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R ICP-MS T & BB FE MR AR T2 PR AT G RER 7 255 W BE 2 R B A bt 1 28 4
PP B Tl R R SR TR AT SRR R AR T TCP-MS YA (LR R R A 1T EL
HANE R R G PRAR PRI i [ 58 A0 22 70 3R (R I 0 2 S 008 o 2 BT I B9 JC R A
Trik 2 PR T RERE A AR AR B S B TS AR O | DG (AT W BE R R
FBESFE 0 A R — PR B AR A RTAL IRy 3% B R R B . BRI, ANHE JE DR 2 R E
O BEEATUA (8 » 00 B ) A PR D O 7K P ) TR A A ) O 4 R T A BE A R X )
JHE RV AR B T S R RS et i E TR ICP-MS S A I 7T R Y f5 ] FE Y
SIAT A R HANEE BER B 9L 48R T BT AR E AT SRR KR, B R R S, H AT
ANHRE BRI e 7 iR VPR B BT S 8 9 22 (ER R IE1 VA 9 Wi i S A o JE A BT S b 9F HLse Z 3 3R
MEYE, 2% R0 HNO,-HCL-HF 78 % . % 88 JIF1059 - 1999 H AR . DA - 38 b 8 4 o 1. % 7
TR AN E BT T PP IR A ICP-MS RAB LT T TP iy A A AT 22 R S LN A
T8 L 5 R R G4 T AR I 42 SR YA A BE R I Y 1 P SRR AR (6 S5
1 #MR5ETE
1.1 ##

1.1.1 A& XSERIES 2 ICP-MS At g & % B 11 53 (L (X B Thermo Fisher Scientific B AR 2
) 5 MIL-Q #E4E7K 48 (5 E Mllipore BHECAH IR A FDD ; CEM MARS BB A 52 98 (R E CEM 2 7] 5
AB204-N UL F0 M KO1- [ Mg 8 — TR 2008 (L) FIRA R . BeRgas L4 1 23 283t ¢ = 109% Y
FHRRIZIL 48 h J&, HIBBAUKIE

11,2 XA BREIE W10 mg « L' Cd, Ph RS FRAEIA W [E R MBI I B BE 42t AREWE:10.0
mg + LAY 114 In bRUEFWL [E AN BRI FE RSS2 106, AR - ARAE. T L2235l 2 3hR . Jghat,
JoIE AT A 5 IR R, TIN5 A7 5 CP-MS YR I 10 pg » L' L Co, Ins U

Weks B A 2009 -09 -09
EEWAB . B [ AR IS (807046) it [ Hty ol BL4% e bt 564 771 H (Rky0702)
EEE AT BET 961 —) . F. mEAE A B E B RO AR B 27 I PO 4 AR
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BB PR HEA IR B BRI 7 S e de it B 4E0K . 18.2 MQ « em. By Milli-Q #2EK Rl H TR ET A
PRI MR SRR I

1.2 FHik

1.2.1 RBI/e&MAE hE. 1380 W R E 15 L« min ™ 5 3 HHE:1.06 L » min ™' ; REERE .
6.5 mm; AT BRI E ALY . CeO ™/ Ce™ < 1 % s AT, Ce’ /Ce” < 2 % ;s WA I X FE £k
PPN

1.2.2 #sLar2Z FEHFRIL0.100 0 g 1 3EFE G B THHERIZ I G V55 B0 IH A EE . NN 3 mL FHER
1 mLERR . 1 mL EUHER, INE5 NG 7 b, $e T 96 e B TS MR RE P N, THMRRR P45 5 1 31 B %
L FTTT 55 AT F e B RE AL T IR B 2 T4 Y 50 mL YR A B, /D BB AR IR 3 ~ 4 K TR
WA TEEMP . €A ZE 50 mL, B2, bl [F A4 S 725 il

1.2.3 MEFHE FEREKMSIRIEMEIEN BB G 58 TR IO AES TR SIRER T/
i 2V AL SR A B AN BT A IS A O A [ A L (m/2) B F AT BT AR TR
{8 CPS( Countper second ) 5k ERIE L SPRUER ) ttﬁiiw_m o

2 JEATRE RSN
HRAR T B T A T4 4 BB Ao S

-6
Aty x = 2
m x 10

Kb X—i#Ed Pb. Cd B RE KT (mg « kg ™) s C—HARHET R B BAF M T Z A R BEIKIE (pg » L7 5
V—idFEE B (mL) s m—iFE R & ()
2.1 AEFHEE

BRI A 0. 2250.22,0.24,0.21,0.23,0.23 mg » kg - 5309 Z 18 4 0. 017, 0. 016, 0. 017,
0.018,0.018,0.019 mg » kg ',

FEFRAERZE (SD) M 0.01 mg « kg ™' A BANHHEE N

UCAd) = j—i_) = O'—ng =0.004 1 mg* kg’
A AN B E N
U (A) = UCA)/X = 0.0041/0.23 = 1.8%,
FRMXT ASHA E Ny

Uu(A) = UCA)/ X = 0.000 41 /0.17 = 2.4% .,
2.2 BERHEE
2.2.1 HBHRERFARFETELEGTHERAR  FEBFREIT AR iR/ EEA0.1 mg TR
- HEB A0 (B 2T ) HHEL. HORHIEEH w(m) = 0. 1403 = 0.058 mg. FREER 4 0.110 9 g. AR R
WEEN Uy(m) = 0.058 /110.9 = 0.05 % .
2.2.2 REFENTHZE  JIG196 -2006 HLE" .20 °C B 100 mL A AR AVFZEN 0.1 mL,
PR S AT B SR A R HEFE R 0. 1403 = 0.058 mL; 3256 2 I EE SR (20 +3) °C L KR BRI Ak
ZH 2.1 x10 " R EE ST EEAETIZZH 100 x3 x2.1 x10 " = 0.063 mL, #5430 it 5, 1
BB AHIEE N 0.06343 = 0.036 mL, 100 mlL 25 BB A bR AE R 2 E

UVig) = 4(0.058)% + (0.036)> = 0.068 mL;

XA E B
U (Vi) = 0.068/ 100 = 0.068% .
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2.2.3 MAEMESROGTARE FPEBKIKEN(1000 £1) mg« L™ (k=3 ), MARHERE &R bR HEAR
e LR

UCPh.Cd) =7-= 0.3 mg+ L7,

0.33
U (Pb. Cd) = = ~=0.033% .

2.2.4 WBARGTHARE BHTHEMEEAZEEHERLESSBOCEM IR 58 R RER
T REAY R SE B R TR AR 100% HENBIMNKA . BES A EICE R 89.6%  ~110.2% -« [RI L FE

b, +b
o [0 WS S8 ) AT 22 4% JIF1059 = 1999 3% U 2, (Rec) = ith) 11+2 2)’

b, = 110.2 =100 = 10.2% b, = 100 = 89.6 = 10.4% 8. U, (Rec) = 5.95%,
2.2.5 MEBEIBIIANGTHZE D IEBRSNAHEE  RIE G196 - 2006 H#l & . ] K 2%
WE 1 mL SR AR 22 1.5 % . 3 BRI 5143 A hy
1 000 x1.5%
Ucv,) = G
SIS R A +3 C 2 A28 3, WEZE RS HERAIZEH N 1000 x 3 x 2.1 x10 7" = 0.63 pL, #%3¥2)
AT E L AR EARH EE

=8.66 uL.

UV, =280 36 i,

3
R A iy R 1 & UANHA € FE
UV) = V2 +V2 = B.66%+0.36" =8.67 uL.

AR AN 7 S5

U.,(V) = uay _ 8.67

v " 1000 = 8%

) BEIARAIH SR AT EE 20 CH 100 mL A BRA ST ERHER L2 H +0. 10 mL. #1575

ATV FRUEARH EE N UCV) =0'—J§1= 0.058 mL, SCIGZEIEFEAE +3 °C 20255, 15 24 R o]k R 1

B A 100 x 3 x 2.1 x 10~ = 0.063 mL, FRHEARTEE Y, U(V,) =063

JNE)
BRI ARIEART N U(Vi) = 0. 058" +0.036> = 0.068 mL. HIX AT EE R U, (V) = 0.068/
100 =0. 068% .

DFBHE TR AMEE B1.0 mL 1000 mg « L FrEREAE 100 mL & &+, 15 10
mg « L™ ARHEME . BLO0.2 mL 10 mg « L™ AUARHEME A 2 100 mL 2 & 1520 pg « L AR AR

Ui (fioo) = (0.87%)7 +(0.068)" = 0.87% -
DRI s ph b o0 I 5 N ) R K AN 1 2
U (b) = J0.87%)% +(0.87)% +(0.033)> =1.2% .

2.2.6 ARREWMENSFEGTALA RA S MUSACT B BRHER L 52 B E 3 00 AEIHIRL ) A
Ry, /D TRIES BRI ELE T EA = o + be, ALIARE LT T 6 IR, i bn dh 2630041 5
AN o FE ] | R R

= 0.036 mL,100 mL %

n

[A, — (bx, + @) ]°
S = Ni n-2 ’ e
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2
u(xy) :i 1 +L+—(xo—x)_2, 2)
b P n Z(X,-—x)

.S sk zehniifizs, n MR HER A KK p S DEHE S B IRE xo WFERLVRT AT A & B «
N FIBRHERS W FIEL, @ 485 LR HERW j F8 e el Ze it P& R
ICP-MS {25 1 2 S8R A SR R 5 MR AP EARHEIS W 700 B 2 I E 3 1K 45 B AR /Y
CPS (Countper second) “F-¥{EH (WLF 1)
®1 HITEHAMESFENENAREEITRE
HRIEE A BEHA,) BBEHA) SR p/(pg e LA =y +a)]” [A = by, +a) )" [A = by, +a) ]

28 612 28 565 28 565 28 580.7 1.0 23.04 2 683.24 2 683.24
57 352 57 130 57 130 57 204 2.0 28 156.84 2 937.64 2 937.64
114 426 114 362 114 260 114 349.37 4.0 11 449 1 849 3 481
228 573 228 634 228 520 228 575.77 8.0 243.36 2 061.16 4705.96
571 365 571 524 571 300 571 396.37 20.0 1049.76 16 027.56 9486.76
a(EHE) b(FHE) S (% -2)° Y (x -2)’ G/ (ug s LD u(xy)
49.4 28 567.4 83.10 23.74 240 2.13 0.002 4
P n
2 15
B AR AE T ZeAUh G 77 A ARG AN 22

_UX) 0.0024
T X T 213

ICP-MS 1L #5111 2 S8R A SR 5 AMNIREZACFSbR eI W 700 3 52 e 3 I 45 S AR .Y
CPS (Countper second) *FHE (LK 2) ,
x2 WAHMZNMEFENENAREEITE
SREEAR (A) BREE(E(A) SRIEMEU)  BEHE p/(ug L) [A -Gy, +a)]” [A -Gx, +) ]’ [A = (by, +a) ]

Urel(xb) :0.11%0

2 577 2 563 2 548 2562.7 1.0 1255.521 111 2 443.654 444 4 151.654 444
5 139 5126 5159 5141.3 2.0 2 184.523 735 3 568.734 846 714.968 179
10 465 10 252 10 673 10 463.3 4.0 17 596.022 5 6 456.122 5 116 042.422 5
20 648 20 504 20 637 20 596.3 8.0 503.005 216 14 779.805 22 130.594 104 9
51 475 51 260 51 758 51 497.7 20.0 914.390 401 2 60 142.112 62 63 888.179 29
aCBEED (R S (% -200°  T(x-00" ZFE/(pg+ L™ u(xy)
39.13 2573.3 150.59 5.616 9 240 4.63 0.045
P n
2 15

FAbRHE I 2R A 7 A= W AR AN 22 FE
Uu(x,) = =2 2 0.97%,
2.3 HMERTETHEERT BIREE
FEXF A VR HEAST 2 FE
Un(w) = JuluCm) + ula(pre) + ulu(vig) + uia(b) + ula(xy) + ulu(A) 4

B R HEANHE N

axvxf
u =

T 1000 xm ™
YRR E FE N

U Cwn) = Jula(m) + ula(pre) + uly(vig) + ula(b) + ub(x,) + uly(A) =
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0,05 +5.95° +0.068> +1.2> +0.11> +1.8° = 6.33 %,

x X v X 2.13 x 100 x 1 -1
_axuxf, 213 x100x1 o oagg s gqp sk
1000 xm ™ ~ 1000 x0.1109 * % me * ke

EEWEE Ty 95% i BUAL & A K =2, 4 RASH & )&
U (wp) = ke+ulwp) =2%x0.12 = 0.24 mg » kg ',

u

SRR N
U Cwn) = JulaCm) + ula(pre) + uly(oig) + ulg(b) +uly(y) + uty(A) =

D0.05% +5.95% +0.068> +1.2> +0.97° +2.4° =6.60% ,

L o_axuxf o 4.63x100x1
T1000xm ™" 1000x0.110 9

BAEEE N 95% i, A& H T K =2. WP R AHEE N
U (wp) = ke+uC(wp) =2x0.28 = 0.56 mg+ kg '

X6.60 % =0.28 mg * kg ',

SHT R
Pb =1.92 = 0.12mg+kg ';Cd = 4.17 + 0.56 mg » kg ',

+

3 & i

1) A HNO,-HCI-HF {4 2 . {HfRCR I B VR TR B, T IBIH MR 7 V5 120 i AR R 12 L v 2% TR
e RO T AR - W T e LA TR ot AR A TR AR AV VG o # 3 35 RO O | PRk fT 6 | A 32 v DA
FAEE LI 08— P BRAR ) AT AL PR 71

2) T T AR - B A S B TR B R B T & R LR RE S P Y Cd R0 P SROC R IR TRE
P Ry

3) 1B AN BE VP T BH AR S 00 P A B E bR AL A E IR MOT R Pb M Cd KBl ICP-
MS g 1348 T R R AN € B, DASATE - SR 5% AN S M I T AE A SR A TR Rl A | S ) S AL
P, HEBAPRAL T LIRS AL BRI M BT AR . OREE A X AT O v T UL 2 B AR )
Tk EREFE R R S L = R R R E M S R A G AR EEEIR T AN
F G AN SERR R 70 XA [ A 3 AT AR 7 A RS R B 4 it R BB S35 5 3L
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Uncertainty Evaluation of Pb and Cd in Soil Measured by ICP-MS

after Microwave-Assisted Digestion

FENG Xin-ping

(The Center of Analysis and Test of Chinese Academy of Tropic Agricultural Sciences. Haikou 571101, China)

Abstract: In the paper; the constructed mathematical models, together with choose assessment method, were
used to analysis the main source of measurement uncertainty of Pb and Cd measured by ICP-MS, after analyzing
and synthesizing of six components, the samples weighing, digestion, the volume size, determination of the
standard process of preparation, curve fitting, equipment measurement repeatability in the process of anglicizing,
the expanded uncertainty of Pb and Cd was calculated. These data provided references for the reliability research
of the accurate extent and method for analyzing measure results.

Key words . uncertainty ; inductively coupled plasma mass spectrometry (ICP-MS) ; soil; microwave digestion;

heavy metal



