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Water Quality Variations in Sihwa Lake with Gate Operation
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Abstract

The variations of water quality due to inflow of sea water by gate operation were
observed in Sihwa Lake. The distributions and concentration of salinity, temperature,
dissolved oxygen, nutrients were investigated from Feb. 1997 to Jul. 1998. The
salinity of water before gate operation was ranged 8.0~15.1%, and after the gate
operation in Oct. 1997, it was highly increased over 20% so that it was ranged
30.4~33.5%, in 1998. Inverse temperature between surface and bottom water
occurred from Oct. 1997 to Feb. 1998. The variation of pH was observed higher in
the surface layer than in the bottom layer. It was because dense phytoplankton bloom
in the surface water induced the depletion of CO, The results indicate that the sea
water inflow though regular operation of the gate decreased the eutrophication so that
the water quality of the lake was improved.
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(Table 1) Inflow and outflow in Sihwa
Lake with gate operation
Date Oggﬂow inlow No. of
(morth) (1 099""19 (10" m) opening
1997 6 117,357 4 - -
7 113,312 55 29,913 15
8 92,503 44 57593 27
9 83,735 4 83735 37
10 106,122 46 148,981 47
1" 7,455 3 30,116 4
12 169,526 34 161,945 33
1998 1 208,824 42 208,824 42
2 335,610 43 325666 42
3 417,190 a4 427137 32
4 1,025,716 58 1,025,716 58
5 911,824 56 874887 56
6 414,512 48 380376 48
7 392,823 - 50 356,651 46
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{Fig.2 F-M) Trends of nutrients concentration by 10 points mean
value of surface, bottom layer in Shiwa Lake from
February, 1997 to June, 1998
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(Table 2) Temperature, salinity and stratification parameter (log(-V)).
of water column observed in March, 1997 to June, 1998. at station 6.

Date Surface  Bottom Surface Bottom Surface Bottom Stratification3 Remarks
temp.(C) temp.(C) sal.(%) sal.(%) ot ot parameter(J/m’)
1997  Mar 18 6.3 57 14.3 16.5 11.2 13.0 1.072
19 6.5 56 14.3 19.5 11.2 15.4 0.740
Apr. 2 8.1 6.3 14.3 16.5 11.0 12.9 0.329
4 9.0 6.4 14.3 20.8 11.0 16.3 1.282 Gate
14 12.3 7.0 14.2 19.3 10.5 15.1 1.348 closed
May.19 18.2 10.0 131 19.3 - - 1.270
Jun. 12 23.1 16.5 123 13.8 6.8 9.4 1.240
Jul. 21 27.6 15.9 84 15.4 26 10.7 1.882
22 29.9 175 84 18.4 1.9 127 1.822
25 30.3 18.4 8.3 201 1.8 13.8 1.983
Aug.13 29.3 217 74 21.8 1.4 143 2.079
Sep. 5 271 25.4 10.6 25.0 44 15.7 1.982 Stratification
Oct.16 15.5 17.5 209 27.4 15.0 19.6 1.675
Nov.14 1.4 13.7 244 294 18.5 219 1532
28 8.7 11.5 257 28.5 19.9 21.6 0.819
Dec. 6 4.0 73 25.8 27.3 20.5 21.3 0.786
1998  Jan. 23 04 1.5 31.0 311 24.9 249 0.143
Feb.13 1.3 1.9 30.9 325 24.7 26.0 0.989
24 41 41 31.1 325 24.8 258 1.003
Mar. 9 7.7 53 315 332 246 26.2 1.200
24 6.8 57 325 326 255 257 0.440 Full
31 8.3 6.8 322 333 253 26.1 1.021 mixing
Apr.15 1341 9.5 322 334 24.2 25.8 1.117
May.18 18.2 145 31.2 322 223 239 1.089
Jun. 8 19.0 17.1 31.2 318 221 23.0 0.955
17 22,7 18.3 30.8 320 208 229 1.194
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(Table 3) Median of water qualities in the sufrace and bottom water in Sihwa Lake.
ND=not detected: (Min.~Max.).

Gate closed Stratification Full mixing
1997, 227 ~ 1997. 7. 21 1997. 7. 22 ~ 1997. 12. 29 1998. 1. 23 ~ 1998. 6. 17
surface bottom surface bottom surface bottom
Salinity 123 136 21.0 255 31.2 323
(%) (1.3~14.7) (3.3~23.3) (7.0~26.8) (7.5~31.5) (26.8~33.2) (29.3~33.8)
Tem. 24 17.5 154 155 9.1 6.8
() (23~287) (1.0~25.5) (2.5~30.6) (3.3~28.9) (04~22.7) (04~222)
H 86 8.0 87 77 9.2 9.0
P (7.3~9.3) (6.4~9.2) (7.1~9.6) (6.5~9.6) (84~9.9 (8.0~9.6)
TSS 17.6 15.4 15.6 15.8 274 21.2
(mg/L) (2.8~156.4) {4.4~59.6) (0.4~203.0) (2.0~141.6) (ND~123.0) (2.8~56.4)
DO 94 1.2 11.0 26 120 96
(mg/L) (2.7~21.3) (0.1~18.5) (36~17.2) (0.1~14.6) (4.7~17.5) (0.2~135)
COoD 16.8 15.0 14.0 11.2 8.2 4.0
(mg/L) (7.2~36.0) (8.2~38.0) (8.4~76.8) (3.8~74.9) (1.8~52.0) (2.0~16.2)
TKN 0.9 28 1.8 18 0.2 0.1
(mg/L) (1.6~11.2) (1.5~4.8) (0.1~13.6) (0.4~12.0) (ND~8.5) (ND~0.9)
NH4-N 1.1 1.2 06 08 ND ND
(mg/L) (0.3~8.0) (0.4~4.0) (ND~7.2) (ND~6.5) (ND~6.2) (ND~0.6)
NON 0.1 0.1 0.0 0.0 0.0 0.0
(mg/L) (0.0~0.1) (ND~0.2) (ND~0.1) (ND~0.1) (ND~0.1) (ND~0.1)
NO;-N 0.1 0.1 0.0 0.0 0.1 0.1
(mg/L) (ND~2.1) (ND~1.1) (ND~0.1) (ND~0.2) (ND~0.5) (ND~0.3)
PO4-P 0.006 0.059 0.005 0.073 0.007 0.006
(mg/L) (ND~0.467) (ND~0.504) (ND~0.214) (ND~0.527) (ND~0.214)  (ND~0.091)
TP 0.213 0.242 0.222 0.244 0.094 0.061
(mgl)  (0.004~1211)  (0.002~0.720) (0.125~1.785)  (0.008~1.660) (0.011~0.671) (0.003~0.233)
Chi-a 127.3 79.3 71.6 429 374 17.0
(mgm’)  (109~6268)  (53~2763) (143~15522)  (0.0~14650)  (30~5807)  (1.0~862)
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(Table 4) Correlation between water qualities in the surface water of Sihwa
Lake according to the state of seawater intrusion.

Gale closed W.T pH Salinty DO COD NHsN NO-N NO+N TKN POsP T-P SS Chia
WT 1.000

pH 0.364 1.000

Salinity -0.605 -0.070 1.000

DO -0.603 0284 0.424 1.000

COoD -0.724 -0.128 0.540 0582 1.000

NHsN -0.463 -0.163 0.182 0217 0242 1.000

NO2-N 0334 0204 0132 0029 -0.178 -0.195 1.000

NOs-N 0565 -0.536 -0.065 0346 0392 0.145 -0200 1.000

TKN 0756 -0.222 0360 0535 0627 0810 -0265 0.353 1.000

PO4-P 0410 -0048 0172 0233 0.348 0.259 -0.383 0255 0.326 1.000

T-P 0362 -0293 0.155 0246 0272 0685 -0.156 0136 0773 -0.121 1.000

SS 0553 -0.271 0083 0397 0629 0381 -0.148 039 0722 0.093 0.586 1.000
Chl-a 0390 0071 0255 0381 0478 0.187 0018 0100 0458 0.109 0.355 0.555 1.000
Stratification W.T pH Salinty DO COD NHsN NO-N NOsN TKN POsP TP S8 Chla
wT 1.000

pH 0.172  1.000

Salinity 0971 0241 1.000

DO -0.765 -0.049 0.709 1.000

COoD 0422 0222 0354 0390 1.000

NH:-N -0.157 0235 0079 0125 0859 1.000

NO2-N 0.256 -0.130 -0.233-0468 -0.253 -0.080 1.000

NOs-N 0.032 0.133 -0.026 0.081 -0.178 -0.188 0.330 1.000

TKN 0197 0237 0112 0205 0912 0925 -0.108 -0.099 1.000

PO,-P 0.195 039 -0.235-0.184 0.331 0604 0.155 0.041 0561 1.000

T-P -0.305 -0294 0236 0272 0944 0944 -0130 -0.135 0966 0.571 1.000

SS 0484 0207 0398 0436 0821 0740 -0238 -0.063 0765 0.420 0.817 1.000
Chi-a 0584 -0252 0480 0476 0908 0754 -0235 -0.046 0831 0341 0874 0822 1.000
Full mixing W.T pH Salinty DO COD NHsN NO-N NOyN TKN PO,P T-P SS Chla
W.T 1.000

pH -0.287 1.000

Salinity -0.093 0074 1.000

DO -0.048 0696 -0.145 1.000

CoD 0.257 0.304 -0.489 0436 1.000

NHs-N -0.020 0.060 -0.500 0.064 0323 1.000

NO.-N -0.049 0.133 -0.555 0026 0.264 0553 1.000

NOs-N -0.160 0042 -0.289-0.031 0250 0237 0716 1.000

TKN 0029 0173 -0663 0.194 0591 0847 0571 0342 1.000

PO4+-P -0.024 -0017 -0.306-0.001 0130 0823 0203 -0.059 0623 1.000

T-P 0.071 0125 -0695 0222 0692 0789 0397 0201 0826 0.655 1.000

SS 0015 0243 -0.092 0352 0679 0327 0170 0200 0388 0.184 0.527 1.000
Chl-a 0.240 0225 -0.177 0311 0885 0047 0009 0181 0369 -0.046 0459 0.666 1.000
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(Table 5) Correlation between water qualities in the bottom water of
Sihwa Lake according to the state of seawater intrusion.

Gale closed W.T pH Salinty DO COD NHsN NO»N NOyN TKN POsP T-P S8S Chl-a
WT 1.000

pH 0.165 1.000
Salinty  -0597 0551 1.000
DO 0655 0424 -0.028 1.000

Ccob 0169 0276 0234 0291 1.000

NH+-N 0239 -0424 0572-0256 0242 1.000

NO=-N 0329 0318 -0.320 0057 0070 -0544 1.000

NOs-N 0522 0191 -0.125 0788 0201 -0279 0207 1.000

TKN 0477 0135 0536 0278 065 0599 -0.375 0.161 1.000

PO+-P 0111 0297 0461-0193 0145 0618 -0499 -0334 0509 1.000
TP 0.161 -0486 0401-0565 0216 0759 -0.366 -0478 0400 0.418 1.000

SS -0273 0293 -0.086 0598 0401 -0293 0128 0495 0284 -0.175-0.303 1.000
Chl-a 0413 0302 -0.180-0133 0303 -0281 0378 0119 -0.033 -0.249 0.040 0.281 1.000j

Stratification  W.T pH Salinty DO COD NHsN NO-N NOsN TKN PO4P TP SS Chla
WT 1

pH -0.414 1.000
Salinity -0.769 -0.043 1.000
DO 0729 0751 0.370 1.000

COD -0.501 0474 0.175 0581 1.000

NHq-N 0133 -0.125 -0.184-0.108 0.569 1.000

NOz-N 0213 -0075 -0.072-0.156 -0277 -0.194 1.000

NOs-N -0.181 0152 0.178 0.148 -0.099 -0.341 0280 1.000

TKN 0112 0115 -0.104 0203 0801 0854 0239 -0208 1.000
PO.s-P 0.465 -0540 -0.341-0566 -0.086 0604 -0036 -0273 0379 1.000

TP 0079 0024 -0071 0099 0776 0903 -0210 -0264 0938 0.478 1.000
S8 0517 0359 0374 0534 055 0148 -0206 0204 0350 -0.246 0.304 1.000

Chl-a 0562 033t 0311 0564 0910 0476 -0210 0021 0750 -0.127 0.713 0.558 1.000

Full mixing W.T pH Salinty DO COD NHseN NO»N NOzN TKN POsP TP SS Chia
WT 1.000

pH -0.754  1.000
Salinity -0.039 -0.017 1.000
DO -0.731 0714 0.189 1.000

CcoD -0.259 0278 -0.664 0.199 1.000

NHq-N 0.108 -0.067 -0.407-0.076 0469 1.000

NO.-N 0310 0197 0.026 0224 0094 -0.044 1.000

NOs-N -0.293 0195 0328 0423 -0.232 -0051 0201 1.000

TKN 0139 0139 -0.328 0.165 0408 0581 0034 0431 1.000

PO.-P 0.158 -0.048 -0.263-0.213 -0.020 -0.133 -0.006 0.004 0043 1.000

T-P 0232 0184 0773 0032 0699 0558 0012 -0.093 0416 0.149 1.000

SS 0472 0266 -0.055 0461 0349 0.009 0332 0179 0.189 -0.110 0.167 1.000
Chl-a -0.309 0289 -0545 0.282 0817 0510 -0018 -0.078 0428 -0.077 0.721 0.241 1.000
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