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Abstract — The basin of Lake Shihwa is one of highly industrialized region of Korea and a current environmen-
tal issue of study area is the operation of tidal power plant (TPP) to improve water quality. The application of
water quality index (WQI) which integrates five physiochemical parameters (transparency, DO, DIN, DIP and
chlorophyll-a) of water quality in Lake Shihwa and outer sea during 2011~2012 were performed not only to
evaluate the spatial and temporal distribution of the water quality but also to assess the effect of water quality
improvement by the operation of tidal power plant. The higher WQI values were observed in monitored sites
near the industrial complexes in Lake Shihwa and the outfall of wastewater treatment plants (WWTPs) in outer
sea. This indicates that the quality of seawater is influenced by diffuse non-point sources from industrial, munic-
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ipal and agricultural areas in Lake Shihwa and by point sources from the effluence of municipal and industrial
wastewater throughout WWTPs in outer sea. Mean WQI value decreased from 53.0 in 2011 to 42.8 in 2012 of
Lake Shihwa. Water quality has improved significantly after TPP operation because enhancement of seawater
exchange between Lake Shihwa and outer sea leads to improve a hypoxic condition which is primarily a prob-
lem in Lake Shihwa. Mean WQI of outer sea showed similar values between 2011 and 2012. However, the
results of hierarchical cluster analysis and the deterioration of water quality in summer season indicate that the
operation of tidal power plant was not improved the water quality in the upper most area of Lake Shihwa. To
successfully improve overall water quality of Lake Shihwa, it is urgently necessary to manage and reduce of

non-point pollution sources of the basin of Lake Shihwa.
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Fig. 1. Map of study area (abbreviation of W and TPP mean the watergate and tidal power plant, respectively).

Table 1. Criteria for score of each parameter for calculating the water
quality index(WQI) in Korea

Parameters
Score  Chl-a (ug/L), DIN (ug/L), DO (saturation, %),
DIP (ug/L) Transparency (m)
1 below base above base
2 <base + 0.10xbase >base - 0.10xbase
3 <base + 0.25xbase > base - 0.25xbase
4 <base + 0.50xbase > base - 0.50xbase
5 > base + 0.50xbase < base - 0.50xbase
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Table 2. Mean, minimum and maximum concentrations of transparency, DO saturation, DIP, DIN and Chl-a of seawater in Lake Shihwa

during 2011~2012

Year Month Transparency (m) DO (%) DIP (mg/L) DIN (mg/L) Chl-a (ng/L)
April 1.8 111 0.002 0.197 14.1
(0.8-3.0) (99-168) (0.001-0.010) (0.017-0.234) (2.6-140.5)
Hune 1.3 52 0.024 0.030 23.1
(0.4-2.0) (17-145) (0.003-0.155) (0.012-0.055) (0.8-113.4)
July 0.6 35 0.084 1.806 3.9
(0.3-1.5) (3-79) (0.032-0.129) (1.466-2.238) (1.0-5.0)
August 1.0 70 0.014 0.727 27.5
2011 (0.6-1.3) (53-87) (0.003-0.091) (0.389-2.000) (8.4-42.2)
September 1.3 87 0.013 0.102 37.7
(0.4-2.2) (49-154) (0.002-0.063) (0.004-0.443) (19.2-195.2)
October 2.2 99 0.045 0.320 9.0
(0.5-3.5) (88-108) (0.036-0.053) (0.238-0.459) (2.1-25.0)
December 1.5 108 0.020 0.131 25.5
(0.3-2.1) (98-120) (0.001-0.066) (0.083-0.504) (3.5-155.2)
Mean 1.4+0.5 80+29 0.029+0.028 0.493+0.621 21.3+10.2
May 1.1 112 0.005 0.101 152
(0.3-1.6) (103-132) (0.001-0.021) (0.013-0.205) (6.3-55.8)
June 1.4 113 0.008 0.108 13.5
(0.6-1.8) (101-150) (0.002-0.023) (0.027-0.239) (3.6-42.7)
July 1.0 97 0.017 0.414 121
(0.2-1.6) (71-136) (0.005-0.040) (0.179-1.686) (7.3-526)
August 0.9 79 0.056 0.743 4.2
2012 (0.4-1.3) (55-102) (0.044-0.075) (0.470-1.358) (2.3-6.0)
September 1.3 84 0.034 0.819 11.1
(0.3-2.0) (51-109) (0.017-0.075) (0.343-3.250) (6.8-19.7)
October 1.5 87 0.042 0.387 3.1
(0.8-2.2) (72-100) (0.035-0.056) (0.252-0.959) (1.3-6.6)
November 1.7 95 0.033 0.183 4.7
(0.7-2.2) (82-99) (0.028-0.037) (0.108-0.529) (2.0-9.8)
Mean 1.3£0.3 95+13 0.028+0.019 0.394+0.293 24.7+42.7
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Table 3. Mean, minimum and maximum concentrations of transparency, DO saturation, DIP, DIN and Chl-a of seawater in outer sea of Lake

Shihwa during 2011~2012

Year Month Transparency (m) DO (%) DIP (mg/L) DIN (mg/L) Chl-a (ng/L)
Aol 0.8 108 0.013 0.362 5.1
p (0.3-1.2) (71-116) (0.007-0.029) (0.265-0.718) (2.5-11.4)
Tune 1.7 113 0.031 0.393 5.0
(0.8-2.5) (90-121) (0.003-0.278) (0.164-1.866) (3.0-5.0)
l 1.6 90 0.041 0.719 2.4
uy (0.9-2.3) (58-96) (0.032-0.053) (0.611-0.874) (1.0-3.9)
Aucust 1.7 90 0.047 0.615 3.4
2011 & (1.1-2.4) (82-101) (0.038-0.076) (0.494-0.830) (1.4-8.5)
Sentermb 1.8 111 0.032 0.332 45
eptember (0.2-2.9) (83-126) (0.005-0.111) (0.105-1.017) (1.2-8.4)
October 23 95 0.040 0.324 2.0
(1.1-3.9) (91-102) (0.020-0.088) (0.162-0.826) (1.2-3.3)
December 1.1 91 0.039 0.432 2.9
(0.5-1.8) (87-95) (0.028-0.061) (0.320-0.837) (0.8-7.6)
Mean 1.6£0.5 100=10 0.035£0.011 0.454+0.153 3.6+13
Ma 1.1 103 0.015 0.320 3.9
Y (0.4-1.7) (94-106) (0.015-0.043) (0.198-0.608) (2.2-5.9)
| 1.1 98 0.020 0.360 2.6
une (0.5-1.8) (88-104) (0.010-0.057) (0.189-0.719) (0.8-4.0)
Tl 2.1 97 0.019 0.308 5.7
uy (1.0-3.6) (89-101) (0.005-0.038) (0.195-0.524) (1.4-12.9)
12 86 0.048 0.463 1.1
August
2012 (0.5-1.9) (81-90) (0.039-0.070) (0.350-0.719) (0.6-1.6)
Sentermb 22 89 0.037 0.423 8.5
cptember (0.7-3.5) (78-105) (0.014-0.074) (0.250-0.722) (2.4-16.8)
October 2.9 93 0.040 0314 2.1
(1.5-4.5) (83-111) (0.026-0.128) (0.207-1.152) (1.0-4.1)
Novernber 0.6 9 0.041 0.464 13
v (0.3-1.1) (92-99) (0.035-0.058) (0.358-0.832) (0.4-2.0)
Mean 1.620.8 956 0.0310.013 0.376£0.073 3.642.7
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Fig. 2. Comparison of mean concentrations of transparency, DO saturation, DIP, DIN and Chl-a in different sampling period.

5748 JERSITH(Table 3, 4).
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Fig. 3. Spatial distribution of water quality index (WQI) for Lake Shihwa and outer sea in 2011.
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Fig. 4. Spatial distribution of water quality index (WQI) for Lake Shihwa and outer sea in 2012.
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Table 4. Comparison of mean score values for each measured parameter(transparency, DO saturation, DIP, DIN and Chl-a) and water quality
indices between Lake Shihwa(SH) and outer sea of Lake Shihwa(SHO) during 2011~2012
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Fig. 5. Comparison of water quality index for Lake Shihwa (a), outer
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