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Variations and Characters of Water Quality during Flood and
Dry Seasons in the Eastern Coast of South Sea, Korea
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Library for Marine Samples, South Sea Branch, KIOST, Geoje 656-830, Korea

Abstract - Physiochemical characters of sea waters during summer flood- and winter dry-seasons
and their spatial variations were investigated along the coastal area off the eastern South Sea,
Korea. Using the hierarchical clustering method, in this study, we present comprehensive analyses
of coastal waters masses and their seasonal variations. The results revealed that the coastal water
of the study area was classified into six water masses (A to F). During summer season, the surface
water was mainly occupied by the coastal pseudo-estuarine water (water mass B) with low salinity
and high nutrients and the river-dominated coastal water (water mass C) with low nutrients,
respectively. The bottom water was dominated by cold water (water mass D) with very low tem-
perature, high salinity and high nutrients, compared to masses of surface water. Notably, the
water mass B, with high concentrations of nutrients (silicate and nitrogen) and low salinity, which
is strongly controlled by the water quality of river freshwater, seems to play an important role in
controlling the water quality and further regulating physical processes on ecosystem in the eastern
coastal area of South Sea. The water mass D (bottom cold water) coupled with a strong thermo-
cline, which exists in near-bottom layer along the western margin of Korea Strait, has a low tem-
perature, pH and DO, but abundant nutrients. This water mass disappears in winter owing to
strong vertical mixing, and subsequently may act as a pool for nutrients during winter dry-season.
On the other hand, vertically well-mixed water column during the winter season was typically
occupied by the Tsushima (water mass E) and the coastal water (water mass F) with a development
of coastal front formed in a transition zone between them. These winter water masses were charac-
terized by low nutrient concentration and balance in N/P ratio, compared with summer season with
high nutrient concentrations and strong N-limitation. Accordingly, the analysis of water masses
will help one to better chemical and biological processes in coastal area. In most of the study area,
characteristically, the growth of phytoplankton community is limited by nitrogen, which is clearly
different with coastal environment of West Sea of Korea, with a relative lack of phosphorus. It
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showed the western and the southern coasts in Korea are substantially different from each other

in environmental and ecological characteristics.

Key words : physiochemical properties, seasonal variations, water masses, limiting nutrients,
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Fig. 1. Map showing the bathymetry of the study area with sampling stations.
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Table 1. Statistic summary of physical-chemical properties in surface and bottom water during summer and winter

Summer Winter
Min. Max. Mean SD Min. Max. Mean SD
Temperature (°C) 15.8 29.0 25.0 2.8 4.1 13.8 9.3 3.0
Salinity (psu) 16.1 33.6 28.3 5.0 33.4 35.0 34.4 0.5
pH 7.88 8.57 8.27 0.16 8.18 8.37 8.24 0.04
DO (mgL™) 5.8 14.2 9.8 2.2 9.1 12.6 10.2 1.0
DO (%) 78 209 141 34 105 120 111 4
Surface water SPM (mg L) 0.5 43.1 6.5 9.1 1.0 13.9 4.4 3.2
POC (uM) 11.3 460.0 79.0 91.9 12.7 97.3 34.8 194
PN (uM) 1.2 29.1 8.5 8.2 2.0 9.4 4.3 1.6
DSi (uM) 1.9 71.5 18.0 21.3 04 13.2 5.9 3.0
DIP (uM) 0.06 1.01 0.34 0.27 0.05 0.42 0.23 0.09
DIN (uM) 0.5 43.3 8.7 12.3 0.4 15.8 3.7 2.7
Chl-a (ug L™ 0.0 27.4 5.0 6.4 0.1 13.5 1.8 2.5
Temperature (°C) 10.6 25.5 16.5 3.0 4.0 12.2 8.8 2.7
Salinity (psu) 27.1 34.7 33.5 14 334 349 344 0.5
pH 7.62 8.03 7.96 0.07 8.18 8.39 8.23 0.05
DO(mgL™) 2.0 7.9 5.3 1.1 9.0 12.4 10.2 1.0
DO (%) 25 113 67 13 104 119 109 4
Bottom water SPM (mg LY 1.6 18.5 6.6 4.6 1.7 19.5 7.5 4.4
POC (uM) 12.4 167.7 559 38.2 15.7 106.4 47.2 20.6
PN (uM) 1.2 13.5 5.9 3.5 1.6 8.6 5.3 1.7
DSi (uM) 17.6 76.3 26.0 10.2 1.1 11.4 6.1 3.2
DIP (uM) 0.31 3.04 0.94 0.42 0.05 0.41 0.25 0.10
DIN (uM) 8.5 27.0 13.8 34 0.6 8.6 3.8 2.4
Chl-a (ug L™ 0.0 6.7 1.1 1.5 0.1 16.1 2.6 3.2
Min.: minimum value, Max.: maximum value, SD: standard deviation
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Fig. 2. Spatial variations of physiochemical parameters in surface and bottom waters during summer-flood season. (a) temperature, (b)
salinity, (c) pH, (d) DO saturation, (e) SPM, (f) silicate (DSi), (g) dissolved inorganic nitrogen (DIN) and (h) chlorophyll-a.
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Fig. 3. Spatial variations of physiochemical parameters in surface and bottom waters during winter-dry season. (a) temperature, (b) salinity,
(c) pH, (d) DO saturation, (e) SPM, (f) silicate (DSi), (g) dissolved inorganic nitrogen (DIN) and (h) chlorophyll-a.
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Fig. 4. A detailed salinity distribution of surface water during summer-flood season. Note that nutrient-enriched Nakdong and Seomjin River
water mass with low salinity (< 29 psu) extends up to 50 ~60 km away from the river mouth, respectively.
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Fig. 5. Relationships between (a) temperature and DO saturation, (b) pH and DO saturation, (¢) SPM and POC concentrations, and (d), (e)
and (f) between concentrations of nutrients in surface and bottom waters of summer and winter. P values in all regression lines are

less than 0.05.
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Table 2. Result of Pearson correlation analysis between chlorophyll-a concentrations and environmental factors (p<0.05)

Temperature Salinity pH DO SPM POC PN DSi DIP DIN

Summer Surface ns -0.472 ns ns 0.526 0.757 0.639 0.475 ns ns
Bottom 0.617 —0.623 ns ns ns ns ns ns -0.393 —0.557
Winter Surface —0.543 -0.510 0.726 0.640 0.445 0.891 0.720 —-0.587 —0.557 -0.344
Bottom -0.577 -0.597 0.761 0.669 0.468 0.822 0.462 -0.637 —0.704 -0.519

ns: no significance
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Fig. 6. Correlations between salinity and concentrations of nutrients (DSi, DIN, DIP) in surface waters of summer and winter seasons. Data
within circles are excluded in calculation of linear regression and P values in all regression lines are less than 0.05.
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Table 3. Characteristics of water quality in each water mass

Water Temp. Salinity DO DO SPM POC DSi DIP DIN  Chl-a Characteristic of
Mass  (°C)  (psu) (mgL™) (%) (mgL™") (uM) (uM) (M) (uM) (ugL™)  Water Mass
I\Z ‘;tsei 163 330 800 7.6 95 .., 59 237 094 193 02 East Sea
ey E07  £08 X004 £02  £I - +33 436 +000 +36 +00 Cold Water
Water
Summer UL 257 185 819 90 125 20 232 612 068 309 106  Coastal Pseudo-
(surface) (n=8) +1.3 +2.4 +0.26 £3.1 +45 +15 +127 +£6.1 +024 +122 =+93  Estuarine Water
Water . .
Masc 255302 831 102 148, . 45 76 022 27 40  River-dominated
(1224) +18 417 4010 19 428 '+ +31 454 +0.1 +25 451  Coastal Water
Mv:;“g] 140 343 798 5.9 T gie 5T 213 093 145 03
'S¢ +17 403 4002 +07 +6 °7F +52 423 +0.13 +14 402  Bottom Cold
Summer  (n=15)
(bottom)*  Water Water
Moy 179332 796 49 63 (., 55 257 08 128 15 Coastal Water
(rf‘ism +18 +08 +003 05 =+6 = +27  +35 402 +27 +14
Water 14 48 822 96 109 26 74 027 45 09
. MassE -4 73 3101 4002 05 +3  SF2 48 415 4006 +12 07 Kuroshio Water
Winter (n=20)
(surface) 1\\/)12 Y63 39 826 ILL 13 . 47 37047 27 1
el4) T19 04 £005 07 £4 - +24 433 0.1 =£39 £35 08 ¢
Water =6 348 8.20 95 107 33 86 032 56 1.0
. MassE -y 1o 201 4002 06  +4 OF0Y 40 405 14003 +14 1o [Kuroshio Water
Winter (n=19)
(bottom) 1\\/?1\:1 eft?rF 6.1 340 827 12 112 oo 59 29 06 1S 46 o
(n=5155) +1.6 +04 *£00 £06 +4 - +24 412 2005 207 +4.0 0as er

*Values of two stations (station no. 14 and 34) identified as outlier are excluded in analysis. Temp.: Temperature

A}) =8t (Chesapeake Bay), =2

215} 3} (Huanghe

Estuary), &4-22] 3] 2 A]w}ut (Hiroshima Bay) So|A = X
3%l v} ¢lo} (Harrison et al. 1990; Fisher et al. 1992; Lee

et al. 1996).
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Fig. 8. Seasonal and spatial distributions of water masses in surface and bottom of the study area during summer and winter seasons. This
distribution map of water masses will help one to better chemical and biological processes in coastal area. WM-A (water mass A):
East Sea Cold Water, WM-B (water mass B): coastal pseudo-estuarine water, WM-C (water mass C): river-dominated coastal water,
WM-D (water mass D): bottom cold water, WM-E (water mass E): Tsushima water, WM-F (watr mass F): winter coastal water.
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