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Uncertainty in Measurements and Analyses (1II)
-- Expression and Calculation of Uncertainty by the International Rule (GUM) -
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Fig. 1. Flow diagram for the analysis of Pb in waste-water.
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Table 3. Preparation of standard solution for calibration curve

Concentration Process
1000.2 mg/L stock soln. - dilution (5 mL pipet to 1 L, volumetric flask) - dilution (6 mL pipet to 100
0.300 mg/L mL volumetric flask) - adding acid (4 mL nitric acid) - adding matrix element(0.2542 g NaCl) -
marking deionized water
1000.2 mg/L stock soln. - dilution (5 mL pipet to 1 L volumetric flask) - dilution (20 mL pipet to 100
1.00mg/L mL volumetric flask) - adding acid (4 mL nitric acid) - adding matrix element (0.2542 g NaCl) -
marking deionized water
1000.2 mg/L stock soln. - dilution (5 mL pipet to 1 L volumetric flask) - dilution (8 mL pipet to 100
8.00 mg/L mL volumetric flask) - adding acid (4 mL nitric acid) - adding matrix element (0.2542 g NaCl) -
marking deionized water
1000.2 mg/L stock soln. - dilution (5 mL pipet to 1 L volumetric flask) - dilution {15 mL pipet to 3100
15.00mg/L mL volumetric flask) - adding acid (4 mL nitric acid) - adding matrix element (0.2542 g NaCl) -

marking deionized water
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Table 4. Signal intensity of ICP-AES for calibration

Concentration Intensity (au) Concentration Intensity (au)

(mg/L) fromICP/ES (mg/l) from ICP/AES
03 48.5 8 1472.5
49.5 1489.5
51 14825
48.5 1482.5
average : 49.4 average : 1481.8
1 162 15 2785
169 2773
162 2774
167 2782

average : 165.1 average : 2778.6
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Fig. 2. Calibration curve.

A g 2(pEs) BAAR)Y B a9 77
3% FAsAS AR FA) AN oevy 24
W) viAAlR, v R 2AARe 8 £
sl AAsln) o & Alg8 Y e Az
=8 Table 5o 7zt Ayt

25. 84 M2 HE &

A FEF e 7esA, I A ¥
F A UL olgsiglen, ez F A 2
A& o) g3t AAlEAc AAFHo2HE 27
Bl AR FE(eIAE 717] HRez o))E
AAHez Azxd 23 A8 A} = F A

Table 5. Blank and re-calibration solutions for quality control and adjustment of results

Re-calibration soln. 1

Re-calibration soln. 2

(blank) (for quality contol, high concentration) Sample
No. Concentration No. Concentration No. Concentration
measured (mg/L) measured (mg/L) measured (mg/L)
1 0.034 1 14.868 1 10.16
2 0.022 2 14.940 2 10.15
3 0.029 3 14.811 3 10.08
4 0.055 4 14.949 4 10.11
5 14.822
Average 0.035 Average 14.878 Average 10.13
Standard deviation 0.0142 Standard deviation 0.0644 Standard deviation 0.037
Standard error 0.0071 Standard error 0.0288 Standard error 0.0185
Copcentiafon g Copeentaion 1500 - -
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Table 6. Uncertainty sources in the concentration value of
re-calibration sample 2 Chigh)

Uncertainty
sources

P, purity of metal 0.9999975 1.44x 1078
M, mass of metal 1000.2mg 0.255mg

Values Uncertainty  Remarks

Vs, volume of 1L 430x10°L
fio 0.1 0.000072  fio =Vso/Vso
S 0.03 0.0000302  fioo= Vso/Vsooo
§i 5 000404 £ =V/V,
G 15.00 mg/L.

2
- W (V) (20)

u ()= (Tip—)z AV ({P—z)
- (1-;3)2 : (0.254)2+(%)2 - (0.0624)
ue(f2) =0.00404
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B G $4xF F3iEw 24E Hu) Ag o4
3, o) A& Wejsial e 2ok

WAC)=CR - Ku;P) )2+ (ui::/))l_l_ (usl/;) )2

+ (A" (ALY, ()
QD

4716l sl PARTRUEE ol ohes)
ek,

144X 1076\2 7 0.255 \2

0.9999975 ) (1000.2)
430%10°5\2  £0.000072\?
—)+ o)
0.0000302\2 7 0.00404 \2
0.03 >+( 5 ) ]

1{C1)=0.0214 (22)

uXC)=15%x [(

5
(

+
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9 ¥=)e 0.000mg/Lo3, o] Hx& AW $xe
Aztele) ZFPYEE

_0.001 —0.0006 olch
w(Cy) --Tg—mg/L- k mg/L 2

324 DHEAIR 29 EH = (R) ¥ BFEYCT
Table 52 %€ 2=} 14878 mg/Lal #E&
= it o719 Bz AY 2¥xE HrlEone

FF93H0.0288 mg/L)yE EFEHY =D o] 43t

325 WHAR 1 (HIEEY)L] £ s (R Y BE
g4
Table S23%E 2A%v: 0035mgly g <
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220 3H0.007I mg/L)F EEREYT T o] 4aic)

326 2MAIRS| 2 Z= (R, 1H ¥ 55) &
EEEYT
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4 slek ol7lg] Bt AY 28x2 HYriEoe
HE#F92HO0IBS mg/L)E HEEY = o 43}

Iy ESEYE W RS AL

33.1 5 A DEAY ®eal

R TERTE F57) HEl 4] 109 =EW
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% o WiHF AN T P44 WY 232
=F wix Fa3, 2 A3 Ak e g

R:—R
e
R-R

) {C-C)+C1=10.19(mg/L) (23)

Table 7. Standard uncertainties appearing in the main
equation of the model

Sources Value Uncertainty Df:ger;z ‘;ff
f 0.2 0.00053 o
G 0.0000mg/.  0.0006 mg/L ca
G 15.00 mg/L 0.0214mg/L oo
R, 10.13 mg/L 0.0185mg/L 3
R 0.035 mg/L 0.0071 mg/L 3
R 14.873 mg/L 0.0288 mg/L 4
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Table 8. Coefficients and calculated values of equation 24

Terms Coefficients Calculated
results
e 10106
[ ] R-R i :
aC; (R—R3) )
BT (GG -0.323
aR.} ((R2_Rl) (C-C)
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) Gy (€ 0.666
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3, 1-( ‘) 0341
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.2
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Table 9. Results obtained for the analysis of waste-water by ICP-ES

Symbol Description Value Unicalnl?:nw Sensitivity th:g:gzsrgf
f Reverse
Preconcentration factor 02 0.00016 10.19mg/L oo
Cy Concentration not re-calibrated 10.19mg/L. 0.144 mg/L 0.2 5752
c Concentration analyzed 2.038 mg/L. 6162
Uc Combined standard uncertainty 0.0288 mg/L.
U Expanded uncertainty 0.0576 mg/L,

(95% level of confidence, k=2)

k=2)8 %} Table 98} 2t}
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