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Uncertainty of Online TOC Analyzer in Water Quality Monitoring System. Lee, Chung-Yul*,
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The objective of this study was to estimate uncertainty of online TOC analyzer in
water quality monitoring system. A procedure for the estimation of measurement
uncertainty of total organic compounds (TOC) based on the ISO approach is
presented. It is based on a mathematical model that involves 4 input parameters
(standardization, sensitivity, solute effect and representativeness). In this study, a
major problem in estimating the uncertainty of online TOC analyzer was the solute
effect. It was strongly depends on organic materials. So homogeneity of the sample
is the most important consideration. Modified concentration and combined standard
uncertainty was 4.71+0.36 mg L' by model modified in this study.
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Table 1. Output signal of TOC standards.

STD Output signal ~ Aver-

(mg L™ (mV) age x;2 v X;¥i
X Ist 2nd 3rd Vi
0 13 20 19 17 0 289 0

10 1,050 1,061 1,044 1,052 100 1,106,704 10,520
20 2,110 2,101 2,089 2,100 400 4,410,000 42,000

30 3,169 500 5,516,993 52,5620
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Table 2. Output signal of sample (average concentration=4.66 mg L1).

Sample 1st 2nd 3rd 4th 5th

6th 7th 8th 9th 10th Ave.

Output (mV) 500 505 502 496 499

496 505 498 497 499 499.7
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Table 3. Uncertainty of solute effect.

Sample propert;
P7e property Ist 2nd 3rd Ave. u(f,)
Addition (Turbidity)
0mg (45 NTU) 466 464 468 4.66 0.059
10mg(110NTU)  35.33 24.63 2455 28.17 0.062
20mg (250 NTU)  59.59 59.29 63.55 60.81 0.066
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Table 4. Combined uncertainty of online TOC analyzer (sediment addition=0 mg).

Measured value Standard uncertainty
NO. . . . Standard  Degree of . <ui (Cx)>2
Variable  Value Unit Variable uncertainty freedom Qulity factor —uc . x 100
1 C, 4.66 mg L1 u(C) 0.039 9.00 Least square analysis 1.16
2 fa 0.99 - u(fy 0.030 8.00 Sensitivity 15.29
3 [ 1.00 - ul(f,,) 0.059 2.00 Solute effect 57.95
4 s 1.02 - u(fy) 0.040 8.00 Sample representative 25.60
C(TOoC) 4.71 mg L1 u, (TOC) 0.360 5.36 - 100.0
xC(TOC)=C, - fy - fn - f:
Table 5. Combined uncertainty of online TOC analyzer (sediment addition=10 mg).
Measured value Standard uncertainty
NO. . : . Standard  Degree of . <ui (Cx)>2
Variable  Value Unit Variable uncertainty freedom Qulity factor —uc . x 100
1 C, 4.66 mg L1 u(Cp 0.039 9.00 Least square analysis 1.10
2 fa 0.99 - u(fy) 0.030 8.00 Sensitivity 14.42
3 Fn 1.00 - u () 0.062 2.00 Solute effect 60.34
4 fs 1.02 - u(fy) 0.040 8.00 Sample representative 24.14
c(Toc) 4.71 mg L} u (TOC) 0.386 5.03 - 100.0
#CTOC)=C; - fy+ " [
Table 6. Combined uncertainty of online TOC analyzer (sediment addition=20 mg).
Measured value Standard uncertainty
NO. . . . Standard  Degree of . <ui (Cx)>2
Variable Value Unit Variable uncertainty freedom Qulity factor 2. (C.) x 100
1 o 4.66 mg L1 u(Cp 0.039 9.00 Least square analysis 1.01
2 fa 0.99 - u(fy 0.030 8.00 Sensitivity 13.34
3 f 1.00 - u(f,,) 0.066 2.00 Solute effect 63.30
4 fs 1.02 - u(fy) 0.040 8.00 Sample representative 22.35
C(TOC) 4.71 mg L u. (TOC) 0.390 4.65 - 100.0
#C(TOC)=C; - fy-fu -1
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4.66 mg L7'o]] widte] mel RAeA o RS ol W3t FAEFEE HAFT vt AT7AFANA &
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=g} o)) A% PHRERAEE LA SRt 84 2R A % 4+ Ul
CTOCY=Cy « fy * frn - £,=4.66 - 0.99 - 1.00 - 1.02 Table 7. Expanded uncertainty and coverage factor.
- -1
=4.71mg L Sediment (mg) Uc k U
0.039\2 10.03\2 (0.059\2 [0.04\? 0 0.360 2.57 0.925
s u(TOC)=4.66 \/ ( ) ) ’
el ) ( 4.66 )+(0_99 )+ 1 ) (1.02) 10 0.386 2.57 0.992
20 0.390 2.57 1.00

=0.360
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Fig. 1. Uncertainty factor of online TOC analyzer.
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