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Accurate exposure modeling and health risks of heavy metals in mainstream smoke of best-selling cigarettes: A case study in Hubei
Province. LI Fei', GUO Jin-yuanl, DENG Wen-zhuo!, WU Mian', ZHANG Rui-zhi, LIU Chao-yangl, ZHANG Jing-dongl* (1.Research
Center for Environment and Health, School of Information Engineering, Zhongnan University of Economics and Law, Wuhan 430073,
China; 2.College of Textile and Clothing, Xinjiang University, Urumqi 830017). China Environmental Science, 2025,45(11): 6411~6422
Abstract: Heavy metals in mainstream cigarette smoke can pose risks to smokers and other exposed populations. Although
international standards have released to control of hazardous substances in tobacco products, no recognized standard currently exists
for quantitative management of heavy metals in cigarettes. The scientific and precise exposure modeling and health risk assessment
of heavy metals in mainstream smoke from best-selling cigarettes could provide theoretical support for developing targeted
quantitative control strategies on both government and smoker scales. The basic levels of arsenic (As), cadmium (Cd), and lead (Pb)
in the 15best-selling brands of cigarettes in Hubei Province were investigated, and a comparative analysis of the content in different
cigarette types was conducted. Further, the human respiratory tract model was introduced to calculate the deposition rates of
particulate matter of different sizes in mainstream smoke, and then the deposition doses in each part of the human respiratory tract
were estimated. Finally, integratedly using inhalation exposure feature of mainstream smoke, the regional exposure parameters and
triangular fuzzy numbers, an optimized health risk assessment model was established and carried out. The results showed that the
mean values and ranges of As, Cd, and Pb in mainstream smoke were as follows: Cd (1.95mg/kg, 0.623~2.81mg/kg), As (1.33mg/kg,
0.172~2.88mg/kg) and Pb (1.13mg/kg, 0.413~1.65mg/kg). PM, s accounted for 75%~85% of the particulate matter released from
mainstream smoke, and the deposition rates in respiratory tract after fuzzy number operation were [27.48%, 29.19%] for PM, sand
[28.50%, 30.46%] for PMs. The carcinogenic risk of As, Cd, and Pb in mainstream smoke was ranked as follows: Cd (II-V) > As
(II-IV) > Pb (I), hence As and Cd were identified as the priority heavy metals for control. Based on the annual mortality rates
attributed to tobacco consumption, the standard value of Class II risk (1x107) was chosen as the risk control value for daily smokers.
And according to the inverse calculation of the total exposure of mainstream smoke, the daily smoking amount based on this survey
should be controlled at 3~4 cigarettes for thick cigarettes and menthol cigarettes, and 1~2 cigarettes for thin cigarettes. Advise all
types of smokers to quit smoking as soon as possible.

Key words: mainstream smoke; respiratory deposit; exposure simulation; risk control; best-selling cigarette
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Table 1 Information on the 15 brands of cigarettes

G K A X K (mm) k(o)
A Bikiiba biiEla 84 45
B Bikiiba YL 84 19
C Bikiiba oH 88 40
D HOR S 1k 84 26
E Bikiiba biiEla 88 16
F 403 il 84 6
G 403 T A 84 22
H Bikiiba biiEla 84 23
I b T v A 84 30
J i biiEla 84 15
K 403 i) 97 45
L K41 Y| 97 20
M AT A1 3 1k 88 35
N STELEIRG Bk 100 25
0o T bEL 74 35
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Table 2 Physicochemical information on 15 brands of

cigarettes

- VEWEICEE  ARuli WAL SRR BRSCEE SkE

(mm)  (mg) FHmg) (mg) Sl (%)
A 25 8 0.8 8 0.8499 12.57
B 25 11 1.1 11 0.8832 10.32
C 25 8 0.8 8 0.8706 9.31
D 25 10 0.8 12 0.8545 10.15
E 25 8 0.8 8 0.8536 11.59
F 25 10 1 11 0.8752 10.35
G 25 10 0.8 10 0.7546 8.91
H 25 11 1.1 14 0.8628 8.54
1 27 8 0.6 9 0.9135 8.95
J 24 8 0.8 8 0.4465 14.99
K 25 8 0.8 7 0.7141 9.59
L 24 8 0.9 8 0.5520 11.10
M 25 10 1 11 0.7990 15.26
N 25 1 0.1 1 0.5704 8.97
(0] 24 10 1 11 0.7994 9.50
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Table 3  Criteria for evaluating carcinogenic risk
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Table 4 Hazard quotient (HQ) of heavy metals for current

smokers and daily smokers

G| Ak A 5 H B
HISZ [2.55x10 ', 4.99x10 '] [2.80x10 ', 3.19x10 ']
As 43 [3.47x10,6.99x10 '] [3.67x10 ', 4.29x10 ']
W [1.88x10',3.57x10 '] [1.99x10 ', 3.78x10 ']
bitha [1.21x10°% 2.39x10°] [1.29%10°, 2.54x10"]
cd 413 [2.01x10°, 4.00x10"] [2.09%10°, 4.21x10°]
MR [3.59%107,8.15%10™] [3.91x10", 8.74x10™"]
32 [5.93%107, 1.40x1077) [6.28x10, 1.49x107]
Pb % [2.20x107,5.61x107] [2.33%107, 5.94x107]
AT [6.99x107, 2.14x107] [7.42x107,2.27x107]

(2) JH BR300 AU VP Ak

TR ESE As. Cd. Pb X 4F H M
IR WA 110 B0 AU A S B (CR) &5 SR LA 3.
TSI As (B0 XU FH K 30 /NI A - 41 52 00
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Table 5 Hazard quotient (HQ) of heavy metals among smokers of different genders and ages

IR A DL As

Cd Pb

BRI 15~24 % [2.80x10 !,2.99x10 ]
BYERSE 25~44 [3.38x10 ', 3.61x10 1]
BRI 45~64 & [4.22x10 ', 4.51x10 1]

TR 65+% [3.44x10 ', 3.68x10 "]
LMY 1524 ¥ [3.34x10 ',3.57x10 1]
LR 2544 ¥ [4.03x10 ', 4.31x10 1]
LMY 45~64 % [4.90x10 !, 5.24x10 1]

LV 65+% [3.94x10 ', 4.21x10 1]
YL 15~24 % [5.25x10 ', 5.61x10 1]
TPEAN S 25~44 B [6.33x10 ', 6.77x10 1]
BEan s 45~64 [7.90x10 ', 8.44x10 ']

WA 65+% [7.15%10 !, 7.65x10 1]
LA 1524 % [6.26x10 ', 6.69x10 ']
LN 25~44 % [7.56x10 ', 8.08x10 "]
LA 45~64 % [9.18x10 ', 9.81x10 1]

LV 65+% [8.19x10 !, 8.75x10 ]

[9.37x10 ', 1.00x10°] [5.58x10 3, 5.96x10 7]
[1.13x10° 1.21x10°] [6.73%10 3, 7.20x10 7]
[1.41x10°% 1.51x10°] [8.40%10 °, 8.98x10 7]
[1.15x10° 1.23x10°] [6.86x10 °, 7.33x10 7]
[1.12x10°, 1.20x10°] [6.66%10 °, 7.12x10 7]
[1.35x10°, 1.44x10°] [8.04x10 °, 8.59x10 7]
[1.64x10°, 1.75x10°] [9.77%10 *, 1.04x10 ?]
[1.32x10° 1.41x10°] [7.85%10 %, 8.39x10 7]
[8.33x10 !, 8.90x10 '] [6.83%10 °, 7.30x10 7]
[1.00x10°, 1.07x10°] [8.24x10 %, 8.81x10 ]
[1.25%10°, 1.34x10°] [1.03x102,1.10x10 ?]
[1.14x10° 1.21x10°] [9.32%10 3, 9.96x10 7]
[9.94x10 ', 1.06x10"] [8.16x10 °, 8.72x10 7]
[1.20x10°, 1.28x10°] [9.84x10 3, 1.05x10 7]
[1.46x10° 1.56x10°] [1.20x102, 1.28x10 7]
[1.30x10°, 1.39x10°] [1.07%102, 1.14x10 7]
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Table 6 Carcinogenic risk (CR) evaluation of heavy metals in mainstream smoke

R AR DL As

Cd Pb

BRI 15~24 % [4.63%10°,4.95x10 7]
BYERSE 25~44 [5.59%103,5.97x10 7]
BRI 45~64 & [6.97x10 3, 7.45x10 7

TR 65+% [5.69%10 3, 6.09%10 7]
LMY 1524 ¥ [5.53%103,5.91x10 7]
LR 2544 ¥ [6.67x10 3, 7.13x10 7]
LMY 45~64 % [8.11x10 3, 8.66x10 °]

LV 65+% [6.52x10 3, 6.97x10 7]
BN 15~24 [8.67x10°,9.27x10 °]
WYL 25~44 B [1.05%10 2, 1.12x10 7]
YL 45~64 % [1.31x1072, 1.40x10 7]

WA 65+% [1.18x1072 1.26x10 7]
LA 1524 % [1.04x10 2% 1.11x10 %]
LN 25~44 % [1.25%107, 1.34x10 7]
LA 45~64 % [1.52x102, 1.62x10 7]

LVEAN Y 65+% [1.35x107, 1.45x10 7]

[4.87%10 3, 5.20x10 7] 2.89x10 %, 3.09x10 %]
[5.88%10 >, 6.28x10 7] 3.49x10°,3.73x10 ]
[7.33%10 3, 7.84x10 7] 4.35%x10 %, 4.65x10 °)
[5.99%10 °, 6.40x10 7] 3.56x10 %, 3.80x10 ]
[ 3.45%10°,3.69x10 ]
[ 4.17x10 %, 4.45x10 °)
[8.52x10°,9.11x10 %] 5.06x10 %, 5.41x10 7]
6.85x10 %, 7.33x10 7] 4.07x10 °, 4.35%10 %)

[
[
[
[
5.81x10°,6.21x10 [
[
[
[
4.33x10°,4.62x10 ) [3.54%10 %, 3.78x10 °]
[
[
[
[
[
[
[

7.01x10 3, 7.50x10 7]

5.22x10 7, 5.58x10 7] 4.27x10°,4.57x10 °)
5.33x10 %, 5.70x10 %]
4.83x10°,5.16x10 %)
4.23x10 %, 4.52x10 %)
5.10x10 %, 5.45x10 ]
6.20x10 °, 6.63x10 ]
5.53x10%,5.91x10 ]

[
[
[
[6.51x10 3, 6.96x10 7]
[5.90x10 3, 6.30x10 7]
[5.16x103,5.52x10 7]
[6.23%10 3, 6.66x10 7]
[7.57x10 3, 8.09x10 7]
[6.75%10 3, 7.22x10 7

PSR SR ) 5 R 2 v, 15~24 2 B R4
PE As (R0 XS 2> 5 4 [4.63x107°, 4.95x10° A1
[5.53x107, 5.91x10°1.Cd 4 % 4 [4.87x10°, 5.20x
1071HI[5.81x107, 6.21x107° . BEA EHR G K 4 45~64
%, As Fl Cd IR 80 MU H T HAB A I8 Bk 2 i
{EL,MAE 65 % J UL 1438 B, B MU AT BT T B¢
L 70, A A 240 AR P H0R R 8 A 80 X s R S A
HLAESAR B BEh,45~64 2 0 B A 20 XS ARG A0 T
S a1y G o o N G AN E N I e Wl = = G R
Hh 4 e B0 AR 2 S 11 3 B S DR AT e A AN [ 0
PR P A 1 R O R o 22 S B 5 AR R B4 K, R0/
Uit R 4 e (R B XU AE 45~64 % AE I BLIA BIAH X
FE i, 40 SR B0 IR 3 1 ey TR SR L A
318 LT B KRS =T 55 1, T U A SR T 2
T 45~64 % 41 B B0 ARG B A A7 5 19 0 vl BE 2
PR N T4 — HLA AR AHE 65 % LA
AR B AR TR AL T AR i A
HURIPRBE 4 1 2 504,
2.3.3 MR T4 5k 5 MR B S AR (1)
HEF RGBT R AR o 2 L

h T R H W B A R 11 SR T 2 AL,
ARSI B RS AE A BB R A L T 4
RV JBE IR 12 M P S S 56 T As A Cd i b S50
DRI 5 v 1) T 4 e, 1R A T A I WOHR 2 11 s R
1) 2L A 73 B 42 T A0 P i I DL A Y i 2 A
2% 1 LI B S BRAE A 1.00%10°,{H 2 H i

BB A B = — AN 32 DA T 1) R 42 52 11 At R XU
FRUE. €2023 At AT ZUAABRIM S RATIRG ) BoR,
RAFEAT 800 2 5 NFETHHREAE AL ZET- 3R 40 0 1.14x
10°0° 2% 1 316 H WA 5 A T A0 1) £ 5, %
F A BREFAEWH A RFET R A 708 1T R b
HEAL(1.00x10 *)VE Sk — AN AE X ™ 4 BT 4T b v R
B BTV S (090 T A8 A VRO o 1 A I WO B o
CHNE T

F7 HitEEHAREE S HRESEREISZE
Table 7 Daily smoking limit of daily smokers in Hubei

Province
B A5 F VR 0H 2 PR A S B )
As Cd

Uitk [1.80,2.87) [2.99, 3.89]
bk [1.54,2.46] [2.57,3.33]
YRS [2.86, 4.27] [3.00, 3.53]
Wk gn s [1.15,2.00] [2.88,3.99]
U Pk A [2.73, 4.16] [3.37, 4.48]
MR [2.46, 3.66] [2.57,3.03]
LRI [0.98,1.71] [2.47,3.42]
LA [2.34,3.56] [2.88, 3.84]
Wk 15~24 % [1.75,2.79] [1.37,1.78]
Wk 2544 % [1.80,2.87) [1.41,1.83]
Wk 45~64 3 [1.78,2.85] [1.40,1.81]
Bk 65+ [1.75,2.80] [1.37,1.78]
Lt 15~24 % [1.44,2.30] [1.13,1.47]
et 25~44 % [1.51,2.41] [1.18,1.54]
et 45~64 % [1.58,2.53] [1.24,1.61]
oM 65+% [1.55,2.47] [1.21,1.57]

LSRR Ay A P RO B 42 fAE 3~4 52
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