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Abstract; In the process of measuring the content of metal elements in cigarette soot by atomic absorption
method, if the pre-treatment method was used directly, the clarity of the digesting solution was poor and the
RSD of the measurement results were high. In order to solve this problem, a pre-treatment method of combined
ashing and microwave digestion was proposed. The digestion acid system of microwave digestion and ashing
conditions of the muffle furnace were optimized. The results showed that the acid system mainly affected the
accuracy of the measurement results. When the volume ratio of HNO,, HF and H,0, was 7 : 0.5 : 1.5, the
microwave digestion effect was the best. The ashing mainly influenced the RSD of the results. When the sam-
ple quality was 0. 10 g, the ashing temperature and time were taken at 600 “C. and 60 min, respectively, RSD
values matched well with predicted values. Compared with direct microwave digestion, the RSD of potassium,
calcium, magnesium, iron, manganese, zinc, and copper elements dropped dramatically, using the dry-wet
combination method. The results of recovery experiments showed that the RSD of each element was 1.33% ~
2.41% and the average recovery was 97.77% ~102.05% . Above all, this method had favorable repeatability

and accuracy, and could be used for reference in the selection of pretreatment methods for homogenized

samples.
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IIRRBETE SRS ISR MK , SUAT R 22 A8 58 4 Mk
B85 A R BAT B 5 SR A PR RURLAR AR K, 3
AR B 22 1 A HE AR ) BORE B 22 , 8 T W)
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1) ¥l K AL 5 7E 550 °C R BE R K Ak
5 h'TM RSB AL

2) WERAPRE 0. 1 gCREH %2 0.000 1 g) KAk
FE B TRV S0 = RIS g D AR R,
T b AL, OB W A P e T
J& KRR (R BOR B BRRIR) &
ST A LB I RERR 1, #E 130 C %4
TR 75 min FIE T, IR LR E] 50 mL
A, F 19 HNO, 30 2%, R VE R4y
25 IR b, B DU AR T A AR P N2 2 TR

R 1 BN MR IE XIS R E KT A

Table 1  Factor level table for orthogonal
test of microwave digestion mL
=
KF
A B c D
1 7 2 1.5 1.5
2 6 1 1.0 1.0
3 5 0 0.5 0.5

%2 kYA

Table 2 The digestion procedure of microwave

AP ETH E)/min 3 5E/C AR R/ min HLE AR/ W

1 5 120 5 1200
2 5 160 5 1200
3 5 210 25 1200

3) ML - KIE T kI E 7
P Je U R i (M€ K, Ca Fl Mg X 3 FlOUCER
I H5 TH A B0 B 100 17 ) , NG JL 1 IR OB 75
AT A 25 A D3 3, R A0 UG il 1 1 A
HHES AR Rl

N T LR B VRITBRIA R XS T B3 i oo 2 i
ZESRIORE A, R bR v 22 b AL e RO
R T 2R 1 I 4 SR AT R 44 bR fE AL Ak
B AT B AR MG R A 22 570 G H 4
JUER MR HE KIS S AT A, £ A fE R, 3%
ANTUAIR 7 Ak o0 3R 0 By , BT AR R
T

X; == @

Ko X APRUEACSS AR, X, 5 ) A i A
CUREEIAE, X, R ) AR A AR, S
RER AR R AR 2.

1.2.2 SHPREEERL HEER
Bk R RTI SC U R R b, DARE SRR (X))
JRAGIR B (X)) FRACET ] (X)) AE 52w 2,
B AR AR (V) VR I bR (B B4 )
A A1RTE Y AL S 38 i IR AL S5 . 35975
RIS BT R K WLER 4, FLrb ke i BT R HR 3
AR IRAR T EE RS ] 5 B 6 AS7KF- 13 Ty
221 DPS A 3 A . iK% A N FREL 0. 1 g
CKE1 22 0. 000 1 g) A9 KA K, B T %5 3H 3
H T E 3R, 7E 600 °C 2504 K 4L 60 min.

A3 KIGRTF BB IEA R AR DA

Table 3 The best working conditions of flame atomic absorption spectrometer

il s st i8S ﬁ'ﬁijﬁi% PSLER P[] ﬁi’/‘jh‘bﬁiil Z ik‘?}ﬁiil
JLE /nm T/ nm /mA /s /(L +min™") /(L +min"")

K JR TR U 766.5 0.2 2 2 13.5 2

Ca JR TR U 422.17 0.5 3 2 13.5 2

Mg 5 SR I R TR 285.2 0.2 2 2 13.5 2

Fe B R IE R TR IR 248.3 0.2 10 2 13.5 2

Mn B IE R TR IR 279.5 0.2 10 2 13.5 2

Zn B 5 IE R TR IR 213.9 1.0 10 2 13.5 2

Cu B RBOE R TR IR 324.8 0.5 10 2 13.5 2
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Table 4 Horizontal table for

design factor of uniform test of muffle furnace ashing

K- M
X,/¢ X,/C X,/min
YIME 0.1 400 10
2SN 0.2 650 60
4y Bxfi 0.05 50 10

1.2.3 #HELEFHE  FIH Excel,SPSS 17.0
R B E " DPS BdRAb B JEAT T
25530, [BHE A, BEXT T A 90 S5 40 ge 11y i
XTI 4 R AT o
AR50
2.1 MEEHBBRERKLER
2.1.1 EXRBERPWERSHT ELAR
GERLFE 5. R S AT, 25 e i 2R A (E
o, BIAS 4 7 Fhoc R iR S s, H 25K
6 Xof 7 P4 VS A P 3 EL G A S 28 . ] L, 2"
B WA BT A5 i B R IR R AL G, AT LUK
HAE Ry Bk S50 B Y LR 42

53 IR IE SR G 8 R A T 22 53 A 25
M, AR WLER 6. IR 6 RN, 25 B &R B2 T

2

fie 3k B 19 3 W ¥ S~ HF > H,0, > HCl >
HNO, , H:if HC1, HF F1 H,0, 53| 1 g 2% sl il
K, PAE S 514 0..022,0. 000,0. 001 5 %
R K Z 414/ HNO, 7.0 mL, HCl 0 mL, HF
0.5 mLL,H,0, 1.5 mL.
2.1.2 WFRWEREHHT A 2.1.1 h1g
B RAERIE R A G AT T 5 WEIEIR L, 45
BT T FhOTER M RLE R 2" R s
FEAT IR T K R, WX 25 4y A K
—104. 184, FRifi 2= 322. 466, Y {H 1Y A5 fE 1= 22
121.881, T {2l - 0.855, A JE N 6,P=
0.440, 851 WA B & BT R A 25 A
AR R RIS BRI R E 47 Tk
WG, BARRRIE IR S KR P & R T £
3 BRI AN i 25 SR v (AT SR A7 AR
Sy TGE I RSD A e i ) 8, 53X AT B2 R R
TP KA X M A T 35 AN S e e R
IR AL IS L, B 2B XK IR AL 2%
PR
2.2 SDHPREEGERLER

I g A S A Y 511y 8 S R L
8, HoA I 25 Rk 6 YCOFAT IR TS 1 - (E . Al

A5 L'(3") BBkt E 5L R oM

Table 5 L°(3*)orthogonal test design and result analysis

e BR o WREARR AR

5 A B C D 1 2 3 4 5 6 Gilfich

1* 1 2 1 3 -3.45 -19.84 -1.68 0.26 -1.92 -3.50 -30.13 HHBHAGEK BEREAEG
2" 1 1 3 2 3.27 420 551 4.09 471 55 27.29 VRV, TC B2
3" 2 3 1 2 -1.45  -3.09 1.27 -0.68  0.29  0.61 -3.05 HWRMAEGEKE BREALG
4 2 1 2 3 -6.58 -2.56 -4.35 -0.63 -1.11 -7.27 -22.49 o R NP GRGM AT TN

5 2 2 3 1 0.03 4.76 3.42 2.43 1.98  2.29  14.91 VEB I

6" 3 1 1 1 -0.3¢  -4.71 -6.12 -0.09  0.77 -0.91 -11.41 VTR L 6 P R

7* 3 3 3 3 .22 107 0.09 1.99 270 2.94 10.01 VETIOB I BE

8" 1 3 2 1 5.47 439 1.47  4.41 2,98 3.42 22,13 WAV, BG R ERAEER
9* 3 2 2 2 -0.69 -1.49 -2.10 2.51 -3.62 -1.87 -7.26 HHEMAGKEK AREAEG
K, 19.29 -6.61 -44.59 25.63

K, -10.64 -22.48 -7.62 16.98

K, -8.65 29.09 52.21 -42.62

R 29.93 51.57 96.80 68.25

1T —67 Uk 6 KEL AR 7 MoCR ML REPRMEIL)E 252



.36 -

a5 201949 A 4534 % 55 4

K6 IEZIXI T E 5

Table 6  Orthogonal test difference analysis table
AERIE CFA AmE ¥y FE Pla
HNO, 31.132 2 15.566  1.680 0.198
HCl 77.503 2 38.752  4.183 0.022
HF 265.132 2 132.566 14.309  0.000
H,0, 153.428 2 76.714  8.281 0.001

TRE 416.892 45 9.264

PR g 4 R AT B0, F S T K e 28 R K
A, B0 7 R R AR 3 B 3 K (P =0..025)
X, X XX, X X, ik )7 A i 2 i g 2 K
SEL P AH 43R 0.003,0.002,0. 003,0. 028, Bf
3 AR FOGH AR it IR ACRICR B 5% e Y B 5
TR S, HRE it BT 1 5 AR U BE R IR AR I [R]
Z AR HAE . 81 H 77 2 1 U g 2R H50Rn i
BB R B0 5 4 0.999 9 F10.999 3, Durbin-
Watson G531 48 d = 1. 560 2, i B 5% 2% 6 H H
X LA ROR Rt sl 3 DPS Xt 819 7 LR AT
ALK AR, YA BTN 0. 10 g, JRAGRLEE
FFE] 4351 9 600 °C F1 60 min B, JKALH 5 A
ot o AR AL R B R K AH, 2946 859 2% .

Fie BEAR B 1) S AR IR AL SR 2R AT 12 IOPAT
SRR, 25 R R W, ALHT IR A T 3 o o
FEAIE % k1 (6. 631 1 0. 184 1)% , RSD Wy
4.37% , 5 FEHAW) & Bl B2 PR, &
W1 S SR X HH A T IR AL 38R B
2.3 AEEMNRER

53 R P B WO T s A TR 4l G vkoxt

FESIEATHTAL R, SR 5 I MK i 4 @ T 2R
REFP IR 5 R B R I3 9, W FP ik ST
BEAS T R 5 5 U036 10, pl ) o 25 SR 1 S 24 (.
AT, SR R 45 5 vk W B S AT i A B
K,Ca,Mg,Fe 4 Fji4: J& 5T 2 1 I &2 (55 B 40
P AR IREA, M, Zn, Cu 3 B 43 )& S0 2 Al
AE &, ML T KB 2 R, Fe &
2R WE Cu fl Zn &2 BB 60k
C19 T 48, K Al B 2ot s 25 5 B0 it 45 R f
%, AR50 9 A il BE A T T 4 J8 T R Y
S, ELI S 25 A A BRI RT AT A i 4
SRR S IRAL T2 Bk ook, H
FLAR R PR T 2 — 25 BT, % L E A2 0 2
[ RSD BT, SR T 1 45 45 15 RHAE i EAT R Ak
H)5,K, Ca, Mg, Fe, Mn, Zn, Cu JG Z | & 4%
(1) RSD 341 K g 2 B AR, B3 M 43 2y 88. 98%
98.23% ,88.31% ,50.00% ,65.15% ,91.89% ,
67.70% , Al U, , SR FH 10 245 6 72 A BRAH K AR
CIRDRTE = =i eat SO =R
2.4 HRENBEEITELER

BEATL A R A b RO 1] 0523 S 06, e BT
TRE AL B 1 AT AL B AR PEAR B P A5 e R
(182 2t 43 3 T P it v I A — R 4 I,
FE T, T LR R S VR S A2 6
WK TEA TR RSD, 45 B L2 9. hF 9 1]
H, & 0 E W OF Il ik R 97.77% ~
102.05% ,RSD # 1.33% ~2.41% , 30 T4k

KT BiEiRE s R

Table 7 Verifying experimental results

BT R % 1 5 2 % 3 K 4 5 5 FHEIME RSD/ %
K 151.60 155.39 152.97 148. 84 158.05 153.37 2.30
Ca 213.49 195. 16 202.58 199.46 202.73 202.68 3.85
Mg 33.04 33.22 32.26 31.09 35.91 33.1 5.38
Fe 1 576.09 1 671.01 1 746.59 1 572.58 1 750. 69 1 663.39 5.25
Mn 1 269. 86 1292.70 1 306.94 1293.25 1277.92 1288.13 1.12
Zn 867. 66 834.42 1 238.05 1194.57 1310.37 810.45 20.34
Cu 98.06 84.16 98.83 89.17 85.33 91.11 7.63
Mn 151.60 155.39 152.97 148. 84 158.05 1288.13 1.12

iE:K, Ca, Mg LR &R AN mg/g;Fe, Mn, Zn, Cu JUR & HALA pg/g, T
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Table 8 Design scheme and results of the uniform

test of the ash condition of the muffle furnace

] X,/g X,/C X,/ min Y/ %
1 3(0.15)  5(600)  6(60) 6.136 4
2 2(0.10)  4(550) 1(10) 5.8422
3 5(0.20)  6(650)  3(30) 6.074 5
4 1(0.10)  2(450)  4(40) 4.750 0
5* 4(0.15)  1(400)  2(20) 3.254 2
6" 6(0.20)  3(500)  5(50) 4.875 1

29 WmAMAEFHRAEMNTLEE(n=3)

Table 9  The results of two pretreatment methods(n =5)

G FT AL B 7k R0 o 45 SR EA LA e %) M
KRG 5 2
2.5 ELERFEmUNELSR

FH BT ST R4 MR AR K 46 T8 T 28 I i )
6 A AU L AN [F] -5 2 HH M 47 42 T ot
Ro e, W 25 8 0L 12, 76 6 i 5 A A
JRH,T PP B TR S H) RSD $/NF7.89%
VEIZ I B Al F A PR K 2 L, R 3
YER L AN [R5 B 0 ) 4 TR G R &

3 g

M ITLER Jit: ¥H RSD/%
K (EEERLIRES 157.38 12.52 ASCHE N T AT R AR PO T ff 1 T8
TR G 144. 46 1.38
MO 249.49 40.67 SEARIALEE T %, X IO T ff KR KA b 1) TR
B Tk wLm 0T SRR ML T A SR 2R
e T v 36. 64 27.45
Mg TRas A 32.16 3.21 V(HNO3) : V( HF) : V( HZOZ) =7:0.5:1.5
.y BOHR: 1 546,82 4.00 AR A 2 FIRE bl B 0. 10 g, I AL BE 600 C
FRLE A 1467.60 2.00 X . RN
W rmsiank 122428 0.92 SR T T T IR A PR T A
m HIT RO L5 S ), R TR A i A
P T 66.74 11.33 EBS MK AR s 7 R B ou R S &, H
Cu FiRgs ok 95.15 3.66 . _ - _
RSD SR MEREAR, Inds B s 5 25 51 o, P38
A 10 WAL E T FRIHAT Hles R
Table 10  The independent sample T test results of two pretreatment methods
Levene J7 257 16 SEIEAE R T R
el B N WEE P 2E EEN BREK
EE Pl w&t TH o BME Gumy e mnz 5% TR LR
BBEEAI% 5143 0,053 1.459  8.000  0.183 12.920 8.857 ~7.504  33.344
iRy 2R % 1.459  4.082  0.217 12.920 8.857  —11.477  37.317
ca BBOJFEMS 3730 0,102 0.135  6.000  0.897 8.166  60.513 —139.904  156.236
1B )y 2 %% 0.180  4.004  0.866 8.166  45.392 —117.815 134.147
Mg %24 5.510  0.047  0.992  8.000  0.350 4.486 4.523 ~5.944  14.916
BT ZEAE 0.992  4.085 0.376 4.486 4.523 -7.970 16.942
po  MEEMI% 1543 0249 2.586  8.000  0.032 79.226  30.632 8.588  149.864
T35 25 R 2.586  5.709  0.043 79.226  30.632 3.335  155.117
v TETEMI% 3,940 0.082 -0.750  8.000  0.475 -11.396 15191  -46.427  23.635
(B8 )y 22 2% -0.750  4.984  0.487 -11.396  15.191  -50.485  27.693
,. WEEEMI% 34750 0.000 -6.042  8.000  0.000 -335.912  55.592 -464.106 -207.718
1B 2 R % ~6.042  4.168  0.003 -335.912  55.592 -487.841 -183.983
e, TBIEMS 4356 0.070 -7.635  8.000  0.000 -28.408 3.721  -36.988 -19.828
BT EAE -7.635  5.624 0.000  -28.408 3.721 -37.663 —19.153
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a5 R Hg 97. 77% ~ 102. 05% ,RSD Ny 1.33% ~
2.41% KNG BESETT 1 I 455 B A L A ]

R A1 BAF AR EBARAAT £ £ (n =6)

Table 11

Recovery and relative standard

deviation of each element (n =6)

ST

A W ST 0 5 AP il P ) 48
JUER I, SR AT AL P51 1 T 42 IEJ‘(W'JEQ*
SR HER PR AT A A I T AR A A
Fdh , SEa I B IR A A AT UK B e R e 1Y
Yoy A B TR TV S I Y A R A R A

pom RS Ty S SEH RSD
SR Gk WbRHE W EMCRS /% e T, B O A R TS A b PR
G oaim s st oss Lp DR (S LRI E
Mg 3216 30.00 6236  100.62  1.35 e BE— 2L i B i &g n R AU
Fe 1467.60 1500.00 2 948.70 98.71  1.51 7 RSB 2 B KR TR A A e B 4 R T 2
Mn 1224.28 1000.00 2226.27  100.16  1.33
Zn 762.47  800.00 1570.78  101.09  1.46 Ja 8L TAEH R gk 22 4580 HiAth 4 & o6 R 1 HER
Cu  95.15 100.00  197.10  102.05  2.41 7 .
A2 KSR T A2 R A E MR LR
Table 12 Determination of 7 metal elements in cigarette ash of different brands
B 65 K Ca Mg Fe Mn Zn Cu
. - H{E 160.97 225.71 37.30 1 888.42 1717.07 432.13 73.11
RSD/ % 0.78 4.74 3.43 2.18 1.06 0.64 3.52
. A 140.09 226.09 32.68 1823.92 1691.74 373.19 93.99
2 RSD/ % 1.12 1.15 4.88 7.89 0.72 3.37 1.48
, S35 {1 142.28 230. 87 38.67 2 031.71 1321.45 372.04 89.18
: RSD/ % 3.19 3.95 2.21 2.86 0.84 0.89 3.13
, S {1 135.89 229. 11 39.57 1505.17 1505. 84 304.57 75.99
! RSD/% 2.23 3.68 2.08 2.67 1.47 2.96 1.68
, SEHE 131.79 232.81 37.68 1595.96 1390. 55 776. 10 93.65
: RSD/ % 1.40 2.61 2.70 6.84 1.08 4.93 1.63
. A 140. 30 222.61 39.99 2 521.94 1 380. 52 420.05 91.20
¥ RSD/% 1.51 5.54 1.04 1.67 1.23 2.29 2.23
P— MR OEEFNI0HEETE[T]. £H#
= : Kok A2 2013 ,41(13) :5954.
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