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Characterization of Temperature Regulation and HPHC Profile of a Nicotine-Salt Based ENDS Product
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Introduction Methods
. . . . Thoy- - HPHC Profiles: Relative M Smoking Machine Puff
When combusted, cigarettes reach temperatures that can exceed Computational models were generated based on the physicochemical Preliminary Aerosol / HPHC Analysis 100°% FOTES: FEIAHVE TS pet SToHing Tachine =
1000°C and consequently generate more than 4000 degradation properties of the atomizer wick and both conductive and convective (JUUL ENDS Virginia Tobacco 5% vs. Marlboro Gold o0 BB it Rtannc
products and HPHC’s (harmful and potentially harmful constituents)'.  heat transfer mechanisms. Actual atomizer temperatures were Combusted Cigarette) i B ENDS Observed
. . . ) £ . . — . . : 80% 2 eference *
JUUL iIs a nicotine-salt based, pre filled (closed) ENPS system. With measured by mfrared thermography (n=4 filled, 3 unfilled po.ds?. | Aerosol HPHC’s were observed to be below LOQ 7/ (Referenced LOQ)
automated te_mperqture regulgtllon_ and no user-modlflable contrqls, The HPHC proflleo of gergsol generated from JUUL ENDS, Vllrglnla or ND across multiple panel categories (PAH's, 70%
JUUL ENDS is de3|.gne.d to minimize the generation of degradation Tobacc;o flavor, 5% ngcotlne-fllled pods (n=10) was Char_acterlze.d VOC'’s, carbonyls, and PAA’s). Nicotine, propylene 60%
I .
products and to maintain consistency of temperature across a range Dy an independent 3" party laboratory (Enthalpy Analytlcql), using glycol, and glycerol were observed in the aerosol. 509
of operating conditions. Thesg stud|e§ characterized these features smoking machines and validated analytical _methods. Puffing profile Ethylene glycol, diethylene glycol, glycidol, and ‘0
and their effects on the Chemlc_al profile of aerosols. produced by was 3 seconds, 70 mL, square wave p_uff W|.th a 39 second pgff menthol were not detected (not shown). Anabasine, ’
JUUL ENDS _Compared to published data for a leading brand of interval. A reference panel of 31. _Chemlcals including FDA defln_ed a nicotine isomer, was observed at 0.0249 ug/puft. 30%
combusted cigarettes. HPH_C’S was measured-. Quar_wtlfled levels were compar_ed against a NNK was not detected. and NNN was observed 20%
published reference panel derived from Marlboro Gold cigarettes®. at 0.0000308 ug/puff which was >99% lower than 10%
Computational Tem peratu re Profile Results reference level from combusted Clgarette. Chromium 0% Arayesrtsbore 10011
Model (Computed) . - _ _ was observed at 2% above analytical LOQ and Carbonyls PAA’s PAH’s VOC’s Metals
Coil Temberatures Averaced at Different Flow Rates _In thIS prellmlnary anaIySIS, a_tomlzer temperatureS,. measure_d by Ind relative tO reported MarIbOrO LOQ Of 1ng/ HPHC Category HPHC LOQ Ref.(png/puff) JUUL ENDS - VT [CI] Marlboro Gold Difference (% per puff)
’ ° infrared thermography, remained below 300°C, during wet wick and ouff. Chromium was was up to 98% lower than T =
- dry wick (unfllled pOd) conditions, which was consistent with computed reported levels for other cigarettes (up to 0.05 ug/ T /:sm: T % i |9:/
A s 3 modeling. Nicotine, propylene glycol and glycerol, were identified in puff.)®> Metals have been previously reported in other = o I =
s | :, 2 e ol Temp 03 the aerosol, along with anabasine, a nicotine analogue. Panel analytes e-cigarette aerosols®. Benzene was not detected, o - Z . i
= | g e cll Temp 2015 in the following classes were present below level of quantification consistent with a previous independent report’. For oo o oo —
AN B st g — L LT (BQL) or not detected (ND): PAH’s (polycyclic aromatic hydrocarbons), certain analytes, the difference between JUUL ENDS | ™ - wa o ®
i Qe § VOC's (volatile organic compounds), carbonyls, and PAA's (primary aerosol and combustible cigarette smoke could not e © e
orsrazemn Y . aromatic amines). 4 of 5 metals tested were also BQL or ND, with be determined because neither were above the e . o o o
o et ° the exception of chromium which was 2% above LOQ and up to 98% prespecified level of quantification or a value was e o o o e
| | | | lower than other cigarettes reported in the literature. For TSNA's, NNK missing ("Ind.”) (BQL, below level of quantification; T o
Calculated temperature profile of the heating combined average temperature profiles for a was not detected, and NNN was >99% lower than levels found in Ind, could not be determined; LOQ, level of o
coil and wick at one of four airflow rates: 1.0 duration of six seconds, using airflow rates of _ L o/ : PARS t-aminonaphthalen 0.000002 ND 000122 9%
LPM at 6.0s. Models were consistent with 0.5, 1.0, 2.0, and 4.0 LPM. Coil temperatures reference cigarette smoke. quantification; ND, not detected; [Cl] = 95% interval.) . o . e =
observed temperatures. were consistently below 300°C.
Conclusions
IR Temperature IR Temperature * [n a preliminary set of studies, observed coil temperatures in  ENDS aerosol contained significantly reduced levels of References
Measurement Measurement JUUL ENDS corresponded with predicted models of automated panel HPHC's, per smoking machine puff, in multiple panel 1. A. Rogman, T. Perfetti, “The Chemical Components of Tobacco and Tobacco Smoke”, 2nd ed., 2013, CRC Press.
: : : : : 2. FDA Draft Guidance, “Premarket Tobacco Applications for ENDS Products,” May 2016,
temperature regulation and maintained average temperatures categories, compared to published levels from a reference 3. R. Tayarah. G.A. Long, Requlatory Toxicology and Pharmacology 70, 704-710, 2014.
below 300°C Under 2 range Of ConditiOnS in the IabOratOry CombUStible Cigarette 4. Enthalpy Analytical, “HPHC analysis of V. Tobacco flavor aerosol from JUUL product.”
_ _ ' _ _ _ ' 5. C.J. Smith et. al. Food and Chemical Toxicology 35, 1107-1130.
setting, including an unfilled pod with dry wick. L | o 6. K. Farsalinos et. al. Int. J. Environ Res Public Health v.12(5): 2015 May
 Limitations: this was a preliminary assessment. IR measurements 7. JF Pankow et. al., PLOS One, 12(3) €0173055.
. ST o . g . .
JUUL ENDS (Vlrglnla TObaCCO’ 5 A)) aerOS,OI Wdas analy_zed reqU”'-ed mOdlfY"]g pOd 1_:0 VIEW _COII' HPHC meaSU-rementS Clarifications from rapid abstract: emitted CO was not measured in this panel (exhaled CO is reported in a separate
against a panel of 31 analytes and HPHC's. Beyond 3 intended describe smoking machine testing at a single setting, of a poster.) NNN was above BQL and >99% below reference cigarette on per puff basis. Reduction in emissions per
_ _ _ _ o L, _ puff was seen for multiple categories of panel analytes. Beyond emissions data, complete characterization of human
ingredients (nicotine, propylene glycol, glycerol), 89% (25 of 28) delimited panel of analytes. Ten pods of a single tobacco flavor exposure involves additional studies characterizing topography and human biomarker validation.
of panel analytes were not detected (ND) or below the level of were tested. Comparisons to an analyte below LOQ assumed
quantification (BQL). 11% (3 of 28) were observed at quantifiable a concentration equal to reference LOQ. Comparisons between
“Wet Wick” “Dry Wick” / Unfilled Pod levels, including NNN at >99% reduction; VT flavor contains analytes for which neither were above LOQ were considered Consistent with FDA regulations, JUUL Labs can not and does not
Representative IR thermography measurement Representative IR thermography measurement - : : s : - - : - : ’ _
under wet wick conditions, demonstrating a using unfilled pod (wick is therefore dry), tObaC_CO eXtraCtS’ chromium (preVIOUS|y repOrted in ¢ Cl_garette mdetermma_te_' Comprehenswe Characterlzatlor.\ of human HPHC promote its products as less harmful or safer than cigarettes.
peak temperature (i.e. hottest point of the coil) demonstrating a peak temperature of 274.7°C and Clgarette aerosol6, at 2% above LOQ), and anabasine (a exposure will involve topography and human biomarker analyses, _ o _ _ S _
of 262.5°C at 2.0s and airflow of 1.35LPM. at 2.0s and airflow of 1.35LPM. nicotine isomer, at 1.25x LOQ.) which will be addressed in future studies. This document is intended for sharing data with the scientific community.
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