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Abstract: The measurement uncertainty for the analytical results of cdmium in groundwater samples by
inductively coupled plasma-mass spectrometry (ICP-MS) was evaluated using Continuous Propagation Model of
Uncertainty. The main sources of measurement uncertainty came from sub-uncertainties of calibration solutions,
calibration curve fitting and measurements. The double-error regression was used in the course of standard curve
fitting. The overall uncertainty of measurement results was obtained from the synthesis of sub-uncertainties.
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FUBE Y TR K I ATLRS B0H 22 18] g vl EE 2 2
HET E 5 E PR E AR S5 A 1E. 1993 4,150
(EPrbrfEfL Ll 2Y) e BIPM ([E Brif )5 ) JIEC
(PR THARZ 5 2) JFCC (EPRIGIRL2A A
2%) JUPAC ( H Braify 5 0 Afb 164 25 ) (IUPAP
(E FRELe N F P 22 865 23 ) A1 OIML ([ Rk
H ALY R T G A 2 R b5/ ) L 1438
R T E ) 2 0 A ) A A e s
AN R RN 2000 45 [ PR AL 4
2UE BT ) R T RN ARG N S 565 25 B ) 174 3 2L
3R ) (1SO/IEC 17025) FR B A 35 HY « 5286 % 19 4N IE
Pl ah , L A SR IE RN 45 SR AN S
PEEMULA o 28 SR n] R ZEAR R B Ik
THARHE B RN o i ] W, TF R S
MR A B . A, BN Z&H — Lt
FETFRE TR TAED .

AR GB/T 5750. 6—2006 ( A T 44 FH 7K bt
TEREIN 7k ) A2 TR R bR , >R FH LI & 5 25 A T i
2 (ICP - MS) X B /K R oc R -1 7l , 1
JEAHE I . EARE PG X — S5 1R
F oy BORENT22 , X b e A T A 22 [

1 SEEGHR s
1.1 U3 B TAEacAE

TJA X — Series Fi Jd&k & 25 5 IR BT iS4 (36
TJA Solutions) . ICP -MS FHE TSR E 1,

# 1 ICP-MS EH LS
Table 1 ~ Operating parameters of ICP-MS

TS BEH TSR BeEfH

PIES 1350 W TR 1.0 mm

BHS R 13.0 L/min T 0.7 mm
LIRS 0.70 L/min 5 J7 X B
FA R 0.85 L/min R 40 %

1.2 2505

ST K S LB K, Sk aliAk, B RE
# >18 MQ - cm,

HNO, iy BVIZL (b s b2t o i ) o
1.3 948575k

B 10 mL KEEF 10 mL Fp @48, 0.2 mL
HNO, , #%5], il ICP — MS ATl A& .
1.4 brAEIEHE B

Cd #rifEfE 1A W : GSB G62040 — 90, Cd #71fE
fH(1000 £4) peg/mL(K=2) i ¢ =10% ({KF
3%, R A i HCL,

— 608 —

Cd Frufd FH IR K Cd BRI A5 V8 TG
AL 1 wg/mL 119 Cd AR R

Cd AR R IR : 7] — Z 51 100 mL 25 7 H
AR 0.0.05.0.10.0.50.1.00.2.00.5. 00 mL
() Cd FRuERE R, F 2% 19 HNO /@ 5 2 21 %
IEET Cd Fr #E R 50 Wk B 43 51 4 0..00,0. 50, 1. 00,
5.00.10.0.20.0.50. 0 ng/mL,
1.5 g

FEHL, 2445088 28 B 3k 20 LR I, FH R 1S T
AR A WG bR, A3 R H ALY SR A
PR GRS bRk 20 2 TR , I i
W02 B AR E R G RS B A

2 NS BRI Y
2.1 b RANEE IR RS AN 2 )
2,11 BRiETARARR 1100 pg/mL) Bl AN E RE

5 mL ARG FE WS (A ) B HL 5. 00 mL
Cd FRUEfif 25 T 50 mL 22 & (A 90, H
2% ¥ HNO, % 25 2 2 B, #5745 Wk B o 100
pg/mL [ Cd bRl [RIAER 1.

HECABEIR R po Vo =p, Vi, T

pr=poVo/ Vi
FH 2 po FIBRHE 25 U VR B (wg/mL) 5p, R AR
HEPTRIZAVR 1 AR (pg/mL) 5 Vo W RS BUbRUE Rt 4
P ARFL(mL) 5V, AR R 1 9 2 251k
H(mL)

Cd P RIA R A AN 2 BB A

o (p1) =1 (py) +1umy (V) +uiy (Vy)

A AR BB AR B B4R 3 R
ORI B AR A M A A A B AR RN E
JE 531 5 B B o 20 B AR A 31R 25 5 ) A IR FRAS
By i, RVER B2 AN B 5 A UL A AL R 3
A NV TRAR AR AL 5 AR R FUAS 22 5 0 o o

(1) B RERE R ABATR V, (5 mL) AN E B

WX 10]5,5 ml RARBREHER
‘fﬁ/ﬂﬁxﬁﬁ%gu( V(n) =0.010 mL,

¢ JJG 196—1990" " #j 42 ,20°C i} A 2% 5 mL
FFRE B R E 25 £0. 015 mL, RN
=Mk =6 ) R :

u(V,,) = 0.015//6 = 0.0061

TR ZE T R AN B AR A LA ) B Y
MWEIRE Ry 20°C, 5286 =5 (IR AE + 5°C ARk, W
RIRFR I K R (K, 2.1 x 10 74/C) @& KT
250 4w L R BURE Bk & B (o R & 3t 3,
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1x107°/°C) o BOEGETH I — 5 25 Pl HE o ¢
PRBR R SN, 228 W L 38 o 2 IILAS B AR 52 o
LRGN EBE AV =2.1 107" x5 x5
=0.00525 mL, AL
u(V,,) = 0.00525/4/3 = 0.0030 mL
i,
u(V,) =+/0.010° +0.0061° +0.030° = 0.0121 mL
Vo AR PRIEAE N -

un (v = 20210 0024
5
(2) FRUEPEVER 1 & 2RV, (50 mL) i)
AN E B

50 mL 24 (A 20) A2 PEAR THEAS 0 5 B2
u(V,) =0.008 mL, % JIG 196—1990""* #i &,
20°CH} A 2% 50 mL 25 S A /R (8 o 2% K 0. 05
mL BB = A0 (k=6 ) A :

u(y,) = 0.05//6 = 0.0204 mL

T 1% 22 1 | S AR AN Tif o

AV=2.1x10"* x50 x5=0.0525 mL

I A A

u(y,) = 0.0525//3 = 0.0303 mL
Bt

u( V) =+/0.008 +0.004" +0.0303" = 0.0374 mL

V, R AN 2 B H
u (V) = 0. (5)374

(3) FRUERE SRR L po B E

T T AR it 25 VA VR I AR TEEAEL A (1000 £ 4)
pg/mL(K=2) . B, py FSEANHHE B

= 0.000748

2
U (py) = 1000 0. 002
FFLA,
U (py) = 3 Ui (V) + 1y (V) + sy ()

0.0024 +0.000748> + 0. 002"
= 0.0032

PRAE R B 1 AR BE A (100.00 = 0. 64 )
pg/mL(K=2),
212 FRAEEEI 2(10 pg/mL) B KA E R

H 10 mL BRARE LA (A 9¢) #HL 10. 00 mL
B (A 1 (100 wg/mL) T 100 mL 78R HH (A
90w, 2% 1) HNO, &5 B 208 $25), 15 3k
B 10 peg/mL (1% Cd FRofEH R 2.

K E BT FE S 2. 11 AR, B
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B2 02V, =pi Vs TR p2=pV3/ Vs
Kep, RVRUE R 1 W E (pg/ml) 5p, 72
B VA W 2 W EE (g/mL) 5V, S A e [A]
VU 2 I SRR (mL) 5 Vs S8 BURR o o ) ¥
1 FARF(mL) .

HATREAH G BE AR

o Cpy) = 3/ (V) + 1y (V) + ury (p))

(1) BHbRAEH A 1 ARV, (10 mL) 1)
AN

10 mL FbR 2k B8 W A5 1) o 52 M oA 1 o 2
K u(Vy) =0.010 mL, % JJG 196—1990" "' #i1& ,
20°CHT A 2% 10 mL AR RS W B /R L 220
+0.020 mL A =MoA( & =/6 ), i :

u(V,) = 0.020//6 = 0.00816 mL

TR IRZE SRR EE AV=2.1x10"" x
10 x5 =0.0105 mL, #5440

u(V,) = 0.0105/4/3 = 0.00606 mL
i,
w1y =+/0.010° +0.00816" +0.00606" = 0.0143 mL

Vi AT AN BE A -

w,y(Vy) = 0.0143/10 = 0.0014

(2) FrRUEH AW 2 & 25K V, (100 mL) 1)
AN JE

100 mlL 75 5 09 T 52 P s 1 AN 0 7 B2 0
w(V,) =0.012 mL, $% JIG 196—1990""*) #f =&,
20°CH} A 9% 100 mL 25 & iR 222k +0. 10
mL, B =AM (k=6 ) 1N :
0. 10
J6

TR 225 R AT E L

AV=2.1x10"*x100 x5 =0. 105 mL

I 3 AT

u(V,) = 0.105//3 = 0.0606 mL
i,

u(V,) =+/0.012° +0.0408° +0.0606° = 0.0740 mL

V, RS ASH 8 N

u,(V,) = 0.0740/100 = 0.00074

(3) ARAERIA R 2 WRIE p, BN E BE

H1 2. 1135 A A, u,, (p,) =0.0032, fiF L,

Uy Cpy) =/ Ung (V) + 1ty (V) + 1 (p))

=,/0.0014% +0.00074> + 0.0032> = 0.0036

FrifE B W 2 (9 Mk B2 (10.00 +0.072)
— 609 —

w(V,) = = 0.0408 mL,
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ng/mL(K =2) = 0.00097 ml.
oS 0.05 ’

F 10 mL BARE A (A 90) 1L 10. 00 mL
PRAErP RN 2 (10 pg/mL) F 100 mL 285 (A
), FH 2% 1) HNO, e B2, #2857, 15 5 ik
JER 1 pg/mL 9 Cd FRifEfl RV

HORHg 2 BT RS RE S 2. 1.2 TR, Bt
Ry o3V =p, Vs A Py =p.Vs/Vyo
X 2o, SEARUEP R 2 (R (pg/mL) ;p, J2:
PRAERE P I B (pg/mL) 5 Vs 288 BUbR o
(AW 2 BARFR (mL) 5V, R bR A A R 25
AR (mlL) .

AR

U (py) = 3 UL (V) + 1y (V) + ury ()
0.0014% + 0.00074* + 0.0036>

= 0.0039
PR I A9 e E g (1..00 £ 0.007 8)
peg/mL(K=2),

2.1.4  FRUER GV E B

] — £ %1 100 mL 255 7 5mA 0.0.05
0.10.0.50.1.00.2.00.5.00 mL A4 Cd FRAEM F%s
W, H 2% 1*) HNO, e 52 ZI 8, B Cd Frifi &
B4 B 43514 :0. 00 ,0. 50 . 1. 00 5. 00 . 10.0.20. 0,
50. 0 ng/mlL,

BEARRN :p, =ps VIV
K p—HrifE R 54 A Cd B9 FE (ng/mlL) ;
ps—HRESE FHV VR A e B (ng/mL) 5 V—H5 il R )
& MR E S AR (mL) 5 V—Ah5ifE R 51
B R E R (mL) .

HAH e AN

Upy () = ey () + ey (V) + 1y (V)

(1) 0.5 ng/mL bR s AN E JE

@ 4% JJG 646—2006" " #i5 , F 100 pL ik
AL HL 50 Wl Cd A o fulf FH A VR 2 52 PR AN B
J—ﬁ;u( Vos_i ) =0.00075 mL, g%ﬁi@@%%?ﬂ
+0.0015 mL B H N =M0H ( k =J6 ) i

u(V, ) =0.00154/6 = 0.000612 mL

i BE R 2E 5 R AN B

AV=2.1x10"*x0.05 x5 =0.0000525 mL

FHE I At

u(V, ;) = 0.0000525//3 = 0.0000303 mL
ES]TITR
uCV, ) =

— 610 —

0.00075* +0.000612* + 0.0000303>

@ 2. 1.2795(2) iR R AT AR
F N5 MERAR V(100 mL) B E B 1w, (V)
=0. 00074,

Y 2. 1.3 15 A H, A oS RS WOHR BE s AN
BERE u,.(py) =0.0039, FF LA,

U (o 50 = /Ui ) + U0 (Vg )+ 0y (V)

=4/0.0039* +0.0194% +0.00074°
=0.0198
0.5 ng/mL KR 5 A9 & BE K -
u(pos) =0.0198 x0.5 =0. 010 ng/mlL
(2) 1.0 ng/mL FRHE R AT E B
HatG AR 2. 1.4 95(1) 0. 5 ng/mL 5
HER AT E BV i A
2 JJG 646—2006"" J 42, 1 100 L B 2%
P 0. 10 mL Cd A E VA WY 3 52 M AN 1 5
BE:u(Viy ) =0.001 mL, %53 R VTR 2N
+0. 002 mL, BN =M (b =/6 ), Hifi;
uCV,,,) =0.002//6 =0.000816 mL
TR IR 22 5 R AT T AV =2.1 x107" x
0.10 x5 =0. 000105 mL, 4RI 40 i 4
u(V, ) = 0.000105//3 = 0.000061 mL
PRI T
u(V, ) =+/0.001” +0.000816” + 0. 000061
= 0.00129 mL
u (Vi) = 0. 00129

0. 10
FrA,

U Cpy o) =/ Cpy) + Uiy CV, )+ ey (V)
=/0.0039> +0.0129% + 0. 00074>
=0.0135

u(p, o) =0.0135 x1.0 =0. 014 ng/mL

(3) 5.0 ng/mL bRUE B E

2 JIG 646—2006"" HLE , 1 mL B a5

HL0.5 mL Cd bR 4 T W 00 88 52 10 A ff o B2
u(Vs,o_y) =0.0025 mL, % fLiFiR2: 0 +0.005
mL, B =M (k=6 ) N :

u(V, ,_,) = 0.005//6 = 0.00204 mL

T RELG R A ERE AV =2.1x10"* x

0.5 x5 =0.000525 mL, #54E B4 A48

= 0.0129
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u(V, ;) = 0.000525//3 = 0.000303 mL
ESO
ulV, )= /0.0025% + 0.00204> + 0. 000303

= 0.00324 mL

0. 00324
0.50

U (V, ) = = 0.00648

FTLA,
_ 2 2 2
U Cpg o) = A/ Cp) + uly (Vg )+ sy (V)

=4/0.0039> + 0.00648> + 0. 00074>
=0.0076
u(ps,) =0.0076 x5.0 =0. 038 ng/mL
(4) 10.0 ng/mL i 5 A E T
iz JIG 646—2006" #i 5 , FH 1 mL B 245
W10 mL 5% b o 5 T3 U 0% o0 52 1k O
u(Vyo,) =0.005 mL, 24 AAIFiR2 N +0.01
mL, BB = A0 (k=6 ) A :
oy = O
TR RZEL AT EE AV =2.1 x107" x
1 x5 =0.00105 mL, 4B 40 A it
w(V,,.5) = 0.00105/4/3 = 0.000606 mL
G
u(V,,) =+/0.005> +0.00408” + 0. 000606’
= 0.00648 mL

0. 00648
Uy € V10Ao) = 1. 00

Fr LA,
urel(plo.o) = \/uil(p3) + u’lz'el( Vieo) * uil( 2
=,/0.0039° +0.00648> + 0. 00074
= 0.0076
u(po) =0.0076 x10.0 =0.076 ng/mL
(5) 20.0 ng/mL bR 5 BT E FE
iz JIG 196—1990" ™ 4 7 , 10 mL H €7 2 45
FEH 2. 00 mlL AR AEE VA R 1% 30 52 P s AN 0
BEHR u( Vo ) =0.01 mL, 20°CH} A 2% 10 mL H
FETEEWINE 2N £0. 025 mL, R H N =M
Sk =6 ) DT ;
w(V,,,,) =0.025//6 =0.0102 mL
TREER 2T R AT E AV =2.1 x107* x
2 x5=0.0021 mL, #HHTEAitaE .
w(Vy 50 = 0.0021/4/3 = 0.00121 mL
PRI

= 0.00408 mL

= 0.00648
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u( V) =v/0.01° +0.0102° +0.00121° = 0.0143 mL
Uy (Vy o) = 0'20333 = 0.0072
Pk,

o Cpog o) = n/ U Cpo) + oy (Vo )+ 12 (V)
=.,/0.0039" +0.0072° +0.00074> = 0.00822
u(pyo) =0.00822 x20.0 =0. 16 ng/mL
(6) 50.0 ng/mL ARk S AR & B
511G 196—1990" #5E , 10 mL HL.IE0 & H %
H5. 00 mlL ARyl ) 55 52 PR AN R FE A
u( Vg o) =0.01 mL, 20°CH} A 2% 10 mL HLIEHE
MR L2528 +0.025 mL R H =M (k =
J6 ) T w(Vy ) =0.02546 =0.0102 mL,
TR IR 225 AT E AV =2.1 x10 7" x
5x5=0.00525 mL, #HH B TTE
u( Vg o_3) =0.00525/43 =0.00303 mL
G
u( Vo) =/0.01% +0.0102* +0. 00303
=0.0146 mL

U (Vso0) :0. 0146 =0.00292

5.00
B,

U, (Pso0) :«/uil (ps) + uil( Vsoo + uil( V)
=/0.0039% +0.00292* +0. 00074> =0. 00493
u(pso) =0.00493 x50.0 =0. 25 ng/mL
Cd A5 #fE R 5 1 v BE 43 51 8 (347 ng/mL)
0.50 +0.010,1.00 +0.014,5. 00 +0. 038,10. 00 +
0.076,20. 00 0. 16,50. 00 0. 25,
2.2 SR TOTIEIN R A AN P
FEWL, PR A G, $E4 7 25 T bR T &
G R E . B Cd PR EE T 6 I
R IE , H s W% 2,
2.3 brtfhgenymi
B 2.2 I 45 2R, v oy IR ZE W AH G R AR
0.9, AR &y AHXE2E S R 2% a1 ) ) 75 5| [m]
AR RNy =914.5 +3364x, Hp r =1,
a=914.5 £500.4,b =3364 £15,

3 RN B AN

A FAE— DUy, , T LS 2ok s i o 01l
LROTRE B B VR o R R
BESELAL AR T — Y SR A, o
AN BE (R AT b RS
— 611 —
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[ da; P ordynt fdag)’ .
e[+ +(5) =

A R AKX TETERS W[ 14 ]

XoF T v 45 B AT — O &, AT AR |

R FORFFARMEA I E B A A THE . Bl —ok

=J(W)2 R (326.73)2 . (0.260)2
18. 44 62955 18. 44
x 18.44 = 0.314 ng/mL

A RN T HC 2, 4551 1 95% A5 X 18]
(18.44 £0.63) ng/mL, A ofiz h 28 e ] i 72

R Cd JTER A9 3 Wl i 25

x =18, 44 FIl

B da =0. 147, dy =326. 73, [H T »

B2 bR S

4351 K7 : 62 890 . 63
056 62918, A LT3 45 i y = 62955, [B] 4 1%
SR 2] dx, =0. 260, Jﬂﬁﬁ

I B A B E BE X R B E B 5T mk R 2
21.96% ,ICP — MS Il g 3 2 7= Az (4 AN 2 J3E X6 65
ANH A 1) TR R 9. 31% , 0 A il S ad A = AR
(A AN A JRE 6 T AN 3 JE 1) DRI 68. 73 %

Table 2 Signal intensities of standard solutions and their statistical results

Yi

x/(ng +mL~") I ¥
1 2 3 4 5 6 R
0.50 £0.010 1702.8 1681.7 1700.2 1678.6 1641.2 1695.3 1683.3 9.33 1683.3+£9.3
1.00 £0. 014 3389.1 3394.1 3496.3 3418.6 3402.8 3492.6 3432.2 20. 10 3432.2 £20.1
5.00 £0.038 17228 17890 17848 17790 17710 17817 17714 100. 3 17714 +100
10. 00 +£0. 076 33708 35023 34734 33877 33362 34354 34176 260.2 34176 +260
20.00 £0. 16 69338 69586 68419 69272 69490 71001 69518 341.9 69518 +342
50.00 +£0.25 168484 169789 166517 170389 170058 168505 168957 587.0 168957 +587

@ WERAHEE = sAn ol s (RFARMER 2, n AT EKEL
4 &5k

N TR 5 5 S A B A T T
FRER AN E PP I RE ] DIAS R DL R 458

(1) R & 26 B 1A BT 38 4 0 Hu R K o
TR AN S B T BRI T AT I AR AN E
JEE R AP 7 A A AN BE AN i R S T A A
BERE 3 o

(2) TEAHE R TR X T —
%ﬁ?nnéﬁfmi,ET%EVE’JTWE?{EE%@%Tﬁ
VR AN S B R WA DR 3R AELOR A A R i ) i 7
ORI R AN B E o R i 14 o o A A
QN St B R S5 ) TR ™ A AN R L, TR R THEAS B
JE At HETH R A S ] B T B AR

(3) WURZE AL 1 7 X% 08 1 b ofi il £k
RS AR B (AN 5 B T 2k A 52
(AR I 2R AP S D v, i TP O i’l;&
I‘?#n% HR R P R AR, L 2R UL LR AN

B BOR, LB O F R R

(4) ASSOR A 5E S 35 S A% 3 R X 3t T
KRB I E HEAT T ANERE BEVEAR , 1% 07 i BB
AN RE J3E VS o R AL A5 B g it 2 i
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