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Eutrophication and Freshwater Red-tide Algae on Early Impoundment Stage of Jeolgol
Reservoir in the Paikryeong Island, West Sea of South Korea. Shin, Jae-Ki*, Heung-Soo Lee,
Jin Hur! and Jae-Chung Park? (Korea Institute of Water and Environment, Korea Water
Resources Corporation (KOWACO), Taejon 305-730, Korea; 'Department of Earth and Envi-
ronmental Science, Sejong University, Seoul 143-747, Korea; 2Andong Dam Office, Korea
Water Resources Corporation (KOWACO), Andong 760-360, Korea)

A systematic water quality survey was conducted in August, 2005 for a drinking
water supply reservoir (the Jeolgol reservoir located in an island), which is at an
early stage of impoundment, to investigate the causes of water color deterioration of
the reservoir and the clogging of filter beds of a water treatment plant. The reser-
voir shape was simple and its average depth was 5.5 m, increasing from upreservoir
toward the downreservoir end near the dam. Dissolved oxygen (DO) and chlorophyll-
a (chl-a) showed a large variation while water temperature had a smaller range.
Transparency ranged from 0.6 to 0.9 m (average 0.7 m). The average value of turbidi-
ty was 9.3 NTU, ranging from 8.0~12.1 NTU. The transparency and the turbidity
appear to be affected by a combination of biological and non-biological factors. The
poor transparency was explained by an increase of inorganic colloids and algal blo-
om in the reservoir. The blockage of the filter bed was attributed to the oversupply
of phytoplanktons from the reservoir. The range and the average concentration of
chl-a within the reservoir were 31.6~258.9 ug L%, 123.6 ug L for the upper layer,
and 17.0~37.4 ug L™, 26.5 ug L™! for the bottom layer, respectively. A predominant
species contributing the algal bloom was Dinophyceae, Peridinium bipes f. occulta-
tum. The distribution of Peridinium spp. was correlated with chl-a concentrations.
The standing crop of phytoplankton was highest in the upreservoir with 8.5x 10°
cells mL™ and it decreased toward the downreservoir. Synedra of Bacillariophyceae
and Microcystis aeruginosa of Cyanophyceae appeared to contribute to the algal
bloom, although they are not dominated. It is mostly likely that sloped farmlands
located in the watershed of the reservoir caused water quality problems because
they may contain a significant amount of the nutrients originated from fertilizers. In
addition, the aerators installed in the reservoir and a shortage of the inflowing
water may be related to the poor water quality. A long-term monitoring and an inte-
grated management plan for the water quality of the watersheds and the reservoir
may be required to improve the water quality of the reservoir.

Keywords : reservoir, water quality, eutrophication, phytoplankton, freshwater red-
tide
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Fig. 1. Map showing location and sampling stations for
the survey of water quality and phytoplankton in
Jeolgol Reservoir of the Paikryeong Island, West
Sea of Korea in August 2005.
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Table 1. Environmental factors of Jeolgol Reservoir in
the Paikryeong Island located in West Sea of

Table 2. Geological position of the sampling stations by
GPS in Jeolgol Reservoir of the Paikryeong Is-

Korea. land located in West Sea of Korea.
Attribute Jeolgol Reservoir Sampling stations Geological position
: Ongjin-kun Inflow stream
Location 2
Pa'okryeong'myeon s1 N37°55'19.4", E124° 38'37.8"
GPS location NSZ 22§31£3§4% o S2 N37°55'26.9", E124°38'34.0"
) ' S3 N37°55'29.7", E124° 38'40.7"
Watershed area (km?) 0.70 sa N37°55'22.1" E124°38'48.1"
Forest & agriculture area (km?) 0.21 .
Reservoir area (km?) 0.49 Reservowo o o
Yearly rainfall (mm) 916.3 R1 N37° 55’24.7”, E124D 38'36.6”
Yearly mean inflow ( x 10*m?3) 30.4 R2 N370 55’26'7”' E124° 38'40'9”
"
Maximum water level (EL.m) 13.0 RS N37° 55’18.0”’ E124° 38’43.1”
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Flood water level (EL.m) 14.0
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Table 3. Mean water quality of the inlet stream and reservoir in Jeolgol Reservoir of the Paikryeong Island located in the

central area of West Sea, Korea in August 2005.

Reservoir
Factors\Sampling streams Inlet stream
Upper layer Lower layer
Physical factors
Temperature (°C) 19.2+1.4 25.3+0.5 24.8+0.1
DO(mg O, L) 7.2+1.0 10.8+2.0 7.9+0.2
DO saturation (%) 77.9+11.8 130.6+24.3 94.8+3.0
pH 6.41+0.25 7.66+0.34 7.42+0.20
Conductivity (uS cm™) 304.5+86.9 264.8+19.1 257.4+2.1
Salinity (psu) 0 0 0
Transparency (m) . 0.74+0.14 .
Turbidity (NTU) 6.2+5.1 9.9+1.4 8.7+0.9
Suspended solids (mg SS L) 17.0+54 16.4+2.8 16.5+1.3
Water color (Degree) 26.3+124 20.0+2.0 21.0+2.0
Depth (m) 0.05+0.02 55+3.6 .
Chemical factors
Total nitrogen (ug N L) 7,951.3+5,082.0 3,890.2+918.0 3,270.0+275.8
Ammonium (ug N L™ 17.5+9.6 116.0+72.0 78.0+64.2
Nitrate (ug N L ™) 4,025.0+2,812.3 860.0+54.8 920.0+44.7
Nitrite (ug N L™ 0 0 0
Organic nitrogen (ug N L™%) 3,908.8+2,281.2 2,914.2+891.2 2,272.0+£269.5
Total phosphorus (ug P L™ 19.0£17.0 52.8+315 29.0+6.1
Soluble reactive phosphorus (ug P L™) 10.8+12.6 6.0£2.0 48+1.8
Organic phosphorus (ug P L ™) 8.3+4.9 46.8+30.0 23.8+4.9
Soluble reactive silicon (ug Si L™ 505.0+141.8 644.0+208.6 620.0+114.2
Dissolved organic carbon (mg C L™%) 5.12+1.05 6.45+0.27 6.17+0.08
BODs(mg O, L ™) 0.9+0.1 44+1.8 1.8+0.3
CODy,(mg O, L™ 9.1+1.3 15.6+4.1 12.6+0.8
Biological factors
Chlorophyll-a (ug L™) 0.3£0.3 123.6+£87.4 26.5+9.0
Metals
Aluminium (mg Al L™%) 0.203+0.162 0.058+0.028 0.098+0.084
Manganese (mg Mn L™%) 0.011+0.013 0.054+0.023 0.065+0.063
Ferrous (mg Fe L™ 0.083+0.102 0.016+0.036 0.064+0.011




Eutrophication and Freshwater Red-tide Algae in Jeolgol Reservoir of the Paikryeong Island 275

Bertalot (1986, 1988, 1991a, b)Z, 727 ©]9 o= &
F2 Hegewald and Silva (1988), Hirose et al. (1977)
4 Prescott (1982)%3& Fslgit}
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Apol Aol & AHFolAl 1.0°Cellar, B FTolA]
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UL, SRR ZAes Wit AV A REE 23504
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261.0S cm 11$] o] g .om, 44l o] o)A A - 52
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Szolq 2454 gsre.
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dix 1). A=A ¢} QMg BTk Aol A4 s
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Fig. 2. Relationships between temperature and DO satu-
ration in Jeolgol Reservoir watershed of Paikry-
eong Island.
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42.0ug P L to]glt} (Table 3, Appendix 1). T-P= T-N3}
A szl Aol 2 Aoz verdd (Fig.
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2ol 7} A= g} (Fig. 3). T-P =94 Org-P£} SRP7}
AR & A2 88.6%, 1L4%=A §7]21e] Fak
o) ArA o2 Fr)sich

Chl-ax= ZZo||A] 31.6~258.9ug L (373 123.6 ug
LYl o)elar, A=A 17.0~37.4pug L1 (FF7L 26,5
ug L™ heo]glcl (Table 3, Appendix 2-3). =3t Y $=
o] it FEE 26.0~146.8pug LTHEA AR, T
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Table 4. A list of species composition of freshwater algae observed in Jeolgol Reservoir of the Paikryeong Island in August
2005. U: upper layer, L: lower layer. +: observed flora in quality analysis, 1: <100, 2: 101~500, 3: 501~ 1,000, 4:
1,001~5,000, and 5: 5,001~ 10,000 cells mL™?, respectively.

Reservoir
R1U R1L R2U R2L R3U R3L R4U R4L R5U R5L

Flora\Sampling stations

BACILLARIOPHYCEAE
Achnanthes convergens
Achnanthes minutissima
Actinocyclus normanii
Aulacoseira ambigua
Aulacoseira granulata var. angustissima . . + . . . . . +
Bacillaria paradoxa . . . . . . +
Caloneis silicula . . . . + . +
Cyclotella meneghiniana +
Cyclotella pseudostelligera + . . : + : + y +
Cyclotella stelligera . . +
Cymbella affinis . . . . +
Cymbella tumida +
Diploneis smithii var. pumila
Eunotia bilunaris
Fragilaria capucina var. vaucheriae + . + . +
Fragilaria ulna
Gomphonema clevei + . + . +
Gomphonema globiferum
Gomphonema parvulum
Gyrosigma acuminatum : . . : . . +
Navicula clementis . . +
Navicula cryptocephala . . . . . . +
Navicula sp. +
Navicula trivialis . . . . . . +
Neidium bisulcatum : . . : : : +
Nitzschia capitellata
Nitzschia fruticosa
Nitzschia hungarica : : . : : : +
Nitzschia levidensis var. salinarum . . . . . . + . +
Nitzschia sp.

Surirella angusta + . . . . . + . +
Surirella minuta . . . . + . +
Synedra acus + . + : + : + . +

CYANOPHYCEAE
Microcystis aeruginosa
Microcystis ichthyoblabe

CHLOROPHYCEAE
Ankistrodesmus falcatus
Kirchneriella contorta
Scenedesmus acuminatus var. acuminatus
Scenedesmus ecornis var. ecornis
Scenedesmus maximus
Scenedesmus quadricauda
Staurastrum duacense

DINOPHYCEAE
Peridinium bipes f. occultatum 5 3 5 3 4 3 4 2 3 2

EUGLENOPHYCEAE
Euglena sp. +

CRYPTOPHYCEAE
Cryptomonas sp. +

++ 4+

+ +
+

"
+
"
++ 4+
+

+ +

o+ 4+t
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Appendix 1. Water quality of the inflow stream in Jeolgol Reservoir of the Paikryeong Island located in West Sea of
Korea in August 2005.

Factors\Sampling streams S1 S2 S3 S4
Physical factors
Temperature (°C) 21.2 184 18.8 18.3
DO(mg O, L™ 8.2 7.4 5.9 7.4
DO saturation (%) 91.6 78.4 62.8 78.8
pH 6.73 6.44 6.13 6.35
Conductivity (uS cm™) 361.0 336.0 175.0 346.0
Salinity (psu) 0.0 0.0 0.0 0.0
Transparency (m) . . . .
Turbidity (NTU) 11.0 31 0.7 10.0
Suspended solids (mg SS L™ 17.9 20.6 9.1 20.2
Water color (Degree) 41.0 16.0 16.0 32.0
Depth (m) 0.03 0.07 0.07 0.05
Chemical factors
Total nitrogen (ug N L™%) 10,362 12,578 862.0 8,003
Ammonium (ug N L™1) 20.0 10.0 10.0 30.0
Nitrate (ug N L™ 5,200 6,800 200.0 3,900
Nitrite (ug N L) 0.0 0.0 0.0 0.0
Organic nitrogen (ug N L™) 5,142 5,768 652.0 4,073
Total phosphorus (ug P L™) 12.0 20.0 2.0 42.0
Soluble reactive phosphorus (ug P L ™) 3.0 12.0 0 28.0
Organic phosphorus (ug P L) 9.0 8.0 2.0 14.0
Soluble reactive silicon (ug Si L) 410.0 490.0 710.0 410.0
Dissolved organic carbon (mg C L™ 5.96 3.91 457 6.02
BOD;(mg O, L™) 0.9 0.8 0.9 0.8
CODy, (Mg O, L) 10.6 8.0 7.9 9.8
Biological factors
Chlorophyll-a (ug L™) 0.2 0.4 0.0 0.6
Metals
Aluminium (mg Al L™) 0.400 0.060 0.080 0.270
Manganese (mg Mn L) 0.030 0.006 ND 0.007
Ferrous(mg Fe L ™) 0.210 ND ND 0.120

ND: not detected.
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Appendix 2. Water quality of the upper layer of major stations in Jeolgol Reservoir of the Paikryeong Island located in
West Sea of Korea in August 2005.

Factors\Sampling streams R1 R2 R3 R4 R5
Physical factors
Temperature (°C) 25.9 25.6 25.1 25.1 24.7
DO(mg O, L™ 12.7 121 10.8 10.6 7.6
DO saturation (%) 155.2 147.0 130.7 127.9 92.2
pH 8.07 7.89 7.50 7.63 7.20
Conductivity (uS cm™) 299.0 256.0 258.0 255.0 256.0
Salinity (psu) 0.0 0.0 0.0 0.0 0.0
Transparency (m) 0.60 0.60 0.75 0.90 0.85
Turbidity (NTU) 12.1 10.3 8.5 9.0 9.4
Suspended solids (mg SS L™ 18.1 17.2 17.4 114 18.0
Water color (Degree) 19.0 18.0 19.0 23.0 21.0
Depth (m) 2.1 2.6 4.9 7.0 10.9
Chemical factors
Total nitrogen (ug N L™%) 5,329 4,044 3,528 3,716 2,834
Ammonium (ug N L™1) 230.0 140.0 70.0 90.0 50.0
Nitrate (ug N L™ 800.0 800.0 900.0 900.0 900.0
Nitrite (ug N L™) 0.0 0.0 0.0 0.0 0.0
Organic nitrogen (ug N L™) 4,299 3,104 2,558 2,726 1,884
Total phosphorus (ug P L™) 102.0 64.0 42.0 34.0 22.0
Soluble reactive phosphorus (ug P L ™) 9.0 5.0 7.0 4.0 5.0
Organic phosphorus (ug P L™ 93.0 59.0 35.0 30.0 17.0
Soluble reactive silicon (ug Si L) 800.0 920.0 580.0 430.0 490.0
Dissolved organic carbon (mg C L™ 6.82 6.51 6.39 6.45 6.08
BOD; (mg O, L™) 6.2 6.1 45 3.3 1.9
CODy, (Mg O, L™ 21.6 17.1 14.5 13.8 10.8
Biological factors
Chlorophyll-a (ug L™) 258.9 152.4 73.8 101.1 31.6
Metals
Aluminium (mg Al L™) 0.030 0.040 0.070 0.050 0.100
Manganese (mg Mn L) 0.055 0.047 0.045 0.032 0.092
Ferrous(mg Fe L ™) ND ND ND ND 0.080

ND: not detected.
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Appendix 3. Water quality of the lower layer of major stations in Jeolgol Reservoir of the Paikryeong Island located in
West Sea of Korea in August 2005.

Factors\Sampling streams R1 R2 R3 R4 R5
Physical factors
Temperature (°C) 24.9 24.8 24.7 24.8 24.6
DO (mgO, L™ 8.2 8.1 7.8 7.9 7.6
DO saturation (%) 97.9 97.6 93.6 94.3 90.7
pH 7.67 7.57 7.24 7.40 7.21
Conductivity (uS cm™) 261.0 256.0 257.0 256.0 257.0
Salinity (psu) 0.0 0.0 0.0 0.0 0.0
Transparency (m) . . . . .
Turbidity (NTU) 8.0 8.0 8.9 8.6 10.1
Suspended solids (mg SS L™) 171 14.3 16.7 17.9 16.7
Water color (Degree) 23.0 19.0 19.0 23.0 21.0
Chemical factors
Total nitrogen (ug N L™ 3,534 3,082 2,976 3,590 3,168
Ammonium (ug N L™ 190.0 50.0 50.0 30.0 70.0
Nitrate (ug N L ™) 900.0 900.0 900.0 900.0 1,000
Nitrite (ug N L™) 0.0 0.0 0.0 0.0 0.0
Organic nitrogen (ug N L™) 2,444 2,132 2,026 2,660 2,098
Total phosphorus (ug P L) 37.0 34.0 23.0 26.0 25.0
Soluble reactive phosphorus (ug P L™) 7.0 6.0 3.0 5.0 3.0
Organic phosphorus (ug P L) 30.0 28.0 20.0 19.0 22.0
Soluble reactive silicon (ug Si L) 760.0 700.0 610.0 470.0 560.0
Dissolved organic carbon (ug C L™ 6.09 6.10 6.29 6.20 6.19
BOD; (mg O, L™) 2.0 2.2 2.0 15 14
CODy, (Mg O, L™Y) 135 13.1 12.6 12.6 11.4
Biological factors
Chlorophyll-a (ug L™) 34.6 37.4 17.0 23.0 20.4
Metals
Aluminium (mg Al L ™) 0.100 0.090 0.090 0.110 0.100
Manganese (mg Mn L™%) 0.070 0.068 0.054 0.066 0.066
Ferrous (mg Fe L™%) 0.070 0.060 0.050 0.080 0.060

ND: not detected.



