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Fig. 1 Reduce uncertainty to improve the quality of
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Fig. 2 Deconstruction of uncertainty components and their percentages of different metal elements in soil
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Fig. 3 Combined relative standard uncertainties and their uncertainty components of different metal elements in soil
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Fig. 5 Relative standard uncertainties of different metal elements in soil
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b, RIEX (), n 5 u(p) B, nh o010 o n=6x3
BRI TR R A0 5 LA RS e ool # ¥ g
U RIS ATBRAE LA AR 5 R Ee v o 1053
B, LA u(p)o & 6 LLEES R, R T A 0.008f % K
7] n BN BAR R AR HEANBAE L, AT nlR, 3 S
ta(p) BV = 0007 REEDRE

gL, NN R RS p (A e Ve,
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T3 8. "0 :]; 2 4

1) A EAR I e m i, IHRRATE 0,005 i
R EpIve i35 I 2 S lin a= g s ' 05 06 07 08 09 10

2) FRUE R AR 28 - RTRERSE 1., R B R SR L R =

3) i FH I 22 00 i B B S ST AR 2, L 6 RIEFRAERRERIERE n E TAREIRETHREE
T S B AR YRBL Fig. 6 Relative standard uncertainties of total chromium

standard curves at different values of n
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1y (R) = wa—ws| V2x 2w V2RD 15)
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1.13x V2xw 1.13 1.13

AL, AEXHRZEER IS, w o (R) R, ARHESN (15), MIXMRZEEHGK 1%, FXARERTIE R v, (R) BEK
25 1.25%, SHHMHRZEIAT] 8% B, u (R) k%3] 10%, HIt, $EEEREERE, [FFEEREHIESE TR
AN ORI N R . (EERERR, AL TAREZAL IS | A BN BT LaE s S R Le
X RER BEREE R, ISR S X I SR AP AN S N B BATK il BEAh, K%t e T4
AR B SRR
34 BUNUEANHHEE AR HEMERU PR X

AT TR0 TR EC 0365 mg-kg !, PRAHIEE Uw)=0.126 mg-kg™ (k=2) , MRiE (1%
PREE i A 3875 Y XU A T bniE GRAT) ) (GB 15618-2018) B2, /K IHARALE 5.5<pH<6.5 G AT
BE(EH 0.4 mg-kg ' Al CHPERNIAFF S M5 WITERT ) (CNAS-GLO15: 2022) ™), 7EH T B8RS, &7
B IEAIE LR . G HIEFRIRE R (0.365+0.126) mg-kg ' (k=2) I, HSR 0.365 mg-kg ' HYLR/NT i
YE(E 0.4 mgkg ', HEEAANHERER, HIEEXETE 0.239~0.461 mg- L' (95% BIEMR) BB, BT
SHEEIEE T 0.4 mgkg !, MEHICEXELHITAAEIEN, s BT AT, RAIMARRELT 5% d71E
Ao, RHIHERL 29%) , HABROEAIRE . W5 — AR, WTEAEE B Rl T 10 Ik
FESRSIN, K50 3 ASHEAREEIRAN 7 AR EER . T, RERRE BE R R/ IMACER T ARSI 25 SR i A A
R A4S AT R BTG, AHRRE BE A K/ INE B SR

MAEL 3(b) B UL, ARSCEA R 3R BRI o SR p, HURRIAE T I AR e
B, N2 0.17 pg-L™, TibnMEMZRALMETEE N 0~50.0 pg L', FILSET p BUAHXT AT E AT
IS FEBRERbRIE 2 PR R 0 0, JARRZR SR 2 0~4.00 pg L™, FHEHOITEAWEE, BB N
(0.365+0.030) mg-kg ' (k=2), EMSEAYEEIAE 0.335~0.395 mg- L' (95% E{5MR) TGN, MRS5S K
G, HAEFE>95%, 1RFIMER<S%. & 7 &R T A BT S S AN BEYE R, X R IFOR A 2
B, AR RS/, Bl A, SRR E>0.4 IBERILL 0.9%, BIPEREE A A% IR >
99%, XFTELIFORAGTEAT, BUHT PN B il 5

ZE LT, 7R T ISR, ZRMNE RIS E T, Al LR R REAR R N1 4
JEITCE M ELERATCE . FeBleX TAbREREEN HIE SRR, W GB 15618-2018 HR4H . .
Wi, BE. RIS, ARrERRZR MR EE Y R T AR YR B A A N TR, SO H ARG ER i o B TR (R
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MR 0.1 g, ERMAFEH 50 mL, RH Table 3 Mass concentration setting of the highest point of
ICP-MS JEIERT, &4 EITEAE WbRIE T2k 5 the soil metal element standard curve
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Uncertainty in soil metal element measurements and its key influencing factors
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Abstract  Soil testing is the cornerstone of data for the Third National Soil Condition Census. However, the
presence of measurement errors introduces uncertainty and affects the reliability of the results. To enhance the
quality of testing outcomes, an evaluation of uncertainty was conducted for total chromium, manganese, copper,
zinc, nickel, molybdenum, cadmium and lead in the survey, focusing on the factors that influence the magnitude
of uncertainty. The findings indicated that the key components of uncertainty in soil metals measurements stem
from the mass concentration of the digestion solution (p), and the measurement repeatability (R). The uncertainty
introduced by p could be reduced by appropriate establishing a linear range for the standard curve to ensure that
p was as close as possible to the highest point of the curve; using a standard curve with a higher Pearson
correlation coefficient (7); employing more mass concentration points to establish standard curves and increasing
the number of instrument signal acquisitions. The uncertainty introduced by R could be reduced by improving
measurement precision. Through optimization, the uncertainty range for total cadmium was reduced from
(0.365+0.126) mg-kg ' (k=2) to (0.365+0.030) mg-kg ' (k=2). For the screening value of 0.4 mgkg', the
reducing uncertainty led to more accurate and reliable results in the conformity assessment of total cadmium in
soils. This study clarified the key components of uncertainty affecting the measurement of soil metals, providing
a theoretical reference for laboratories to effectively control the measurement uncertainty of soil metals, reduce
the dispersion of test results, and enhance the quality level of the outcomes.

Keywords soil metal elements; the key components of uncertainty; standard curve calibration; measurement
repeatability; conformity assessment
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