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Uncertainty evaluation in determination of lead content in dried shiitake
mushroom by graphite furnace atomic absorption
spectrometry method
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ABSTRACT: Objective To evaluate the uncertainty of determination of lead in dried shiitake mushroom by
graphite furnace atomic absorption spectrometry. Methods According to CNAS-GL 006:2019 Evaluation method
for requirements of measurement uncertainty, a mathematical model for result uncertainty evaluation was established,
the components of uncertainty were quantified, and the expanded uncertainty was calculated. Results The assay
result for lead in the dried shiitake mushroom sample was 0.64 mg/kg, with the expanded uncertainty of 0.06 mg/kg
(k=2). Conclusion The main factor affecting the uncertainty of lead determination is the determination of lead mass
concentration in sample solution, which is basically introduced by standard curve fitting. The uncertainties introduced
by the constant volume of sample digest and sample quality are small and can be ignored.
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R HEEHFE MRS RGN, X005
EWNIECY - BJ[ AIEREEGE AL a2 G/ NI (41 N B
Gy T AW BRI A 2 & o [ B O AE OF T LA
(International Agency for Research on Cancer, IARC)# 4}
51 A A B A NS B0, SR T A 21 6 R i R B
BLRRER G E TN Y E S H A28 A&
(provisional tolerable weekly intake, PTWI)>A 0.025 mg/kg
PRJT D) B F KR R OB R i S 4 B AL e e K R
AR E S, ZIRHEANK, WA E RS Wik
RGO IME R RS s R G
EHWHNKREETR, SAFEREAR. IR 4EEZAm
BRAKAL A, SRR R B AL, A 2T 2R A R,
JEFCLIA 4 5, BN b i . A A 43K
e, A A R T FR Al S R e
SRS, ATl A R L A [ 2 v
20 2R RIS @R Z B ER, SR
27 PR TS e R A, B GB 2762—2017 (£ il 42 [
FARuE £ TG YRR ) PO £ B B L A PR
=N 1.0 mg/kg.

A R s I R D S P R R
%, TSI AN ERR, S5 A—E
AR BEUO)) S CNAS-CLO01-G003-2019 & AN
S RE R EER ) U S R 3 0N I AN B, I
SN A I AN A RO LR, SR S A A g
JIRINGL, IERAPPAE | st AN AR g BE o R, 3E
Py AN E VERE AR W 2L, TR AG I 25 R A BRI (B R i
A WETE A Tk E P Sl AN E B, KPS JIF
1059.1—2012 (WA E BEIPE H3Rm ) PV A g
JERIR, I E SR EE N R, A EHE P
SN E Y e A AR AL S5 DA R 0 s 5 L 1) AR 1 R
ATEETE
1 #MR5RE%

1.1 # @

WG T A, BweaiR s, RN Rrlee b
1.2 IAKE

GB 5009.12—2017 (AR EZFRE &l
Mg ) VI ss ke A BRI BOE S o
1.3 LEE5HF

131 MBE%%
PL403 43 #r K ¥ (& & 1 mg, 3% [E METTLER

TOLEDO /2 H]); PE 900Z T JiF- IR s /o6 TH(GE El FA 4
T RBRAFD); EG3SA B i b (B RE B £1 °C, b
FRMAER AT,
132 HEMR

B bR ME VR W (GSB 04-1742-2004, J& B Wk BE R
1000 pg/mL, EZRA C4EE KB TR F.0), 4
I RASHE BE A 0.7%, k=2,

133 X A

TR (HNO;) (TR 2, [ 24 4E B4k 53704 BRA 7D);
AR (HCIO ) (g ali, | MAL2ERH1 ).

1.4 NS E
1.4.1 XA

FESLRE, 120 Hif, RSB g(REHH%] 0.001 g)
KSR ARE S, BT 150 mL SRR
1.42 Hsuil@

JIA 20 mL AR RN 1 mL BAMR, maEEuali, F
B PR AR, MR R L EAIEE AN
W, %, KRR A 25 mL RS, bR
B TR Z BB = BBEAR, TR I TR SR L+
KEFBZIRE, R FBHMERT 2 A8,

143 44w & 27

A 1 KA E 4R K R AT I rpos 2 A
1000 pg/mL Y FRE I TROE BN 40.0 pe/L AR e
FHWR . VB A B ST WO 3 (SO e 2% 1 Je, I B
Hsh# B U FARMEZRF: 0.0, 5.0, 10.0, 20.0, 30.0.
40.0 pg/L.

144 n &

W IR TAE SRR TAESHL, T3 S 5T
WSO AR A 5 AR I, S S A MV VR A B o4 i 4%
Jei, A R A3 L RIRE ST

2 HEFRE

FEn TS R ILA (D).
x={p=POXV (1)
mx1000

(D) X— T i (mg/ke);
V—iRE T AT E 2R B (mL);
p— IRV W P I I VR B (ug/L);
po—25 NS H R T R B (ng/L);
m—IA T 1 (g);
1000— 38 R 5

3 RNHBEERIESN

AHE RIS % CNAS—GL006:2019 (k2453
BT AT B A PP 4 R )Y, R SRR S AR B R
T RSP A HE R EE S ST R G AL B3 AN E S E e
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TR T PR RE 7 I T A B 6 A o L JBE 00 5
P b 2k 22 ) o A B2 R o B o 2 TR T AU
VAT PRI it o 7 P 9% LR 0 E WA A ol 2k
B | R SR A2 MR 22 L R S LA AN B2
A L AH AR A I R R AT ERE A ST A

4 THEESENTITMEN

HEEE N 1 mg YT ROFRRIZY 1 g AR CRE i 2
0.001 g)3 #y, HFiH4r%14 1.001 g, 1.001 g 1 1.019 g, %
FRE A TSI (Em R 1.007 g0 AT R B9 A 20K HEIE
B B AT R R 22 T AN E B2 U=2 mg, k=2,
FREERTSCHR IS B AR — K, SRS FRELRR 3 BT BOAE b 5
JAVBEAR — K, PRI 58 ] — R dt PR B 75 1 A0 A R 2 1K
By otb A5 )RR S R0 AR ME R B O O

w(my=— =2 mg,

X RSB FE 4 Um)=-0=21 0020
4.2 HWEER

RFEE LR E R 2 25 mL B HOAT € 82
B A RS G TR UE . 8 25 PR A 00728 Sl I A B 1 AR
TG HE
421 FEMRAE

25 mL A EIRALE 20 °CHf B A /.75 5+0.06 mL!"),
s T oA, HARMEA &

uj(1)=0.06/v/3=0.035 mL.
422 REHM

L TARIREAE(Q0+4)°CZ AR S . 77 A A E
-0 o e s (TR RS € AR 7 7 N =05l
u(V)=25%2.1x10"*x4/4/3=0.012 mL.

FE 0 T A B R (7)) b o AS 00 2 8 4 A X (2)
A

u(V)= /uZ;(V) +u?(V) )
=v/0.035% + 0.0127=0.037 mL.
W RE AT AR W R B R X R B E O

u(V) 0.037

U(N=172=222=0.0015.

43 HAHERBPHMHRERENTHRRTIBRE
RE

TR TR R PP A B0 SR R (p-po) H AT S0 i MR AL 73
SotEHE, HEAXMAQG):
A-Aq
PP (3)
p—IRRE VR P ) ST MR (ng/L);

po—45 1R P4 BT B VR B (ng/L);

AR P T I OB

Ag—25 FIR P I WOG A

B R %

v, U I I P T I S N 0 B R R A B
HERTZR A5 5 I A RIASH 2 B 40 s AR BV B T 51 Ay
AEXS AN E B A 5 S RO X A ShAf Bebr it 2R 51
SIA BRI E o (U 2R iR 22 o R E R 4%, &
A N S R i 7 A AR AN R B o
43.1 AFfdh &S

1000 pg/mL Y45 #E 7 W& 9 75 B G 6] AR
40.0 png/L PFRUES IR, WA i A bl 2 A B SR
A AR 40.0 pg/L FATHRHEEBIE A A S0, JRF1L
JE ISR, 32 BTEH N 0.0, 5.0, 10.0, 20.0,
30.0, 40.0 pg/L MIFRUERS, LUTREHRE R AR bR, WOt
FEME A AAR, HIVERREMZE . bruE R FNEEA 4 e
w3, BRLE L

FH 0.0 pg/L AR IRAE I as I HETR G RE, 1548k
PIE LR, 5045 BEE 5p=0.0009, &IF 5=0.0022.
BOFRERI: 4=0.00225+0.0009

A D1 26 IR 28 AR 22 b f 22 s A1

®1 REHZNESR

Table 1 Measurement result of calibration curve

o W O (7)/A
e FRUETR M S (X)/C/(ug/L) .
Y1 Y2 Y3 ¥, Y;
1 0 0.0002 0.0002 0.0006 0.0003 0.0000
2 5.0 0.0118 0.0115 0.0125 0.0119 0.0119
3 10.0 0.0228 0.0234 0.0244 0.0235 0.0217
4 20.0 0.0426 0.0425 0.0430 0.0427 0.0434
5 30.0 0.0655 0.0648 0.0767 0.0690 0.0651
6 40.0 0.0865 0.0845 0.0868 0.0859 0.0868
A=bC+by=0.0022C+0.0009 7=0.9971

TE: YA 3 YR B A W' B AP J B, 73 Ao i 24l 3+ 58 B A B 't 1
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S:JE?:1(3’i—Yi)Z_\/0.0000585_0'00191O

n-2 18-2
VB I 250 s, =Y 0, (o — X)°=1187.5.
FrRufE 2RI E 5 T BRI 2 B R

o T e
=0.58 pg/L.
A
n—I AR S TR A B, n=6x3=18,;
p—IAE S AR ER, p=3;
T MR IER RO B 3ME, %=17.5 pg/L;
R EBERTHENRERENTYE, =
25.76 pg/L;
b—TAEMIZE IR, 5=0.0022;
i— IR VA IR IR B
AR AE R AU A5 AR AERT A U, R
us_ 0.58

U=—==—""=0.023,
¢ 2576

432 AFREEA R

FE 1 IR o 2R 005 AN 5 B v R S A MV TR
BEMRHR R B o SEPRI S R b, AR o R A i -

AR AE R D: WL 1.0 mL (1000+1) pg/mL 4%
PREVE T 100 mL 255, F SO BRAR B 25 2 %1
JE, A3 b AR BT R R 10 pg/mL.

FRRIAR AR R @): B 10.0 mL A I bR A % D
F 100 mL FHHA, F S%ilmmBIF e nZ 215, 153
PP AL A A BT R R 1.0 pg/mL.

Fr e8I "R B 4.00 mL o a) bR o D T
100 mL P, F 2%MIiE R c w2208, 520
A PR T MR B 40.0 pg/Ls

LR R T V35 VL PR R G AN 2

CHERIEA TR 1000 pg/mL, AN RN & B H
0.7%, JBIERS0, k=2, N

U(csmck)f";io.omso

(2)100 mL %5 5 4 AH X AN 6 22 B2

e A 9% 100 mL R 20 °CAF & 7222 4+0.10 mL,
F AR TR A A A, HbRvE AT 2 2 R 0.1/4/3=0.058 mL.

LR : B TR 100 mL 2 Hf A | mL IR
B HA SR AR, R EH AT E m, Al LLZ s
TR O SR I 5

A Z% 100 mL 75 5 AR XS A B 2 BE A

U(V ) =2Lee)_0058_ 0058,

Vol 100
GBI 5 A RIS ASH 2
1 mL 43 W45 (45 2 f25 4 0.008 mL):

u(Vy1)=0.008/+/3=0.0046 mL; U( Vp1)=@=°'°f$
pl

5 mL 43 B (A= A2 0.025mL):
u(V2)=0.025/+/3=0.014 mL; #£HL 4.00 mL F5ifE H a4

0.0046;

HESE FHVR QB I AR5 B U(V,2)=0.014/4=0.0035;
10 mL 43 BE W A8 (45 5 /2254 0.05 mL):
u(V3)=0.05//3=0.029 mL; U(V,3)=0.029/10=0.0029..
(4YBTRR A FBOAR X AN 2 JEE
IEF] 100 mL 25 A1 2% 70 B AR 0N
B2, T P TR BT A A Dt T 2w, A
X AN R S 15 T 122, AR
U2(Couid) +3U2 (Vo) + U2(V1)
U(Cs‘d)zj +U2(V,) + U2(V,3)
:\/ 0.00352 + 3 x 0.000582
+0.00462 + 0.00352 + 0.00292
433 AFfEmLRLH
e i 28 ol st IR o) e e B I B S R A 2,
A A o i 22 ) A 5 0 R 3R 3 02 S IR A o B
A E BES LA
4 PE PinAAcle 900Z Y J5i-F Wi 4 Y66 T
g iE 5, HRMEREN+3.1%, MEELZEN 1.5%,
k=3, W

=0.012,

v0.0312+0.0152

U(C)=2E

434 MEBELM
FRIUA] —F e d 3 ribA T SEA T, ) e 25 SR I
%% 20

=0.011,

®2 HRPEIENVUEER

Table 2 Determination result of lead content in sample

[ e ORAERR R ATR R s
/g F/mL B /(ng/L) /(mg/kg)
1 1.000 25.0 25.38 0.63
2 1.001 25.0 26.76 0.67
3 1.019 25.0 25.15 0.62

% 2 18 p=3, x'=0.64 mg/kg,

- |1 1 %N2=
So= /p_l + N () — x)2=0.026.,

0 T AR R T2 JE - Urey=2=2220.041
43.5 RBER T AR B IRIE (pg) B9 AB KT T A AR
t AT AL Ulps)= J U2+ U?(Cyq) + U(Cy) + U2

=1/0.0232 + 0.0122 + 0.0112 + 0.0412=0.050.

TR VS T P U B BB 25,76 pe/L, TRKERE
TP B ) BB YA B () RO ARG AN 2 JBE A -

u(p)=U(p;)xps=0.050x25.76=1.28 pg/L.

4.3.6 E QBRI EIRE ST T TR

23 A PRI P B ST VR BE (po) B R 1) TR 2R SRRV
Y B SR R R E (o) MR IR), DN L T A5 80 A b v AN A 5 L S
A4, RBp
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®'-%)2_0.00191 (0.000-17.5)2 0.06) mg/kg, k=2,
o=y \/_ +ot Se | 0.0022 \/ T + 1187.5
=0.56 pg/Lo 7 BoERHEX TR

EAESEBRM EF, A AR B EE N
—0.0011, /N F PR R AT TP R 0.0542, 748
P VA TR A 114 B B Tk 3E (—0.0253 pg/L) N AAaqE, Rt 2 2% 1Eit
R ﬁ¢@m%mmFmAMT%mFﬁ$WT

5 ABMENHEESYT RTHERE

T A B AR A o A
Ue(Pb)=\/U?(m) + U?(v) + UZ(ps)
=1/0.00202 + 0.00152 + 0.0502=0.050,
u(Pb)=0.050%0.64=0.032 mg/kg.
BAEEHETF =2, SRS E0NT R E:
U=2u,(Pb)=0.06 mg/kg.

6 WMEENELRREG

Moy R E N U=2u(Pb)=0.06 mg/kg.
AT AT O AR AR RN N Pb=(0.64%

B G| AT E LN 3 TR

HIZE 3 AT UL, SRR VA VR T A Jo ik R L e 2 2R
AN RE JEE Y 2 2o, BRI A RUE A AR BRURIRE i B 5 |
BN RE BEASE /IS o G PP iR VA R A )5 R R A
JE JE X R d bR e 25 5 AR

8 Zi5i1tit

AW A B, AN RE JEE 14 i T R i [N S A A
LA, P, 7 A s T WO B I D E T A
R TR A RN, OO AR RS R RS
B TTUAHT, MECHF PSR, B R I 2 AV L, A IR
P B AR BTSN bR E 5, e B A, ERHAT
AR E R RLUE 1Y SRV IR 22V BN, XS 18 e A
g, MR A, DA AN E B, PRI SEHR 45 2R 1Y
ATEEYE

®3 DERETHMEE

Table 3 Components and their uncertainty

e R LD B AT 52 i AR A B 5 2

p TR VA R Hh B A T R 25.76 ug/L 1.28 pg/L 0.050

Por 25 IV T B T v 0.00 pg/L 0.56 ug/L /

14 R LB 2R 25.0 mL 0.037 mL 0.0015

m T 5T S 1.007 g 2 mg 0.0020

X IR P TR & it 0.64 mg/kg 0.032 mg/kg 0.050
T U0 28 A A 0 RO B ST /N TR IR TP B WO B, KO 25 a0 28 11 A VRO 1 T A VR PR A o B A
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