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Uncertainty evaluation for the determination of Pb and As in
montmorillonite by inductively coupled plasma
mass spectrometry
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ABSTRACT: Objective To evaluate the uncertainty for the determination of Pb and As in montmorillonite by
inductively coupled plasma mass spectrometry (ICP-MS). Methods Pb and As content in montmorillonite was
extracted by nitric acid solution and quantitatively detected by ICP-MS. The determination process was analyzed to
identity the source of uncertainty, then the individual components of uncertainty were evaluated and the combined
uncertainties and expanded uncertainties were calculated. Results The expanded uncertainty of determination was
0.109 mg/kg for Pb and 0.020 mg/kg for As. Conclusion The uncertainty of determination results mainly comes
from the method recovery rate, standard solution preparation and standard curve fitting, while the influence of sample
weighing, constant volume and method repeatability can be ignored.
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05 285 SR AR AR 32 7 A S, ASBIESEAR Y JJF 1059.1-2012
CMEE AR 2 B IPE 53R ) U CNAS-GL 06-2019 (b
SO0 ME R AS W A BE AL R ) BT R, B
HRE131 SR e R 4 45 1 A 3% 325 (inductively coupled
plasma mass spectrometry, ICP-MS)il%E 5¢ i G th 7 F oL &
F(Po) FIM (As) & &, 434 T DU o 8 ep ™ AR AT 2 B2 1Y
I, WA AN B s PO NI o B EA 73108, R
S E S R R EE R, e PO 25 SR
BE A B ARG B SR AL

2 MH5EREE

2.1 X5

iCAP Q HLEHEA S5 & U T (35 E B KA R);
AG-135 HLF43Hr K- Gii L MR EIHER 220 H))

By ML BE L R BLROCEARMER I (1000pg/mL, [
KA 48 B T MR ), R (gt 2
FEFEBRCAH.

S5 R 5 01171114, ILZRBRANHI 257 PR R) .
22 FWHE
221 ARIKSBIEREE QRS

A ES 8 5], RE%FREL 5.000 g, BHETEMH,
Jin 1.0 mol/L AYMRVEHE 50 mL, MFMEIGE 30 min, JE1,

il

IK PR S5 3k, A IR SO E 45 % 100 mL
B, e, SRR 10 mL, & 100 mL &, m
0.65%M IR 2 21, &5, VR WALl . Akt sh,
[ 3 1l 2 25 T R
222 APERAATRBIR BN AR B &

K RIS FRMEVAI 0.8 mL, fFRMEAW 0.16 mL,
B 100 mL &EHA, 0 1% EZE, B, ENRS
PRl 8 - A2 i BUR A AR HERA 2 0.2, 0.4, 0.6, 0.8,
1.0 mL, & 100 mL ARHS, I 1%M@HERE 22, %
A), BOH AT . MR EEIR A PRI . R L .
ERFRAEVAWE 0.1 mL, ‘B [W— 100 mL S, hn 1%
BEZIE, 5, BRI 1.0 mL, % 50 mL H8#F, N
1% 0 IRAR R B 2B, 3350, 1ERIRG PR
223 HenlE

H# ICP-MS 5 A F4E 15 min J5, Hek B2 MR 25 14 5
AR ABEEEVRA PRI IR W, 25 hIbRUERRZR, TERRHERR
LI, RIS PR RCF SR A s v, bR i it 2k
R S O SRR T R R, TR, B
BEAL T
Cxpx107°
Wx1073
Ho x AR RS R IOCE ) E &, mg/kg, C NARAER
2R I L SO S RRNC R MR, ne/Ls v OoR At
b E AR, mL; wOM RS EORER, g.

3 HER5HH

3.1 TEEERIESH

HRAEAE T I 2 ) AR B, WS v L ey
T AN 8 BERIRIEA T 20, 255 1 s
32 THEESEUHE
32,1 BHRRARZ TN R

MRYFALER R AEE TS, KPR EIRZE 405 mg, 8
BRI SIIM, k=13, MRS 25 ) A A B B 431 A
u(my)=0.5/4/3 =0.29 mg; K FHIMREIRLE H+0.5 mg, X[
H5ik 025 me, RSN, k=3, WIER%T]
AIRHE B R u(my)=0.25/4/3 =0.14 mg; FRftil
A5 A il R FRE AR EE 2D S0 i, SR BRI A DA E
BEAMREN: u(m) =2 x [u(m)? +u(my)*] = 0.46.
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Fig.1 Analysis chart of the source of uncertainty
®1 EESIANNTHEE
Table 1 Uncertainty of recovery
JLE [ETC /% R/%  S/% u(R) UR, rel
Pb 101.1 95.7 107.3 101.5 97.7 97.2 97.5 93.0 97.4 98.7 4.18 0.0139 0.0141
As 102.8 100.5 105.3 103.6 103.0 97.6 101.4 96.4 93.8 100.5 3.79 0.0126 0.0125

323 BHRSE R FING R

B AR EUS , SR8 2 A IR B A it it v
W, SRS 100 mL A AR 2 K, 10 mL A B
B LW, BIAMATIE AR, R . HE
Pk 3 A5, HORHE EIEE R .

REGHESI AT ERE: M4 1IG 196-2006 & H
PR ) U 100 mL A 27 A fe iR 22 4+0.10 mL,
10 mL A HAWE M RVFIRE #+0.020 mL, % =51,
DB AN 22 R

uloo(sl)zo'—\/?:0.0SSmL; ulo(sl)z&\/;o:O.OIZmLO

TR B A A ERE: ISR A T —
H+3 °C, KARRM M BB MRk ZE o H
2.1x107°C, SN IE, k=3, F i e ma i
A A 2

VxAT xa

Mloo(Sz) :T=3.64X10_2 mL 5
V xAT _
”10(Sz)=%:3.64x10 3.

FEMAEATER: X100 mL A ZA K
AT 10 WERFRE, SRIHARHER2E s(q) A 0.059 mL,
FH 10 mL A RS BEUKF R, HE 10 1k, 358 HARE
7 5(x5) 247 0.0047 mL, M 100 mL A %45 50 i 85 5 P A
S _ 0,019 mL , 10 mL A SR HAE

AN FE N uyoo(s3) = \/E

%EE@%@K%%E%%Mm:%%LQWMmM

Ft, B 100 mL A &5 mIEE A A FREATE
B

2 2 2
7\/“100(31) +up00(52)” +uy00(s3)
U100, rel = 100

H1 10 mL A ZRAS IS 5 1 A BOAH XS AR IEA IR & BN -

2 2 2
_\/“10(51) +uyo(s2)” +uyp(s3)
U0, rel = 10

B 2 B R T | A B AR X R AN E A -

=7.11x1074

=1.26x1073;

Uy rel = \/2 XU, relz +uy, re12 =1.61x 10730
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Q)FF BRI RES | A MIASH 2 S

F B B g FH ] 100 mL A 2R RHHAN 2001000 pL
BWAR, 100 mL A B RNEM G BRI EEAE 3.2.3
CFE. s g AR E B A S A M . TRLEE AL
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vt () =1y v )+t vt () + iy et (v3)°

Pb JC A AR R BC il 3 A R E] 1000 pL %
WA 6 K, 100 mL A A5 R 2 UK BT R B AR MER
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K, 100 mL A A5 2 K. SO0 R MR RS | A BT
BRI 2 43 31 R -
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Table 2 Uncertainty of removing liquid instruments
FUAE /UL 200 1000
V/mL 0.16 0.2 0.4 0.6 0.8 1.0
V /% 2.0 2.0 2.0 1.0 1.0 1.0
u(v)) /mL 1.85x107° 2.31x107° 4.62x107° 3.46x107° 4.62x107° 5.77x107°
A T/°C +3 +3 +3 +3 +3 +3
u(vy) /mL 5.82x107° 7.27x107° 1.45x10™ 2.18x107 2.91x107* 3.64x107
V wsl% 1.0 1.0 1.0 0.5 0.5 0.5
u(v3) /mL 8.17x10™ 8.17x10™ 1.63x107 1.22x107° 1.63x107° 2.04x107
uret (V) 1.22x107 1.22x107 1.22x107 6.13x107° 6.13x107° 6.13x107°
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Table 3 Uncertainty of standard curve fitting
HitH
TLR

Ay 4; Coj/(ng/mL) Cy/(ng/mL) Sk B C/(ng/mL) u./(ng/mL) Ue, rel
1795573 1745697 16
3266122 3087506 32

Pb 4980501 4429315 48 48 336495 83863 50.9 2.44 0.0479
5793783 5771124 64
7144204 7112933 80
2875 2733 3.2
5464 5280 6.4
As 8337 7826 9.6 9.6 701 796 5.81 0.560 0.0964
11195 10373 12.8
13615 12919 16
R4 EEMSIANBTHEEE(N=6)
Table 4 Uncertainty of repeatability (n=6)
JLH C/(mg/kg) Co/(mg/kg) S/(mg/kg) Uprel
Pb 9.92 9.87 9.94 9.92 9.95 9.92 9.92 0.027 0.0011
As 1.16 1.15 1.17 1.17 1.15 1.16 1.16 0.009 0.0032

33 ERMERHEEITE
H 3.1 PRSP R K 3.2 THE A& A 2
AR, IESIEARIREATIEE ., &R ERHE

2 2 2
+ + +
E‘H‘%:/L}J—itj{j M(C) _ Um,rel UR rel Uy rel

2
UD rel +1"C,rel +u

o BN

2
p.rel

T k=2, N BAEM RN 95%, iHEYIR AT E E,

U=lxu(C) o £ AH5E BE AT 1T 8 S A BUARE AN 2 FE T4
AERWNE 5,
34 ZR#®E

ICP-MS {5 5¢ i A0 th 8 Al & 5, FRAEGE R
5.000 g i, MRELE 514 Ph: (9.92+0.109) mg/kg; As:
(1.16£0.020) mg/kg; BAFMER N 95%, k=2,

x5 BREEMTETSHER

Table 5 Relative standard uncertainties of each element

JLE
i H 5
Pb As

A3 R Unn, rel 9.20x107° 9.20x107°
J7 i R UR, el 1.41x107 1.25x107
P A Uy rel 1.61x107 1.61x107°
o 2 VR Up, 1ol 2.15%107? 2.36x1072
T o iy £ U, rel 4.79%x1072 9.64x107
\EE Up, el 1.10x107° 3.20x10°°
B RN u(C) 5.44x107 1.00x1072

Y IRAH € E U 0.109 0.020
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