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Migration Analysis Method of Heavy Metal Elements Before and After Cigarette Smoking
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Abstract

for reducing the damage of cigarette products. [ Method] Two pretreatment methods of microwave digestion and acid extraction were used to

[ Objective ] To research the transfer volume and law of heavy metal before and after cigarette smoking, and to provide references

process the ash content, total particulate matter of mainstream smoke (TPM) and cigarette filter rod. Detection results of heavy metal elements
were compared by the two methods. [ Result] The microwave digestion method was better than acid solution extraction method on analysis of
TPM, but not so good on analysis of ash and filter rod. Meanwhile, the migration amount and migration rate were studied, which showed that
most heavy metal elements were escaped with lateral flow, which was between 66.89% —95.48% . and Hg was mostly escaped with lateral
flow. Except Hg, other heavy metal elements were separately found in ash, TPM and filter rod. Cr, Ni, As and Se were mostly residual in
ash, followed with TPM. And filter rod was the least, while Cd and Pb were just in the reverse order. Normally, 5% or less of the heavy metal
elements were transferred to TPM, only a small part of which could reach 5% —10%. [ Conclusion] Most of the heavy metal elements are

taken by lateral flow, ash and filter rod, while the migration amounts of mainstream smoke are extremely low.
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f9°Li B Sc " Ge MY " Rh " In " Th " Ho . Bi JR & W LA
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1.2 HSERESSHAE

121 BRI TR 22 I W N AR S ol 25 . ™
22 B J5 2R FA 4 SR % AR S LI A 5, i 40 H i
BT ERERAE T DREE (22 £ 1) °C AHXHBEE (60 £3) % |
P 48 h fEHH . FREZY 0.2 g(CKEHfi %2 0.000 1 g) HHAFE
G E PRA SNf#FET, iNA 7 mL HNO, ,1 mL H,0, #i#E8% 1
T TE AR T A TR SR R . S5 RE R A2 40 °C,
A ZE 50 mL, #E47 ICP-MS _EAHLKG .

A3 I — S AR B 22 B e T A 4y, IR S
BT PFA JfHET, LA 7 mL HNO, 11 mL H,0, ¥ #g3 1
FRFHATRE G Z5 RS RAAREIZE 40 °C L EA % 50 mL,
HEAT ICP-MS ALK

1 MEERIRER

Table 1 Heating procedure of microwave digestion

ROl GH TS Tl ] A il LR ]
Initial temperature Heating up ~ Final temperature ~ Retention
C time // min C time // min
2 ik Room temperature 5 100 5
100 5 130 5
130 5 160 5
160 10 190 20

1.2.2 5 M0l W A A AR OFF A AR O R TR GB/T
16447—2004 FUE B4 1F T 04T, Dt P2 it 0. 02 ¢
HISF-EIWERHE =49 Pa (&M A FE S B, 16 YC/ T 29 HUE 1

TS U8 Fr A3 FIE I 43590 SR FH (0 T e RN R T 42
B2 RO sk EATAR B . ik 1 ORISR I8 A K R IE
SRET PRA JHfREE , 2 083 2 dh i in e o A8 IR W, 191
THAR 30 min J5 3 AEFR 1 FAGTH GRS P UEF TRE AL T . TR
JGEAZE 50 mL, #E47 ICP-MS _FHLAMHT. [RIATSEs o iR,
5o L2 KRS MUE R K Sy FLIEWE 43 ) B T 60 mL
PET /N, 43 B 40 .20 F1 40 mL 1% HNO, V53, JT#8
FRIEAR S AR A BT 30 min, #5855 HCE TS, 20 Ak B
RN RERRR, EFT 1ICP-MS LA

K2 HAEMBER

Table 2 Sample digestion acid system mL
R BRIAZ Acid system //mL
Sample HNO, H,0, HCI HF
U A Filter disc 7 2 1
VEME Filter rod 7 1 0 0
4y Ash content 7 2 1 1

1.2.3 HEEITRMTITE. FIRTREHE S 55 B 1 Bk ik
(ICP-MS) I G m TR , Ju s ME Bt & Won & RI>
I SRR 3, A0 A DL 4o TR T 450 50 Yk J3E 31 L )
FRGVBRAETER, T e A o 45 R AE RS N . R T
LN T A I A i R RS E

£3 RTRMNEREH.NFTERIEE

Table 3 Element mass, ISTD and integration time

ST, G TUIE 4 AN, 44 o GIRRIEF OR WRE Wbtk RO
.. . . o Element Mass ISTD Integration time //s
HA TR BB (TPM) W FE IR S. 0% (V) e . -
HCl F12.5% (V/V)HNO, BZERERRMKVE, FEHIBE AR 1 N 60 ) 0.3
h 5B TR TG B R A . 20 mL 1% HNO, % E As » ?E]_n 10
o i Se 78 115 2.0
VRO, PR BRI A LR P o o . >0
TKAT , B ST 45 o5 K A5 40 K Bk 25 T IR AR R ) o Hg 202 Gk —209 2.0
IRLH57 1 PET ANFCE. £ P M6 o2 0.3
*4 HBEEBEESETFEHRISUNESSE
Table 4 ICP-MS determination conditions
I W 2% - W5 2
ﬂj‘l H Determination :l?l H Determination
em condition em condition
B4l Radio-frequency power 1500 W TSN IR KA T Peristaltic pump acquisition speed 0.11/s
R JHE Flow rate of carrier gas 0.80 L/min IEEh A PLE B T4 Rapid increase speed of peristaltic pump 0.3 1/s
PHUR L Acquisition mode I LS HEHLE T [E] Rapid increase time of peristaltic pump 30 s
T2 KB Repetition times 3 T BN E ] Steady time of peristaltic pump 30 s

2 GBR5HH

2.1 HBWFERMRWESENSS  BRIHHLAEN T EHEEE
e AR AR BRSBTS SR R M 22 1
R, GRWEE S, Hoam AR ILE 1, aTLE L, &
e B ETAFES B TENEEARKES, NI Cd.Pb
Fr AR, —RAE 1.9 ~4.3 we/ 32,1 Cr As Se 5 Hg
JCE O AR, — R T 1.0 pg/ 32, MEESEITR
S Mz TTEk TP R Ay, 4l T 90, 11% ~
92.34% M E LSBT EAE2.73% ~5.40% , JEME

GBS 2.26% ~7.17%

2.2 RAMKHEBESWESREIBNE HET°1.2.27
HE 7 1RSI R A5 K 3 TPV R g e A TR
TH A, T A ICP-MS JEATHE G Jm & il e . SCHRIFTE R0,
B R SEA A 23 i F WA IR RS i
SEORTERELE TPM F A EE B Jm & B 3 RS AR)™ bl i 8L 4
JEICERAE K IY TPM. I KPR P TR AR UL 2.
P2 AT, B Hg JTER AN, G ] K 53 TPM K g ik A
JIIE R, AR B e o DO 0 =38 118 T A BE A, ELA A
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Table 5 The content of heavy metal elements in tobacco, cigarette paper and filter rod ng/ ¢

g WiH M 5E{H Determination result

Brand Item Cr Ni As Se Cd Hg Pb

A TRz 764.22 3 870.29 429.02 191.79 2244.30 88.43 2 175.98
EoyGEIS 105.23 92. 14 43.08 9.85 5.29 0 39.76
JEmE 673.38 79.56 7.82 2.45 0.43 0 12.89
pESan 1542.83 4041.99 479.92 204.08 2 250.03 88.43 2228.62

B JAEZ4 504.53 3444.38 416.19 340.93 2 792.07 77.74 1 864.83
EoyGiES 176.18 103. 68 36.25 10.85 0.10 0 78.91
JEmE 121.08 46.28 9.04 3.46 11.28 0 44.35
Bt 801.79 3594.34 461.48 355.24 2 803.45 77.74 1 988.09

C TRz 505.42 4 156.08 409.05 248.72 2423.72 94.17 1841.11
LR 200. 10 135.94 125.59 10.71 20.12 0 73.97
bl 144.76 53.58 9.23 1.83 1.59 0 25.89
j=San 850.28 4 345.60 543.88 261.26 2 445.43 94.17 1 940.96

TE R L2 5 BN P G DN E 45 R N S SRR TR B i B i R

Note : Detection results of heavy metal in tobacco and cigarette paper were heavy metal content participated in burning.

TEELESE

FaiRFR Brand sample

1 3MBAF-RESEEERDH
Fig. 1 Contents and distribution of the heavy metal elements in

three cigarette products
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TPM K iEmgrh i) &t BRI R 6, B3k 6 BT IE
ANHELETE LB OA 220, ik i 4 gk
HEMEEEITE T, Cr Ni As 55 Se JTE K535k 12K
A R R 82. 61% ; kSl TPM, — i A-F 11. 77% ~
35.88% , M€ HP B 1 = 2D, RABMIKT 10% o %+ Cd
A1 Pb TR IEMER AR AR B2, 43 i 38.92% ~53.63%
43, 48% ~ 61. 04% , H vk 2 TPM v i) & &, 43 5 5
32.96% ~34.55% F122.32% ~30.21% , FA 34> M 5% 4 7E
W,
2.3 RABERFEHSTEEEIBHE KT 1.2.27
Rk 27 XS S K A3 TPM K R M A T R TR A%
I, IR A 1ICP-MS 7 H 4 8 S &, 3 A b
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MFIEA, Sidestream smoke A MiFIMA, Sidestream smoke PAMAMA, Sidestream smoke
7875 Filter rod mm 7% Filter rod mm &% Filter rod
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Note: A, B and C were cigarette samples of three brands.
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Fig.2 The migration rate of heavy metal elements in each part after cigarette combustion (by microwave digestion method)
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Table 6 The heavy metal elements contents in ash, TPM and filter rod (by microwave digestion method) ng/ 3
iy i H %€ {H Determination result
Brand Item Cr Ni As Se Cd Hg Pb
A KAy 64.12 73.12 89.34 32.64 45.34 0 34.91
TPM 125.00 87.00 56.00 9.06 111.43 0 46. 84
HEmE 19.50 82.68 13.55 1.14 181.33 0 128.10
Bt 208. 62 242.80 158.89 42.84 338.10 0 209. 85
B RSy 193.24 145.23 78.34 32.16 112.67 0 32.67
TPM 59.00 24.00 22.23 5.66 146. 69 0 59.04
HEmE 10.37 34.65 12.39 1.11 165.26 0 103.75
Bt 262.61 203. 88 112.96 38.93 424.62 0 195.46
C KAy 99.12 103.53 63.34 32.85 87.22 0 83.23
TPM 70.00 13.70 40. 80 17.08 142.20 0 89.89
bl 5.01 78.99 9.56 1.64 190. 44 0 133.18
it 174.13 196.22 113.70 51.57 419.86 0 306. 31
MFIEA, Sidestream smoke MAIEA, Sidestream smoke P2 MiAdAA, Sidestream smoke
mm &% Filter rod 787 Filter rod mm 7% Filter rod
B2 TIM
Ae4y Ash
= = =
o ot o 8
ng = wE = wE =
4 4°C 48
= & &
= = =

F4/% Heavy metal

Pb

TE:A B CAHRUCH A B.C3 AR

Note: A, B and C were cigarette samples of three brands.
3 BREFREREESRESHINIBER(BRENE)
Fig. 3 The migration rate of heavy metal elements in each part after cigarette combustion (by acid solution extraction method)
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Table 7 Contents of heavy metal elements in ash, TPM and filter rod (by acid solution extraction method ) ng/ 7
i HH M 5E{E Determination result
Brand Ttem Cr Ni As Se cd Hg Pb
A K5y 75.51 176.25 121.00 26.40 70.92 0.27 50.70
TPM 19.50 82.68 13.55 1.14 131.33 0 78.10
kI 111.76 105.75 62.00 20.31 214.717 0.13 185.25
it 206.77 364.68 196.55 47.85 417.01 0.40 314.04
B KAy 207.04 175.97 129.99 42.04 180. 84 0.33 87.23
TPM 10.37 0.04 12.39 1.11 165.26 0 73.75
i 75.87 129.54 52.53 18.97 298.48 0.13 131.41
it 293.28 305.55 194.91 62.11 644.58 0.46 292.39
C KAy 183.05 186.73 113.00 45.93 158.24 0.63 109.91
TPM 5.01 0 9.56 1.64 190. 44 0 133.18
JEmE 76.00 152.75 84.00 31.07 425.38 0.17 176.91
Bt 264. 06 339.48 206. 56 78.64 774.07 0.81 419.99
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Fig.4 The migration rate of heavy metal elements of TPM after

cigarette combustion
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TPM H R 4 J T 3R &5 1 B 5 HEAf, Herp Cr As i Cd
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