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Simultaneous deter mination of 17 trace elementsin reconstituted tobacco by
inductively coupled plasma mass spectrometry
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ABSTRACT: Objective To establish a method for determination of 17 trace elements including arsenic, barium,
beryllium and others in reconstituted tobacco by inductively coupled plasma mass spectrometry (ICP-MS) with
microwave digestion Methods After sample preparation, 17 elements in analysis solution were analyzed by using
standard model and the collision/reaction cell technology with internal standard method for quantitative, and the
collision mode and collision gas flow rate were optimized for the stability and accuracy of determination results.
Results The correlation coefficients of standard curves were all above 0.9995, and the limits of detection were
0.001~0.065 mg/kg. The recoveries were 79.3%~123.1% and the relative standard deviations were 1.15%~6.38%,
respectively. Conclusions This method is simple, rapid and reliable, which is suitable for the simultaneous
determination of multi-elements in reconstituted tobacco samples.
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N ), (Au) (10 mg/L, );
135 8 Ge 5In 2Bi (10 mg/L, );
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(inductively coupled plasma mass 22 REWHZE
spectrometry , ICP-MS) Be K Na 221 BkEE
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) PET , )
(No gas , ) 10mg/L B Sn As Ba Be
. Cd Co Cr Cu Ni Pb Se TI U V Zn
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. mg/L ; ,
Cr Ni As Se Cd Cs Hg Pb R
DRC 2Cr “Ni "*Se '
75 11 208 ) Hg
, "As Cd Pb 1]
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spectrometry, HG-ICP-AES) 2.0 mL 30% s ,

As 1 ,
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’ Tablel Microwave digestion procedure
[2,6,12-15]
/
C . . .
17 ICP-MS , (C) (min) (C) (min)
5 100 5
2 MMERZE 100 5 130 5
v o e 130 5 190 25
21 MNE5EHF
: Agilent 7700x (
); MARS 6 ¢ CEM )% 903 E4H
Milli-Q Integral ( Millipore ); lpg/L Ce Co Li Mg TI Y
( Sartorius ) ICP-MS
(65%, ; Merck ); 14.3 L/min; 0.63 L/min; 0.98

(30%, , Merck );As Ba Be Cd Co L/min; :2.0 C; 0.1 1/s;

Cr Cu Ni Pb Se TI U V Zn (10 mg/L, 1 0.5 1/s; 1550 W; : 8.0 mm;
);  (Hg) (10 mg/L, ); . 3; :3
(B) (Sn) ( 1000 mg/L, 2
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Table2 Measurement isotopes, internal standard elements and
integration time

(s)
As Ge 0.9
"B Ge 0.3
IBBBa llSIrl 03
Be Ge 0.3
cd n 0.9
*Co Ge 0.3
2Cr Ge 0.3
SCu 2Ge 0.3
2°2Hg 20984 0.9
ONi Ge 0.3
208py, 200B4 0.3
8Se Ge 0.9
118gn 51 0.3
ZOSTI 209Bi 0.3
238U 209Bi 0.3
Sty Ge 0.3
Zn Ge 0.3
224 #£RTE
X ) Q)
yo_ (C-COxV 1
1000 x mx (1—w)
X (mg/kg);
C (ng/L);
Co: (ng/L);
V: (mL);
m: (2)
W:
3 HRESH
31 HMTRRMLRAESE
(1)
, ; (2)
ICP-MS
58Fe SxNi llésn 116Cd 40Ar40Ar

SOSeJr 40Arl3c 53Cr

35C11601H SZCr 40Arl7OlH 58Ni

s

8Se 32Cr - ONj - PAs g
32 MIFTRHIEE

9~238,
R 15
2Ge SIn 298 3 i i
3 )
0.01 pg/L

200 pg/L

33 MHERKXAER SHESRERIMRL

GBW10016 —
Sn 16 s
(No gas ) :Cr Se
s 71.11%  120.41%,
/ He B Be
ICP-MS R
s (CeO/Ce) s
(CeO/Ce) R s
N As Se 2
ICP-MS )
He 5
1 2
1.8 7.5
1.6 4
s —— = | 65 o
£ 15 —— ASTCERSD 2
8 o3 W
§ 06 145 18
T 04 35 <
0.2 4
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Fig. 1 Effects of helium gas flow rate on the yield of oxides and the
repeatability of As determination
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Fig. 2 Effects of helium gas flow rate on the yield of oxides and the

repeatability of Se determination

1 2 s As Se
He s He 5.0 mL/min
0.35%, 2
(relative standard deviation, RSD) 7.21%
19.17%, ; He 2.5
mL/min 2 RSD 5.0% s
1.64%, >
1.0%
, He 4.0 mL/min
34 TIEHZSHMER
(X),
(Y)
11, s
3:
35 EIWEXREREE
“2.2.2 ”
, 2 6
, ( 4)
85.5%~107.7% s
B Be Tl U V 79.3%~123.1%;

1.15%~6.38%
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GBW10016 — Sn
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Table3 Linear relationshipsand limits of detection of method
(n=11)
(ng/L) ()] (mg/kg)
As 0.2 20  Y=0.0369X+0.0015  1.0000 0.012
"B 5.0 200  Y=0.0149X+0.0081  0.9996 0.065
¥Ba 5.0 200  Y=0.0509X+0.0023  1.0000 0.027
‘Be 0.2 20  Y=0.0239X+0.0004  1.0000 0.002
cd 0.2 50  Y=0.0129X-0.0007  0.9999 0.005
*Co 0.2 20  Y=0.7259X+0.0003  0.9999 0.001
2Cr 0.2 20  Y=0.3671X-0.0109  0.9999 0.008
SCu 5.0 200  Y=0.6667X+0.0336  0.9999 0.016
MHg 02 20 Y=0.0273X+0.0035  0.9995 0.016
ONi 0.2 50  Y=0.2101X-0.0117  0.9999 0.017
208py, 0.2 50  Y=0.0397X+0.0030  0.9999 0.012
8Se 0.2 20  Y=0.0013X+0.0002  0.9995 0.010
1183n 0.2 20  Y=0.0185X+0.0013  0.9999 0.015
2057 0.2 20  Y=0.0632X-0.0045  0.9998 0.012
) 0.2 20 Y=0.0839X-0.0192  0.9996 0.005
Sy 0.2 20  Y=0.2762X+0.0022  0.9995 0.005
%7Zn 5.0 200 Y=0.0732X+0.0105  0.9998 0.011
*z 4 BEWE5EZEE(n=6)
Table4 Recoveriesand precisions (n=6)

RSD
(mg/kg)  (mg/kg)  (mg/kg) (%) (%)
0.26 0.99 107.7 2.59

®As 0.71
1.08 1.85 105.6 2.68
31.56 57.59 79.3 3.91

"B 32.56
43.22 77.02 102.9 1.67
31.56 73.64 93.2 3.05

3¥Ba 4422
43.22 85.19 94.8 1.44
0.26 0.32 111.5 6.38

‘Be 0.03
1.08 0.99 88.9 3.28
0.26 3.58 107.7 2.21

cd 3.30
1.08 4.44 105.6 2.03
0.26 0.76 103.8 1.15

*Co 0.49
1.08 1.53 96.3 1.43
0.26 1.27 88.5 3.11

2Cr 1.04
1.08 2.02 90.7 2.56
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Table5 Resultsof determination of standard reference
RSD materials (GBW 10016)
(mg/kg)  (mg/kg)  (mg/kg) (%) (%)
5.28 14.60 103.2 3.07
$Cu 9.15 5
10.81 20.34 103.5 1.88 As (0.09+0.01)mg/kg 0.12 mg/kg
gy 00l 0.26 0.22 80.8 5.67 "B (14=1)mg/kg 14.2 mg/kg
g .
1.08 1 1019 3.38 *Ba (9.6+0.5)mg/kg 9.46 mg/kg
0.26 1.38 103.8 2.51 .
ONi 1.11 Be (10£2)pg/kg 8.1 pg/kg
1.08 2.13 94.4 1.80
508 587 100.9 124 cd (62+4)ug/kg 66.67 ug/kg
208p 3.54 5
10.81 14.27 99.3 2.20 Co (0.22+0.02)mg/kg 0.23 mg/kg
g 017 0.26 0.41 92.3 4.01 S2Cr (0.45+0.10)mg/kg 0.39 mg/kg
€ .
1.08 1.21 96.3 3.35 BCu (18.6£0.7)mg/kg 18.36 mg/kg
0.26 0.40 103.8 5.11 202
1183n 0.13 Hg (3.8+0.8)g/kg 5.04 png/kg
1.08 1.25 103.7 3.19
0.26 0.27 90.8 446 ONi (3.4+0.3)mg/kg 3.55 mg/kg
205 0.06 208
1.08 1.09 95.4 3.68 Pb (1.5+0.2)mg/kg 1.71 mg/kg
sy 0.07 0.26 0.36 111.5 2.38 "8Se (0.098+0.008)mg/kg 0.109 mg/kg
1.08 1.09 94.4 3.37 205y (50)ug/ke 453 ug/ke
0.26 1.03 123.1 3.05 238
sty 0.71 8y (10£2)pg/kg 10.67 pg/kg
1.08 1.85 105.6 3.14
3156 %701 99,7 -~ Sty (0.17£0.03)mg/kg 0.14 mg/kg
%7Zn 55.56 66
4322 100.01 102.8 2.03 Zn (51+£2)mg/kg 52.07 mg/kg
#*6 LRHERNELER
Table6 Resultsof samples
( : mg/kg)
1# 24 3# 4# 5%
As 0.24 0.35 0.23 0.20 0.16
"B 19.11 23.18 35.67 20.47 30.14
“"Ba 20.08 32.19 18.64 27.51 11.14
’Be 0.02
cd 1.35 1.67 0.95 1.73 1.25
¥Co 0.21 0.13 0.19 0.10 0.24
2Cr 0.98 1.37 1.66 1.08 0.75
SCu 432 3.26 3.03 5.19 4.05
202Hg
ONi 1.39 0.88 1.07 1.33 0.98
208py, 1.25 0.64 1.10 1.59 1.34
825e 0.03 0.11 0.17 0.08 0.13
11880 0.20 0.13 0.09 0.21 0.03
ZUSTI
By 0.07
Sy 1.05 0.44 0.81 1.13 0.51
%7Zn 12.03 27.85 19.55 20.10 22.32
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