessation programmes. This study aims to 
gain an in-depth understanding of the knowledge, opinions and experiences of participants 
smoking the hookah, and the interpretation of messages from hookah smoking prevention 
and cessation programs, using qualitative methods. 

Methods: Three focus group discussions were conducted among purposefully selected 
university students using an open ended discussion guide. Transcribed interviews were 
analysed using thematic content analysis.

Results: Curiosity, the influence of friends and family, and the popularity of hookah 
smoking at university drove participants to initiate hookah smoking. Most participants 
smoked hookah in the company of friends and family in social settings. Exclusion and 
inclusion of people among hookah smoking groups was dependent on a combination 
of the social setting and the relations and interactions between individuals. Participants 

User
Not Presented
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were also exposed to hookah smoking prevention and cessation programmes such as anti-
hookah smoking posters, a once off television programme, and school based educational 
programmes. Most participants continued to smoke the hookah, despite knowledge of the 
dangers of hookah smoking. Instead, participants attributed their smoking behaviour to 
it being a social event and a pleasurable experience that was not addictive, compared to 
cigarette smoking. 

Conclusions: The results of this study fill important gaps in our understanding of the link 
between health and behavioural factors in hookah smoking. Program developers need to 
integrate these findings into future interventions, while also paying attention to informing 
people about the adverse health effects of hookah smoking.

6. DETERMINATION OF LEAKAGE IN E-VAPING PRODUCTS. Hasan GOKSEL and 
Thomas Jacques; Philip Morris Product S.A., Neuchatel, Switzerland

An important quality aspect of e-vaping product is the absence of liquid leakage from 
the cartridge. Therefore, it is highly important to verify cartridge integrity with a reliable 
method. Various external conditions could influence product leakage and should be 
considered from the design phase, to the manufacturing and use of the product.

Currently AFNOR standard (AFNOR XP D90-300-1) is best known for leakage testing of 
e-vaping consumables. As per this standard, absence of leakage of an e-vaping products 
shall be verified by placing the consumable on an absorbent paper, upside-down vertically 
and horizontally minimum of 6 hours per position. The verification must be conducted at 
a controlled temperature of 20°C ± 5°C. 

The e-vaping consumable leakage testing method proposed by PMI R&D addresses 
product leakage robustness in a sequence of dynamic conditions: temperature, movement 
and pressure are considered as variables that can influence leakage.

• Temperature testing is done at 22°C and 42°C 
• Shaking testing from 0 to 250 rpm and back
• Pressure from atmospheric pressure to 800mBar absolute pressure (pressure exposure 

in planes).

With this method, the e-vaping cartridge weight is recorded individually and inserted into 
a glass tube within one single testing instrument (Buchi Syncore) with multiple glass tube 
holders. On a pre-defined time and sequence the above conditions are applied. Afterwards 
the cartridges are removed from the glass tubes, externally dried with a clean towel and re-
weighed. The leakage is quantified by the difference in weight before and after.
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7. DIRECT SINGLE PUFF GC-MS ANALYSIS OF ELECTRONIC CIGARETTES AND 
THE EFFECT OF INTERPUFF INTERVAL ON RELATIVE NICOTINE DELIVERY. 
Joseph G. LISKO1, Jose J. Perez1, Liza Valentin-Blasini1, Clifford H. Watson1, Sydney L. 
Holmberg2 and Grace E. Lee3; 1US Centers for Disease Control and Prevention, Atlanta, 
GA USA, 2Oak Ridge Institute for Science and Education, Oak Ridge, TN USA and 3Battell 
Memorial Institute, Columbus, OH USA

As electronic cigarettes (e-cigarettes) have become more popular, research labs have begun 
to propose standardized vaping protocols to produce machine-generated aerosols from 
e-cigarette products. Investigations have largely focused on the effects of puff volume 
and duration on total particulate matter (TPM) deliveries, but little has been done to 
investigate the effects of the interpuff interval when testing these products. In this study, 
disposable, rechargeable, and tank systems were evaluated on a puff-by-puff basis using 
direct gas chromatography-mass spectrometry (GC-MS) analysis of each puff. A 55-mL 
puff volume and 3-second puff duration was used for each puff, which was captured in 
individual sample loops for direct GC-MS analysis. The relative abundance of nicotine was 
evaluated for each puff at increasing interpuff intervals (30 sec to 5 min) to determine the 
relative nicotine emissions, as well as to evaluate e-cigarette performance over the vaping 
session. The e-cigarette aerosol was also evaluated using traditional methods in which TPM 
is collected on a Cambridge filter pad, and nicotine extracted and measured using GC-
flame ionization detection (FID). For all products tested, the largest nicotine delivery was 
observed in the first few puffs, with a rapid decrease as the number of puffs increased. 
When interpuff intervals were extended beyond 30 seconds, the relative nicotine delivery 
increased with increasing time interval until a plateau was observed after four minutes. 
These results suggest that the interpuff interval may significantly influence the delivery of 
nicotine for e-cigarette products. E-cigarettes may require a “recovery period” in order to 
produce more consistent puff-to-puff nicotine delivery during machine testing.

8. REGULATORY IMPLICATIONS OF THE ISO AND FTC SMOKING REGIMENS IN 
TOBACCO PRODUCT REVIEW. Changyu “Jake” CHAE, Matthew J. Walters and Matthew 
R. Holman; US FDA/ Center for Tobacco Products, Silver Spring, MD USA

The aim of this study is to investigate the similarities and differences of TNCO (tar, nicotine, 
and carbon monoxide) smoke generated yields under the International Organization of 
Standardization (ISO) and Federal Trade Commission (FTC) smoking regimens. Methods: 
Twenty-nine commercial cigarette products from the U.S. marketplace were acquired 
and tested by measuring the TNCO smoke yields generated under these two non-intense 
smoking regimens. The data obtained showed a well correlated linear relationship, at R2 > 
0.99, between the two smoking regimens. Plotting the TNCO ISO yields against the FTC 
TNCO yields for all three constituents; tar (m = 1.11; R2 = 0.998), nicotine (m = 1.13; 
R2 = 0.996) and carbon monoxide (m = 1.12; R2 = 0.994); the TNCO yields are found to 
be higher under the FTC smoking regimen than ISO smoking regimen. Conclusion: This 
study found that in general that tar, nicotine and carbon monoxide was about 11%, 13% 
and 12%, respectively higher in the smoke yields under FTC smoking conditions than when 
compared under the ISO smoking conditions. (to be deleted: This has explicit importance 
to FDA when reviewing tobacco product applications as this is a factor that needs to be 
considered in the evaluation of whether tobacco products may receive a marketing order 

User
Not Presented
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from FDA.) These results have important implications for FDA as methods used need to be 
considered in the evaluation of tobacco product applications for marketing authorization 
from FDA.

9. A PROPOSED APPROACH FOR MODELING HPHC YIELDS. Ali A. ROSTAMI, 
Yezdi B. Pithawalla, Thaddaeus Hannel, Michael Morton, Jingzhu Wang, Tom Gannon and 
Karl Wagner; Altria Client Services LLC, Richmond, VA USA

To ensure quality, consistency and supply security of its portfolio over time, a company 
may need to make changes that affect all or much of its portfolio of products. Among other 
requirements, prior to introducing a changed tobacco product into interstate commerce, 
FDA requires reporting of Harmful and Potentially Harmful Constituents (HPHC). In our 
proposed approach, instead of testing each product individually, we propose conducting 
a designed experiment of a subset of products that encompasses the major design 
characteristics of the manufacturer’s portfolio and use statistical modeling to determine the 
HPHC yield for the rest of the portfolio. Additionally, such a modeling approach could also 
potentially be used to generate supporting information for other premarket submissions 
such as Substantial Equivalence Reports. 

To demonstrate feasibility, we used 30 representative products that cover the range 
of cigarette design and filler parameters of our entire portfolio. One set of 30 products 
was manufactured using current cigarette paper and another set using paper from an 
alternate supplier. The experiment was controlled to minimize product, manufacturing 
and analytical testing variations between the products with the two cigarette papers. 
Models were developed to correlate the HPHC yields of the changed product to yields of 
the control product. For model validation, 12 different products were randomly selected 
from the remaining products. The predicted yields from the model were compared with 
the measured yields. Model predictions were robust and differences between measured and 
predicted values were within the ISO repeatability limits, thereby demonstrating feasibility 
of our proposed approach.

10. DETERMINATION OF BENZO[A]PYRENE IN ELECTRONIC CIGARETTE 
FORMULATIONS AND AEROSOLS BY GAS CHROMATOGRAPHY-MASS 
SPECTROMETRY. Regina BALLENTINE, Jason W. Flora and Karl A. Wagner; Altria Client 
Services, Richmond, VA USA

In May 2016, the U.S. Food and Drug Administration (FDA) published draft guidance 
entitled Premarket Tobacco Product Application for Electronic Nicotine Delivery Systems. 
In this document, FDA recommends reporting the quantities of designated Harmful and 
Potentially Harmful Constituents (HPHCs) in e-cigarettes and formulations (e-liquids). 
B[a]P is listed on the FDA Premarket Tobacco Product Application (PMTA) HPHC 
list. This work describes a sensitive and selective method for determining B[a]P in both 
formulations and aerosols. Formulation samples were prepared using a one-step biphasic 
extraction procedure. Aerosol samples were collected on Cambridge filter pads (using the 
puffing regimen of 55 cc puff, 5 second duration) which were subsequently extracted with 
toluene. Prepared samples were analyzed by gas chromatography – mass spectrometry 
(GC-MS) in selected ion monitoring mode. The method demonstrated acceptable linearity 
over a concentration range of 0.5 ng/mL to 50 ng/mL with a coefficient of determination 
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of 0.995 or higher. The accuracy of the method was demonstrated through recovery studies 
of fortified formulations and aerosols resulting in recoveries between 80 % and 120%. The 
method limit of quantitation was determined to be 2.5 ng/g of formulation and 50 ng/g of 
aerosol or 0.2 ng/puff.

11. DETERMINATION OF VOLATILE ORGANIC COMPOUNDS (VOCS) 
IN ELECTRONIC CIGARETTE FORMULATIONS AND AEROSOLS BY GAS 
CHROMATOGRAPHY-MASS SPECTROMETRY. Anthony P. BROWN, Jason W. Flora 
and Karl A. Wagner; Altria Client Services, Richmond, VA USA

In May 2016, the U.S. Food and Drug Administration (FDA) published draft guidance 
entitled Premarket Tobacco Product Application for Electronic Nicotine Delivery Systems. 
In this document, FDA recommends reporting the quantities of designated Harmful and 
Potentially Harmful Constituents (HPHCs) in e-cigarettes and formulations (e-liquids). 
This work describes a sensitive and selective method for determining the five volatile 
organic compounds (VOCs) listed on the FDA Premarket Tobacco Product Application 
(PMTA) HPHC list in both formulations and aerosols. The VOCs include 1,3-butadiene, 
isoprene, acrylonitrile, benzene and toluene. Preparations of formulations require a simple 
dilution prior to analysis. Aerosol samples are collected using a Cambridge filter pad (using 
the puffing regimen of 55 cc puff, 5 second duration) followed by a single fritted impinger 
containing 20 mL of cryogenically cooled methanol. Samples are analyzed by GC-MS 
in selected ion monitoring mode (SIM). The method demonstrated acceptable linearity 
for all compounds over a concentration range of 0.05 to 20 µg/mL with coefficients of 
determination ≥ 0.995. The accuracy of the method was demonstrated through recovery 
studies of fortified formulations and aerosols resulting in recoveries between 80% and 
120% for all analytes. The method limit of quantitation was determined to be 1.7-16.7 µg/g 
in formulation and 0.04-0.4 µg/puff in aerosol for the five VOCs.

12. DETERMINATION OF TOBACCO-SPECIFIC NITROSAMINES IN ELECTRONIC 
CIGARETTE LIQUIDS AND AEROSOLS BY UPLC/MS/MS. Xiaohong “Cathy” JIN, Jason 
W. Flora and Karl A. Wagner; Altria Client Services, Richmond, VA USA

Electronic cigarette (e-cigarette) formulations typically contain tobacco derived nicotine 
and therefore, may contain other tobacco related components, such as tobacco specific 
nitrosamines (TSNAs). Previous research using analytical methodologies developed for 
cigarette filler and smoke has shown that TSNAs can be detected in e-cigarette formulations 
and aerosols at trace levels. The levels found in e-cigarettes are far lower than those found 
in tobacco and smoke and are often below the limit of quantitation when using methods 
designed for tobacco products. The purpose of this work was to develop a sensitive and 
rapid method specifically designed to measure low levels of TSNAs in e-cigarettes using 
Ultra-Performance Liquid Chromatography (UPLC) with tandem mass spectrometry 
detection (MS/MS). Linearity was demonstrated with coefficients of determination of 
greater than 0.995 for the calibration ranges of 0.1 ng/mL-20 ng/mL for NNK and 0.25 ng/
mL to 20 ng/mL for NNN. The recoveries for NNK and NNN were 90%-120% for fortified 
formulations and aerosols. The method limits of quantitation were determined to be 2 
and 5 ng/g of formulation for NNK and NNN, respectively. The limits of quantitation for 
aerosol were determined to be 0.04 ng/puff and 0.1 ng/puff (55 cc puff, 5 second duration) 
for NNK and NNN, respectively.
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13. AN EVALUATION OF CIGARETTE SMOKE AEROSOLS IN VITRO USING A 
MODIFIED AMES METHODOLOGY AND THE BALB/C 3T3 NEUTRAL RED UPTAKE 
CYTOTOXICITY ASSAY. Michael HOLLINGS, Adam Seymour, Amber Woodhams, Mark 
Ballantyne and Julie Clements; Covance Inc., Harrogate, UK

An assessment of the mutagenic and cytotoxic potential of smoke aerosol from three 
reference cigarettes (3R4F, 1R5F and CORESTA Monitor 7) was performed at the air liquid 
interface via a modified Ames methodology and a Balb/c 3t3 Neutral Red Uptake Assay. 
All reference cigarettes were smoked according to ISO 3308:2012 (2 second puff, 35mL, 60 
second interval). Exposures of Salmonella strains TA98 and TA100 (triplicate plates) in the 
absence and presence of a metabolic activation system were assessed for mutagenic activity 
following a 24 min exposure at 12, 8, 4 and 1 L/min. Reproducible mutagenic responses 
were observed in TA98 and TA100 in the presence of metabolic activation system only. 
Increases in revertants greater than 2-fold were observed with 3R4F and CM7 at 8 L/min 
in strain TA98 and at 4 L/min in strain TA100, whilst with 1R5F a mutagenic response 
was observed at the highest exposure level (1L/min) in both strains. To assess cytotoxicity 
Balb/c 3t3 cells were exposed in triplicate to an 8 dose range, using interspersed air flows 
over 2 days in order to achieve a more robust survival curve. Following a 3 hour exposure, 
cytotoxicity was observed in all three reference cigarettes. This study shows these assays are 
able to demonstrate significant sensitivity to mutagenic and toxicological stressors, and can 
therefore be considered useful tools in the comparison of different cigarette types.

14. PUFF BY PUFF TAR, NICOTINE AND CARBONYL PROFILES UNDER DIFFERENT 
SMOKING REGIMENS OF COMMERCIAL CIGARETTES WITH VARIOUS CARBON 
FILTER TECHNOLOGIES. Raymond M. ROBERTSON; Celanese, Narrows, VA USA

Puff by puff smoke analysis has shown that the CelFX® carbon filter technology has 
similar nicotine and tar smoke delivery profiles but with significantly reduced carbonyls, 
particularly in the first 6 puffs, compared to a cellulose acetate filter. Prior work used a 3R4F 
Kentucky reference cigarette tested with ISO methodology but with vent holes blocked.

This work will investigate the differences in puff-by-puff results between various 
commercial cigarettes containing different filter configurations including the novel CelFX® 
carbon filter, carbon-on-tow filters and cellulose acetate filters. Additionally, the impact of 
ISO versus Canadian Intense on puff-by-puff basis will also be analyzed. Prior work used 
hand assembled cigarettes with no ventilation showed a reduction in gas-phase efficiency in 
later puffs. This work will seek to assess that impact in ventilated designs, as well as to show 
the results under more intense smoking regimes. The delivery profiles of tar, nicotine, and 
carbonyls reductions will be summarized.

15. EXPOSURE ATMOSPHERE CHARACTERIZATION USING TANK VAPING 
PRODUCTS. Amit GUPTA, Barry Hayden, Steve Behringer, Lindsey Petrelle and Ed 
Psurny; Battelle, Columbus, OH USA

Recent market trends indicate that tank vaping products are gaining increasing popularity. 
Characterization of the health effects of individual products may include conduct of 
nonclinical investigations. This study demonstrates an approach for generating and 
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characterizing the output from commercially available tank products as part of preparation 
for the conduct of in vivo inhalation studies. 

In the present work, we evaluated some of the variables associated with tank products and 
their influence on aerosol atmosphere delivered to a nose only inhalation exposure carousel. 
The two products selected had coil resistances of ~1.8 and ~0.6 ohms. The evaluation 
included: device power settings; output consistency from a full tank to an empty tank; new 
coil versus an aged coil, orientation of the device; and impact of puff durations. 

A manifold to mount the device at pre-determined angles and an automated button-
activation mechanism were developed. The exposure atmosphere was characterized using: 
a real time aerosol monitor; determination of propylene glycol, glycerol and nicotine; 
cascade impactors for aerosol particle size. Transfer efficiency of aerosol from the device to 
breathing zone of the animals was determined.

For both devices, aerosol output per puff was higher as compared to conventional 
e-cigarettes. Aerosol concentration at the nose-port was temporally stable after a startup 
period. Aerosol output and particle size were comparable among new and aged coils. Aerosol 
output increased with increasing power. Ratios of chemical constituents were comparable 
among numerous power setting, orientations and puff durations that were tested.

16. DEVELOPMENT & EVALUATION OF A BENCHTOP WALKAWAY PLATFORM 
FOR THE AUTOMATED SOLVENT EXTRACTIONS OF CAMBRIDGE FILTER PADS 
AND AGRICULTURAL TOBACCO SAMPLES. Li Shijie1, Liu Wei1, Julian “Tony” COX2 
and Justin Lu2; 1China Tobacco Yunnan Industrial CO., Ltd, Kunming, China and 2Sirius 
Automation Inc., Buffalo Grove, IL USA

Several documented methodologies require liquid / solid extraction of smoking machine 
residues from standard size Cambridge filters. The efficiency and reproducibility of 
such solvent extractions is paramount for optimal results hence the need for operator- 
independent techniques, and/or appropriate automation. The requirement for multiple/
mixed solvents, variable volumes, choices in vessel types, agitation time and single/multiple 
sampling and potential ‘disposable disc’ filtration options must be factored into the project 
design. Operator preferences to select protocols for wash steps/multiple washes are also 
essential.

Researchers seeking to analyze cryogenically ground tobacco leaf samples have similarly 
stringent demands. Our poster describes the development & usage of an automated 
Extraction Station based around standard and customary approaches, but utilizing a 
robotic platform to ensure Uniform Sample History, and an ongoing chain-of-operations 
database for all samples thus prepared.

Extraction efficiencies and %RSDs will be presented and compared with manual approaches, 
as well as sample numbers and throughput/time. An examination of improvements 
requested by users will also be offered.
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17. EX VIVO EFFECTS OF SMOKELESS TOBACCO EXTRACTS ON SELECT IMMUNE 
RESPONSES. Gaddamanugu L. PRASAD1, Subhashini Arimilli2, Brad E. Damratoski2, 
Eckhardt Schmidt1, Jannell Rowe3 and Salem Chouchane4; 1RAI Services Company, 2Wake 
Forest University Health Sciences, 3R.J. Reynolds Tobacco Co. and 4Eurofins Lancaster Labs 
Inc, Winston-Salem, NC USA

Our previous work demonstrated that exposure to Tobacco Product Preparations (TPPs) 
from combustible tobacco cause cytotoxic and select immunosuppressive effects in PBMCs, 
and this ex vivo model is well suited to investigate the chronic immune suppression 
associated with smoking. However, the assessment of potential immunomodulatory effects 
of Smokeless Tobacco (ST) are hampered by solvent interference from Complete Artificial 
Saliva (CAS) in some ex vivo assays, which is often used to prepare ST extracts. To obviate 
such challenges, we report a method to prepare aqueous extracts of a CORESTA moist snuff 
reference product, 2S3 in phosphate buffer (ST/PB), and the relative effects of exposure of 
different TPPs were assessed. Limited chemical characterization of the ST/PB was performed, 
and biological effects were expressed as equi-nicotine units, based on the nicotine content 
of TPPs. Cytotoxicity was determined by 7AAD measurement in total PBMCs and H2AX 
levels were measured as an indicator of DNA damage via double-stranded breaks. We 
examined the effects of TPPs on the intracellular and secreted cytokines in PBMCs after 
lipopolysaccharide and PMA/ionomycin stimulation. We also determined the cytolytic 
effects of PBMCs exposed to different TPPs. The combustible TPPs were markedly more 
cytotoxic and potent suppressors of several immune functions evaluated in this ex vivo 
model. ST/CAS was a stronger suppressor of select cytokine levels and caused more DNA 
damage and cell death to a greater extent than ST/PB. In summary, ST/PB does not appear 
to interfere with the assays utilized. Combustible TPPs appear to compromise immune 
responses more than ST/PB. Therefore, the aqueous ST/PB may be more suitable to further 
investigate the effects of ST products on immune responses, compared to ST/CAS

18. DIACETYL AND ACETYLPROPIONYL IN E-LIQUID VAPOR BY STATIC 
HEADSPACE GCMS. Norman FRALEY; Eurofins Lancaster Laboratories, Winston Salem, 
NC USA

FDA’s “Deeming rules” added Diacetyl and Acetylpropionyl to the list of HPHC’s to be 
monitored in vapor products. Although currently approved for used as flavor components, 
their toxicity when inhaled requires their monitoring in e-cigarette products. Using pre-
equilibrium analyte concentrations in a matrix matched calibration suite, a simple accurate 
method has been developed for monitoring these two components in e-liquid vapor from 
trace levels to formulation level concentrations.

19. GROUND RAW TOBACCO AND CIGARETTE FILLER REFERENCE PRODUCTS. 
Huihua JI, Franklin Fannin, Anne Jack, Socrates Canete, Ying Wu and Lowell Bush; 
University of Kentucky, Lexington, KY USA

The Center for Tobacco Reference Products in the College of Agriculture, Food and 
Environment at the University of Kentucky has a long history of providing reference 
cigarettes and smokeless tobacco products to investigators. We have added to this portfolio 
five new products of ground raw tobacco from different types of tobacco leaf. These 
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include flue-cured, burley, oriental, dark air-cured and dark fired-cured tobacco. These are 
in addition to the ground filler tobacco for 1R5F and 1R6F reference cigarettes. The five 
new products are each from one leaf grade sample of approximately 200 lbs. Each sample 
was ground to pass a 1 mm screen and conditioned to between 12 and 13% moisture. 
Samples are stored at -20C and are available in 50 g units in sealed polypropylene bottles. 
All samples are stored in air tight buckets at -20C. These samples are not certified for 
constituents, but the individual alkaloids, TSNA’s and moisture have been measured on 
different replications of of each ~7 kg storage container. Measure of each analyte and the 
corresponding uncertainty values are provided in the poster. Data from one laboratory are 
available with the product information at CTRP.uky.edu.

The two filler products are the tobacco blends plus expanded tobaccos and reconstituted 
sheet used in the manufacture of the respective reference cigarettes. 1R5F contain added 
glycerine and invert sugar, whereas 1R6F contains Isosweet, glycerin and propylene glycol. 
These two filler tobaccos were also ground to pass 1 mm screen and conditioned to between 
12 and 13% moisture and packed in 50 g units in sealed polypropylene bottles and stored 
at -20C.

20. EVALUATION OF A BIOMARKER OF OXIDATIVE STRESS: THE 8-ISO 
PROSTAGLANDIN F2α: PROSTAGLANDIN F2α RATIO IN HUMAN PLASMA. Patrick 
MILLER1, Kirk Newland1, Alan Dzerk1, Ray Farmen1, Cam Tuan Tran2, Christelle Haziza2 
and Patrick Picavet2; 1Celerion, Inc., Lincoln, NE USA and 2Philip Morris International, 
Neuchâtel, Switzerland

F2-isoprostanes have been widely studied as biomarkers of oxidative stress for various 
indications, including smoking. Since both enzymatic biosynthesis and chemical lipid 
peroxidation can generate these biomarkers, there are various interpretations that may arise 
from their assayed concentrations. Analysis of the ratio of two epimers – 8-iso prostaglandin 
F2α (8-iso-PGF2α) to prostaglandin F2α (PGF2α) – in human plasma was suggested 
by van’t Erve, et al. (2015 Free Radical Biology and Medicine 83) as an improvement 
for measurement of oxidative stress, which isolates the biomarker component specific 
to chemical peroxidation. Initial published concentrations from nonsmoker subjects 
ranged from approximately 45-110 pg/mL for both analytes, and the mean ratio of 8-iso-
PGF2α:PGF2α in nonsmoker plasma samples was reported as 0.88±0.26.

Celerion, working to further investigate this biomarker of oxidative stress, has developed 
an assay to measure the stereoisomers in human plasma samples. To aid in method 
reproducibility, the inhibitors indomethacin and butylated hydroxytoluene (BHT) were 
added as stabilizers against post-collection cyclooxygenase-1/-2 activity and chemical 
peroxidation. A selective method was developed using reversed phase gradient UPLC with 
MS/MS detection on a SCIEX QTRAP® 5500. Samples were prepared for injection via 
mixed-mode solid phase extraction.

Significantly lower concentrations than the published results were determined, from 6-15 pg/
mL for both analytes. Mean ratios of 8-iso-PGF2α:PGF2α between smoker and nonsmoker 
samples were highly comparable and ranged, respectively, between 0.77-1.14 and 0.95-1.12. 
Incubation of samples at 37°C resulted in increased concentrations of analytes, but in an 
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unexpected way. Overall interpretation of the results is not so clear. Therefore, further effort 
is needed to learn more about the viability of the 8-iso-PGF2α:PGF2α ratio as a biomarker 
for oxidative stress via chemical peroxidation.

21. E-CIGARETTE AEROSOL COLLECTION: 44 MM CAMBRIDGE FILTER PAD 
CAPACITY. John H. MILLER IV, James Wilkinson, Jason W. Flora and William P Gardner; 
Altria Client Services, Richmond, VA USA

CORESTA has developed recommended (or standardized) methodologies to measure 
most of harmful and potentially harmful constituents (HPHCs) in cigarette smoke. 
CORESTA Recommended Methods (CRMs), specify the collection of cigarette smoke 
under standardized conditions referred to as ISO and/or Canadian Intense (CI) conditions 
where smoke particulate matter is trapped on 44 mm Cambridge filter pads (CFP). Many 
of the methodologies being developed to collect and measure constituents in e-cigarette 
aerosols are based on CRMs developed for cigarette smoke. However, there are fundamental 
differences between the processes of generating tobacco cigarette smoke compared to 
e-cigarette aerosol. For example, cigarettes are burned and the puff counts collected under 
standardized puffing regimes range from ~5 to ~14 puffs per cigarette depending upon 
design and puffing conditions. E-cigarettes provide far more puffs than conventional 
cigarettes and it is common to collect up to or more than 100 to 150 puffs per device with 
5 and 3 second puff durations, respectively. The purpose of this work was to evaluate the 
collection capacity of 44 mm CFP relative to e-cigarette aerosol mass (AM), nicotine, and 
menthol. Results showed that the CFP could collect 650 mgs of AM without measurable 
breakthrough. When using a 5 second puff (the maximum puff duration for conventional 
cigarette smoking machines), a 55 cc puff volume, and a 30 second puff interval, a linear 
increase was observed for AM, nicotine, and menthol. This was observed when measuring 
20 puff increments, using new devices per incremental collection, and collecting up to 650 
mgs of AM. Similar results were observed for different puff durations (e.g., 3 seconds).

22. DETERMINATION OF THE AMOUNT OF PON AND NNK IN CURING 
TOBACCO LEAVES. Ying WU, Huihua Ji, Franklin Fannin and Lowell Bush; University of 
Kentucky, Lexington, KY USA

Tobacco-specific N-nitrosamines (TSNAs) are a significant part of FDA’s HPHC list, 
specifically N’-nitrosonornicotine (NNN) and 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK). In recent years NNN has been reduced in burley tobacco by using low-
converter (LC) seed. NNK is the most carcinogenic of the TSNAs and little progress has 
been made in the reduction of NNK in tobacco. Pseudooxynicotine (PON), an oxidation 
product of nicotine is considered the precursor of NNK. Wei (2000) reported PON values 
higher in green burley tobacco than in cured leaf using gc/ms following buffer extraction. 
Lang and Vuarnoz (2015), also reported PON and NNK in US burley tobacco but had 
much higher levels when thermal release extraction was used. Objective of this research was 
to determine the amount of PON and NNK in leaf from different stalk position during air 
curing of KY210 LC. Thermal release to obtain matrix associated PON and NNK was done 
by autoclaving for 4h and 127C and 207 kPa. Total and soluble PON levels decreased from 
~500 and ~300 µg g-1 respectively, in the lamina during air curing, however, the matrix 
PON increased from less than 100 to ~140 µg g-1. Matrix associated PON was greatest in 
lamina from lower stalk position lamina and was lower in the midrib than lamina. All PON 
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levels were lower in the midrib compared to the lamina. NNK levels increased during the 
cure in both lamina and midrib, especially after 2 weeks of curing. Much of the increase was 
in the matrix NNK with the midrib increasing more than the lamina to over 300 ng g-1. 
Matrix NNK was about 90% of the total NNK in midrib throughout curing and increased 
from ~50% at the start of curing in lamina to ~70% and the end of sampling.

23. REDUCTIONS IN BIOMARKERS OF EXPOSURE (BOE) TO HARMFUL OR 
POTENTIALLY HARMFUL CONSTITUENTS (HPHCS) FOLLOWING PARTIAL OR 
COMPLETE SUBSTITUTION OF CIGARETTES WITH ELECTRONIC CIGARETTES 
IN ADULT SMOKERS. Grant O’CONNELL1, Donald W. Graff2 and Carl D’Ruiz3; 1Fontem 
Ventures B.V, Amsterdam, The Netherlands, 2Celerion Inc, Lincoln, NE USA and 3Fontem 
Ventures B.V Greensboro, NC USA

Changes in fifteen urine, blood and exhaled breath BoEs of HPHCs representing classes of 
compounds reported by FDA to be significant contributors to smoking-associated disease 
risks were measured in 105 clinical-confined subjects following randomization and a five-
day forced-switch from usual brand conventional combustible cigarettes to: (i) exclusive 
commercial e-cigarette use; (ii) dual-use of commercial e-cigarettes and the subject’s usual 
cigarette brand; or (iii) discontinued use of all tobacco or nicotine products. 

Levels of urinary biomarkers in subjects that completely substituted their usual cigarette 
with e-cigarettes were significantly lower (29–95%) after 5 days. Percent reductions in eight 
of nine urinary BoEs were indistinguishable to smokers who had quit smoking, except 
for nicotine equivalents, which declined by 25–40%. Dual users who halved self-reported 
daily cigarette consumption with e-cigarettes exhibited reductions (7–38%) in eight of 
nine urinary biomarkers, but had increase (1–20%) in nicotine equivalents. Reductions 
were broadly proportional to the reduced numbers of cigarettes smoked. Dual user urinary 
nicotine equivalents were slightly higher, but not statistically significant. After 5 days, blood 
nicotine biomarker levels were lower in the cessation (75–96%) and exclusive use groups 
(11–83%); with dual users experiencing no significant reductions. All subjects experienced 
significant decreases in exhaled CO. Decreases in the cessation and exclusive groups 
ranged from 88–89% and 27–32% in dual users. Exhaled NO increased in the cessation 
and exclusive groups (46–63% respectively), whereas the dual users experienced minimal 
changes.

Overall, smokers who completely or partially substituted conventional cigarettes with 
e-cigarettes over five days, experienced reductions in expsoure to the selected HPHCs.

24. A POST-MARKET SURVEILLANCE METHODOLOGICAL PROTOCOL FOR 
ASSESSING TOBACCO USE BEHAVIORS AMONG THE US ADULT POPULATION. 
Mimi M KIM and Geoffrey M Curtin; RAI Services Company, Winston Salem, NC USA

In an effort to address FDA regulatory requirements for post-market research on existing 
and new-to-market tobacco products, RAIS developed the National Tobacco Behavior 
Monitor (NTBM). The NTBM provides valid and reliable surveillance data on adult tobacco 
use behaviors that support standardized, empirical investigation of the net population 
impact of regulated tobacco products and/or product categories among a representative 
US sample. Initiated in May 2010, the NTBM is an online repeated cross-sectional survey 
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that collects data monthly, with a sample of nearly 150,000 general population adults to 
date. The primary behavioral constructs of interest in the NTBM include prevalence/
usage for all tobacco product categories (current); initiation, quitting and recidivism 
of tobacco product use (historical); and, current and historical behaviors according to 
tobacco product brand and style. Throughout the development and execution of the 
NTBM, the methodological procedures for instrument design, sample recruitment, online 
data collection, weighting, imputation and corresponding analyses have been developed, 
tested and applied to maximize representativeness of the survey sample and relevance to 
the US adult population. As such, the NTBM methodological protocol serves as a model 
for instrument development, surveillance implementation, and data management when 
measuring behavioral outcomes for tobacco product.

25. WHAT IS MEDDRA AND WHY IS IT IMPORTANT FOR ME? Samina QURESHI; 
PSI International, Inc., Fairfax, VA USA

The Medical Dictionary for Regulatory activities (MedDRA) terminology and its relevance/
applicability to current tobacco regulations. The drug and biologic Industry now uses 
the terminology in its clinical trial data and safety databases for collection of adverse 
events. The terminology is a dictionary of medically validated concepts of various signs, 
symptoms, diseases, qualitative laboratory findings, surgical procedures, some device 
related conditions as well as product issues. MedDRA’s place in CDISC standards will be 
shown. MedDRA is organized into a five level hierarchy which goes from very granular to 
broad. Each of the five levels will be illustrated (LLT:Lowest level term, PT: Preferred term, 
HLT: High level term, HLGT: High level group term, and SOC: System Organ Class.) The 
application of principles in using MedDRA on the aggregate data for analysis and trend 
reports will also be illustrated. The most recent addition of the Product issues terms due to 
Industry feedback will also behighlighted with benefits of capturing product quality issues 
with the same terminology. The current use of MedDRA by tobacco manufacturers will be 
discussed as well as applicability for use in call centers, quality reports, consumer compaints 
and regulatory submissions for new tobacco products.

26. WITHDRAWN

27. CIGARETTE SMOKING AND SMOKING CESSATION RESTORES LARYNGEAL 
SECRETORY HOMEOSTASIS IN RATS. Rumi UEHA, Satoshi Ueha, Francis Shand, Kouji 
Matsushima, Takaharu Nito, Kenji Kondo, Yoko Fujimaki, Hironobu Nishijima, Takao 
Goto, Koichi Tsunoda and Tatsuya Yamasoba; The University of Tokyo, Tokyo, Japan

Objectives: Cigarette smoking (CS) induces mucus hypersecretion and coughing. Coughing 
after smoking cessation (SC) is also common. However, the mechanisms that underlie the 
effects of CS and SC on laryngeal mucus secretion remain elusive. We hypothesized that CS 
and SC cause laryngeal hypersecretion due to an increase in pro-inflammatory mediators. 
To test this hypothesis, we established smoking models of rats that involved administration 
of a cigarette smoke solution (CSS). 

Methods: Firstly, we explored the effects of CS, short-term SC (four weeks), and long-
term SC (three months) on laryngeal secretion and pro-inflammatory responses using 
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histological analyses and quantitative real-time PCR analyses. Secondly, we investigated the 
effects of triamcinolone acetonide (TA) administration, which is one of glucocorticoids 
and have a long-lasting anti-inflammatory effect.

Results: We found that both CS and short-term SC increased laryngeal secretion. This change 
coincided with an increase in the expression of mRNA for the inflammatory cytokines 
TNF-α, and IL-6. Concurrent upregulation of MUC5AC mRNA, which is involved in 
mucin production was also observed. Interestingly, the extent of mucus secretion in the 
short-term SC model was higher than in the CS model. However, inflammatory responses 
and laryngeal secretion were lower in the long-term SC model than in the short-term 
model. TA administration suppressed CSS-induced laryngeal mucus hypersecretion and 
pro-inflammatory cytokine production.

Conclusion: CSS induces laryngeal hypersecretion, while short-term SC causes further 
hypersecretion and upregulation of pro-inflammatory cytokines. These responses that 
occur during CS exposure and after SC represent promising targets for the treatment of 
cigarette smoke-associated prolonged cough and hypersecretion. TA may reduce expression 
of pro-inflammatory cytokines in the larynx and thus be useful for the treatment of CS-
related symptoms.

28. DAMAGE TO OLFACTORY PROGENITOR CELLS IS INVOLVED IN CIGARETTE 
SMOKE-INDUCED OLFACTORY DYSFUNCTION IN MICE. Rumi UEHA, Satoshi 
Ueha, Kouji Matsushima, Takaharu Nito, Kenji Kondo, Shu Kikuta, Kaori Kanaya, Hironobu 
Nishijima and Tatsuya Yamasoba; The University of Tokyo, Tokyo, Japan

Objectives: Exposure to cigarette smoke is a major cause of olfactory dysfunction. However, 
the underlying mechanisms by which cigarette smoke interferes with the highly regenerative 
olfactory nerve system remain unclear. To investigate whether cigarette smoke induces 
olfactory dysfunction by disrupting cell proliferation and cell survival in the olfactory 
epithelium (OE), we developed a mouse model of smoking that involved intranasal 
administration of a cigarette smoke solution (CSS).

Methods: Firstly, we explored the effects of CS on olfactory populations and olfactory 
sensitivity using histological analyses and behavioral testing with time. Secondly, we 
investigated the effects of CS on pro-inflammatory responses using histological analyses 
and quantitative real-time PCR analyses.

Results: Immunohistological analyses and behavioral testing showed that CSS administration 
over a period of 24 days reduced the number of olfactory marker protein-positive mature 
olfactory receptor neurons (ORNs) in the OE and induced olfactory dysfunction. These 
changes coincided with a reduction in the number of SOX2+ ORN progenitors and Ki67+ 
proliferating cells in the basal layer of the OE, an increase in the number of caspase-3+ 
apoptotic cells, and an increase in the expression of mRNA for the inflammatory cytokines 
IL-1β and IL-6. Notably, the proliferating ORN progenitor population recovered following 
cessation of treatment with CSS, resulting in the subsequent restoration of mature ORN 
numbers and olfaction.
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29. DESIGN AND MANUFACTURE OF NEW MODERN BARN AND RACK 
FOR CURING TOBACCO AND OTHER AGRICULTURAL PRODUCTS. Reza 
MOHSENZADEH; Iranian Company Tobacco, Behshahr- Mazandaran, Iran

Tobacco curing is an important process for the tobacco production system. To get high 
quality and reduced production costs, automatic control facilities are used for the curing 
process and many types of automatic controllers are currently available. As the labor cost 
increases, it is essential to: reduce the labor and the workload required in the curing process, 
reduce the fuel consumption, and increase the benefits of the tobacco production. This 
study was done to determine: 1) the most suitable fan, 2) reduce of production costs, 3) 
quality improvement, and 4) difficulties and benefits with 4 treatments and 4 replications 
in Tirtash Tobacco Research and Education center in 2014. The barns dimension were 
365cm length, 210cm width and 240cm height. The distance between the rows was about 
40 cm. Three types of fans (8000, 12000 and 18000 cubic meters power air movement per 
hour) were placed in the barn. Fourth treatment was traditional barn with stringing by 
hand (control). Times of yellowing, wilting, stem drying and leaf drying were same for 
all treatments. We used an intelligent control system in processing steps of tobacco and 
compared to traditional method (manually) on quality characteristics, production and 
labor costs and time savings, average price of tobacco, sugar, nicotine, labor, worker time, 
net income, energy and total costs were recorded. Results showed that use of the modern 
barn will be reduced production costs, labor and labor hours, energy, wastes and will 
increase net income, efficiency and safety. Number of workers in the modern method with 
rack was 40% lower compared to traditional. The use of modern barn with 12000 cubic 
meters per hour fan power and rack system was the best treatment. This barn can be used 
for drying of other agricultural products for example: cereals, bean, fruit, vegetables and, it 
has characters of convenience, high level of automation, high efficiency and low labor cost.

30. DESIGN AND CONSTRUCTION OF LEAF SEWING MACHINE AND COLLECTOR 
FOR ORIENTAL TOBACCO. Reza MOHSENZADEH and Yaghoob Yaghoobi; Iranian 
Company Tobacco, Behshahr- Mazandaran, Iran

One cultivation of tobacco process that requires most labor is the stringing process. This 
survey was done for the localization and determination of stringing machine performance 
on oriental tobacco and the determination the percent of labor saving in comparison with 
traditional stringing method. The factorial experiment was in a randomized block complete 
design in 3 replications with 9 treatments conducted at the Tirtash research and education 
center in 2014-2015. This study was done with basma cultivation in a 5000 m2 plot and all of 
the planting to harvesting steps were done according to tradition. Three of curing methods 
(collector, traditional barn and modern barn) and three stringing methods (traditional 
stringing with hand, stringing machine and rack machine) were assessed. Labor, stringing 
time, labor costs, total cost, price of tobacco, sugar and nicotine percent and etc. were 
calculated. Results showed that traditional stringing and sewing machine have the highest 
and lowest labor cost (about 572$ and 172$ rials respectively). The sewing machine reduced 
labor and labor costs by about 75% / hectare for technology process. The greatest needling 
time related to hand needling (792 hr/ha) and the least needling time was related to electric 
needling (190 hr/ha). The greatest green weight was related to rack machine needling by 3 
kg per string and the least green weight was related to electric needling by 1.23 kg per string. 
The greatest dry material percentage was related to traditional barn method. Treatment 
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of electric sewing machine had the most net income. Traditional barn and modern barn 
had the highest percentage of energy consumption (90-100%) and collector had the lowest 
percentage of energy consumption (0%). Results showed that usage of the collector system 
and sewing machine in technology steps of oriental tobacco, reduced labor, energy and 
costs, saved time and increased quality of tobacco (20-30%), efficiency and safety.

31. THE CORESTA WEBSITE. B. MANSION1, F. Laures1, N. de Tervarent2, P. M. 
Guitton2, E. Marignac2, S. Colard3, A. M. Jack4, R. Stevens5 and K. A. Wagner6; 1Mamasam, 
Vincennes, France, 2CORESTA, Paris, France, 3SEITA-Imperial Tobacco, Fleury-les-Aubrais, 
France, 4University of Kentucky, Lexington, KY USA, 5ITG Brands, Greensboro, NC USA 
and 6Altria Client Services, Richmond, VA USA

Over the past few years, CORESTA work procedures and communication policies have been 
evolving in line with the association’s vision is to be “an authoritative source of publically 
available credible science and best practices related to tobacco and its derived products.” 
As part of the evolutionary process, the CORESTA Website has been redesigned and 
modernised to provide more information on the work and documentation produced by 
the association’s Working Groups, in addition to giving users’ easy accessibility to contents 
and an efficient, friendly browsing experience.

The CORESTA Website Task Force, created in 2015 to develop the website, works with 
the selected developer to oversee the upload of content, liaise with the relevant CORESTA 
groups to determine user requirements, determine the features to be implemented, and 
monitor the step by step progress of the new system. The Task Force works in tandem with 
the CORESTA Standards Task Force whose work is to streamline the cooperation process, 
formalise procedures and formally document outputs.

The public section of the website (first phase of development) was launched end of April 
2016 and provides users with information on the association, details about the Working 
Groups, easy access to published documents, abstracts, CORESTA presentations and full 
manuscripts (with author permission), meeting details, and general information. The new 
website is also being tailored to provide CORESTA Members with password access to a 
general private section with additional information and features (second development 
stage) and a private collaborative area for CORESTA Working Groups (third development 
stage).

This poster will give an overview of the current website features and planned future 
developments.

32. COMPREHENSIVE INSIGHTS INTO TOBACCO SMOKE USING TD-GCXGC-
TOF MS WITH TANDEM IONISATION. Matthew Edwards1, Stefan Koschinski2, Laura 
McGregor1, Chris HALL3 and Bob Green4; 1Markes International Ltd, Wales, UK, 2Markes 
International GmbH, Neu-Isenburg, Germany, 3Markes International, Inc., Cincinnati, 
Ohio USA and 4SepSolve Analytical, Peterborough, UK

The hazardous constituents of cigarette smoke have attracted considerable attention lately, 
especially with increasing regulation around the world limiting or banning smoking in 
public places – and even in private cars if children are present.
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From an analytical perspective, however, there is much that remains to be learnt about the 
composition of cigarette smoke, because of its high degree of complexity – tobacco smoke 
is thought to contain thousands of components across multiple chemical classes and wide 
concentration ranges.

Comprehensive two-dimensional gas chromatography (GC×GC), when coupled with time-
of-flight mass spectrometry (TOF MS), has been shown to provide improved chemical 
fingerprinting of complex samples in areas of study as diverse as petrochemical analysis 
and fragrance profiling. However, commonly-used thermal modulation devices are unable 
to successfully modulate the most volatile components.

 In this study, we use thermal desorption (TD) for collection and analysis of whole cigarette 
emissions, and couple it with flow-modulated GC×GC–TOF MS, to enable the constituents 
of whole smoke to be routinely and confidently sampled, separated and identified.

The use of novel Tandem Ionisation® is also harnessed to increase the analytical resolution 
of the system, by providing both reference-quality 70 eV spectra and soft electron ionisation 
(EI) spectra simultaneously in a single analysis. The complementary soft EI spectra 
provide a powerful means of identifying compounds that exhibit similar mass spectral 
characteristics (or extreme fragmentation) at conventional 70 eV energies, but without 
the inherent loss in sensitivity or inconvenience typically associated with conventional soft 
ionisation techniques.

MONDAY AFTERNOON, SEPTEMBER 19, 2016

SESSION A – E-Cigarettes I and Smokeless Tobacco Products

2:20 PM  MONDAY

33. NICOTINE DELIVERY FROM E-CIGARETTES PART 1: STUDY DESIGNS FOR 
TWO PHARMACOKINETIC STUDIES. Ian M. FEARON1, Alison Eldridge1, Nathan Gale1, 
Christopher J. Shepperd1, Mike McEwan1, Oscar M. Camacho1, Eleni Mavropoulou1, Mitch 
Nides2, Kevin McAdam1 and Chris Proctor1; 1British American Tobacco (Investments) 
Limited, Southampton, UK and 2Los Angeles Clinical Trials, Burbank, CA USA

Nicotine pharmacokinetic (PK) studies are an important tool in developing our 
understanding of actual nicotine delivery into the body from electronic cigarettes and 
other nicotine-containing products. Furthermore, data from such studies may potentially 
be required as part of a regulatory package, particularly as one aspect of an abuse liability 
assessment of a novel product. 

This presentation (Part 1 of 2) will outline the study designs for two nicotine PK studies 
in which we examined blood nicotine levels during acute clinical use periods in subjects 
smoking cigarettes and using e-cigarettes. The first study (ISRCTN74070762; Belfast, U.K.) 
compared blood nicotine levels in 24 smokers using closed-system modular e-cigarettes 
according to a defined puffing schedule, with those seen when subjects smoked cigarettes 
typical of those sold in the study market. The second study (NCT02474849; Los Angeles, 
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USA) examined blood nicotine in 18 vapers who were occasional smokers using the same 
modular e-cigarettes ad libitum and compared these levels to when subjects smoked 
a single, market-typical combustible cigarette. Both studies were approved by local, 
independent research ethics committees and were run in accordance with Good Clinical 
Practice. Subjects provided written informed consent prior to study participation and were 
deemed healthy following medical examination and clinical laboratory screening. Smoking 
status was verified by exhaled CO measurements. Before each study visit subjects abstained 
overnight from any tobacco or nicotine product use, also verified by exhaled CO. A 5 
minute exposure period was used in both studies. 

Part II of this presentation will describe data from these studies and what those data mean 
for our knowledge of nicotine delivery from e-cigarettes as well informing our future study 
designs.

2:40 PM  MONDAY

34. NICOTINE DELIVERY FROM E-CIGARETTESPART 2: DATA AND LEARNINGS 
FROM TWO PHARMACOKINETIC STUDIES. Ian M. FEARON1, Alison Eldridge1, 
Nathan Gale1, Christopher J. Shepperd1, Mike McEwan1, Oscar M. Camacho1, Eleni 
Mavropoulou1, Mitch Nides2, Kevin McAdam1 and Chris Proctor1; 1British American 
Tobacco (Investments) Limited, Southampton, UK and 2Los Angeles Clinical Trials, 
Burbank, CA USA

Nicotine pharmacokinetic (PK) studies are an important tool in developing our 
understanding of actual nicotine delivery into the body from electronic cigarettes and 
other nicotine-containing products. Furthermore, data from such studies may potentially 
be required as part of a regulatory package, particularly as one aspect of the abuse liability 
assessment of a novel product. This presentation is Part 2 of 2 and will describe the findings 
from nicotine PK studies, designs of which were outlined in the first presentation. 

Compliance with abstention requirements and other inclusion/exclusion criteria was high 
in both studies. 22 of 24 subjects completed Study 1 while all enrolled 18 subjects completed 
Study 2. In Study 1, blood nicotine Cmax was, on average, 5-fold greater for the cigarette 
compared to the e cigarette. In contrast, in Study 2 peak blood nicotine levels were similar 
for the cigarette and the e cigarette. While some differences were observed between the 
different products, the variability of data in Study 2 precluded the detection of statistically-
significant effects. Study 2 also showed large inter-subject differences in Cmax values, for 
example ranging from <LOQ to >40 ng/ml. 

Our data show a high level of variability when subjects from different populations and 
with different smoking histories use similar products. Puffing schedule (standardised vs 
ad libitum) may also contribute to this variability. These data may support a need for 
standardisation of protocols for e cigarette clinical research, in order to facilitate comparisons 
between products in different studies. However, study design needs to take into account 
study objectives and cohorts, real-world usage patterns, and which comparisons need to be 
made between one product and another.
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3:00 PM  MONDAY

35. PATTERNS AND PERCEPTIONS OF E-CIGARETTE USE AND CIGARETTE 
SMOKING AMONG 20,972 ADULTS IN THE UNITED STATES. Christopher RUSSELL1, 
Mitchell Nides1 and Neil McKeganey2; 1Los Angeles Clinical Trials, Burbank, CA USA and 
2Centre for Substance Use Research, Glasgow, UK

Survey data suggests millions of American adults are now choosing to quit smoking, and 
succeeding, with the assistance of e-cigarettes and vaporizers. The U.S. FDA’s deeming 
regulations of e-cigarettes will likely result in the vast majority of e-cigarettes, e-liquids 
and other vaping accessories that are on the market today not being legally available to 
buy, at least temporarily, in the United States after August 8th 2018. An online survey 
was designed to elicit data on U.S. adults’ patterns and perceptions of e-cigarette use and 
cigarette smoking that are relevant to evaluating the potential impact of the FDA deeming 
regulations on current e-cigarette users. 

Social media advertisements called for all adults (aged 18+ years) living in the U.S. who 
had ever used an e-cigarette, regardless of past and present smoking status, to complete a 
10-minute online survey. The survey opened on May 1st 2016 and is scheduled to close on 
June 10th 2016. Participant recruitment was conducted primarily via advertisements placed, 
and intermittently boosted/promoted, on social media to individuals and organizations 
known to have an interest in vaping/e-cigarettes. 

As of May 27th 2016, the survey had been completed by 20,926 individuals. Data on these 
individuals’ current and past use of device formats, nicotine strengths, and e-liquid flavors; 
perceived likelihood of experiencing health problems through vaping, smoking and dual 
use; perceived dependence on e-cigarette use; reasons for initial and continued vaping; 
changes in health experienced and attributed to vaping will be presented in full. 

Our findings should urge FDA to give greater consideration to the potential impact of 
regulations on the thousands of current adult e-cigarette users in the U.S. who appear to be 
benefiting from currently available products, and to the potential loss of extra individuals 
who would be likely to quit, or at least attempt to quit smoking in the future, by using 
currently available e-cigarette products.

3:50 PM MONDAY

36. PUFFING PROFILE EFFECTS ON CARBONYL FORMATION IN E-CIGARETTE 
AEROSOLS. John H. MILLER IV, Jason W. Flora, James Wilkinson, Celeste Wilkinson, 
Kathleen M. Sink and William P. Gardner; Altria Client Services, Richmond, VA USA

It has been previously reported that aerosols from e-cigarettes can contain carbonyls such as 
formaldehyde, acetaldehyde, acrolein, and crotonaldehyde due to elevated temperatures of 
the heating coils. There have been several publications about thermal degradation products 
formed from the heating of carrier components (e.g., propylene glycol and glycerin) in 
e-cigarettes. Most of this previous work only investigated single aerosol collection regimes 
and it did not evaluate the impact of different aerosol collection conditions on the 
formation of carbonyls. The effect of puff duration and puff volume on e-cigarette aerosol 
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collection has also been previously investigated. It was observed that puff duration, not 
puff volume, played a key role in the amount of aerosol mass and the collected nicotine 
concentration. Aerosol mass and nicotine collected were observed to increase linearly 
with puff durations from 2 to 5 seconds for single device design. The purpose of this work 
was to evaluate the effect of puff volume, puff duration, and puff interval on carbonyl 
formation in aerosols produced by prototype and commercially available e-cigarettes. This 
information is important to identify appropriate aerosol generating regimes to be used for 
analytical testing.

4:10 PM MONDAY

37. NICOTINE RELATED IMPURITIES IN E-CIGARETTE CARTRIDGES AND 
REFILL FORMULATIONS. Jason W. FLORA, Celeste Wilkinson, Kathleen M. Sink, Diana 
L. McKinney and John H. Miller; Altria Client Services, Richmond, VA USA

The nicotine used in e-cigarette formulations is extracted from tobacco, and the 
purity of the nicotine can vary depending upon manufacturer and grade. The US and 
European Pharmacopeias make recommendations for the purity of nicotine intended 
for pharmaceutical products; however, there is no official purity recommendation for the 
nicotine used in e-cigarettes. To date, there are only a few published reports on nicotine-
related impurities in e-cigarette formulations. The objective of this work was to develop a 
sensitive, selective, and robust analytical method (LC-MS) for the quantitation of nicotine-
related impurities (LC-MS) in e-vapor products and to evaluate these impurities in a variety 
of commercial e-cigarette cartridges and refill solutions (e-liquids). The nicotine-related 
impurities listed in the European Pharmacopeia guidelines were quantitatively investigated 
in 10 commercial e-cigarette cartridges and 10 refill solutions purchased from retail. For all 
products investigated, myosmine, anabasine, β-nicotyrine, cotinine and nornicotine were 
well below 0.3% of the labelled nicotine concentrations. Anatabine levels exceeded 0.3% 
for 3 products and nicotine-N-oxide levels exceeded 0.3% in 6 products. In several cases, 
some nicotine related impurities increased with product age (as indicated by product sell-
by-dates). The transfer efficiency of the nicotine-related impurities to the aerosol was also 
evaluated. Most of the nicotine-related impurities were observed to transfer to the aerosol. 
Nicotine-N-oxide showed low transfer efficiency and demonstrated significant thermal 
degradation. This selective and sensitive method is suitable to provide quantitative data for 
risk assessment analysis and for use in e-vapor product and refill solution stability studies 
as one of the stability indicating measures.

4:30 PM MONDAY

38. ANALYSIS OF TSNAS IN NICOTINE USED AS A COMPONENT IN E-LIQUIDS. 
Serban MOLDOVEANU1, Jeff Zhu2 and Nancy Qian2; 1R. J. Reynolds Tobacco Co. and 
2Eurofins Lancaster Labs. Inc., Winston-Salem, NC USA

Purified nicotine is a component of the e-liquids used in electronic cigarettes. This nicotine 
is typically obtained from tobacco; thus, in addition to nicotine, it contains minor alkaloids 
and possibly trace levels of TSNAs. The analysis of TSNAs in pure nicotine must fulfill 
two requirements: (1) the analytical method should be very sensitive because very low 
levels of TSNAs are expected; (2) the solutions of nicotine used for analysis should be 
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relatively concentrated since dilution may result in TSNA levels below the detection limits 
of the method. The attempt to analyze TSNAs in nicotine by using a LC-MS/MS technique 
previously reported at 68th TSRC (Poster 73), and used for TSNAs measurement in tobacco 
and cigarette smoke, showed that a large level of nicotine produces ion suppression of 
TSNAs, although nicotine elutes earlier than TSNAs in the chromatogram. A new LC-MS/
MS technique has been developed for TSNAs analysis that is applicable for measuring these 
compounds in nicotine. The method used separation on a Luna Omega C18 column with 
1.6 um particles and 100 x 2.1 mm dimensions, with detection using an API-6500 mass 
spectrometer from ABSciex. The detection was performed in Scheduled MRM mode using 
positive ionization. The method was validated and the LOQ for TSNAs were: 0.006 ng/mL 
for NAB, 0.025 ng/mL for NAT, 0.050 ng/mL for NNK, and 0.016 ng/mL for NNN. The 
levels of TSNAs were measured in four different nicotine samples used in e-liquids. Some 
differences were noticed between the samples, but all the levels of TSNAs were very low, in 
the ranges of 3-7 ng/g nicotine for NAB, 4-20 ng/g for NAT, 30-50 ng/g for NNK and 0.5-2 
ng/g for NNN.

4:50 PM MONDAY

39. ANALYSIS OF SOME ORGANIC ACIDS IN TOBACCO LEAF, SNUS AND WET 
SNUFF. Serban MOLDOVEANU and Scott Wayne; R. J. Reynolds Tobacco Co., Winston-
Salem, NC USA

A novel LC-MS technique has been developed for the analysis of several organic acids in 
tobacco and smokeless tobacco products. The analyzed acids include oxalic, quinic, pyruvic, 
malic, lactic, citric, fumaric and maleic. Acetic acid cannot be measured by the new method. 
The separation of the acids has been performed on a Synergy 4u Hydro-RP column 250 x 
4.6 mm. The mobile phase consisted of a aqueous solution containing 5% methanol and 
0.15% formic acid. The flow rate in the column was 0.6 mL/min and the injection was of 5 
ul. The detection was performed on a LC-MS/MS API 5000 system from AB-Sciex working 
in negative mode. Although multiple reaction monitoring (MRM) type acquisition was 
used, the product and precursor ions were the same with declustering potential at -10V, 
collision energy at -5V, and collision gas flow rate of 3 mL/min. These mild conditions 
assured the high sensitivity of the method. The ions monitored for analysis had m/z = 87 
for pyruvic acid, 89 for oxalic and lactic acids, 115.1 for maleic and fumaric acids, 133.1 for 
malic acid, and 191.1 for quinic and citric acids. Deuterated lactic acid and citric acid were 
used as internal standards. The technique was validated using typical validation criteria for 
an analytical method. Using this new technique, several samples of tobacco leaf, snus, and 
wet snuff were analyzed.
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MONDAY AFTERNOON, SEPTEMBER 19, 2016

SESSION B – Agronomy I

2:20 PM MONDAY

40. THE PATTERN OF BENZO [A] PYRENE AND TOBACCO-SPECIFIC 
NITROSAMINE ACCUMULATION IN FIRE-CURED TOBACCO; A COMPARISON OF 
TWO BARN TYPES. Anne JACK, Andy Bailey, Angela Schoergendorfer, Huihua Ji and Ying 
Wu; University of Kentucky, Lexington, KY USA

A two-year experiment was done to study the pattern of accumulation of benzo [a] pyrene 
(B[a]P) and tobacco specific nitrosamines (TSNAs) during fire-curing, and to establish 
whether B[a]P and TSNAs can be reduced by modifying the firing regime. The 2012 study 
was done in a traditional fire-curing barn, with five firings, over a total of 25 days. B[a]
P at takedown was 262 ppb, and total TSNAs were 5.4 ppm. The study was repeated in 
2015, in a new, “tighter” barn, in which it is possible to achieve a satisfactory finish with 
fewer and shorter firings; a regime which might be expected to result in lower TSNAs and 
B[a]P. There were three firings, over a total of 18 days. B[a]P at takedown was 489 ppb, and 
total TSNAs were 8.5 ppm; much higher than in the 2012 study cured in the older barn 
with more firings. These results were unexpected, because the decrease in firing in the 2015 
study would be expected to result in lower (B[a]P) and TSNAs. Seasonal differences can 
have a considerable effect on TSNA levels, but are unlikely to affect B[a]P levels. We are 
investigating possible causes of these anomalous results.

2:40 PM MONDAY

41. ESTABLISHING A SAMPLING PROTOCOL TO ESTIMATE TOBACCO SPECIFIC 
NITROSAMINES IN GROWERS’ BALES: RESULTS FROM THE FIRST YEAR OF A TWO 
YEAR STUDY. Colin FISHER and Kristen McQuerry; University of Kentucky, Lexington, 
KY USA

CORESTA is drafting a protocol for the procedure of sampling bales of tobacco presented 
for sale by the grower. Several aspects of the proposed methodology have been queried 
including the suggested number of cores required from any single bale, the total quantity 
of leaf required and the reliability of the data from this sample in representing the overall 
tobacco specific nitrosamine (TSNA) concentration of the bale. It was proposed that the 
sampling protocol should be tested and modified to best satisfy the needs of the industry. 
Six core samples were taken from each of six big (220 – 270 kg) bales. Three methods were 
used to sample each of six small (25 – 35 kg) straight laid bales: four core samples from each 
of three positions along the length of the leaf, four grab samples of about 40 leaves each 
from different positons within the bale, and one sample of 160 random individual leaves 
from throughout the bale. The midribs were separated from the lamina. The individual leaf 
samples from the small bales were then split into four separate samples. The mean total 
TSNA in each of the big bales ranged from 1.4 to 42 µg g-1, and from 1.4 to 14 µg g-1 in the 
small bales. Data from this first year of the study suggest that it may be possible to estimate 
the TSNA of the lamina in small straight laid bales by taking as few as four core samples, 



70th Tobacco Science Research Conference Population Health Standards for Tobacco Regulation

40

with a total weight of 300 to 400 g, from a specific position along the length of the leaf as it 
is laid in the bale, and analysing unseparated lamina and midrib.

3:00 PM MONDAY

42. DEVELOPMENT OF USER-FRIENDLY MARKERS FOR DISEASE RESISTANCE 
TO BLACK ROOT ROT THROUGH GENOTYPING BY SEQUENCING. Qiulin QIN, 
Yuting Li, Natalia Martinez, Robert Miller, Na Ding, Xia Wu, Dandan Li and Shengming 
Yang; University of Kentucky, Lexington, KY USA

Caused by the fungus Thielaviopsis basicola, black root rot (BRR) can be a very severe 
problem if susceptible tobacco varieties are planted in fields that have not been rotated well. 
This disease, characterized by black lesions on the roots and hypocotyl, results in stunt and 
late-maturing, uneven stands, severely reducing the yield and quality of tobacco. A single 
dominant gene in N. debneyi confers complete resistance to a wide spectrum of black root 
rot isolates. This gene was transferred to burley tobacco by interspecific hybridization and 
backcrossing. User-friendly markers should benefit breeders to develop more elite varieties 
with resistance to black root rot. Genotyping by sequencing (GBS) is a rapid and robust 
approach for reduced-representation sequencing of multiplexed samples that combines 
genome-wide molecular marker discovery and genotyping. It has been widely used for 
marker identification and genetic linkage analysis. Using F2 population derived from 
the cross between TKF2002 (R) x TKF 7002 (S), we conducted GBS analysis to develop 
markers closely linked to this exotic resistance to BRR. SNP calling indicated that six SNPs 
were potentially linked to this BRR resistance. One SNP was successful converted to a co-
dominant marker. Linkage analysis revealed that this marker is co-segregating with the 
phenotype variation within the F2 population. The marker we developed will provide a 
convenient, stable and efficient tool for tobacco breeding selection in development of new 
varieties resistant to BRR.

3:50 PM MONDAY

43. GENETIC MAPPING OF GENES REGULATING NICOTINE BIOSYNTHESIS, 
NIC1 AND NIC2, IN TOBACCO. Shengming YANG1, Qiulin Qin1, Dandan Li1, Robert 
Miller1, Anne Jack1, Matthew Humphry2 and Kieron Edwards2; 1University of Kentucky, 
Lexington, KY USA and 2British American Tobacco, Cambridge, UK

With impending FDA regulation, it is expected that there will be a need for tobacco 
varieties with low alkaloid levels in future tobacco breeding. As the predominant alkaloid 
in commercial varieties of tobacco, nicotine is synthesized in the tobacco root under the 
control of two independent genes, Nic1 and Nic2. Even though the nic mutants have 
long been available, the introgression of nic1 and nic2 into commercial varieties has been 
seriously hampered by the lack of effective molecular markers. To assist low-nicotine 
breeding, we conducted genetic mapping of Nic1 and Nic2 and developed co-segregagting 
markers for both loci. Using high throughput technologies, including RNA sequencing and 
SNP array analysis, we developed a series of molecular markers and generated genetic maps 
for Nic1 and Nic2. The present study will not only benefit tobacco breeders for low-nicotine 
breeding but will also facilitate the positional cloning of the Nic1 gene for biologists. 
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4:10 PM MONDAY

44. EFFECT ON CULTIVATION AND CURING ON THE CONTENTS OF TERTIARY 
AMINES IN TOBACCO LEAVES. Kei KOBAYASHI and Atsushi Nagai; Japan Tobacco Inc., 
Yokohama, Japan

Tertiary amines that have distinctive odors are contained in tobacco leaves. These 
compounds often contribute to tobacco aroma, even if only slightly. In a previous study 
(69th TSRC), we reported a quantitative analytical method for tertiary amines in tobacco 
leaves. The trimethylamine (TMA) and N-methylpyrrolidine (NMP) content varied with 
the leaf types and growing districts. It is, however, not evident why the different leaves 
produce their characteristic amounts of these amines, and when the leaves produce each 
amine during their growth.

The purpose of this study is to understand the prime factors which affect the leaf content 
of both amines. Changes in TMA and NMP content during cultivation and curing were 
investigated. Several varieties of flue-cured Virginia and burley were cultivated in Japan. 
Samples of the leaves were taken out at fixed intervals during cultivation. TMA and NMP 
contained in the leaves were quantified by the method reported in our previous work. 
Curing tests were also conducted for a proportion of the leaves, to investigate changes in 
both the amines after harvest. As a result, it was clarified that these amines occur in tobacco 
leaf from young plants. Neither the differences in variety among the same leaf types nor 
the curing conditions had much effect on TMA content. The NMP content was dependent 
on variety, and the other factors did not have critical effects. Growing time was a dominant 
factor, affecting the amounts of both amines. From 5 weeks before maturation of the leaves, 
the leaf content of the two amines increased to around 150-200% of the amounts contained 
in immature leaves.

45. WITHDRAWN
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TUESDAY MORNING, SEPTEMBER 22, 2016

SESSION A – Methods Development & Smoke Chemistry

9:00 AM TUESDAY

46. CAMBRIDGE FILTER PAD COLLECTION EFFICIENCY OF MENTHOL FROM 
E-CIGARETTE AEROSOLS – AN INVESTIGATIVE STUDY. Mehran SHARIFI, Peter 
Joza, Romulo Lodevico and William Rickert; Labstat International ULC, Kitchener, ON 
Canada

The demand for developing analytical protocols for the analysis of e-cigarette emissions 
has been rapidly increasing in recent years. A majority of methodologies currently used for 
the charaterization of e-cigarette aerosols are derived from approaches originaly developed 
for the analysis of tobacco smoke which is fundamentaly a different matrix. The objective 
of this study was to determine the amount of potential menthol “breakthrough” from 
e-aerosol in comparison to tobacco smoke using a standard Cambridge filter pad (CFP) 
for collection. 

The analysis of mainstream menthol in tobacco smoke is routinely conducted by the 
collection of particulate matter onto a CFP, with the pad extracted in isopropanol. To 
evaluate the trapping efficiency of menthol in mainstream aerosol emissions, an impinger 
containing 20 mL of isopropanol was placed behind the CFP. The contents of the pad and 
impinger were analyzed separately in order to determine the potential amount of menthol 
breakthrough from the CFP. 

The trapping efficiency of the CFP for menthol was found to be regime dependent and 
ranged from 9.31 (±1.36) % under the 80/3/30 “square profile” regime, to 5.93 (±0.43) 
% under a 55/3/30 “square profile” regime, to 3.51 (±0.44) % under an ISO regime. With 
respect to menthol in mainstream cigarette smoke, menthol breakthrough was less than 
1% when smoked under either HCI or ISO puffing regimens. Based on these results, 
the trapping efficiency of other analytes capable of being determined using the same 
methodology (propylene glycol, glycerol, nicotine, glycidol, ethylene glycol, diethylene 
glycol) were also investigated under the more intensive regime.

Based on this limited set of analyses, menthol in e-aerosols is not completely trapped by a 
CFP. However, propylene glycol, nicotine and glycerol is. When the methodology is extended 
to include additional e-liquid specific contaminants, significant amounts (proportional to 
the absolute amount) of breakthrough can occur.

9:20 AM TUESDAY

47. DETERMINATION OF PON IN TOBACCO AND TOBACCO PRODUCTS USING 
LC/MS/MS. Huihua JI, Ying Wu, Neil Fannin and Lowell Bush; University of Kentucky, 
Lexington, KY USA

4-(N-methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) is one of the most 
carcinogenic tobacco-specific nitrosamines (TSNAs) and one of the more important 
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compounds in FDA’s HPHCs list. It is formed from PON, an oxidation product of nicotine. 
Accurate measurement of PON is essential to understand the formation pathway of NNK 
and further reduce it in tobacco. In the literature, there is little information on analysis 
of PON in tobacco leaf and tobacco products. A LC/MS/MS method was developed to 
determine PON in tobacco and tobacco products.

Tobacco was extracted by citric acid and disodium phosphate buffer, pH 3.0, for 45 min 
with shaking. The extract solution was filtered through a 0.22 µm PTFE filter to remove the 
tobacco powder and injected into Waters Xevo TQD LC/MS/MS. If necessary, the extract 
solution can be cleaned-up by methylene chloride. All analysis was done on a Waters 
ACQUITY UPLC BEH C18 2.1 x 150 mm column with 1.7 µm particles. Separation was 
achieved using a gradient mobile phase consisting of 10mM ammonium acetate with 0.1% 
NH4OH and acetonitrile. 

Preliminary experimental data demonstrated that LC/MS/MS can be used for quantitative 
analysis of PON in tobacco and tobacco products with high selectivity, sensitivity and 
speed. Good linear response, R2 = 0.999, was measured within the linear dynamic range of 
20 - 2000 ng/ml PON. The recovery of PON was ~105%. Total analysis time for each sample 
was 8 min. The coefficients of variation for tobacco samples are under 10%. The limits of 
detection (LOD) and limit of quantification (LOQ) were 7 and 20 ng/ml, respectively. This 
method has been applied to tobacco leave and cigarette filler.

9:40 AM TUESDAY

48. SELECTED “DEEMING” ANALYTES IN TOBACCO PRODUCT VAPOR PHASE 
BY VACUUM ULTRAVIOLET (VUV) GAS CHROMATOGRAPHY. Norman FRALEY; 
Eurofins Lancaster Laboratories, Winston Salem, NC USA

Virtually all chemical species absorb and have unique gas phase absorption cross sections 
in the approximately 120–240 nm wavelength range. Using a novel GC detector monitoring 
the vacuum ultraviolet range we were able to detect multiple “Deeming” analytes in aerosol 
vapor as molecular species. This ability to combine spectral specificity with the high 
resolution separation of gas chromatography provides distinct advantages over FID, TCD 
and other universal detection systems. We reveal the use of this technology for analytical 
applications in the tobacco industry for challenging analytes including ammonia, carbonyls, 
carbon monoxide, water, BTEX, and humectants from a GC single injection.

10:30 AM TUESDAY

49. BACK-DECK BLEND SEPARATION AND FRONT-DESK BLEND CHEMISTRY.  
John H. LAUTERBACH; Lauterbach & Associates, Macon, GA USA

Two business objectives for the analytical laboratories at a tobacco manufacturing function 
are to: 1) determine what we bought is what we intended to buy; and 2) determine if we 
made in the factory what we intended to make. If the factory has well-equipped laboratories 
and/or has access to high-tech analytical research equipment such as found in some tobacco 
R&D labs, everything from routine testing to very detailed analyses of tobacco blends and 
nontobacco materials is possible. However, for small tobacco manufacturers, most testing is 
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out-of-reach because of cost/complexity, or is not available from testing laboratories servicing 
the tobacco industry. Examples include determining if the blend contains the correct levels 
of by-products or even something as simple as inorganic phosphate. Consequently, we 
evaluated some simple approaches for blend separation and determination of inorganic 
phosphate. Blends can be separated by a simple solvent flotation scheme: hexane to float off 
ET; remaining blend after removal of hexane is fractionated with dichloromethane (recon 
sinks); solvent is removed from floating material (mostly lamina and expanded stem), and 
it is resuspended in acetone to float-off expanded stem. Blend fractions are cleaned up, if 
necessary, by visual examination with a stereo microscope (Wild M7A with an AmScope 
MU1000 video camera). Blend fractions can then be analyzed for hydrophilic compounds 
such as phosphate and other anions (colorimetric) as well as sugars (enzymatic). Phosphate 
in total blend or blend components is easily estimated by water extraction followed by 
dilution and use of a Hanna HR Phosphate Checker. Examples will be given for simple 
blends (3R4F reference cigarette) as as well as complex blends that contain ET, expanded 
stem, and recon.

10:50 AM TUESDAY

50. DETERMINATION OF AMMONIA IN CIGARETTE USING OPTIMIZED ION 
CHROMATOGRAPHY METHOD. YUAN Fei, Zhang Feng, Li WeiQing and Yao Meiyi; 
Chinese Academy of Inspection and Quarantine, Beijing, China

A method based on ion chromatography (IC) was established for the determination of 
ammonia in cigarette. The cigarette sample was ultrasonic extracted with 0.0125mol/L 
H2SO4. After the ultrasonic treatment, samples were centrifuged (10000 r/min,10min) to 
obtain the supernatant. And then the supernatant was cleaned up using GCB solid phase 
extraction prior to ion chromatographic analysis using Dionex IonPacTM CS12A cation 
exchange column with methane sulfonic acid (0.02mol/L) as eluent. The good quadratic 
regression coefficient (r2=0.9995) was achieved for the compound over the range of 
0.5~50mg/L. The limits of determination (LOD) and limits of quantitation (LOQ) were 
0.0016mg/g and 0.0045 mg/g, respectively. The recoveries for the compound in cigarette 
were 90.3%, 89.6% and 92.5% at the three fortified levels. The relative standard deviations 
(RSD) of the three fortified levels for the compound were 4.1%, 2.8% and 3.3%.

11:10 AM TUESDAY

51. CHANGES IN GLYCOSIDE COMPOSITION IN TOBACCO LEAF AFTER 
HARVEST. Atsushi NAGAI; Japan Tobacco Inc., Yokohama, Japan

Glycosides are naturally occurring compounds that are widely distributed in the plant 
kingdom. Glycosides in tobacco leaf have attracted attention for their roles not only as 
physiologically active substances during growth of the tobacco plant, but also as aroma 
precursors during smoking. Several studies on qualitative and quantitative analysis of 
tobacco glycosides have been reported. The analyses have been based mainly on indirect 
analysis through hydrolysis followed by detection of aglycone, or on direct analysis of 
glycosides using a tandem MS system. Although the composition of tobacco glycosides 
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has gradually become clear, there are still unclear points, such as an explanation for the 
differences among leaf types. This study is intended to elucidate an influential factor of 
glycoside composition in tobacco leaf.

Since reported analytical method has a need to be improved due to lack of accuracy, this 
study focused first on such an improvement. Glycosides in tobacco extract were detected 
and partially determined by neutral loss scan, using an LC/MS/MS system in combination 
with an enzyme treatment. Most peaks appeared at a neutral loss offset of m/z162. An 
enzyme treatment was carried out to improve the accuracy of judgment of whether the 
detected peaks definitely originated from glycosides. More than 30 peaks originating from 
glycosides were detected. After developing a semi-quantitative analytical method which 
aimed to the peaks, the glycoside in various leaves was profiled. Significant differences were 
observed among the leaves, especially between fresh and cured leaves. A dynamic analysis of 
glycoside profiles during curing was conducted to reveal the reason for the difference, and 
this showed that some glycosides significantly increased after harvest.

Papers 52 and 53 were withdrawn. 

11:30 AM TUESDAY

54. DETERMINATION OF 9 AROMATIC AMINES IN MAINSTREAM SMOKE BY 
DISPERSIVE LIQUID PHASE MICROEXTRACTION AND GAS CHROMATOGRAPHY 
MASS SPECTROMETRY. DENG Huimin, Li Zhonghao, Yang Fei, Fan Ziyan, Heng 
Yingying, Jiang Xingyi, Tang Gangling and Hu Qingyuan; China National Tobacco Quality 
Supervision and Test Center, Zhengzhou, China

A new method for the rapid and simultaneous determination of nine aromatic amines in 
mainstream cigarette smoke by dispersive liquid phase microextraction (LPME) coupled 
with gas chromatography/mass spectrometry (GC/MS) was developed. The measured 
aromatic amines included o-toluidine, m-toluidine, p-toluidine, 2,6-dimethylaniline, 
o-anisidine, 1-naphthylamine, 2-naphthylamine, 3-aminobiphenyl and 4-aminobiphenyl. 
The extraction solvent and the derivitization reagent employed were optimized. Under the 
optimal conditions, the aromatic amines trapped in a Cambridge filter pad was extracted 
with HCl solution, the pH of the extract was adjusted to 12-13 by NaOH solution. Then, 
toluene was added to further extract the free aromatic amines by LPME. After derivitization 
with heptafluorobutanoic anhydride, the extract was purified with a commercial d-SPE 
cleanup kit, and was finally analyzed by GC/MS. In this method, the sample pretreatment 
process was significantly simplified, the limits of detection for all aromatic amines ranged 
from 0.03 ng/cig to 0.08 ng/cig with relative standard deviations ranged from 0.2% to 9.6%, 
the recoveries was from 73.3% to 124.5%, thus providing an effective approach for rapidly 
and simultaneously detection of aromatic amines in mainstream cigarette smoke.
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TUESDAY MORNING, SEPTEMBER 20, 2016

SESSION B – Human & Biological Studies

9:00 AM TUESDAY

55. CHARACTERIZATION OF PUFF TOPOGRAPHY DURING 8-HOURS OF AD 
LIBITUM USE OF MARKTEN® E-VAPOR PRODUCTS. Jeffery EDMISTON1, Yuxi 
Zhao2, Qiwei Liang1, Andrea Vansickel1, Jianmin Liu1 and Mohamadi Sarkar1; 1Altria Client 
Services, LLC, Richmond, VA USA and 2Eurofins Lancaster Laboratories PSS, c/o Altria 
Client Services, Richmond, VA USA

Introduction: The purpose of this study was to characterize the puff topography variables 
following use of MarkTen® electronic cigarettes by adult conventional cigarette smokers 
[CS], adult cigarette and e-vapor dual users [DU] and adult exclusive e-vapor users [EV]. 
Method: Generally healthy CS (n=30, both classic and menthol users), DU (n=30) and 
EV (n=30) were enrolled in the study (53% male). Each participant used their preferred 
flavor with a previously validated SODIM Smoking Puff Analyzer-Mobile (SPA-M) device 
for 8 hours in a confined clinical setting. Puff topography was recorded with the SPA-M 
and analyzed using SODIM SodAfc software. Each device consisted of a battery (3.7 volts) 
and cartridge containing propylene glycol, glycerol, flavors and 2.5% by weight USP grade 
tobacco derived nicotine (approximately the size of a King Size traditional cigarette). 
Results: Overall (n=90), the mean values over the 8 hours were: puff count 141 (SD: 96, First 
Quartile (Q1): 85, Third Quartile (Q3): 172) puff volume 58.77 ml (SD: 23.63, Q1: 41.96, 
Q3: 69.98), puff duration 3.13 sec. (SD 1.44: Q1: 2.18, Q3: 3.78), flow rate 20.5 ml/sec (SD: 
5.75, Q1: 17.49, Q3: 23.68) and inter puff interval (IPI) 75.24 sec. (SD: 39.88, Q1: 49.13, Q3: 
89.68). The rank order for the mean topography parameters for each of the subpopulations 
were as follows: total puff counts, mean puff volume and puff duration were CS<DU<EV; 
mean flow rates and IPI were CS>DU>EV. The variability (CV%) was relatively large with 
inter-subject variability ranging from 26-46% and intra-subject variability ranging from 
32-51% for puff count, puff volume and puff duration. The variability was much larger for 
inter puff interval (60-182%). Conclusions: These results suggest that, on average, EV used 
MarkTen® e-vapor devices differently than CS or DU, with EV taking longer slower puffs 
with larger volumes. The topography variables were highly variable. 

9:20 AM TUESDAY

56. RANDOMIZED CONTROLLED TRIAL METHODOLOGICAL CONSIDERATIONS 
FOR EVALUATING EXPOSURE FROM CIGARETTES AND E-VAPOR PRODUCTS 
USE UNDER AD LIBITUM AMBULATORY CONDITIONS. Jeffery EDMISTON1, Yuxi 
Zhao2, Qiwei Liang1, Jianmin Liu1, Cheryl Duhon1 and Mohamadi Sarkar1; 1Altria Client 
Services, LLC, Richmond, VA USA and 2Eurofins Lancaster Laboratories PSS, c/o Altria 
Client Services, Richmond, VA USA 

Introduction: The purpose of this study was to understand methodological considerations 
for a randomized controlled trial (RCT) designed to evaluate exposure and product use in 
adult smokers (AS) using e-vapor products under ad libitum conditions. Method: AS (age 
21-65) included in this study were generally healthy, smoked 10 or more cigarettes per day 
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(CPD) and were not intending to quit in the next 30 days. Participants were allowed to try 
the test products (MarkTen® e-cigarettes, Menthol and Classic {1.5% by weight USP grade 
tobacco derived nicotine, 3.7 volt battery, approximately the size of a King Size traditional 
cigarette}) and complete purchase interest and product flavor ranking questionnaires. 
Participants that indicated they “might/might not”, “probably” or “definitely” would buy 
the test product were enrolled into the study. After one week of baseline assessments, 148 
participants were randomized into Control Group (CG, n=45) or Test Group (TG, n=103) 
for a 4-week product use period. Participants in the TG were allowed to use their higher 
ranked test product based on flavor preference and their own cigarettes ad libitum; the 
CG continued smoking their own cigarettes ad libitum. CPD and MarkTen® test product 
use were tracked daily with an Interactive Voice Response System (IVRS). Blood and spot 
urine samples for biomarkers of exposure (BOEs: NNAL, Nicotine Equivalents, COHb) 
were collected at weekly afternoon clinic visits. Results: On average, by the end of the study, 
participants in the TG used approximately one MarkTen® cartridge per day [range: 0-8] and 
their CPD change from baseline (-18.5%) was statistically significantly different compared 
to the CG (+4.29%) (p<0.0001). Approximately 15% of the TG reduced their average CPD 
by 50% or more (3 participants reported 100% reduction in CPD) for the last week of the 
study compared with no participants in the CG. Although all BOEs tended to be lower in 
the TG compared with the CG, none of the differences was statistically significant (p<0.05) 
and high inter-subject variability was observed in all BOEs (CV range: 37.7-107%). On 
average, subjects in the TG that indicated they “definitely” would buy the test products 
(n=26) used more cartridges per day (1.4 cartridges per day) and reduced their CPD more 
(-4.39 CPD) compared to subjects that indicated they “probably” (n=44, 0.92 cartridges 
per day, -3.24 CPD) or “might/might not” (n=27, 0.81 cartridges per day, -1.66 CPD) buy 
the test products. Conclusions: These results suggest that, on average, AS (who are not 
intending to quit smoking) reduce their CPD when using MarkTen® e-cigs and three AS 
even stopped smoking while using MarkTen® e-cigs. In addition, questionnaires related to 
purchase interest and flavor preference may help identify subjects that are more likely to 
adopt and regularly use the test products under ad libitum ambulatory conditions in a RCT 

9:40 AM TUESDAY

57. BIOMARKERS OF COMBUSTION-RELATED TOXICANTS DECREASE AFTER 
SMOKERS SWITCH TO AN ELECTRONIC CIGARETTE. Elaine K. ROUND, Peter Chen, 
Anthony K. Taylor and Eckhardt Schmidt; RAI Services Company, Winston Salem, NC USA

The aerosol produced from electronic cigarettes (ECs) is significantly less complex and 
contains far fewer toxicants than combustible cigarette (CC) smoke. Limited work to date 
has explored changes in biomarkers of combustion-derived toxicants after smokers switch 
to ECs. We present results from a randomized, parallel group clinical study that enrolled 
current smokers to switch to an EC or nicotine gum while in clinic. Subjects smoked their 
usual brand CCs ad libitum during a baseline period, after which they were randomized 
to ad libitum use of either a VUSE EC (Original or Menthol) or 4 mg nicotine gum for 
five days. Biomarkers of 23 toxicants typically associated with CC smoking were measured 
in 24-hour urine samples, plasma, and whole blood collected at baseline and on Day 5 
following product switch. Average total nicotine equivalents decreased ~38% among 
smokers switched to an EC and decreased ~62% among smokers switched to gum. Average 
non-nicotine biomarker levels decreased approximately 30-99% in subjects switched to 
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an EC. Furthermore, these decreases were similar to the decreases observed in subjects 
switched to nicotine gum. The biomarker results presented here demonstrate that subjects 
switched to ECs and subjects switched to nicotine gum have comparably reduced exposure 
to cigarette smoke toxicants. Nicotine exposure is also reduced in both groups, but to a 
lesser extent among those subjects switched to ECs.

10:30 AM TUESDAY

58. MASS MEDIA AND TOBACCO IN BANGLADESH: AN INVESTIGATION ON 
THE ROLE OF MASS MEDIA IN THE LIGHT OF TOBACCO CONTROL. Tahsina 
SADEQUE1 and Kapil Ahmed2; 1Somoy Media Ltd, Dhaka, Bangladesh and 2Bangladesh 
Center for Communication Programs, Dhaka, Bangladesh

The tobacco epidemic is one of the biggest public health threats the world has ever faced. 
Tobacco use is a widespread phenomenon in Bangladesh and that causes numerous 
deaths and disabilities in a year. The studies conducted elsewhere have strengthened the 
evidence that mass media campaigns conducted in the context of comprehensive tobacco 
control programs can promote quitting and reduce smoking, as well as smokeless tobacco 
prevalence. Awareness building campaigns in mass-media against tobacco use should 
be prioritized more and this paper will be an initiative towards enhancing mass-media’s 
role in controlling tobacco in Bangladesh. Objective: the main objective of this study is to 
investigate the role of mass-media in controlling tobacco in Bangladesh. Methods: This is a 
qualitative study and both primary, as well as secondary data were used where information 
gathered through the Key Informant Interviews (KIIs) and media contents. The employees 
of media houses (five national papers, two online news portals and six TV channels) were 
selected as study respondent. Media Content Analysis is used through the broad range of 
‘texts’ from transcripts of interviews and discussions along with the materials like reports, 
footages, advertisements, talk-shows, articles etc. Results: The study result documented 
several opinions of discussants where Mass media was found to play a strong role in 
support of the amended tobacco control law and its implication that could be created 
public support against tobacco farming, exposing to companies’ tactics and other tobacco 
control activities. The study results also revealed that in controlling tobacco supply and 
demand effectively, media has been assisting the government and anti-tobacco activities 
productively. Majority of the Key Informants opined spontaneously on tobacco control 
program publicity, organizational interference, and influence of other activities on media. 
They also emphasized role of media for activities of anti-tobacco organizations, awareness 
building actions, popularization of tobacco control law and its amendment. Conclusion 
and recommendation: The study shows evidence that mass media coverage of tobacco 
control issues is influencing the context of comprehensive tobacco control programs. 
To reduce tobacco consumption, along with strict enforcement efforts, media should be 
used to assist with the implementation of the tobacco control law. A sustained nationwide 
campaign to educate the masses against the dangers of smoking and smokeless tobacco 
is needed and media can play an important role in creating further awareness about the 
dangers associated with tobacco consumption.
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10:50 AM TUESDAY

59. DETERMINATION OF NICOTINE AND ITS METABOLITES IN RAT BRAIN 
USING MICRODIALYSIS COUPLED WITH UHPLC-Q-EXACTIVE HIGH 
RESOLUTION MASS SPECTROSCOPY. MAO Jian, Lu Binbin, Li Peng, Liu Junhui, Zhang 
Wenjuan, Hong Guangfeng, Huo Xiankuan and Sun Shihao; Zhengzhou Tobacco Research 
Institute of CNTC, Zhengzhou, China

In order to accurately determine nicotine (Nic) and its metabolites in rat brain, a method 
of microdialysis coupled with ultra high performance iquid chromatography-high 
resolution quadrupole-Orbitrap (UHPLC-Q-Exactive) mass spectrometry was established. 
Microdialysis probes were inserted into the brain striatum of Wistar rats, and dialysates 
were collected every 15 min after nicotine (1.5 mg/kg, i.p.) administration. Target analytes 
were separated on a hydrophilic interaction liquid chromatography column (HILIC 3.0 
×150 mm, 2.7 µm) and detected by Q-Exactive under Full MS / Targeted-MS2 mode. The 
results showed that Nic access to brain tissues could generate eleven metabolites such as 
cotinine (Cot), nicotine-N’-oxide (NNO), nornicotine (NorNic), cotinine-N-oxide (CNO), 
norcotinine (NorCot), trans-3’-hydroxycotinine (OH-Cot), nicotine-N-glucuronide (Nic-
Gluc), cotinine-N-glucuronide (Cot-Gluc), trans-3’-hydroxycotinine-O-glucuronide (OH-
Cot-Gluc), 4-oxo-4-(3-pyridyl)-butanoic acid (OxPyBut) and 4-hydroxy-4-(3-pyridyl)-
butanoic acid (HyPyBut). The limits of detection of Nic and its metabolites ranged from 
0.012 to 0.081 ng/mL and the intra-day precision ranged from 1.19 % to 9.20% with the 
accuracy of -8.77% to 8.61%. The brain concentration-time profiles of nicotine metabolites 
and pharmacokinetic results indicate that cotinine is generated as the main metabolite and 
the second most abundant metabolites were OH-Cot and Nic-Gluc; meanwhile, the other 
eight metabolites were present in minor amounts in rat brain. The method is suitable 
for the simultaneous analysis of Nic and its metabolites in rat brain for pharmacokinetic 
application.

11:10 AM TUESDAY

60. A PROPOSED BRIDGING APPROACH FOR THE ASSESSMENT OF NOVEL 
TOBACCO PRODUCTS. Ian M. FEARON, James J. Murphy, Marianna Gaca, Oscar 
M. Camacho, Krishna Prasad and Christopher Proctor; British American Tobacco 
(Investments) Limited, Southampton, UK 

Novel tobacco and nicotine products, including e-cigarettes and heated tobacco products, 
have rapidly increased in popularity over the last 5 years and this has mainly been driven 
by rapid innovation with new products and e-liquids introduced to the market place that 
have constantly evolved to meet smokers’ needs. Potential frameworks for assessing the 
individual- and population-level risks associated with the introduction and use of these 
products have been developed, most notably in the recent issuing of the final ‘deeming’ 
regulations and pre-market tobacco application (PMTA) guidance by FDA. These mandate 
the submission of a data package concerning the health effects of a novel product prior 
to their approving it for sale. The conundrum that regulators, public health scientists and 
product manufacturers now face is to keep innovating and improving novel products to 
ensure that smokers start to use and keep using these new products, while allowing their 
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timely safety assessment and approval. In this presentation we will outline a ‘bridging’ 
strategy, based on other FDA/global regulatory approaches such as that for pharmaceutical 
‘biosimilars’, which would facilitate the assessment of a potentially reduced risk product. 
We propose that this can be achieved by the building of a comprehensive foundational 
data set on the ‘reference’ product which would substantiate risk reduction and then a 
smaller, more focused set of tests which would be performed on the ‘similar’ that would 
allow demonstration of similarity and thus bridge the data from the original variant 
to subsequent variant. We will present data from a variety of areas we suggest as being 
necessary to enable bridging from one product to another.

11:30 AM TUESDAY

61. SCIENCE BASED APPROACHES FOR DIFFERENTIATING TOBACCO PRODUCT 
CLASSES. Gaddamanugu L. PRASAD; RAI Services Company, Winston-Salem, NC USA

Biomarkers of exposure and potential effect/harm are important tools for assessing the 
health effects of different product classes. Here we present a biomarker-based approach 
for differentiating the effects of cigarettes and moist snuff (used as representative of non-
combustible tobacco products). 

In a cross-sectional study consisting of exclusive smokers (SMK), non-tobacco consumers 
(NTC) and moist snuff consumers (MSC) several candidate biomarkers that map to 
different pathways, and several global “omic” profiles were assessed in matching biological 
samples. With the exception of exposure to nicotine and TSNAs, exposure of MSC to 
combustion by-products was significantly reduced compared to SMK and was comparable 
to NTC. SMK exhibited higher levels of biomarkers of oxidative stress, inflammation and 
lipid metabolism, relative to MSC and NTC; biomarkers were similar in the latter two 
cohorts. Further, higher white blood and T (CD2+ve) cell counts, and lower NK cell counts 
were detected in SMK, relative to MSC and NTC.

Global metabolomic profiles from plasma, saliva and urine were useful in accurately (>80%) 
discriminating the cohorts. SMK exhibited differentiating metabolites indicating altered 
oxidative stress, inflammation, xenobiotic metabolism, glucose and energy metabolism, 
among others. Nicotine metabolites appear to drive the accuracy of discrimination of MSC 
and NTC in the classification model. Further, data from epigenomic, transcriptomic and 
proteomic profiles also indicate that SMK could be distinguished from the NTC and MSC 
cohorts.

In summary we show that SMK exhibit more pronounced perturbations in different 
biological pathways, whereas MSC and NTC resemble each other. Strengths of this 
study include identification of novel differentiating biomarkers for the MSC and further 
qualification of potential smoking-related biomarkers. Thus, multidisciplinary approaches 
are valuable in differentiating diverse tobacco product classes.
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TUESDAY AFTERNOON, SEPTEMBER 20, 2016

SESSION A – E-Cigarettes II

2:20 PM TUESDAY

62. FTIR METHOD FOR E-CIGARETTE AEROSOL CHARACTERIZATION. Falk 
RADTKE, Anna Susz, Roberto Monni, Andree Stoop, Jan Verbeeck and Serge Maeder; Philip 
Morris International, Research & Development, Philip Morris Products S.A., Neuchâtel, 
Switzerland

The global electronic cigarettes (e-cig) market and product variety is expected to continue 
growing over the next years. This growth is being accompanied with interest in methods 
to compare different products for many reasons, including potential future regulations for 
example. Thus to screen and assess a large portfolio of e-cigarettes and e-liquids there is 
a strong need for rapid aerosol characterization methods as an alternative to the classical, 
time consuming aerosol collection and analysis methods. For this purpose an on-line 
puff-by-puff liquid aerosol characterization method has been developed to quantify key 
e-cigarette aerosol constituents using Fourier Transformed Infrared (FTIR) spectroscopy.

The experimental setup is composed of three main parts: 1) a programmable single 
syringe aerosol generation pump, 2) a transfer section with a heated pump and heated 
tubes, and 3) a Gasmet™ FTIR spectrometer. For all investigations, aerosol was generated 
in accordance with the Coresta recommended e-cigarette puffing protocol. The measured 
overall IR spectral response of the aerosol mixture was deconvoluted and matched online 
with reference calibration spectra in order to obtain the concentration in µg/L for water, 
propylene glycol, glycerol, and nicotine with a time resolution of 3 sample points per 
second.

In a first comparative study, aerosols of different liquid compositions were investigated 
using a commercially available e-cigarette. FTIR results were benchmarked against (i) 
liquid formulation (mass ratios) (ii) classical aerosol collection on filter followed by GC/
Karl Fischer analysis of the filter extract (yields/50 puffs) (iii) e-cigarette device mass loss.

After calibrating the response of the system for the puff-to-puff aerosol dynamic FTIR 
results showed a very good agreement with the liquid formulation data and the analysis 
results from classical aerosol collection on filter. It is demonstrated that this method allows 
a simple and fast in depth product performance assessment on a puff-to-puff basis to 
investigate product yields including end of battery or end of liquid situations.

2:40 PM TUESDAY

63. CHANGES IN E-CIGARETTE AEROSOL DURING TRANSPORT FOR 
TOXICOLOGY STUDIES. Ian TINDALL, Colin Jones and Akinwande Cole; Cerulean, 
Milton Keynes, UK

Emerging regulation of e-cigarettes may require that cell cultures and the like are exposed 
to whole e-cigarette aerosols. Part of the mechanics of this process involves first the 
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generation of the aerosol and then the transport to the exposure system, the desire being 
that the aerosol used on the cell culture to be substantially similar to that generated at the 
mouth end of the e-cigarette. An ideal puffing system was constructed and its performance 
explored using a number of different “cig-a-like” products A to G. 

Firstly, the mass lost in the system was examined and then the change in aerosol droplet size 
distribution through the puffing process. Brand to brand differences were observed as were 
differences associated with the experimental set up and puffing parameters. Mass losses 
through the equipment were surprisingly low, between 3% and 7% by weight of the total 
being retained in the system. A “priming” process was observed where losses diminished 
with puffing.

Aerosol droplet size distribution varies on the basis of brand and puffing conditions at the 
mouth end of the e-cigarette and this has an observed impact on droplet size distribution at 
the exhaust of the system. When the median droplet diameter exceeded a defined size there 
was a noticeable loss of larger droplets through the system. Where the median distribution 
was below this limit, the distribution of droplets at the exhaust was largely maintained 
unless the exhaust path was lengthened where upon an increase in larger droplets was 
observed presumably due to inelastic droplet/droplet collisions within the exhaust path. 

The significance of these findings is discussed in the context of equipment design for use 
in nonclinical studies. 

3:00 PM TUESDAY

64. ANALYSIS OF 21 CARBONYL COMPOUNDS IN E-LIQUIDS AND E-AEROSOLS 
BY GAS CHROMATOGRAPHY-MASS SPECTROMETRY AFTER PFBHA 
DERIVATIZATION. Mingliang BAO, Peter Joza and William Rickert; Labstat International 
ULC., Kitchener ON, Canada

The quantification of carbonyl compounds in e-liquids and e-aerosols is an important tool 
for the evaluation of new products, in order to explore ways to reduce emissions and estimate 
potential exposure. In response to this need, a simple and selective gas chromatography-
mass spectrometry (GC-MS) method has been validated, allowing for the simultaneous 
analysis of 21 carbonyl compounds in e-aerosols and e-liquids utilizing an o-(2,3,4,5,6-
pentafluorobenzyl)-hydroxylamine hydrochloride (PFBHA) derivatization. The carbonyl 
compounds studied include formaldehyde, acetaldehyde, acetone, propionaldehyde, 
acrolein, isobutyraldehyde, n-butyraldehyde, methyl ethyl ketone (MEK), methyl vinyl 
ketone (MVK), crotonaldehyde, glycoaldehyde, acetol, glyoxal, methylglyoxal, hexanal, 
benzaldehyde, acetoin, 2,3-butanedione (diacetyl), 2,3-pentanedione (acetyl propionyl), 
2,3-hexanedione, and 2,3-heptanedione.

For e-liquids, a 0.5g sample was diluted with water and derivatized with PFBHA. For 
e-cigarette aerosols, carbonyls were collected by passing the aerosol through a 44mm glass 
fiber filter pad into a cryogenic trap (≤ 35°C) containing 20mL of acetonitrile. The pad 
was extracted with the trapping solution. 1mL of the extract was diluted with water and 
derivatized with PFBHA. The PFBHA derivatives were then extracted into toluene and 
analyzed by GC-MS in selected ion monitoring (SIM) mode.
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This method featured higher sensitivity and specificity. Most of investigated carbonyl 
compounds can be analyzed at levels below 0.1µg/g for e-liquids and 1.0µg/collection 
for e-aerosols. The method showed good linearity over two orders of magnitude of 
concentration. The accuracy and precision of the method were evaluated using fortified 
e-liquids and e-aerosols. Multiple deuterated carbonyl compounds were added as internal 
standards to improve accuracy and precision. The mean recoveries from various fortified 
e-liquids and e-aerosols ranged from 84 and 119% and the precision (CV) below 18% for 
all analytes. This validated method provides an accurate and robust means to quantify 21 
carbonyl compounds in a broad range of e-liquids and e-aerosols.

3:20 PM TUESDAY

65. DETERMINATION OF 2,3-BUTANEDIONE, 2,3-PENTANEDIONE, AND 
ACETOIN IN ELECTRONIC CIGARETTE FORMULATIONS AND AEROSOLS BY GAS 
CHROMATOGRAPHY-MASS SPECTROMETRY. Matt S. MELVIN, Jason W. Flora and 
Karl A. Wagner; Altria Client Services, Richmond, VA USA

The presence of the flavor compounds, 2, 3-butanedione (diacetyl), 2,3-pentanedione 
(acetyl propionyl), and acetoin in electronic cigarette (e-cigarette) formulations and 
aerosols has been reported in scientific literature. Several methods of analysis for these 
compounds have been reported in the literature that rely upon sample derivatization 
with either 2,4-dinitrophenyl hydrazine (DNPH) or o-pentafluorobenzyl hydroxylamine 
(PFBHA). The purpose of this work was to develop a rapid, sensitive, and reproducible 
method for the quantitation of these compounds that does not rely upon complex 
derivatization chemistry. Samples were prepared using a simple bi-phasic extraction prior 
to analysis by GC-MS. The method demonstrated acceptable linearity for all compounds 
over a concentration range of 0.01 µg/mL to 1.8 µg/mL with coefficients of determination 
greater than 0.995. The accuracy of the method was demonstrated through recovery studies 
of fortified formulations and aerosols resulting in recoveries between 80 % and 120% 
for all analytes. The sensitivity of the method was also evaluated and the method limit 
of quantitation was determined to be 0.33 µg/g of formulation and 0.67 µg/g of aerosol 
or 4 ng/puff (55 cc puff, 5 second duration). The results of the validation indicated that 
the developed method was fit for purpose for the analysis of the analytes in e-cigarette 
formulations and aerosols. 

4:10 PM TUESDAY

66. COMPUTATIONAL MODELING OF E-VAPOR AEROSOL DYNAMICS AND 
DEPOSITION IN RESPIRATORY TRACT. Ali A. ROSTAMI1, Nicolas Castro1, Yezdi B. 
Pithawalla1, Michael J. Oldham1, Weiling Li1, JingJie Zhang2 and Yu Feng3; 1Altria Client 
Services LLC, Richmond, VA USA, 2Lancaster Laboratories, c/o Altria Client Services LLC, 
Richmond, VA USA and 3Oklahoma State University, Stillwater, OK USA 

It is important for risk assessment of e-vapor products to understand: (1) how much of 
each aerosol constituent is deposited in the buccal cavity, upper and lower respiratory 
tracts? and (2) in what form (vapor or liquid) each aerosol constituent is deposited? It 
is extremely difficult to answer these questions in vivo or in human clinical studies, 
especially considering all possible variations in e-vapor products, e-liquid compositions, 
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and individual usage behavior. A three-dimensional computational fluid dynamics 
model, using particle tracking approach, has been developed to estimate the vapor and 
particle deposition rates in the buccal cavity and upper respiratory tract (URT). Vapor-
particle interactions, thermodynamic effects, airway humidity, particle growth, and all 
key deposition mechanisms are accounted for in the computational model. Parallel to 
the computational method, a physical model of the buccal cavity and URT was used to 
measure particle growth and vapor and particle deposition. The internal surface of the 
physical model was kept saturated with water to simulate wet respiratory tract walls. The 
computational model prediction of particle growth and nicotine deposition compared well 
with the data measured from the physical model. Sensitivity analyses were performed using 
the computational model, to estimate the effects of various parameters on the deposition 
fraction. Results of the sensitivity analysis showed that mouth hold time has a strong effect 
on the deposition fraction in the buccal cavity. Results from computer simulation models 
can inform risk assessments and strengthen the scientific understanding of respiratory tract 
deposition patterns expected from inhaled e-vapor aerosols.

4:30 PM TUESDAY

67. AN EVALUATION OF ELECTRONIC CIGARETTE FORMULATIONS AND 
AEROSOLS FOR HPHCS TYPICALLY DERIVED FROM COMBUSTION. Karl 
WAGNER, Regina M. Ballentine, Anthony P. Brown, Jason W. Flora, Xiaohong (Cathy) Jin 
and Matt S. Melvin; Altria Client Services, Richmond, VA US

In May 2016, the U.S. Food and Drug Administration (FDA) published draft guidance 
entitled Premarket Tobacco Product Application for Electronic Nicotine Delivery Systems. 
In this document, FDA recommends reporting the quantities of designated Harmful and 
Potentially Harmful Constituents (HPHCs) in e-cigarettes and formulations (e-liquids). 
This list contains both tobacco derived constituents such as nicotine and tobacco-specific 
nitrosamines (TSNAs) and combustion related constituents such as benzo[a]pyrene (B[a]
P) and benzene. E-cigarette formulations and aerosols are known to contain trace levels 
of tobacco derived constituents; however, combustion related HPHCs are not likely to be 
found due to the relatively low operating temperatures of an e-cigarette relative to a tobacco 
cigarette. The objective of this work was to utilize highly sensitive and selective methods 
to determine if three classes of combustion related HPHCs were detectable in e-cigarette 
formulations and aerosols. These compounds include three aromatic amines, five volatile 
organic compounds, and B[a]P. Results from a set of internally prepared reference 
products and commercially available e-cigarettes and formulations will be presented. 
The observations from our analysis demonstrate that these compounds are not present at 
measurable levels in e-cigarette formulations or aerosols. FDA may want to consider results 
from this and other studies as it makes decisions regarding inclusion of such compounds in 
a potential HPHC list for e-cigarettes. 
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4:50 PM TUESDAY

68. DO TEMPERATURE REGULATED E-CIGARETTES PREVENT THE FORMATION 
OF THERMAL DECOMPOSITION PRODUCTS UNDER DRY WICK CONDITIONS? 
I. Gene GILLMAN and Kathy E. Humphries; Enthalpy Analytical, Durham, NC USA 

The study objective was to determine if temperature regulated e-cigarette (TR-EC) devices 
could reduce the formation of thermal decomposition products under simulated “dry 
wick” conditions. Three different TR-EC devices were evaluated under two conditions: 1) 
Aerosol samples were collected under normal conditions with a full tank of e-liquid. 2) 
Aerosol samples were collected under simulated “dry wick” conditions in which the e-liquid 
was removed from the tank prior to collection. For comparison, samples were also collected 
from non-TR-EC devices under the same two conditions. Aerosol samples were collected 
with all TR devices set to 230°C using an analytical smoking machine set to deliver a 55 
mL puff with a four second duration. Aerosol samples were analysed for the production of 
formaldehyde, acetaldehyde, and acrolein under each condition. These results were used to 
estimate daily exposure to formaldehyde, acetaldehyde, and acrolein from EC aerosols and 
were compared to estimated exposure from consumption of cigarettes and to occupational 
and work place limits. All devices yielded low levels of aldehydes under normal, full tank, 
conditions. However, the two non-TR-EC devices produced higher levels of aldehydes under 
simulated “dry wick” conditions. The ability of the TR-EC devices to limit the formation 
of thermal decomposition products under “dry wick” conditions varied greatly between 
the devices. A comparison between the TR and non-TR devices will be presented along 
with information on how coil construction may affect the ability of TR devices to limit the 
formation of thermal decomposition products under “dry wick” conditions.

TUESDAY AFTERNOON, SEPTEMBER 20, 2016

SESSION B – Design Characteristics, Regulation & Quality

2:20 PM TUESDAY

69. PAPER FILTERS – THE INFLUENCE OF DIFFERENT PAPER COMPOSITIONS 
AND PAPER PROPERTIES ON FILTRATION EFFICIENCY AND PRESSURE DROP. 
Stefan BACHMANN, Maria Gleinser and Dietmar Volgger; delfortgroup AG, Traun, Austria 

Smoke yields, smoke composition and the taste of a cigarette can be modified by changing 
different parts of the cigarette, especially the different filter design. Cellulose acetate is 
currently the most common material for cigarette filters, but also other materials, such 
as paper, are available with different filtration properties. The overall filtration efficiency 
is usually controlled by the filter material as well as the pressure drop. Paper filters tend 
to have higher filtration efficiency than cellulose acetate filters at the same pressure drop.

This study investigates the impact of the fibre type and paper properties, especially 
air permeability and thickness, on pressure drop and filtration efficiency. In a first step 
papers with different fibre types and paper properties were produced. Then filters were 
manufactured from the papers and cigarettes were produced using these filters. The 
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filtration efficiency for tar or nicotine in % was determined by measuring nicotine or the 
retained particular phase of tar on the cambridge filter pad divided by the total nicotine or 
particular phase for NFDPM (cambridge filter pad and cigarette filter).

It was found that at constant filter rod weight different fiber types can increase the pressure 
drop of a filter by 50 mmWG. As a consequence lower paper consumption is needed at the 
same pressure drop. Additionally also the filtration efficiencies for tar and nicotine could be 
influenced by different fibre types. The filtration efficiency could be reduced by approx. 5%. 
Looking at different paper properties by keeping the fibre type constant, the influence of air 
permeability and thickness of the paper was investigated. The results show that at the same 
filter rod weight, air permeability and thickness could vary the pressure drop in a range 
from 200 – 500 mmWG. As a consequence by varying the paper properties it is possible to 
adjust the pressure drop and consequently the filtration efficiency for tar and nicotine from 
30 up to 60 %.

In summary it can be concluded that the fibre type and paper properties such as thickness 
and air permeability have an influence on pressure drop and filtration efficiency and 
thereby allow to fine-tune the design of paper filters.

2:40 PM TUESDAY

70. TEASE TIPPING: TO PROTECT AND TO ATTRACT. Michael LINDNER and 
Markus Gutwald; Tannpapier GmbH, Traun, Austria

The generation of open windows on the Tipping Paper represents a smart way for the 
extraordinary realization of ventilated filter cigarettes. During a sophisticated die-cutting 
process, accurate laser application or mechanical punching technology on the Tipping 
Paper surface provokes the formation of macroscopic perforation holes on the millimeter 
scale with unlimited possibilities in respect of dimensions and geometries. The stabilities 
of hole parameters, air permeabilities and cigarette properties like filter ventilation and 
pressure drop with these open windows are comparable to the standard pre-perforation 
techniques of electrostatic and laser perforation. Cigarettes made with Tease Tipping also 
reveal the same efficiency in ventilation rates and smoke yields reduction as conventionally 
perforated cigarettes due to the controlled, undisturbed air flow through the customized 
ventilation zone. The first target of the present study is to demonstrate Tease Tipping as an 
alternative method for diluting cigarette smoke by means of physical and chemical analysis 
of specifically designed cigarette samples. The second part of this contribution refers to 
visual benefits of window shape variations. Die-cut windows on the Tipping Paper provide 
a perfect view of special cigarette filters like segment, chamber or charcoal filters or filters 
with colored plug wrap paper. As a conclusion, Tease Tipping comprises the outstanding 
option to combine technical cigarette functionalities, compliance with tobacco regulations 
and appealing design features.
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3:00 PM TUESDAY

71. RAPID MEASURING MOISTURE OF TOBACCO USING MICROWAVE 
RESONANCE TECHNOLOGY. Paul JADOT and Andre Tews, TEWS Elektronik GmbH, 
Hamburg, Germany

Measuring moisture in tobacco is a critical component of the verification procedure used 
in any quality assurance laboratory because the presence of water greatly impacts key 
properties of both tobacco and finished cigarettes.

Moisture measurements are performed using several different methods. Some are direct 
measuring methods while others require calibrations. Some methods are selective for water 
while others are influenced by non-water volatiles. Some produce results instantaneously 
and others are lengthier.

Different moisture measurement methods used in tobacco laboratories are presented. The 
microwave resonance measurement is one of these technologies. Its technical and scientific 
principles are explained as are its use, appropriateness and applications in the context of the 
tobacco laboratory. Measuring examples are shown.

3:20 PM TUESDAY

72. ESTIMATION WITH VALUES BELOW THE LIMIT OF QUANTIFICATION. 
Michael MORTON and Kenworth Lion; Altria Client Services, LLC, Richmond, VA USA

For analytes that are present at trace levels, it is common to have a mix of results above 
and below an analytical reporting threshold, such as the analytical limit of quantification 
(LOQ). A determination must be made as to how to treat values below the reporting 
threshold when estimating, for example, the mean and standard deviation of the analyte 
value.

Two common approaches that are employed by some laboratories are either dropping the 
values below the reporting threshold or treating them as zeros. Either approach biases the 
summary results. Dropping results below the threshold biases the summarized value on the 
high side and treating those values as zero biases the results on the low side. 

Several statistical approaches are possible to report trace level analytes, and two of those 
were examined: (1) using the instrumental value even if below the reporting threshold and 
(2) treating the values as censored and using statistical methods for censored data (censored 
data are data values that are only partially known, for example, in this instance, the values 
are treated as only known to be within the interval 0 to LOQ).

These approaches are illustrated with data from a tobacco-specific nitrosamine (TSNA) 
tobacco survey. 

Using the instrumental value or censored data methods can reduce the biases associated 
with the two common approaches listed above. The simpler approach is generally to use the 



70th Tobacco Science Research Conference Population Health Standards for Tobacco Regulation

58

instrumental value even if below the reporting threshold. Most censored data methods are 
much more complicated and may not be applicable in smaller data sets.

4:10 PM TUESDAY

73. QUANTITATIVE RISK ASSESSMENT OF TOBACCO PRODUCTS IN 
SUBSTANTIAL EQUIVALENCE EVALUATIONS. Robinan GENTRY1, Mona S. Gupta2 

and Kristin M. Marano2; 1Ramboll Environ, Monroe, LA USA and 2RAI Services Company, 
Winston-Salem, NC USA

Risk assessment is an important tool used by regulatory agencies to inform decision-making 
by describing potential impact to public health using the available scientific evidence. In 
terms of tobacco product regulation, quantitative risk assessment (QRA) provides a useful, 
practical, and efficient approach to address questions that might arise regarding human 
health risk and potential influence on public health. Specifically, QRA is informative in 
substantial equivalence (SE) evaluations, one of the regulatory pathways for tobacco 
products in the US. In SE reporting, when differences in product characteristics necessitate 
the determination of whether the new product raises different questions of public health, 
the results from QRA are a valuable metric. An approach for QRA in this context is modelled 
after the methodology for risk assessment of chemical mixtures in the US Environmental 
Protection Agency Risk Assessment Guidelines for Superfund (USEPA RAGS). Given the 
intent in both cases is an assessment of the public health impact resulting from the totality 
of exposure to a mixture of chemicals, the applicability is appropriate for products in which 
exposure to multiple chemicals occurs. The QRA process for both environmental or product 
exposure includes the four steps associated with any risk assessment: hazard identification, 
toxicity assessment, exposure assessment, and risk characterization. Additionally, in the risk 
characterization step, additivity of the risk of individual chemicals is assumed in order to 
characterize the totality of chemical exposure/potential risk; ultimately, a comparison of 
risk estimates is made. Although some uncertainties in the information incorporated may 
exist, relying on the most appropriate of the available data increases the confidence and 
decreases the uncertainty in the risk characterization and the overall QRA using this data-
driven methodology.

4:30 PM TUESDAY

74. HOW TO FULFILL STATUTORY REQUIREMENTS ON PRODUCT RELATED 
HEALTH INFORMATION. Samina QURESHI; PSI International, Inc., Fairfax, VA USA

In 2009 Congress passed and President Obama signed the Family Smoking Prevention 
and Tobacco Control Act granting FDA authority over select tobacco products. The three 
Statutory Pathways for new products are Substantial Equivalence Reports, Premarket 
Tobacco Product Application (PMTA) and Modified Risk Tobacco Product Application 
(MRTP). The Act explicitly addressed the requirement of reporting product related health 
information in all three types of applications. The best and most adequate terminology to 
address this is the Medical Dictionary for Regulatory Activities (MedDRA).

MedDRA is in current use by the Pharmaceutical companies in their IND, BLA and 
NDA regulatory applications to FDA. FDA guidance has recommended its use in these 
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applications. There are numerous advantages for tobacco product companies to proactively 
use this terminology in order to become ready to utilize the research data/consumer 
complaint data/product quality data should it become required as for the other regulatory 
submissions. This is a standardized, medically validated terminology used and supported 
by the CDISC standards. It allows grouping of medical and quality concepts for analysis due 
to the hierarchy of the terminology.

Potential uses by manufacturers of tobacco products can be to maintain call centers to 
receive and process consumer complaints/adverse events/manufacturing quality issues 
in MedDRA. This will help lay the framework for future regulatory requirements while 
fulfilling current reporting requirements.

• Capture clinical research data events in standardized terminology
• Capture post marketed product consumer adverse events
• Capture manufacturing quality issues in this terminology and look for trends in 

particular issues

Advantages:
• Maintain data in FDA compliant data standard format
• Have clinically significant data to analyze for quality and adverse event issues
• Utilize the terminology hierarchy for meaningful analysis of aggregate data
• Data can be utilized to support future regulatory applications for substantial 

equivalence (SE), PMTA or Modified Risk Tobacco Product Application.

Currently, FDA reviewers in CDER and CBER review IND’s, NDA’s and BLA’s with data 
utilizing MedDRA terminology. In addition, the recent “Deeming rule” has expanded the 
FDA authority over increased number of products which can also benefit from data capture 
in this terminology.

4:50 PM TUESDAY

75. THE WHAT AND WHY OF MEDDRA. Samina QURESHI; PSI International, Inc., 
Fairfax, VA USA

The Medical Dictionary for Regulatory activities (MedDRA) is currently recommended 
by FDA guidance to be used for both premarket and post market adverse event reporting 
for Drugs and Biologics. In effect this terminology is also used in IND, NDA, and BLA 
submissions. If current trends are followed, this may also be mandated for the tobacco 
industry. The drug and biologic Industry uses the terminology in its clinical trial data 
and safety databases for collection of adverse events. The terminology is a dictionary of 
medically validated concepts of various signs, symptoms, diseases, qualitative laboratory 
findings, surgical procedures, some device related conditions as well as product issues. It is 
organized into a five level hierarchy which goes from very granular to broad. Each level will 
be discussed and the methodology of its application will be highlighted. The application 
of principles in using MedDRA on the aggregate data for analysis and trend reports will 
also be illustrated. The most recent addition of the Product issues terms due to Industry 
feedback will also be discussed with benefits of capturing product quality issues with the 
same terminology. The current use of MedDRA by tobacco manufacturers will be discussed 
as well as applicability for use in call centers and regulatory submissions for new tobacco 
products.
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WEDNESDAY MORNING, SEPTEMBER 21, 2016

COMBINED SESSION –E-Cigarettes III

8:30 AM WEDNESDAY

76. DEVELOPMENT OF A TECHNIQUE FOR THE DETERMINATION OF pH-
VALUES OF AEROSOLS GENERATED BY E-CIGARETTES. John H. LAUTERBACH; 
Lauterbach & Associates, Macon, GA USA

On May 10, 2016, the US Food & Drug Administration (FDA) issued a final rule (so-called 
deeming regulations) that included electronic nicotine delivery systems (ENDS) in the 
definition of tobacco products. Concurrently, the FDA issued a draft guidance entitled, 
“Premarket Tobacco Product Applications for Electronic Nicotine Delivery Systems.” The 
draft guidance stated (Lines 1060-1), “In addition to the constituents, FDA recommends 
that you report the pH of the e-liquids tested and the resulting aerosol. The draft guidance 
also recommended (Line 1097) that “changes in pH” be determined as part of storage 
and stability studies. No methodology was recommended; however, published techniques 
for the determination of e-liquid pH-values have technical problems, including stability 
of observed pH-values and phase separation of the when some e-liquids are diluted with 
the specified quantity of water. Consequently, we have developed a technique for the 
determination of pH-values of aerosols generated by e-cigarettes. This technique is based 
on Health-Canada method T-113 (smoke pH), but uses modified smoke traps (Prism 
Research Glass, Raleigh, NC), nonstandard pH electrodes (Hanna HI1414, HI1292, Hach 
ISFET) to determine aerosol pH. Puffing conditions followed CRM No 81. A Hanna 
HI99171 meter was used with the Hanna electrodes and an IQ Scientific Model 150 meter 
was used with the ISFET electrode. In one series of experiments V2 devices were used with 
V2 Red cartomizers at 0%, 1.2% and 2.4% nicotine. Results were as expected with the 
aerosol from the 0% cartomizer not giving an upward slope, but the nicotine-containing 
aerosols showing the expected responses. Full experimental details, including smoke trap 
modifications and setting pH starting point, and results will be presented.

8:50 AM WEDNESDAY

77. A ROBUST METHOD FOR EVALUATING THE PH OF E-LIQUIDS. F. Kelley ST. 
CHARLES1, Serban Moldoveanu2 and Wayne Scott2; 1St.Charles Consultancy, Lewisville, 
NC USA and 2R. J. Reynolds Tobacco Co., Winston-Salem, NC USA

The measurement of pH is one of the simplest and most common analytical methods 
practiced in the laboratory. The pH-meter is calibrated using certified buffers, the electrode 
is placed in the solution, and if a reading is obtained, the value is used. In reality, pH is 
much more complicated and the equivalency of readings from aqueous and non-aqueous 
solutions cannot be taken for granted. There are a number of physical chemical reasons for 
this which will be described. Besides equivalency, another issue with non-aqueous solvents 
is that small changes in water concentration can lead to large changes in the pH readings. 
With e-liquids, not only are the solvents non-aqueous, but they are also hygroscopic. The 
water content can vary depending on the environment in which they are stored or used. 
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With glycerin, for example, the equilibrium water content can vary from 6% to 27% as 
relative humidity varies from 20% to 60%. The storage and measurement environment can 
lead to high variability in the pH measurement even for a consistent initial formulation 
of the e-liquid. Experiments were performed using simulated and commercial e-liquids 
to find a water dilution level for pH measurements that would be minimally influenced 
by variations in water content. At a 5:1 (w:w) dilution of the e-liquids with water, the 
measured pH becomes insensitive to the initial water content yet still provides information 
regarding the acid-base character. The diluted aqueous solution is also more equivalent 
to the aqueous buffers used for calibration and could potentially be more physiologically 
relevant to e-liquid aerosol deposited in the moist respiratory tract.

9:10 AM WEDNESDAY

78. A DISTRIBUTED COMPUTATIONAL FLUID DYNAMICS (CFD) MODEL FOR 
ESTIMATION OF ROOM AIR LEVELS OF SELECTED AEROSOL CHEMICALS FROM 
EMISSION OF E-VAPOR PRODUCTS (EVP). Ali A. ROSTAMI1, Samuel Agyemang2 and 
Yezdi B. Pithawalla1; 1Altria Client Services LLC, Research, Development and Regulatory 
Affairs, Richmond, VA USA and 2TriMech Solutions LLC, Glen Allen, VA USA

At a 2015 “Electronic Cigarettes and the Public Health” workshop, among other topics, 
the FDA expressed interest in gathering scientific information on: (1) how far can exhaled 
e-cigarette aerosols travel in a confined environment to impact nonusers? and (2) how do 
exhaled aerosol properties impact potential secondhand exposure? To conduct a systematic 
risk assessment of impact on non-users, one would need to estimate the potential range 
of secondhand exposures, resulting from different use scenarios. It is difficult and cost 
prohibitive to estimate the potential exposure ranges using controlled clinical studies, 
especially considering the multitude of possible variations in e-liquid compositions, 
individual usage behavior and indoor space characteristics (size, ventilation, etc.). We have 
developed a distributed model, using CFD and thermodynamics principles that predicts 
aerosol dispersion in indoor spaces. The model includes evaporation and condensation 
of selected chemicals from the dispersed aerosol. The model can dynamically estimate the 
spatial and temporal variations of the room concentration of selected aerosol chemicals. 
Results from the model are in good agreement with published experimental data. Modeling 
results indicate that, in close proximity of the source, concentrations of selected aerosol 
chemicals strongly depend on the distance and orientation of the sampling point with 
respect to the source. The direction of recirculation air within the room also has a strong 
effect on the concentration at the sampling point. The model may be used for estimating 
(a) the exposure level of non-users to selected chemicals in an indoor space where EVPs are 
used & (b) estimate the level of particulate matter and chemicals from EVP use in a variety 
of enclosed spaces (e.g. cars, homes & office settings).
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9:30 AM WEDNESDAY

79. AEROSOLIZATION OF VAPOR PRODUCT CARRIERS FOR CHEMICAL RISK 
ASSESSMENT: BASIC SCIENCE INVESTIGATION OF PROPYLENE GLYCOL AND 
GLYCERIN. D. T. SZABO, A. G. Hudson, E. Theophilus and C. Culbert; RAI Services 
Company, Winston-Salem, NC USA

Propylene glycol (PG) and glycerin (GLY) are both common carriers of active compounds 
and excipients used in aerosol generating vapor products. Characterizing PG, GLY (and 
their mixture) degradation products, leachables, and temperature dependent chemical 
formation in the generated aerosol can support predicting the chemical origins of aerosol 
profiles and help guide the product development process. Mixtures of varying PG and GLY 
ratios, with and without water, were analyzed directly and in the aerosol of a market leader 
tank system. The e-liquids and aerosols were investigated using chromatographic profiling 
(CP) by gas chromatography mass spectrometry (GC-MS) and screened for a targeted list 
of harmful and potentially harmful constituents (HPHC). PG and GLY, individually and 
mixtures, show different and predictable CP degradation products and HPHC profiles. 
E-liquids and associated aerosols also presented different profiles due to the contribution 
of temperature on the aerosolized e-liquid and potential leachable contaminants from the 
vapor device. PG and GLY generated degradants, leachables, and temperature-dependent 
constituent-formation observed from this basic science investigation facilitates the need to 
evaluate carriers and potential ratios with the intended vapor device to support toxicological 
risk assessment for decision making in regulatory submissions.

10:20 AM WEDNESDAY

80. VOLATILE COMPONENTS RELEASE CHARACTERISTICS OF TOBACCO 
SMOKE UNDER HEATING CONDITIONS. ZENG Shitong1, Cui Kai1, Liu Shan1, Tang 
Peipei1, Sun Shihao1, Zong Yongli1, Zhang Jianxun1, Hu Anfu2 and Yang Jun2; 1Zhengzhou 
Tobacco Research Institute of CNTC, Zhengzhou, China and 2China Tobacco Zhejiang 
Industrial Co., LTD., Zhejiang, China

In order to investigate volatile components release characteristics of tobacco smoke under 
heating conditions, seven different tobacco samples including flue-cured tobacco (B2F, C3F, 
X2F), oriental tobacco (B1, B2) and burley tobacco (B2F, C3F) were heated by experimental 
equipment between 200-500°C, and volatile components in smoke particle phase were 
analyzed by GC/MS. The results indicated that total release amount of volatile components, 
and release amounts of aldehydes and ketones, nitrogen containing compounds, aliphatic 
hydrocarbons increased with rise of heating temperature. Release amounts of organic acids, 
furans and pyrans first increased and then decreased with rise of heating temperature, and 
reached a maximum at 400°C for organic acids and at 350°C for furans and pyrans. Release 
amounts of phenols, aromatic hydrocarbons increased with rise of heating temperature, 
and were at a very low level below 300°C, dramaticly increased beyond 300°C, then slowly 
changed beyond 400°C. Ratio of aldehydes and ketones, furans and pyrans in tar were 
relatively higher and ratio of phenols, aromatic hydrocarbons in tar were much lower below 
350°C, but ratio of phenols, aromatic hydrocarbons in tar remarkably increased beyond 
350°C. Change of ratio of aldehydes and ketones, furans and pyrans, phenols, aromatic 
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hydrocarbons could explain the sensory characteristic of tobacco under heating conditions. 
There were significant differences of volatile components release characteristics among the 
three different types of tobacco, but the leaf position had no remarkable influence.

10:40 AM WEDNESDAY

81. GAS - PHASE PERSISTENT RADICALS FROM TOBACCO AND WATER-PIPE 
SMOKES, BIOMASS COMPONENTS PYROLYSIS/OXIDATIVE PYROLYSIS. Lavrent 
KHACHATRYAN, Mohammad Barekati-Gourdazi and Dorin Boldor; LSU, Baton Rouge, 
LA USA

The general nature, origin of the Environmentally Persistent Free Radicals (EPFR) from 
tobacco smoke (TS), water- pipe smoke (WPS, or hookah smoke) as well as from pyrolysis/
oxidative pyrolysis of biomass major components – lignin and cellulose – is presented. The 
results revealed that newly detected gas-phase radicals from WPS main stream are similar 
in general character with the radicals from TS, as well as to radicals detected from pyrolysis 
of lignin and cellulose. The common feature of EPFRs from TS, WPS and pyrolysis of 
biomass components suggests opening of new avenues for studying the environmental and 
biological impacts of harmful free radicals and their influence on overall toxicity. 

We hypothesize these persistent free radicals, particularly in a condensate (tar) from TS or 
WPS may form by stabilization on heavy metal surfaces (Cr, Pb, Ni, Co) found commonly 
in high concentration, especially in WPS. This hypothesis was tested using surrogate 
radicals prepared by adsorption of various aromatic precursors, such as phenol, substituted 
phenols, hydroquinone, catechol (found in relatively large amounts in TS and WPS) on the 
metal oxide surfaces.

11:00 AM WEDNESDAY

82. SIMULTANEOUS DETERMINATION OF NICOTINE, 1,2-PROPYLENE GLYCOL 
AND GLYCEROL IN E-LIQUIDS BY GAS CHROMATOGRAPHY METHOD. CAI Junlan, 
Chen Li, Wang Bing, Peng Bin, Yu Jingjing, Cui Huapeng, Zhang Xiaobing, Liu Huimin and 
Liu Shaofeng; Zhengzhou Tobacco Research Institute of CNTC, Zhengzhou, China

A gas chromatography method was developed for simultaneous determination of 
nicotine, 1,2-propylene glycol and glycerol in e-liquids. E-liquids were shaking extracted 
by isopropanol with two internal standards for 20 min, and then the extraction was 
quantitatively analyzed by gas chromatography-flame ionization detector (GC-FID). A 
collaborative study involving 6 e-liquid samples were carried out by 11 laboratories. And 
44 commercially available e-liquid samples of 8 different brands were determined. The 
results showed that: 1)The method was quick, easy, accurate and sensitive. The intra-day 
and the inter-day precisions were in the range of 0.4 to 1.6%, the spiked recoveries were 
between 96.4% and 102.4%, and the detection limits of nicotine, 1,2-propylene glycol and 
glycerol were 1.3 µg/mL, 0.9 µg/mL and 3.1 µg/mL, respectively. 2) Both repeatability and 
reproducibility of the collaborative study were good. The intra-laboratory repeatability RSD 
was less than 5%, and the inter-laboratory reproducibility RSD of nicotine, 1,2-propylene 
glycol and glycerol were less than 8.7%, 2.6% and 3.3%, respectively. 3) The contents of 
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nicotine, 1,2-propylene glycol and glycerol in 44 samples were ranged from 0 to 34.5 mg/g, 
0 to 783.0 mg/g, and 184.5 to 917.5 mg/g, respectively. And the nicotine contents of some 
samples were close to labeling data, however, the others were inconsistent with the labeling 
data, which indicated nicotine labeling content was not accurate with some brands.
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