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Uncertainty evaluation of the determination of Cd, Pb and Cr in soil by microwave
digestion-inductively coupled plasma mass spectrometry
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ABSTRACT: Objective To evaluate the uncertainty of determination of total cadmium (Cd), lead (Pb) and chromium
(Cr) in soil by microwave digestion and inductively coupled plasma mass spectrometry (ICP-MS). Methods To ensure
the accuracy and reliability of the detection results, the uncertainty of total cadmium (Cd), lead (Pb) and chromium (Cr) in
soil was determined by microwave digestion and inductively coupled plasma mass spectrometry (ICP-MS) and according
to JJF1059.1-2012 Evalution and Expression of Uncertainty in Measurement the synthetic uncertainty was calculated and
the extended uncertainty was obtained. Results The main sources of uncertainty were the standard curve preparation the
repeatability measurement of samples and the standard curve fitting the contribution rates to the uncertainty of Cd, Pb and
Cr were 50.4%~60.3%, 18.7%~26.1% and 12.1%~20.4%. The influence of sample weighing and resolution volume for the
uncertainty was small and the contribution rate was between 1.5%~2%, which could be ignored. Conclusion The effective
measures to control uncertainty were put forward, which ensured the reliability of the experimental data and provided the
reference for the accurate representation of the heavy metal content in soil
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B 3 i R S JE R IHRGE A SCRE o AR SR JIF 1059.1—
2012 (I AHE BT E SRR ) P R AR SCRLE . 455 SR,
T X ST T R T A — PR A S B A T R I
HErh R . BT B BRI E B BV ek, DI
PREE RN . S e XU A P S R 2 A T

1

1.1

R SRR & 25 B R B % 4. NexION 1000G &, F4 IR
BRAF],

TR Y . Multiwave 3000 A, B2 AL MAAF]

BT RF-: ME614S B, 7 [ 38 21 /A w

B OHY. BERTT R RS RIA R WIS 1000 pg/mL,
AN TERE B A R S5 A BRA ]

FENPRE S WA 1000 pg/mL, [RIZA (8 R M
TR TR O

filR: fogkat, a2 R aE A BRSTAT 2 vl o

SRR . 30% BURAK : fighal, FE 2RI A R4 BRA F o

T HERRUERI . GBWO07408 (GSS8), [ i 2 e b sk
VB IR Ak 2 A ST T

U6 A K i b s A K WL, FFE KA
ZR,

HRIBTC R IESR, A 2 LT 25 20% (S RV TR
o, WkE#RH.
1.2
1.2.1 ArEF R
WEBRWZE 1.00 mL 9 1000 pg/mL fEFRAEAE T 100 mL 2
B, FIRERIA (RERR - K =1:99, &R, TRH) &%
BHIE, WA, B EHE N 10.00 ng/mL RARFRIEAR, %
5 BY0413001, 54332 H 1.00 mL 4@bRuEATE (10.00 pg/mL),
1.00 mL % #% #E ¥ W (1000 pug/mL). 2.00 mL % 7 #E % W

(1000 pg/mL) FE—3% 100 mL ZHIRH, FRRER (1 :99)
ERZRZE, RS, RITEWEN 0.10 pg/mL 4%, 10.00 ug/mL
#5. 20.00 pg/mL SEIEAHRIEIR, 54 BY0413002.
122 HERAIIFEIERER

TER W B2 5 BY 0413002 F TR A AR ME WK 0.00, 0.10.,
0.20,0.40.0.60,0.80. 1.00 mL, 435I # F 7 57 100 mL i,
FHEERAR (12 99) EAEZBZIE, R, M3 R HkbrfE TR
WU, WL 1,

1

Table 1 Standard working solution series concentration of each
element
JLE FRUERBAR I (ug/L)
FE(Cd) 0.00 0.10 0.20 0.40 0.60 0.80 1.00
45 (Pb) 0.00 10.0 20.0 40.0 60.0 80.0 100
#(Cr) 0.00 20.0 40.0 80.0 120.0 160 200

1.2.3 AR ERE A&

TERRIE I 0.50 mL 19 1000 pug/mL EFRAEATRE T 100 mL 2
WO, FHSERRAW (1:99) ERZEZIE, RE), MR E
45.00 pg/mL BYEEARUEA W, 454 BY 0413003 o HEIZHX 1.00 mL
FERRERIR(5.00 pg/mL) T 100 mL 2@ rf , SR = 99)
ERZBZNE, RS, BISTEWEN 50.0pg/L &N AR IE S R .
1.3

FREL 0.1 g CKEHI % 0.0001 g) +HEHE 5 T e e b,
A 6.0 mL i % £ EF B A FU £ 20 min 5, HUR R A A
2.5 mL AR 0.5 mL BUEAUK, Ry (32 2) dFTROIBH AR .
HARTE R, WIS 2 0.5 mL A4, #nba
TSFRVAL (1 2 99) #7250 mL 250 h, JF A6
PRI (12 99) PREZRREVRRIEME, IR EREZ]
B, RS, FRll; FRHM SRR P A . BRI 10 RENTAT.
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Table 2 Microwave digestion program

A LB (°C) TR E] (min) PR FE] (min)
1 120 5 5
2 150 5 5
3 180 5 20
1.4
FIH ICP-MS #E47 - HErE Sl e, I 5E 214 3% 3.
3 ICP-MS
Table 3 The working parameters of the ICP-MS instrument
ha=2 S8 BERE A
1 RF Ijj% 1500 W
2 B NS R TX 15.0 L/min
3 ZFAkAS A 0.85 L/min
4 R 1.20 L/min
5 Fi it TAFEAR, KED
6 W5 [R5 22 "ed, *pb, “Cr
7 PIARICER '"Rh, LA
8 B2 3K
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2.1
TR IR SR (ng/ke) HIHEAR
_cx Vxf (1)
" mx1000
o, X— B EN &R (mg/kg);

—— FFIRE I TP CR A S i (ng/L), BEFIEREH;
V— R T e AR (mL);
J— R
m—— FEFFREE R (2).
2.2
A3HT BRI, Al ARSI A bR AN RE Y
SR BT T LR 4.
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Table 4 Standard uncertainty components

I3 bk R PEE T
Usen REA RS B
Ui FE IR E 2 B
Us FRIFERORC ] B
Uras bRifEh Al A
Usais Hedh B E A

2.3

231 HSEMRBIAE m 5ING IR Uy,

PR AR AN 5 A TR i 2 RV i a2 5 | AN
SEREPIAME L R 1IG 1036—2008( HL TR Pk MR 1,
ARSI = Al 0 2K B s 19 T 53 2 — LT R T ek
0.1 mg, HEHILAM, WK =3, Uyy=01/K=0.057Tmg,
R AR R AR, MU, =2x0.0577* =0.0816 mg
AR YR S B FR B - HERE i )7 2 BT E 24 0.1000 g, A4 AR SR
BEFUR m 5| ARAHXTFREARTESE Uy, o

U
U, =—%% -0.000816 (2)
m

rell

232 HRHMREBEERBRVIINGIHZE U,
o it T e 2 225 AN 5 0 255 2 IR FE 5 | AT AN

FEJE WA o i K 1IG196—2006 € # FH 3% B B 5% K G B
) M, ARSI Al Y K E SRS A R 50 mL 25 AR
20°C (K AVFREH £0.05 mL, HHE= 5T, WK =6 ,
bR AN iy 2 E U (V) =0.0204 mL , AR X AR oE A B A2 R

U,y (V)=0.000408 . 555 % il B2 — AR I 7E (20+5) °C
BN, $IRAEM M, Kk =3, £ 20°C /KRR R ECh
20x107°C, B o OB OB M bR M R B o B
U(T)=(2.1x10"*x5x50)/ K =0.0303 mL . X bRl A i 2 i
U,y (T)=0.000606 o &I HA> 3445 2 AT v B AR X b i
AHAEFE U,ppo

U \/[U,el )] +[U(7)] =0.000731 3)

ARV TAR S IR BLH] B NS T A R L Uy,
TAERTC ) 5 1A AN 2 JEE A 45 b YA A8 VA B RIS A
RO AR D A A E BP0 1
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(1) BRIEA AR AN 2

AAREY FEF, 1000 ug/mL §) Cd, Pb. Cr BATTE AR
FE AR TR E N 0.7% (K=2), W HAXHR A
FEE Uy =0.7%/ K =0.0035 ,

(2) BYHRFREBCHN T IA DI E B

BRAREBCH S I A AT S RS S B . &
AR EE AR5 AT E FE =AM

Cd. Pb., Cr 3 FICRIE SR RINWEL R T, BT S
B A BATFEW AT A IS LA AN B I (o HH 1 2 2
FiEHE JIG196—2006 (& B ES mav e Bl ) U B2k, 15
HHEM R R ARFRZE, S A 250 mL 25051 A BIARG A
SEPEMATITRL, 255 BN AR AN 2 3 L 5,

P T 1 A 2 P TR R s E B B B TRLEE ¥4 R 20.0°C,
(A TT Z W% R R S R E T . F s A =i |
A AN E FE L3 6.,

b, 3 FMocE RGP R ECH SR, BT &
RIS A A A BRI U gy M ¢

Ugy (Cd) = JURx2+U2 +U2 + U2 + U2 + U2 + U + U?
=0.0251 (4)

i

Uy (Pb) = JU2 + U2 +U2 +U2 + U2 + U2 +UZ +U?
=0.0249 (5)

Ugy (Cr) = U2+ U2 + U2 +U2 + U2 + U2 +UZ +U?
=0.0248 (6)

0] Py A v ARV HRIE 1 5 L AN SE L Uss M -

U,,(Cd) = \/[UM,J (Cd)] +U}y =0.00251 (7
[FEIR, U.y(Pb) =0.0249, U,.(Cr) =0.0248
234 BBEIRKE c IRHEE(BPAR A &~ A0 A £ 1H
”i‘)g— )Urel4
MAEACER 25, SR FH AR A2 7 A A TR B i TR &
PRUEZRI TAES R, R S G 3, RRIFFINOTE Cd.
Pb. Cr Wik 5 MR Rh S RIE —E Ry, Ky h

YVABDR, BRE IS R B R AR AR x, SRR/ T IRIE AT
e, PRI y=bx+a (b FARHEMMZRIRER, o brifEh

LERE) SRS R B r, SR ILE T,
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Table 5 The uncertainty of measuring tool calibration

FEUL | 3245 R FRUEARTE AR

RmL) AR mL) K gmL) A
0.10 0.5 mL AR  +0.005 V6 000204  0.0204
0.20 0.5 mL 4MEME A £0.005 V6 0.00204  0.0102
0.40 0.5 mL AMEM A £0.005 V6 0.00204  0.0051
0.50 0.5 mL AR  £0.005 V6 000204  0.00408
0.60 1.0 mL ZH SR £0.008 N6 0.00327  0.00545
0.80 1.0 mL AHEREAS 20008 N6 0.00327  0.00409
100 LOmL4MEWAE  £0.008 6 000327  0.00327
2.00 20mL AMEW R 0012 V6 00049 0.00245

100.00 100 mL Z5 +0.10 V6  0.0408  0.000408
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Table 6 The uncertainty of measuring tool calibration during the preparation of standard
B S i FHUAF (mL) FEZF (mL) A R AR AR HEAT E i
U, 1.00 100.00 1.0 mL 43 EEWERS, 100 mL 25 BHi 0.00330
U, 2.00 100.00 2.0 mL /3 WA, 100 mL £ bR 0.00248
U, 0.00 100.00 100 mL 25 ) 0.000408
U, 0.10 100.00 0.5 mL 4} RS, 100 mL 25 0.0204
U, 0.20 100.00 0.5 mL 73N A4S, 100 mL £l 0.0102
U, 0.40 100.00 0.5 mL /W4, 100 mL 255 0.00512
U, 0.50 100.00 0.5 mL 4} EEW R, 100 mL 25 it 0.00410
Uy 0.60 100.00 1.0 mL Z3 B A, 100 mL 25 5 ) 0.00547
U, 0.80 100.00 1.0 mL 43 BEWERES, 100 mL 25 i 0.00411
7
Table 7 Uncertainty introduced by standard curve fitting
y=bx+a r b s Sxx co(pg/L) ¢ (pg/L) U oy U
Cd  y=0.003x+0.000 0.9998 0.003 0.000155 0.6083 0.261 0.517 0.00265 0.0102
Pb  1=0.021x+0.000 0.99997 0.021 0.010499 6083 40.9 51.7 0.209 0.00511
Cr  y=0.010x+0.000 0.99999 0.010 0.0216 24333 135.6 103.3 0.961 0.00709
FIFA D ZEIR AR A% 2% JELHE Cd, Pb. Cr MY JRAHE B i A 45 R TR
n st LA
Z(Y[ —a—bx[)z (8) A, BARLE 9,
= _ Iy 13
s n-2 Urcl - ;Urcli ( )
K y—5 i DEOEAR A T I A BS TG x—— U e TxU (14)
e NN . . . s =2X X X
i M ER IR PR a BEE; b FHE; 0 H el e
FRUERI SRR, n=18; U =2xU, (15)
n
—\2 8
= — 9 .. L.
Sxx z H (ci C) ®) Table 8 Repeatability determination results of sample
i=1
L1 (e E)z HUERV € Cd(mg/kg)  Pb(mg/kg)  Cr(mgkg)
S 0
Uy =— 4| —+—+-— (10) 1 0.138 19.5 65.4
WA p n Sxx
NPT, e v g o ; 2 0.135 19.7 65.1
p R IRE L BB REL, p=10; ¢, MM ARRCT- XU B ; o136 10 66
(ng/L); @ MARHER RT3 (png/L), A 0'134 21'3 68'1
*HXTJ‘Z:EE%E l]reM:u ;mgjg/coo ’ ’ ’
235 FAMFIINGRAZE U,y 5 0125 20.6 67.7
AH RS2 56 25 A0 F WA S AT 10 IREE R IE (n=10), M2 6 0.130 214 684
GERNMIM Y  FRUEE S| PREARTIEE Us. ARUTBRIEA 7 0.124 204 70.2
SETE U W3 8, 8 0.132 20.5 67.4
U, - S (1) 9 0.125 209 682
Jn 10 0.125 20.7 69.8
U= Us (12) B X (mg/kg) 0.130 20.4 67.7
X bt zE S 0.00533 0.692 1.64
2.4 U, U o -
KR A IR AT K20 Mok, T TEERE SO e
ZM\*'%”‘ & S H B o E1R7 - AHXSARUEATA E BE U, ys 0.0130 0.0107 0.00768
FURLAT AT, TG I e — el s & 45 B T s
9
Table 9 Table of uncertainty degree component list
Sl LR Ui Uwex Uy U Usas
cd 0.000816 0.000731 0.0251 0.0102 0.0130
AT ANH E B Pb 0.000816 0.000731 0.0249 0.00511 0.0107
Cr 0.000816 0.000731 0.0248 0.00709 0.00768
cd 1.6 1.5 50.4 20.4 26.1
DTk (%) Pb 1.9 1.8 58.9 12.1 253
Cr 2.0 1.8 60.3 17.2 18.7
BN E S Cd 0.0078
Urcl HI Pb 0.563
(mg/kg) Cr 1.82
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S
% i"lj ﬁ ? Urel 1 Ure|2 Urel 3 Urelll UrelS
. )+
PIRAHERE U gl(j 0'(1)017382 Rk R 0;(3)04;)1.010378
(mg/ke) Cr 3.64 (mg/kg) 67.7+3.64

AL AT R, PRAE T RO T R - AR S S
FARIFERE LD 2 + 38 Cd. Pb. Cr & ik iy 5 N7 1 A ASHA E
BEo SEHWoR, LRI Ah S A AN R R U A BRI TR T
Bol i . BRI E AL AREI G, o AN H R Y
GUBR R R A AR A TR C i R, DTRkRIE 50% LA s HkE
i A R AR i 2R LS, TRk BN 18.7%~26.1%
12.1%~20.4%; 1 b B et S T i 28 25 X0 AN M o B8 1) 52 M AR /)N
TUHRRTE 1.5%~2% Z[0], il LAZBS AT, B B w1
LSRN, BRI T e A S AN A B 1Y) B R X
T BN A A AR TS A TR AR v TR IR AL R
HE T AR RBCH] 2 o 5 P S AN R B 9 R SRR, TR
TR R R AP ) 2 25 RS P ZZ AT, MG STk A 4 U

Sy e KRR B U/ NS I e AR e R B, T
B EEWE A, RS R I ) R kR T AR, Db
ERDZEEL AL T AR 22 o 1] LISR FHRR Sk i R PR T
V7 W C ) ARV RE BT A o il 2% AT o B ol 2 s
Bk /N U, AR, Cd 0 B8 I R R 0.261 pg/L,
FYWRE TARRBIHERE ) 010, 020, 040, 060, 0.80, 1.00 ug/L,
Wb TR v AR T R i BT, A S e MR AR A SR 1 e
B IS I FRUE AR B D L, e e B R T AL T
FIVREE R R TR, AT ORI S5 R AT, FFE,
5 T P A A A B T 3 e A3 BT AR ARG i
(LR AR BT Bt AT A B, BRI B R

(1] B, R 20, 5 48, 56 W oy T 3 A0 Ak = 38 AT R ) v 22 Ffp
&R IR M E M HRH 2 BT E [7]. IR 5 YL 5 5737, 2022,
44(09): 1142-1147.

[2] TR EE U A FH - 575 e KURS 45 S5 A MEGR 4T) : GB
15618—2018 [S].dbat : A I, 2018 .

[3] W SCHE, AR AR, At 52, 4 Tt v i i BRI A 5 8 TR
Wil 8 K PR B ARSI E B TEE 014k P i, 2023,
32(09):106-110.

[4] 18RI AR S B, 2 A & 25 B T IR B 1 o
3R A P AR ER AN S BE TR [J] . AR T T i, 2023,
32(07):100-103.

[5] skJRue, X, ok, 45 i BRE A 55 5 OGS i -1
BN BEVTEE [J]. AL B i, 2023 ,32(01): 88-91 .

[6] B3R, AN B e, 25 H R 5 25 S TR 2 B O iR I 2
d 3 & JE U R E R A BT (3], U1 3R, 2022,
41(01):7-12.

[7] X1, B i %, 2 0, 88 B0t 90 e — b B 5 5 8 TR T vk

W A YERE P 55 4 JE A & IS B 2 VT (0] AR g
J,2021,48(01):67-74.

[8] b F A, TEZEAS, T W6, 45 . L JBH & 56 B0 1 IR 0 3% 12k U
TE b HERE S R B R T BT [J]. TR AR T, 2019,
36(05):50-54.

(9] [ 52 ot Wl 4 B AG 28 SRy . I R o BE P A 5 86 < JUF
1059. 1—2012 [S]. JbAT : H kG HA ik, 2012 .

[10] [ 5% Jo e Wi B R 9 A28 ) . HL T R4 R B - JUG 1036—
2008 [S]. bt : Hr ek Hh At , 2008 .

(1] [ 5% o ok B G B AR 28 SR . P B 00 ik A MR JUG

196—2006 [S]. JL5T : h E v Hh Rt 2006

[12] $E75 , 200, AR DT , 45 . A SR WSO G A e T et H i
T AN E BEVTAE [J]. 4™ B i 544 42, 2016,(05): 47-51.

[13] EAm ¥ kIR, T ESE . 4 [ 30T ff-ICP-MSTE I A2 -+ 140
THAN R BT [J] LIS TR e~ 4z, 2022, 32(06) -
72-77.

[14] &5 30000 Bkl s Y RO Hh — SRR B AN 5 T
B [J]. LY E KGN, 2024,2(07) : 145-148.

[15] BRI, szl . B T e T R K b s SR Eh AN e 1
PP [J]. J2ER K, 2024,2(07): 157-160.

[16] e35, S L, WRFN, 55 . Sint S AR IR & 45 B TR i v
5 s v SRR S RN Bff o T (3] M 4R T, 2022,
50(16):109-111,127.

[17] YUEESS , PNEA, B, 55 . rJBRI & 55 B TR T R vl 2 i}
FRUER B PR Y. B R P [J]. 4™ T
5224 ,2020,(02): 42-48.

(18] XA, Ji) & 5, v RUZT ARl T AR ICP-MSTU 2 K rh 4 AR i)
AN RE FEVERE [3]. T R REROR 2020, (11):48-52.

[19] /5K, Bk 9 2, B0 15 gk, 45 . vl JERORE 5 & B8 7 R O 3 v ) o2
[P 1% I 0 R A B R G A2 BE TE AE (0] Ak 2 4 T i, 2024,
33(03):115-120.

W, Wk, ROl TR, BFFET5
il S M PR ST 22 A T

&7

W, WL, WUEBIIER, BRI,
il B MR BT A KA

7



