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Behavior of Nutrients along the Salinity Gradients
in the Seomjin River Estuary

Kee-Young KWON, Chang-Ho MOON and Han-Seob YANG

Department of Oceanography, Pukyong National University,
Pusan 608-737, Korea

Behavior of nutrients along the salinity gradients in the Seomjin River estuary was investigated in March, July, September and
November, 1999. Sampling sites were set based on the surface salinity during each cruise rather than geographic locations. The results
suggest that source of nitrate and silicate was the Seomjin River discharge, while that of nitrite and phosphate was waste disposal
from the Gwangyang Bay near the mouth of Seomjin River estuary. Ammonia was supplied inside the estuary at the region about

6~8km far from Nancho Island. Strong removal behavior of some nutrient such as ammonia,

ghosphate and silicate was observed

at 5~15psu salinity area in November, where high concentrations of chlorophyll a (>8 ug/L) occurred. High N : P ratios and
entirely removal of phosphate at chlorophyll a peak region suggest that phosphate is the limiting factor for phytoplankton growth.
Relatively high ratios of Rb to Ra (Rb: Fluorescence before acidification, Ra: Fluorescence after acidification) at 5~15 psu salinity
region in November indicate that phytoplankton were in good physiological condition.
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7 259 A5 §4o) EFE FAUERA, B5Y #
d3 24 S J& FFA 2 FAAE fA%T Y& AY
o, FAFE T TFHE 29 FEE 5o s g
MEe A5d dg gz, £, A dojve o A& -
383 AYEL FAFNN FIFHE B THY Edo) AR
ot FFHe A%E 233 (Kaul and Froelich, 1984), 3t
T4 £ F B23E 283 2UE<] oFF FAd #AHx
21t (Moon and Dunstan, 1990). gut3o 2 7oA e 944
FEE FUSAoEREHY A9 = A9F {99 5ty
7 #AH Qe Aol 5419 (Wolfe and Kijerfve, 1986) ©l
EY AFS HEEHAEY JF AHF AAY B HUAEE
e g3 gF Aty FF 2L AA & zAHAAE
Aoz 4#HA ok (Pritchard and Schubel, 1981).

37U 4399 A% At 9990 §AAA FTE AA
Aoz fEHE JAAA Agez WEHE $F dUdF B
A A vl AE 43S <=3 (Sanders et al, 1997) 3}
FUdA ggde] wgAe Basy] A3 AA 98 7ol
A F¥solx] stom BEH HREF jidd g F:2 gIdH
G20 JHBAE o83t B3 g} (Sharp et al, 1984).

v dFgdA dFge EXo) W & 97} oF
oA o} olE AT hREL ojn) o] wo}A {7 YT
2 AT YBAA 2A7} o] RFHAY ARt g F4
719 24719 9%y EXHIE vaded FEH it 7
F9 57t AL e ZAGEHAGAA FTFITAA ¥

199

W3ld mE JUge] HIFFE AT AHE 37 75 4
HolAd FAA J¥EY £8 97 (Kim and Ki, 1987) 2 3
TE% 4% 9Ige IFY FAE5A A7 (Yang and Kim,
1990) 282 457 375 AAol%: RS54 42 EYAE
dF (Moon and Choi, 1991) % AFdl #4380 gL F=2
A5 B 75 Y A Fo FAEA W F3
£ FAAY 879 F Y9} FHGA JF §H09H
#4398 dFod,

E 2A 9 437 e Foua AN 437 3
F9d 9} Bggto) e FEF J5THS 4% Yo A
A% EFe dxA7ZE QAHEA @ot Agss B TR
qgko) Hon F3Yte AFE FFUole FHY ded 7
AGA G EAA gL Agss ¢ d57 FE5Ha Ao 47
7 3T 4TFN ZAGEAGAA 98 AT 8 4+
HAZ dFoH F5719 BAF FA942 F€F ASH 999
fluxol th#l 2AME Kim (1992)9) 97E AYdaes A5F 4
Rolo] oigt HAR 79 I4€ FYY (Shim et al, 1984;
Kim et al, 1988)3 of4=3lTt (Moon, 1990914 Y% EX
Ag 9B ZA7L HolPe 2olt) Kim et al. (1988) £ Moon
(1990) & ofFautol N A4 L FA4He FFLL 4Bl 1,
QA 2 gtmyjole] FFEL FFT FHAA YoE AEHSF
2 I3 Rasgd

E gd79 2L 7o e 427 379 4FdAM g5
g 57 g thies 2AGEAGAA &Y A gE 9
Fge AL 2AEY 4999 #99Y, 9¥EH 484 a ¥
2o #AE Hodted o B 97w 43% 79
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¥ 47 F90n 4237 7oA 19999 39, 74,98 2
1€ % 439 2A ZASYT (Fig 1). 2APEE 4237 3+
G550 I3 e GRTANEH G54 AFT AS e
AZNA 437 £58 4= LA/MHA A E5E JFHGFen
ZAAAL A YAvde 4 ZAA G 8L AFA
233o AR

& 2 gE2 $£ALA7] (Horiba U-10)E ol &3te E3o)
A 2R3 en GEANEE B2 Y539 AFAAANY salino-
meter (Tsurumi Seiki, Model TS.E-2) $3& W3sdl. g4
Ho2 Spsu ol49 FEIANME FARH7] LTS )83
o0 5psu o|3e GE YN 4U2Y salinometer FRFE
olg3utt. Z+F Are HAZ IF TG }FY 78
A AFARE ol &Lt (KMA, 1999).

F9E 24E ddMe AP A A4 ARSF S00mlE F
73 045 um Whatman membrane §#HAZ FH g F, oFHH A
825 BHAAA ¥F 2ot 999-S Strickland and Par-
sons (1972)8} AW oz o}A4A (nitrite), AY (nitrate),
d2yol (ammonia), 94+ (phosphate), FAHA (silicate) &
2339
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Fig. 1. Map showing the study area.

484 a 2A L J3A BEFF 250mLE ¥4 045 ym What-
man membrane G HAZ @A A o FH33, 37t Erir] A
1% Aol IdlE 1mLE SRl BYAA A3AE AR
A YSEAIAY. £4E 939 FAE 90% aceton 10 mLE
FYste] YA A 24X FN B4 E FET F, 2000 pmS 2
1023 SAEIANA A59E 32537 (Tumer Designs,
Model 10-AU-005)& ©] &8t 5% H&a 3~48&2 H7137]
A% Fo FRgE 2% g A& o&do AWHY
(Holm-Hansen et al., 1965).

r
1

Chlorophyll @ (ug/L)=FdX — X (Rb=Ra)X -+

r
r—1

Phaeophytin a (ug/L)=FdX X (rRa~Rb)X -

Rb: Fluorescence before acidification

Ra: Fluorescence after acidification

r : Rb/Ra ratio of pure chlorophyll a

Fd: appropriate calibration factor (Cd/Rd)

Cd: concentration D determined spectrophotometrically
Rd: fluorometer response for D

9 YoM T @ Fd &2 &5 chlorophyll a (Sigma Co)&
o) §3te] AA3Y ).

2 o

ZA71HE BF EF £&L 97~246C HHAZ 19999 3€
o 713 Bt 999 M whon AR F&3}ole 14H
98] uls) 393 119 ANFH2g 2A vehy 34de A7
dM, 118l FFYNA 0] A deyt 989 2B+,
ARFo 2 4719 799 7 w3 2471 194 73
X (Fig 2). 3159 2571 A& Tue Aoz di¥se
Ze 7YY dxx2 2 9 §(79)~27(119) km¥] AF
Agelon &7d7Fe AP dxrdAe d&2 81(78)~
314(112) psud] BAZ AR (Table 1). ¥2 L E& 2
& Kwon et al. (20018 =2 2R=HUA

FAIE 499 TS AR (Table 2, Fig. 3),
ol At A4 Fre 119 B 128 pp-at/LE 7MY %L, 74
of M 054 ug-at/LE 7HE B¥ton 993 1199 drYTAA
B ARYo] Fglo] e B¥ IS e A e 3
Yol HF 9372 pg-at/LE 7FF =R, 1199 BT 3146 pg-at/L=
74 wgten) o A Ao Fxwistel g A ZAMAY
Foo] Yx FRGo) & AL B YRl A4E 38
BE 1069 pgat/L2 EUIL 98¢l HH 470 pp-at/LE R}OH
dAgez d2e2RE o 6~8km ARANAM HAXE v
E SAoldt A4 de 1194 HT 049 pgat/L2 7HF ¥
FEE JERY 9 1198 A ZAAE 3T 10pgatL
99 FE2 AdY FEAC/L A UL T WYL oF2
A Aas} Zo] FFYTONA 2 ARGl e BXE By ¢
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Fig. 2. Variation of temperature (A) and salinity (B) against
distance from NCI (Nan Cho Island) in the surface
water of Seomjin River estuary. (from Kwon et al.,
2001)

ol A2 Q4 ¢l RE (1€ Y2E2REH 10~20km A
Aol A w4 e F=E Yep T A 4 Fie 99 H
T 12048 pg-at/LZ 7} %1 1190 B 33.02 pg-at/LE 7HY
Gorom B3 HE EYY 34E A 45 Ye) 1
FTYTAM 27 W& FEE Bt

& A WE F¥L AFS Fig 49 YERIRIT oA
A9 4 e 2AGEGEYE AEREYIN 7 B
vehle g 23 ob 3l Axe 985 119, Q4 a2
39 g BER ASYEE BYoH 53, 4t e 11€d
5~15psu EEGGM FRE AA & JEAG 4 A4
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Table 1. Salinity, distance from NCI (Nan Cho Island) and
nutrient concentrations at the end member (F.W.:
freshwater, S.W.: seawater) in the surface water of
Seomjin River estuary

e, Distance Nutrient (pg-at/L)

Date End S(a hm)ty from NCL i -

member (psu) "1 V" NO,-N NOy'N NHeN POsP SiOsP
Mar. FW. 00 271 124 11664 438 076 7838
1999 SW. 192 33 079 4301 975 142 558
Ju. FW. 00 8.8 049 7692 1026 088 7140
1999 Sw. 8l 0 077 6007 974 106 7080
Sep. FW. 00 25 028 9350 180 097 15130
1999 SW. 274 0 354 1640 333 L11 4200
Nov. FW. 00 250 036 4490 273 032 5248

1999 Sw. 314 0 220 497 741 120 1376

g A FAE obEA Fae) at A9 A4 B ZAYE
o] TPFYRY TE7F & GATRAE e AU
A Are A AR, FATAE 929 1199 A 2EH
AsFdE BAFgon 3474 749 #4 FAE da 73
AT a7y FE S dEAS dRYel A e 383 11
Yol 2z} 15psu, 25psu FEGANAM HLFEE o)FE FTU
FEEEE deEhgdon QA ZeXE 1199 5~15psu §
EoolA ¢ ¥e FEE e

W, E57t H59 A4S whte 02 psu o3 GEGAMe] o
¥4 F=W3e (Table 1) o} A B4 49 028~1.24 pg-at/L,
A Ahe 490~116.64 pg-at/l, TEY} AT 1.80~1026
pg-at/L, i & 032~097 yg-at/L. TE L A TFAE 5248~
15130 pg-at/L8] HA2A BolA TFHE 999 s=e A
o wet 3~eule] WiSHEE Holn Utk opA4 A} A A
2% 399, A4 o5 FA4 FAE 98, Rl dAE 794
B Ao vle] T2t 2o 11€de 499 F=r A F
o2 wotth G227t 9§ 7Y FolM Y Fruste oA
ALY A$ 077~354 pgat/l, A AAE 497~60.07 pg-at/L,
FrYol AAE 333~975 ug-at/L, A Y& 1.06~142 pg-at/L
a3 3 FAE 13.76~70.80 pg-at/Le HYRA Ade] g}
1~12809) W32 B5o] Frwsle) wjsle] RYo} WA A
A2 WstEo] AYom 1 o YIS WFe] A el

ZF571A40 A4 Q9 AAHE BT 83.5~18239] W= 3¢Y

Table 2. Mean values of nutrient concentrations in the surface water of Seomjin River esuary

Month  NON (pg-at/I) NOs-N (ug-at/L) NH«oN (ug-at/L) PO, P (ug-at/L)  SiO,-P (ug-at/L) ZIN/P ratio
Mar. 1.11 9372 10.69 092 66.02 125.1
1999 (0.79~124) (43.01~119.33) (4.10~28.25) (0.60~142) (18.32~95.68) (371~1750)
Jul. 0.54 70.71 924 097 81.58 835
1999 (045~0.77) (60.07~76.92) (6.00~12.61) (0.88~1.06) (70.80~101.80) {66.6~99.6)
Sep. 113 68.18 470 1.03 12048 724
1999 (0.28~3.54) (16.40~93.50) (1.80~8.11) (0.88~1.20) (42.00~15130) (21.0~99.2)
Nov. 128 3146 5.68 049 33.02 1823
1999 (0.38~2.20) (4.97~59.48) (0.21~31.05) (0.09~1.20) (13.76~5248) (12.1~512.1)

Values in parentheses are ranges
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Fig. 3. Variation of nitrite, nitrate, ammonia, phosphate and silicate (@) and salinity ((J) against distance from NCI (Nan Cho

Island) in the surface water of Seomjin River estuary.

FF71 A4S A4 A9 dAuE BT 835~18239] AR 39
#1190l 743 9¥9 v Aoz wA4 Ve (Table 2).
FH1249 QA 1 AAHY FHEX AL AGE YA
EFL AFEGANA FolA e FAgelon 119 5~15psu G&
Aol B¢ F2 v E JehA D (Fig 4).

B ZAA 24" 24 g w2 H3E A9EY 394dE 0.
25~1.19 pg/L, THNE 044~0.69 ug/L, 9BAE 020~135 /L,
1ol = 046~2375 ug/LZ e} 1199 424 g 327} &
Ao vl 6 o] A e (Table 3). Phacophytin a2l
Foe 4T 052G39)~159(119) ug/Ld] HHE H54 a TE
Wstol Ak ¢S Vel At 454 a9 phaeophytin 5%
9] A3 84L& JelWFEE Rb/Ra (Rb: Fluorescence before
acidification, Ra: Fluorescence after acidification)d] #t& H7F
13079 ~163(118) 22 119 HRF ¥ vighs Jepii

HE4 g9 RbRad FYEXE AuEW &L 49 ¢ 3
e 2AYEGH ooz THEGIAA w5/t 3 F1
FEAA wgor 9gd= AGEGAM ¥E FEZ £4

Table 3. - Mean values of chlorophyll a, phaeophytin a, the ra-
tios of Rb to Ra"

Chl. a

Phaeophytin a

Month (/1 g/L) (” g/L) Rb/Ra ratio
Mar. 0.64 0.52 1.54
1999 (025~1.19)? (0.24~1.20) (1.32~167)
Jul. 0.61 0.90 1.40
1999 (0.44~0.69) (0.71~1.04) (1.38~143)
Sep. 0.89 0.62 1.58
1999 (0.20~139) (022~1.29) (1.48~1.68)
Nov. 5.16 1.59 1.63
1999 (0.46~23.75) (0.25~4.30) (1.29~1.85)

1) (Rb: fluorescence value before acidification, Ra: fluoresce-
nce value after acidification) in the surface water of Seom-
jin River esuary

2) Values in parentheses are ranges

et R (Fig. 5). 1€ Y2227 H 8~20km A, €%
5~15 psucl M 8ug/L °14e wW$ ¥ F&8 BYon 11 ¢



X ) -] =2 Q =)
437 g JEAA BE d¥H AT 203
4.0 150 35 15 * 180 200
Mar. Mar. 3o | ° Mar. 12 Mar. Mar. ° Mar.
a0 1999 1999 25 1999 - o0 1999 120 1999 150 1999
100 L4 oo | @ . °
20 ° °
2.0 [ 3 5 'Y ry Ly ) ° 100 °
0.6 e
L] 50 [ 10 5 L] .
1.0 LX) f 03 40 so | *
54 [ ]
0.0 bt ao s ol Py 0.0 ° N oL
0 5 10 15 20 26 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 1015 20 25 30 35 0 5 1015 20 25 30 35 0 5 10 15 20 25 30 35
4.0 150 35 15 160 200
Jul. Jul. 30 Jul. 12 Jul. Jul Jul.
2.0 1999 1999 25 1999 : ° 1999 120 1999 150 1999
100 f o8 °
20 X
2.0 II. 80 100 @
P 15 0.6 °
ser S e’ a -~ e
~~ 1.0 =) g 10 L 03 w0 | 50
§ o ¢ § S S L §
] = v 5 ] 2
T 0.0 A s g o g oo T 0l = o PR
g o s10152023303 § 0 5101520253035 w> 0 5101520253035 = 0 5101520253035 b swis0250 0 5 10 15 20 25 30 35
- A4 - ¥ N’
w 40 @ 150 = 35 " 1S @ 160 Bu 200
- - = = - “ x3
o o g Sep. E 30 Sep. g, . 3 . Sep. z Sep.
X a0} = 1999 2 1999 g - ° ° = 20" @ 1999 150 1999
z . Z 100 E = e ® n °
< 2 Ay 09 .
20} ) 80 100‘
* so i N oer Sep e
° X
10k Sep. 10 1999 a0 ) 50 L 1Y
- L4 0.3
1999 ° 5 . - .
r (] (73 o
0.0 s [ 0 e 0.0 = 0 . ol
0 5 1015 20 25 30 35 0 5 10 15 20 25 30 35 0O 5 10 15 20 25 30 35 0 5 1015 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
4.0 150 35 1.5 160 600
Nov. Nov. 30 | Nov. L 12| Nov. . Nov. s0 | ® Nov.
3.0 1999 1999 25 | 1999 “T 1999 . 120 1999 e 1999
100 } o5 400
Py 2 | -
2.0 ™ 80 300
1 .. L4 b 15 | 0.8 ®
10} *® Sog @ P 10 e. ! o 40" ° o 200 3
[ ] ..'. sl [ ) 0.3 [ ] O.’~ 100 ...
0.0 s ° ry 18 o oee 00 L2 OO o Lo i o LA™
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 1015 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
P
Salinity (psu)

Fig. 4. Relationship of nitrite, nitrate, ammonia, phosphate and silicate concentration and N : P ratio with salinity in the surface

water of Seomjin River estuary.

FEGAME 2pg/L o182 A FAHAT Rb/Radl THEX
€ 399 AS 952 a Bl ¥d A4 Rb/Ra¥7}H B
Hoz vgron 743 892 FRE ws} AU 11dde ¢
£2 g Fol ¢ =49 GEYNA 17 o] 89 ¥EF EL Rb

/Ra¥| & YERAIRLT.

&

I
ZAEY B39 98 dde AnritE AR A9 9L
wol 793 99L& e GEREE YU, 393 1198 v
ALH 2 4¥ BEE EJY FAFTLY BV 257 oF Y
39 g¥ol d& 9A EEF e 2A A 4TI A9t
A7) dgoln 799 W f ¥ FELS ol $e ¥
g7t Yoz fHRY) qEo2 AudY (Fig 6). 25
7l g4e A7t A5 e AL dF R 9 4R R
22 FdHr, 4% 47 YT AAE FREET MAF 7o}
AGzt ol F FFne] 1A EFH FH}A FHE Ae=
Algddh 2y 784 BFe FFFPez B¢ AAA 7]
F7922 Ho] YA

B ZAIZES JEd 9999 AFETLE FEH & 9%
d9 F2 FFLL ANEYE oA A4 QA A& AR AE
o FFYFAN A dEht AA%e FFROE F7Ge o
A8 B A FFHe Aoz Avsn 24 Aag A4 7
A€ FFYTEG AR YA A v 4RFANN FEHE
Aoz #AET (Fig 4). o1& Kim (1992), Kim et al. (1988)
2 Moon (1990)°] 437 3¢t X% 7 AP 53
oA A4E 2 FAAdY FEES A%, A%49e B8
4L Fg Fd Yot J8sty 2 FAdSE & 2H
o X 3gch A% &7 Weld FEHA ITF ATl YEhd
AIFgL qRYo} F422 FFo] TAHIL de HAY g2
Add we b2y 1 gX71 Ade dAfde] d2x2YH ¢
6~8km A7 A AP AR} (Fig 3). BakA ol
Ze FTUANY e B sy EFoz e A
38ty AR ERolYY FFL 93 FYHe Re=
gagg. AdRoze F57IEg Z4rld IFHE FE7
2~38 A% 2A el Z57lel AdRez gL gRYo 2
27t A% 2RE fYETS BdEY ol 457 A7 =
AN BEZ EF F99 Ao 9NG AN AE5S
TAAFY fgez grYel A2 3A S/RIYGR Bud
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Fig. 5. Chlorophyll a concentration (@), Rb/Ra ratio (@)
and salinity ((J) against distance from NCI (Nan Cho
Island) in the surface water of Seomjin River estuary.

Moon and Choi (1990)¢} ZA#¢} fALsict.

A% AT AA Asol FHaA Jed o= 1199 ¢
Z2%22E ¢ 10~20km, % 5~15psud] AANA guYo}
Axg QA AN YEIgen 74 74K o] ARA w ek
AA%EE EAD (Figd). o] AL HE4 a FE7} 8pg/L 9
doz d¢ A ded A9 (Fig 5) °1F 999e o ¢
qollA dFER YT JEETFIE 5 HASH AL
Aoz wddd. gRYol i w3 22 LA JFEA o}
AN Aie A Ahe dAZ PP HEF AFS e
I Ao} AR FFGeA AEEFAEAN I ohFAN FA g
A AL A MYgd Aoz gad JEgezA AN
As G2Yol A4t FAO EAY o HEEFIAEL YR
Yo} ALE Asdo $AFo2 HFPse Aoz 4A U4
(Strickland et al,, 1969). 214+ 19} AARHL2ZE ZH o I3
AZAAN AEFE QAN d3A HAEFH 2R A §
Y (Morris et al, 1981) F2 A E&EFIAEN JHA AAHE
Aoz g&#A U (Froelich et al, 1985). Sharp et al. (1984)<
Delaware Z37FoA AEEFFIESY A4 dWA] A4 A9
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stration, 1999).
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