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Review of the Applicability of Water Quality Assessment in the
Major Tributaries of the Namhan River using the Real-Time Water
Quality Index (RTWQI)
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Abstract

Concern about water quality and pollution was heightened as contaminants flowed into the Namhan River downstream of
the Chungju Dam. Thus, this study calculated the Real-Time Water Quality Index (RTWQI) using monthly average water
quality monitoring data for major tributaries that require water quality control, which were obtained between 2010 and 2019.
To review the applicability of the RTWQI for water quality assessment in the major tributaries of the Namhan River, it was
compared with the living environment standard river. The calculated RTWQI result indicated that Bokhacheon, with 59
points, was in the “fair” grade, and this stream was identified as a tributary that preferentially requires water quality
improvement as it showed a decreasing (-) tendency of RTWQI. A comparison between RTWQI and the living environment
standard of T-P showed that the categories of “completely coincident” and “different by one grade” accounted for 45% of the
total, and the water quality of major tributaries was assessed as low. Therefore, the RTWQI, which applies comprehensive
water quality parameters and has higher reliability than assessing a single water quality parameter, was determined to be
efficient for water quality assessment of the major tributaries of the Namhan River.
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Fig. 1. Water quality monitoring sites in the major tributaries of Namhan River.
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Fig. 2. Land coverage of major tributaries. (a) SG, (b) CM, (¢) YH, (d) BH.
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Table 1. Living environment standards of river
Grade - BOD COD TOC SS DO T-P TC FC
P (mg/L) (mgL) (mgL) (mgL) (mgL) (mgLl) (cfw/100mL)  (cfu/100mL)
Very good 6.5~8.5 <1 <2 <2 <25 =7.5 =<0.02 <50 <10
Good 6.5~8.5 <2 <4 <3 <25 >50 <0.04 <500 <100
Somewhat good 6.5~8.5 <3 <5 <4 <25 =5.0 =0.1 =1,000 =200
Fair 6.5~8.5 <5 <7 <5 <25 >5.0 =0.2 <5,000 <1,000
Somewhat poor 6.0~8.5 <8 <9 <6 <100 =20 <03 * *
Poor 6.0~8.5 <10 <11 =8 % =2.0 <0.5 * *
Very poor * 10> 11> 8> * <2.0 0.5> * *
Table 2. Standard values by water quality parameters to calculate RTWQI
Parameter Unit Water quality reference range
WT . (Monthly average for 10 years = 10C) < WT
< (Monthly average for 10 years + 10°C)
pH - 6.5 <pH <9.0
EC uS/cm EC = 200 uS/cm
DO L 0.8 x DO (Saturation concentration at present water temperature) < DO
m
€ < 1.3 x DO (Saturation concentration at present water temperature)
TOC mg/L TOC < 3.0 mg/L
T-N mg/L T-N < 3.0 mg/L
T-P mg/L T-P < 0.1 mg/L
SS mg/L SS < 25.0 mg/L (Living environment standard of river, Good (II) grade)
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Table 3. RTWQI categorization schema

RTWQI value Rating Description
20-100 Excellent Water quality i.s protected with a virtual absence of threat or impairment; conditions very close
to natural or pristine levels.
Water quality is protected with only a minor degree of threat or impairment; conditions rarely
60-79 Good .
depart from natural or desirable levels.
. Water quality is usually protected but occasionally threatened or impaired; conditions
40-59 Fair . .
sometimes depart from natural or desirable levels.
20-39 Marginal Wa.ter quality is frequently threatened or impaired; conditions often depart from natural or
desirable levels.
0-19 Poor Water quality is almost always threatened or impaired; conditions usually depart from natural or

desirable levels.
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Table 4. Statistical summary of the physicochemical water quality parameters (MeantStandard Deviation)

Parameter Unit SG CM YH BH
WT c 14.4£9.2 14.0+9.3 15.349.1 17.5+8.7
pH - 8.0+0.3 8.0+£0.3 7.9+0.3 7.8£0.3
EC uS/cm 266+84 308+63 316+71 726+258
DO mg/L 11.8+1.9 11.6+2.1 11.842.3 10.8+2.0
BOD mg/L 1.6£0.7 2.8+1.9 2.1£1.1 3.7£1.6
COD mg/L 4.8+1.3 6.7£2.7 6.1+2.1 6.6£2.3
SS mg/L 9.7+30.9 17.0£21.3 32.2+62.8 26.2+67.9
T-N mg/L 3.533+1.468 3.945+1.481 4.486+1.749 7.920+2.317
T-P mg/L 0.079+0.048 0.120+0.066 0.178+0.099 0.170+0.058
TOC mg/L 2.941.0 3.9£1.6 3.8£1.5 3.9+1.5
TC cfu/100mL 4,424+14,482 10,089+48,981 9,697+24,687 -
FC cfu/100mL 885+2,465 1,789+7,997 1,59143,657 -
- No data
Table 5. Living environment standards of major tributaries
Tributaries Code pH BOD coD Toc SS bo T-p Te Fe
(mgl) mg/L  (mgl) (mgl) (mgl) (mgl) (cfu/100mL)
Seomgang SG Ia b I Ib Ia Ia I m *
Cheongmicheon CM Ia I I I Ia Ia I * *
Yanghwacheon YH Ia I I il v Ia m * *
Bokhacheon BH Ia I m il v Ia m - -
* No standard
- No data
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Fig. 3. Living environment standard monthly variation characteristics of major tributaries.
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Table 6. Result of the calculated mean RTWQI of the major tributaries

Tributaries Code a F, nse F; RTWQI Rating
Seomgang SG 30.00 2.50 0.32 13.26 80 Excellent
Cheongmicheon CM 43.59 3.63 0.76 30.97 72 Good
Yanghwacheon YH 48.85 4.07 1.41 37.69 63 Good
Bokhacheon BH 53.23 4.44 1.40 46.79 59 Fair

100
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Fig. 5. The characteristics of seasonal Variation for RTWQI.
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Fig. 6. The trends of variation for RTWQI of major tributaries. (a) SG, (b) CM, (c¢) YH, (d) BH
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Table 7. Correlation coefficients between water quality parameters of living environment stands and RTWQI

Parameter SG-RTWQI CM-RTWQI YH-RTWQI BH-RTWQI
RTWQI-pH 0.031 0.080 0.323" 0.047
RTWQI-BOD -0.301™ -0.288" -0.618" -0.513"
RTWQI-COD -0.455™ -0.315™ -0.714" -0.638"
RTWQI-TOC -0.504" -0.492" -0.677" -0.636"
RTWQI-SS -0.306™ -0.548" -0.574" -0.449"
RTWQI-DO -0.397" -0.231" -0.483" -0.393"
RTWQI-T-P -0.436™ -0.465™ -0.145 -0.184"
RTWQI-TC 0.004 -0.213" -0.321™ -
RTWQI-FC 0.028 -0.165 -0.314" -

" Correlation is significant at the 0.05 level (2-tailed)
™ Correlation is significant at the 0.01 level (1-tailed)
- No data

Table 8. Comparison of grade between RTWQI and living environment standard (BOD, T-P) of major tributaries

Difference of grade
Major tributaries Completely
coincident 1 grade 2 grade 3 grade 4 grade
BOD Rate (%) 35.8 433 17.1 3.8 0.0
T-P Rate (%) 16.5 28.5 50.2 4.8 0.0
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