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Uncertainty evaluation of determination of lead content in heat-sealed tea
filter paper by graphite furnace atomic absorption spectrometry

GONG Guo-Qiang', YANG Zhen®', ZHAO Li-Qun', HE Wen-Long'

(1. Jilin Institute for Food Control, Changchun 130103, China; 2. Jilin Provincial Quality Supervision and Inspection
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ABSTRACT: Objective To evaluate the uncertainty in determination of lead content in heat-sealed tea filter paper
by graphite furnace atomic absorption spectrometry. Methods The lead content in the heat-sealed tea filter paper
was measured by GB 31604.34-2016. Uncertainties introduced by the working curve, standard solution, sample
repeat measurement, instrument, absorbance quantification error, digestion recovery rate and sample weighing
process were calculated, and a mathematical model was established to calculate the synthetic uncertainty. Results
The uncertainty of determination of lead in heat-sealed tea filter paper by graphite furnace atomic absorption
spectrometry was 0.10 mg/kg. Conclusion The main sources of uncertainty affecting the test results are the
calibration curve and the digestion recovery rate.
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FE AT CMA 15 CNAS PFH SSRORUL, X Rl 25 51 73 HL
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X RSHhe O 2 1 — R SN T B A R AN E BE T RE AT
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21 MR KFSNE

ICE3500 J&i—F W S0 i A (A B ) (36 [ 8 R i
IRBHEA F]); BS210S HL FR- (1= 28 Z AT A 7).

TSR . WElR — S8k . AEIRAS (LR at, 1 24 Al 2
R A BRA T

R EATR[GSB G 62071-90(8201), 1000 pg/mL, X
WEGN AL AR AR AT B2 ] T Feiil A 0.5 pg/mL Arifirp
()Y [T PRV TR SH95(V:1)]e

AR AR e W)
22 FWHE
221 ABSMIE

A GB 31604.34-20161 AT HYAGINE o 46 I FRIE
23~26 °C, {BJF 40%~42%, FEISIE 99.5 kPa, JEi{X ik
K 283.3 nm, JGIEHFSE 0.5 nm, ATHLIE 5.0 mA, KiiE
0.3 L/min,
222 MEERSH S E &

Tt p 2 IR i 1 A R 7 Ak (1:20, V2 ) B il

PR 2 250l AW 43 R AR HE IR W 0.
0.5. 1.0, 2.0, 3.0, 4.0 mL, AEMIHERGTISERR
50 mL, FRuEZRSIERUESE 535124 0.00, 5.00. 10.0. 20.0.
30.0, 40.0 pg/L.

BESh 4 PRI 2 g REbh, SRAT AL 5361, BidR
FESR IR, STk, THA)S T 50 mL 28 s

SEF, TR [RAE BRI AR ah 25 .
3 HZRED

3.1 NEEERIKIRS

HR A AR YRR 2o A, HC ) 22 5 SR A R o AN S
() EZRIEA . TAEMMBARI BRI E BE wa(1) . PRE
PR BIARXI R AT E S 1,(2) . FESEEE M E AR FR A
WEE wa3). AEG AR FREARTE B ua(4). WO
{H R AR ZEASAREATIE E ue(S). THAREIEET R
WAEE ue(6) . FEAHFRE LR R ESE 1a(7)o

HoARE SRR RN R AR EE we(7) E I T
T H B 5 AT ERE BS210S KL% 70.1 mg, H
AHSE N uern=0.1/+/3 =0.058 mg.  FH I F-A 2 3iF 45 7T 41
TE A S 56 0 5 X 8] PN A R B E FE N wew=+0.2 mg, N
Uny=] U +ugmy’]*=0.208 mg=0.000208 g. HEFER N 2 g,
N 14,41(7)=0.000208/2=0.000108 . 1% {E %} T A A & B Tk
WIS, SRS SR ZBEANTE, SO (1)~ (6) A T
32 HMREFAHEESETE
3.2.1 AR TAE dh K AR AT A L u(1)69

o PR IR SO G100 2 B AR HEVE TR R A 3L 6 1K
BT HEAT T 5245 0 B B o b I, A v o SV YRR 170 B R vk
B AN 5 K 3 A3 5 A R R . KR /0N, AT L 20
BRI R F e /D TR i 4 A A AR v B R ), 3 2 A A AR
B AR 2 S WO 1 D et A B A O

PG RE ML RN Y=AX 4B,

T E A sh LA il £ B AE H Id 4=0.029,
B=0.001.

W' 3 000 ) S A v 2

S=[X(Yi-B-AX)*/(n-2)]"7=0.00134

FE S A bR v 25 -

Sxx=Y(X;-X)*=0.0052

SFRFIURE ST T 2 i, B n=2, AR H
R S AN

Xy=1.36 mg/kg, HARGMARAEZRIE N 1.4 mg/kg.

(R I A 26 51 A B 25 1 00 A X R 1 E N
Uret(1D)=[S(y/A]X X[ 1/N+1/n+(Xe -X')*/Sxx]"*=0.0275,

S N-DN SRR AU, - T T R B,
Xe-IEaRE i B e i 44, X - TAERRES R E 21, B
B v=6x7-2=40,

322 MEEBANITAFAE TR ZE ua(2)8 i A

S0 Ao i r T (e R A TR AR X R AN B R
Uet(2), F BT AR EE AR EAR T EE RN u,) .
10 mL & V48 I AH X AR MEAS 18 72 BE (IR ) DA S 50 mL %5
R A A X BR MEAS 8 28 B2 (R wo) TS LAY, AR
A e (2)=(ua +up +u )2, LLR X 3 AN ik 4735
— R
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OFR T TR BRI E B, THEE

P A %V T TR A A v ) BRI A5 L A A AR RS
BAE B R 0.3%, FHMIEASDN, B u, =0.3%/3=0.001,

@10 mL W WA BR AT E By 7158

10 mL B A L /Fi 25 M+0.01 mL, PRI 5153 40,
Hil 10 mL B S R B E R

us =(0.01/3)2 =0.00577,

SR A, =R M E u,=5=0.00660 mL,

T H AT SE 06 2 R A R IR 7E (25+3) °C, AR AT
HK MK BECR 2,110 mL/°C, FIf LAJK Al IR 22 5503 i
T SRR A TR AR AR AR T 5 AR A 2 A

u3 =(3%2.1x10*x10/3)"2 =0.0036410 mL
e NI R Gy AR Y (P OE i W N el R
wy=(ur>+us>+us?) /10
=(0.00577%+0.00660°+0.00364%)1"*/10=0.000949

®50 mL 25 & A A XS R A E T ue TR

50 mL #EMMRVFRZER0.10, FIH G5 010,
50 mL 5T 5 A RIAST E 2R

1,=(0.10/3)"*=0.0577,

22500, HA PR & uy=5=0.00615 mL,

T H BT LB P A 1E AR ] £ (25+3) °C, R Al
HIK B ZECE 2.1x10™ mL/°C, Ji LUK A4 1 22 3500 Fie
T BRI TR AR AR AL T 5 AR AN 2 A

u=(3%x2.1x10#x10/3)1*=0.0036410 mL

25 2 TR A X A T AN B8 R A

uc=(u22+u32+u42)1/2/50
=(0.00577%+0.00615%+0.00364%)'*/50=0.000183

] LM PR YR 5 | T 45 8 P ) o o AS T 2
Uret(2)=(uy +uy +u )

1,01(2)=(0.001%+0.000949%+0.000183%)>=0.00139 ,
323 Ao E AR RARR AT I u(3) H

MRE AT I PRI R, 2 AN X BT E A K
U TE A, SR ny, X FRIEZE S B R EE
Hv=n-1, BGE 2 A S5 oy A ST AT ISR L
EIMEATEE, HFREZMKEERILE L.

W2 g £ obr o W 2 S8 $=0.0080, W
1>(X;)=0.0080/ </30 =0.00146, T %1 X,=1.36 mg/kg, ] 7%
1e1(3)=12(X;)/X=0.00107( A H1 2 v=Yv;=28).

3.2.4  HHTBLE B ABRT AR E A L w4t I

FH JE T 0% G343 TCE3500 (9 i SE 5 af 40, 3
PR E N 1.5%(B A5 K P=95%), AT 1545 i A
FEJE N

Ure1(4)=0.015/1.960=0.00765 .,
32,5 BRAAEAIR EMATARME T TIE ue(S)T

Ji 0% 0 % 15 A ICE3500 13 2% B 78 {8 43 ¥ 2 K
0.001A, 5B, Sk iR H DGR 22 A X bR ifE
AHHESE:

1;01(5)=0.001/(2x3"2x0.0200)=0.0144( A 1 J& v=c0).

3.2.6  HALEDCE R a9 A8 AR A R u(6) T S

B T A T A AN 58 4 s A 3 A o S O 9 0 2k B
15 Y% KA R RE T AR A, B PR A e 4
FE & B RRIN A A BB 78 AlE AR SRR, AR R4 IR
9 95% ~ 105%.

x1 HRUSELER

Table 1 Sample measurement results

J¥31) W EE (Y1) -2 (XG) A8 /(mg/kg)
1 0.0026 0.0543 13575
2 0.0026 0.0547 13675
3 0.0026 0.0545 1.3625
4 0.0026 0.0539 1.3475
5 0.0026 0.0548 1.3700
6 0.0026 0.0549 13725
7 0.0026 0.0546 13650
8 0.0026 0.0548 1.3700
9 0.0026 0.0542 1.3550
10 0.0026 0.0541 1.3525
11 0.0026 0.0545 1.3625
12 0.0026 0.0538 1.3450
13 0.0026 0.054 1.3500
14 0.0026 0.0542 1.3550
15 0.0026 0.0544 1.3600
16 0.0026 0.0546 1.3650
17 0.0026 0.0548 1.3700
18 0.0026 0.0546 1.3650
19 0.0026 0.0542 1.3550
20 0.0026 0.0545 1.3625
21 0.0026 0.0547 1.3675
22 0.0026 0.0549 1.3725
23 0.0026 0.0545 1.3625
24 0.0026 0.0542 1.3550
25 0.0026 0.0544 1.3600
26 0.0026 0.0541 1.3525
27 0.0026 0.0539 1.3475
28 0.0026 0.0549 1.3725
29 0.0026 0.0542 1.3550
30 0.0026 0.0544 1.3600

I, 14,61(6)=[(0.05°+0.05%)/12]"*=0.0204 ,
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R o A P Y TR AR X R b T SO DG,
VIR IR
et (Ot ()14 (Q) et (3 )+ et() 181 (5) T (6)]
=(0.0275%+0.00139%+0.00107%+0.00765%+0.0144%+0.0204%)""2
=0.0380.

34 TRAHBEEE

B P=95%, M4 t 434, 1(95)=1.984, RIHI24E (5K
R 95%F, AN AN E B R

U(95)e1 =tze1()%1(95)=0.0380%1.984=0.0754.,

A X AN RE

U(95)=XxxU(95),e=1.36%0.0754=0.10 mg/kg.

SR FH DB W S 3l 30 ) A st T 55 I 3 0GR v 1
£y, R N (1.3620.10) mg/kg, P=95%.

4 &

A YO TR T2 i DB AR dh R B YN T
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FEIEAT 1 o3 oA, AR S R vh (9 RGeSO A AL AR
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Jlo 3 AT S A A AN E R AR AT S R LR, RTR
SRS HE T 245 T A TSR i 5 | A AN S 2 X T8 R TR
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