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Uncertainty Evaluation of Ti and V in Groundwater by ICP-MS

WANG Jing et al
Abstract [ Objective ] The research aimed to evaluate uncertainty of the sample from groundwater by ICP-MS. [ Method ] Uncertainty models of
the Ti and V in groundwater were established by ICP-MS, and main influence factors of the measurement uncertainty were analyzed. Standard solu-

(Tianjin Environmental Monitoring Center , Tianjin 300191 )

tion preparation , curve fitting and equipment measurement repeatability affecting uncertainty were analyzed. Finally, expanded uncertainty was ob-
tained ,making that result expression became objective and real. [ Result] When Ti and V were respectively 0.934 and 0. 870 pg/L, their expand-
ed uncertainties were 0. 026 and 0. 020 wg/L. Standard solution preparation was main influence factor for uncertainty ,and repeated measurement
influence of the equipment was smaller. [ Conclusion ] The research could provide reference basis for questioned control and uncertainty evaluation

in laboratory.
Key words Uncertainty; Ti; V; Groundwater; ICP-MS

DN AN R R A S T I 5 2R o ) e RAE, R A
3 T Bl A 2 (LAY 23 B S A R ATIER R  2
B R VPGS SR T (T H A T B2 v 1 32 B
B R FE SR SR A DR R S A R H
KT ICP-AES 3577 | JFFIRIGE " ek
I BB E P A — Lol B A AR T
PRI % (1CP-MS) VS —Fifrf: H BRAR: | 5245038 i VPRGE  fERfl
I T BE, )z M BT T B PR B AL ST R R T
FARIN S ST N E BV IR E AR D
AT TR R 5 25 B8 IR B SO L R K p TV TR & &
HEATINSE , X2 AT IR 22 AR T, 45 T AN
FEJE O S OB R AN B I SR SRk AR
1 REMBET %
L1 FEMSERRAF  PrNE N Agilant 7700X LGS
AR TR, th 5 LB A A ml R 32 2R
M2, gkl ). T. Baker, 7 [ & [€], 1CP-MS ZIu R IRA bl

M 10 me/ L, ly R ELHEAE A w44 ICP-MS INFRIEWE, H
FelE 2 FEAR 2 w2 Ak 5 B P 4K HL B Ry 18,5
MQ - em, fdi ] milli-Q 2l AL 5 , 58 3 PR vl e it
1.2 s

12,1 prifeh 2Rl B bR Al 28 R SRR 20 ] S it
FTR AR (Multi element solution 2) , C(Ti V) J& 1 mg/L,fifi f
10 ml AYREIRAE AN 100 ml P25 &I, A 1 ml A8 4lAN R,
18.5 MQ B E 7, B 100 we/L B9 Ti VA el 1
WA [V ) Ti V- rb TR IV, FH 1% 1) i il T A o 22
100 ml AR, Bl AL 0.1.00,2.00.,5.00,10.00 pg/LHY
Ti\V R

1.2.2 {UERTAESH, 1CP-MS AL 88 TAES 4. # i &
1.01 L/min 55373 1 500 W RAEESLAS 1.0 mm , 75 B4
fLAR 0.4 mm, RAEGREE 7 mm, 8L 3 UG TEL N,
1.2.3 EghR. e res 10 e alRer TV Y
W AR IR 1,

R1 Ti\VHREUEER pe/L
TR UREEZCES FHIfE P2z S (X)
Ti 0.951  0.937 0.926 0.941 0.936 0.947 0.921 0.925 0.922 0.936  0.934 0.010 4
v 0.863 0.872 0.869 0.884 0.897 0.851 0.854 0.861 0.886 0.859  0.870 0.015 1

2 THEETE

2.1 BEFRE P(Ti\V) =Cyyy o H,P(TIV) T
KTV BB (pe/L) 5 C oy vy 9 MBRIE T £ E A
B TV AR R E (ne/L) o
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2.2 FHEEREEE ICP-MS WEHM /KT MESLR
FRANIAR A BB 2 R TR T s o VS VI T o R )N R B
THE I R AN LA B o B ) i P AN o

2.2.1 BCHIARAER BN E BEVPE . 1 ml(A ) Hobr
SHWEBI 1.00 ml Ti\V AR HEAH 45 %W (10 mg/L) T
100 ml(A 2%) ZF i, H 1% IR IROE B B4k 5250,
RENH 100 weg/L (4 TiV HhE . Ti,V iRl R
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UEFB 4 A A2 BE 49 0. 5% o Fic A5 E 95% b3 (k =
2) , HAHSE A E R U, (b) =¥

Bl Ti VA R B B I ARIANERE B 1.0 ml A 2%
ZIFERS WG I 1 ml FRIEAH A BE ZE 2 100 ml 28 .
A3 1.0 ml Z W AT I R AR EA I E L u (Vo) =
0.008 ml; /R{H ARIFIRZE +0. 007 ml, #345) 40 i b 34 (k =
S3) W w(V, ;) =0.007//3 =0.004 ml; 51 A
SEFE 20 C KB IK RECH 2.1 x 107°C ", oK il
(205) C, Kb EHOR2ZE RS ERKIRZEN 2.1 x
107 x (25 -20) x1=0.001 ml, 335 A A7 3EE . W)
w(V,) =0.001//3 =0.00 6 m,u(V,) =

=0.25%,

uz(Vl.O‘l) +u2(V1Ao,2) +u2(V,'l) =

0.008> +0.004” +0.000 6> =0.009 0 ml, AL2A u,, (V,,)
= u(V,,)/1.0=0.90%,
100 ml A G S AR EARTE LN w( Vi) =
0.012 ml; 7R B R 2% +0. 10 ml, 451345, W w( Vg )
=0.10//3 =0.058 ml; A5 R I A HHE B %R 25°C ]
2.1x107 x (25 -20) x 100 =0. 105 ml, #4204 , ] w
(V,,) =0.001//3 =0.061 ml,

u( Vi) = «/uz(vux),l) +u2(V10u,2) +u2( Vp,z)
= /0.012* +0.058> +0.061% =0.085 ml
,, (Vi) = u(V,y)/100 =0.085%

u,(c) = /urelz(Vb) + u,e,z(Vl_o) + u,elz(VmO)

= ,/0.002 5* +0.009 0° +0. 000 85° =0.94%
2.2.2 FRUERMLE BRI E EIEE . L 1% R MY TR, D
#10.1.00.2.00.5.00.10. 00 pg/L {1 Ti V brifE Lk 241,
B REK T (b v Vs 043 S B A 0 3 K, A5 1A b 1
BEEEEAE . [ Y =X +a(b MR o W
B AHSE R ro MR KRR SRR T 25 (1 4 B 2 10
VR AERE S BE - BB X N2 X o b vl 2 R
e B i R RO

ST /1+1+<X—%>2

b P m é(ci _Co)z
Horr P =10 W, A SEBRRE 5 AT 52 OB m = nox B IRBL
(n FRIE R G S A, TEEKEL3 K) 500 = bRIER T4
\/,l_il[y,-—(ﬁbci)]2 _ .

SOREEFHMAE S, = )& = b BLER [ JA b o
2%, F EXCEL [T, Ao il 2l 2 A6 S 8 05
SRR 2,
2.2.3 HEEWMEMPRERATEE, (S EE N E AT
E B (JIF1059 - 1999)4. 1 531450 i $ic i 522 1F A5 53 A
J& A ZKIERE . FERINE SR LR 1 AR S I AT R A
SERE ug (X)) =S(X,)//P P R E, L ug (X,) =
0.010 4/./10 =0.003 3 pg/L;uy (X,) =0.015 1/./10 =

0.004 8 ne/Lo iZKiﬁaﬁi?@%ﬁEKhﬁfﬁﬁo AR BR AT 2
J g (X ) = ug (X, )/BESHHEE =0.003 3/0.934 =0.35% ;
g (Xy) =y (X,)/BESHRE =0. 004 8/0. 870 =0.55% ,

R2 EHENEBXSHETEER

SgE] Ti v

RSV e 5x3 5x3
KRR r 0.999 4 0.999 9
EHH R Y =X +a 1.44 x10°X +784 3.29 x 10°X +19.2
BER b 1.44 x10° 3.29 x10°
i a 784 19.2
FrifEdm s S(y) 234 104
PRI C, // pe/ L 3.60 3.60
ﬁ%ﬁfﬁifg 0.085 3 0.016 8
IELX?%{ENEEE 9.13 %107 1.93 %107

2.3 HEMNERIRERHEERT BAREE  HXS AR
WA E S
u, (Ti) =

urelz(c) +urelz(X7Ti) +u£relz(X7Ti)
=/(0.94%)> +(0.91%)> + (0.35% )*> =1.35%
urel(V) =

uwtz (¢) + u‘n’l2 (K) + uéwlz (K)

= /(0.94% ) +(0.91% ) + (0.55%)* =1.11%
G I FRUEAR I B
w(Ti) =Cy, xu,,(Ti) =0.934 x1.35% =0.013 pg/L
v(V) =Cy xu,,(V) =0.870 x 1. 11% =0.010 pg/L
BEARHER A 95% it B & IR F k=2, WY R A E R Uy, =
Exu(Ti) =2 x0.013 =0. 026 pg/L; Uy, =k xu(V) =2 x
0.010 =0.020 pg/L,
3 #R
T2 e M K Ti &k Cyy = (0.934 +£0.026)
pe/ Ly RS V& €y = (0.870 £0.020) pg/L, ARHER
TRIC R AN E FE  JEBE  [RU 2R, S0 T 42 P 0 %) 52 i)
ﬁ/J\O
S & 30k
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SRR ERRANG YL, 5 10 AR L, Y R AR R AL Y
TR R W

B N AT B A ™ RS, B i 2 A A
N3l E DRe I A il RS0 A R R, B
200 Wl i AR s A RS R A i E T RE
FECNERTE AR RN . s ATl AR R 5,
TSUT AT RE H B 2 L BE R ()AL, 00 SR P ) 5 1 U ] i i
JRLHS RS A 22 RIS IR

IR E AL T TT T AT A, E 2R P
TP, (H—Se B WA R R LT RERS A K AN LK
SRR, i A B T 3R T A K AR B T 3 P L 2
ARAFH o A LR R, A R B = nT RERZ R R N
B AR , X FE LU R et BAT — 5 R
2.2 SEXAEBERRZWM  FRS PRI T R
o TR b & i b /7 2L, 4% 22U
SRS IR AT AR, Ho = R R T A el
VTve WIIVaViik SUPNENG T SR guat 6 AU TR YN & X Ay
P57 e 2 B PR T — B8 Tl 2R 7 i A A S
BURBEHHEH B S 8 IE ) . 5 20 R 4% rh 7 ORI
TrMr e, HaEE K 2 SRR EE AN, i H & A7
ML A YRR RERE FARRE R . TTIR e =M it JE N i
BRI X A A A 5 (38 DA S 8% ) BE R T A,
BEPEE L =i 100 A5 2640 ARXE R UL/ 8% 58 5 S AR
WS AU A BUR I AN AR BT, T B =
MHAZER . MR AT TR, 7T RS 5
By 23R DA BB 22 AR BRSO S5 T = B EC 5 1), 2
MNEAR R E AR R EITR . AR, 89% A
KAEBFARIILEA RN BRI, e 5885 K R B
R
2.3 WX AKEROZE  HE—MEERRIIHLE S
Yy, EEIRIE I RAT G0 SRR B i A Tl A i
HEABNERSE B8 38 U™ B A PRIE 5 e, 1 40 4 A= 7 1955
~ 1972 AE[E] ) H A 5 1 B IR rh RS AU th T i i
U A AR BT B HE AR K R AR TR
P BRI AR T RE X I s AR 53 AMi T
OO SR AT —E BRI A i 2 T R B
SO TT RIS R, SR A A RNE 8R40,
Al e FEEUR BUR BRI o I [ ShRvE T
SE 1B ol B <6 i 7k B BIR v X A 5 i O ML SE < KSR O 0..03
mg/kg, 52K B E N 0.05 mg/ke, FRANAARLT HAREIT

AR, MR T R W s A K I TR BE
FILR, EHEEOEITLUMREHSERER AR
KRR Hk ot R 5 sh P i S M e g B AR K ¢
1, i/ AT 8 5 SO 2L s PR T 3R S — LRl A U0
SR, R AR A s B R AR OT R BB X A R
BEFAEHE RIS HERAER
2.4 st AEEBEMOENE FHEARATORRT AR
JUE, R E MRS T 20 XA T2k e m il B
BithAohie. —2h a4l HLas bl ) Mgty %
HERCR Tl K 38 & KR &L & ), AR 4t BE
ST AR CE R 393 T, A AMEERT B R S Al
SEARTH i RS b — SRR N M el —
AR TR AR A B S . R —
MR FT b7 R TC 2 S AR A58 K BRI LR Y
YEH . 73oMES 5 Nk SR &, A s AE KK E,
BRI  ZUR A RE VR
3 #ig

I o AR I B 4 S et AR =2 — S i, AR
A B VE, M2 E SR LRSS 4
LR E SR ANRSS B TGRS B A EE RSN AR EA
HANTIREEROVE R o UGS 5 R IR AR LR B B T LA 4R
RENE o T4 Xof A AR f i 1) 5 i e — i ) B R R,
ABN M 1 4 R S AR R Ak it e, A2kt
MRF=HE R, 54 ik A MR A S 4 T
BEMX, YESE SRR LS S)E, B T A
B 55 P B AR, A2 15 YR B KR S B it AN,
B A AR A T RS , A 2 S 4 ) T 4 T 0 PR Y
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SE 30k
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