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Uncertainty Evaluation for the Determination of Metasilicic Acid in
Groundwater Samples by Molybdosilicate Yellow Spectrophotometry
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Abstract; The measurement uncertainty for the analytical results of H, SiO; in groundwater samples by
molybdosilicate yellow spectrophotometry 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 uncertainty from molar masses of SiO, and H,SiO, was ignored because of their
less contribution. The double-error regression was used in the course of standard curve fitting. Based on the
quantitative analysis of each source, standard uncertainty of measurement results was obtained. Then the
extended uncertainty of measurement results was calculated from standard uncertainty multiplied by an extended
factor of 2 (under confidence probability of 95% ).
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AERR X AR BA R I3k 4 (g Sh B, vl i
NP LA R A e e ot o T s A A 0 i
FC I S e S B B B R A AE . i T
FERR T NRII AR 24 25 2 Ak, s SR K i 5 F
WP — A8 I TS B

MR K — S A Si, —SeE R UK, SiO,
Fr Ik 100 mg/mL P b fHJEK s & it Sio,
BAEAE X Tl RS ARG . T 7 A B B M AR
Wi 2=, ] o ) D 5 e v 00t AR R 42 b o 3
Skl PR, I RE R (H,SI0, ) AR R
KT YA PN T — A B LRI A

OIMTES AN EVERE , 2 R A AT e/
f5E RV E 2 80, HOBE 5T 51 A ATk i 22 114 6
VEP T AR SO M R K A6 56 7 B DZ/T 0064,
62—93 4 HE (0 1 00 5 Ak IR ) oF i T KRR it o
RBERRBEATIN A2 , SR FH AN 00 2 38 e S A o o 1
X e e v 7 A B R E B AT IEAG . A
FRUERTZR A — 2 B bR oy AH X 22 (0 R
21009 5 3, B 05 B3% 07 BE B R i 58 AT E
IR

1 SEUSsy
L1 AUZR A0

e,

¢ =50% (KR4, FIR) /9 HCL,

PHIR BRI (100 ¢/1L) .

Si0, Fp M fiff £ ¥ W (100 pg/mL) : FRHK 22
950°C ket iy e 2 — A Ak Ak A 0. 1000 g (4l JiE
P=99.99% ) TP, I 5 g JosK Na, CO,, i
5. FiBEE —)2T0K Na, COy, B TRy, T
950 ~ 1000 °C &5 fh 30 min, BUH . WG, K HE R
BT RMREA T I LAZE R R, s, e 4
T 1000 mL ZE 5, #5257, A TR IR 2
fr P ICAE . W 1 mL R 100 pg —AAARRE
1.2 985705k

TERRPE(pH=~1.2) il b, FHIR B 5 /K Hh
PERERR SN, A2 BUFT A BT (A R E SRR 28 B 1, Ho B (5,
M5 B 5 AT PR RE R VR FE SR IE L

LR K W =

Puysio; = 1.3 X Psio,

A ,PH25i03_ﬁﬁ%ﬂ§H/‘J & ( lJ%/HlL) §P5i02_}j\$ﬂ?
WD 2 E A 1519 Si0, & (peg/mL) ;1.3—Si0, #4
— 602 —

1.3 Pk

BUKFE 50 mL F45 B P AL Sio, 4
WEZEH 0.00 .2.50 5.00.7.50.10. 00 ,12. 50 mL F
—F5150 mL ZE Rl FZE K ES . /KRR
Si0, PRAEE I RS 43MA 1.0 mL 50% i HCL
2.0 mL BH R &1 W (100 /L) 485, &
30 min, F 440 nm K40, I3 em [, DL
2 AfES M OGE

2 AL VEE
2.1 LR ERE R I IR AL R AN E
Si0, Friflfif f& iR il i) 5 A 0 -

_Pxm,

04 x 1000

A po—Si0, b M fif 5 ¥ W0 VR (pg/mL)
P—Si0, ¥ i) 4l i ; m—F5 L Si0, M9 & (g) ;
V—E AR (mL) .

S0, A7 G A VA O HR JBE 0 R A S B T R
QIS FE (AN 50 e R R RS B R B AR S AR AR
N E B = B4

(1) 4l AT 2

FEE B4 Si0, [aifE P =99.99% , ek
AAFIRE R 0.01% , REEREIE AT, Ak
BRI E BE, B -

= 0. 000058

PRI , A X A 2 B w,, (P) =0.000058 ,

(2) FRERAHE

T UEF AR LR PE R £0. 15 mg, fBI%
ﬁﬁﬁ%ﬁﬁm%%¥%%ﬁﬁ§ﬁ%;=
0.087 mg, FREETREMITHIR(—KIER S, 7
— YN B, KRR AR EA R E A -

u(my) = /2 x0.087% =0. 123 mg

XS AN R H

w.,(my) = 0'1(1)(2)3 ~0.00123

(3) ERMRF I AH 2

TEZARFL 1000 mL 5| AR AHE AL TG 3 3B
Iy R AT AR BURHI & B AR 251 A
P ARFRAR I o 5 ( BIVEE 5 N 5 ) TR 5 iR %
AR AL B AR TR TR B I AN S B

TRBURE HE - 32 JJG 196—1990" " i 52,1000 mL
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HEM(A ) /L2 £0.40 mL, fREH N =
A,

0.40
u( Vl) =

=0.163 mL
6

P25 AR5, 1000 mL 255 (A 2¢) F A1
AHERE S u(V,) =0.10 mL,

T FE R 255 R WA B2 - A i A LR ) B Y
REWETRLE Ry 20 °C, SE56 2 IR BE 7 =5 CARfE, i)
R I R E(K,2.1 x1072/°C) & KT
e i a0 AR FRIE i &R B0 (Rl RE IR ER B 3,
1 x107°/°C) o BUAEGE I — R 2 2% BRI X AR
PRTR )52 e , 228 U B2 0T 2 TILAS S AR 52 . F
IRERZES R ERE AV =2.1x10"* x 1000
x5 =1.05 mL, #HIE S AiHA .

1'(3)5 ~0.606 mL

u(V;) =

PR, h E AARR 1000 mL 5| ABIABRE RN -

w(V) = +/0.163% +0.10% +0. 6067 =0. 635 mL
w, (V) :%:0.00064

Si0, B A 2 VA AR BE AR AN 5 A
u,, (py) = +/0.000058" +0.00123% +0. 00064
=0.0014

I, Si0, ARifEfs - i T

Po = (100 +£0.28) g/ mL (K=2)
2.2 HRARERRIE RSN AIE S

Si0, FRifE RV WRATEC I N  HERFL I Si0, bR
WERES AW 0.00.2.50.5.00.7.50,10. 00 ,12. 50 mL
T—F5 50 mL ZEEEH, HZREKER . 20
5 mL ZIEBWAE (A 9, A2 B 2. 50
mL.5.00 mL, ] 10 mL ZIEERS IS (A 9, A58 200
HE) B 7. 50 mL 10 mL, ] 25 mL Z|EBIRER
W12.5 mL, BE] BOAR o 2851 45 a5 A B2 0 31l 0
0.00.,5.00,10.00,15.00,20.00,25.00 pg/mL,

BEAART R o, =p V./V
Xfp—Hr i R 5145 A Si0, BV EE (pg/mlL) ;
po—PRIESE & IR BE (wg/mL) 5 V,—hRIE R 51145
SRR ER SV R FR (mL) s V—hRifE R 51 2%
MEE R (mL) .

HORR A BE A2

ufel (p;) = u’%el (py) + ufel (V) + ufel (V)

PRUER S 25 5L E AR FR (50 mL) F)AS 1) 1
JEAE A fu e Al iR 22 (R E S M) FER B IR
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JEASAL S | AR E JE 3 3653 .
121G 196—1990" 7 JisE ,50 mL 75 EHH (A %)
N AZE £0.05 mL, BBEHN =400, 0 .

0.05
u<V1> =

=0.020 mL

50 mL 78 5 (A Z%) 352 Ve Am AN 3
u(V,) =0.008 mL,
T BERZE G AN E BE
AV=2.1x10""*x50 x5 =0.0525 mL
FEFIE 3 AT
0.0525
u(Vy) = G
PRIt , B ZR 97 45 1 R 8 RN o R
w(V) = /0.020> +0.008> +0.0303> =0.0372 mL
FHREO AN 2 B
() =072
(1) 5.00 wg/mL SiO, HRUEFEHE AR E B
5 mL Z B2 T2 S 2. 50 mL AR ffEfE A
Wi, 4% JIC 196—1990"" Wi |5 mL %I BF B W45 1Y
REARZER £0.025 mL, BBy = A, W
0.025

=0.0303 mL

=0.00074

u(Vll) =

=0.010 mL

P, EE WA EE uw(V,) =0.012 mL
IR ZEG AT ERE AV =2.1x10"* x
2.5x5=0.0026 mL, HAEIE A .

u(Vy) =0:0026 _ 6015 ml,
I,
w(V,) = /0.010* +0.012* +0.0015° =0.0157 mL
0.0157
u (V) =75 5 =0.0063

5.00 pg/mlL (1) SiO, FRAEFHR AR E A
U (p,) = «/uil<Po) + uil( V) + uil( V)
=/0.0014% +0.0063> +0.00074"
=0.0065
u(p) =0.0065 x5.00 =0. 032 pg/mL
(2) 10.00 wg/mL SiO, SRIEER A0 E
5 mL ZIER WA I S. 00 mL A5 it 45 1
W, 3% JIG 196—1990" " #i5 ,5 mL % B B W45 1
NMAEFZEHR £0.025 mL, i H R =504,
0.025

w(Vy) =—-22=0.010 mL. #Z%, %4 MR
/6
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SERE u(Vy) =0.012 mL,
RS E
AV=2.1x10"*x5x5=0.0053 mL
I AT

w(Vy) =29993 _6 0031 ml,

PRI -
u(Vz) =

0.010* +0.012* +0.0031* =0.0159 mL

0.0159
urel(VZ) = 5

10.00 g/ mL SiO, FRUEFERAIFIXT A A -
(p2) = WU (po) +ur, (Vy) +uly (V)
=/0.0014% +0.0032° +0.00074% =0.0036

u(p,) =0.0036 x 10.00 =0. 036 pg/mL

(3) 15.00 pg/mL SiO, FREFIRIAHIANIE

10 mL ZIFE BB AL 7. 50 mL b il 75 75
W, % JIG 196—1990" 7 JiLsE , 10 mL %I B B A Y
RESRZEH +0.05 mL, BHA =54, 0

w(V,) =29 0. 020 mL.

J6

s, EEMEAHER u(V,y) =0.025 mL,

B RZE G | AT B

AV=2.1x10"*x7.5%x5=0.0079 mL

Y AR

u(V,y =0-0079

N

=0.0032

=0.0046 mL

i,

0.020° +0.025% +0.0046° =0.0323 mL

u(Vs) =
0.0323
urel(V3> = 7 5

15.00 pg/mL 114 SiO, FREABRIAHREAERE A :
U (ps) = «/uil(po) + uil (V) + uil( V)
0.0014% +0.0043> +0.00074°
=0.0046

u(p;) =0.0046 x15.00 =0.069 pg/mL

(4) 20.00 pg/mL SiO, B AN & BE

10 mL ZIFERE AR HL 10. 00 mL bRifEfiti &7
W, 4% JIG 196—1990 " HLE , 10 mL %I BE B A 1Y)
B2 £0.05 mL, BB = A 434,

w(Vy) =O'J2,5=0.020 mL

=0.0043

P&, EEMEATHERE u(V,) =0.025 mL,
— 604 —

TR IRZ 5] AR AHE JE -
AV=2.1x10""*%x10x%x5=0.0105 mL
FHTE oy AT

u(Vy) _0.0105 =0.0061 mL

M,
w(V,) = +/0.020* +0.025% +0.0061> =0.0326 mL

0.0326
urel(V4> = 10

20.00 pg/mL (1) SiO, FREAIRTAIIE RN :
U (py) = «/uil(Po) + ufel( V,) + uil( V)
0.0014”> +0.0033° +0.00074°
=0.0037
u(p,) =0.0037 x20.00 =0.074 pg/mL
(5) 25.00 pg/mL [ SiO, ARUEFR A E L
25 mL ZIFEB A I 12. 50 mL bRifEfE s
W, % JIG 196-—1990 ' #5225 mL %I BRI A 1
NMEAZER +0.10 L, BB = 44,
w(Vy) =°%0
IS, EEMEATE R u(Vy,) =0.05 mL,
TR ZE G AR E FE
AV=2.1%x10"*%x12.5x5=0.0131 mL

HEHIE S5
w( v,y =0-0131

=0.0033

=0.041 mL

=0.0076 mL

i,

0.041% +0.05% +0.0076> =0.0651 mlL

u(Vy) =
0.0651
urcl(‘/s) = 12.5

25.00 we/mL f¥) SiO, ARUEIRAT AT N «
\/ufe](p()) +u,2-e|(V5) +u“$e](v)
0.0014 +0.0052% +0. 000742
=0.0054

u(ps) =0.0054 x25.00 =0. 135 pg/mL

Si0, i HE 2 F1 7 W n e B 4y Al A (R A
pe/mL) ;5. 00 +0.032,10. 00 +0. 036,15. 00 =
0.069,20.00 +0.074,25.00 +0. 135,
2.3 WO E AN

a] Si0, R #EVE W AR S H 43 m A 1.0 mL
50% i) HC1 #1 2. 0 mL (AR & (100 g/L) , 2
%) JCE 30 min, F 440 nm AL, 3 em

=0.0052

U e (Ps )

All rights reserved. http://www.ykcs.ac.cn



55 4]

FMEAP A S B 0 0O BE VR I 5 MR K P I A R ) AN 2 E T

529 %

I, AR 28 FAES H, i OB o X 4% o
RESZINGE S U, M Rl Gt 45 R AR 1.

B RIS B
Table 1

Absorbency of standard solutions and

their statistical results

Bl RGN
e 0.00 5.00 10.00 5.0 2000 250
p/ml pgml gl pg/ml pgnl g/l
0.003  0.123  0.240  0.35%  0.412  0.59
0.004  0.124  0.240  0.355  0.473  0.58
0.005  0.123  0.238  0.353  0.471  0.58
0.003  0.123  0.241  0.356  0.412  0.587
5 0.003  0.122  0.237 035  0.470  0.58
Ty 0.003  0.123  0.239 0354  0.472  0.587
FRERZs  0.00089  0.00071  0.00164 0.00158 0.00114  0.00367
dy 0.00040 0.00032 0.00074 0.00071 0.00051 0.00164
@ dy AP ERFFHEm S : dy = s//n, Hodr s MARiER 2,
n R R

2.4 bt ety A mIH

oo ey oy B, MR Ly REXT 25 SRR
FE[E A A ) [ )T TR y = 0. 0063 +
0.0233x,a =0. 0063 +0. 001 3,5 =0. 0233 =
0.0001, FH5C 2% r =1, WL 1A d 4R e, ml L)
P x RBE AR B dv, o $OH 5% 2
Ao T 2 B A O FE R4 x O T 2 0
SCHR[14]) o

N N

%2 bt St AR

Table 2 Results of standard curve fitting

x/ x/

dx y dy d,
(pg-ml™") (pg-mL™")
5.00 0.032 0.123 0.00032 5.017 0.079
10.00 0.036 0.239  0.00074 10.00 0.076
15.00 0.069 0.354 0.00071 14.95 0.051
20. 00 0.074 0.472  0.00051 20.02 0.038
25.00 0.135 0.587 0.00164 24.96 0.071

2.5 BbMEAEE
XTI L BR I, He Si0, ¥k B A pn A 1
FE B THE T f T O
dv\* (dy,\* fdx,)\’
dxzj(%) (2 (2 s
HRMA XM ELERES W oCHk[ 14 ]
B 1.2 TR Si0, e i AR AT 4

M H,8i05
Prysio; = 1.3 X Psio, = M X Psio,
$i0,

AR TUPAC 2005 4F- %A (1945 0 2 A [ it
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i B 51 A, AR E Si0,  HL S0, 4 F
HH LSO BARHEAAE REILE 3,

#63 H.Si.O MDA AT L

Table 3  Relative atomic mass and uncertainty of H, Si, O

TR XS B AN B PRI
H 1.00794(7) 0.00007 0.000040
Si 28.0855(3) 0.0003 0.00017
0 15.9994(3) 0.0003 0.00017

Si0, FYEE /R 5Tt IR EAN 72 L -

u(Mgp,) = +/0.00017° + (2 x0.00017)* =0.00038
. ~0.00038 _ 6
Fﬁu,urel(MSiOQ) =60.0843 =6.32 x10

Tvi) 1, i ek P P B 0K o o OB AN S
w(Mys0,) = v/ (2 x0.000040)° +0.00017" + (3 x0.00017)*
=0.00054

\ _0.00054
B LA ,urel(fwnzsm) =78.09958

I, D e PR 5 S O AR X AN 2 D

Uy (p H,Si03 ) =up (M, $i0, ) + ulz-el (M, H,Si05 )+, (Psmz )

H U ( M5i02 )ty ( M1125i03 )5 U (pSIOZ ) FHZE
Z/0 3 ANER G, B AT DL 2 AT PRI

u(pHZSiO3) :J(dj)z + (d;:l)z + (d;?y X Puysios
2.6 FEEIIE BANHE EVERE

BURFINZKRE 1 FIKAE 2 45 50 mL FA4E i,
A¥HIMA 1.0 mL 50% [ HCL 1 2. 0 mL 40 R &%
W (100 g/L) , #2570 JHCE 30 min J5, I HL
o MELSRIE 4,

6.91 x10°°

4 KM
Table 4  Analytical results of water samples
otz
HURTRV G 1
KEE1 IKEE2
1 0.2395 0.4681
2 0.2421 0.4697
3 0.2386 0.4679
4 0.2407 0.4683
5 0.2398 0.4679

IKEE T IESS R F{H y =0.240 1, @ i
AT R AT AR R K EE 1 AP SiO, ¥ «, =
10. 05, M2 25045 UG IR HEA N E L da,
— 605 —
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=0.07512, FHEETESR L dx =0. 036 33,
dy =0.00074, Juht/KAE 1 P Ak BR MR L A 10. 05
x1.3=13.065 wg/mL, & BAREANTE RN
J(O.O3633)2 (0.00074)2 (0.07512)2
u= + +

10.05 0.2401 10.05
x13.065=0.116 wg/mL

AP K =2, WZKAE 1 i ik R 1)k B2y
(13.07 £0.24) pg/mL, HABRAEA R ECHI G AR
AHRE B 7 BRHRE LY 16. 64% BRG]
AN B S BATRE L) 12. 1% 408 Kot Rt
FFS LA BIAS 3 BE o BB 2 BE AT, 25%

KA 2 I S5 R4 (E Dy y = 0. 4684 i i
P0G 10 Ty FE AT LA B K AE 2 Si0, W B x, =
19. 86, F 1A 545 Hh 5 ROPRUEA T E L dae,
=0.03509, FHE A H dv =0. 073 86,
dy =0.00052, I /KHFE 2 sk FR MR 19. 86
x 1.3 =25.818 pg/mL, & MAREANTHERE N

u :J(O. 07386) . (0.00052) (0.035()9)

19.86 0.4684 19.86
x25.818 =0.110 pg/mL
L BT K =2, WIKEE 2 Rk ER (1)1 B2 N
(25.82+0.23) pg/mL, HARAEZ RG] AL
AN E 5 BN E BE Y 76.06%  FFhiRE | A
NS BE G AN BE 0 6. T8% , 4045 Mot B 7
FF5 I ARIANHSE BE o5 BRI e FE Y17, 16%

3 &5k

AT R /K K38 7 vk DZ/T 0064. 62—93
e P B LA 0 D00 5 R ) X KA v £ i e TR 55
HEATINRE , R T AN 5 L 12 0 1 1 A o i
RErP P E RN E B HEAT T PFE o AN E BE 1Y
e R ISR T 458 .

(1) ek P o L 000 325 00 ik 2 ) AN T T 2
KT B ARERRAE R EC ) A b PSR 4
AUG AR 3 o M0 Ak A ik I K S
AN E BRI, AT L2 AN

(2) Bt R IR AR 1A e E AN ), 25 AN 2 JEE 73
A TTRRR AR . A i A AR, A of
2L I RE T I B AN B S JRE X AN TR R A A
RETTIRER , B T2 K

— 606 —

(3) A8 H W AR PR 52 s A A L 2
195 (AR TR, 72 00 7 1o e o AR R R
ASEETT L, T ROR B ARRE ot ey 0 DR 22, AR B/
AN E S

4 BE Lk
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