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74th Tobacco Science Research Conference Is Tobacco Harm Reduction at Risk? The Need for Science and Engagement 
 

GENERAL PROGRAM 
 
 

Sunday, August 29, 2021 
 

2:00 pm – 6:00 pm Registration .............................................. Grand Ballroom Foyer 
 

2:00 pm – 6:00 pm Speaker Ready Room........................................... Commonwealth A 
 

3:00 pm – 5:00 pm CTRP Workshop .............................................. Commonwealth C 
 

6:30 pm – 9:30 pm Welcome Reception .............................................................. Off-site 
Hosted by Imperial Brands 

 
 
 
 

Monday, August 30, 2021 
 

7:30 am – 8:30 am Session Chairs Breakfast ............................................................. Paine 
 

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

7:30 am – 5:00 pm Registration .............................................. Grand Ballroom Foyer 
 

7:30 am – 5:00 pm Speaker Ready Room........................................... Commonwealth A 
 

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

8:45 am – 12:00 pm Symposium ..................................................... Grand Ballroom B-E 
“Is Tobacco Harm Reduction at Risk? 
The Need for Science and Engagement” 
Chair: Jason Flora, Altria Client Services 

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

 
12:00 pm – 1:00 pm Lunch ................................................................................. Pavilion 

 
1:00 pm – 2:20 pm Poster Session .................................................. Grand Ballroom Foyer 

 
2:20 pm – 5:30 pm Combined Session: .......................................... Grand Ballroom B-E 

Perception and Behavior Studies 
 

3:40 pm – 4:10 pm Coffee Break.................................................. Grand Ballroom Foyer 
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Program and Abstracts 
 

Tuesday, August 31, 2021 
 

8:00 am – 5:00 pm Registration .............................................. Grand Ballroom Foyer 
 

8:00 am – 5:00 pm Speaker Ready Room........................................... Commonwealth A 
 

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

8:30 am – 10:10 am  Session A: Reduced Risk Product Standards .......... Grand Ballroom C-E 
 

8:30 am – 10:10 am  Session B: Non-combustible Products ....................... Grand Ballroom B 
 

10:10 am – 10:40 am Coffee Break .................................................... Grand Ballroom Foyer 
 

10:40 am – 12:00 pm Session A: Reduced Risk Product Standards .......... Grand Ballroom C-E 
 

10:40 am – 12:00 pm Session B: Non-combustible Products ..................... Grand Ballroom B 
 

12:00 pm – 1:00 pm Lunch ................................................................................. Pavilion 
 

12:00 pm – 1:30 pm Policy Committee Lunch ..................................... Commonwealth C 
 

1:00 pm – 2:20 pm Poster Session .................................................. Grand Ballroom Foyer 
 

2:20 pm – 3:40 pm Session A: Clinical Studies and Abuse ................... Grand Ballroom C-E 
Liability Assessments 

 
2:20 pm – 3:40 pm Session B: Tobacco and Smoke Chemistry ................ Grand Ballroom B 

 
3:40 pm – 4:00 pm Coffee Break.................................................. Grand Ballroom Foyer 

 
4:00 pm – 4:40 pm Session A: Non-Clinical Biological Studies ......... Grand Ballroom C-E 

 
4:00 pm – 4:20 pm Session B: Non-Tobacco and Smoke Chemistry ...... Grand Ballroom B 

 
5:15 pm – 6:00 pm TSRC Business Meeting .................................. Grand Ballroom C-E 

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

 
7:30 pm – 10:00 pm Award Banquet ............................................... Grand Ballroom A-B 

 
Adjourn 
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LIFETIME ACHIEVEMENT AWARD 
J. Daniel Heck 

Jonathan Daniel “Dan” Heck was born in Vienna, Austria 
in 1952, where his father was stationed with the CIA. He 
received his BA in biology from the University of North 
Carolina, Greensboro, and his Ph.D. from the University 
of Texas at the M.D. Anderson Cancer Center, Houston, 
Texas. He completed the written and oral examinations 
in both Pharmacology and Toxicology. 
After college, he worked for several years as a bench 
biologist at the Lorillard Tobacco Company’s Research 
Center in Greensboro, NC. This work included both 
in vitro and in vivo studies of fractions of cigarette 
mainstream smoke particulate matter, and of ingredients 

added to cigarettes. This work in the late 1970s represented an extension of the efforts 
of the Tobacco Working Group, an ambitious collaboration among NCI, academic, and 
tobacco industry scientists that was directed toward development of what was then 
referred to as a “Safer Cigarette.” 
Whereas the notion that a combustible cigarette might serve as a practical platform 
for a reduced-risk product may seem naïve from our contemporary perspective, this 
major program of the 1970s was an early, major Tobacco Harm Reduction effort that 
got the ball rolling toward that goal. Lorillard’s Dr. Alexander Spears, a participant in the 
NCI Tobacco Working Group, carried the goals of the project forward at Lorillard after 
the project’s discontinuation in 1979. Dr. Spears, a man of exceptionally keen intellect 
and quiet good humor, was an important mentor to Dr. Heck throughout his early and 
middle career years. 
After completing his Ph.D. work on the mechanisms of DNA damage, DNA repair, 
cytotoxicity, and malignant cell transformation, he returned to Lorillard in 1984 as 
an entry-level staff toxicologist, and was subsequently promoted to become a group 
Manager overseeing in vitro and in vivo toxicology studies on flavoring ingredients 
considered for use in cigarettes. The Life Sciences group published a number of highly- 
cited papers that presented the findings on ingredients toxicity to the broader scientific 
commnity. 
Lorillard’s work caught the attention of the Flavor & Extract Manufacturers Association, 
a trade organization that has historically worked closely with FDA to ensure the safety 
of food flavoring ingredients, including the periodic publications of FEMA-GRAS™ 
determinations by the independent FEMA Expert Panel. Dr. Heck was invited to become 
a member of the FEMA Flavor Safety Committee in 2002, and continued that service 
until his retirement. 
Dr. Heck was qualified as a Diplomate of the American Board of Toxicology in 1987, and 
as a Fellow of the Academy of Toxicological Sciences in 2012, with letters of endorsement 
from the late Drs. John Doull and Donald Gardner. He advanced at Lorillard through 
the Principal Scientist and Research Fellow ranks, and served a 4-year appointment in 
2010-2014 as the first Industry Representative on the FDA’s Tobacco Products Scientific 
Advisory Committee (TPSAC). He was the lead scientific author of the 2011 Industry 
Menthol Report that was prepared at the request of FDA. 
The June, 2015 acquisition of Lorillard by Reynolds American brought Dr. Heck to 
Reynolds American as a Principal Scientist in the Scientific and Regulatory Affairs 
group, where he served until his retirement on December 31, 2020. 
Dr. Heck currently resides in Greensboro, North Carolina with his wife Holli Thomasson 
Heck, and with their 3 adult children residing nearby. 
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Program and Abstracts 
 

74th TOBACCO SCIENCE RESEARCH CONFERENCE 
 

Monday Morning, august 30, 2021 
syMposiuM 

8:45 WELCOME & OPENING REMARKS: Joe Thompson, Imperial Brands, 
74th TSRC Chair 

 
8:55 SYMPOSIUM: “Is Tobacco Harm Reduction at Risk? The Need for 

Science and Engagement.” Chair: Jason Flora, Altria Client Services, 
Richmond, VA USA 

 
9:00 1. FDA PERSPECTIVE: OPPORTUNITIES FOR HARM REDUCTION. 

Matthew HOLMAN; U.S. Food & Drug Administration, Silver Springs, 
MD USA 

 
9:30 2. IS TOBACCO HARM REDUCTION AT RISK? YES. 

Joe THOMPSON; Imperial Brands, Bristol UK 
 

10:00 Break 
 

10:30 3. THE PATH FORWARD ON HARM REDUCTION. Maria GOGOVA; 
Altria Client Services, Richmond, VA USA 

 
11:00 4. TOBACCO HARM REDUCTION RESEARCH AND CHALLENGES. 

Brad RODU; University of Louisville, Louisville, KY USA 
 

11:30 Panel discussion with symposium speakers 

12:00 Lunch 

1:00 Poster Session 
 

5. ASSESSMENT OF IN VITRO TOXICITIES DEMONSTRATED BY 
TOTAL PARTICULATE MATTER (TPM) GENERATED FROM 
CURRENT MARKET AND RESEARCH REFERENCE STANDARD 
CIGARETTES USING THE BHAS-42 PROMOTOR CELL 
TRANSFORMATION ASSAY. Thomas SHUTSKY1, Kristen G. Jordan1, 
Kendall T. Szeliga1, Reagan L. McRae1 and Shannon Bruce2; 1RAI 
Services Company, Winston-Salem, NC USA and 2Millipore and Sigma 
(BioReliance® Toxicology Testing Services), Rockville, MD USA 
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74th Tobacco Science Research Conference Is Tobacco Harm Reduction at Risk? The Need for Science and Engagement 
 

6. ANALYSIS OF (S)- AND (R)-NICOTINE IN COMMERCIAL 
NICOTINE SAMPLES AND E-LIQUIDS AND (R)-NICOTINE 
PHARMACOLOGY. Gary DULL1 and Serban C. Moldoveanu2; 1RAI 
Services Company, Winston-Salem, NC USA and 2R.J. Reynolds 
Tobacco, Winston-Salem, NC USA 

 
7. ENDS TOPOGRAPHY ACROSS MULTIPLE PLATFORMS IN AN 

AMBULATORY SETTING. Gary DULL, Sarah Baxter-Wright, John 
Darnell, Milly Kanobe, Kristen Prevette and Jeffrey Smith; RAI Services 
Company, Winston-Salem, NC USA 

 
8. TRAPPING EFFICIENCY STUDY OF FINE PARTICULATE 

AEROSOLS IN THE POCKET AND PHLIP COMMERCIAL 
PERSONAL HANDHELD FILTRATION DEVICES. John GRIMM1, 
David Wright2, Michael S. Werley3 and Willie J. McKinney4; 1Philter 
Labs Inc, El Cajon, CA USA, 2IBR Laboratories, Grass Lake, MI 
USA, 3Fairview Consulting, Fredericksburg, VA USA and 4McKinney 
Regulatory Science Advisors, Henrico, VA USA 

 
9. ANALYSIS OF ORGANIC ACETATES IN E-VAPOR PRODUCTS BY 

GC-MS/MS. Jeff ZHU, Charles Brooks and Lee Gentry; ITG Brands, 
Greensboro, NC USA 

 
10. THE EFFECT OF SMALL SAMPLE SIZES ON EVALUATION 

STATISTICS IN PROFICIENCY STUDIES: A SIMULATION STUDY 
BASED ON THE 1R6F. Stacey SLONE, Brent Shelton, Ruth McNees 
and Orlando Chambers; University of Kentucky, Lexington, KY USA 

 
11. BIOMARKERS OF POTENTIAL HARM IN SMOKING 

ABSTINENCE AND IN THE USE OF VUSE ELECTRONIC 
NICOTINE DELIVERY SYSTEMS (ENDS). Patrudu MAKENA; RAI 
Services Company, Winston-Salem, NC USA 

 
12. ANALYSIS OF COUNTERFEIT E-LIQUIDS USING FLAVORING 

PROFILES BY GAS CHROMATOGRAPHY WITH MASS SPECTRAL 
DETECTION. Lisa LORENZ, Kelsey M. Griffin and Melanie Parsons; 
U.S. Food and Drug Administration, Cincinnati, OH USA 

 
13. A 12 MONTH STABILITY STUDY ON JUUL VIRGINIA TOBACCO 

FLAVORED AEROSOLS USING TWO NON-TARGETED 
ANALYTICAL METHODS. Mark CROSSWHITE, Lena N. Jeong, 
Brian Jameson, Anastasia Lioubomirov, Clarissa Yanga, Adam Ozvalda 
and I. Gene Gillman; JUUL Labs, Washington, DC USA 
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14. EXTRACTABLES TESTING PLAN FOR AN IMPROVED DATA 
COLLECTION NEEDED FOR EFFECTIVE RISK ASSESSMENT IN 
ELECTRONIC NICOTINE DELIVERY SYSTEM. Harish CHEVVA, 
Felix Ayala-Fierro, Bryant Hiraki, Kevin Ford and David Cook; JUUL 
Labs, San Francisco, CA USA 

 
15. A RETROSPECTIVE ANALYSIS OF CIGARETTE SMOKING AND 

ENDS USE IN A CONVENIENCE SAMPLE OF ADULT USERS OF 
BLU AND MYBLU ENDS. Ryan G.N. SELTZER1, Ian M. Fearon2, 
Trisha L. Houser1, Mitch Nides1, Andrew Tope3 and Xavier Cahours3; 
1LA Clinical Trials, Burbank, CA USA, 2whatIF? Consulting, Harwell 
UK and 3Imperial Brands, Bristol UK 

 
16. ABUSE LIABILITY EVALUATION OF TWO NICOTINE LOZENGES 

COMPARED TO COMBUSTIBLE CIGARETTES AND NRT 
LOZENGE IN ADULT SMOKERS. Chris CAMPBELL, Tao Jin, 
Bobbette Jones, Elaine Round, Eckhardt Schmidt and Sarah Baxter- 
Wright; RAI Services Company, Winston-Salem, NC USA 

 
17. PHARMACOKINETIC EVALUATION OF E-LIQUID FLAVORS IN 

THREE VUSE ELECTRONIC NICOTINE DELIVERY SYSTEMS 
(ENDS). Kyung soo HONG, Patricia (TC) DeLuca, Tao Jin, Bobbette 
Jones, Eckhardt Schmidt, Paul Nelson and Elaine Round; RAI Services 
Company, Winston-Salem, NC USA 

 
18. Withdrawn 

 
19. ANALYSIS AND DIFFERENTIATION OF TOBACCO-DERIVED 

AND SYNTHETIC NICOTINE SAMPLES. Preston CAMPBELL1, 
Andrew Cheetham2, Bonnie Coffa2, Jacob Hilldrup2, Stanley Gilliland1 
and Susan Plunkett1,2; 1Consilium, Richmond, VA USA and 2Enthalpy 
Analytical, Richmond, VA USA 

 
20. NRF2 RESPONSE TO WHOLE SMOKE AND AEROSOL OF TWO 

DIFFERENT TOBACCO PRODUCT TYPES IN A 3D HUMAN 
AIRWAY MODEL. Brian M. KEYSER1, Robert Leverette1, Michael 
Hollings2, Emma Rothwell2, John Wertman1, Walt Morgan1 and 
Wanda Fields1; 1RAI Services Company, Winston-Salem, NC USA and 
2Labcorp Early Development Laboratories, North Yorkshire UK 
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21. CHARACTERIZATION OF FREE RADICALS IN CIGARETTE 
SMOKE AND E-CIGARETTE AEROSOLS BY SPIN-TRAPPING 
EPR SPECTROSCOPY. Michael DAVIS1, Carolina Clayton Probert2, 
Tatyana Smirnova2, Alex Smirnov2 and G.L. Prasad3; 1R.J. Reynolds 
Tobacco Company, Winston-Salem, NC USA, 2North Carolina State 
University, Raleigh, NC USA and 3RAI Services Company, Winston- 
Salem, NC USA 

 
22. MARKET SURVEY OF MODERN ORAL NICOTINE PRODUCTS: 

DETERMINATION OF SELECT HPHCS AND COMPARISON TO 
TRADITIONAL SMOKELESS TOBACCO PRODUCTS. Alexandra 
MARTIN, Joseph J. Jablonski and Andrew G. Cheetham; Enthalpy 
Analytical, Richmond, VA USA 

 
23. ABUSE LIABILITY EVALUATION OF PORTIONED ORAL 

NICOTINE PRODUCTS COMPARED TO COMBUSTIBLE 
CIGARETTES AND NRT GUM IN ADULT SMOKERS. Bobbette 
JONES, Leanne Campbell, Kristen Prevette, Elaine Round, Eckhardt 
Schmidt and Sarah Baxter-Wright; RAI Services Company, Winston- 
Salem, NC USA 

 
24. IN-VITRO TOXICITY TESTING OF RELX INFINITY TOBACCO 

AND MENTHOL FLAVORED ENDS PRODUCTS COMPARED TO 
REFERENCE 1R6F CIGARETTE. Charlene LIU1, Emmanuel F. Minet2 
and Donald W. Graff1; 1RELX International, Shenzhen, Guangdong 
China and 2Broughton Nicotine Services, Earby, Lancashire UK 

 
25. ACCELERATED AGING STUDY OF REFERENCE SMOKELESS 

TOBACCO PRODUCTS. Siqi GUAN, Huihua Ji and Lowell Bush; 
University of Kentucky, Lexington, KY USA 

 
26. A STATISTICAL METHODOLOGY INTEGRATING RESAMPLING 

TECHNIQUES TO EVALUATE PUBLIC HEALTH IMPACT AFTER 
INTRODUCTION OF REDUCED-RISKS PRODUCTS IN JAPAN. 
Sylvain LARROQUE1, Terushige Kubota2, Yuki Kimura2, Maurane 
Charrière1 and Damien Sonnerat1; 1JTI Geneva, Geneva Switzerland 
and 2JT, Tokyo Japan 
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Monday afternoon, august 30, 2021 
 

CoMbined session 

perCeption and behavior studies 
Session Chair: Rana Tayyarah 

 
2:20 PM 27. AMBULATORY USE OF ELECTRONIC NICOTINE DELIVERY 

SYSTEMS – REDEFINING TOPOGRAPHY ENDPOINTS. Robert  
  UNDERLY, Evan Nudi, Timothy Pionk, and Jeffrey Smith; R.J. 
  Reynolds, Winston-Salem, NC USA 

2:40 PM 28. PREMARKET ASSESSMENT OF CONDITIONAL RISK 
PERCEPTIONS AND INTENTIONS TO USE THE RELX INFINITY 
ENDS AMONG NATIONAL PROBABILITY SAMPLES OF ADULT 
TOBACCO USERS AND NON-USERS IN THE UNITED STATES. 

  Christopher RUSSELL; Russell Burnett Research and Consultancy, 
  Glasgow, Scotland 

3:00 PM 29. CURIOSITY AND INTENTIONS TO USE MYBLU E-CIGARETTES 
AND AN EXAMINATION OF THE GATEWAY THEORY: DATA 
FROM CROSS-SECTIONAL NATIONALLY REPRESENTATIVE 
SURVEYS. Ian M. FEARON1, Ryan G.N. Seltzer2, Trisha L. Houser2, 

  Mitch Nides2, Andrew Tope3 and Xavier Cahours3; 1whatIF? Consulting, 
  Harwell UK, 2LA Clinical Trials, Burbank, CA USA and 3Imperial 
  Brands, Bristol, UK 

3:20 PM 30. EXAMINATION OF THE IMPACT OF E-LIQUID NICOTINE 
STRENGTH ON PERCEIVED DEPENDENCE ON MYBLU ENDS. 

  Ian M. FEARON1, Ryan G.N. Seltzer2, Trisha L. Houser2, Mitch Nides2, 
  Andrew Tope3, Xavier Cahours3 and Thomas Verron3; 1whatIF? 
  Consulting, Harwell UK, 2LA Clinical Trials, Burbank, CA USA and 
  3Imperial Brands, Bristol UK 

  Break 

4:10 PM 31. THE BIG VAPE SURVEY UNITED KINGDOM AND THE BIG 
VAPE SURVEY UNITED STATES. ARE ALL E-CIGARETTES 
EQUAL OR ARE SOME BETTER THAN OTHERS IN ASSISTING 
SMOKERS QUIT ATTEMPTS? Andrea PATTON, Gabriel Barnard, 

  Farhana Haseen, Tiffany Hamilton, Evangelos Katsampouris, Venus 
  Marza, Sophie Notley and Neil McKeganey; Centre for Substance Use 
  Research, Glasgow UK 
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4:30 PM 32. DEVELOPMENT OF RECOMMENDATIONS OF DESCRIPTIVE 

CONSUMER-REPORTED OUTCOME MEASURES (DESCRIPTIVE- 
CROM) AND RELATED DEFINITIONS IN TOBACCO AND 

  NICOTINE RESEARCH. Lai WEI1, Emilie Clerc2, Christelle Chrea2, 
  Mandara Shetty3, Krishna Prasad3 and Mohamadi Sarkar1; 1Altria 
  Client Services, Richmond, VA USA, 2Philip Morris International, 
  Neuchâtel Switzerland and 3British American Tobacco, Southampton 
  UK 

4:50 PM 33. Withdrawn 

5:10 PM 34. Withdrawn 

  Adjourn 
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tueSday morning, auguSt 31, 2021 
 

SeSSion a 
reduced riSk Product StandardS 

Session Chair: Jennifer Smith 
 

Workshop: Tobacco Product Standards for 
Potentially Reduced Risk Products 

 
8:30 – 9:30 AM 

 
35. PRODUCT STANDARDS FOR 
POTENTIALLY REDUCED RISK 
TOBACCO PRODUCTS. Jennifer SMITH, 
Robert T. Smith and Donna C. Smith; 
Altria Client Services, Richmond VA USA 

 
36. STANDARDS AND FDA SCIENTIFIC 
REVIEW. Todd CECIL; U.S. Food & Drug 
Administration, Silver Springs, MD USA 

 
37. NICOTINE STANDARDS. Sarah 
EVANS; Chemular Inc, Hudson, MI USA 

 
38. PRODUCT STEWARDSHIP 
MAXIMIZES THE HARM REDUCTION 
POTENTIAL OF RRPS. Donna SMITH 
and Jennifer H. Smith; Altria Client 
Services, Richmond, VA USA 

 
39. PERFORMANCE SPECIFICATIONS 
FOR HEATED TOBACCO PRODUCTS — 
AN OVERVIEW OF BSI PAS 8850:2020. 
Maxim BELUSHKIN; Philip Morris 
Products, Neuchatel Switzerland 

 
 
 
 
 

9:30 AM 
 

Panel Discussion 

SeSSion B 
non-comBuStiBle ProductS 

chemiStry 
Session Chair: Fraser Williamson 

 
 
 

8:30 AM 
 

41. COMPARISON OF COLLECTION 
STRATEGIES FOR THE ANALYSIS OF 
TARGETED COMPOUNDS IN ENDS 
AEROSOL. J. Brian JAMESON, Bryant J. 
Hiraki, Adam M. Ozvald, Lena N. Jeong, 
Xin Chen and I. Gene Gillman; JUUL Labs, 
Washington, DC USA 

 
8:50 AM 

 
42. CHEMICAL CHARACTERIZATION 
OF E-VAPOR PRODUCTS USING 
NON-TARGETEDANALYSIS BY 
GAS CHROMATOGRAPHY MASS 
SPECTROMETRY. Michael NOE, Niti H. 
Shah, John H. Miller, Kimberly A. Agnew- 
Heard and William P. Gardner; Altria 
Client Services, Richmond, VA USA 

 
9:10 AM 

 
43. EVIDENCE FOR ARTEFACTUAL 
FORMATION OF GLYCIDOL DURING 
THE ANALYSIS OF E-LIQUIDS. I. Gene 
GILLMAN, Devon C. O’Regan, Adam M. 
Ozvald, David K. Cook, Lena Jeong and 
Xin Chen; JUUL Labs, Washington, DC 
USA 

 
9:30 AM 

 
44. NICOTINE ANALYSIS FOR 
MODERN ORAL PRODUCTS IN THE 
MANUFACTURING  WORKSPACE. 
Ian TINDALL; Cerulean, Milton Keynes, 
Buckinghamshire UK 
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tueSday morning, auguSt 31, 2021 
 

9:50 AM 
 

45. COMPOUND IDENTIFICATION 
PROCESS FOR GC-MS NON-TARGETED 
ANALYSIS OF JUUL AEROSOL USING 
A CUSTOM MASS SPECTRAL LIBRARY. 
Lena JEONG1, M.R. Noe2, N.H. Shah2, 
S. Chakraborty2, J.H. Miller2 and I. G. 
Gillman1; 1JUUL Labs, Washington, 
DC USA and 2Altria Client Services, 
Richmond, VA USA 

 

BREAK 
 

Workshop: Synthetic Nicotine: 
Regulatory Issues, Potential Health Risks 

and Technical Challenges 
 

10:40 AM 
 

40. SYNTHETIC NICOTINE: 
REGULATORY ISSUES, POTENTIAL 
HEALTH RISKS AND TECHNICAL 
CHALLENGES. Bonnie COFFA1, Kevin 
Burd2, Elizabeth Sprowl3, Stanley Gilliland4, 
Preston Campbell4 and Susan Plunkett1,4; 
1Enthalpy Analytical, Richmond, VA USA, 
2North America Nicotine, Rocklin, CA 
USA, 3Pyxus International, Morrisville, NC 
USA and 4Consilium Sciences, Richmond, 
VA USA 

 
11:00 AM 

 
Panel Discussion 

10:40 AM 
 

46. DETERMINATION OF 2-CHLORO- 
1,3-PROPANEDIOL (2-MCPD) AND 
3-CHLORO-1,2-PROPANEDIOL 
(3-MCPD) IN EMISSIONS OF 
NICOTINE PRODUCTS BY GAS 
CHROMATOGRAPHY-MASS 
SPECTROMETRY (GC-MS). Jiaming  
WANG, Angel Rodriguez-Lafuente and 
Peter Joza; Labstat International, Kitchener, 
ON Canada 

 
 

11:00 AM 
 

47. MANAGING CHANGE FOR 
AUTHORIZED TOBACCO PRODUCTS. 
Marco ESPOSITO; Philip Morris Products, 
Neuchatel Switzerland 
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tueSday morning, auguSt 31, 2021 
 

11:20 AM 
 

48. SELECTED ALDEHYDES YIELDS 
IN THE AEROSOL OF COMMERCIAL 
ELECTRONIC CIGARETTES. Donatien 
TAFIN DJOKO; PMI, Boudry, Neuchatel 
Switzerland 

 
11:40 AM 

 
49. RESULTS OF A PILOT STUDY 
ON HPLC SCAN TECHNIQUES 
FOR IDENTIFYING POTENTIAL 
FORMULATION PROBLEMS IN 
COMMERCIAL E-LIQUIDS. John  
LAUTERBACH; Lauterbach & Associates, 
Macon, GA USA 

 

12:00 PM LUNCH 
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tueSday afternoon, auguSt 31, 2021 
 

1:00 PM Poster Session 
 

50. COMPARISON OF QUARTZ FILTER COLLECTION AND 
ELECTROSTATIC PRECIPITATION FOR ANALYSIS OF TRACE 
METALS IN ENDS AEROSOL. J. Brian JAMESON, Clarissa Yang, 
David K. Cook, Lena N. Jeong and I. Gene Gillman; JUUL Labs, 
Washington, DC USA 

 
51. AN ANALYSIS OF THE 2020 US NATIONAL YOUTH TOBACCO 

SURVEY (NYTS) DATA: E-CIGARETTE AND BLU BRAND USE 
AMONG MIDDLE AND HIGH SCHOOL STUDENTS. Mengran 
GUO1, Thomas Verron1, Xavier Cahours1, Andrew Tope2 and Grant 
O’Connell2; 1SEITA – Imperial Brands, Paris France and 2Imperial 
Brands, Bristol UK 

 
52. DEVELOPMENT OF AN ALTERNATIVE ROTARY-LIKE ENDS 

COLLECTION METHOD FOR IN VITRO TOXICOLOGY TESTING. 
Mariano SCIAN, Pavel Kosachevsky, Marissa Smith, Lynn McFadden, 
Cameron Sovick, James Smith, Bhasitha Kallam, Emma Press, Travis 
Pickell, Nirmalben Patel and Amrita Kumari; Enthalpy Analytical, 
Richmond, VA USA 

 
53. NICOTINE AND TOBACCO-SPECIFIC NITROSAMINES IN 

THE MAINSTREAM SMOKE OF COMMERCIAL CIGARS. 
Zhenyu JIN1, Laura Fenton1, Siqi Guan1, Ying Wu1, Salome Bhagan2, 
Delshanee Kotandeniya2, Jikun Liu2, Jeannie Jeong-Im2 and Huihua Ji1; 
1University of Kentucky, Lexington, KY USA and 2U.S. Food and Drug 
Administration, Calverton, MD USA 

 
54. EVALUATION OF GASEOUS PHASE NICOTINE IN E-LIQUID 

NICOTINE SALTS IN E-CIGARETTE AEROSOLS. Tanya JONES1,2, 
Steven Kintner1,2, Sareece Armwood1,2, Ben Illidge3, Huanghai Lu3, Paul 
Hardman3, Jutta Pani2 and Chunhai Ruan1,2; 1ITG Brands, Greensboro, 
NC USA, 2Imperial Brands-Lab Network, Hamburg Germany and 
3Imperial Brands-Nerudia, Liverpool UK 

 
55. TARGETED CHARACTERIZATION OF THE CHEMICAL 

COMPOSITION OF NOVEL JUUL PRODUCT AEROSOL AND 
COMPARISON WITH 3R4F REFERENCE CIGARETTE SMOKE. 
David COOK, D.C O’Regan, A.O. Ozvald, C. Yang and I.G. Gillman; 
JUUL Labs, Washington, DC USA 
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56. DETERMINATION OF ORGANIC ACIDS BY GC-FID: ON 
CARTRIDGE DERIVATIZATION BY SILYLATING REAGENT 
(MTBSTFA). Alexander PENNINGTON; Enthalpy Analytical, 
Durham, NC USA 

 
57. BIOLOGICAL AND TOXICOLOGICAL PROPERTIES OF FILTERED 

CIGARS. David ORREN1, Amrita Machwe1, Samuel B. Clark1, Huihua 
Ji1, Anne Fisher1, Salome Bhagan2, Delshanee Kotandeniya2, Jikun Liu2 
and Jeannie Jeong-Im2; 1University of Kentucky, Lexington, KY USA 
and 2U.S. Food and Drug Administration, Calverton, MD USA 

 
58. IIVS WORKSHOP SERIES DEVELOPING RECOMMENDATIONS 

FOR THE OPTIMAL GENERATION AND USE OF IN VITRO ASSAY 
DATA FOR TOBACCO AND NICOTINE PRODUCTS. Rodger 
CURREN1, Holger Behrsing1 and Martha M. Moore2; 1Institute for In 
Vitro Sciences, Gaithersburg, MD USA and 2Martha M. Moore LLC, 
Little Rock, AR USA 

 
59. A QUANTITATIVE ASSESSMENT OF STATEMENTS 

COMMUNICATING THE REDUCED RISK POTENTIAL OF 
ELECTRONIC CIGARETTES AND TOBACCO VAPOR PRODUCTS: 
IMPACTS ON UK ADULTS’ PERCEPTIONS OF VAPING 
PRODUCTS AND THEIR INTENTION (OR NOT) TO USE/TRY 
THEM. Daisuke NISHIHARA, Sylvain Larroque, Michael Meger and 
Maurane Charrière; JT International, Geneva Switzerland 

 
60. A QUANTITATIVE ASSESSMENT OF STATEMENTS 

COMMUNICATING THE REDUCED RISK POTENTIAL 
OF ELECTRONIC CIGARETTES AND TOBACCO VAPOR 
PRODUCTS: IMPACTS ON UK ADULTS’ PERCEPTIONS OF 
VAPING PRODUCTS AND THEIR COMPREHENSION OF THE 
MESSAGES AND RISK PERCEPTION OF THE PRODUCTS. 
Daisuke NISHIHARA, Sylvain Larroque, Michael Meger and Maurane 
Charrière; JT International SA, Geneva Switzerland 

 
61. RESOLUTION OF MICRONUCLEUS INDUCTION 

GENOTOXICITY IN ENDS: IN VITRO AND IN VIVO TESTING. 
Manoj MISRA1, Ed Carmines1, Mariano Scian2 and David 
McCormick3; 1Chemular Inc, Hudson, MI USA, 2Enthalpy Analytical, 
Richmond, VA USA and 3Illinois Institute for Technology and Research 
Institute, Chicago, IL USA 

 
62. TOXICOLOGICAL AND CHEMICAL EVALUATION OF A LINE OF 

NOVEL NON-TOBACCO SMOKELESS PRODUCTS. Manoj MISRA1, 
Ed Carmines1, Lise Fraissinet1 and Mark Hanson2; 1Chemular Inc, 
Hudson, MI USA and 2Black Buffalo Inc. Chicago, IL USA 
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63. NICOTINE TOBACCO PRODUCT HAZARD ASSESSMENT. Lise 
FRAISSINET, Manoj Misra, Ed Carmines and Kevin Burd; Chemular 
Inc, Hudson, MI USA 

 
64. THERE IS MORE TO ENDS SAFETY EVALUATION THAN HPHCS 

– A HOLISTIC APPROACH. Ed CARMINES, Manoj Misra, Lise 
Fraissinet, Bryan Burd and Kevin Burd; Chemular Inc, Hudson, MI 
USA 

 
65. DISSOLUTION TESTING OF A NOVEL NON-TOBACCO LONG 

CUT AND POUCH NICOTINE PRODUCT. Ed CARMINES1, Lise 
Fraissinet1, Alexander Martin2 and Mark Hanson3; 1Chemular Inc, 
Hudson, MI USA, 2Enthalpy Analytical, Richmond, VA USA and 3Black 
Buffalo Inc, Chicago, IL USA 

 
66. EVALUATION OF THE ABUSE LIABILITY OF A NOVEL NON- 

TOBACCO SMOKELESS POUCH PRODUCT. Ed CARMINES1, 
Karen Carmines1, Lise Fraissinet1, Naama Levy-Copperman2 and Zach 
Bader3; 1Chemular Inc, Hudson, MI USA, 2Altreos Research Partners, 
ON Canada and 3Altasciences Clinical Research, Overland Park, KS 
USA 

 
67. EVALUATION OF THE ABUSE LIABILITY OF A NOVEL NON- 

TOBACCO LONG CUT SMOKELESS PRODUCT. Ed CARMINES1, 
Karen Carmines1, Lise Fraissinet1, Naama Levy-Cooperman2, Zach 
Bader3, and Mark Hanson4; 1Chemular Inc, Hudson, MI USA, 2Altreos 
Research Partners, ON Canada, 3Altasciences Clinical Research, 
Overland Park, KS USA and 4Black Buffalo, Chicago, IL USA 

 
68. HEALTH AND ADDICTION PERCEPTIONS OF A NOVEL NON-

TOBACCO SMOKELESS PRODUCT. Ed CARMINES1, Lise 
Fraissinet1, Azure Steele2 and Mark Hanson3; 1Chemular Inc, Hudson, 
MI USA, 2M/A/R/C Research, Irving, TX USA and 3Black Buffalo, 
Chicago, IL USA 
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tueSday afternoon, auguSt 31, 2021 
 

SeSSion a 
clinical StudieS and 

aBuSe liaBility aSSeSSmentS 
Session Chair: Ian Fearon 

 
2:20 PM 

 
69. HUMAN ABUSE LIABILITY 
ASSESSMENT OF TOBACCO 
AND NICOTINE PRODUCTS: 
CONSIDERATIONS TO MEET 
CURRENT REGULATORY 
RECOMMENDATIONS. Andrea 
VANSICKEL1, Sarah Baxter-Wright2, 
Leanne Campbell2, Neil Sherwood3 and 
Michael C. Kong4; 1Altria Client Services, 
Richmond, VA USA, 2RAI Services 
Company, Winston-Salem, NC USA, 
3Neil Sherwood Consulting, Nyon, Vaud 
Switzerland and 4Altasciences, Overland 
Park, KS USA 

 
2:40 PM 

 
70. ABUSE LIABILITY ASSESSMENTS 
OF MODERN ORAL TOBACCO 
PRODUCTS IN ADULT SMOKERS. Chris 
CAMPBELL, Sarah Ayoku, Bobbette Jones, 
Elaine Round, and Sarah Baxter-Wright; 
RAI Services Company, Winston-Salem, 
NC USA 

 
3:00 PM 

 
71. ABUSE LIABILITY ASSESSMENT 
OF VUSE ALTO ELECTRONIC 
NICOTINE DELIVERY SYSTEM (ENDS) 
AS COMPARED TO COMBUSTIBLE 
CIGARETTES AND NICOTINE 
REPLACEMENT THERAPY (NRT) IN 
ADULT SMOKERS. Kyung soo HONG, 
John Darnell, Eckhardt Schmidt, Sarah 
Baxter-Wright, Paul Nelson and Elaine 
Round; RAI Services Company, Winston- 
Salem, NC USA 

SeSSion B 
toBacco and Smoke chemiStry 
Session Chair: Candice Cuningham 

 
 

2:20 PM 
 

76. DESIGN AND PRODUCTION OF 
CERTIFIED REFERENCE CIGARS. 
Orlando CHAMBERS1, Matt Craft1, 
Huihua Ji1, Stacey Slone1, Ruth McNees1, 
Anne Fisher1, Colin Fisher1, Ling 
Yuan1, Salome Bhagan2, Delshanee 
Kotandeniya2, Jikun Liu2 and Jeannie 
Jeong-Im2; 1University of Kentucky, 
Lexington, KY USA and 2U.S. Food and 
Drug Administration, Center for Tobacco 
Products, Calverton, MD USA 

 
 
 
 

2:40 PM 
 

77. CORRELATION OF NNK 
LEVELS IN TOBACCO AND MOIST 
SNUFF WITH THE LEVELS OF 
PSEUDOOXYNICOTINE AND 
NICOTINE-1’-N-OXIDE. Serban  
MOLDOVEANU; R.J. Reynolds Tobacco, 
Winston-Salem, NC USA 

 
3:00 PM 

 
78. COMPARISON OF 1R6F AND 3R4F 
SMOKE AND TOBACCO FILLER HPHC 
MEANS AND STANDARD DEVIATIONS. 
Michael MORTON, Tammy L. Blake and 
Karl A. Wagner; Altria Client Services, 
Richmond, VA USA 
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tueSday afternoon, auguSt 31, 2021 
 

3:20 PM 
 

72. STUDY ON NICOTINE EXPOSURE 
LEVEL OF ELECTRONIC CIGARETTE 
SMOKERS. Chenfeng HUA, Wang Sheng, 
Zhao Ge, Liu Kejian, Qiao Liangjun, Zhao 
Junwei, Pan Lining, Shang Pingping, Li 
Xiang and Xie Fuwei; Zhengzhou Tobacco 
Research Institute of CNTC, Zhengzhou, 
Henan China 

3:20 PM 
 

79. ANALYSIS OF PRODUCTIVITY IN 
THE LABORATORY AND THE ROLE OF 
OUTSOURCED ASSET MANAGEMENT 
SERVICES. Benjamin FIELD, Paul 
Felts, Kevin Keras and Angelo Filosa; 
PerkinElmer, Waltham, MA USA 

 

BREAK 
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tueSday afternoon, auguSt 31, 2021 
 

Session A 
Clinical Studies and 

Non-Clinical Biological Studies 
Session Chair: Ian Fearon 

 
4:00 PM 

 
73. MICROORGANISMS AND 
ASSOCIATED TOXINS IN CIGARETTES, 
ENDS, AND OTHER TOBACCO- 
RELATED PRODUCTS: CURRENT 
STATE-OF-THE-SCIENCE AND 
APPLICATIONS FOR MICROBIAL RISK 
ASSESSMENT. Jillian PARKER1, Amy K. 
Madl1, Antony D.G. Jones1, Daniel J. Lauer2, 
Rebecca K. Brewster3 and Corey Boles4; 
1Cardno ChemRisk, Aliso Viejo, CA USA, 
2Cardno ChemRisk, Boulder, CO USA, 
3Cardno ChemRisk, Chicago, IL USA and 
4Cardno ChemRisk, Cincinnati, OH USA 

 
4:20 PM 

 
74. CHARACTERIZATION OF 
BACTERIAL COMMUNITIES IN 
SMOKELESS TOBACCO REFERENCE 
PRODUCTS UNDER DIFFERENT 
STORAGE CONDITIONS. Luke MOE; 
University of Kentucky, Lexington, KY USA 

 
4:40 PM 

 
75. FULL-LENGTH TRANSCRIPTOME 
ANALYSIS REVEALS CANDIDATE 
GENES INVOLVED IN DEVELOPMENT 
AND NICOTINE RESPONSE IN 
LASIODERMA SERRICORNE. Jianfeng 
ZHANG1, Yalong Xu1, Jingjing Jin1, Shanyi 
Chen2, Xiaodong Xie1, Zhong Wang1, 
Mingzhu Wu1, Peijian Cao1 and Jun Yang1; 
1Zhengzhou Tobacco Research Institute 
of CNTC, Zhengzhou, Henan China and 
2China Tobacco Fujian Industrial Co, 
Xiamen, Fujian China 

Session B 
Tobacco and Smoke Chemistry 

Session Chair: Candice Cuningham 
 
 

4:00 PM 
 

80. CHEMISTRY AND ANALYTICAL 
TECHNIQUES FOR CONTEMPORARY 
SHISHA PRODUCTS. John 
LAUTERBACH; Lauterbach & Associates, 
Macon, GA USA 

 

5:15 PM TSRC Business Meeting - All attendees are encouraged to attend. 
6:30 PM Pre-banquet Reception 

Adjourn 
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1. FDA PERSPECTIVE: OPPORTUNITIES FOR HARM REDUCTION. Matthew 
HOLMAN; U.S. Food & Drug Administration, Silver Springs, MD USA 

 
2. IS TOBACCO HARM REDUCTION AT RISK? YES. Joe THOMPSON; Imperial 
Brands, Bristol UK 

 
3. THE PATH FORWARD ON HARM REDUCTION. Maria GOGOVA; Altria Client 
Services, Richmond, VA USA 

 
4. TOBACCO HARM REDUCTION RESEARCH AND CHALLENGES. Brad RODI; 
University of Louisville, Louisville, KY USA 

 
5. ASSESSMENT OF IN VITRO TOXICITIES DEMONSTRATED BY TOTAL 
PARTICULATE MATTER (TPM) GENERATED FROM CURRENT MARKET 
AND RESEARCH REFERENCE STANDARD CIGARETTES USING THE BHAS- 
42 PROMOTOR CELL TRANSFORMATION ASSAY. Thomas SHUTSKY1, Kristen 
G. Jordan1, Kendall T. Szeliga1, Reagan L. McRae1 and Shannon Bruce2; 1RAI Services 
Company, Winston-Salem, NC USA and 2Millipore and Sigma (BioReliance® Toxicology 
Testing Services), Rockville, MD USA 

 
The Bhas 42 cell transformation assay (CTA) has been used to complement standard in 
vitro testing of tobacco products for understanding downstream biological implications 
of genetic toxicological changes related to tumor promotion. Investigators have typically 
published CTA results showing tumor promotion by the combustible Kentucky Reference 
(KY) cigarette 3R4F compared to the lack of tumor promotion from next generation/ 
non-combusted tobacco products. Although it is more relevant to benchmark the tumor 
promotion activity of new or potentially reduced risk tobacco products with currently 
marketed cigarette products rather than reference standards, few results/comparisons have 
been published. In the present study, we used the CTA assay (OECD 231) to determine 
the tumor promotion potential of four combustible cigarettes, including two leading US 
market products, Marlboro Gold Pack Box and Newport Box, and two KY cigarettes, 3R4F 
and 1R6F. Total Particulate Matter (TPM) was collected from the test cigarettes according 
to Health Canada Intense (HCI) smoking regimen parameters. Based on the preliminary 
growth assessment assay data, the TPM concentrations selected for testing ranged from 5-
125 µg TPM/mL for all four test items. Under the conditions of this assay, all test items 
were positive in the promotion assay for cell transforming activity, with the lowest effective 
concentration of each test item ranging from 5 to 25 µg TPM/mL. These data demonstrate 
that there was little variability among the test item responses, and each product induced 
a dose-related response in the promotion assay. In summary, two current leading market 
combustible products yielded tumor promotion activity that was consistent with responses 
observed for KY cigarettes suggesting that they could be used as combustible cigarette 
comparators in future Bhas 42 assays. 

 
6. ANALYSIS OF (S)- AND (R)-NICOTINE IN COMMERCIAL NICOTINE SAMPLES 
AND E-LIQUIDS AND (R)-NICOTINE PHARMACOLOGY. Gary DULL1 and Serban 
C. Moldoveanu2; 1RAI Services Company, Winston-Salem, NC USA and 2R.J. Reynolds 
Tobacco, Winston-Salem, NC USA 
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Nicotine has been studied extensively because of its presence in tobacco products. Because 
of its chirality, nicotine can exist in two enantiomeric forms; however, the tobacco plant 
produces predominantly (S)-nicotine with only a trace of (R)-nicotine. Consequently, 
consumers of tobacco products have been exposed to rather small amounts of (R)-nicotine 
over the years. Recently, synthetic nicotine has become commercially available and can 
be supplied as pure (S)-nicotine or as a ≥ 50/50 (S)/(R) mixture. Synthetic (S)-nicotine 
can be obtained by asymmetric synthesis or by racemic synthesis followed by classical 
resolution using diastereomeric salts. The primary objective of this study was to determine 
the amount of (R)-nicotine in commercial sources of tobacco-derived US Pharmacopeia 
(USP) nicotine, synthetic nicotine, and in e-liquids used in Electronic Nicotine Delivery 
Systems (ENDS). A secondary objective was to examine the literature on the pharmacology 
of (R)-nicotine considering the potential exposure to tobacco consumers. Nicotine samples 
were analysed by either chiral GC-MS and or chiral HPLC-UV. The analysis of four lots 
of tobacco-derived, USP nicotine revealed only a small amount of (R)-nicotine, whereas 
one sample of synthetic nicotine was found to contain a 50/50 mixture of enantiomers. 
Analysis of two lots of e-liquids used in ENDS indicated that each contained a 50/50 
mixture of (R)- and (S)-nicotine and was synthetic. In this study, large amounts (50%) 
of (R)-nicotine were found in some commercial nicotine sources. Consequently, tobacco 
consumers may be subjected to higher (R)-nicotine exposure levels than in the past. A 
literature review indicated that with some exceptions (R)- and (S)-nicotine were found to 
exhibit a similar pharmacological profile, with (R)-nicotine being often but not always less 
pharmacologically active than (S)-nicotine. 

 
7. ENDS TOPOGRAPHY ACROSS MULTIPLE PLATFORMS IN AN AMBULATORY 
SETTING. Gary DULL, Sarah Baxter-Wright, John Darnell, Milly Kanobe, Kristen Prevette 
and Jeffrey Smith; RAI Services Company, Winston-Salem, NC USA 

 
Topography, in the context of puffing behavior, is a methodology that is used to understand 
how consumers use a product. The Product Use and Behavior (PUB) instrument is a 
research tool that can effectively measure actual Electronic Nicotine Delivery Systems 
(ENDS) use patterns with negligible impact on ENDS performance in an ambulatory “real- 
world” setting. Three clinical studies were performed to evaluate the puffing patterns of 
healthy adult consumers of ENDS products as they switched from their usual brand (UB) 
cartridge-based, closed-system to one of four Vuse products (Vuse Alto, Ciro, Solo, or Vibe) 
over a 3-week ambulatory period. The nicotine concentrations varied across the studies 
from 1.5% to 5.0% and between four to seven flavors were assessed for each product. 
Subjects were assigned to a single nicotine concentration group and were either assigned a 
flavor or allowed to select a flavor within the selected Vuse product. Data were summarized 
for each nicotine concentration of each Vuse ENDS product, and across all assessed flavors. 
The results across all Vuse products included mean puff duration (1.89 – 2.35 seconds), 
number of puffs per day (102.7 – 126.7 puffs), and subjective responses to the Product 
Evaluation Scale (PES), which provided a measure of the experience and reinforcing effects 
of the product. These results indicate little variation in puff duration, number of puffs 
per day, and PES scores relative to the ENDS product assessed, suggesting that product 
use may be more closely associated with subject behavior and product interaction rather 
than nicotine consumption. Additional investigation is required to better describe puffing 
patterns over time and how different factors impact use behavior. 
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8. TRAPPING EFFICIENCY STUDY OF FINE PARTICULATE AEROSOLS IN 
THE POCKET AND PHLIP COMMERCIAL PERSONAL HANDHELD FILTRATION 
DEVICES. John GRIMM1, David Wright2, Michael S. Werley3 and Willie J. McKinney4; 
1Philter Labs Inc, El Cajon, CA USA, 2IBR Laboratories, Grass Lake, MI USA, 3Fairview 
Consulting, Fredericksburg, VA, USA and 4McKinney Regulatory Science Advisors, Henrico, 
VA USA 

 
Personal handheld filtration devices used in combination with conventional electronic 
nicotine delivery systems (ENDS) provide a convenient, and effective means to 
significantly lower environmental and bystander exposure to exhaled vapor. A growing 
consensus exists with respect to the advantages of switching from combustible cigarettes 
to ENDS, however the potential hazards, if any, associated with bystander exposure to 
exhaled vapor have not yet been determined, As ENDS use increases, so will the need to 
mitigate bystander exposure to user exhaled vapor. Methods: A fine polydisperse aerosol 
was generated in accordance with ISO 29463-2 using a single Laskin nozzle and DEHS 
(Diethylhexylsebacate). Simultaneous counting of aerosol particles captured and passing 
through the pocket filter device was accomplished using two TSI Scanning Mobility Particle 
Sizers, model 3072, and Condensation Particle Counters, model 3880. Filtration efficiency 
calculations were performed for a range of particle sizes centered on the Most Penetrating 
Particle Size (MPPS) for each filter device in accordance with ISO 29463-5. Since no 
media was available for determination of MPPS separate from the device. The pocket filter 
devices and TSI particle classifier were utilized as a filter media for the determination of the 
MPPS per ISO 29463-3. Results: The data demonstrate that both Philter devices effectively 
captured fine particulates ranging from 60 to 300 nanometers and larger, with significant 
particle collection even at submicron particle sizes. Conclusion: Philter Laboratories filters 
are capable of reducing bystander exposures to fine particulates exhaled during the routine 
use of ENDS products. Next steps are to characterize the trapped and pass through particles 
(e.g., chemical). 

 
9. ANALYSIS OF ORGANIC ACETATES IN E-VAPOR PRODUCTS BY GC-MS/MS. 
Jeff ZHU, Charles Brooks and Lee Gentry; ITG Brands, Greensboro, NC USA 

 
Organic acetates (methyl acetate, ethyl acetate, isobutyl acetate, isoamyl acetate and 
benzyl acetate) are flavorants and are of interest for E-vapor products testing based 
on recent guidance from FDA-CTP. A review of the literature shows few, if any, direct- 
application methods for these analytes. Herein we wish to present a GC-MS/MS method 
for the analysis of these acetates in e-vapor product aerosols and e-liquids. These organic 
compounds have a wide range of boiling points with methyl acetate being most volatile and 
ethyl acetate being the second. Since they can elute around the same retention time as the 
solvent, it is important to have the right solvent for GC separations. Various solvents have 
been tested and acetonitrile is most suitable which provides good separations from these 
volatile acetates. In addition, split injection (30:1) is applied in order to further ensure good 
separations. The calibration range is 20 to 2500 ng/mL for methyl acetate, 80 to 10000 ng/ 
mL for ethyl acetate, 40 to 5000 ng/mL for isobutyl acetate and isoamyl acetate, and 8 to 
1000 ng/mL for benzyl acetate. Furfural-d4 is used as internal standard for benzyl acetate, 
while ethyl-2,2,2-d3 acetate is used as internal standard for other four acetates. The LOQ of 
the method is defined as lowest spiking level during the validation which ranges from 8 – 80 
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ng/mL for various analytes above, or 3.2 – 32 ng/puff for 50 puffs of aerosols, or 0.44 – 4.4 
µg/g for 0.36 g of e-liquids. The new method has been validated with good recoveries for e-
vapor product aerosols (87 – 112%) and e-liquids (79 – 124%). 

 
10. THE EFFECT OF SMALL SAMPLE SIZES ON EVALUATION STATISTICS IN 
PROFICIENCY STUDIES: A SIMULATION STUDY BASED ON THE 1R6F. Stacey 
SLONE, Brent Shelton, Ruth McNees and Orlando Chambers; University of Kentucky, 
Lexington, KY USA 

 
The test statistics used in proficiency studies as proposed by the International Organization 
for Standardization (ISO) regulations are based on statistics constructed from the normal 
distribution and large sample theory. Concerns of test unsuitability arise when a proficiency 
study has a small number of participants (N < 12). Although the ISO regulations provide 
various acceptable statistical tests, no suggestions are given in regard to the issue of small 
sample size. A subsequent review of literature also did not find a statistical test that would 
be appropriate for proficiency studies with the 1R6F. 

 
A simulation study was designed to compare various options for the test statistic including 
the Z-score, the Z’-score and the t-score. Sample sizes of 4, 12 and 25 participants were 
created in which 1000 data sets were simulated using the certified value from the published 
Certificate of Analyses and the average repeatability and reproducibility from previous 
actual proficiency studies. 

 
Multiple summary statistics will be shown comparing the strength and reliability of the 
various test statistics across the multiple sample sizes and parameters. 

 
11. BIOMARKERS OF POTENTIAL HARM IN SMOKING ABSTINENCE AND IN 
THE USE OF VUSE ELECTRONIC NICOTINE DELIVERY SYSTEMS (ENDS). Patrudu 
MAKENA; RAI Services Company, Winston-Salem, NC USA 

 
Qualified Biomarkers of Potential Harm (BoPH) are useful in evaluating the beneficial 
effects of abstinence from cigarette smoking or switching to potentially reduced risk 
tobacco products. We benchmarked BoPH changes in a 14-Day smoking abstinence study 
in two age groups and used those BoPH to assess the effects of Vuse ENDS products. This 
smoking abstinence study was conducted under confinement conditions, and enrolled 70 
subjects into younger (24-34 years, n=33) and older (35-60 years, n=37) groups. Several 
biomarkers of exposure and BoPH were evaluated. 

 
Significant declines in Leukotriene E4 (LTE4), 2,3-dinor-thromboxane B2 (2,3-d-TXB2), 
neutrophils, white blood cells (WBC) and select arterial blood cell parameters were 
observed in both age groups at Day 7 and 14 compared to baseline, while other BoPH, 
(example Arterial blood gases, Fractional Exhaled Nitric Oxide) showed age-related effects. 
In a separate confinement study where smokers abstained from smoking or switched to 
three Vuse ENDS products for 7 days, complete blood counts were analyzed. The results 
showed that WBC, neutrophil and red blood cells (RBC) counts, along with hematocrit 
and hemoglobin levels decreased in smokers who were switched to Vuse ENDS to the 
same extent observed in 7-day of smoking abstinence. The BoPH assessed in these studies 
are indicators of platelet activation (2,3-d-TXB2) and inflammation (LTE4, WBC and 
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neutrophils), and provide useful clinical risk markers for assessing candidate modified risk 
tobacco products in short-term studies. In each study, rapid and reproducible reductions 
in LTE4, 2,3-d-TXB2, WBC and neutrophil counts were consistently detected following 
smoking abstinence or switching to Vuse ENDS, indicating the value of these markers as 
BoPH. 

 
12. ANALYSIS OF COUNTERFEIT E-LIQUIDS USING FLAVORING PROFILES BY 
GAS CHROMATOGRAPHY WITH MASS SPECTRAL DETECTION. Lisa LORENZ, 
Kelsey M. Griffin and Melanie Parsons; U.S. Food and Drug Administration, Cincinnati, 
OH USA 

 
In August 2016, the Food and Drug Administration finalized a rule extending FDA’s authority 
to regulate tobacco products to include, among other things, electronic nicotine delivery 
systems (ENDS). To support investigations of counterfeit ENDS products in the United 
States, the FDA’s Forensic Chemistry Center (FCC) has analyzed numerous submissions 
of suspected counterfeit ENDS products from the FDA’s Office of Criminal Investigations. 
Determination of flavor profiles can provide important information when comparing a 
suspect ENDS product to an authentic product. A method has been developed to examine 
the flavor profiles of the e-liquids using gas chromatography with mass spectral detection 
(GC-MS). Separation of compounds is achieved in 33.5 minutes using a temperature 
gradient on a Phenomenex Zebron ZB-5HT Inferno column. A single quadrupole, electron 
ionization mass spectrometer is used for detection. The samples are prepared using a water/ 
chloroform phase extraction in order to remove the high levels of propylene glycol (PG) 
and glycerol (VG) present in the sample matrix so that early eluting flavors can be more 
readily identified. This extraction process provides the framework to determine significant 
differences between suspected counterfeit and authentic products. 

 
13. A 12 MONTH STABILITY STUDY ON JUUL VIRGINIA TOBACCO FLAVORED 
AEROSOLS USING TWO NON-TARGETED ANALYTICAL METHODS. Mark 
CROSSWHITE, Lena N. Jeong, Brian Jameson, Anastasia Lioubomirov, Clarissa Yanga, 
Adam Ozvalda and I. Gene Gillman; JUUL Labs, Washington, DC USA 

 
Combustible cigarette (CC) smoking is the leading cause of preventable human death. 
The United States Food and Drug Administration (FDA) Family Smoking Prevention and 
Tobacco Control Act, protects public health by regulating the manufacturing, distribution, 
and marketing of tobacco products. Beyond the analysis of target compounds, the FDA 
Premarket Tobacco Product Application guidance recommends that applicants evaluate 
chemical changes over the product’s shelf-life. Samples were aged using International 
Conference on Harmonization’s climate zones III and IV long term conditions and aerosols 
were collected from three replicates, each from three production batches of JUUL Virginia 
Tobacco 5.0% nicotine by weight (VT5) using intense and non-intense puffing conditions. 
The objectives of this study were to 1) thoroughly chemically characterize the aerosols over 
a 12-month stability study and monitor the changes in aerosol chemistry, and 2) compare 
the chemical complexity of aerosols to combustible cigarette smoke (CCS). Therefore, two 
non-targeted analytical methods were applied to initial aerosol (T=0); remaining samples 
were stored in their original packaging and aerosolized and analyzed at six months (T=6) 
and again at 12 months (T=12). Trends from T=0 through T=12 show an increase in the 
total number of compounds detected, from 91 rising to 114 and spanning approximately 
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0.2% - 0.4% of the total aerosol mass. There were 24 compounds formed comparing 
combined T=0 and T=6 results to T=12 results – which amounted to only 0.04% by mass. 
After thoroughly evaluating VT5 for unique constituents it was observed that during the 12-
month stability study there were only minimal chemical changes to the aerosols, and the 
chemical complexity increased with storage time, but remained approximately 35-fold less 
chemically complex than CCS. 

 
14. EXTRACTABLES TESTING PLAN FOR AN IMPROVED DATA COLLECTION 
NEEDED FOR EFFECTIVE RISK ASSESSMENT IN ELECTRONIC NICOTINE 
DELIVERY SYSTEM. Harish CHEVVA, Felix Ayala-Fierro, Bryant Hiraki, Kevin Ford and 
David Cook; JUUL Labs, San Francisco, CA USA 

 
Extractables & Leachables (E&L) studies evaluate the likelihood of product contacting- 
materials to leach unwanted substances into consumer products including pharmaceuticals, 
food, medical devices and electronic nicotine delivery systems (ENDS). The first step in 
conducting a comprehensive extractable analysis is the chemical characterization of the 
materials in a pod/device (identity, chemical class, etc.), product configuration (surface area 
and shape), and a determination of the components likelihood to have constituents that 
could be considered of potential concern. Here we propose an extractables testing plan to 
use at the discovery phase of new solid materials which paves a way for the final health risk 
evaluation for the whole product (regulatory submissions). 

 
Herein four major pod components with no specific acceptability concerns during 
preliminary material evaluation are subjected to non-targeted extractable analysis that 
originated a total ~650 organic extractables across the various analytical methods. 
Structurally identified extractables were assessed to have low safety concerns using data 
from established databases or in-silico screening approaches (Leadscope and Derek Nexus). 
Other extractables were either reported as “unknown” or simply as “alkane.” According 
to International Council for Harmonization (ICH) M7 guidelines a stringent Threshold 
of Toxicological Concern limit of 1.5 µg/component is used to establish whether the 
unidentified substances are deemed acceptable or additional analytical efforts are needed 
for their identification. Retention time matching with internal databases, obtaining 
molecular mass, and identification of the presence of any toxicophoric groups in the mass 
spectra associated with these chemicals, paves a way for toxicological evaluation of these 
other extractables. Overall, the described extractable testing plan provides additional data 
of known and unknown compounds to perform effective risk assessment of extractables in 
ENDS products. 

 
15. A RETROSPECTIVE ANALYSIS OF CIGARETTE SMOKING AND ENDS USE IN 
A CONVENIENCE SAMPLE OF ADULT USERS OF BLU AND MYBLU ENDS. Ryan 
G.N. SELTZER1, Ian M. Fearon2, Trisha L. Houser1, Mitch Nides1, Andrew Tope3 and Xavier 
Cahours3; 1LA Clinical Trials, Burbank, CA USA, 2whatIF? Consulting, Harwell UK and 
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3Imperial Brands, Bristol UK 
 

Encouraging adult smokers to transition to potentially less harmful nicotine products, 
like electronic nicotine delivery systems (ENDS), may positively impact individual and 
population health. However, there is concern that ENDS use by never smokers might lead 
to cigarette smoking. 

 
A cross-sectional, online, retrospective survey examined factors associated with ENDS use, 
combustible cigarette smoking history, and changes in smoking behavior, in 494 adult users 
of blu PLUS+, blu Disposable, and myblu ENDS in the US. Across all products, current 
use was reported by 12 never smokers (2.4% of survey population). For myblu and blu 
Disposable, the majority of current users were former smokers of cigarettes, while for blu 
PLUS+ the majority of current users were established smokers. Of those myblu users who 
were current cigarette smokers at first use of myblu, 52.5% are now former smokers; similar 
values of 52.1% and 52.2% were found for blu PLUS+ and blu Disposable, respectively. 
Of those who were former smokers at first use of myblu, 9.1% are now relapsed smokers; 
similar values of 8.0% and 7.3% were found for blu PLUS+ and blu Disposable, respectively. 
Finally, 1 never smoker initiated cigarette smoking subsequent to first use of blu Disposable. 
No never smokers initiated cigarette smoking subsequent to first use of either myblu or blu 
Plus+. 

 
Our findings suggest that blu and myblu ENDS are predominantly used by those with 
a smoking history, and that their use supports adult smokers transitioning away from 
combustible cigarettes. Furthermore, blu and myblu use is associated with a low level of 
relapse among former smokers and of cigarette smoking initiation among never smokers. 
These data support a positive role for blu and myblu ENDS in tobacco harm reduction. 

 
16. ABUSE LIABILITY EVALUATION OF TWO NICOTINE LOZENGES COMPARED 
TO COMBUSTIBLE CIGARETTES AND NRT LOZENGE IN ADULT SMOKERS. Chris 
CAMPBELL, Tao Jin, Bobbette Jones, Elaine Round, Eckhardt Schmidt and Sarah Baxter- 
Wright; RAI Services Company, Winston-Salem, NC USA 

 
To examine the abuse liability (AL) of two mint-flavored hard and soft dissolvable nicotine 
lozenges (NL), we conducted a two-arm, five-way crossover study in confinement with 
healthy smokers. Subjects participated in five daily test sessions (each following a 12- 
hour minimum nicotine abstinence period) with randomized use of one of five products 
each session: usual brand combustible cigarette (CC / high-AL comparator), nicotine 
replacement therapy lozenge (NRT / low-AL comparator), one NL, or simultaneous use of 
two or four NLs. Results of subjective measures and nicotine pharmacokinetic parameters 
after use of NLs were compared with results after use of the high and low-AL comparators. 
Blood samples, subjective measures, vital signs, and adverse events (AEs) were collected 
over the course of 6 hours prior to, during, and following product use. 

 
Results demonstrated that total nicotine uptake over 6 hours (AUC0-360min) was 
statistically significantly lower for a single NL than for either CC or NRT. AUC0-360min 
after use of two and four NLs was similar to or higher than for CC or NRT. Mean scores for 
several product liking subjective measures were statistically significantly lower for all NLs 
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compared to CC and not different from NRT. The mean scores for “positive effects” after 
use of all NLs were generally similar to those for NRT, however, mean scores for “negative 
effects” increased with the number of lozenges used simultaneously. Mild AEs such as 
hiccups, nausea, and throat irritation were similar among NLs and NRT, and for the NLs, 
increased with increasing number of lozenges. Results demonstrate that these NLs have AL 
profiles less than CC and similar to NRT lozenge and suggest that they have a low risk of 
abuse. 

 
17. PHARMACOKINETIC EVALUATION OF E-LIQUID FLAVORS IN THREE VUSE 
ELECTRONIC NICOTINE DELIVERY SYSTEMS (ENDS). Kyung soo HONG, Patricia 
(TC) DeLuca, Tao Jin, Bobbette Jones, Eckhardt Schmidt, Paul Nelson and Elaine Round; 
RAI Services Company, Winston-Salem, NC USA 

 
The impact of flavors on ENDS product use and nicotine exposure is an important factor 
in product regulation. As such, we evaluated the nicotine pharmacokinetics (PK) for three 
ENDS products (Vuse Ciro, Vibe and Solo) across four flavor variants for each product in 
single-blinded, randomized studies. 

 
A total of 369 subjects (Ciro: 121; Vibe: 126; Solo: 122) who were primarily smokers 
completed the 2-day confinement study using one of three ENDS in one of four flavors. 
Nicotine contents of e-liquids for Ciro, Vibe and Solo were 1.5%, 3.0% and 4.8%, 
respectively. 

 
Subjects acclimated to an assigned e-liquid flavor and product for one week prior to 
confinement. On the evening of Day 1, subjects were required to abstain from tobacco/ 
nicotine products for 12 hours, followed by a test session on Day 2. During test sessions, 
subjects were required to use ad libitum their assigned ENDS for 10 minutes. Blood samples 
were collected before, during, and after 10-minute ad libitum ENDS use session for 60 
minutes after the start of ENDS use. Product liking was assessed at the end of test sessions. 

 
Baseline-adjusted geometric mean Cmax ranged from 4.35 to 5.88 ng/mL (Ciro), 4.60 to 
6.84 ng/mL (Vibe) and 6.53 to 8.21 ng/mL (Solo). Geometric mean AUC nic0–60 ranged 
from 134.63 to 184.67 ng*min/mL (Ciro), 160.32 to 236.11 ng*min/mL (Vibe) and 206.87 
to 263.52 ng*min/mL (Solo). The primary study endpoints were similar across the four 
flavors within each ENDS product as evidenced by overlapping 90% confidence intervals. 
This suggests that flavors may have a limited impact on nicotine exposure in these ENDS 
products in an acute exposure setting. 

 
18. Withdrawn 

 
19. ANALYSIS AND DIFFERENTIATION OF TOBACCO-DERIVED AND SYNTHETIC 
NICOTINE SAMPLES. Preston CAMPBELL1, Andrew Cheetham2, Bonnie Coffa2, Jacob 
Hilldrup2, Stanley Gilliland1 and Susan Plunkett1,2; 1Consilium, Richmond, VA USA and 
2Enthalpy Analytical, Richmond, VA USA 

 
There is significant regulatory and economic need to distinguish between tobacco-derived 
(TDN) and synthetic (SynNic) in commercial products. While products that contain TDN 
are regulated by FDA, those with SynNic are currently exempt from regulatory authority, 
a grey area that provides a loophole for SynNic commercialization without the quality 
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and safety checks that go along with a PMTA. Furthermore, SynNic is frequently racemic, 
containing 50% of the poorly characterized (R) enantiomer of nicotine, creating the 
possibility of unpredictable nicotine responses in users. There is little to no toxicological 
or physiological data for the (R) enantiomer and there are no published studies which 
differentiate between TDN and SynNic in commercial e-liquids or nicotine pouches. 

 
TDN is typically comprised of ~99.3% (S)-nicotine enantiomer; while SynNic from 
traditional syntheses is racemic (i.e., 50/50 (R)-nicotine and (S)-nicotine enantiomers). 
SynNic can be purified through chiral resolution or separation to obtain >99% S nicotine, 
but at a yield loss of at least fifty percent. Technical challenges of SynNic purification can be 
prohibitively expensive resulting in shortcuts and variable quality. 

 
Here we provide data on the enantiomeric purity, levels of nicotine degradants, metals, 
and TSNAs from several synthetic and tobacco derived sources of nicotine used in the 
manufacturer of nicotine containing e-liquids and discuss technical limitations. 

 
20. NRF2 RESPONSE TO WHOLE SMOKE AND AEROSOL OF TWO DIFFERENT 
TOBACCO PRODUCT TYPES IN A 3D HUMAN AIRWAY MODEL. Brian M. KEYSER1, 
Robert Leverette1, Michael Hollings2, Emma Rothwell2, John Wertman1, Walt Morgan1 
and Wanda Fields1; 1RAI Services Company, Winston-Salem, NC USA and 2Labcorp Early 
Development Laboratories, Harrogate, North Yorkshire UK 

 
The nuclear factor erythroid 2-related factor 2 (Nrf2) signaling pathway, activated in 
human lung cells by cigarette smoke, regulates genes involved in the antioxidative stress 
response. Here, we evaluated the effect of cigarette whole smoke (3R4F reference cigarette) 
and whole aerosol from a commercially available tobacco heating product (THP) on cell 
viability and Nrf2 response in a 3D human airway model (EpiAirway™) transfected with a 
luciferase Nrf2 promoter. 
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EpiAirway™ tissues were exposed to smoke/aerosol generated under the Health Canada 
Intense regimen. Smoke/aerosol doses were controlled using dilution airflows of 0.5 to 
6 L/min for 3R4F, and undiluted to 3 L/min for the THP. Eighteen hours post-exposure, 
luciferase activity and cell viability were measured. Post-exposure, smoke/aerosol deposition 
was also quantified using chemical analysis (e.g., glycerol, nicotine) and fluorescence of 
captured particulate matter in a dosimetry well within the exposure module. 

 
Differential Nrf2 activation was observed following exposure to 3R4F smoke compared to 
the THP aerosol. A peak response of 1,484 ± 184-fold Nrf2 activation at 1.5 L/min (7.09 
± 1.58 µg nicotine) was observed for 3R4F while no meaningful response (<2 fold) was 
generated by the THP under comparable conditions. Undiluted aerosol (37.67 ± 2.44 µg 
nicotine) was required for the THP to induce a response: 445 ± 103-fold change. Cell 
viability remained >80% at these airflows. Moreover, the minimum exposure-correlated 
nicotine concentration required to induce a >2-fold increase in Nrf2 activation was 
significantly (p<0.001) lower for 3R4F than THP. 

 
Collectively, these data show that changes in the Nrf2 promoter response may be useful in 
discriminating response to smoke/aerosol exposures from different tobacco product types. 

 
21. CHARACTERIZATION OF FREE RADICALS IN CIGARETTE SMOKE AND E-
CIGARETTE AEROSOLS BY SPIN-TRAPPING EPR SPECTROSCOPY. Michael 
DAVIS1, Carolina Clayton Probert2, Tatyana Smirnova2, Alex Smirnov2 and G.L. Prasad3; 
1R.J. Reynolds Tobacco Company, Winston-Salem, NC USA, 2North Carolina State 
University, Raleigh, NC USA and 3RAI Services Company, Winston-Salem, NC USA 

 
E-cigarettes have gained popularity since their introduction in the market; however, only 
limited data about free radical content of e-cigarette aerosols and the nature of the radicals 
formed are available in the literature. The overall goal of this study was to characterize 
and quantify short-lived radicals produced in e-cigarette aerosol condensate and compare 
them with radicals produced in smoke of combustible cigarettes. To achieve this goal, we 
employed a spin-trapping method in combination with Electronic Paramagnetic Resonance 
(EPR) detection. We quantified production of short-lived radicals in e-cigarette aerosol 
condensate and have shown that they are at the level of 2.2% - 3.7% of the radicals trapped 
from smoke of a reference 1R6F combustible cigarette. The major component of the spin- 
adduct spectra was assigned to an oxygen-centered alkoxy radical. 

 
22. MARKET SURVEY OF MODERN ORAL NICOTINE PRODUCTS: 
DETERMINATION OF SELECT HPHCS AND COMPARISON TO TRADITIONAL 
SMOKELESS TOBACCO PRODUCTS. Alexandra MARTIN, Joseph J. Jablonski and 
Andrew G. Cheetham; Enthalpy Analytical, Richmond, VA USA 

 
In an effort to combat the risks associated with traditional tobacco products, tobacco 
science and product innovation has been redirected towards providing the consumer 
with products that may limit their potential exposure to harmful or potentially harmful 
constituents (HPHCs). Among these product innovations are modern oral nicotine 
products (MONPs), or tobacco-free nicotine products (TFNPs). This product class aims to 
deliver nicotine while reducing the consumer’s potential for toxicant exposure. This body 
of work sought to investigate the potential for select HPHC exposure (tobacco-specific 
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nitrosamines, carbonyls, benzo[a]pyrene, nitrite, metals) from MONPs and to compare 
it to that from traditional tobacco products. Given the recent push towards reducing the 
consumer’s potential risk, this work expands on previously published studies both in terms 
of diversity of products assessed and analytes tested. In total, twenty-one unique MONPs 
were assessed and compared to four traditional tobacco products. 

 
We found that there was a difference in the potential exposure based on the MONP filler— 
plant material vs granulate/powder. Typically, the HPHC levels observed in plant-based 
MONPs were higher than those observed for granulate/powder products with this trend 
most significant within the metals analysis. Here, the observed levels of select metals were 
generally higher in plant-based MONPs, the levels for which were, in some instances, also 
greater than those seen in traditional smokeless tobacco products. Generally, the overall 
HPHC levels observed in MONP were at or below those levels observed in traditional 
tobacco products. 

 
23. ABUSE LIABILITY EVALUATION OF PORTIONED ORAL NICOTINE PRODUCTS 
COMPARED TO COMBUSTIBLE CIGARETTES AND NRT GUM IN ADULT SMOKERS. 
Bobbette JONES, Leanne Campbell, Kristen Prevette, Elaine Round, Eckhardt Schmidt and 
Sarah Baxter-Wright; RAI Services Company, Winston-Salem, NC USA 

 
This study investigated subjective measures and nicotine pharmacokinetic characteristics 
of portioned oral nicotine pouch product (investigational products [IPs]) use among 
healthy adult smokers. Results from this 5-way crossover study are reported for use of the 
IPs compared with use of subjects’ usual brand combustible cigarette (CC) and nicotine 
replacement therapy (NRT) gum (high- and low-abuse liability [AL] comparators, 
respectively). During clinical confinement, subjects participated in five daily test sessions 
(following a 12-hour nicotine abstinence period), in which they used 1 of 5 products 
per session (based on a product randomization sequence): CC, NRT, one 2 mg nicotine 
pouch, one 4 mg nicotine pouch, or simultaneous use of two 4 mg nicotine pouches (8 mg 
nicotine). Blood samples, subjective measures, vital signs, and adverse events were collected 
prior to, during, and following product use over 4 hours. 

 
Compared to CC, nicotine uptake over 4 hours (AUC0-240 min) was statistically significantly 
lower after use of the 2 and 4 mg IPs and not statistically different after use of the 8 mg IP. 
Compared to NRT, mean AUC0-240 min was not statistically different for the 2 mg IP, but 
was significantly greater for the 4 and 8 mg IPs. The IPs demonstrated significantly lower 
scores for product liking (PL) and positive effects, and significantly higher urge to smoke 
(UTS) and negative effects scores compared to CC. Relative to NRT, PL and positive effects 
were significantly lower or not statistically different for the IPs, negative effects were greater, 
and UTS was generally similar to NRT. These results indicate the IPs have an AL profile 
lower than a CC and similar to or slightly lower than a commercial NRT gum. 

 
24. IN-VITRO TOXICITY TESTING OF RELX INFINITY TOBACCO AND MENTHOL 
FLAVORED ENDS PRODUCTS COMPARED TO REFERENCE 1R6F CIGARETTE. 
Charlene LIU1, Emmanuel F. Minet2 and Donald W. Graff1; 1RELX International, Shenzhen, 
Guangdong China and 2Broughton Nicotine Services, Earby, Lancashire UK 



30  

Program and Abstracts 

 
 

In the Electronic Nicotine Delivery System (ENDS) Premarket Tobacco Product Application 
guidance, the FDA recommends a weight of evidence approach to demonstrate that ENDS 
products are appropriate for the protection of public health, including in-vitro toxicological 
studies for cytotoxicity and genotoxicity. Here, we describe results of an in-vitro test battery 
applied to RELX Infinity tobacco and menthol flavored closed pod systems with 4% nicotine 
and the reference 1R6F cigarette. RELX Infinity ENDS product aerosol condensate and 
gas phase were collected under an intense puffing regimen and characterized for nicotine, 
excipients, and carbonyls. Cigarette smoke was collected with a similar approach using the 
Health Canada Intense smoking regimen. Cytotoxicity and genotoxicity were tested using 
in-vitro neutral red uptake (NRU), micronucleus (MN), and Ames assays following OECD 
guidelines. No cytotoxicity was observed by NRU for all RELX ENDS matrices tested at 
a maximum dose of 1% v/v. The 1R6F matrix was cytotoxic with an IC50 established at 
0.06% v/v. The MN assay was negative for RELX ENDS matrices at doses up to 1% v/v. 
Negative MN results were also reported for the 1R6F, however, cytotoxicity was observed 
at doses as low as 0.17% v/v which may have interfered with the assay sensitivity. Ames 
plate-incorporation was negative for all RELX ENDS matrices in all strains even at doses 
over 10 mg of aerosol collected mass. Reference 1R6F cigarette tested positive in strains 
TA98, TA100, and TA1537 with metabolic activation. These results demonstrate that RELX 
Infinity tobacco and menthol flavored ENDS products were neither cytotoxic nor genotoxic 
under test conditions. In contrast, the 1R6F reference cigarette comparator was positive in 
Ames test and cytotoxic in mammalian cells. 

 
25. ACCELERATED AGING STUDY OF REFERENCE SMOKELESS TOBACCO 
PRODUCTS. Siqi GUAN, Huihua Ji and Lowell Bush; University of Kentucky, Lexington, 
KY USA 

 
With the development of tobacco product regulation, knowledge of stability and storage 
conditions for tobacco products becomes increasingly important. An accelerated aging 
study is a useful method for stability assessments. It can also reflect additional effects, such 
as the handling and transportation of smokeless tobacco products (STPs). In this study, 5 
different storage conditions, including -22°C (77% RH), 22°C (60% RH), 37°C (70% RH), 
42°C (72% RH), and 60°C (75% RH), were set up for an accelerated aging study of four 
certified reference STPs, including loose-leaf chewing tobacco (3S1), snus (1S5), Swedish- 
style snus (1S4), and moist snuff (3S3). These four reference STPs were manufactured by 
the Center for Tobacco Reference Products (CTRP) of the University of Kentucky in 2016, 
under a Cooperative Agreement with the FDA. In this study, six time-points for sample 
collection were set up, including 3, 7, 14, 21, 28, and 35 days. The analytes tested included 
pH, nicotine, free nicotine, nornicotine, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone 
(NNK), N’-Nitrosonornicotine (NNN), and benzo[a]pyrene (B[a]P). Based on our data, 
pH and nicotine concentration changed most when storage temperature increased. The pH 
dropped as soon as 3 days at high temperatures and decreased more with time, resulting in 
significant decreased in free nicotine concentration. Stored for 35 days under the condition 
of 60°C (75% RH), total nicotine contents of 1S5, 3S1, 3S3, and 1S4 decreased by 26.1%, 
17.3%, 13.5%, and 4.9%, respectively, compared to those stored under -20°C. This indicated 
these STPs would lose large amounts of total nicotine if stored or transported at a relatively 
high temperature. 
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26. A STATISTICAL METHODOLOGY INTEGRATING RESAMPLING TECHNIQUES 
TO EVALUATE PUBLIC HEALTH IMPACT AFTER INTRODUCTION OF REDUCED- 
RISKS PRODUCTS IN JAPAN. Sylvain LARROQUE1, Terushige Kubota2, Yuki Kimura2, 
Maurane Charrière1 and Damien Sonnerat1; 1JTI Geneva, Geneva Switzerland and 2JT, 
Tokyo Japan 

 
Statistical modeling methodologies to predict the impact of reduced-risk products (with 
the potential to reduce the public health risks associated with smoking, “RRP”), namely e-
cigarettes and heated tobacco products, require many input parameters; i) demographics 
projections (e.g. births, deaths, migrations), ii) status and evolution of tobacco consumers’ 
prevalence (e.g. initiations, cessations, product transitions), and iii) estimates of the 
potential reduced-risk of new products (as compared to the risks associated with smoking 
conventional cigarettes). 

 
Generally, due to the large volume of data and heavy computation processing time, a small 
range of input parameters is carefully selected (e.g. low, medium, high scenarios) and is 
evaluated for sensitivity purposes. 

 
The objective of this work is to build a statistical platform to compute valid and reliable 
predictions integrating exhaustive variability by inputting not only point estimates but the 
full parameter distributions. 

 
A standard SAS/IML® script using resampling techniques simulations has been created 
to mimic the density of the reduced-risk profile and smoking status transition rates 
probabilities coming either from assumptions defined by the users of the platform or from 
clinical biomarker and observational studies. 

 
The script is producing automatic outputs showing the predictive demographics 
distribution over time including life-year gain in a population after introduction of an RRP. 
Sensitivity and robustness of the model can then be checked by looking at percentiles of all 
simulations (e.g. 5% lowest percentile showing positive life-year gain after introduction). 

 
This method has been applied using official Japanese demographics projections, vital 
statistics and smoking prevalence data to better describe what would be the impact of 
model parameters variability on public health predictions after introduction of a new RRP. 

 
27. AMBULATORY USE OF ELECTRONIC NICOTINE DELIVERY SYSTEMS – 
REDEFINING TOPOGRAPHY ENDPOINTS. Robert UNDERLY, Evan Nudi, Timothy 
Pionk and Jeffrey Smith; R.J. Reynolds, Winston-Salem, NC USA 

 
Over the last decade the use of electronic nicotine delivery systems (ENDS) has been on 
the rise while studies which describe how consumers use these products have been limited. 
Most studies related to the use of ENDS products have either been focused on use within 
a confined space (in which subjects are given a set period of time to use the product) or 
study designs that attempt to capture use over time, though few studies have been able 
to effectively generate cumulative/time-series datasets. The development of accurate and 
reliable data collection methods, generation of operational definitions for novel endpoints, 
and expansion of primary endpoints beyond those traditionally used for combustible 
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cigarettes to reflect the additional complexity of ENDS use behavior may allow for a better 
understanding of how patterns of ENDS use change over time. 

 
The Product Use and Behavior (PUB) instrument was used to capture how ENDS products 
are used in an ambulatory setting to best replicate real-world use behavior. Additionally, 
using a novel analytical approach, we were able to define sessions of use with an ENDS 
product. This approach allowed us to determine traditional topography endpoints such as 
total puffs, individual puff duration, and inter-puff interval while also determining novel 
session-related endpoints including puffs per session, time between sessions, sessions per 
day, and session length. 

 
Collecting topography data in an ambulatory setting, and understanding product use in the 
context of sessions, allows for a more complete understanding of ENDS use patterns. This 
approach to capturing and analyzing ENDS data provides a better understanding of the 
potential impact the use of ENDS products have on public health. 

 
28. PREMARKET ASSESSMENT OF CONDITIONAL RISK PERCEPTIONS 
AND INTENTIONS TO USE THE RELX INFINITY ENDS AMONG NATIONAL 
PROBABILITY SAMPLES OF ADULT TOBACCO USERS AND NON-USERS IN THE 
UNITED STATES. Christopher RUSSELL, Russell Burnett Research and Consultancy, 
Glasgow Scotland 

 
Collecting data on tobacco product risk perceptions and use intentions can inform the U.S. 
Food and Drug Administration’s (FDA) evaluation of the population’s likelihood of using a 
new tobacco product. This study assessed conditional long term health risk perceptions and 
intentions to use the RELX Infinity ENDS (RIE) among legal age adult (LAA) tobacco users 
and non users. National probability samples of adults aged ≥21 years in the United States 
who were either Established Current Smokers (ECS, n=2,014), Established Former Smokers 
(EFS, n=2,089), or Non-Smokers (NS, n=2,123) completed an online questionnaire 
between 5-30 November, 2020. Positive intention to trial the RIE was reported by 27.2% 
(95CI: 24.8%, 29.7%) of ECS; 5.4% (4.4%, 6.6%) of EFS; 3.4% (2.6%, 4.3%) of NS; and 
1.0% (0.5%, 1.8%) of never smokers. Positive intention to use the RIE to help quit smoking 
cigarettes completely was reported by 19.1% (16.6%, 21.9%) of the subset of ECS who, 
prior to exposure to the RIE, did not plan to quit smoking within the next six months. 
ECS believed that completely switching from cigarettes to the RIE would reduce their 
lifetime risk for several developing tobacco-related diseases. However, ECS believed their 
lifetime health risks could be reduced furthest by instead completely switching to nicotine 
replacement therapy (NRT) products or by ceasing all tobacco and nicotine use. Results 
suggest the RIE, if marketed in the United States, would have high appeal to existing LAA 
smokers as an alternative to cigarettes but low appeal to LAA non smokers, and that LAA 
smokers would likely perceive a switch to NRTs or cessation of all tobacco and nicotine use 
as representing better options for their health compared to switching to the RIE. 

 
29. CURIOSITY AND INTENTIONS TO USE MYBLU E-CIGARETTES AND AN 
EXAMINATION OF THE GATEWAY THEORY: DATA FROM CROSS-SECTIONAL 
NATIONALLY REPRESENTATIVE SURVEYS. Ian M. FEARON1, Ryan G.N. Seltzer2, 
Trisha L. Houser2, Mitch Nides2, Andrew Tope3 and Xavier Cahours3; 1whatIF? Consulting, 
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Harwell UK, 2LA Clinical Trials, Burbank, CA USA and 3Imperial Brands, Bristol UK 
 

Encouraging adult smokers to transition to potentially less harmful alternative nicotine 
products, such as electronic nicotine delivery systems (ENDS), may positively impact both 
individual and population health. However, there is concern that ENDS may be used by 
never smokers and subsequently lead to established combustible cigarette smoking (the 
gateway hypothesis). 

 
Data were obtained from 2 cross-sectional, US nationally-representative surveys of both the 
prevalence and perceptions of use of myblu ENDS. Datasets were analyzed separately for 
young adults (aged 18-24) and adults (aged 25+), and data were combined from 2 waves 
of the surveys separated by 6 months. In young adults, myblu ever use was more likely in 
current smokers (CS) than never smokers (NS). Adult CS were more likely than NS to 
have ever used myblu in the perceptions survey, but not in the prevalence survey. Curiosity 
about using myblu was more likely in young adult CS compared with NS. For adults, this 
likelihood was greater for CS compared with NS in the perceptions survey, but not in the 
prevalence survey. Intentions to use myblu were significantly greater in young adult CS 
compared with NS in both surveys, and in adults in the prevalence survey. Only 0.1% of the 
total survey population reported using myblu for the first time prior to smoking cigarettes 
and went on to become established smokers. 

 
Overall, CS were generally more likely to have ever used myblu compared with NS. Similarly, 
curiosity and intentions to use myblu were generally higher in CS compared with NS. 
Furthermore, these data indicate myblu ENDS are not a gateway product to combustible 
cigarette smoking and support a role for myblu ENDS in tobacco harm reduction. 

 
30. EXAMINATION OF THE IMPACT OF E-LIQUID NICOTINE STRENGTH ON 
PERCEIVED DEPENDENCE ON MYBLU ENDS. Ian M. FEARON1, Ryan G.N. Seltzer2, 
Trisha L. Houser2, Mitch Nides2, Andrew Tope3, Xavier Cahours3 and Thomas Verron3; 
1whatIF? Consulting, Harwell UK, 2LA Clinical Trials, Burbank, CA USA and 3Imperial 
Brands, Bristol UK 

 
Electronic nicotine delivery systems (ENDS) are a potentially less harmful alternative to 
combustible cigarette smoking for adult smokers. While it has been proposed that ENDS 
that have nicotine delivery characteristics similar to that of combustible cigarettes are likely 
to be more effective in helping adult smokers transition away from cigarette smoking, there 
is a concern that use of higher nicotine strength e-liquids could on the other hand lead to 
greater nicotine dependence. 

 
Data were obtained from 3 waves of a nationally-representative, cross-sectional survey 
assessing perceptions of the risks, addictiveness and appeal of combustible cigarettes and 
myblu ENDS among young adults (aged 18-24) and adults (aged 25+) in the US. Questions 
relating to dependence adapted from the Fagerström Test for Cigarette Dependence (craving, 
time to first use) and the 4-item PROMIS nicotine dependence item bank were asked of 
past month users of myblu ENDS along with questions concerning their most often used 
nicotine concentration. When performing pairwise multiple comparisons (post-hoc tests 
based on Tukey) on nicotine concentration groups (low, medium and high) for PROMIS 
items, differences between groups were not significant. PROMIS scores were significantly 
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higher for adults than young adults when assessed using a general linear model. Logistic 
regression analysis showed that craving scores and daily time to first use in myblu users of 
high or medium nicotine concentration were not significantly different from those using a 
low nicotine concentration. Craving scores also showed an age effect, while time to first use 
assessments were not significantly different between age groups. 

 
We conclude that dependence on myblu ENDS is not related to the nicotine concentration. 
Thus, myblu ENDS nicotine concentration may not be predictive of dependence. 

 
31. THE BIG VAPE SURVEY UNITED KINGDOM AND THE BIG VAPE SURVEY 
UNITED STATES. ARE ALL E-CIGARETTES EQUAL OR ARE SOME BETTER THAN 
OTHERS IN ASSISTING SMOKERS QUIT ATTEMPTS? Andrea PATTON, Gabriel 
Barnard, Farhana Haseen, Tiffany Hamilton, Evangelos Katsampouris, Venus Marza, 
Sophie Notley and Neil McKeganey; Centre for Substance Use Research, Glasgow UK 

 
ENDS is a world of near infinite diversity in product design, price, appearance, flavors, 
nicotine strengths. Whilst there is extensive research on the ENDS category and on individual 
ENDS products only rarely has any attempt been made to compare different devices in terms 
of their impact o adult smoking behavior. The U.S and U.K. Big Vape Survey is seeking to 
recruit 130,000 vapers to determine which devices are the most impactful in assisting adult 
smokers quit attempts. New and established vapers will be surveyed at regular intervals over 
a 12-month period and questioned in detail about their smoking and vaping behavior. The 
results of this research will be of interest to manufacturers, consumers, and regulators. This 
presentation will outline how this study is being carried out, the partner agencies involved, 
and the unique knowledge gain that will be achieved as the results begin to be available. For 
the first time adult smokers thinking of switching to vaping will have access to up to date, 
detailed evidence, on the differential impact of diverse ENDS products thereby enabling 
consumers to make informed choices about which devices, flavors, and nicotine strengths 
might best meet their needs. This presentation will provide an update on the first months 
of data collection. 

 
32. DEVELOPMENT OF RECOMMENDATIONS OF DESCRIPTIVE CONSUMER- 
REPORTED OUTCOME MEASURES (DESCRIPTIVE-CROM) AND RELATED 
DEFINITIONS IN TOBACCO AND NICOTINE RESEARCH. Lai WEI1, Emilie Clerc2, 
Christelle Chrea2, Mandara Shetty3, Krishna Prasad3 and Mohamadi Sarkar1; 1Altria Client 
Services, Richmond, VA USA, 2Philip Morris International, Neuchâtel Switzerland and 
3British American Tobacco, Southampton UK 

 
Background: The Consumer Reported Outcome Measures (CROM) Consortium Task 
Force (TF), consisting of academic researchers and members from various tobacco 
companies, was formed within the Cooperation Centre for Scientific Research Relative 
to Tobacco (CORESTA) in 2018. The primary objective of the CROM TF is to provide 
guidance on how to develop, validate, select, access, and use CROM to evaluate tobacco and 
nicotine-containing products for pre-market and post-market purposes. Working Group 
04 (WG04), as one of the CROM TF working groups, was established in 2020 and has the 
objective of developing recommendations and definitions related to Descriptive-CROM. 

 
Method: Descriptive-CROM are composed of factual items that are direct measures of 
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individual characteristics and behaviors, such as demographics and tobacco product use 
patterns. Fifteen tobacco surveillance surveys that focus on adult populations were selected 
for review including two international, eight European, one Japanese, and four US surveys. 
Question items from the most recent survey questionnaires were discussed and grouped 
into domains and subdomains. 

 
Results: Recommendations of survey items were made by the core team members and 
reviewed by advisory board members using a consensus-based approach. Differences 
between the international and national surveys and gaps in the survey items were identified. 
Recommendations were also made to align definitions derived from Descriptive-CROM, 
such as tobacco product dual or poly use, initiation and cessation. 

 
Conclusion: Based on identified domains and recommendations, optimal survey 
questionnaire items will be summarized to create a publicly available knowledge repository, 
including conditions and context of use. The repository will facilitate the development and 
use of Descriptive-CROM to evaluate tobacco and nicotine-containing products for pre- 
market and post-market purposes. 

 
33. Withdrawn 

 
 

34. Withdrawn 
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35. PRODUCT STANDARDS FOR POTENTIALLY REDUCED RISK TOBACCO 
PRODUCTS. Jennifer SMITH, Robert T. Smith and Donna C. Smith; Altria Client Services, 
Richmond VA USA 

 
In 2017, FDA announced the Comprehensive Plan for Tobacco and Nicotine Regulation 
that included recognition of a continuum of risk among various nicotine-containing 
products. Then-FDA Commissioner Gottlieb stated FDA policy should “move addicted 
smokers down that continuum of risk to these less harmful [innovative] products.” For 
tobacco harm reduction to be successful, we must first have a diverse marketplace of FDA- 
authorized potential reduced risk products (RRPs). Science- and evidence-based regulation, 
including product standards, may accelerate market authorization of RRPs and thereby 
benefit public health. Here, we recommend product standards for potential RRP categories 
such as Oral Tobacco Derived Nicotine (OTDN) products, Heated Tobacco Products 
(HTPs), and Electronic Nicotine Delivery Systems (ENDS). Ideally, product standards 
emphasize product safety, as well as achievable and efficient authorization pathways. We 
propose the FDA lead a national dialogue with all stakeholders, including public health, 
consumers and manufacturers, to develop and implement product standards for reduced 
risk product categories. 



37  

74th Tobacco Science Research Conference Is Tobacco Harm Reduction at Risk? The Need for Science and Engagement 
 

36. STANDARDS AND FDA SCIENTIFIC REVIEW. Todd CECIL; U.S. Food & Drug 
Administration, Silver Springs, MD USA 

 
37. NICOTINE STANDARDS. Sarah EVANS; Chemular Inc., Hudson, MI USA 

 
38. PRODUCT STEWARDSHIP MAXIMIZES THE HARM REDUCTION POTENTIAL 
OF RRPS. Donna SMITH and Jennifer H. Smith; Altria Client Services, Richmond, VA USA 

 
Consistent application of product stewardship principles for currently marketed reduced 
risk tobacco products (RRPs) will maximize their harm reduction potential. Today, more 
than half of adult smokers in the United States (approximately 22 million) are interested 
in satisfying, less harmful alternatives to cigarettes. While no tobacco product is safe, 
manufacturers and FDA’s Center for Tobacco Products (CTP) should strive to ensure that 
these products do not expose consumers to ingredients or constituents that increase the 
inherent toxicity of the product or product category when compared to cigarette smoking. 
Consistent and pragmatic product stewardship should be the cornerstone upon which 
potentially RRPs are developed. To this end, manufacturers and CTP should rely heavily 
on the tried and true safety evaluation programs that FDA’s other centers (e.g., CFSAN, 
CDER and CDRH) have used for decades to determine the safety of foods and drugs to set 
acceptable RRP toxicity profiles. Applying product stewardship principles, RRPs should be 
initially evaluated by considering the toxicological data available on every ingredient added 
to the product, its estimated daily exposure, purity and grade, and the relevant route of 
human exposure. Constituents, decomposition products, leachable chemicals from device 
components, electrical safety and packaging materials should also be assessed using the 
same techniques that FDA uses to evaluate foods, drugs and medical devices. This common- 
sense product stewardship approach will advance tobacco harm reduction by establishing a 
clear and scientifically based set of parameters by which to evaluate RRPs. 

 
39. PERFORMANCE SPECIFICATIONS FOR HEATED TOBACCO PRODUCTS — 
AN OVERVIEW OF BSI PAS 8850:2020. Maxim BELUSHKIN; Philip Morris Products, 
Neuchatel Switzerland 

 
The growing prevalence of heated tobacco products worldwide has led several national 
standardization bodies to establish voluntary product category standards. Such standards 
are typically performance-based, meaning that they maintain technological neutrality whilst 
providing quantitative means to differentiate heated tobacco products from combusted 
products such as cigarettes based on the absence of combustion. This is achieved by means 
of the assessment of levels of specific combustion markers in heated tobacco aerosols. In 
addition, such standards typically include quality and safety requirements for intended use 
for consumables, electronics, and manufacturing processes. It is important to note that 
these voluntary standards do not imply reduced risk from heated tobacco products relative 
to cigarettes. 

 
One of the most extensive voluntary specifications currently available is the British 
Standards Institution (BSI) Publicly Available Specification (PAS) 8850:2020 “Non- 
combusted tobacco products. Heated tobacco products and electrical tobacco heating 
devices. Specification.” This contribution provides an overview of BSI PAS 8850:2020, 
specifically highlighting those elements that make it a performance-based standard. The 
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key differences between performance-based and design-based standards and their pros and 
cons are further discussed. 

 
40. SYNTHETIC NICOTINE: REGULATORY ISSUES, POTENTIAL HEALTH RISKS 
AND TECHNICAL CHALLENGES. Bonnie COFFA1, Kevin Burd2, Elizabeth Sprowl3, 
Stanley Gilliland4, Preston Campbell4 and Susan Plunkett1,4; 1Enthalpy Analytical, 
Richmond, VA USA, 2North America Nicotine, Rocklin, CA USA, 3Pyxus International, 
Morrisville, NC USA and 4Consilium Sciences, Richmond, VA USA 

 
A significant scientific, regulatory, and economic need exists to distinguish tobacco-derived 
nicotine (TDN) from synthetic nicotine (SynNic) to assess its use in commercial products. 
Products containing TDN are regulated by FDA; however those with SynNic are currently 
exempt from regulatory authority which has resulted in a regulatory loophole for SynNic 
commercialization. The regulatory gap has resulted in significant numbers of new products 
that are largely manufactured with uncertainty of their safety and efficacy. There are 
obvious consumer implications associated with the use of SynNic products since they are 
not subject to any scientific, manufacturing or marketing standards, in contrast to products 
which are subject to a PMTA. 

 
Moreover, SynNic frequently contains a substantial proportion of the poorly characterized 
(R)-nicotine enantiomer. TDN is typically comprised of the ~99.3% (S)-nicotine 
enantiomer, while SynNic from traditional syntheses is racemic (i.e., 50/50 (R)-nicotine 
and (S)-nicotine enantiomers). SynNic can be enantiomerically purified to obtain >99% S 
nicotine, making it indistinguishable from TDN using existing chromatographic methods. 
High costs and technical challenges of SynNic purification have resulted in low quality and 
mislabeled products and use of SynNic is increasing despite the lack of scientific confidence 
in utilizing the racemic mixture. 

 
Currently there is scant toxicological or physiological data for the (R) enantiomer and no 
published studies which differentiate between TDN and SynNic in commercial SynNic 
products. The toxicological and pharmacological effects associated with high amounts of 
(R) nicotine are unpredictable and possibly unsafe, due to its different binding and activity 
versus (S) nicotine. 

 
Here we discuss the impacts of SynNic on industry, including the SynNic loophole, potential 
regulatory paths, potential product standards and scientific challenges associated with the 
use of SynNic. 

 
41. COMPARISON OF COLLECTION STRATEGIES FOR THE ANALYSIS OF 
TARGETED COMPOUNDS IN ENDS AEROSOL. J. Brian JAMESON, Bryant J. Hiraki, 
Adam M. Ozvald, Lena N. Jeong, Xin Chen and I. Gene Gillman; JUUL Labs, Washington, 
DC USA 
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The Premarket Tobacco Product Application (PMTA) process for ENDS recommends that 
a wide range of Harmful and Potentially Harmful Compounds (HPHCs) be determined 
to support the application. The U.S. Food and Drug Administration provides guidance 
specifying a number of constituents and chemicals that should be included for analysis. 
However, no guidance is provided on appropriate analytical methodologies or test 
procedures. The majority of published literature reports targeted compound yields using 
collection of a single puff block, often 50 puffs, or collection of multiple puff blocks 
over a single sample. In this study, first 50-puff collection was compared to whole pod 
measurement (WPM), using 1-end of pod life collections. Data was collected under both 
ISO20768 (55/3/30) and intense (110/6/30) puffing regimes, using eight commercially 
marketed products from a number of manufacturers. Yields were normalized to total 
device mass loss. Analytes included primary constituents, carbonyls, metals, and glycidol. 
Two limitations of the first 50-puff approach were identified: (1) some targeted analytes, 
i.e. carbonyls, were found to be non-linear with aerosol yield over the entire pod life, thus 
whole pod yield could not be determined from 50-puff measurements, and (2) WPM 
improved the method limit of detection (LOD) and limit of quantitation (LOQ) by five- 
fold or more, compared to 50-puff, due to increasing collected aerosol mass. As such, some 
analytes that were below LOD/LOQ for 50-puffs, were found to be reportable (>LOQ) with 
WPM. Formaldehyde, acetaldehyde, acrolein, and diacetyl showed significant differences 
between collection approaches, with up to 500% difference observed in analytical results. 
This study confirms that WPM improves the accuracy of carbonyl and other analyte yields 
for all ENDS products tested. 

 
42. CHEMICAL CHARACTERIZATION OF E-VAPOR PRODUCTS USING NON- 
TARGETED ANALYSIS BY GAS CHROMATOGRAPHY MASS SPECTROMETRY. 
Michael NOE, Niti H. Shah, John H. Miller, Kimberly A. Agnew-Heard and William P. 
Gardner; Altria Client Services, Richmond, VA USA 

 
The Premarket Tobacco Product Applications (PMTA) guidance issued by the FDA 
for Electronic Nicotine Delivery Systems (ENDS) recommends that in addition to 
reporting specific harmful and potentially harmful constituents (HPHCs), manufacturers 
evaluate these products for other toxic chemicals that could form during use or over 
time. We developed a semi-quantitative non-targeted analysis (NTA) method using gas 
chromatography-mass spectrometry (GC-MS) capable of evaluating volatile and semi- 
volatile compounds in e-liquids and aerosols. The analytical method was developed on an 
Agilent GC-MS and data processing was completed using Agilent MassHunter Unknowns 
Analysis software that automates mass spectral deconvolution, peak detection, calculation 
of estimated concentration, and peak identification with custom and commercially 
available mass spectral libraries (NIST17). Our custom library contains over 1100 unique 
mass spectral entries, of which approximately 600 are confirmed from reference standard 
comparisons. The performance characteristics of our method were validated for accuracy, 
precision, repeatability, limit of detection (LOD), and selectivity. This method accurately 
identified >99% of known compounds using our custom mass spectral library. The 
performance evaluation experiments demonstrated that this semi-quantitative method 
provides estimated concentrations with an accuracy ranging between 0.5 to 2.0-fold 
as compared to the actual values. An LOD of 0.7 ppm was established from instrument 
sensitivity and accuracy of compound identifications. Our approach is applicable for the 
chemical characterization of volatile and semi-volatile compounds in the e-liquids and 
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aerosols of e-vapor products (ENDS) to support FDA’s PMTA assessment of these products. 
 

43. EVIDENCE FOR ARTEFACTUAL FORMATION OF GLYCIDOL DURING THE 
ANALYSIS OF E-LIQUIDS. I. Gene GILLMAN, Devon C. O’Regan, Adam M. Ozvald, 
David K. Cook, Lena Jeong and Xin Chen; JUUL Labs, Washington, DC USA 

 
The Premarket Tobacco Product Application (PMTA) process for ENDS recommends that 
a wide range of Harmful and Potentially Harmful Compounds (HPHCs) be determined 
to support the application. The U.S. Food and Drug Administration (FDA) provides 
guidance specifying the number of constituents and chemicals that should be included 
for analysis. However, no guidance is provided on appropriate analytical methodologies or 
test procedures for the determination of these HPHCs. One such chemical, glycidol, was 
recently added to the HPHC list of ENDS. Glycidol is a thermal degradant of glycerine and 
is potentially formed at temperatures achievable during gas chromatography (GC) sample 
analysis. 

 
In this study, we investigated two different techniques for the determination of glycidol 
in e-liquid via gas chromatography-mass spectrometry (GC-MS): 1) Direct injection of 
the sample, 2). Derivatization of glycidol to form a stable compound. Differences between 
the two methods would indicate if artefactual glycidol was formed with direct injection 
method. 

 
Glycidol was measured in two JUUL e-liquids, Royal Crème 3% and Royal Crème 5%, 
and was found to be 8.43 µg/g and 7.71 µg/g, respectively, by direct injection versus 0.14 
µg/g and 0.13 µg/g, respectively, for the derivatization method. These results indicate that 
direct GC analysis can lead to the formation of relevant levels of glycidol. The derivatization 
method was found to be more selective and offered improved sensitivity versus the direct 
injection analysis method. 

 
44. NICOTINE ANALYSIS FOR MODERN ORAL PRODUCTS IN THE 
MANUFACTURING WORKSPACE. Ian TINDALL; Cerulean, Milton Keynes, 
Buckinghamshire UK 

 
A solution to the apparent need for a fast, reliable, accurate, low cost and above all simple 
means of determining the nicotine content of white SNUS is explored. 

 
The proposed investigation is separated into two parts, extraction and quantification, the 
latter showing a commonality with a means for rapid determination of nicotine in e-liquids. 

 
An extraction method was devised using an aqueous solvent with varying extraction rates 
from 1 to 10 minutes. Quantification was explored and a UV-VIS spectroscopy solution 
selected after establishing repeatability, accuracy and selectivity. 

 
Establishing sufficient dynamic range and sensitivity for a single wavelength system proved 
challenging. Different wavelength emitter/ receivers were examined using a nicotine/PG/ 
VG mix (e-liquid) and the principle absorbance peak of 259nm compared with an off 
tune 275nm peak. This later was identified as being less sensitive to pH variation in the 
range 2 to 9 as well as having sensitivity for a wide range of nicotine concentrations 1 – 
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20mg. Through determination of a suitable path length (0.5mm) and separation (8mm) 
accuracies of better than ±0.2mg or 1.5% could be routinely achieved. 

 
45. COMPOUND IDENTIFICATION PROCESS FOR GC-MS NON-TARGETED 
ANALYSI,S OF JUUL AEROSOL USING A CUSTOM MASS SPECTRAL LIBRARY. Lena 
JEONG1, M.R. Noe2, N.H. Shah2, S. Chakraborty2, J.H. Miller2 and I. G. Gillman1; 1JUUL 
Labs, Washington, DC USA and 2Altria Client Services, Richmond, VA USA 

 
The FDA’s Premarket Tobacco Product Application (PMTA) guidance for Electronic 
Nicotine Delivery Systems (ENDS) recommends that applicants evaluate unique 
constituents in the aerosol of ENDS products for potential health risks. There is a need 
for chemical characterization of the ENDS aerosol and emission level estimation for 
aerosol constituents. A semi-quantitative gas chromatography-mass spectrometry (GC- 
MS) based non-targeted analysis (NTA) screening method was developed and validated 
for comprehensive evaluation of volatile and semi-volatile compounds in ENDS. Many 
published NTA studies rely heavily on pre-established vendor libraries for the compound 
identification process. Chemical identifications of the JUUL aerosol constituents using 
only the National Institute of Standards and Technology mass spectral database (NIST17) 
revealed several limitations. For example, less than 50% of the detected compounds had 
an acceptable tentative identification (i.e., match factor > 800). Also, many peaks eluting 
closely to primary constituents exhibited poor match factor due to matrix effects. Therefore, 
a custom library containing mass spectra from matrix matched reference standards, 
tentatively identified compounds, and unknown compounds previously observed in JUUL 
products was utilized. Here we present a comparison of the results when performing a 
search including and excluding the custom library combined with the NIST17 database for 
JUUL aerosol. Only approximately 20% of the identifications were found to be in common 
in this comparison. The use of a custom library greatly increased acceptable tentative 
identifications by providing consistent detection and peak tracking based on relative 
retention time (RRT) between studies. Taken together, the use of a custom mass spectral 
library is a valuable addition to the non-targeted assessment approach and evaluation of its 
use is recommended for comprehensive characterization of ENDS products. 

 
46. DETERMINATION OF 2-CHLORO-1,3-PROPANEDIOL (2-MCPD) AND 3-
CHLORO-1,2-PROPANEDIOL (3-MCPD) IN EMISSIONS OF NICOTINE PRODUCTS 
BY GAS CHROMATOGRAPHY-MASS SPECTROMETRY (GC-MS). Jiaming WANG, 
Angel Rodriguez-Lafuente and Peter Joza; Labstat International, Kitchener, ON Canada 

 
Monochloropropanediol (MCPD) and glycidol are thermally generated toxicants found in 
refined vegetable oils and glycerin. The purpose of this study was to develop a method for 
the quantitation of 2-Chloro-1, 3-propanediol (2-MCPD) and 3-Chloro-1,2-propanediol 
(3-MCPD) in the emissions from various nicotine and glycerin containing products. 

 
Total particulate matter (TPM), or the aerosol collected mass (ACM) equivalent, is collected 
on a glass fibre filter pad. Internal Standard (ISTD) solution containing 2-MCPD-d5 and 3-
MCPD-d5 is added to the pad and extracted with isopropyl alcohol (IPA). An aliquot of 
the extract is combined with a phenylboronic acid (PBA) solution in diethyl ether to form 
the PBA derivatives (MCPD-PBA). The sample is concentrated to dryness and reconstituted 
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in isooctane. The samples analyzed by GC-MS using a DB-5 UI 60m x 0.25mm x 0.25µm 
fused silica capillary column and selected ion monitoring (SIM) data acquisition mode. 
Quantitation is achieved through internal standard calibration. 

 
A common set of calibration standards ranging from 40 to 10000 ng/mL is used for 
the combustibles and heated tobacco products emission matrices. E-vapour products 
are analyzed using a calibration range from 12 to 40 ng/mL. Trapping efficiency studies 
performed by adding impingers containing IPA showed no detectable levels of either 2-
MCPD or 3-MCPD in the vapour phase. Recoveries of 2-MCPd and 3-MCPD using 
fortified samples of the KR 1R6F ranged from 87 to 116% and 97.5 to 114% respectively, 
showing excellent accuracy across a range of fortified levels. 

 
47. MANAGING CHANGE FOR AUTHORIZED TOBACCO PRODUCTS. Marco 
ESPOSITO; Philip Morris Products, Neuchatel, Switzerland 

 
The Tobacco Control Act requires that all “new tobacco products” be submitted to the FDA 
for premarket review and authorization prior to commercialization in the United States. 
Most potentially lower-risk alternatives to combustible cigarettes, such as heated tobacco 
products (HTPs) and electronic nicotine delivery systems (ENDS), require a marketing 
order under the premarket tobacco product application (PMTA) pathway. As HTPs and 
ENDS are rapidly evolving, continuous innovation within these product categories is a key 
factor that can promote exclusive use and minimize relapse to cigarette smoking. 

 
Today, most modifications to such a PMTA-authorized product would render the product 
a “new tobacco product,” triggering the premarket review requirement. Here, we propose 
a tiered change classification system that would be applicable on a category-wide basis for 
HTPs and ENDS. This tiered system is based on the anticipated impact of the modification 
on the “appropriate for the protection of public health” (APPH) conclusion for the 
authorized tobacco product. 

 
The framework relies on a risk assessment approach for stratifying modifications into three 
categories on the basis of the potential impact of each proposed modification on one of 
four critical product dimensions: quality, safety, performance, and product use behavior. 
Each category is assigned a regulatory pathway that is proportional in complexity and 
review to the potential of the modifications to adversely affect the FDA’s decision that the 
products are APPH. 

 
The proposal could help conserve resources within the FDA and regulated industry and 
focus regulatory reviews on products and changes with the most significant impact on 
product performance and public health. 

 
48. SELECTED ALDEHYDES YIELDS IN THE AEROSOL OF COMMERCIAL 
ELECTRONIC CIGARETTES. Donatien TAFIN DJOKO; PMI, Boudry, Neuchatel 
Switzerland 

 
Over the past few years, electronic cigarettes have rapidly evolved and have been introduced 
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in multiple markets across the world. They are thought to be a potentially less harmful 
alternative to cigarettes, as they heat a liquid to generate the aerosol instead of combusting 
tobacco. Electronic cigarettes have different designs, with closed systems (such as cartridges), 
open systems, and variable power/temperature devices (mods). The aim of this study was 
to examine the aerosol emissions, with a focus on selected aldehydes of various e-cigarette 
designs from different markets. We performed the analyses until total liquid depletion to 
test the products’ consistency. To put the results into perspective, the aerosol constituents 
of e-cigarettes were compared with smoke from the 3R4F reference cigarette. The selected 
aldehydes (formaldehyde, acetaldehyde and acrolein) known to result from a temperature 
dependent oxidation of the aerosol formers, glycerol and propylene glycol, commonly used 
in e-cigarettes were detectable in most products, with the lowest levels observed in closed 
systems. Generally higher levels were observed in open systems and especially in mods, 
operated in different conditions in terms of power output, product orientation on the 
puffing machine or puffing regimes. The need for standardization work on the assessment 
of variable power electronic cigarettes is emphasized. 

 
49. RESULTS OF A PILOT STUDY ON HPLC SCAN TECHNIQUES FOR IDENTIFYING 
POTENTIAL FORMULATION PROBLEMS IN COMMERCIAL E-LIQUIDS. John 
LAUTERBACH; Lauterbach & Associates, Macon, GA USA 

 
Over the past decade, e-liquids have gotten an increasing amount of adverse publicity even 
before the tragedy of vitamin E acetate and EVALI (e-vaping use associated lung injury). 
Allegations about the attractiveness of flavored e-liquids led some researchers to develop tests 
that would show chemical or toxicological problems with flavored e-liquids. These ranged 
from showing that a cinnamon-flavored e-liquids dissolved plastic cups to ultrasensitive 
cytotoxicity assays to use of high-powered devices that decomposed the flavors on vaping. 
While some investigators performed GC-MS analyses on the e-liquids they tested, most did 
not know for sure if the products tested were correctly formulated or were contaminated. 
Tobacco scientists solved this problem long ago by use of chromatographic scan techniques 
that covered a wide range of analytes to compare known good product with suspect product. 
While there are many e-liquid formulations, there are many similarities among them. Since 
some may contain nonvolatile additives or contaminants, HPLC may be preferable; and 
if done under at least three different cinematographic conditions, the chances of missing 
an improper ingredient or contaminant at sufficient concentration to cause adverse 
health effects are small. Through the evaluation of dozens of commercial products and 
e-liquids formulated from commercial flavor concentrates, three columns (C3, phenyl, 
C18) were used with acetonitrile/water mobile phases, under isocratic or gradient elution, 
and UV detection at wavelengths such as 195, 233, 259, and 280 nm. Conventional HPLC 
instrumentation was used. Known contaminants such as various oils of natural origin, 
tocopherol acetate, and sweeteners were easily detected at higher than trace concentrations. 
The results of this pilot study showed the ability of rather simple, low-cost instrumentation 
to detect improper ingredients and contaminants. 

 
50. COMPARISON OF QUARTZ FILTER COLLECTION AND ELECTROSTATIC 
PRECIPITATION FOR ANALYSIS OF TRACE METALS IN ENDS AEROSOL. J. Brian 
JAMESON, Clarissa Yang, David K. Cook, Lena N. Jeong and I. Gene Gillman; JUUL Labs, 
Washington, DC USA 
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The Premarket Tobacco Product Application (PMTA) process for ENDS recommends that 
a wide range of Harmful and Potentially Harmful Compounds (HPHCs) be determined 
to support the application. The U.S. Food and Drug Administration provides guidance 
specifying a number of constituents and chemicals that should be included for analysis. 
However, no guidance is provided on appropriate analytical methodologies or test 
procedures. The present study was designed to assess methodologies for collection of 
aerosol samples for trace metals analysis. In this study, collection of ENDS aerosols on 
quartz filter pads (QF) was compared to electrostatic precipitation (EP). Specifically, the 
puffed room air blank measurements collected across a number of historical studies were 
analyzed and the resulting method limit of detection (LOD) values were computed using 
CORESTA Guide No. 28. QF and EP blank levels were compared across eight long-term 
stability studies for Chromium, Nickel, Cadmium, and Lead. Under QF collection virtually 
all the blank measurements levels, with the exception of Cd, were above the instrument 
LOD while under EP collection, virtually all the blank measurements levels were equal to 
the instrument LOD. The computed method LODs for QF and EP collection, respectively, 
were 0.68 ng and 0.37 ng for Cd, 130 ng and 7.6 ng (94% reduced) for Cr, 43 ng and 3.7 
ng (91% reduced) for Ni, and 11 ng and 3.6 ng (66% reduced) for Pb. This study confirms 
that using EP based aerosol collection for analytical measurements of trace metals in ENDS 
products significantly improves method detection limits for Cr, Ni, and Pb. 

 
51. AN ANALYSIS OF THE 2020 US NATIONAL YOUTH TOBACCO SURVEY (NYTS) 
DATA: E-CIGARETTE AND BLU BRAND USE AMONG MIDDLE AND HIGH SCHOOL 
STUDENTS. Mengran GUO1, Thomas Verron1, Xavier Cahours1, Andrew Tope2 and Grant 
O’Connell2; 1SEITA – Imperial Brands, Paris France and 2Imperial Brands, Bristol UK 

 
Youth use of nicotine containing products remains an important concern and 
understanding patterns of youth use over time is key to the design and implementation of 
comprehensive youth access and prevention programs. Electronic cigarettes (ENDS) are 
recorded as the most commonly used tobacco product among U.S. youths; however, limited 
information exists on the e-cigarette product types and brands used by youths. In support 
of understanding patterns of any inappropriate youth use, we analyzed data from the NYTS 
2020. 

 
In 2020, among the 11.32% of youth reporting any past 30-day ENDS use, 3.93% were 
tobacco-naïve (i.e. who reported neither trying a tobacco product in the past nor any 
concurrent tobacco product co-use in past 30 days). 0.1% of tobacco-naïve ENDS users 
reported becoming established smokers after using ENDS products. 

 
By looking at by brands used specifically, 0.12% reported using a blu ENDS product at any 
point in the past 30 days, corresponding to 13 respondents among the entire NYTS sample. 
Of this, 0.028% were tobacco-naïve, corresponding to 4 respondents among the 14,531 
respondent of the NYTS sample. By comparison, in NYTS 2019, 111 participants out of 
19,018 reported to have used blu ENDS during the past 30 days. In 2019, one respondent 
reported becoming an established smoker after using ENDS including blu products, 
compared to no respondents in 2020. 

 
52. DEVELOPMENT OF AN ALTERNATIVE ROTARY-LIKE ENDS COLLECTION 
METHOD FOR IN VITRO TOXICOLOGY TESTING. Mariano SCIAN, Pavel Kosachevsky, 
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Marissa Smith, Lynn McFadden, Cameron Sovick, James Smith, Bhasitha Kallam, Emma 
Press, Travis Pickell, Nirmalben Patel and Amrita Kumari; Enthalpy Analytical, Richmond, 
VA USA 

 
Testing of ENDS aerosol collected condensate in the in vitro toxicology assays is limited by 
OECD guidelines for the maximum allowable solvent levels that can be tested, as well as the 
final concentration of the condensate. The concentration of condensates collected using 
organic solvents such as ethanol, are limited in the Neutral Red Uptake (NRU) assay to 0.5% 
of vehicle in the dosing medium. Using our standard linear smoking machine collection 
procedure for ENDS aerosol, yields an average final condensate concentration of 60 mg/ 
ml, with a resultant maximum NRU testing dose of 300 ug/mL. Testing of higher doses 
requires exceeding OECD guideline solvent limits or the generation of more concentrated 
condensates. Here we describe the development of a proprietary ENDS aerosol collection 
device designed to smoke multiple devices in sequential order to generate a continuous 
aerosol stream similar to that of a rotary smoke machine. Puffing is accomplished using a 
dual puffing engine and the aerosol generated is captured onto a 92 mm pad. This setup 
allows for collection of larger amounts of aerosol with final concentrations of ~200 mg/ml, 
thereby tripling the standard collection concentration. An additional advantage with this 
novel aerosol collection method is that it allows for collection times that are 10 times faster 
as compared to the standard collection method. Condensates collected from the standard 
method and this novel alternative rotary-like device were characterized for nicotine and 
carbonyl levels, and response in the NRU assay. The nicotine and carbonyl levels measured 
were comparable between the two aerosol collection methods. Condensates collected from 
both collection methods, under non-intense and intense regimes, were compared in the 
NRU assay using 3T3 and A549 cells. 

 
53. NICOTINE AND TOBACCO-SPECIFIC NITROSAMINES IN THE MAINSTREAM 
SMOKE OF COMMERCIAL CIGARS. Zhenyu JIN1, Laura Fenton1, Siqi Guan1, Ying Wu1, 
Salome Bhagan2, Delshanee Kotandeniya2, Jikun Liu2, Jeannie Jeong-Im2 and Huihua Ji1; 
1University of Kentucky, Lexington, KY USA and 2U.S. Food and Drug Administration, 
Calverton, MD USA 

 
Cigars are manufactured in a range of shapes and sizes and research is ongoing to learn more 
about the levels of harmful and potentially harmful constituents (HPHCs) in cigars. In this 
study, the levels of HPHCs (nicotine and tobacco-specific nitrosamines) in mainstream 
smoke (MSS) of 53 brands of machine-made commercial cigars were investigated. Filtered 
little cigars, cigarillos, and large cigars were smoked under the CORESTA Recommended 
Cigar Methods 64 and 65 and analyzed for nicotine, 4-(methylnitrosamino)-1-(3-pyridyl)- 
1-butanone (NNK), and N’-nitrosonornicotine (NNN) in MSS using validated in-house 
analytical methods. The MSS of filtered little cigars were found to have mean nicotine, 
NNK, and NNN yields of 0.91 mg/cigar, 223 ng/cigar, and 385 ng/cigar, respectively, which 
indicate average analyte transfer rates from the ground filtered little cigar tobacco to MSS 
are 8%, 8%, and 17%, respectively. In the MSS of cigarillos, mean nicotine, NNK, and NNN 
yields were 2.52 mg/cigar, 687 ng/cigar, and 1177 ng/cigar, respectively, which indicate 
average analyte transfer rates are 9%, 6%, and 14%, respectively. In the MSS of large cigars, 
mean nicotine, NNK, and NNN yields were 3.86 mg/cigar, 1671 ng/cigar, and 3484 ng/cigar, 
respectively, which indicate average analyte transfer rates are 5%, 5%, and 10%, respectively. 
Overall, the measured mean MSS nicotine, NNK, and NNN yields are largest in large cigars 
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compared to cigarillos and filtered little cigars, and are larger in cigarillos compared to 
filtered little cigars. Additionally, this study suggests the MSS nicotine, NNK, and NNN 
yields in commercial cigars are more closely correlated to the tobacco quantity in each cigar 
than with the transfer rates of these analytes from the ground cigar tobacco to MSS. 

 
54. EVALUATION OF GASEOUS PHASE NICOTINE IN E-LIQUID NICOTINE SALTS 
IN E-CIGARETTE AEROSOLS. Tanya JONES1,2, Steven Kintner1,2, Sareece Armwood1,2, 
Ben Illidge3, Huanghai Lu3, Paul Hardman3, Jutta Pani2 and Chunhai Ruan1,2; 1ITG Brands, 
Greensboro, NC USA, 2Imperial Brands-Lab Network, Hamburg Germany and 3Imperial 
Brands-Nerudia Liverpool, England 

 
Nicotine is a key component in many e-cigarette formulations and during the vaping 
process, nicotine exists in both the gaseous phase and aerosol phase. There are two type of 
vaping techniques- mouth-to lung (MTL) and direct-to-lung (DTL). The mouth-to-lung 
puffing mimics cigarette smoking and involves holding the aerosol in the user’s mouth 
before drawing into the lungs providing an enhanced sensory effect compared to DTL. To 
better understand the nicotine delivery of MTL and the impact on vaping sensation, we 
have developed a method to evaluate the quantity of gaseous phase nicotine in nicotine 
salt and free-base nicotine e-cigarette aerosols, mimicking the MTL puffing at body 
temperature. This was conducted using a modified syringe and denuder tubes heated to 
body temperature; to determine if quantitative measurements of the sensory effect could be 
determined experimentally. A testing method using denuder tubes and GC-FID was used 
to determine the quantity of gaseous phase nicotine in the e-cigarette aerosols. Denuder 
tubes are coated with oxalic acid to bind any gaseous phase nicotine. After vaping, tubes 
were cut, extracted, and analyzed via GC—FID for nicotine. The method was characterized 
and evaluated to determine suitability for this study. Differences in the quantity of gaseous 
phase nicotine were observed between the freebase used and ratios of nicotine salts. 

 
55. TARGETED CHARACTERIZATION OF THE CHEMICAL COMPOSITION OF 
NOVEL JUUL PRODUCT AEROSOL AND COMPARISON WITH 3R4F REFERENCE 
CIGARETTE SMOKE. David COOK, D.C O’Regan, A.O. Ozvald, C. Yang and I.G. Gillman; 
JUUL Labs, Washington, DC USA 

 
Electronic nicotine delivery systems (ENDS) generally emit reduced levels of harmful and 
potentially harmful constituents (HPHCs) compared to combustible cigarettes; the degree 
of constituent reduction can vary across ENDS product designs. In this study, HPHC 
levels were measured in aerosol generated from a novel JUUL ENDS device with four 
novel e-liquid formulations. HPHC levels measured in these aerosols were compared with 
reported HPHC levels measured in smoke from the 3R4F reference cigarette. 

 
An assessment of aerosol constituent levels was determined as a function of number 
of puffs based upon device mass loss (whole pod yield). Based on U.S. Food and Drug 
Administration, Premarket Tobacco Application and European Tobacco Products Directive 
guidance, selected aerosol constituents include: Nicotine, Menthol, Propylene Glycol, 
Ethylene glycol, Diethylene glycol, Glycerin, Diacetyl, 2,3-Pentanedione, Formaldehyde, 
Acetaldehyde, Acrolein, Crotonaldehyde, Butyraldehyde, Furfural, Benzyl acetate, Ethyl 
acetate, Ethyl acetoacetate, Isoamyl acetate, Isobutyl acetate, Methyl acetate, N-butanol, 
Anabasine, Anatabine, β-Nicotyrine, Cotinine, Mysomine, Nornicotine, Nicotine-N-Oxide, 
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Chromium, Iron, Nickel, Copper, Zinc, Arsenic, Cadmium, Tin, Silver, Lead, Beryllium, 
Cobalt, Selenium, Gold, 1,3-Butadiene, Isoprene, Acrylonitrile, Benzene, Toluene, Propylene 
oxide, Propionic Acid, Benzoic Acid, NNK, NNN, water, and Glycidol. Aerosol pH were also 
measured. Seven replicates were performed for each constituent measured. 

 
Reference cigarette 3R4F HPHC values measured in smoke generated under non-intense, 
[ISO 3308] and intense [ISO 20778] puffing regimes were obtained from the literature. 
These were compared to matched compounds measured in the aerosols from the novel 
JUUL devices. There were substantial reductions in the number of detectable HPHCs 
in JUUL aerosols relative to 3R4F reference cigarette smoke. Overall, the HPHC levels, 
excluding Nicotine, Menthol, Propylene Glycol and Glycerin, measured in aerosols from 
the novel JUUL device/e-liquids generated under intense and non-intense puffing regimens 
were, on average, ≥96% lower than those reported in 3R4F reference cigarette smoke. 

 
56. DETERMINATION OF ORGANIC ACIDS BY GC-FID: ON CARTRIDGE 
DERIVATIZATION BY SILYLATING REAGENT (MTBSTFA). Alexander PENNINGTON; 
Enthalpy Analytical, Durham NC USA 

 
Organic acids are compounds that, when used in ENDS devices and e-liquids, can alter 
the perception and uptake of nicotine by the consumer. Traditional means of analysis by 
suppressed IC (Ion Chromatography) can lead to long runtimes in excess of 70 minutes 
and can contain coelutions or partial coelutions of some analytes, namely Lactic Acid 
and Levulinic Acid which coelute completely and Benzoic Acid, Malic Acid, and Succinic 
Acid which coelute partially. This may be overcome by the analysis of organic acids by 
GC-FID. By using a weak anion SPE (sample preparatory exchange) cartridge, the organic 
acids may be trapped and then undergo silylation derivatization with MTBSTFA (N-tert- 
Butyldimethylsilyl-N-methyltrifluoroacetamide) and eluted with acetonitrile. Standards 
prepared in the same fashion have shown to have quantitative recovery from the cartridge 
that has allowed for a production of a quadratic curve from 0.4 µg/mL to 1000 µg/mL with 
recoveries of 90 to 115% for all compounds. By performing the derivatized analysis by GC- 
FID, coeluting compounds in IC are completely resolved, analytical runtime is decreased to 
25 minutes, and comparable method detection limits to that of IC are maintained. Notably, 
the method detection limits for the 15 organic acids analyzed were between 0.02 µg/mL 
and 0.08 µg/mL. This process eliminated the need for multiple dilutions in order to analyze 
effectively the levels of organic acids in percent level nicotine salt e-liquids and vapor. 
Derivatitzation and GC-FID analysis has added the benefit of a reduced runtime as well as 
provided resolution to coelution of known compounds. 

 
57. BIOLOGICAL AND TOXICOLOGICAL PROPERTIES OF FILTERED CIGARS. 
David ORREN1, Amrita Machwe1, Samuel B. Clark1, Huihua Ji1, Anne Fisher1, Salome 
Bhagan2, Delshanee Kotandeniya2, Jikun Liu2 and Jeannie Jeong-Im2; 1University of 
Kentucky, Lexington, KY USA and 2U.S. Food and Drug Administration, Calverton, MD 
USA 
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Little filtered, sheet-wrapped cigars (little filtered cigars) are a category of tobacco products 
with similarities to conventional cigarettes, including general appearance. Perhaps more 
importantly, some users of little filtered cigars (in contrast to other cigar types) inhale 
mainstream smoke into their lungs similar to cigarette smokers. However, the toxicities of 
little filtered cigars have not been investigated in much depth. Our laboratory has started 
assessing toxicological effects of the reference little filtered cigar, 1C2, mainly in comparison 
to the latest generation reference cigarette, 1R6F, both produced and distributed under the 
supervision of the Center for Tobacco Reference Products (CTRP) in the University of 
Kentucky College of Agriculture. Our studies use 1C2 and 1R6F smoke condensates produced 
on a linear smoking machine under various smoking regimens to primarily treat human 
oral and bronchial epithelial cell models reflecting cell types typically exposed to tobacco 
product smoke. Thus far, our experiments have focused on relevant endpoints related to 
1) cell proliferation and viability and 2) the arylhydrocarbon receptor (AHR)-mediated 
gene expression pathway that responds to exposure to polyaromatic hydrocarbons such as 
the harmful or potentially harmful constituent (HPHC) benzo[α]pyrene. Our studies also 
have included comparisons of the differential effects of ISO, Health Canada intense (HCI) 
and cigar smoking regimens on these endpoints. Our results show that, depending upon 
normalization strategy used for comparison, 1C2 filtered cigar condensates show at least 
modestly increased effects on certain endpoints compared to 1R6F condensates. Additional 
experiments are ongoing to assess the toxicological effects of commercial filtered cigars and 
to examine other relevant endpoints such as DNA damage induction. Our results will be 
interpreted in coordination with levels of key constituents in smoke generated from these 
products, as measured by the CTRP. 

 
58. IIVS WORKSHOP SERIES DEVELOPING RECOMMENDATIONS FOR THE 
OPTIMAL GENERATION AND USE OF IN VITRO ASSAY DATA FOR TOBACCO AND 
NICOTINE PRODUCTS. Rodger CURREN1, Holger Behrsing1 and Martha M. Moore2; 
1Institute for In Vitro Sciences, Gaithersburg, MD USA and 2Martha M Moore LLC, Little 
Rock, AR USA 

 
The Institute for In Vitro Sciences is sponsoring a series of expert workshops to identify, 
discuss and publish recommendations for the best scientific/technical approaches to the 
generation and interpretation of in vitro assay (including genetic toxicity and human 
disease models) data that can be used to compare toxicity within and across tobacco and 
nicotine product categories. These recommendations will assist public health researchers in 
performing high quality experiments to understand the relative toxicities of conventional 
cigarettes, the new Electronic Nicotine Delivery Systems (ENDS), and other tobacco- 
related products. Such studies will then provide public health officials with the high 
quality data they need to make science-based decisions during the regulation of tobacco 
related products. The fifth Workshop in the series was held April 19-21, 2021. Keynote 
presentations included: 1) quantitative approaches to compare genotoxic potency, and 2) 
methods to provide comparative potency of tobacco samples. Presentations from various 
working groups were made which were followed by discussions and recommendations 
from all the workshop attendees. Topics discussed were: 1) types of aerosol generating 
systems currently available (advantages and disadvantages of each), 2) use of the various 
aerosol systems in exposing cells for traditional genetic toxicology testing, and 3) issues 
associated with low background strains when using the Ames test for evaluating the new 
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ENDS products. Schematics showing how the types of samples are generated for use in 
in vitro testing and consensus terminology were also finalized during the workshop. This 
presentation will provide an overview of the Workshop, the schematics explaining sample 
types and the recommendations from the fifth Workshop. 

 
59. A QUANTITATIVE ASSESSMENT OF STATEMENTS COMMUNICATING THE 
REDUCED RISK POTENTIAL OF ELECTRONIC CIGARETTES AND TOBACCO 
VAPOR PRODUCTS: IMPACTS ON UK ADULTS’ PERCEPTIONS OF VAPING 
PRODUCTS AND THEIR INTENTION (OR NOT) TO USE/TRY THEM. Daisuke 
NISHIHARA, Sylvain Larroque, Michael Meger and Maurane Charrière; JT International, 
Geneva, Switzerland 

 
In recent years, electronic cigarettes (E-vapor) and tobacco vapor products (T-vapor) have 
been increasingly used worldwide by adult consumers, as there is a growing interest in 
the potential of these products to reduce the health risks of smoking. In the US, ENDS 
manufacturers can submit Modified Risk Tobacco Product (MRTP) Applications to the 
FDA for the potential reduced risks of their products to be assessed. The Draft Guidance 
for Industry on MRTP Applications contains recommendations on phrasing proposed 
modified risk claims and testing with consumers to ascertain their perception and 
understanding of such claims. With reference to this Draft Guidance, JTI developed five 
fictional reduced risk statements for both E-vapor and T-vapor and quantitatively assessed 
consumers’ perceptions and understanding of them. 

 
An online survey was performed in the UK where English is the native language, with 5,064 
adults including smokers, ex-smokers and never smokers. The assessment included changes 
in intention to quit (only for smokers) and intention to use/try the product, in association 
with their assigned messages. 

 
The results overall did not show an increase in the intention to quit of adult smokers 
who already had such an intention. However, the intention to quit increased among adult 
smokers who previously had no intention to quit cigarettes. After reading the statements, 
adult smokers in general showed an increased intention to use/try the products. In contrast, 
most of the ex-smokers and never smokers showed no intention to use/try the vaping 
products. 

 
In conclusion, existing adult smokers are more likely to use these products as a consequence 
of product statements communicating their reduced risk potential, but ex-smokers and 
never smokers are not likely to start using them. 

 
60. A QUANTITATIVE ASSESSMENT OF STATEMENTS COMMUNICATING THE 
REDUCED RISK POTENTIAL OF ELECTRONIC CIGARETTES AND TOBACCO 
VAPOR PRODUCTS: IMPACTS ON UK ADULTS’ PERCEPTIONS OF VAPING 
PRODUCTS AND THEIR COMPREHENSION OF THE MESSAGES AND RISK 
PERCEPTION OF THE PRODUCTS. Daisuke NISHIHARA, Sylvain Larroque, Michael 
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Meger and Maurane Charrière; JT International SA, Geneva Switzerland 
 

In recent years, electronic cigarettes (E-vapor) and tobacco vapor products (T-vapor) have 
been increasingly used worldwide by adult consumers, as there is a growing interest in 
the potential of these products to reduce the health risks of smoking. In the US, ENDS 
manufacturers can submit Modified Risk Tobacco Product (MRTP) Applications to the 
FDA for the potential reduced risks of their products to be assessed. The Draft Guidance 
for Industry on MRTP Applications contains recommendations on phrasing proposed 
modified risk claims and testing with consumers to ascertain their perception and 
understanding of such claims. With reference to this Draft Guidance, JTI developed five 
fictional reduced risk statements for both E-vapor and T-vapor products and quantitatively 
assessed consumers’ perceptions and understanding of them. 

 
An online survey was performed in the UK where English is the native language, with 
5,064 adults including smokers, ex-smokers and never smokers. The assessments included 
understanding of the messages and risk perception of the products, in association with 
their assigned messages. 

 
The results overall show that most of the participants correctly understood that while 
E-vapor and T-vapor products are not risk free, they have the potential to reduce the risk 
of developing smoking-related diseases in comparison to smoking. However, a certain 
proportion of the participants could not distinguish between reduced exposure claims and 
reduced risk statements. The perceived risks of E-vapor and T-vapor were generally rated 
as intermediate; somewhere between conventional cigarettes and nicotine replacement 
therapy medications. 

 
In conclusion, the tested statements were correctly understood by the adult test population. 
However results suggested that adaptations are required to some of the statements to enable 
consumers to distinguish between different types of claims. 

 
61. RESOLUTION OF MICRONUCLEUS INDUCTION GENOTOXICITY IN ENDS: 
IN VITRO AND IN VIVO TESTING. Manoj MISRA1, Ed Carmines1, Mariano Scian2 and 
David McCormick3; 1Chemular Inc, Hudson, MI USA, 2Enthalpy Analytical, Richmond, 
VA, USA and 3Illinois Institute for Technology and Research Institute, Chicago, IL USA 

 
One of the regulatory toxicology assays used to assess the genotoxic potential of ENDS 
products is by the in vitro micronucleus (ivMN) test. The hazard assessment of aerosol 
generated from various E-Liquids was assessed by in vitro genotoxicity testing. None of the 
test articles were mutagenic in Ames assay. 

 
The ivMN assay was conducted according to OECD guidelines Test No. 487 in human 
lymphoblast TK6 cells. Three E-Liquids test articles induced a weak but statistically 
significant increase in micronuclei, suggesting positive or equivocal findings. 

 
According to ICH guidance S2 (R1), to determine the biological relevance of ivMN 
results, a follow-up in vivo micronucleus test should be conducted. Following OECD 
Guidelines Test No. 474 male Crl:CD(SD) rats were exposed nose-only to a 5 mg/L aerosol 
for 4 hours per day for three consecutive days. Negative and positive control groups were 
included. The aerosol chemistry confirmed that the aerosol mass concentration and the 
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particle size distribution data were within the respirable size range for rats. There was no 
evidence of bone marrow cytotoxicity for the test article-treated groups. There were no 
statistically significant increases in micronucleated polychromatic erythrocytes for any of 
the test article-treated groups compared to control group. Therefore, under the tested in 
vivo condition, the tested E-Liquids were negative for genotoxicity, implying no biological 
relevance of the weak in vitro genotoxicity results. 

 
In summary, the absence of mutagenicity in Ames test and negative for genotoxicity in the 
in vivo MN assays demonstrated absence of significant genotoxic risk for E-Liquids. 

 
62. TOXICOLOGICAL AND CHEMICAL EVALUATION OF A LINE OF NOVEL NON- 
TOBACCO SMOKELESS PRODUCTS. Manoj MISRA1, Ed Carmines1, Lise Fraissinet1 and 
Mark Hanson2; 1Chemular Inc, Hudson, MI USA and 2Black Buffalo Inc., Chicago, IL USA 

 
Black Buffalo Inc. (BB) has designed a line of novel alternative smokeless product that are 
based on a proprietary common non-tobacco food crop. The non-tobacco food crop leaf 
is cured and processed like tobacco. Tobacco derived nicotine is sprayed over the processed 
leaf. The products are available in four flavors and two forms: loose (Long Cut) and fleece- 
portioned (Pouches). The filler material inside the Pouches products is the same as that 
used for the Long Cut products. BB’s products are designed to emulate the organoleptic, 
ritualistic, and pharmacokinetic aspects of traditional smokeless products but without 
the tobacco toxins. Standard smokeless tobacco HPHCs were analyzed on artificial saliva 
extracts of the products. Cytotoxicity (neutral red uptake test), mutagenicity (Ames test) 
and the genotoxicity (in vitro micronucleus test) were also performed on the saliva extracts. 
Market comparators Copenhagen Long Cut Wintergreen (Copenhagen) and General Snus 
Wintergreen Portion White (General Snus) products were evaluated for HPHCs under the 
same conditions. The BB products were well within GOTHIATEK® limits for each analyte. 
Copenhagen exceeded the GOTHIATEK® standard for B[a]P and NNN+NNK combined. 
B[a]P, crotonaldehyde, NNK, and NNN were either not detected or were below the limit 
of quantification for all eight of the BB products. B[a]P was detected in Copenhagen, and 
NNN was detected in both Copenhagen and General Snus comparator products. Versus the 
market comparators, the BB products had slightly higher levels of arsenic, acetaldehyde, 
and formaldehyde and similar levels of cadmium. None of BB products demonstrated any 
cytotoxicity, mutagenicity or genotoxicity activity. The toxicity assays as well as the HPHC 
results demonstrate that the Black Buffalo products are likely to have less risk than the 
market comparators. 

 
63. NICOTINE TOBACCO PRODUCT HAZARD ASSESSMENT. Lise FRAISSINET, 
Manoj Misra, Ed Carmines and Kevin Burd; Chemular Inc, Hudson, MI USA 

 
Nicotine Tobacco Products (NTP) should be determined to be appropriate for the 
protection of public health (APPH). The PMTA guidance to industry (2019) states the 
requirements for “…manufacturing processes and controls for product design, including 
a hazard analysis that details the correlation of the product design attributes with public 
health risk, and any mitigations for identified hazards.” 

 
Products reaching the market should undergo a sufficient level of hazard assessment in 
line with their intended use. We present a step-by-step approach that considers the user 
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– product interface and ensures that an acceptable level of risk has been verified prior to 
product launch. 

 
The assessment is a continuous process that takes place throughout the lifecycle of the 
product. It requires a 360-degree approach, input from relevant experts and top management 
engagement. While NTP are not medical devices their risks should still be evaluated and 
mitigated. Using a detailed understanding of the products and their use, we have developed 
an approach to identify and mitigate the product risks based on ISO 14971 standard. 

 
The approach consists of four steps: Identify, Evaluate, Mitigate, then Monitor. A 
Risk Management Plan is established as a starting point and assessment with Subject 
Matter Experts, Quality Assurance, Senior Management and Independent Reviewer is 
implemented. The Design, Process, and User Interface are analyzed for potential failures 
and all Hazardous situations are then evaluated. Mitigation of unacceptable risks is done by 
adjusting the design, the process, adding protective measures or as a last resort by informing 
the user by labelling or warnings. 

 
Once all mitigations have been implemented, control measures are verified. A Risk Report 
is prepared to document that the product is APPH. 

 
64. THERE IS MORE TO ENDS SAFETY EVALUATION THAN HPHCS – A HOLISTIC 
APPROACH. Ed CARMINES, Manoj Misra, Lise Fraissinet, Bryan Burd and Kevin Burd; 
Chemular Inc, Hudson, MI USA 

 
The FDA PMTA guidance suggests that ENDS be analyzed for HPHCs as part of the 
application. The ENDS device is complex and needs to be analyzed from the perspective 
of the materials that are used to generate the aerosol and also come in contact with the 
E-Liquid. The components of the E-Liquid need to be evaluated to determine if they are 
appropriate for their intended use and, when aerosolized, if they are likely to lead to the 
production of hazardous constituents (HPHCs) as well as generate potential new unknown 
toxic chemicals. We have developed a wholistic approach tying together batch analysis, 
storage stability, extractables and leachables, HPHC analysis of liquid and vapor, toxicity 
testing (Ames, cytotox, in vitro and in vivo micronucleus, and sensitization (in silico, in 
vitro, and human) and ingredient safety evaluation. Inhalation thresholds of concern are 
used to identify potential chemicals of concern. The results are normalized to normal 
daily usage and compared to conventional cigarettes to demonstrate that the products are 
appropriate for the protection of public health. Market comparator data is used to show that 
the products are not different from currently marketed products. Total ion chromatograms 
are used to demonstrate that no new chemicals of toxicological concern are created in 
the vaporization process of newly manufactured materials as well as at the end of storage 
stability and end of life of the pod. The approach will be described in the presentation. 

 
65. DISSOLUTION TESTING OF A NOVEL NON-TOBACCO LONG CUT AND 
POUCH NICOTINE PRODUCT. Ed CARMINES1, Lise Fraissinet1, Alexander Martin2 and 
Mark Hanson3; 1Chemular Inc, Hudson, MI USA, 2Enthalpy Analytical, Richmond, VA USA 
and 3Black Buffalo Inc, Chicago, IL USA 
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Smokeless tobacco products contain TSNAs and other HPHCs. Black Buffalo Inc. has 
designed a novel smokeless product that is based on a proprietary common non-tobacco 
agricultural commodity. The non-tobacco leaf is cured and processed like tobacco but does 
not contain TSNAs or PAHs. Tobacco derived nicotine is sprayed over the processed leaf. 
The products are available in two forms: loose (Long Cut) and fleece-portioned (Pouches). 
The filler material inside the Pouches products is the same as that used for the Long Cut 
products. Black Buffalo’s products are designed to emulate the organoleptic, ritualistic, and 
pharmacokinetic aspects of traditional smokeless products. The Black Buffalo products 
and two market comparators Copenhagen Long Cut Wintergreen and General Snus 
Wintergreen Portion White Large were tested by using methods similar to those described 
for dissolution testing of pharmaceuticals. The USP-4 apparatus was used with artificial 
saliva. Samples of all the study products were placed in the apparatus flow-through cells 
at a constant temperature of 37°C. A pump delivered a constant flow of artificial saliva for 
100 minutes. The flow was sampled throughout the release period. The method followed 
the approach of Miller et al. 2020. The dissolution rate was faster for the Long Cut products 
(8% per minute) as compared to 1.67% per minute for the Pouch products. The dissolution 
extent (mg/unit) was similar for the Black Buffalo Long Cut products (range 7.0 to 9.2) 
as compared to Copenhagen Long Cut (8.7). The dissolution extent for the Black Buffalo 
Pouches was similar to the Long Cut products (7.8 – 8.7) but greater than the General Snus 
market comparator (4.4). 

 
66. EVALUATION OF THE ABUSE LIABILITY OF A NOVEL NON-TOBACCO 
SMOKELESS POUCH PRODUCT. Ed CARMINES1, Karen Carmines1, Lise Fraissinet1, 
Naama Levy-Copperman2 and Zach Bader3; 1Chemular Inc, Hudson, MI USA, 2Altreos 
Research Partners, ON Canada and 3Altasciences Clinical Research, Overland Park, KS USA 

 
Black Buffalo Inc has designed a novel alternative smokeless product that is based on a 
proprietary common non-tobacco food plant. The non-tobacco food plant leaf is cured 
and processed like tobacco but does not contain TSNAs or PAHs. Tobacco derived nicotine 
is sprayed over the processed leaf. Black Buffalo’s product is designed to emulate the 
organoleptic, ritualistic, and pharmacokinetic aspects of traditional smokeless pouch 
products. The potential abuse liability of Black Buffalo Wintergreen Pouches (BBP) was 
assessed and compared to own-brand cigarettes, Nicorette gum, and Copenhagen Long 
Cut Wintergreen (CLC). A randomized open label 5-way crossover in-patient clinical 
study was performed to evaluate the nicotine plasma levels and the subjective measures 
of effect. Subjects used 2 grams of CLC or one pouch, smoked their own cigarette or used 
one piece of nicotine gum under controlled conditions. Suppression of the urge to smoke 
was equivalent for all of the products but the time to effect was 5 minutes for own-brand 
cigarettes and 15 minutes for all of the other products. All of the oral products were less 
satisfying and pleasant than own-brand cigarettes. Own-brand cigarette nicotine plasma 
levels peaked in 5.5 minutes with a maximum concentration of 19.6 ng/mL. BBP peaked at 
30 minutes at a concentration of 7.1 ng/mL. CLC peaked at 30 minutes at a concentration 
of 13.2 ng/mL. Nicotine absorption from the Nicorette gum was slower (45 minutes peak) 
at a concentration of 6.6 ng/mL. The pharmacokinetic data demonstrate that nicotine 
absorption from BBP is less than and substantially slower than own-brand cigarettes and 
CLC and similar to Nicorette gum. The results demonstrated that BBP has a lower abuse 
liability than own-brand cigarettes but is similar to CLC. 
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67. EVALUATION OF THE ABUSE LIABILITY OF A NOVEL NON-TOBACCO LONG 
CUT SMOKELESS PRODUCT. Ed CARMINES1, Karen Carmines1, Lise Fraissinet1, Naama 
Levy-Cooperman2, Zach Bader3 and Mark Hanson4; 1Chemular Inc, Hudson, MI USA, 
2Altreos Research Partners, ON Canada, 3Altasciences Clinical Research, Overland Park, KS 
USA and 4Black Buffalo, Chicago, IL USA 

 
Black Buffalo Inc. has designed a novel alternative smokeless product that is based on a 
proprietary common non-tobacco food plant. The non-tobacco food plant leaf is cured 
and processed like tobacco but does not contain TSNAs or PAHs. Tobacco derived nicotine 
is sprayed over the processed leaf. Black Buffalo’s product is designed to emulate the 
organoleptic, ritualistic, and pharmacokinetic aspects of traditional smokeless products. 
The potential abuse liability of Black Buffalo Wintergreen Long Cut (BBLC) was assessed and 
compared to own-brand cigarettes, Nicorette gum, and Copenhagen Long Cut Wintergreen 
(CLC). A randomized open label 5-way crossover in-patient clinical study was performed 
to evaluate the nicotine plasma levels and the subjective measures of effect. Subjects used 
2 grams of oral product, smoked their own cigarette or used one piece of nicotine gum 
under controlled conditions. Suppression of the urge to smoke was equivalent for all of the 
products but the time to effect was 5 minutes for own-brand cigarettes and 15 minutes for 
all of the other products. All of the oral products were less satisfying and pleasant than own- 
brand cigarettes. Own-brand cigarette nicotine plasma levels peaked in 5.5 minutes with 
a maximum concentration of 19.6 ng/mL. BBLC peaked at 30 minutes at a concentration 
of 14.3. ng/mL CLC peaked at 30 minutes at a concentration of 13.2 ng/mL. Nicotine 
absorption from the Nicorette gum was slower (45 minutes peak) at a concentration of 
6.6 ng/mL. The pharmacokinetic data demonstrate that nicotine absorption from BBLC 
is less than and substantially slower than own-brand cigarettes and similar to CLC. The 
results demonstrated that BBLC has a lower abuse liability than own-brand cigarettes but 
equivalent to CLC. 

 
68. HEALTH AND ADDICTION PERCEPTIONS OF A NOVEL NON-TOBACCO 
SMOKELESS PRODUCT. Ed CARMINES1, Lise Fraissinet1, Azure Steele2 and Mark 
Hanson3; 1Chemular Inc, Hudson, MI USA, 2M/A/R/C Research, Irving, TX USA and 3Black 
Buffalo, Chicago, IL USA 

 
Smokeless tobacco products are perceived to have a lower health and addiction risk than 
conventional cigarettes. Black Buffalo Inc. has designed a novel alternative smokeless 
product that is based on a proprietary common non-tobacco food crop. The non-tobacco 
food crop leaf is cured and processed like tobacco but does not contain TSNAs or PAHs. 
Tobacco derived nicotine is sprayed over the processed leaf. The products are available in 
two forms: loose (Long Cut) and fleece-portioned (Pouches). The filler material inside 
the Pouches products is the same as that used for the Long Cut products. Black Buffalo’s 
products are designed to emulate the organoleptic, ritualistic, and pharmacokinetic aspects 
of traditional smokeless products. A cross sectional online survey was conducted in 
approximately 4500 adults. Smokers, former smokers, never smokers and smokeless tobacco 
users were surveyed. Subjects were shown Black Buffalo packaging and asked questions 
about their perceptions of the health and addiction risks of the products compared to 
conventional cigarettes, smokeless tobacco products, e-cigarettes, and NRT. Marlboro Gold 
cigarettes were used as a control product concept. The Marlboro Gold results were the same 
as conventional cigarettes validating the approach and methods used. The risk of addiction 
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to Black Buffalo products was consistently perceived to be lower than Marlboro Gold but 
the same as other smokeless tobacco products by the total group of respondents. Smokeless 
tobacco users perceived the addiction risk of Black Buffalo products to be less than the 
smokeless category. The health risks of Black Buffalo products were perceived to be less 
than Marlboro Gold, the smokeless, and e-cigarette categories. Smokeless tobacco users 
perceived the health risks of Black Buffalo products to be much less than the smokeless 
category and in general almost equivalent to NRT. 

 
69. HUMAN ABUSE LIABILITY ASSESSMENT OF TOBACCO AND NICOTINE 
PRODUCTS: CONSIDERATIONS TO MEET CURRENT REGULATORY 
RECOMMENDATIONS. Andrea VANSICKEL1, Sarah Baxter-Wright2, Leanne Campbell2, 
Neil Sherwood3 and Michael C. Kong4; 1Altria Client Services, Richmond, VA USA, 2RAI 
Services Company, Winston-Salem, NC USA, 3Neil Sherwood Consulting, Nyon, Vaud 
Switzerland and 4Altasciences, Overland Park, KS USA 

 
The U.S. Food and Drug Administration (FDA) recommends that tobacco product 
manufacturers provide information regarding the abuse liability of tobacco and nicotine- 
containing products to support pre-market tobacco, modified risk tobacco product and 
substantial equivalence applications. While many methods exist, no standard tobacco 
product abuse liability assessment methodology has been established and no formal 
guidance document for such testing has been issued. A CORESTA Product Use behavior 
subgroup reviewed the FDA’s recommendations, published literature and studies related 
to the abuse liability of tobacco, and information from other authoritative bodies to 
identify the most promising approaches for abuse liability assessment of tobacco products. 
The current regulatory recommendations around abuse liability assessments as well 
as strategies to apply traditional abuse liability testing approaches for pharmaceutical 
products to tobacco and nicotine-containing products will be discussed. Considerations 
include the key study endpoints, subject population, study design, relevant comparator 
products, and product use approaches. Additionally, insights drawn from regulatory 
reviews of abuse liability information for a variety of tobacco product applications will 
be summarized. Recommendations for abuse liability testing of tobacco products and for 
synthesis and interpretation of findings from these assessments will be shared. Finally, 
global considerations for abuse liability assessments of tobacco and nicotine products for 
pre-marketing applications/regulatory review will be presented. 

 
70. ABUSE LIABILITY ASSESSMENTS OF MODERN ORAL TOBACCO PRODUCTS 
IN ADULT SMOKERS. Chris CAMPBELL, Sarah Ayoku, Bobbette Jones, Elaine Round, 
and Sarah Baxter-Wright; RAI Services Company, Winston-Salem, NC USA 

 
New types of modern oral tobacco products (MOTP), including tobacco-free nicotine 
lozenges, pouches, and gum, are available to adult tobacco consumers and are increasingly 
being used in the US. There is a regulatory and public health interest in understanding 
the abuse liability (AL) of these new products compared to other marketed tobacco 
and nicotine-containing products, but the empirical evidence is limited. We conducted 
two clinical studies to test the AL of 1) hard and soft forms of nicotine lozenges and 2) 
portioned oral nicotine pouches in two nicotine levels. These studies were conducted over 
6 days in confinement with subjects using one of five test products in daily test sessions 
including: mint-flavored variants of nicotine lozenges (one nicotine level); mint-flavored 
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variants of a nicotine pouch (two nicotine levels); and high- and low-AL comparators 
(combustible cigarette [CC] and oral nicotine replacement therapy [NRT]). Following FDA 
recommendations for AL assessment of pharmaceuticals, subjects used multiple products 
simultaneously for one or two test sessions to achieve nicotine levels above what is available 
in commercially available products. Subjective measures and nicotine pharmacokinetic 
(PK) characteristics before, during, and after product use were assessed over several hours. 

 
The PK parameters for the commercially-available MOTP were more similar to NRT than 
CC. Increasing nicotine uptake by simultaneous use of multiple products negatively affected 
subjective measures such as product liking and positive effects and increased the incidence 
of adverse events. Collectively, these data suggest lower AL for MOTP as compared to CC 
and similar or lower AL as compared to commercially available oral NRTs. 

 
71. ABUSE LIABILITY ASSESSMENT OF VUSE ALTO ELECTRONIC NICOTINE 
DELIVERY SYSTEM (ENDS) AS COMPARED TO COMBUSTIBLE CIGARETTES 
AND NICOTINE REPLACEMENT THERAPY (NRT) IN ADULT SMOKERS. Kyung soo 
HONG, John Darnell, Eckhardt Schmidt, Sarah Baxter-Wright, Paul Nelson and Elaine 
Round; RAI Services Company, Winston-Salem, NC USA 

 
The assessment of abuse liability (AL) of Electronic Nicotine Delivery Systems (ENDS) 
is an important factor in tobacco product regulation. We conducted a randomized, open 
label, crossover study to assess elements of AL of Vuse Alto ENDS using e-liquids at two 
nicotine levels. 

 
Fifty smokers (27 male/23 female) were enrolled in a 9-day confinement study to assess 
the AL of Vuse Alto ENDS using a tobacco flavored e-liquid at two nicotine levels, 2.4% 
(27.4mg/ml) and 5% (57.8mg/ml), against combustible cigarette (CC) and nicotine gum 
(high- and low- AL comparators, respectively). 

 
Subjects participated in four test sessions in confinement (each following a consecutive 1.5- 
day product acclimation and 12-hour nicotine abstinence period). During each test session, 
subjects used the assigned product (based on a Williams design) ad libitum for either 10 
minutes (cigarette and ENDS) or 30 minutes (nicotine gum). Blood samples, subjective 
measures, vital signs, and adverse events were collected over 4 hours prior to, during, and 
following product use. 

 
Endpoints including Product Liking, Overall Intent to Use Again [OIUA], Product Effects, 
Urge to Smoke [UTS], Overall Product Liking, nicotine pharmacokinetics [PK] and 
physiological effects were assessed following the start of product use. Both ENDS had lower 
scores for Product Liking, OIUA, Product Effects, Overall Product Liking; and baseline- 
adjusted nicotine PK less than CC, but greater than nicotine gum. ENDS had similar 
UTS compared to CC. These results are consistent with previous AL studies and provide 
additional evidence to support the conclusion that Vuse Alto has an AL between CC and 
nicotine replacement therapies and provides sufficient levels of nicotine to enable some 
adult cigarette smokers to transition to use of Vuse Alto. 

 
72. STUDY ON NICOTINE EXPOSURE LEVEL OF ELECTRONIC CIGARETTE 
SMOKERS. Chenfeng HUA, Wang Sheng, Zhao Ge, Liu Kejian, Qiao Liangjun, Zhao 



57  

74th Tobacco Science Research Conference Is Tobacco Harm Reduction at Risk? The Need for Science and Engagement 
 

Junwei, Pan Lining, Shang Pingping, Li Xiang, and Xie Fuwei; Zhengzhou Tobacco Research 
Institute of CNTC, Zhengzhou, Henan China 

 
Different opinions have been generated on e-cigarettes in helping to quit smoking and 
causing nicotine dependence. In order to better understand the nicotine exposure levels of 
e-cigarette only smokers (ES), this study used the HPLC-MS/MS method to detect urine 
nicotine and its nine metabolites levels in different smoking types (non-smokers (NS), ES, 
dual users (DU) and cigarette only smokers (CS)) in the current survey. The differences of 
nicotine exposure levels among the four groups were compared and analyzed and the effects 
of different smoking behavior characteristics on nicotine exposure levels were explored. 
The study found: 1) All four groups had nicotine exposure, nicotine exposure level in the 
ES group was significantly higher than that in the NS group, and significantly lower than 
that in the DU and CS group. Nicotine exposure level in the DU group was slightly higher 
than that in the CS group but the difference was not statistically significant. 2) In terms of 
smoking behavior characteristics, nicotine exposure levels of e-cigarette users were mainly 
related to the frequency of e-cigarette smoking per week, the puff number per day, and the 
power of atomizer. 3) The use of cigarettes may be one of the main reasons why the nicotine 
exposure level of the DU group was higher than that of the ES group, and the metabolism 
of nicotine in the body of the two groups was significantly different. Therefore, reducing the 
exposure to nicotine by replacing cigarettes with e-cigarettes requires further consideration 
of their usage, such as completely using e-cigarettes to replace cigarettes, and reducing the 
power of atomizer, the frequency of weekly use, and the puff number per day. 

 
73. MICROORGANISMS AND ASSOCIATED TOXINS IN CIGARETTES, ENDS, AND 
OTHER TOBACCO-RELATED PRODUCTS: CURRENT STATE-OF-THE-SCIENCE 
AND APPLICATIONS  FOR  MICROBIAL RISK ASSESSMENT. Jillian PARKER1, Amy 
K. Madl1, Antony D.G. Jones1, Daniel J. Lauer2, Rebecca K. Brewster3 and Corey Boles4; 
1Cardno ChemRisk, Aliso Viejo, CA USA, 2Cardno ChemRisk, Boulder, CO USA, 3Cardno 
ChemRisk, Chicago, IL USA and 4Cardno ChemRisk, Cincinnati, OH USA 

 
A pre-market tobacco application (PMTA) for new tobacco products must provide scientific 
data that demonstrate the product is appropriate for the protection of public health (APPH). 
A new tobacco product may be considered APPH if the human health risks are significantly 
lower than those of combustible cigarettes. The first step in a risk assessment is hazard 
identification, which involves identification of constituents that may pose health hazards. 
In addition to the harmful and potentially harmful chemicals (HPHCs) in inhaled smoke, 
sidestream smoke, aerosol, or oral tobacco products, microorganisms and associated toxins 
may present risks to human health. The sources of microorganisms in traditional tobacco 
products, such as cigarettes and smokeless tobacco products (e.g., snus, chewing tobacco), 
are well-recognized. Microorganisms and associated toxins may be introduced at multiple 
stages in the production of the tobacco crop, and can consist of a variety of fungi, bacteria, 
yeast, and mold and associated toxins (e.g., endotoxins, mycotoxins, and β-glucans). By 
comparison, much less is known about the potential sources and corresponding health 
outcomes of microorganisms in new tobacco products, such as electronic nicotine delivery 
systems (ENDS) and modern oral tobacco products (pouch, lozenges). Published studies 
were evaluated to identify the range of concentrations of viable microorganisms and 
associated toxins in traditional tobacco products, ENDS, and oral tobacco products. The 
concentrations identified in the literature were considered in the context of available and 
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relevant health guidance values for application in a microbial risk assessment framework. 
Where data for ENDS and modern oral tobacco products were lacking, an appropriate 
testing strategy is recommended. This study illustrates how new tobacco products may be 
evaluated for microbial health risk and APPH. 

 
74. CHARACTERIZATION OF BACTERIAL COMMUNITIES IN SMOKELESS 
TOBACCO REFERENCE PRODUCTS UNDER DIFFERENT STORAGE CONDITIONS. 
Luke MOE; University of Kentucky, Lexington, KY USA 

 
As part of the University of Kentucky Center for Tobacco Reference Products, our team 
is tasked with characterizing bacterial community structure in four smokeless tobacco 
reference products (STRPs): loose-leaf chewing tobacco, moist snuff, American snus, and 
Swedish-style snus. We conducted studies on the four products under long-term storage (1, 
2, 3, 6, 9, 12 months) at room temperature, 4°C and -20°C, and during accelerated aging 
at temperatures up to 37°C for 5 weeks. Analyses included both bacterial and fungal load, 
via plate-based assays, as well as culture-independent community analysis using 16S rRNA 
gene amplicon sequencing. Most bacteria (over 98% of abundance) in STRPs were from 
four phyla: Firmicutes, Proteobacteria, Actinobacteria, and Bacteroidetes. Different types 
of STRPs had distinct bacterial communities, especially between moist snuff and loose-leaf 
chewing tobacco. The influence of storage temperatures on bacterial communities depended 
on the type of STRPs. Storage temperature and time had the most apparent effects on the 
bacterial communities in moist snuff, with higher storage temperature resulting in greater 
bacterial diversity. However, the effects in the loose-leaf chewing tobacco, Swedish-style 
snus, and American snus were less significant than moist snuff. 

 
75. FULL-LENGTH TRANSCRIPTOME ANALYSIS REVEALS CANDIDATE GENES 
INVOLVED IN DEVELOPMENT AND NICOTINE RESPONSE IN LASIODERMA 
SERRICORNE. Jianfeng ZHANG1, Yalong Xu1, Jingjing Jin1, Shanyi Chen2, Xiaodong Xie1, 
Zhong Wang1, Mingzhu Wu1, Peijian Cao1 and Jun Yang1; 1Zhengzhou Tobacco Research 
Institute of CNTC, Zhengzhou, Henan China and 2China Tobacco Fujian Industrial Co, 
Xiamen, Fujian China 

 
The cigarette beetle (Lasioderma serricorne) is the most serious and destructive pest of stored 
tobacco. However, the absence of genetic information in cigarette beetle is an obstacle to its 
molecular research. As we all know, cigarette beetle is a metamorphic insect and fed with 
tobacco leaves containing nicotine. Therefore, we generated a full-length transcriptome 
using mixed different development and nicotine treated samples of cigarette beetle with 
PacBio Sequel platform. A total of 22278 isoforms were obtained with an average length of 
1718 bp and N50 length of 1940 bp. 19508 CDSs were predicted and 18322 transcripts were 
annotated. The full-length transcriptome dataset was then served as a reference database 
for transcriptome analysis in cigarette beetle. 3711 differentially expressed transcripts and 
64 specifically expressed transcripts were identified in different development stages of 
larvae, pupae, and adults. 632 differentially expressed transcripts responded to nicotine 
feeding treatment. Additionally, P450 gene family was identified and the possible biological 
pathways in development and nicotine response were also analyzed in cigarette beetle. In 
conclusion, our research intensively studied cigarette beetle at the high-throughput full- 
length transcriptome level, laying a foundation for further functional research and mining 
of target genes in this species and thereby promoting the biological control of cigarette 
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beetle. 
 

76. DESIGN AND PRODUCTION OF CERTIFIED REFERENCE CIGARS. Orlando 
CHAMBERS1, Matt Craft1, Huihua Ji1, Stacey Slone1, Ruth McNees1, Anne Fisher1, Colin 
Fisher1, Ling Yuan1, Salome Bhagan2, Delshanee Kotandeniya2, Jikun Liu2 and Jeannie Jeong- 
Im2; 1University of Kentucky, Lexington, KY USA and 2U.S. Food and Drug Administration, 
Center for Tobacco Products, Calverton, MD USA 

 
The Food and Drug Administration’s Center for Tobacco Products funded a cooperative 
agreement with the University of Kentucky, Center for Tobacco Reference Products (CTRP) 
to develop three certified reference cigars. Data from the analyses of physical parameters 
and harmful or potentially harmful compounds (HPHCs) of commercial filtered cigars (25 
products), cigarillos (17 products) and large cigars (11 products) are guiding the design 
and manufacture of the certified reference in each of these categories. The data highlight 
the variability inherent in the cigar product category and are used to determine the design 
parameters for the proposed certified reference cigars. Production of 700,000 certified 
filtered cigars, 700,000 certified cigarillos and 200,000 certified large cigars is planned. 
The University of Kentucky has provided reference tobacco products as the standard for 
non-clinical investigational purposes by tobacco manufacturers, contract and government 
laboratories, and academic institutions since 1968 and intends to incorporate these certified 
reference cigars into the CTRP program, including its use as a test piece in proficiency 
testing. 

 
77. CORRELATION OF NNK LEVELS IN TOBACCO AND MOIST SNUFF WITH 
THE LEVELS OF PSEUDOOXYNICOTINE AND NICOTINE-1’-N-OXIDE. Serban 
MOLDOVEANU; R.J. Reynolds Tobacco, Winston-Salem, NC USA 

 
The reduction of TSNAs levels in tobacco and moist snuff, in particular of NNK (4-
[methyl(nitroso)amino]-1-(3-pyridinyl)-1-butanone), is a common subject in tobacco 
research. For NNK formation the pyrrolidine cycle in nicotine molecule must be opened 
and this is possibly through an oxidation process (chemical or enzymatic). An NNK 
precursor is pseudooxynicotine ([4-(methylamino)-1-(3-pyridyl)-1-butanone] or PON). 
Present study evaluated the levels of PON and also of nicotine-1’-N-oxide (Nic-Ox) which 
is also an oxidation product of nicotine, and the levels of NNK in 23 different tobaccos and 
8 moist snuff samples. For this purpose, an original LC/MS/MS method was developed 
and applied for the analysis of PON and of nicotine-1’-N-oxide in tobacco and tobacco 
products. A previously reported method for NNK analysis was used for its measurement. 
Further, the correlation between the level of NNK and PON, as well as of NNK and Nic- 
Ox were evaluated. The resulting correlations were very poor indicating that basically the 
NNK levels in the analyzed samples do not depend on the level of PON or of Nic-Ox. Both 
PON and Nic-Ox are present at significantly higher level than NNK and very likely other 
limiting factors determine how much NNK is generated in tobacco or in moist snuff. The 
result shows that the reductions of PON or of Nic-Ox in tobacco do not offer a potential 
way of NNK reduction. 

 
78. COMPARISON OF 1R6F AND 3R4F SMOKE AND TOBACCO FILLER HPHC 
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MEANS AND STANDARD DEVIATIONS. Michael MORTON, Tammy L. Blake and Karl 
A. Wagner; Altria Client Services, Richmond, VA USA 

 
Reference cigarettes have a long history of use in the cigarette industry as quality control 
monitors, model cigarette systems, and analytical method development tools. The 
University of Kentucky’s 3R4F reference cigarette has been commonly used since its 
manufacture in 2006 but is being replaced by 1R6F due to limited remaining quantities of 
3R4F. We compared the two reference cigarettes across multiple smoke and filler analyses 
to determine if 1R6F had comparable or better variability as 3R4F and to establish control 
limits for 1R6F prior to our laboratory’s transition to 1R6F as a laboratory monitor. 

 
The two cigarettes were compared on 14 filler HPHCs and 20 smoke HPHCs, under both 
non-intense (ISO 3308) and intense (ISO 20778) smoking conditions. 

 
The variability of 1R6F was comparable or less than the variability of 3R4F. There were 
several statistically significant mean value differences in the smoke and filler chemistry. 
Notably 1R6F had 20% or more lower NNN and NNK levels in filler and smoke. 

 
The certified uncertainty of reference products is often misunderstood to apply to 
individual test results rather than to the mean value of the product. We will discuss the 
proper interpretation of the 1R6F certified uncertainty. All the average 1R6F results within 
our lab were within the certified value limits for 1R6F except for crotonaldehyde under 
non-intense conditions and puff count under intense conditions. 

 
Because variability was comparable or less for 1R6F relative to 3R4F, it is reasonable to 
substitute 1R6F for 3R4F as a laboratory monitor, though laboratory control limits will be 
adjusted for the new monitor. 

 
79. ANALYSIS OF PRODUCTIVITY IN THE LABORATORY AND THE ROLE OF 
OUTSOURCED ASSET MANAGEMENT SERVICES. Benjamin FIELD, Paul Felts, Kevin 
Keras and Angelo Filosa; PerkinElmer, Waltham, MA USA 

 
With the ever-increasing regulatory and social pressure on quality and safety of goods, 
companies from multiple sectors of the economy are investing more time and money into 
R&D and analytical testing groups. This growing trend introduces the added complexity of 
pro-actively managing technical equipment to discover heretofore unexplored efficiencies. 
The pharmaceutical industry in particular, has benefited from outsourced asset management 
services for a number of years, but there are other industries that have been slower in shifting 
their instrument services to a more consolidated and hands-off model. Here we evaluated 
the potential effectiveness of asset management in the Tobacco sector by analyzing an asset 
management program for a current Tobacco client. Our testing methods included asset 
utilization analytics to measure instrument downtimes and usage. Additionally, a thorough 
analysis of purchasing contracts and replacement parts expenditures was performed to 
assess cost savings/avoidances. All this data was compared to multiple manufacturer’s 
historical response and repair times to the new service model. The results showed that 
beyond giving time back to the scientists for higher value tasks, service response time was 
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reduced to between five and eight hours per event, and downtime to as little as 16 to 19 
hours—compared to days or even weeks under the previous service model. In addition 
to approximately $9,000 in parts savings each month, having strategic replacement parts 
on-site positively impacted the downtime improvements. A larger sample size is needed to 
fully understand the value service placement in the Tobacco industry as a whole, but our 
initial findings do suggest an effective model that could potentially be replicated within the 
industry as a way to allow research teams to focus on core activities to ensure delivery of 
safe and high quality products to the marketplace. 

 
80. CHEMISTRY AND ANALYTICAL TECHNIQUES FOR CONTEMPORARY 
SHISHA PRODUCTS. John LAUTERBACH; Lauterbach & Associates, Macon, GA USA 

 
Contemporary shisha tobaccos [also known as waterpipe (also spelled water pipe) tobaccos] 
are increasing in popularity. These are quite different from traditional shisha tobaccos. 
Contemporary products have high levels of humectants (glycerol with/without propylene 
glycol) and flavors that are not present in traditional shishas. As a recently reported, 
contemporary high-humectant shishas are much preferred by today’s shisha users. One 
reason that they may be preferred is the high humectant content (>40%) that keeps the 
shishas from burning when heated hookahs (waterpipes). Added sugars and flavors are also 
believed to drive consumer preference. However, there is little in the scientific literature 
on shisha manufacture and the processing conditions affect their performance in use. 
Consequently, this study was designed to answer these questions of effects of: tobacco 
blend composition, tobacco particle-size distribution, washed versus unwashed tobaccos, 
sugar sources and amounts, amounts of water added during processing, and the order of 
addition of humectants and sugars. Data will be presented on commercial and laboratory- 
made samples: humectant, sugars, nicotine, and water results from an ISO 17025 accredited 
laboratory. In addition, a new HPLC technique based on extraction of the shisha was 
developed to provide data on liquids pressed from commercial shishas, residues from the 
pressings, commercial and laboratory-made shishas to determine sugars, polyphenols, 
nicotine, and high-use semivolatile flavors. This new technique is based on extraction of the 
shisha with 75/25 (v/v) acetonitrile/water and filtration of the extracts through 25-mm 0.2 
µm Phenex™-GF/NY Syringe Filters before injection of the extract into the HPLC system. 
This particular filter is needed to remove the colorants that are used in some shishas. 
Erythritol is used as the internal standard for humectants and sugars. 
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