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Abstract: Smoke aerosols contain many harmful substances and have become one of the major
sources of indoor pollutants. The smoke aerosols released into the environment are easy to react with
various oxidants presented in the room, namely the aging process of the smoke aerosol, which can
produce secondary organic aerosols. The chemical composition of smoke aerosol is an important
factor affecting its indoor aging process, but so far, the change behavior of the composition and
particle size distribution of smoke aerosol during the aging process remains to be studied, and the
aging analysis of novel tobacco products has not been reported. Therefore, the present study applied a
house-made vacuum ultraviolet photoionization time-of-flight mass spectrometer to detect the

chemical composition of the smoke aerosols produced by combustion cigarette, and new tobacco
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products, e.g., heat-not-burn tobacco products and e-cigarette, achieving the in-situ online
characterization of their gas-phase and particulate-phase components. The results showed that the
chemical composition of the smoke aerosols generated by the three types of tobacco products is
significantly different, among which the component content and species abundance of the combustion
cigarette are much greater than those of the novel tobacco products, and the overall signal intensity of
combustion cigarette in the gas-phase and the particulate-phase is about 100 times and 10 times that
of novel tobacco products, respectively. In addition, it was found that the particulate-phase mass
spectra of novel tobacco products contain a large amount of glycerol, which is almost absent in
combustion cigarette, and its intensity is even more than nicotine. The detected aerosol components
contain many unsaturated compounds, which are easily oxidized in the environment and generate new
ultrafine particles (UFPs). The Teflon chamber was used to simulate the aging process of the above
three smoke aerosols with different O, concentrations. The results of scanning mobility particle sizer
showed that UFPs are generated in all of them. Corresponding to the results of photoionization mass
spectrometry, the aging processes of the three smoke aerosols are completely different, in which the
formation conditions of UFPs are related to the content and composition distribution of precursors.
Specifically, the indoor concentration of O, (observed in this experiment was 40 pg/m’) can promote
the formation of UFPs with a geometric mean diameter of about 26 nm in the combustion cigarette,
while the UFPs formation of novel tobacco products requires a higher concentration of O; or a longer
aging time. This is mainly facts that the whole composition concentration of the novel tobacco
products is much lower than that of combustion cigarette, and the particulate-phase components
contain a lot of glycerol. Due to the strong viscosity and encapsulation, glycerol may exist in the
particulate-phase of the smoke aerosol in the form of coating other substances, such as nicotine, and
further prevents the aging process of other substances, resulting in differences in particle size
distribution. This study explains the reason of difference in UFPs formation of various smoke aerosols
during the aging process and provides a basis for tobacco exposure risk assessment, which is expected
to reveal the aging mechanism of smoke aerosols in the future.

Key words: photoionization mass spectrometry; on-line detection; aging smoke aerosol; ultrafine

particle; indoor pollution

MBI & 2R 340 F R, xR
AR fE ERA, R E NS Y EZOR 2 —1,
AR, BT — R AR R AR
BR e U6 KR AN L0 o A L TR e IR R R
HH, R R AN T R 0 TR R R T AL
Je il T, BAE R LRk TR A A, A
RO T A R EAT ) T R A R R B
U A5 e B, 3k i R R R 5 A i
it B S AWTRE A TR I, T R
PR o i A A B

FECBI A BE T I R IR 2 5 B WA AE
14 45 28 E AR TR VO, 2 D S Ak #E
T B A WL, I 2B e M o R i S
Py AT A, R b A R A R T

2N O FT5 T T L™ AR R 20 R ORL A
/N 100 nm) o HH T I 9 A 2 B g3 i S R
HENEALRWEENR, HAT, X THTT
T 14 B Bk g3 A A A R R A A2 Al
T3 R RO, A 8 LA ) i 4 2 Ak 73
e i R LA o SR T 22 Fh o0 A T BOW A [6) il
AR 0 A 2 B AT W AGL TN 5 SRAE
I pr S B A B PR A B SRR, BN
M 5 5 ke XS DAl 14 T A

RS O I A B A, AR St 05 vk B
T AT 5 TG IR A B A I B, AU
3% ST AR (385 - B A U1 X ey 1k E
(RS AVI) RS AR S DL SuR iy Rl
ZA Chn st 1] 3R 25 ) 2 B2 i 0 00 I A 1k



658

(i1 O AR

2 A3 TE SO AN URL AR 1 43 A U, R A M AR
A58 B 0 SR B A LA R B . T LEAR,
HL AR 4 £ ARG % (FTIR) P, 4T S0 80 ol i 2
DL R 3 F O Je 4R 3 58 2 5% F L B (REMPD 5§
LS SR B H B Y L B T (PIMES ) 22
ST IR IZ N T R R AT I A A
I3 o AR HT TR AU I v 1 JORLAH B 433 2 4,
NS B R H R A T IR A ) 4 AR 3570 . Barsanti
A5 NG A g LR D 3 (ONMIR) 2 R 17 FH T 45 40
L) 1 S A Ak 27 43 A, AR 3R AR 09 1415 A FR,
HiEE MR 2. HAWKE I 7 2, 3t Tt s
B I AT IS ) ST Y, SR B A 4 AT R
it (DART-MS) " J fb2F i 1 T 3% (CIMS ) Y45,
B L FH 08 IO 1) I S (R S oy &2
SR F ORI DAL | B B SR A S AR 1 BT
KAEFRAF AT A E B

T, A TAERIN A RN ES %
APt L B AT I ] BT 3% (VUV-TOF MS) X 1%
G2 1) BRI 7 3 0 LA B I AN TR 5% 28 4 40 A e 1
HA 2 0T 5L R A 0 Ak 2 oy AT R EAE 5
T L W AR AL ' F S T S S R A0 A R 1 B
7SR B ) B B R G A, A
ARV IS S B 43 RVSUREAH B 43 1) DR AN FE 2 K
Mo [FRE, 2% Teflon o i BEBLHL 3 RN A A
W TE R[] Oy He BE T 1= P Ak &2, I
Fili HL AT B R AR AN S B W 2 A el R R

TOF analyzer

FRIEAS RO B B, JUH e 2 A 7 rh i 40
BRI B LE U DL o B, 255 G B G 3R
A4 B 2315 B0 AN [R] 6 UM U i Al B v
(R 1 HEAT 04T o

1 XRRESHIE

S E IR TR, B EAFERAEML, 150 L
(%) Teflon SN . 34 TR 1238 (SMPS ) X
FH EFHR B VUV-TOF MS 1¢..

ARSI 6 A5 P A WA KR AL A T A B FL T 2k
RUWE MR AL, 5 2y A L R R — R AT 2 A
B0 KAt P A iy T A AL ) R 86 Ak, F
0k i P A R0 1 3 42 S R AR BT AL 2 A
AR WHRAT Ay, I BRI 4 DR T3 A S 8 i R A =X
(HCI, 55 cm’/2 s) #EA 740 .

K VUV-TOF MS 45 5l M I <
AH LS FRURE AR 1853 AT SR AR LA, A A
N B T 2 2 AR IR A e A RIS BT R
i B4 R AR ATL R £, B i 2 30 5 ' vl o 3
AN TR) R B e 0 AR X 244G I AR B 4
e T2 AE WAL 1 A0 g Ak A SRR D8 R DL RS
VIS v I R, TS R ER O R B TS
A R RE T HE AKX . BN N AR 0.1 mm,
K2 4 om, FEFETL 4 cm’/min, K5 HIR B R
70 °C, DA & A HLAL A P (VOCs) 7E N
EE . YRS DN SORL A B A B, FE S ELHE B OGFLE

Cigarette
holder

* Capillary

chamber

03# —_—

e

— ] CPC

DMA

E1 XBREETEE

Fig.1 Schematic diagram of experimental apparatus
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Fig. 2 Photoionization mass spectra of gas-phase

composition in different smoke aerosols
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Fig. 3 Photoionization mass spectra of particulate-

phase composition in different smoke aerosols
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Fig. 4 Particle size distributions of combustion cigarette (a, b, ¢) and heat-not-burn

(d, e, f) cigarette smoke in indoor environments with different concentrations of O,
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