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Long-term Change of Phytoplankton Biomass (chlorophyll-a), Environmental Factors and
Freshwater Discharge in Youngsan Estuary. Yoon, Bo-bae', Eo-jin Lee, Tae-ahn Kang and
Yong-sik Shin* (Department of Marine Environmental Engineering and Biotechnology,
Mokpo National Maritime University, Mokpo 530-790, Korea; ‘Korea Basic Science Institute,

Seoul 136-701, Korea)

In Yeongsan River estuary, located in the southern West Coast, a dike was construct-
ed in December 1981. After the construction of a dike, discharge mechanism of fresh
water has been changed, the water quality and chlorophyll-a are expected to be influ-
enced by fresh water discharge. We investigated temporal and spatial variations and
long-term trend of phytoplankton biomass (chlorophyll-a) and environmental factors.
The concentrations of nutrient and chlorophyll-a were generally high in summer
and the concentrations were increased toward downstream. Surface/bottom salinity
difference was negatively correlated with salinity in surface water but positively
with nutrient and chlorophyll-a. TN, TP and DIN concentrations were generally
increased over 10 years. This study can provide information for better management

of water quality for Youngsan River estuary.
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el dgtoz FAA A u"H% A g o] A
7R R &H o w FAH © 1 (Cho and Park, 1998),
1981d¢) o3Ab; wbzA 7} ﬂ*éE]M 1991 JA}
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Keum, 1999; Kang et al., 2003), v}z 7= <13t W3}
(Kang, 1996; Kang and Ihm, 1998), ¥ X EZ&aE X
€l (Sin et al., 2005a) o] o] Fo17l Afefolct. wat, 4
o Hgt A7|HE EA = Y= 1A (Sin et al., 2005b;
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Fig. 1. Water quality monitoring stations in the Young-

san River estuary.
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Fig. 2. Long-term variations of precipitation in Mokpo and Youngsan dike discharge from 1999 to 2008.

Table 1. Average of precipitation in Mokpo and Youngsan 2 o EHql 8ol 7 e A3E etk
dike discharge from 1999 to 2008. 222 (DO)2] 29 FFL 11.00+1.61 mg Lig]o
Season Winter Spring Summer Fall ], 5.00~14.93mg L 18] £x=2 1ngc} 544= 8.73+

(Feb.) (May) (Aug.) (Nov.)

Precipitation (mm) 3.10 9.45 15.21 3.08
Discharge (x 10%ton) 10.59  24.92 14449 11.12

1.50mg L9 FFx= eI, 6.91~14.81 mg L]
BEx2 Jehloh 8¥ 3 1149 7S 27 7.70+1.83
mg L%, 8.04+0.64 mg L*¢ on], 3.36~12.81 mg L,
5.06~9.50mg Lo X2 welch

Vel on, oj Ak} kAl ] s ubgake melsiA 7t FE P A (NH, )] WSS B, AEA<] 244
43l AsF(a=—1.76)2 LehIT} (Fig. 2). = 0.018+0.015mg L™1¢] HH#& 19l on, 0.001~0.086
mg L2 WSS vehlloh 549 P+ 0.041+0.106
2. AR A7 WE mg Lte]¢d 2™, 0.001~0.576 mg L1¢] ¥ E ®Y
Yol|= HF 0.026+0.029 mg L12] Ex =2 Jel) u} 11
I A7} 2] At 1097 AA-e) w2 48 (temper- o] HFL 0.0214+0.029 mg Lte]¢d 2™, 0.001~0.130
ature)®] W3}E AHRW, ALl 299 HF 2 mg L8] BxE Hch opAAMIA A (NO,)S A4, 2
5.16+1.20°Cgl o™, 3.20~7.63°CY] ZxE el o= 0.0104+0.010 mg L%, 54¢j]= 0.0134+0.016 mg
(Table 2). B4l 599] FA422 13.00°C, FHI522 L) g7zke nyjon, 849 {2 0.019+0.020mg
18.41°C= Jelyton, JF2 1545+1.13°CHt} o= L% 1199 H#2 0.021+0.015mg L9 Bx= 1}Ee}
Hel 8Yx} 7leAde 1199 HF4ee zh7; 2555+ Wk 249 AAAAA (N0 HF5EE 0.178+
1.05°C, 15.71+1.40°C2] 2 & HQcl AAYH L& 2 0.206 mg L*¢] 7ke e}, 0.011~1.192mg L™12]
I AgH @i, A5 w2 sEvEre] AEA A5 B9k 595 8ol 7}7; 0.181+0.266 mg L,
EAS A3 £2E5 vERH 0.224+0.312mg L '] H#ge Hglor, 11do =
I E (salinity)e] 7%, 2Yo|= 24.53~34.65psu2] = 0.005~0.443mg Lto] 222 Jephlt A AL
oz Bxlgon FFIEL 31.65+1.47 psuS e} o=l 899 AP}l M = ExE wych
Yok 543 8Ye) 8o 747k 9.49~33.17 psu, 8.71~ QlAkd ¢l (POS2T)e) Bz A2l 2| - 0.010
32.26 psu® HxZ3}lglon, I 30.88+4.03 psu, 28.36 +0.009mg L2 Bx =z zAP|7F F 7P 2 7kS
+4.27psue] 2E = Bgch 11496 24.11~34.03 psu Elylon, o239l 8ol 3 0.015+0.021mg L=

o] ¥EE Hglow, 3142psus] HTAE BT GE 7P FE e vehlleh 593 114el= 27} 0.0002~
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Table 2. Temporal variation of water quality in surface water.
. Season
Properties - -
Winter (Feb.) Spring (May) Summer (Aug.) Fall (Nov.)
Temperature (°C) 5.16+1.20 15.45+1.13 25.55+1.05 15.71+1.40
P (3.20~7.63) (13.00~18.41) (24.00~28.13) (12.78~18.31)
Salinity (psu) 31.65+1.47 30.88+4.03 28.36+£4.27 31.42+2.06
yip (24.53~34.65) (9.49~33.17) (8.71~32.26) (24.11~34.03)
DO (mg LY 11.00+1.61 8.73+1.50 7.70+1.83 8.04+0.64
9 (5.00~14.93) (6.91~14.81) (3.36~12.81) (5.06~9.50)
NH,* (mg LY 0.018+0.015 0.041+0.106 0.026+0.029 0.021+0.029
4 (0.001~0.086) (0.001~0.576) (0.000~0.166) (0.001~0.130)
NO,” (mg L) 0.010+0.010 0.013+0.016 0.019+0.020 0.021+0.015
2 (Mg (0.000~0.042) (0.001~0.093) (0.000~0.096) (0.001~0.073)
NO,~ (mg L) 0.178+0.206 0.181+0.266 0.224+0.312 0.154+0.094
s (Mg (0.011~1.192) (0.004~1.269) (0.003~1.627) (0.005~0.443)
3 (mg LY 0.010+0.009 0.014+0.018 0.015+0.021 0.014+0.009
g (0.016~0.612) (0.000~0.102) (0.001~0.163) (0.000~0.034)
Si0, (mg LY 0.340+0.179 0.508+0.628 0.780+0.618 0.421+0.188
2{Mg (0.109~1.428) (0.026~0.612) (0.070~2.246) (0.142~1.145)
TN (mg LY 0.580+0.327 0.699+0.675 0.794+0.467 0.594+0.254
g (0.109~1.428) (0.119~4.416) (0.226~2.362) (0.223~1.011)
TP (mg LY 0.045+0.020 0.049+0.033 0.048+0.030 0.040+0.019
9 (0.002~0.088) (0.009~0.140) (0.017~0.164) (0.007~0.078)
SS(mg LY 20.19+13.37 19.05+14.00 15.75+11.85 14.92+9.21
g (4.40~61.50) (1.00~90.00) (3.40~62.12) (4.10~55.00)
Chi-a (ug LY 7.56+7.69 5.33+3.83 10.07+£11.96 5.57+8.72
Ko (0.15~39.96) (1.04~15.52) (0.79~50.82) (0.15~40.02)
0.102mg L%, 0.0003~0.034mg L™ o] ¥ E ®r} 3. AAY A7) HE

AH (Si0) 3} F4 A4 (TN) S A] o] 5]l 8ol Htzke]
Z}7z+ 0.780+0.618 mg L%, 0.794+0.467 mg L= =A}
717 F 7 w2 £2F B4

221 (TP)2] 79, 2*ddl|= 4 0.045+0.020mg L'<)
=% 2 ®glon] 0.002~0.088 mg L2 HYE Yeh)
o} 543} 899 oFL 7+7} 0.04940.033mg L, 0.048
+0.030 mg L9 7k Jehd 1, 1149+ 0.007~0.078
mg L19] W9 S el 158 (SS)2 A&l 24
o H4 20.19+13.37mg L2 A} 7|7t & 71 &
e Yehlon, 1196 FHF 14.92+9.21mg L= 7}
2 g FxE Hyo

AEEHTE A A A=<l S22 a(Chl-
orophyll-a)2] 7%= 2e)] 7.56+7.69ug Lo HF
=52 B9 50 5.33+3.83ug L1 FF7HE EF
Yo} 8Yel|= I 10.07+11.96 ug L, 11Ye]|&= 5.57
+8.72ug L] AFs=E BYvh AEEHIE YA F
HA] AuPH]l oJofdFe] Hxe) Fro] oA 8o

Rl

a7} &) At 1097F =2 (temperature)]
¥ 15.25+7.10~15.95+7.57°CE Jehy o, 7} A
AWz Z 2o]2 JePA okekc}(Table 3). <32 (salini-

JAE WAl A A A 104 HaF 28.11
+6.01psuz 7} & By 2 By, JA) ulxA) 9}
7HE W AA el AA 7e|A] 32.07+1.11psuE 7} =&

L-ZA14 (DO)E= AA 1604 I+ 9.10+2.38mg L10]
gow, A4 204 9.30+£2.06mg L] HA{S B
Qa, AA 3er]E= 9.19+1.92mg L] IH7#7ES el
Ytk A 4o A= 8.86+1.80mg L%, A A 5o|A]= 9.01
+1.80mg L, AA 6|4 8.44+1.88mg LY, A 74
A= 8.444+1.85mg Lt HF=5E e

bR o4 (NH, 9] 7ol Ak} whza] A

Al AA 1eA] 0.001~0.576mg L1 Z¥xE B
om, HF 0.0494+0.104mg L2 7} =2 By =

U AR E S D I I R R I
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Table 3. Spatial variation of water quality in surface water.

] Station
Properties
1 2 3 4 5 6 7
Temperature 15.95+7.57  15.37+8.74 15.59+7.40 15.25+7.10 15.30+7.33 15.26+7.63  15.25+7.13
(°C) (4.32~27.50) (4.04~28.13) (3.73~26.60) (3.87~26.10) (3.70~27.00) (3.20~27.70) (3.85~25.56)
Salinity (psu) 28.11+6.01 29.57+3.35 30.86+2.09 31.65+1.46 30.40+3.66 31.01+2.29 32.07+1.11
yp (8.71~33.05) (16.84~34.19) (23.58~34.24) (28.35~34.62) (12.34~34.12) (19.90~33.81) (29.64~34.65)
9.10+2.38 9.30+2.06 9.19+1.92 8.86+1.80 9.01+1.80 8.44+1.88 8.44+1.85

-1
DOMIL") (4 71.14.03) (6.08~14.09) (5.80~13.38) (5.80~13.95) (5.87~12.18) (5.00~12.74) (3.36~13.25)

0.049+0.104 0.029+0.038 0.019+0.025 0.019:+0.025 0.031+0.087 0.023+0.025 0.016+0.010
(0.001~0.576) (0.003~0.166) (0.001~0.129) (0.000~0.120) (0.001~0.547) (0.001~0.130) (0.001~ 0.046)

0.025+0.023 0.020+0.021 0.012+0.012 0.013+0.011 0.018+0.018 0.013+0.011 0.011-+0.009
(0.001~0.093) (0.002~0.096) (0.000~0.063) (0.000~0.051) (0.000~0.087) (0.000~0.050) (0.001~ 0.045)

0.261+0.355 0.230+0.296 0.142+0.178 0.146+0.132 0.225+0.303 0.141+0.154  0.159+106
(0.004~1.627) (0.014~1.096) (0.005~0.845) (0.003~0.727) (0.005~1.269) (0.010~0.939) (0.008~0.520)

0.015+0.016 0.011+0.009 0.010+0.010 0.016+0.026 0.014+0.017 0.012+0.009 0.0150.009
(0.000~0.098) (0.001~0.036) (0.000~0.041) (0.002~0.163) (0.001~0.102) (0.000~0.035) (0.000~0.031)

0.654+0.736 0.633+0.743 0.463+0.413 0.480+0.424 0.543+0.505 0.423+0.271 0.465+0.271
(0.025~2.304) (0.069~1.991) (0.030~1.552) (0.025~1.796) (0.016~1.776) (0.085~1.212) (0.048~ 1.444)

0.865+0.849 0.725+0.523 0.630+£0.369 0.603+0.333 0.669+0.340 0.576+0.287 0.611+0.303

NH," (mg L™
NO, (mg L™
NO; (mg L™
PO, (mgL™)

Sio,(mg L™

-1
TN(mg L) (0.109~4.416) (0.122~1.803) (0.149~1.697) (0.149~1.712) (0.198~1.528) (0.119~1.256) (0.123~1.285)
TP (mg LY 0.056+0.034 0.047+0.032 0.037+£0.019 0.047+0.030 0.047+0.025 0.041+0.017 0.045+0.021
9 (0.002~0.140) (0.005~0.130) (0.011~0.087) (0.012~0.164) (0.009~0.140) (0.008~0.087) (0.009~0.088)
SS(mg LY 14.04+10.06 13.72+8.22 13.08+7.06 20.04+16.72 15.29+9.27 19.40+11.12 25.90+15.37
g (1.00~46.94) (2.50~38.18) (3.40~32.00) (4.20~90.00) (3.40~51.58) (4.40~62.12) (3.40~61.50)
oy 9.92+11.16 11.19+12.78  7.34+6.77 5.69+6.74 7.06+7.60 6.23+8.87 3.98+4.96
Chl-a(ug L™)

(0.15~42.71) (0.24~50.82) (0.15~27.94) (0.26~25.29) (0.35~32.23) (0.35~39.49) (0.22~23.97)

0.016+0.01mg L2 7} Yo x2 Yehlo ofd A7 1e|A] 0.056+0.034 mg L%, A& 204 0.047+

A A (NO, )0 2 HA oA 4ae] Rz}
npa7bA| 2 A4 164 0.025+0.023mg L 1] FF7te
Bel 7H} 2 EEE BT AA 7oA 0011+
0.009mg L9 HFFxz 713 e Bxs yehlo
AAIA 4 (NOy )= vhzA] QA A <l A 1A 0.261
+0.355mg L 19 FFssz 7P =2 ByxE ngjo
w, whzAl A H Al A 6el|A] 4t 0.141+0.154
mg L] HHeER /P e $EE B

QlAkedql (PO,2) o) AW 7 B¥ 0.010+0.010~
0.016+0.026 mg L] WSS Hom, HHH=z F
gk zfo]l & Ho|X] ﬁ’%‘}b;}- A (Si0y) e 7ol
ko] AA 1A AA 774x] 27 0.654+0.736 mg L1,
0.63340.743mg L%, 0.463+0.413 mg L, 0.480+0.424
mg L%, 0.543+0.505mg L™, 0.423+0.271mg L%, 0.465
+0.271mg L 9] Bz =2 el

ZA 4 (TN)E= AA 164 I 0.865+0.849mg L=
71 =2 78 vehl on, A4 664 0.576+0.287 mg
L2 71 B 225 Bk (TP Ads=t

0.032mg L%, A4 3¢jlA] 0.037+0.019mg L%, A= 40
2] 0.047+0.030mg L™, A3 5¢]A4] 0.047+0.025mg LY,
A 6olA] 0.041+0.017 mg L%, A 74x] 0.045+
0.021mg L8] x5 nglom, ukxAl G-I A
1A 71 e Aske B

FHEA (SS)= WxAlAM 7 H AA- Q] AA 7oA
M 2590+1537mg L1z 71 2o e Holow,
W3t AAel AA 20)A HF 13.72+8.22mg L= 713}
e ke Jeloh. 2229 a(Chlorophyll-a)®] 3
o= AA 264 11.19+12.78ug L2 71 =2 B
25 R, WEAlCA 7 1 AR A 7oA 3.98
+ =9l 0.22~2397ugLle] B

GA7} s AR A 1047 HE FAE
B, 4=& (temperature)2 T A o|r] Hx}pH oz AF
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Fig. 3. Long-term trends of surface water quality from 1999 to 2008.
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Fig. 4. Long-term trends of bottom water quality from 1999 to 2008.
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Table 4. Correlation of seasonal surface/bottom salinity
difference and surface water quality from all sea-

sons.

Season  \inter  Spring Summer  Fall
Properties (Feb.) (May) (Aug.) (Nov.)
;zr;’perat”re —.043 149 274%  —.048
Salinity (psu) ~ —.783*% —.9B0** —.O55%* — 8G7**
DO (mg L) 124 —.149 009  —.109
NH, (mgL?  .162 872%%  398%* —.124
NO, (mgLY) 219 878%  609** 122
NO, (mg L% .295* B816**  521**  GaGx*
PO (mgLY) 045 885%* 146 128
Sio,(mgLY)  —.185 762%%  58E**  G5Or*
TN (mg LY .045 TTT** 576%*  — 012
TP (mg LY -.180 B54%%  447** 016
SS(mg LY -097  —.146 046 —.146
Chl-a(ug L™ 118 ABA** 27T* A73**

*P<0.05, **P<0.01
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Table 5. Correlation of surface/bottom salinity difference and surface water quality including all stations.

) Station
Properties
1 2 3 4 5 6 7
Temperature (°C) .360* .345 .160 379** .249 .282 .352*
Salinity (psu) —.976** —.922** —.847** —.688** —.936** —.812** —.527**
DO (mg L) —.276 —.276 —-.078 —.238 —-.280 .148 —.247
NH,*(mg L™) A416** .569** .288 .397* .873** .259 .349*
NO, (mg L™ .652** .613** .630** .196 .622** —-.004 —.045
NO; (mg L™ .676** 490** .590** AT70%* .620** 192 .095
PO, (mgL™) —.568** .170 .538** ABT** 793** .200 .093
SiO,(mg L™ T72%* .646 T97** .698** 753** .288 401
TN(mgL™) .815** 129 A437* 541** .552** .092 .240
TP(mg L™ 544** 428 .659** A496** .692** —.065 —-.019
SS(mg L™ 171 .156 —.055 —-.228 —-.038 —-.212 —.236
Chl-a(ug L™ .398** .235 —-.070 .264 .365* —.088 .539**
*P<0.05, **P<0.01
NOy st 2229 at o3 ool 4R nyint AsMow Flhe A4S deplozs) duiFol
742}

JA7} wkzA o] vk Q18 gHx}o] (Asalinity) 2} 7+
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Al Asalinitye} 98- §-93 29| A4IA S Jeplo
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ZA) JAgAH A 201 Asalinitys} AAA o<
549 NH,, NO,, NO;", F223 arl #23t <] 4
AAAE Bk AA 39 49, NO, , NOg, PO, SiO,
TN, TPE #2)38t oke] AlatAl S ehllar, A 4004
L 42 NH,*, NO;, PO, SiO,, TN, TP7} 4-2]3t oke)
ABIAE BYh AA bellME, 2, £FARS, B HE
AL AlLst YR SAJIAET f-oJ3 kel A
= vehloh wzAlel P | A" AAH T
Asalinitye} =&, NH,", F223 a7} 2|8t ko] At
A E Bk

¢

o)

d|
ik

£ A& %A 4 AN (Figs. 3, 4).

10 (1999~2008) 52t AV 3H+ 22] 2
gubete] dubHel AA-A 7|23 w3t E2Exs
Hsom, GFo] 7% 8 GE| FFuY Aol
W, ol fEiveke] ARA
A 7Few old] A} HlzAl=
o] & WHE EAET] Wiz Alsdd
2). 3k A} wlbza] Al A 10

o
T

rle
o

3
A A FH e oddkez <l w2 gRe] #
=& nylon (Table 3), o3z 243 P43} Aol &
oHE e ualh o2 fAKR Pejo) BEE Park
etal.(2005)¢] AT Azl A = AAH v} ek
Yoz a7e) ARE §U8E Fae AuEd
28] At Abgel 9 pAE oje s 874l
A5l kAR dE 55 dA-eE WIARIg
(Malone et al., 1988; Gallegos et al., 1992; Madariaga et
al., 1992; Boyer et al., 1993). ¢3AF7} 31+ e A7|Al=
AR Wy Autzlos g AYAFY Hx7}
73eE Ve, S22 a(chlorophyll-a) 94
5 B2 2 By} (Table 2). =3t F7H2 0 2 ulzA)|
B 2EE non, daz 24S

B} (Table 3). T4 e =t 3

Mt S 2 Sy rlo
o,
N
2
R
N
o

A
52
rlo
po
i
e ¢
Bul
L
B
_?{_1/
N
& i
ok
o3l
>
o —
af
&
o

o >
|
17
1o

P
T

frt %:{m ol do wE & oW lo
o
o
otk
o
¢
re
-4
=2
2
rlr
oy
a3
i)

Ph

(o3

i

o

E
fr g bl py

o
>
N
N
3
=



Gtz 517 AlZERIE WA BI|HS 213

A8 S Ao S Bk ohel obdab AR

2 (NO, +NOyY), qlAtad el (PO,%), T4 (Si0)0] F =

R ENEEE ER A SR RS

Aue AT £ sldend 43R T 24} 0y
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Hashn AEEFIE $E7} FolAr
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