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Abstract: As electronic cigarettes (e-cigarettes) continue to evolve and gain traction in the global
markets, concerns regarding the potential health risks of vaping are growing. Compared to combustible

cigarette smoke, the aerosol from e-cigarettes typically produces significantly lower levels of harmful and
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(QRA) is a scientific,

evidence-based toxicological process that combines chemical and biological data to evaluate the risk of

potentially harmful constituents (HPHCs). Quantitative risk assessment
adverse health effects from exposure to health hazards. QRA has been widely used by Chinese and
international regulatory agencies for decision-making of whether tobacco products meet regulatory
requirements. The objective of this study was to establish a QRA framework, as part of a nonclinical
weight of evidence approach, for evaluating relative health risks of e-cigarettes compared to combustible
cigarettes to support product development and innovation. Aerosol samples from a closed, pod-based
e-cigarette (a product sold exclusively overseas) were analyzed for HPHCs and target constituents its
aerosol under both non-intense and intense puffing conditions and compared to HPHC emissions from the
mainstream smoke of the Kentucky IR6F reference cigarette. Toxicity reference values, i.e. reference
concentration and inhalation unit risk, for HPHCs and target constituents obtained from regulatory and
public health databases were used to determine their carcinogenic and non-carcinogenic health-based
guidance values. Using exposure parameters unique to Chinese smokers as well as standard default
exposure parameters for human health risk assessment, exposure concentrations were estimated for both
“typical” and “heavy” consumer exposure scenarios. The potential health risks associated with the
inhalation of machine-generated HPHC and target constituent emissions from e-cigarettes and combustible
cigarettes for Chinese adult consumers were assessed and compared by integrating the exposure assessment
and dose-response assessment into quantitative estimates of non-cancer health hazards and excess lifetime
cancer risk. The estimated risks of vaping the closed-system e-cigarette for respiratory, cardiovascular,
reproductive, developmental toxicity, and cancer were found to be at least 95.0% lower than those of
cigarette smoking. These results were estimated using the QRA method described and therefore require
further clinical and population studies to confirm. Although the results do not indicate absolute risk or
represent epidemiologic data, the QRA approach provides an up-to-date, practical, and efficient tool for
comparing the inhalation risks of e-cigarettes and combustible cigarettes, thus providing useful guidance to
support responsible product research and innovation.

Keywords: Electronic cigarette; Quantitative risk assessment; Harmful and potentially harmful constituent
(HPHC ); Inhalation risk
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Tab. 1 Harmful and potentially harmful constituents and target constituents in e-cigarettes

A EFIEAEA E RS K BbRZ 5y BEPES A F TSR E R S BARZ 55 M
LT/ Acetaldehyde CA, RT, AD N —%/Glycerol RT
2,3—J% i/ Acetyl propionyl RT 47K Hif/Glycidol CA
T/ Acrolein RT, CT LIRS IR/ Tsoamy] acetate RT
Nl Acrylonitrile CA, RT LIRS T Ti/Isobutyl acetate RT
2K H1#t/Benzaldehyde RT ft/Lead CA, CT, RDT
ZK/Benzene CA, CT, RDT 7B/ Menthol RT
L IFRRTR/Benzyl acetate RT IR R/ Methyl acetate RT
T'f#%/Butyraldehyde RT 1E T F/n-Butanol RT
#%/Cadmium CA, RT, RDT 5/Nickel CA, RT
#%/Chromium CA, RT, RDT J B/ Nicotine AD
A EERE/Cinnamaldehyde RT 4-FIL R ESE-1-G-IIE ) -1- T/, CA
T /Crotonaldehyde CA NNK
J" " fill/Diacetyl RT N-VA B M /NNN CA
— HTE/Diethylene glycol PC N2 /Propionic acid RT
LR L Tg/Ethyl acetate RT TN __%/Propylene glycol RT
LTk 1R ZBiE/Ethyl acetoacetate RT IE P 5E/Propylene oxide CA, RT
. ¥ /Ethylene glycol RT, RDT FF 2§/ Toluene RT, RDT
[ /Formaldehyde CA, RT 5 2% 2 /Vanillin RT
B /Furfural RT

T : (DM 3E [ FDA (95328071657 @ CA=80EE , RT=IFI R G REVE , AD=UidE , CT=/0 ML B¢ 1, RDT=E 505 & w1k,

PC=H LG
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Tab. 2 Data sources of health-based guidance values

TR IRl 225
=i Q ) 17 Y i
A% HLRAR o 8o E
1 3¢ [ EPA IRIS IUR RfC
2 2¢[E EPA PPRTV IUR RfC

ATSDR | CalEPA . TCEQ . Health Canada.
RIVM F[EATPFH SRR E AOFRITE

IUR .NSRL .URF .TCys .CR ;.

MRL .REL .ReV . TC .TCA . HEAST .NAAQS

¥ : DNSRL:No significant risk level, JG .2 KUK /K ; URF : Unit risk factor, 543 XU K15 TCos: Tumorigenic concentration at 5%, 3
PR (S35 MRE & R R B AE TR i 5% AW R 2 ) 5 CR v Cancer risk from inhalation exposure, WA % 78 200 KUK ; MRL:
Minimal risk level, FefIXU 7K F- s REL: Recommended exposure limit, {7 2% #% R {4 ; ReV: Inhalation reference value, A S {H;
TC:Tolerable concentration, P] 251/ 4¢ i ; TCA: Tolerable concentration in air, 23S B] 11U & ; HEAST: Health effects assessment
summary tables, fEFEFZITPEALLEZ2 ;s NAAQS: US national ambient air quality standards, 3¢ [ [El 2 EE 55 S ST bRifE

2322 HRRGEIREPARYE
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XFFAEBUETE , AR G iR Z ORI
O N A N NN G i N R i = Y
(European Chemical Agency, ECHA) iy — it A\ #f &K
H IR A 5% 55 3 87 1) G A2 K F- (Derived no-effect
level, DNEL)YE 258 . HAOR ORI HE 7K P I 2
T ARER RS (8, N4 ECHA 19 C T1F
BESRAEE h ATPAL P R AE R TSR ™ (0

SZAEAE B R B A2 i W PP 3R] FBR ]
15 # (Registration, Evaluation, Authorisation and
Restriction of Chemicals, REACH) {1/} 414175 H Ay
S50, IR 2l AT PR, R, TEE Y 5T
SR SRR

XFF TGN R AT AT DR ARATF A S (H 1 A
41, AT T HROME %% #8 PR {H (Occupational exposure
limits, OELs) o 75 F& S RO A F5 5 0 550 9% &
N CHe an B 47 1 B3 R B 1 B R NF 1945 R BB TH 2 A
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875
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Tab. 3 Occupational exposure limits

€D S fHERR LR 22 (.
S E UG Tl AR TLV-TWA
(ACGIH)
3 [ B RV 264 S @R TWA(REL)
LA (NIOSH)

& L 2 4 S@RE MR TWA(PEL)
(OSHA) AJinH OSHA

L Tl DASAENL X, (T AR 2 7R IR )
[ Rl2#EE 2 (OARS)

TE[E Y I 42 23 (DFG) MAK

7 : WACGIH: American Conference of Governmental Industrial

Hygienists; NIOSH: National Institute for Occupational
Safety and Health; OSHA : Occupational Safety and Health
Administration; OARS: Occupational Alliance for Risk
Science;  DFG: Forschungsgemeinschaft;
TLV-TWA : Threshold limit value-Time-weighted average, [
(B BR {E — A 18] i A S 2 5 TWA (REL) : Time-weighted
average (Recommended exposure limit) , B [A] ST AL - Y4 H
(77 Z 22 B H ) ; TWA (PEL) : Time-weighted average
(Permissible exposure limit) , B [A] JIACE Y (H (Fo 17 2 52
R )

(maximum workplace concentration ) , fig K TAEZ Ik

Deutsche

; MAK: Maximale Arbeitsplatzkonzentration

B. A4

X F AR LE TC 1k A FEARVEARTF WA S8, (H
H A 11 Ik 2 % 7| & [ Reference dose, RfD, mg/(kg
bw)/d 188 E 1 ARJEAE #HR K 7 [ Cancer slope factor,
CSF, B mg/(kg bw)/d | i .53, 7] 2% 55 5 EPA | 3
] i B DR T A R A2 A R R s e, R D
IR AR AR SR IR

PR - A2 A e BR A 2 (2) 1158, 28 RfD SME
W A2 2 5 B RC (mg/m’) o AR A 1) 2
PR 70 kg, 3 R BIRFIR AR 20 m 24202

KL, 25+ H TR b ) o e AU A i < 13 -
RfC=RfD*70/20 (2)
2% CSFAMEEIUR, WA (3)
CSFI 1
TUR= x20%107 (3)

K TUR—PAII AR, (ug/m’) ™5 CSF e — TR
FERERPR A, [mg/ (kg bw)/d ],

AT B (R S R RN R A 2%
FERAE PO IR AE YR . B, R B A 2 A2
RS A B2 BRI 5 R 58 i 25 1
B, 5 m J2 PR IR T AR A R AR AR A2
PR RNE T WA B AR SN, BN T3 24 10 PR 5T
ANHff 7 R, DU AT 25 R S 0 R IR 2 G i e =
F{H.

24 FEFETfL

(K] Sk 37 Z2 Fh R 25 ), AU Ak e 56 4 T
Hi Ak 2R 8 AT AN AT 2 1 2 i OB
BB A WA X AT B BR8] AR kA= 28Ak ; AN ]
BT 2% (R A A T AR U 25 5 5 IR 7™ fit T
%% (Consumption rate, CR) . F= & 0] | 7% g4 K 2
FESEAEEMRZESR . o TIRBIN 28 i AR
77 i WA ] S5 A, A BIE 9 rp DL LA
FET2 R R MR R Y s — Rl i AR
WE 25 8 T 77 25 59 HPHCs A1 H AR 440 1Y B 43
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S S lE
241 JUAIHTERREEE

HL 00 AR 2 B e A — ek
s R INEARGE DA R A
Bk L TR T 9 38 0 AR B A DR 3 B T BB s T
HL 0 CR. L TR rl il 1 —Fpal DU AE
HL 3B BRI 2 i ™ S S AT T (The
product use and behavior instrument, PUB)” . PUB J&
AT DI S s YSCRE T 2 5 ol FH PR~ R st it e A
I ] R W 5 4 fl B AR s (AR
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TH K)ok A —IRENL 20 AEE TSI
I RBIFFE - BFTE XTI Al B A BUATE I R, HORN )& T
HL TR 2% o XIFZE 09 28 B R PEAS 7=
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A OC , 7E 030 8 J Bt o5 3 a] , LR A2 3 3 A%
£ AR (T o A TN 72 31 e 00y o o e 1114
M2 A Wrhn s E 0 LR 50 FH E 7 A A
KWL ERN 2 . ZiE AR B R A
68 I P AR S TR S SRR PR 6 H O 2K T [l
W AR SRR, . B T R B , TG H - 34 0 o
FONEER 0.1~0.4 TR, H 714 2% %58 95 5 45k
FER 0.4~0.7 FH 5 . HRHEORST I, e A =y 9 93
A5 75 B R AT T 93 0 XU TEA , B 7R 58 5
Y 5o N B A T 0.4 AR 5L, 5113 R R o R R R A
FHO.7 Wt (F4), BLRURIE RS 5 FH
TR AR 551 0.9 F1 1.5 g/d.

AL ™ & B T340 0 2 RN 915 4 4
ok H 2018 45w I R R A DY AR
A5, v E R R B H SR A 17.9 57, H
SRR AE 20 32 X LA ALY 56.4% ., MELZ T,
HR 45 52 2 o 425 11 0 B 480 020> (Centters for Disease
Control and Prevention, CDC) ] “ & i R FFE T2 JH
7, 55 E R AR H 30 —42(20 320) K DL E
i 64% . i Tz v R IR A K 2
BB, AT R R R s M TR
FH P e N 2 R 2 O 2 5 56 ' AL AL, RIF-
PR —4 00 (20 32) o

x4 SHEBCEXEFEMBSE~REEE
Tab. 4 Daily consumption rates of pod-based e-cigarettes
and cigarettes

R FRFR Y R

77 b Wi-d OO Z% WD 2%
WA GEM)  ScEk -d GRSk

i HL F-HK 0.4 [36] 0.7 [36]
BRI 17.9 [34] 20 [34]

HAb R ES S T EH EPA B T5 YA
S At B IR TP 4 B 4 o A T R 5 SR R R
I A AE DA AN [ S AR ME GB 16886.17—2005",
o MR [ RyL AR T T R ) 2 2R B
B2 AT T AR (18 87 ) 4 o FH A 5 =
i, 38 5 oA 70 48 D) v s A AR 0 1
FEERHIAN 5247, BREESHULFR S, XS E R I
FHF MRV R R R
242 ZFEFEWETE

HE 4 Marano 55" 56 0 B ™ i 11T 5 7 M
2 [ EPA 25 e N\ AR XU Ak i pi &
1T 7 HPHCs il H bR 2l 53 1) % &5 Jit & ¢ & (Exposure
concentration, EC,mg/m*) , 25 /A5 (4)

_ CCxCRXEFXED

= 4
IRXATnc B ATc 4)

. CC— A VR, mg/ s CR— 1 2% %, Bd;
EF—Z: R, d/4E s ED—R8E 0], 4E  IR— & H
2R AEAE, m'/d; ATwe—F- 3 2 2 i 7] (3F S0
PE) , dsAT— V- BRI ] (Bt ) L do

£5 BATRANSERESH

Tab. 5 Exposure factors of e-cigarettes and cigarettes

SR 4 ¢ E= BN
TN EF 365 d- 4
SEFEmTA] ED 524F [38]
A HRAR IR 20m’-d’ [31, 37]
SFHPREEERIT CIEBORTE)  ATw 18 980 d [25-26]
SEHREEERTI (BomtE) AT 25550 d [25-26]

2.5 MEERLE

JXUBSE: A 2 A1) P~ A I R e A5 JR I <
BRI v i HPHCs & B AR4L 3 BB, 45 R iR
PEAR B F0 7] 5 — SO PP 45 SR e R o A SuE
XU o 1A
251 ARBUEMEIAL

B — X B 3 1 IR U R0 AT SR G R AR
(Hazard quotient, HQ) AT 1PAL . 55 REC R
IS [0 DAY 1) 22 8 o v 3 55 2L B R B ] N i 5 55
R EE (AN RAC) B FEAE 2, A (5) :

EC

HQ—% (5)
K HQ— 6% R EC— B35 0 8 W ¥, mg/m’;
RC—27% i Wk %, mg/m’,

TEEFE T, 2 HO< 18, ] LLAPEAAAER
FERS 525 HQ > 1, M R HA — e 19 30 X
o AHJEHQ > 1, ATERAE — 237 A R UK
TR R A 225 ot VA B L R 4 e R R 5 | A RN
A 77 A 10 2 3 000, 3X 7] G S 80 m Al 1 3E 808
AU

FEARAR SRR 0 AR B XU SR A8 3 45 4k
(Hazard index, HI) #E47 PEAL . HI R B A XU B
HQ WYINAN, Ik — 20 4l 7 2 [F) B P2 A5, an i i
RovwtE oMM AEEEENE(R D HIT
FAACTEA HE U0 S 5™ i B SR XU, . AR
fbE Pt LATE B AS R AgE R 2 ), R G X AN [
HPHCs } H #5417 1916 35 R EE AT A o & A
. A7 HIS 1, WA A 28 A 432 il sk 28 B 43 A K]
RE 7 A X AT AN i A SRR RE RN 5 (HZ:, HI >
1, FFAR RS — 8 27 A R AR
252 HUEPEEAL

B — JXUBSE A3 B S50 T AT LR R A A B0
KUK (Excess lifetime cancer risk, ELCR) 47 1¥E Ak o
B AN A B0 RS, Shy 28 A 27 I ek R 8 3 LA TR A B
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A JRUSE , S — A~ N2 A 2 i TV 1 S50 1 i 38 n 7y
RIS b R U, A=K (6)

ELCR=ECxXIUR (6)
K . ELCR—% 7 2 A= 309 KU 5 EC— % 853 it 1=
W, ug/m’ s IUR—W A B XU, (ug/m®) ™o

R T VAR R Z2 B0 53 i R 5%, 95 B EPA #IUAE
il = T2 R R B TR A B B0 T {5 7
MU PR, 2 AR AR B 1 B0 IR Sy
B A B — JRUBS: 1l 43 B 85 4 D2 A B0 AU B i A, &5
AN A B KRS R EOE SRR . T EUE
Pl 43, 55 [ EPA AR 4 [ 53 i G B B 4315 e by
AR 300.430 2535, 8 SC T A2 B XU TS
H10°ZE 107, 78 ANAANE B IRIE IR (>1/3)
B i O e N 7 2 N O e R 9, ol w8 ]
IRUBS: P AN A

3 EEXREITG 515

A FE R N AR KBS A HE SR PR T
— A 5 H TR AR AE S FL A I TR6F 1 AR
B PPAL o T B N S R (R 25 ) R R
1D, L8 B2 R 0 B4 AL R AR . X BB
PR AL VF A ZE AR A IR AR R BIVE R .
%1 B2 1 36 F HPHCs F1 H A7 28 4 i 2k ) 15
Tl 7 R~ R AV T AR R AR A b i L 1 A 2 1
A3k B 2 i KU PEAS e A . 3X 15 FP HPHCs A9 ik
$F % 5L T 1 AR TR RS 1) LR (L T A
P T ) AR e B G R
Bk B 7 RS 4y , WHO N B 77 i 45 1 BT 9% 4 4
WO MR IR S F il 0 A 5 0, R AR R YR B
AR R A H L R A R B (4 K
), DA L R v 7E AT IR o (FE 4 8 L
IR DEN

(1) A el i

A, SE Tk

A5 H HL TR BE 5 2 2 mL df A e s X

T GEEAMR) (FRIFRHET-XEEE ) o IS R
H7E 15 ~ 25 G, A X BE (RH) PR FFTE 40%~70% o
AEIN 1A FR] 305 AR X B A b B a2 C
5% o I3 FT e 0 L P b SR, A A A A
ARG o A3 BT RHE HR 530 1 - 2
10 min, AR i B 55 003 65 18 52 45 °ff1 o X
FEARE A ICEE 25 A I #E4T HPHCs B85 H bR 23
O3HT AT 7 A i BB B N e ik
50, SRR HT AT L3R 6.

*6 SABMRAE

Tab. 6 Aerosol emission test methods

HEFIEAEA FE RS K AbRdL 5y W77 75
FHE | 2T SN JGTE T T LC-MS
PTG R R GC-MS
(R REK ICP-MS
L ] LC-MS
Fi/K GC-FID
NNK . NNN LC-MS/MS

B. fili 51

F, - HRE it S I 3 531 SR R R R B it W
et ARt )y 2 1 CORESTA 815 (1 4fi 77
Tk TR ST AR 7 SRR R T I
EE G H - AR A SR R 08 ek W =k I 2 i 92
mL AHIAFZE T E] 5 s Al AR 60 so Xk
an PO DR AP 1 B S S S s 452 A, 5 s Al
Wit it 92 mL. HL AR U IR i HPHCs F1 H A
4353 A B AR R 47 52 50 % HLYE (Good laboratory
practice, GLP) F1 [& Br #75 #fE fk 241 21 (International
Organization for Standardization, ISO) A 0] f¥) 43 #r
ORI 3843 B UE 1) 5 64 Tl 2

AB 5T R SE I B R K AR IR6F 2 [ A&
AR FAL G IR . 1ROF 2 HE 3 0 5 3 40 <40
BIAETRIE A ISO AR uEf I 25 F 7 A2 () HPHCs
HH PR o3 BT B s ok H Sk [43-44], B 7
FG I FE BRI SEOL R 7.

®7 FEHRSEER

Tab. 7 Summary of machine-smoking conditions

FRifE U7 7 /mL HWRFERES )/ il B/ & X T S R E PN
FL KA o 55 3 30 ARG Y 5. 0.4 -4 [42]
HL TR R EE AR 92 5 60 AR R 5 0.7 - d
M 1SO FRiEAh I 35 2 60 WROTCEA  RREY R 17.9 3 -d7 [45]
BTG EEIR 55 2 30 WO EERER 203 -d [46]

(2) 5 1o RS PPAT 25 2R
8. F 94BN T 5 e XUBS P 22 A 45 1)
154~ HPHCs FfdFE 8 SAE AT 740 5 IR6F 2t 4

AR ) 2% B o v, LA K T ) T 28 7 T
THAFIL G 0 e SRR R R 55 57 AR B0
NSO AR . AR 25 [ EPA f8 9 ™, e & 3500 g A
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FERETE HI RN A U ELCR R AR50 g5 T AR 5 5 48 00 HI R FN2 A 80
R . WP E B XS PEAL 25, B R B R XU HedR g SR I 10,

®8 FUItAMNEERZFHRTETFRESSEFERELERREMERIEHLE"

Tab. 8 Estimated non-cancer health hazard for a closed pod e-cigarette vs. 1R6F reference cigarette
under typical and heavy exposure scenarios

‘ ‘  semR ZEFRIR R E/ (mg-m™) BomE R 2E(HQ)
ﬁﬁﬁvgfgﬁﬁzﬁ %F% /‘ZM{“/ ﬁﬂ’f‘laﬁ*‘w\% EE%%‘H?’\% ﬁﬂﬁﬂaﬁ*‘ﬁﬁﬂ Eiie s E*F};
K Hbpg ViIAS 1R6F % 1R6F % 1R6F 2 IR6F
(mgem ™) WP oy T e U e BT
2.1/ Acetaldehyde RT, AD  9.0x10° 1.14x10™* 3.75x10" 2.11x10*  1.62  1.27x10° 41.7 2.34x10° 1.80x10°
PIHSTEE/ Acrolein RT, CT 2.7x10° 8.69x10~ 3.65x107 1.61x10™ 1.73x10" 3.22x10> 13.5 5.96x10°  64.1
N4/ Acrylonitrile RT 20x10° NA  3.69x10° NA  1.92x10° NA 1.85 NA 9.60
%/Benzene CT, RDT 3.0x10° NA 238x10° NA 8.23x10> NA 7.93 NA 274
f%/Cadmium RT, RDT 1.0x10° NA 1.84x10° NA 7.61x10° NA 1.84 NA 7.61
% /Chromium RT, RDT 8.0x10° 1.64x10° NA  1.95x10° NA  2.05x107 NA  244x10" NA
TS /Crotonaldehyde - 8.1x10° NA  7.05x10° NA 5.50x10> NA 8.70x10" NA 6.79
2,3~ —fiii/Diacetyl RT 2.0x10°  NA NA NA NA NA NA NA NA
FH%/Formaldehyde RT 9.0x10° 4.72x10™° 2.36x10™ 4.55x10™ 1.02x10" 5.24x10°  2.62  5.06x10> 11.3
47K Hil/Glycidol - 9.0x107° 5.30x10° - 530x10* -  5.89x10° -  589x107 -
#t/Lead CT, RDT 1.5x10* NA NA NA NA NA NA NA NA
#1/Nickel RT 1.4x10° 2.34x10° NA  1.85x10° NA  1.67x10" NA 1.32 NA
NNK - na NA - NA - NA - NA -
NNN - na NA - NA - NA - NA -
2/ Toluene RT, RDT 3.0x10" NA  330x10° NA  132x10" NA  1.10x10" NA  4.40x10"
WP R G fa e (HD 0.4 60 2 300
DI RS E R (HD 0.03 20 0.06 90
TR R T B fa R R 0.2 10 0.2 40
B (HI)

TE : Dna TR BOA 75 Tk i FE K0 s NA SR S BE SO ORE ity v 8 W 8 s A 408 s CT Fom0 MAE 34 s RDT R A 5
TR RT FORMEI R GEati b s Fon AR EUE RS

®9 FTUtAMNEERZFHS TR FESSETIMEEREXREILE"

Tab. 9 Estimated excess lifetime cancer risk for a closed pod e-cigarettes vs. IR6F reference cigarette
under typical and heavy exposure scenarios

FRFE TR/ (pg-m™) Hi AN A B0E KUK (ELCR)
H %%ﬂiﬁ?ﬁ %\Eﬁﬁv\ W A BN XU BT LR 5t TR BRI 5t HE R A
K HARAH S (IUR)/(pg-m™)"! IR6F % IR6F % IR6F % IR6F %
WP wm T wem BTY wewm T
T/ Acetaldehyde 2.2x10° 8.47x107 2.79x10° 1.57x107" 1.19x10° 1.86x107 6.14x10™* 3.45x107 2.62x107
TR/ Acrolein na NA NA NA NA NA NA NA NA
P4/ Acrylonitrile 6.8x10° NA 2.74 NA 143 NA  1.86x10* NA  9.72x10°
#/Benzene 2.2x10° NA 17.6 NA 61.1 NA  3.87x10° NA  1.34x10™*
f%/Cadmium 4.9x10™ NA 137107 NA  5.65x10° NA  6.71x10° NA  2.77x10°
#%/Chromium 1.2x107 121x10° NA  145x10° NA  1.45x10° NA  1.74x10° NA
T /Crotonaldehyde 1.3x10° NA 5.24 NA 40.9 NA  681x10° NA  5.32x10™
2,31 —filil/Diacetyl na NA NA NA NA NA NA NA NA
I B%/Formaldehyde 1.3x10° 2.10x10" 175 3.38x10" 773 2.73x10° 2.28x10* 4.39x10° 1.00x10"
457K Hih/Glycidol 3.7%10% 236x10" NA  457x10" NA  873x10° NA  1.69x10* NA
#/Lead 1.2x10° NA NA NA NA NA NA NA NA
/Nickel 2.4x10™ 1.04x10° NA  1.38x10° NA  250x10° NA  331x10° NA
NNK 1.4x10° NA  443x10> NA  143x10" NA  620x10° NA  2.00x10°
NNN 4.0x10™* NA  524x10° NA  171x100 NA  2.10x10° NA  6.84x10°
FH 2%/ Toluene na NA NA NA NA NA NA NA NA
AR AN 2 A U KB 1x10*  2x10°  2x10*  7x10°

(Total ELCR)
1 : Ona /R LB s NA 2R AR E0R Y /S0 e s RE S A A I 21 /54 1
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F10 FUtABMBEERREGS TR TFEERSSERBRIEHFATINEEBEXE LR
Tab. 10 Estimated non-cancer health hazard and excess lifetime cancer risk for a closed pod e-cigarette
vs. 1R6F reference cigarette under typical and heavy exposure scenarios

, TR HE 4 ¢
e WTARRES,  IRGFSILEMN B FMERE
8o RS 5L R &R 0.4 60 199.3%
LIME RS 0.03 20 199.9%
HETERIR B i 0.2 10 1 98.0%
SAET A M HE 308 AU (Total ELCR) 1x10™ 2x107 195.0%
, W R 5
e WTARRES  IRGFSILEMIN B FMERE
8o R RS 5L R &R 2 300 199.3%
NNIIKEESE 0.06 90 199.9%
HET AR B i 0.2 40 199.5%
SAAT A M 308 AU (Total ELCR) 2x10° 7x107 1 97.1%

A, AEEIE TS IS 2L

TEMAV R GRS T WO T H - URE IR R S O
M R0 A FE AR & 80 0 HE 252 0.4.0.03 il
0.2 X 86 £ 5 45 B4 I T [ bR BUR 4 BEALA 22 A
MR N (HI=1) . TEE RGBT , BT
HLF IR R S0 O M5 R G0 AR B R R B e
HIZM R 2.0.06 #10.2, Horp F3 19070 22 4t f s
SRRSO BAR (HI=1) o B35 v 708 3 B g e
Z G IR S I 28 . X 2 HT 36 B e, 708 FIF i i 174
BT B g (R A i P RBMERCAIC., AH L2
T, T R e MR R R B R e R IR RS
O RGE AEFHAUL & Bk 0 HI Y 2 /08 il 4%
Z RS (HI=1) 10500 E (2 8) o SEMAH L , 76 i
RUMEE R #7003 2% & T
W RGO I RS AR RN R B R AR
2 /PR 98.0%.

B. Fi /M B0 WS (ELCR)

TESLTU RN B R 5 5 T, B A9 4 ELCR
AR T 107 FN 2107, 43 T [ BRBUM & FEH LA A TA
A2 KBS TG T (107°~107) 8 | FR , 2 B IR ol 14
TGN T 3% 2 A AN A B0 RS 7 T 4257 XU i FRl
W 2 KCH R H AR T R RE XU IR Bl TR %
2N FE SRR 8 B R g i I, WO IR R
T R T B 35 10 B A 2 A SO KUK 43 1) Ry 2.
107 F 7x107, X SE P51 9 S 40 A1 2 A B0 KR 8
b AT A KRS T R B BR 10 f5 0 F(329) . 540
Eb, 7R MLRUAN R R ER e, I S T B
T T8 AN A S0 KURS: FE IR R 2 28 2 A1 95.0%

(3)/hgh

AWFTELE R F W, 5 IR6F S LB AN S AT L,
P41 3 R A I R A KR 4> HPHCs & H AR 4

A3 ECE R E A U B R AR, A
AR Bl P R R 1 S T, g R A P i
FIRD PR A TR XU LU IR R 1 22 /D AR 95.0% . Ik 4h,
B L Rl P 2 T TR I R G O LA R
gt EBE RN & B R R AR IERE fi -5 WK A L R
£ 98.0% LA | (F10) . 1Al Fnae g XUBS P4k 25 21
55 SCHR[47-53 10 4RE — 2, R 5 TR JR R <A
Fb, LA [ T iy o A P SR B0 2R 4 A
A R I T B A BRI BT . AN X
oA 2 U R DAL 25 SRl 559%™ b AR A D 2 R
PEFNIG IR TG R —3 . o TP AR I
Tk 1055 M0 BRH S A O I DG B M 2 o (AN M g
P B A AL R ) AT R [EE TR T H
FHH A AN 1ROF 2 Eb A MR I 04 B8 40 114) 44 T [
5575 ( Ames) #% (Micronucleus test, MN ) Fl H4:
21 W I (Neutral red dye uptake test, NRU) UF 58 . iX
SRR AT G R AP S0 = M A S0 R 2 M T
H1E 5 & & 4 21 (The organization for economic
co-operation and development, OECD ) A1 X 7 1 56
WE #L A4 8] Br )8 2= 51 £ (Interagency coordinating
committee on the validation of alternative methods,
ICCVAM) 8 B AT 95 R A1 52 BRI R 45 SR %
HH B A0 RV B D A U 25 A T T A i s
WAL RSB AR . FEAH R A5 F T 1IR6F &
AR P YR e B A A A AR Y I
PRAFEGE ik — 2 e W, 56 4 e 460 sl R R ik 2 g R W
B B W 24 h N BRI P AR AR B0 2 5 1 AR
YIARE Y NNN NNK, DL K Va5 5
R I R, X KU PEAL 25 R S
A B ARG PRI R — 20, 34 B PR e
P, R it A A RS R



- 18 - LR R

2024 4

5 1R6F Z: LB IRIRAAH ., ZE PRI =0T,
00 R R S T HR R R R 2 A TR N
TS R R A s L AR AR B ARk ) — 43 (L
BARHTHMA, AR i W5 Y. B
J& T2 5 FDA BE <& i) HPHCs 75 B v (14 300 ) 1 Iep
W ARG BRI AR S P R G R
1) 32 2 XU SR Bl (R 22, F SR RN B R iR st T T
TR HQ 405 0.167 F11.32(F 8) , 5% 35 [ EPA
DA VP-4 45 B 1 22 A& 29 HLI > Fe R B HQ AR
A S RV AP R R T, WY HQ 43
SR 0.2 F0 1, AN I [ B BOR E BREAILAA 23 A AT
P RS (HQ=1) . e SLAYFI & 22 @8 350 1, Wit
PRI R AR ity 0T TS HH R 1) 21 4/ N2 A B0 RS
22 33107, FE AT REZ 1Y 10~ 107 () H R 4M & A= 5
AR T

27 7KCH A ) H AR i T P R A XU K
BN, 2 5 W SN A Bos KU (ELCR) Y
85%~87% . i K H I 2 H I I BE K 7=, 7
1977 4238 ke 47K H A AE T A rper H 38
FDA — B A R M FL A w3258 40K e B
KRARA R R B . AR e = 5 BUE A DG
AT AR 7043 1 sh ) S B0 UE B, 1 B i
it 5% ML #4 (International Agency for Research on
Cancer, IARC ) ¥4 /K H il %1 A 2A 2% B A GEAY A
REUEY' ™ . BEE X ARSI AL A R 5T
ANWITRA , HL T H A I R A T AR K H
U, 2016 4F- 45 7K H s i o Sk e AR e b i A
Bz 19 2 [E FDA [ PMTA 45 pg #1305 4
IKH SRR A R 438 B B BRZE 40, T RIDRE HAE
Sk B0 3 2 B SE R R A< HPHCs 3 B )
HRHE SCHR [ 43-44 125, BT BA 46K HHlAEAE
T 1IR6F Z FL B H A TFRIE o R, FETRE
W S F T, IR6F MY A ——3R4F Z: L1 46 M0 40 <
FRZE K H I A SF- 28 7K 74 0.884 pg/ug JRAK ', JEAE
TRBEFl =R 0 F - R R A B R R
(0.413 pg/pg MR I WifE 2 . 3RAF S HE I 7E =
B 432 FAE 32 0008043 118 W 0 sk 35 A0 ot At
G, DS HR AR 3 T R B 7 i (R AR A MR AR PN 3 B
MK . T 3RAF 2 LB IR A B, T IRGF HAt:
3RAF #47525; . PMI(Philip Morris International , JF
I - B LT PR ) 2\ X TROF 2 LB A A A < AL
SRR SRR BRI 5T 25 R W, IR6F 2 HL BB AN
JE 3RAF A IE AL s /K H I A7 AE T 1Q0S
T3 52 B I BB R 7 i A AR R, AR TR
W75 20T B BRI N 4.43 pg/ng MABR L 5 TR0
FHARE S A S TR Y 10 £5 1. 1QOS J&

2 [ FDA $2ALTE 3 1 55 85 1 56— A el Ry X
B 7 b (MIRTP) B MR IR R S8 NI, 46
KA H ARG A 1 7, i LT 4
TR RN P A e

(4)ihie

YRR AR Im RIEHE AL 5 25— 03, Ao b
TN T HL R RS G A 7 i B R A XL, T A A
AU AR LA S R DA A A ER A 4 B2 )
SH ik 8w WS PR UV Ry —Fh sz b2 05
B A7 S A, QAT T i A AN TEAS
WHEATHETEE . W5 R R 2 YEE
AR TR o, B A 4 X 30 B2 B
(0 o ) A 22 T 4 s v L % i PR (E
(Indicative occupational exposure limit, IOEL) ; it 7E
IOEL HyJERf I, [l 5 B AL 2 2 BF MB AR ] Ak
S 29 o) P BRI % 5% PR {H (Binding occupational
exposure limit, BOEL)™' . N3 H 1002, o 2 XU
VPG 285 L B TR B i g4 iRk ik Al
NI B A 4 2 R T HPHCs M H FR4H 43 i A
SRV A AR TR | 238 SRAS 1 0 i A8 Sy HL A 266 % XU
s fEE M BRI B o XU TP A5 7
FETE—E WANHA 2 1, {H 3K S AN A o PR TE P ™
FAYHEAT LR I 2 — S, DR R A B B (1Y)
AN R PEAS S ) B 25 LU R 2 o AR5 rh
FEPEH IS 1 I SN

A. HPHCs J¢ HFR414)

A5 Ty vp Al T R AL AR B HPHCs M2 H
T 20 53 o Tk At 3 2 R O AR R R VR A ) £kt XL
B WAL Az Y A0 I B 25 A 5] ) 880 B Rl i
FEANGE[R] T4 2 38 W S PR R £, X 3G I 1 PRAR Y
AfEYE. IR6F Z WM A LR G, A DG H AR
AU BT A SRR OB, (H XA S
ABIFFE T i XU PEA 5 ¥ A A e 700 T A
ik

FL R A e AT BB R 2 B S
HAACP A R 7 000 Rk 27 Lo, W2t A A B o0 K
SHETRE KRB A A . A, RA 80 Bk 27 i
SHAZENTFHAGEE . YT FEaEr il
B R WS T A R R B e Lo 5, X s A
JRURSE R HR) I8 o3 HEATAE A, HE Ak 2 REACH 74 AL
ST RV B A 43 3 5 (Substances of very high
concern, SVHC) . i i 43 #fr HPHCs B 45 % ) 155 X
WS AR 0 Ak 0 R 7 R STR S R T s A
R HEA 777 )y A ™ AR R SR
151] P AN 2 1 15 Tl 7 R R S IR A R A <
LA AR HPHCs A H 5 20 43158 W 2 o XU PF
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flid FE o A HRRBET AH b 7 A 1 A AT 1 3k
TR A, 13T s, At [a e . — R ALk
5 6 0 S BT AL AR AE AW ST 22 4] o, DRI
BRSNS Bk T 7T R FE AR ST o

B. 5l & S i PEA

i XU PEA v FH %) £t R 45 2 E (2% T i
W FE BB U ), TEAE S B A E— R AN
e,

X T AR B 30 W AN R TR
AR W5 i (No observed adverse effect level,
NOAEL) 5 fig fik ] WA R J )i 7] 4t (The lowest
observed adverse effect level, LOAEL) , 15 H {37351
NHESRE R N BRESE SH. — MO i T
B = A0S YRR G oA R ) 22 S B8 L Tl S T A
N DRSO ANEA 2 R 1 AT A, DR HAR ) /B Al
T NG NG NZ A B ER 2 5 .

X F B, WA AT PRGBS 17 30 R
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