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ABSTRA EXPOSURE ASSESSMENT CONT’D

The US Food and Drug Administration (FDA) Draft Guidance for Industry (2012) provides abbreviated lists of Parameter Symbol Value Unit Soure ELCR
. . . . 1UR RfC
harmful and potentially harmful constituents (HPHCs) found in tobacco and cigarette smoke. As FDA HPHC Measured Yield Clxs) variable pglcigarette Internal (ug/m (mgl! “
considers the abbreviated HPHC list to be representative of the classes of hazardous compounds present in Cigarette Consumption Cpd 141 cigarettes/day CDC (2018) redicate
tobacco products or tobacco smoke, it can serve as the basis of a relative "whole-product” toxicological risk Exposure Duration ED 57.5 years US FDA(2013) Acetaldehyde 2.20E06' 812604+ 840605  7.956-04 759605 900603 4.10E+01 £4.24E+00 4.02E+01 = 3.83E+00

comparison for tobacco products (e.g., New Product to Predicate Product). A range of validated analytical BB £ 365 Caysiyea Maimunlialie ;
. X P N ) ) Inhalation Rate IR 20 mfday USEPA(1991,2011) Acrolein NA NA NA 200E05"  1.74E+03 1.61E+02 1.69E+03  1.55E+02
techniques exist for quantification of individual HPHCs, which are reported as a mean value with a standard

- - ) o ) ) ) cee Average Time A 20,988 days US EPA (1989, 2009, 2014) -
deviation. The objective of this presentation is to propose a method for incorporating analytical variance into a Acrylonitrile 680E05'" 367604233605 361604233605  2.00803"  270E+00 % 171E01 2.66E+00 = 1.72E:01

C i itative risk (QRA) f k to provide a more robust representation of relative New Product Predicate Product Ammonia NA NA NA 5.00E-01" 1.31E-02 + 7.80E-04 1.27E02 + 7.14E-04
P q
toxicological risk between whole tobacco products. Using a cigarette example, we provide a general overview Yield (ug/cigarette) Exposure (ug/m3) Vield (ug/cigarette) Exposure (ug/m3) AR 7806060 191608122605  186E04£107605  3.00£02" B.17E.01 £ 5.20£.02 7.93E01  4.57E.02
of the QRA f k (i.e., hazard p and risk characterization) and highlight Acetaldehyde 5429324 i;‘;-; 33:? 333121 i;zqg i": 3?;; = ;"15 p— : )
. . . S s ! 2+ 4. 73 =4 8 enzofa]pyrene £04 2.07E-06 + 5 84E- 2.05E-06 + 5.50E- 2.00E 1.73E+00 = 4.87E-02 171E+00 = 4.58E-02
how incorporating the analytical variance in HPHC yields into the exposure assessment and hazard A"‘I"'"_:“,l 76620485 Sae 0302 7532 0487 53120303 » 6.00E0 07606 = S84E08 05506350608 00E06 IEA00 =4 FTEO 00+ 43860
S } : ) crylonitrile =0 4= 53+ 0. 31 _
characterization produces an estimate of the range of probable risk as opposed to a single (deterministic) A:‘monia 9.31+0.553 656+ 039 9.04+ 0,507 637 %0357 1,3-Butadiene 3.00E-05" 729804+ 357605 7.11E-04 = 3.63E05 2.00£-03! 1.22E+01 % 5.95€-01 1.19E+01  6.05E-01
point estimate. The range of risk for each individual HPHC is calculated for both cancer (i.e., Excess Lifetime Benzene 347221 245+156 33.8+1.94 238+1.37 Carbon Monoxide N NA NA T00E+00'  1.00E+00 = 7.16E-02 9.78E-01 = 6.69E-02
Cancer Risk - ELCR) and non-cancer (i.e., Hazard Index - HI) effects, and these individual risk estimates are 91&;1;[31!:‘!/_’9"5 o.og:z: 01'?807138 0'003;453: Owo?gom 0'00;382 . ?‘32013 00032431 7= 0‘10(1’?0916 S - " " S L S S 1B7E400 = 238801
i i i f whol duct risk. itionall isti i ,3-Butadiene = * = *
then aggregated into rep ve estimates of whole-p trisk Ad_d “_0 ally, statistical analysis can be @i 9951.5.£710.5 7015.6 = 500.9 9712.6 = 664.4 68472+ 468.4 Formaldehyde 130605 2.51E04+238E05  2.44E04=231E05  9.00E03  2.14E+00 = 2.03E01 2.09E+00 = 1.98E-01
performed to assess whether there is a significant difference (p < 0.05) in risk between the products. Crotonaldehyd 10.9+ 162 768+ 1.14 106+ 146 7.47+1.03
F’°‘°"3m '; l; € TS R S e e Isoprene 2.20£-08 4.92E06 % 2.40E-07 4.75E06 % 249807 3.90£012 5.73E01 £ 2.79E02 5.54E:01 = 2.90E-02
ormaldehyde * 3£1. 6+2. 1.
o 31725155 223.6£10.9 306.2:+ 16 2159113 140E02  9.46E04 +8.0BE05S  9.20E04 = B.OTE05 NA NA NA
NNK 0.0959 = 0.00818 0.0676 = 0.00577 0.0932 + 0.00812 0.0657 £ 0.00572 LOEOH 2616055684607 2.526.05 £7.60E07 " " "
) _ ) o NNN 0.09252 0.00243 0.0652 = 0.00171 0.0895 = 0.0027 0.0631 0.0019 . ’ - : -
Marano, et al. 2018, demonstrated that US Environmental Protectlor} Agency risk éssessment‘ gulde.llnes Toluene 53.8+3.63 37.9+256 51.8+3.38 365+238 Toluene NA NA NA 5.00E+00" 7.58-03 = 5.12E-04 7.306-03 = 4.76E-04
(US EPA, 1989) can be used to compare tobacco products on the basis of point estimates of risk derived
from HPHCs. Here, we expand this approach to incorporate the analytical variance in HPHC Note - HPHC yields presented here have been abstracted to be within the range of yields from actual products but are not representative of any single “USEPA RIS, Cal EPA, *TCEQ, “WHO, NA - Not Applicable

product or smoking regimen.

measurements and a statistical analysis of whole-product risk.
This approach compares the relative, representative risk of a New Product and a Predicate Product to RlSK CHARACTER'ZAT'ON |NCORPORAT|ON OF ANALYT'CAL VARIANCE

determine whether they significantly differ. The relative risk is used for comparative purposes only and

should not be mistaken for the absolute risk of any single product. Risk characterization combines the values from the hazard and the exp to produce a We tested the hypothesis that the representative risk of the New Product significantly differs from the representative risk of the Predicate
The risk t of each individual HPHC formed in a five-st ) risk estimate. The two types of risk estimates used in this assessment are excess lifetime cancer risk (ELCR) Product. Analysis was performed in R (R Foundation for Statistical Computing, 2012) using the "tsum.test()" function from the Basic
e assejsmen ot each individua Was periormed in a five-step process: and hazard quotient (HQ). Statistics and Data Analysis (BSDA) library (Arnholt and Evans, 2017) to perform a Welch's t-test on the whole-product risk estimates.
1. Hazard Assessment
2. Exposure Assessment - ELCR represents the incremental probability of an individual developing cancer over a lifetime under the Despite the difference in point estimates of whole-product risk, when we incorporate the analytical variance of the machine measured
3. Individual Risk Characterization specified exposure conditions. For example, an ELCR of 0.0001 would represent a life time probability of 1 yield of the HPHCs, the whole-product risk does not significantly differ (p > 0.05).
4. Representative Whole-Product Risk Characterization excess cancer case per 10,000 individuals. e Cumulative ELCR |
5. Statistical Analysis -The HQ represents adverse health events (e.g., local or systemic effects) with an established threshold 500603 — 3.00E+03 T
(e.g. US EPARSC). An HQ less than 1 indicates that the estimated exposure concentration is less than the
HAZARD ASSESSM ENT established safety threshold (i.e. is below a level of toxicological concern). If the HQ is above 1, then exposure to 400E-03 1
the HPHC is introducing some level of non-cancer risk. 200E+03 1
. . " 3.00E-03
}{\Ie conducted a ct‘)mprehelnswe; ret’lewh of regulatgry values forgakch member of the abbreviated HPHC ELCR is calculated by the following equation: HQ is calculated by the following equation:
ist to source regulatory values for both cancer and non-cancer risk. . e R wh WO ZEC wh 200803 .
N } 0= X where: = where: 100E+03 T
The priority tier for sourcing regulatory values was: (%) (%) ! sl Tg"
; e ; i 1.00E-03
1. US EPA Integrated Risk information System (IRIS) ’ :I(':CR_ estimated Ilfen'me!‘can(cer/nsl;)(unltless) HQ - hazard quotient (unitless)
2. California Environmental Protection Agency (Cal EPA) exp}:)slurg (once.n r.a ;0" pg}m‘ EC - exposure concentration (pg/m?) 0.00E+00 Now P 0.00E+00 o oredicate
3.Texas Commission on Environmental Quality (TCEQ) - IUR - Inhalation Unit Risk (g/m’) RfC - Reference Concentration (mg/m?) ELCR 333E-03 | 325E-03 | H 180E+03 | L756+03 | 8
4.WHO Guidelines for Indoor Air Quality =
g

s e 1 Esssmentre US A lsan it s (06 o RISK CHARACTERIZATION-WHOLE PRODUCT J| STRENGTHS AND LIMITATIONS

As the normally distributed risk estimates (ELCR and HQ) are weighted by an estimate of potency (IUR and RfC), the principle Strengths B
EXPOSU RE ASSESSM ENT of dose additivity states that they can be aggregated into a cumulative ELCR and hazard index (HI) for the whole product. These - We have adapted and expanded the Marano et al. (2018) approach to evaluate the relative risk of tobacco products. 8
An estimated i ted per (US EPA) quid dmating chemical whole-product risk estimates provide the basis for comparison of the relative risk of the New Product and the Predicate Product. - While the original method calculated point estimates of risk, our approach incorporates the analytical variance in HPHC yield o
n estimated exposure concentration was generated per uidance on estimating chemica isti i i i
. P 9 P g 9 Multiple normal distributions can aggregated by taking the simple sum of their means and the root sum of squares of their and statistically analyzes the difference between whole-product risk estimates. g
intakes (US EPA 1989). standard deviations. - While conventional tobacco cigarettes were used here as an example, this approach is broadly applicable and appropriate for .
Conventional estimates of chemical intake generate a single point estimate. However, machine measured any comparison between tobacco products. 5
HPHC yield is normally distributed and approximated by the sample mean (x) and sample standard = cumulative ELCRg = Yy ELCRzy; = Hlz =S HQuyi Limitations o o . . L _ ) e
deviation (s). - Arelative risk comparison is dependent on the HPHCs included in the The ying ption of the p >
F h individual HPHC, the yield . ltiolied b . ( approach is that the abbreviated HPHC list for cigarettes is representative of whole-product risk. 8
or eacl |r.1 i ua. i C, the yield per ugargtte (x,5) was multiplie ylan estimate o = cumulative ELCRs = %I, ELCR(ZS)i = Hlg= |¥L, HQ(zs)i - Approaches are currently lacking for evaluation of HPHCs that are classified by FDA as carcinogens but lack an established IUR. (O
consumption rate in cigarettes per day, an estimate of years spent smoking, and the number of - While this approach incorporates analytical variance in machine measured smoke yield, it still relies on point estimates of many
days per year. This value was averaged over an estimate of total inhaled air for the duration of other exposure factors. 2
exposure to g afinal dexp concentration (EC) in pug/m?.
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