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Uncertainty Evaluation of Determination of Lead in Tobacco
Material of Heat—Not—Burn by Graphite Furnace Atomic
Absorption Spectrometry

DUAN Qin,KEN Sheng-ye, YANG Xue-yan, TIAN Fei-yu, YANG Yi, ZHANG Jan-bo

(YunnanYangrui Tech Group Co., Lid, Kunming 650501, China)

Abstract ; In order to verify the reliability of the method for detecting the contents of lead (Pb) in tobacco material of heat
—not—burn (HNB) by graphite furnace atomic absorption spectrometry ( GF=AAS) and the accuracy of the results, the
measurement uncertainty was evaluated using the “ bottom—up” to analyze the source of the uncertainty and the influence
from uncertainty components. The results showed that: the content of Pb in tobacco material of HNB was 2.02 mg/kg, and
the expanded uncertainty of Pb was 0.26 mg/kg (k =2). The standard curve fitting process and the stability of the
instrument were the main sources of uncertainty. Adopting an appropriate experiment scheme and reagents, and setting the
appropriate instrument parameters can ensure the accuracy and reliability of the results.
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VR PAN A I 235 SRR M RGN 5 V5 vl FE 1 o 4
fiEZz—, A Lfi Nk (top—down ) B2 i F T4 51
AP AR X A B A O 3% v (GF -
AAS ) I TE IR A RS HE A0 B bR P A Y R
HEATPRAE 3 HT 38 L bottom—up ™ LIV RE 1% 07 L AN
B E BE , WTAfG 0 AN B ) TR R UL, A ] 5
ARG 7 32 R Af RS 50 B P AR S

1 RIEERS
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MS2048 HL, At KA (MR i 4B ) 24 ( |
) BB HD) s WX-6600 305 T A (IS4
FrX A BRA ) s Nov AA 400P A7 B4 5 1M G
THEASL (A ] S B2 A3 A A8 B0 28 1 ) s DKQ HEL #4R
( LIIZSE o Hr AR A BR A F] ) 5 Milli-Q 1Q7000 21
IKHLCER AL THAR (B ) A FRZAR]) s MJ-BL25B3
PEFERL )M S5 A A 0 L g il 2 BR A F)
1.2 iKF

INAIABEEIA A (L) s HRAEIR BUEUK &
TR (YIRSl 1 2 S0 B B A BR A
A BB T K (A =18.25 MQ - cm) ; AR
(#t5 20181130, BL AR K AE D FHE A BRA F] ) 5 Pb
PATEE FRUEVA I ( GSB 04— 17422004, i & 1k i
1 000 pg/mL, EZARMEY T HLY).
1.3 #HEETatE

B2 50 ¢ HNB =77 Brl 2z, A FEPLET Bk R
AR FRELZ 0.2 ¢ By oK B TR A 6 mL 65%
fMFR , BT 120 °C HLHAR L HEE N 10 min . PN
A1 mL 30%3 EAL R, BT 120 °C s #ui s rin

10 min, B EZEE. FIMA 1 mL 40% 2 HRIR,
BT IS %, L 20 °C/min NEIRTHEZE 130 °C,
845 10 min; 2L 10 °C/min M 130 CTHEZE 160 C,
143%F 10 min; LA 10 °C/min M 160 C FHEZE 19 C,
PAFF20 min, A 2 500, BUR TE MR EE, 76 120 C
2% 0.2 mL 2247, F 1% MR IS TRE A 2 50 mL %
T, R0 AR A .
14 ot

ISR SR 5 28 O BT, %K 283.3 nm,
PAETEE 0.8 nm , ST HLIT 3.0 mA ; JKALIRJE 650 °C
JEFALIEE 2 000 °C 5 il 5 L A4 S AR st 5]

R 7 2%« R FH A 85 0 T W WSO 3% 3, T B
20 pe/L AR IEIR IR, H BB 0.4.8.12,16,20
pe/ L RYIBRUE TAE W, SR FH AT 38 5t e H:
WO REAH, 2 bR eI 4R T RR AR S A 5 62
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c X
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KA, X R GRS, me/kg; ¢ AFEIETRT
FROCR MR, we/ Ly v AFE S E A5 KRR,
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Fig. 1 Causal diagram of source of uncertainty
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3 THEEZSSENITEE

3.1 HmREEMNABEEITEE L, (m)

R BT i IR TEANE BE w(m) R IE T KPR
wiRZEu(m,) MHEEEEME w(m,) . HRFERE
IERERH TRV WEKRARVFIRZEN0.1 mg, R
WREN TR, —IKEBE, —IRE 8. LA
i k=3 W u(m,) =+/2x0.1/3 =0.082 mg. FF
— RPN [ i AT 10 YR PERR iR DL 2E
IR AR RS R BRE R 22 5 =0.27 mg, U]
u(my) =s/ /10 =0.086 mg. B F-H{E m=0.201 8

gy (m)=p(m)/ m=/u(m)*+u (my)*/ m=
0.000 6%.
32 HREFEREMAIHBEEN,(v) TE
HRAE AR St T 8 2R T B AR R AR Y
FREARTIERE w(v) HIET 50 mL A HAEEIRAE
2e () FHEERZE w(vy) FHRBESON w(vy) . A B
SCHR[ 147,20 CHF 50 mL A AR A& iR
220 +0.05 mL, & BB A0, w(v,) =0.05/43 =
0.020 mL. % & E AW AR Z LK H N

+0.03 mL 3% MB35, w(v,) = 0.03//3 = 0.017
mL. ZEIAREIR B R 20 °C, 52 M SE PRl A iR
JEANIR], Z9AH 225 °C, KB BEIKk Rk 2.1x107*C ™,
M) 50 mL 2w AR FAE 4 A 50 mLx2.1x107°C ™" x
5 °C =0.053 mL, ¥ B850 5040, w(v,) = 0.053/3 =
0.031 mL.
Mo () =p(m) /v
= (@) +p ()’ +u (o) /v
=0.000 9% (2)
33 HRPERNKERNAREE w, () TEE
it FP ARSI e FEE AR AN A2 JE e, () SRVE AR
HERE A IOE M (o)) FRUEFRECHIERE 1, (cy) PR
HERMZAUS ., (cy) FIBLBNSRRTIL I ., () -

(1) bRiERG A WO (. i AR HEY) B uE 15 rh A 15
Ph bRiEY) AR XS AT E FE N 0.7 %, k=2,
w.,(c,) =0.35% .

(2) F v V5 V0 T ) o A R i A o 5 R T 1
AR BRI T 2 1 mL 59 A R 2
K100 mL A HAERN 1 IR 2 mL B9 A 9050 B
BT IR 10 mL A RASH, W 1 frs).

*1 FEMMHERSEHEXNRAHEEE
Table 1 Uncertainty introduced by flask and pipette

PRUEANG 7 FE 73 Hi/ L

B IR
H RRZETIAK TR IR fhERZET AW R %
BB 2 B AN o B B AR 5 B
I mL A HIEE 0.004 6 0.000 6 0.002 3 0.005 2
2 ml A FW 0.014 4 0.007 5 0.003 0 0.003 3
100 mL. A BRI 0.057 7 0.060 6 0.028 9 0.000 9
10 mL A gL 0.0115 0.006 1 0.005 8 0.001 4

FRAE R 1 25 5 R 43 B W A8 1) R O AN 1
£, Ph FRAE W EC T RS A B AR XS AN
P (€2)= /2%, (Vi) #2500 (Vi _100) *+
s (Vg a) * s (Vi) > =0.008 5% (3)
(3) brufE M IUA . ARIESCTER[10] , ARl 2640
B I AT & BT A,
Mo (es) =s/(bxc) x

J(l/p)+(l/n)+[(E—Z")2/§(C'£—E')2] (4)
s s MiERFRIERE , s = 0.210 93; b FybrifE ik

AR, b = 0.002 080 65 n AR IR A AG I A
WHEL, n=2x6=12; p AHNFES KR EL, p =
6 ; ¢ MTFIMAE VAR E 31, ¢ =8.68 pe/L;
¢ NEBIEBRRETIME, ¢ =10 pg/L; ¢,
FRUE TAEA R EE W 1, (c;) =5.91%.

(4) Tt T e mir A . ARl A T A L A T vk
FEA R AR K SZ R AR 3R TOUH Al 2% 1 B T M ot
FRUGLEE RV PP EEIR A5 1F RE A M T DT M A
PR 2 14 52 ], 5 SRR DU ik B T BB T AN 8 4
W RFE HE R DA T ks e B 22, (i ok s | AR
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Table 2 Recoveries (n=4)

J i gt 5 it iR
/(mg/kg) /(mg/kg) /(mg/kg) /%
1.920 0 0.500 0 24225 100.5
1.000 0 2.890 0 97.0
1.500 0 3.3150 93.0
2.000 0 3.990 0 103.5

R 2 I, ol 3 B b B R B LAY
FR AT 2

fo(e) =u(e) /R=s(R) /(Ju xR)  (5)
o s(R,) N 4 YRR SR 3 [0k 2 147 v B
25, AR DU R AT RS 2] s(R,) =4.53; n
AR EYGR KL, n = 45 R N 4 YOIRR [E i 4
Jikz [0 05 2 9 - B, R = 98.5% , W w,(c,) =
0.023%.

(5) K ity PG U JBE AR S 2 B e, ()

ILchl(c) = /'chl(cl ) 2+I'Lmz (Cz) 2+Mm1 (03) 2+:“*m1(’34) :
=5.92% (6)

34 EESWRBSINWENTIREE 1, (R)
PR A AT 6 W S i A A R
i FEANE A MR TR TR R BRI A 6 IR A 1
TG I 25 543514 1.92,1.97,2.05.,2.01,2.00,
2.19 mg/kg, #Y & B X = 2.02 mg/kg ,6 IK
HE LI A bR MR 2 s = 0.092, W w,(R) =
s/(Jn x X) =0.019% .
3.5 (USEREUSINMENAHBEE u,, (W)
FRAE SCHRL 10 AN 13 ], AR = ma by i AR
J&T B KA E B, A B K U, A g
R E R IR EE S %, L5 A e k=
V3 FRE PRSI B R X AR S B E B, (W) =
5%/ /3 = 2.887 %.
3.6 ERAHMEE . TRABEERERKTR
HICR MG AN L
w(X) =Xxu,, (X) =Xx

Moy (M) 2X:“rel (v) 2Xl'Lrel (c) leu’re[ (R) leu’rel (W) : (7)

P FROEZS A B SR P =95% ¥ R+

k=2, MY BAFERE U=w(X) xk. RYEAHERE

SrEE T (2 TR ), Pb A AN B E T

w(Xp,) =0.13 mg/kg, Pb WP AT EE U, =0.26

me/ kg, WAL & Ph RS R KRN (2.02+
0.26) mg/ke.

st |

HE A

peanterk |

FEEZ
FefpR i
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00
ANBRE Sy B/ %
R/ FESHEZRV RN B (/L) | EEEIAE ISR
mPb 0.000 6 0.000 9 5.92 0.019 2.887

2 THEESEERHE

Fig. 2 Histogram of uncertainty components

4

HH A 82 5 WSO T I 2 A A R BE A

JRERERE S T RS Ph &8 2.02 mg/kg, Hy 2
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