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M EETKERRES, Bl Rk E N0, 5. 10,
25, 50 pe/mL PRAER R RS, AR T
YESHEHATINE .
132 FERHIES 0

FREGE 0.149 mm G RT 14 0.10 ¢, K2
0.0001 g, TR LIGE T, MA 3.0 mL A5
1.0 mL /& SR A1 5.0 mL & R, B T B I,
T30 KUBE H E G R 130 °C W0 7 28 200 °C i #4091
fbo i 4G, BRI RREZCR (HF 582
B SiF,, 78K ), FEE KRB, dhamik
FEORFE AR, FERTEAEE T A N AR
THOL, dEZENN 5.0 mL Z R, 0.5 mL & &R, &
UL LR, A AR PSR, TTIA
0.5 mL E IR, KR aErR L, WILMEESAR, H
AR T, BUR AL RAT, 3 mol/L $h M
W 10.0 mL, WEIAEFRIERM, FHEETKE A 100
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s VTR A o i B VB o T o U AR
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W(K) =

AERE u (cy) ;

(3) FFAHE B RFR YV 5 ARSI 2 B
w (V) , GRS B = A iR 225 | A bR iE
A w (V) AR BORE LG R AR
ZEGIAPIFREARTRE B w (V) ;

(4) ERMELEG|IAMPREATERE v (x);

(5) ARG EAERE u (e )

3 BIRETHEESENTE

3.1 RFEFRBORKE BT m 51 A B AR EAS 1 5 B
u(m)

3.1 ROFREHERS 7= A A 28R 25 5 | A BRHEAS B
%Eu (ml)

M KRR EuE, R ImER2E R 0.5 me,
51040 B 2RVERE, k=3, WIRPREiRZES
BN E FE R »

u(m,) =0.5/4/3 =0.289 mg
3.1.2  RVHER A R ZE T AP A B
u (my)

W TR EUET, R HEF AN 0.1 mg, %
W) BRIV, k=43, MR AL
ANHE R -

u(m,) =0.1/4/3 =0.0577 mg
3.1.3  RVERZE A RS | AR EATE
E’/‘tu (m3>

5t RE S FRE 0.10 g, KEHEE 0.0001 g, R
PR K EBUER, SRR EA KT 5% 10" mg i,
KRR 2N 03 mg, FH45) 404 B 2RV E,
k=3, WP RIERZES AR E N

u(my) =0.3/4/3=0173 mg
3.1.4  RFEE MR AR ZE S | ARIPREA T
%EU« (m4)

WIERREUET, RVFEEMERZEN 0.3 me,
5 A BRI, k=3, MR FPERMHRZE
SIAWIAHREE R -

u(m,) =0.3/43=0.173 mg

FE PR I B B R AR T 2 &, SEhR LR — IR
FREE, L, HEFRE 51 A MG BUbR VA 2 FE
u(m) M.

u(m) =Au (ml)z tu (mz)z tu (m3)2 tu (m4)2

=0.383 mg
FREURE S 11 Wk, HAFE il 0.1032 g, NUIAH
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XHARUEARTAEE w, (m ) :
w,(m) =u(m)/m=0.383/103.2 =0.0037

32 TR EIRIE ¢ BAREATIEIE u (¢)
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AR HERE S IE S b 25 B AR HENE A 1000 pe/mL, 4

S R ERE N 0.70% (k=2), FFLLHANAH
FERER

0.70

taCen) =275 100

3.2.1.2 bR TR A VR R T T P R X AN i

=0.0035

wy (o) ALK ERS L BT ( RIFIRE
0.025 mL ) 43 % % B 2.50 F1 5.00 mL ) 1000 pg/mL
PRAERICT 100 mL A ( ARVFR2E 0.10 mL) 1,
EETAKERZZE, BIFS5] 25 M50 pe/mL brifE
VW A 1 mL B ( ARIFiR 25 0.008 mL) 43
S B 0.50 A1 1.00 mL ) 1000 peg/mL xR T
100 mL 5 ( RPFRZ 0.10 mL) H, KBTIk
ERZBZIE, WSE]5 A 10 pe/mL ARHER R R
PEREIET, BWE AR ERE N 22C,
SCHG IR E S AE £5°C, KBk R B
2.1 x 107, UGN ECHl bR v TAERORR B B b A A
PCE B S A S I A E B (fE
VF5 25 A0 R IR 5 R AR B AK 51 A AR A B 2
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&1 RETERBRERSINNEXNAHEE

PRI ( pg/mL)

RO 7 | AR X AN 2

R AR XA 2 BE

. S x5 x2.1x10° . . x5 x2.1 x1077 Y\
5 (0008 )2 (05 5x2.1 104)2_000926 ( 0.10 ) (100 5x2.1 104)’_000084
0.5x3) © 53 x0.5 e 100x3) 53 x100 -
10 0.008 \’ 1 x5x2.1x107*Y 0.10 Y\ 100 x5 x2.1x10 "\
) 0.00466 0.00084
+ =0.! + =V
1 %3 Bxl 100 x+/3 V3 x 100
. Y D X XL X - . XJ XZ.1X -
25 J( 0.025 ) (25 5x2.1 x10 4)2_000581 «/( 0.10 )2 (100 5 x2.1x10 4)2_000084
25x5B) " Bx25 o 100 x43) © V3 %100 o
50 J(o.ozs )Z+<5><5><2.lx10'4)2_000295 J( 0.10 )2+( 100x5x2.1x10-“)2_000084
5%x3 V3 x5 o 100 x+3 V3 %100 e

D) A7 9 T AR S YRR R TR R %) R X AN B o R
Upel (Clz) j‘j

1y, (1) = +/0.00926 +0. 004667 +0. 00581 +0.00295° +5 x 0. 00084°
=0.014

B A ATEE w,y (e) A

w,,(e,) = Ju, () +u,(c,)” =0.0129
322 TAEHN LA BT 51 A B A0 X5 AS 1 22

Upel ( G )
T B B 1) R B v T AR 42 ICP-OFES 51 5
HARRDGIRESR A, 45503 2 iR,

x2 BRESRETER RN EEMLLERE

PR ¢ ( pg/mL )

YEIETEE T, (ceps)

ST ( cps )

0 828 876 797
5 10293 10437 10416
10 20500 20421 20470
25 49991 49933 50039
50 99873 99310 99159

827 860 755 824
10291 10265 10195 10316
20415 20308 20564 20446
50184 50101 50141 50065
99523 99957 100321 99691
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AR LB RE, DA/ TORIE LA HATT
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R’=1.000, HIBRIETE R R 5 LA AR A AN 2
BEHEAT

Hor Jil (I, = (a +bc,)]?
Si = n-2

Ao, n bR 2 N B n=5 x 6=30; I,
RS SR B 5 ¢, N S AR S ; P
Ry e WA it SR P 00 R B0 11 IR ¢ SRR AR
U 21.58 pe/mL; ¢ AR il 2RI O 14
& 18.00 pg/mL; Sy A TAERNZ bR DR 22

UL A N B A A IR 1R S,=57.08,
u (cy) =0.0005, DUIFEIN A b 440 Mk B o B AH X
AERE u, (¢) N:

() = nfu, () +u,(c,)* =0.0129
33 FRMERE AR VS ARPREARTERE v (V)
33,1 A B P A B 22 5 | A IRRUE AN
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MR 2 AL HEUEF5, 100 mL 25 &7 22°C
B, fRFRZEHN 0.10 mL, FFa5150 46 B 2K9F5E,
k=43, WM ARVFRZS| AR EAS T E
JEH

u(V,) =0.10/4/3 =0.0577 mL
332 AAEARRRE AT DR IR 225 A BIARE
AWHERE u (V)

100 mL 25 & i 76 22 CC K 58, LI = IR
ALTE £5 C LA, & 5] 53 A 17 B 2R IF 5,
k=3, W 100 mL %5 H i B2 5 1S AR AN
JER

u(V,) =100 x5 x2.1 x 10 ~*[/3 =0.061 mL

DU AR5 3000 75 A 2 25 AR BRI 5 1 YA i o
u (V) BARAREATESE v, (V) R

u(V)=+Ju (V,)> +u (V,)> =0.084 mL

w,, (V) =u(V)/V=0.084/100 =0.00084
3.4 R EE MG ARIFREANTE Eu(x)

Fr i 75 vk B R IR ZE AT E B E T A XA
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B BEVERE, Al 2 U S JE A R DEAT IR
PRIBUR] —HURE ff 11 6y, 9 8 3.2 73 Hraed 7] i sk
Frab R, 5 i R VA, AR I A L RO £ 4
B TR RS 20T, I T A5 4 A 11
0 o DU Y PP B B TR BE S I A T 4 R DL
%3,

%3 ERESHHRESRNER

s FEGTEE  ERMARBL falibvkps  HREREIER
(g) (mL) ( pg/mL) (g/ke)

1 0.1046 100 21.93 20.3

2 0.1033 100 21.65 20.3

3 0.1076 100 22.45 20.2

4 0.1001 100 20.84 20.1

5 0.1023 100 21.51 20.3

6 0.1072 100 22.46 20.3

7 0.1001 100 20.72 20.0

8 0.1016 100 21.30 20.3

9 0.1022 100 21.29 20.1
10 0.1046 100 21.85 20.2
11 0.1017 100 21.41 20.3
SEH{E 0.1032 100 21.58 20.2

U B P S | AR AR B 1 1, () HF0
YRR RE N

u(x;) =s(x) = Jziz(l (=) =0.110

n-1)
SEE BRI 258 -
w, =u(x,)/J/n=0.110/ /11 =0. 0330
X AN BE A

w,(x) =u(x)/x =0.0016
3.5 NERHIERMIATHEE v (e)

HL SRR 5 4 B A R SR T R A U T R A
NGB vE Mk PR . B M AR (Zn, Niy
Mn., Cr. Cu. Ba), MRHEFMEIEAIEHI &S5RI
XY AT EE R 2.0%, k=2, WALES A9 A%}
AHREE R

u,,(e) =2/(2x100)=0.010

4 ERIRERHER
A 3 AT 5 ) - SRR A I 45 AR A AR AN

SEREM AR, BB ERRBC ) 5 AR AN
EREBRCOKR, TR e B 5 00 45 SR A R XS A e
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AN EEN -
U, (w)

= ure[(m)2+u

(0)2 +u’rel(v>2 +urel(z)2 +u’rel(6>2
= /0.00371 +0. 01297 +0. 00084> +0. 0016 +0. 010°
=0.0168
24K R 1% ~ICP-OES 32 I 5 + 3% Bk 1k 2%

R (NST-4, U6t ) T8 &N 20.2 o/ke

BF, A R EAN G -

w, =u,,(w) x20.2 =0.0168 x20.2 =0.34 g/kg

rel

5 YRAMEE

R 22 R A SR T RS, B
KR 95%, BT k=2 B, W4 RASH &
JEH -

U=034xk=034x2=07 g/kg

6 it

ARICPERE T 1CP-OES 321 72 + 1 rp 440 55 i
(R BN E B, AR RIMAE R, T T
AN E FERRTR, AR SRR m . R
WA e, RMEIMARLG . RPN WO AR
V. EEPESE . ARG RN E B T
b, 198 REHERIE2EFE S (NST-4, DUJI[458
+ ) FPAI SR 20.2 o/kg AU R TR ANH E B
0.7 grkg (CEAEHPRMEATEETL 2 BAREN );
YR F 22 vk i A N e B P SAEAE hy d S 44
W, AR B 5 | AR BRI, (HA
PABIR 25 A A I s 2 st ik R ER A AN

i B R NI, 82K H ICP-OES 3% € 4 1
TS, bR AR C N 4 T SR E A,
EREAE G €/ TN RS R D UM s 0 =R
B/ e B IR AR A o B, IR AR AR
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Evaluation and expression of measurement uncertainty in determination of total potassium in soil by inductively

coupled plasma optical emission spectrometry

ZHANG Li-ping, WANG Jiu-rong ", XU Li-wei, YUAN Hong-zhao, HE Zhen, CHEN Wen, GENG Mei-mei ( Key
Laboratory of the Institute of Subtropical Agricultural Ecology, Chinese Academy of Sciences, Changsha Hunan 410125 )

Abstract: Inductively coupled plasma optical emission spectrometry was used to determine the potassium content in soil

geochemical samples ( NST-4, Sichuan purple soil ), and the uncertainty of the measurement results was evaluated and

expressed. Analyzed the sources of uncertainty in the testing process, including sample weighing, standard solution

preparation, calibration curve fitting, glass measuring tools, instruments and test repeatability components, and calculated

the relative standard uncertainty of each component, and it was found that the uncertainty of measurement result was most

affected by the dilution and preparation of the standard curve. Evaluation according to GB/T 27418-2017 "Evaluation and

expression of uncertainty in measurement", the expanded uncertainty of measurement for soil samples ( NST-4, Sichuan

purple soil ) with potassium content of 20.2 g/kg was 0.7 g/kg ( a coverage factor k=2, at probability 95% level ).

Key words: inductively coupled plasma optical emission spectrometry ; uncertainty of measurement; soil; potassium
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