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Comparative Evaluation of the Pollutant Load Estimation Method
in the Water Quality Data Missing Intervals
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Abstract : Direct estimation of the pollutant load(PL) should be carried out by the data filling in the missing
intervals using an appropriate method because it is impossible in which the flow discharge(water quantity) or
water quality(WQ) time-series data set have the missing intervals. In this study, the several methods estimating
the water quality in the missing periods are suggested and the WQ and pollutants load change patterns are
compared and evaluated based on the reproducible degree of the available data change patterns. The most
appropriate method is finally suggested and the contribution factor deciding the influence degree and the PL
characteristics of the river estuary is also suggested. Based on the PL. estimation results using the several
methods, the interpolation method considering the fluctuation of the available WQ data is shown to be most
efficient. The PL patterns of the Han river estuary is classified as the discharge-dominated type. The data filling
process is inevitable and the WQ estimation using the efficient and effective method should be carried out in
order to estimate reasonable PL.

Keywords : missing intervals, estimation method, flow discharge and water quality data, pollutant load,
contribution factor
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Table 1. Classification of the Pollutants [.oad Estimation based on the Data Interval

Flow Discharge

Water Quality

Level . . . . Remarks
Time-series Data Interval Time-series Data Interval
I monthly monthly highly probable large bias error, large
(one~four times measurement) (one~two times measurement) —estimation error
dail monthl L
11 . y . y most general estimation method
(continuous measurement data)  (one~two times measurement)
monthl dail only applied to the small discharge changes
111 . Y . Y condition, frequent occurrence of the water
(one~four times measurement)  (continuous measurement data) . . .
quality missing data intervals
. . most correct/reliable method, but high cost,
daily daily . .
v frequent occurrence of the water quality missing

(continuous measurement data)

(continuous measurement data)

data intervals
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Fig. 1. Han-river estuary daily discharge at gimpo bridge station (2006).
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Table 2. Statistical information changes before and after missing WQ data estimation

Average Average Standard Max. Min

cob (mean) (median) deviation cov value Value Range
before Estimation 5.1 4.8 1.951 0.380 14.4 23 12.1
M-1 5.2 5.0 1.858 0.358 14.4 23 12.1
M-2 5.2 49 1.964 0.378 14.4 23 12.4
M-3 5.4 52 1.869 0.346 14.4 23 12.1
after M-4 5.0 45 1.815 0.366 14.4 23 12.1
estimation M-5 5.1 4.8 1.851 0.363 14.4 1.8 12.6
M-6 49 4.6 1.877 0.382 144 23 12.1
M-7 52 5.0 1.794 0.347 144 23 12.1
M-8 5.1 48 1.951 0.380 144 23 12.1
Average Average Standard Max. Min.
™ (mear%) (media%l) deviation cov value Value Range
before Estimation 7.8 7.6 2.320 0.298 14.2 2.7 11.5
M-1 7.3 7.0 2.385 0.326 14.2 2.7 11.5
M-2 74 72 2.327 0.313 14.2 2.7 11.5
M-3 7.6 7.0 2.175 0.287 14.2 2.7 11.5
after M-4 74 6.8 2.312 0.314 14.2 2.7 11.5
estimation M-5 7.6 7.5 2228 0.292 14.2 2.7 11.5
M-6 7.1 7.0 2.644 0372 142 2.7 11.5
M-7 74 7.0 2.290 0.309 142 22 12.0
M-8 78 7.6 2.320 0.298 142 2.7 115
Average Average Standard Max. Min.
P (meaf) (mediagn) deviation cov value Value Range
before Estimation 0.6 0.6 0.236 0.401 1.6 02 15
M-1 0.5 0.5 0.234 0.425 1.6 0.2 1.5
M-2 0.6 0.5 0.232 0.417 1.6 0.2 1.5
M-3 0.6 0.5 0.216 0.372 1.6 0.2 1.5
after M-4 0.6 0.5 0.224 0.403 1.6 0.2 1.5
estimation M-5 0.6 0.6 0.223 0.379 1.6 0.2 1.5
M-6 0.5 0.5 0.236 0.433 1.6 0.2 1.5
M-7 0.6 0.5 0.223 0.396 1.6 02 15
M-8 0.6 0.6 0.236 0.401 1.6 02 15
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Fig. 10. Pollutant load variation pattern due to estimation
method.
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Fig. 11. Pollutant load changes by the estimation method (Data
Missing Periods).
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Table 3. Coefficient of Determination in before and after Estimation (water quality-pollutant load ; flow discharge-pollutant load)

water quality-pollutant load correlation

flow discharge-pollutant load correlation

COD ™ TP COD TN TP

before Estimation 0.2808 0.0015 0.2928 0.5031 0.6317 0.3813
M-1 0.0055 0.1159 0.0254 0.9383 0.9282 0.9424

M-2 0.0680 0.0642 0.0071 0.9749 0.9789 0.9599

M-3 0.0621 0.0200 0.0013 0.9552 0.9330 0.8753

after M-4 0.0838 0.0226 0.0000 0.9954 0.9903 0.9877
estimation M-5 0.0105 0.0969 0.0247 0.9922 0.9954 0.9873
M-6 0.0161 0.0131 0.0093 0.9504 0.9578 0.9798

M-7 0.0036 0.0984 0.0333 0.9870 0.9852 0.9750

M-8 0.2808 0.0015 0.2928 0.5031 0.6317 0.3813

Table 4. Total pollutant load including data missing periods

Totally pollutant load in measurement periods (kg/day)

Method
COD TN TP
M-1 135,364,642 130,517,854 10,272,590
M-2 138,995,965 126,852,542 10,762,734
M-3 143,091,187 151,244,827 12,352,179
M-4 97,122,733 128,767,348 9,986,044
M-5 114,058,996 163,764,931 13,227,034
M-6 94,101,012 106,683,945 9,097,012
M-7 119,852,534 135,485,753 10,929,830
M-8 30,078,958 43,144,426 3,358,368
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Table 5. Comparison of variation range in flow discharge and water quality

Min. value ~ Max.
value (Min. Standard
of variation ratio)

5% Standard

Constituent (Max., Min. 2.5%

(Max., Min. 5.0%
each data exclusion) each data exclusion) each data exclusion)

10% Standard 25% Standard

(Max., Min. 12.5%

Average standard of
variation range
(10% data)

Flow Discharee 164~24,362 165~15,496 166~9,970 176~2,578 average 1,761
W g (148.4) (93.92) (60.06) (14.65) (0.09~5.66)
oD 2.01~14.41 2.50~11.26 2.67~9.17 3.32~7.04 average
(7.17) (4.50) (3.43) (2.12) 5.23 (0.51~1.75)
Water 2.75~14.21 3.19~12.37 3.41~11.64 4.64~10.32 average
Quality (5.17) (3.88) (3.41) (2.22) 7.35 (0.46~1.58)
P 0.09~1.64 0.17~1.05 0.21~0.94 0.28~0.83 average
(18.22) (6.18) (4.48) (2.96) 0.54 (0.39~1.74)
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Table 6. Characteristics division in water area with pollutant load using contribution factor
Range in contribution factor (Ry.) Type of the PL characteristics Estimation method in pollutant load
Roe> 10 discharge-dominated focused on flow discharge
3 <Ry <10 moderately discharge-dominated less focused on flow discharge
113 <R <3 discharge-water quality balanced equally-dominated flow discharge & water quality
1710 <Ry < 173 moderately water quality-dominated less focused on water quality
Roe < 1710 water quality-dominated focused on water quality
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