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Application of Ecosystem Model for Eutrophication Control
in Coastal Sea of Saemankeum Area

1.

Characteristics of Water Quality and Nutrients Released from Sediments

Jong-Gu KiM* and Yang-Soo KM

School of Civil & Environmental Engineering, Kunsan National University, Kunsan 573-701, Korea

To know characteristics of water quality in Saemankeum area, we were investigated the water quality of surface layer from July of
1999 to June of 2000. The concentrations of COD and chlorophyll a were in the range of 0.64~6.40 (mean 1.96)mg/L, 1.95~51.55
(mean 11.07)mg/m’, respectively. The annual mean concentrations of DIN, DIP were found to be 21.182 yg-at/L and 0.655 ug-at/L
respectively, which were exceeding second grade of seawater quality standard. The nitrogen ratio to the phosphorus was lower than
1. Therefore, nitrogen was playing an important role in phytoplankton growth as limiting factor in study area. Mean values of
eutrophication index were exceeding 1, which was the eutrophication criteria. Especially Mankyung and Dongjin estuary were shown
over 10 as eutrophication index. Therefore, Saemankeum area could be evaluated to possibility area for eutrophication. Released rate
for ammonia nitrogen and phosphate phosphorus from sediments were 62.92 yg-at/m*/hr and 6.71 ug-at/m*/hr, respectively.

Key words: Eutrophication index, Nutrient release, Saemankeum area, Water quality
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$guety] AL 19608 ol % F&F A3 A3t
GE Yord FAo 2 FE 71EHA ) FAE PP HA FAE
A A 2 98 FUdERA 24 5, 4F 239 $AHE ¥
do] SUHEN EAHoz o)FHY (FA&RAZT T, 1996).
Y 2 FHAANN Bed FY € FIEFE M
At FARY Ade] FES F2FoEN FrITE 2AF
2 ok A =48 HEEe 27704 F AS4E 24Y9m’
o2 ol UF, 3%, 3¢, ¢, 25 2 A%E Bl U4 (¥
T3, 1999). T8 A o] A% A ARG &
ARe 8743 EAL 7R3 e Agoeg Aud A L R
do] H3 gtk A3tzel AL T FEAGEE A5t AA 3§
87t A FEE AL dHoin, U +AARHE 94
og] 7hA Bere HL3n Qe ARt (FARLATA, 1995
1998). 28] FEAWLR Q3 T 43 $Fo] dgoE
WRE 44 d9dde mXe #33 G gA z2aR
ul7} oleh (B FATA, 1997; 1998). o} ¢} o] At oA
o WzA Aoz I YA s dFe FHoz R
FUHE LEREIL THE E v FE AR e, ojg R}
7t HGH A ojHF AF 54 /AR QA FEEA 7
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ZF3 Yrtok oFA F HzxA AH F AAHe #H5I
gg IS FH3ke o) dasty A

A3 A A AFE 19913 1189 #3389 20110d
Tz dFE TAHAY AYHR e AFolth £
U AL 40,100 haol®™, EX] ZAol 28300ha (706%), AL
BRE A% 94F 244 11,800ha (294%)2 A o)At
20019 8Y A WA F 33km%F 19kme BUO|FAE ¢E8
3o, F 657%9 AHE=E etz ok ARkE A AT e A
R 283 HAZT FRAZ] 4YHz o, #F
o A5e A5 ALY TAY AFAIG YA E #EE B2
Rem olg AFAAM B2 &7t FYHL Az, Fdd
A3 Ye F9H 4 G2 REH 2L 0YEHE] §951
AL, gt Hotgt A HLE Fatd FHu I T2 FYHL
de Aoty 53122 474 B& S4GA £Edn glof
S04 fo) §& EAE AYL Yok o KA dY
dA 7t3 FaF LE4E FI9YsY 9o} He Aie A
2E dUAFOH, ALE dAddddMe 9999 =7t 37
F5 433 e 990 Ha U

£ d3e s Ady sigE dqadez dAHAA 9
o] vAe §HLELd 4T 9% F¥H o2 Hrt)
Ao 349 AEFE L AYARD S FHE32, olE F3ld
e Rggsts BYY A LS £HY AYojt o
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WA o] B o)FoR drde) A4 6 ZEE #3
A5 g5o] gFHot}, i}, & ddsiged Aud 79
& ANE AHTAE AT 27 GFHMAAA AANE $£2F
AzAL e dwtelA FAY FA tE FHHA 2AHRE}
A e FozH, Aunge] 9T AN E 458 AS ¢
22 8 A3e 4P 2T Aol E3 Az FAL
AP n Qe A7l 29 Ml g ALY ARE}
glol APE AYATY FHGZ ofgfge] Ut

A AL 200133 E AJRS S Eote] FAL AAH
1 e Aoz 2010874 Algel gEHE W9 S5
g A4 gtk agy AR A ¢85 F Yol 549
A E A E FREFE Y 2FYE 9T A do}
FAo] fAHA 4E A AFLELE BT Ayt sloy
olel gt 712AER o]4F & & AHolth EF HAUAY 7HH
Aoz 8 ok AefAY W3l dEdAM ALdHA Fo
M9 g e N&HQ RAlg) o}y FERIYE HF
A7y dasdn dE,

el A, 2 dFdAe ddsidy #3873 S48 593
9ate] 1999 7€ RE 20009 6¥7HA AY2 AdF AGAT
ALY L oz FAEAHS ZAY AYAT gL &
FFAol olBA HIAHANEAE FrE FAA AR B
2 Y% HuArdy 7xYFAEE AF3, 2T dY49Y
AN A F2 HE 99 AFEZREHY Y4E £E54S
B71317] 9ste] At 7Y 4A-HANN A £E2EA L HLEt
R, AR 712PEAEE AT Tk

= =
1. cHasH Y
A7 A M ARATE 59 35°38'40"~35°50'40”,
F7 126°26'40"~126°45'00"°] A3 A1, FHdleE A, AA,
Reot 5o EAlg HA vt ZYPIY, 1A F L AFAY
QAN Aok w3 FAHoks RAHYoE stz s2e WAL
A% M2 fYs e ol HAT Hdeg, A5 A 4

GREES AT e AxY Fuig AYe] wEd dFoith s
9 A% - B4 A9y, Adez A fdHe Asedy
o2 UojAr o8 FHUAL 29243 km’2 HIEE AA B
9 36% & AR, AA AT+ 67%7F Bt

2. FH ZAL Y BN iy

Ars dgsldy 354 2 RYU% AR FAE 939
199913 7€ 3E 20004 647A A4

A (74, 94, 114, 20004
29,49, 69)0 2 Agdd O 127 3EL ddez 3 d3s
ZARETE ZAMAIE t27) BN E 4R B35S A5
et (Fig. 1.
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Fig. 1. Location of stations for sampling in the Saemankeum

area.
T8 BALEAZ 4NN ZFHYT, §EL €27 E7
(Digi-Auto 3G, Japan)E ol §3¢lom, $£402¥E (pH)E

pH meter (MP-220K) & AF4-3ta E43t5ict £&44& (dissol-
ved oxygen)¥ Y2 -l EJEF (winkler-azide natrium)
wiyow 233891, $HEF (suspended solid) & F4fo
A (GF/O)E ol 43td A8 YdAFE o, A2%F FAAE &
Hatgon A AT H (chemical oxygen demand)S ¥
7teA Hgazgsiez AT FEYFEA gEYE
A (NH,-N)£ Indophenol o2, o}AAAZL (NO, -N)&
NEDHL 2, AE4 (NO;"-N)E Cd-Cu $#d¥o2 FH3
gith 9242l (POS-P) okazmzBAY o2 F4bd (Si0;-S)
& FA-8F Bat FAPez wA YFRt ER2Y ¢
(chlorophyll ) %% Strickland and Parsons® (1972)2.2 &
FaH o

3. XA dyy 2&FsiF 5

D374 §37% 8¢ 419 dEAA (DL, D2, M1, M2)olA
core sampler® AZ-& AUsgch 2E3n dFLE U N8
€, 374 Tem, £°) 50cm9) o132 95 15em Hol2 AHT
. #Y5E FFFE FIHR9HA (GF/OZ AH3to o}
2 A4%d oo} o}aP 5L 25T+ 12 2HE P52
&2 F, A Aol wel A4 F9 dAIF GRYetAL
2 2489 dS Yoz $2% (DI $2¥4&E (RE M
sy GER, 1984).

1) S&%

(E—E) * (C—CIV
A

E: €3 3 HA2 2o} 444 59 ¥E (mg/)

r (ug—at/m?) =
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E: % H3AE 3} F44 59 ¥ = (mg/L)
Ce: M1 F Ha 3o} A4 F9 & (mg/L)
Cc 3% ¥z 2o} A4+ 9 % (mgl)
V: A4es A8 A H3 (m?)

t : &% A7 (day)

A: HXE E93 (m?)

2) Bavsas
B2 £33 12 F AU AT we Boee BEW

R (ug-am*hn)=r/t,  t A3 (hr)

Zop Y 18
1. #3 3g
D 420l us 54
ARF AYATY $3 EARRA) e 98 99 2 3R
2 Table 191 Yehigith B8, 9443 $A% 3479 54

rj’i
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AR

Ae AF 2 4,7, 118 4243
A

(n gges

A (Line B)8 $HEXE A

o' U#EEM

A4 52 QA L 2N GFE PE AEH 2
A2A A% olg B 4719 WAE RUFE 4FHY W
AT AR AE 5ol 9B T3, £4 HE 4F AL #
walo] AASTe THEAL AR HE Fo ARl &
e Wse] M §HoERE 498 092 FYE4R
254, 293 ALY £ Fo| WAFoRA BAHY &

Ao M3E st eA do. A VIR F 22 1.9~294C (¥
 165C)2 JeE o AdEEE dAdE d7dA das
Z4E Qe 25 BXE Bgoy, BAdE vl ZAgS e
ek o] & 27T FA Y 1992~1993 0] AZGEE (1994) )
A ZA Age wastd 21~276C (BF 1480)2 20004
A o 2C Ax 718 Aoz JEEY. a8y £2& 24}
N - B e WEe) Asy] Wi, & due gie ez
At = At

g9 9% AFFHo2 JEUo 579 FAE FHee

sekal7] e, BARTAN dHde olofRE AT 1,3,

389 949 9%

& 1220~3230% (HTF 2750%)9 9

=

Nl

5,98 42% A (Line AT FAZsTAN 3922 o] Jeho) AP 37 4o 34 §949 9oz 31
Table 1. Range and mean values of water quality in the Saemankeum area
Item July Sep. Nov. Feb. Apr. June
Temp. 23.5~29.4 25.3~28.0 149~15.9 19~32 8.0~11.0 15.5~20.5
() 26.5 26.6 15.5 27 94 18.5
Sal. 18.10~30.31 23.54~30.15 12.20~32.30 24.86~30.67 24.90~30.45 2727~30.81
(%) 28.02 2766 214 29.59 2798 2957
H 7.97~8.09 7.80~8.00 7.93~8.06 7.86~7.93 8.10~8.24 7.82~8.06
P 8.05 793 8.01 7.90 8.15 7.99
DO 6.21~8.09 495~13.12 7.77~1192 11.10~12.08 10.00~13.01 8.18~11.82
(mg/L) 7.12 6.44 935 11.69 10.68 9.16
COD 0.64~2.95 1.20~2.85 0.78~1.44 1.40~6.40 1.64~6.08 1.08~3.24
(mg/L) 1.29 212 0.97 2.75 2.62 2.01
TSS 1.20~37.60 9.40~95.40 8.25~93.00 28.0~294.0 14.00~655.50 14.60~45.20
(mg/L) 9.38 38.98 32.35 88.88 83.96 2527
VSS 3.40~8.80 3.20~10.80 1.88~8.40 4.40~28.00 3.60~65.50 5.60~9.80
(mg/L) 5.06 6.50 531 10.74 10.36 6.90
Chl. a 3.28~43.88 2.82~26.30 2.31~9.33 3.39~25.75 5.40~51.55 1.95~28.35
(mg/m*) 14.68 11.50 4.89 8.52 16.03 10.81
H.*-N 0.957~30.293 ND~23.914 1436~26.193  3.007~100.029  1.850~45.629 ND~11.343
(ug*at/L) 4114 6.921 9.438 18.115 6.943 3.530
NO,"-N ND~11.247 ND~4.286 0.529~2.543 0.986~30.667 0.041~5.169 0.071~2.500
(g at/L) 1.357 1.256 1.186 5608 0.701 0913
NO; -N 0.424~26.004 1743~41.629  6.494~59239  17.721~69.014  2.145~25.599  2.021~24479
(ug-at/L) 4.810 12.986 25.030 26.155 6.075 7.612
DIN 1.846~67.544  2429~69.829  8458~87.939  21.921~77.597  4.373~72787 3.164~38.322
(ug-at/L) 9.346 20.990 35153 36.258 13.719 12.166
PO/ -P ND~0.642 0.275~1.596 0.429~1.603 1.026~2.013 _ ND~0.539
(ug-at/L) 0.123 0.722 0.887 1211 0.332
T-P 0.658~5.400 0.700~2.042 1.326~4.161 1.735~5.435 1.048~7.477 0.700~3219
(ug- at/L) 1.579 1322 2.509 2.807 2.966 1.647
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TE S A%E BAY B3 Y950 B2 dAR%
A% FHEG ddFez v Jehdd,
o £40]g (pH) =& AYYES A&7 AT A
e AA2A pH7H 7 o3t Wei7tAY, 9 o4 4
A AFAE A e dFE o QHFHOE &
8§ £ FLTYUAE 1A TR dFgdozA 1
Ao a2y detolu Wty dlee By d¥e2 ¢
Z23894 pHE 44 #8¥ & o At F pH
7.80~824 (BT 8019 HHE Yehiich ¥dz &
Ztole JehA ggtou 784 4ilHoz 28 & #S X
=), o] 799 Chl a¥ =7}t &o} 279 FFAd 7%
B o] & FANEY A - R D A3 HE
ARANE 158 (78~83)9 AR} =3 o g
87~8.18 (H 802)E UEbd 1992~1993d A5} Bl THE
de Aoz Az
A (DO)E FARE, 53 off o Atdtal Ao gle]
P ARAAR A, £ ojFolv EFAZE ot}
& AAEAN, DOMEL HE4Y EFIEY FF AY
stoll Zlo] Bojdich A 7| E <Y DOY BEE 495~
(BZ 907 mg/L)Y HHE Yeidn. AdE 3
By FAC A Jehva, A A 2 g Je
ot oje &9 712 A 5 T §& i Iwx 7
&9}, §7189 Asld @E DO 27} FFRY ¥7) ol
A9 f71EF S THFLZ YEo §7129 AREZ o]
He g3a44227%F (COD)Y F=E 064~640mg/l (BT
196 mg/L) e HHE YehAeh AdEzs FANM FARA
A veigton sAd JdFHez @ (Fig 2). A 9
A% T IR Aged v NEEFY £38 Y
ydeu, Ay §od¢dr71E 1~158Y #23& Uehd
Ak 1992~1993d Ag ¢ ¥l@std 101~395mg/L (BT 237
mg/L) 2, AR Fx9 Hsle A gt Aog yEy
FEREA (TS $47199 #7] - 7189 FYolv A%
EAHEY AEfel s 4FE de JAZAM, Ry FHE
gagte AEEFIAEY FRHE AN, HxF L HFy B
Hol| Ra3te] ol G FAY HAL] de] HY)E F}, £
ZAt SgdolM TSSS) FEE 120~65550 mg/L (BT 4647 mg/L)
o M2 gurAQd 7RG 24 Jegth AdEZE A
g3 A9 wolxe wE E54¢ HYwd, o€ Choi and
Kwon (1998)¢] &8 F%3]9-e tjgog FHFEHY Fx9
Fael E FHEY AF W ATM ALY AS dAFE ¥
73} upge] 9% AetE AFEFeR Ado HE: HAEY AR
47 gasige Wi 4 23e BYd 2EREAE &
7180] AR FHe B&E Y, FA 95~229% (BT 137%),
sHAle] 21.7~384% (HT 292%)9 HIE B, A BHE
A Z9 §718 o) ¥A JEigd Ty AAFHOE HHo
30% ©132 YeA RHERY gL EXA F FUIEY A
o2 A5 9T} 1992~1993 A& o v B E 150~158.0 mg/L
(#5710 myL)E verdoh WA, 200098 @A FAF A
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July
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—e— Mankyung Estuvary — & —
A:5t.1,2 B:St3,4 C:St.57 D:S8t9, 11

Fig. 2. Monthly variations of COD (mg/L) on the surface at
each stations.

Dongjin Estuary

2 279 §% 2 §49 A5 Ao w& HA7} AsRA
g AAFQ ol & ol HolA ¢e o eyt

YoM AR7IEZY it AEHEFIEL YAFHeZ §
Jste golM #EzA (A, £, IFEAY FE 5)9
AR o Fo e WAsEd I $e 454 (Chla)¥ 22
yebdth B 2899 Chl a8 5T 1.95~51.55 mg/m’
(B 11.07 mg/m*>) & FAE Jebhich (Fig 3). AZE2E 3
Ao AEEFIAEY o] M A ez, FA sH
vort}, B8, FA e HAY ATFARAMN 5L FEE UE

& ¥ a9 AFANE BA dERt neA, SAE A e
I R AFAA US EPA (197404 AA g F2LA 7Ms 5%
2 10mym* 2o 24 JdeRed, 24 Aws ARAT7H
F5so At AAE A, L5EY FFFERd 718
ZFWAY tsAel 433 e Aoz uddEn
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25 Feb.

Chlorophyll a (mg/m®)

Apr.

10

June

Station
—&— Mankyung Estuary — & —

A:S5t.1,2 B:St. 3,4

Dongjin Estuary
C:85t.57 D:St. 9,11

Fig. 3. Monthly variations of Chl. @ (mg/m’) on the surface
at each stations.

(2) FYARY HSSY

£&77142 (DINE 7348, 53 —l%% E 4% ga
3 g¢dez i 7bg #5387 A 4 %}EW AT

DINS A - 833 28 ojste] ¢&3n ﬁrt}s}ﬂl EA3E B
FEFH o] Hol Az WA Qo FLIA dof. 2A} 7|2
% DINY FXt 1.846~87.939 ug-at/L (BT 21.182 pg-at/L) 9
HE et ol Ha 32.154 pg-at/LE YERE 1992~1993
Az HZPE o gt FAE Aoz BdHY AP
EP' F7h FYste ST ¢Eo ¥1 YR A¢E FH9

€ A%E Jehid e, 937 f9] 3% f4EG 2
25’5 A 22U (Fig. 4). FA #2373+ AQAA
BYoldart 71 & 248 Yepido, AAFez A
27 A UEWT ol 1992~19933 A8 AR £
HholM 49 57144 FEE 20019 ARE 49528737
S FA4Ere vud B9, BEEzAN 1 5F5Y 2143 g

Mool & n\‘ rlr re

iy
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Dissolved Inorganic Nitrogen (ug-at/L)

40
30
20

June

0 1 1 ] 1 1
A B C D
Station

—e— Mankyung Estuary — & —
A:St.1,2 B:St.3,4

Dongjin Estuary
C:8t.5,7 D:St9, 11

Fig. 4. Monthly variations of DIN (ug-at/L) on the surface at
each stations.

at/Li} H)%dhy B g 227)A4% el Ro g A4
239 4% 24 L F2E JEhio sy FHo] wold &

9L Aoz AP,

225719 (DIP)-& DINT 37 YA &2 A= 24
e 247 4949y Uz AT TH e FAA
A AZF HAHZY fZo FREAoT. R4} 7| F DIPY
FE¥E ND~2013 pg-at/L. (BT 0655 yg-at/L) S BHE b
ATt (Fig. 5). °J& 0226~1.419 pg-at/L. (BT 0771 pg-at/L) &
veld AelEe (19949 Ag9 vay S o, i 74T X
oltt, AMYRE EANA AR 24E ¥ I 5 E
el ol AEEFIAE AR 98 4u Az @&
Aog gad PP = 37 £o] 1 Y2 A5EF ol
Ae A%E By

%9 (Total-P)2 #FFol £&AH 4AE U9 F%FE e
dth z2AL 717 3 T-PY) 5% 0.658~7.477 pg-at/L (F 0& 2.138
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July

Nov.

. Apr.

Dissolved Inorganic Phosphorus (ug-at/L)

Station
—@— Mankyung Estuary — = —
A:St1,2 B:St.3,4

Dongjin Estuary
C:8t.5,7 D:St.9,11

Fig. 5. Monthly variations of DIP (ug-at/L) on the surface at
each stations.

ug-at/L) e WE JelN AT DIP/TPE vl &) 3064% 24, A
HE AT E FAdo A YAE Q9 vlgo] 47F A
AAL 9L ¢+ ok ol 2001d AAE A5 ARAY
£ 9 T uadd BF v O5FF (1.62 yg-at/L)
Hade £3 I58F Q90 pg-ayL) e & 38 Jepgich

2) FUYT It Y N/P H|

Antg sy RAdUds Az 2FHF Hed o
Fdel At AFARE HrFeEy] Y3t e F g N/P
ratio® Table 29 eI

HGelA H2E f¥dle YYE FxE o83 2%
A4 (Eutrophication Index) & AHA3std], e HFYYEE ¥
Zhate Wgel it} RAYEY A Wde 9y Ryt
ARZA HAZE FEATIE 99Y TES LEste By Sl

o ole FFUstE Jdto Hz7h A o, 2 27]9 vEhyg

Table 2. Eutrophication index and N/P ratio at each month in

study area
) 99/07 99/09 99/11 00/02 00/06
NP El NP E NP El NP El NP E
1 10522 3732 4376 9267 4566 394 - - TL14 1992
13699 2372 5796 14034 7035 675

2 6937 053 4085 2925
-~ 3173 1945 6345 273 4683 3836 1645 076

4 - - 2500 465 2320 465 2160 2053 82 057

5 1599 016 697 065 1780 247 2485 1544 1402 046

6 1734 005 810 063 1692 271 2154 1293 851 043
- - 12 038 1332 154 1993 98 - -

§ - - 134 059 2029 332 88 412 - -

9 1301 008 600 069 1767 408 2856 174 - -

10 = 4291 766 3877 1254 1929 1940 977 088
1n - - 2070 759 4575 1182 3667 3727 6973 586
2 - = 3048 4326 5163 1901 4558 91 - -~

' F2FY AXF 103035 /mLo £3¥ 083 mgC/L (=COD
1mgL)s ©2F& 7]2o2 32, N, P dalNe 27 714
pg-at/L 2 048 pg-at/LE A2 HA 715 FEE BI AN ge
RYIx 124 H7hste deolt) (Okaichi, 1985).

Eutrophication Index (EI)=
COD (mg/L) XDIN (gg-at/L) X PO~ -P (pg-at/L)
343

BAYEXNFE B, BARY FAG 7N Ad 4E
o] 71EAY 1% B 2HsE Ao Jehgen 9z @
2 A& dopAn sAde 259 A% A% 99 ¥z
A3 71EA] oz vEiew, FAde BE FAHAN 7|EA
£ 2383 e Aoz Jeygth

£E77144 (DIN)S £&5719 (DIP)Y ¥ &9 N/PHl&
HEEFAEY 9407F NPV} 16: 19|22 N/PH]7} 1680 2
W AL FIG9YEFIE QAE B FRIHEE Qo] 4EE
FAE AojAR7} Hul w2 162 o AiT Ao
A7t He ez gutgNg £ g (FFAFET A, 1983).
NAY T 9% ve A 1,29 A ey 9ES
BE A4 11, 12914 NPHIZE 16 o422 Qo] A QA9
At 2 99 RE AHNE 16 ©&E Yehfo] Awd AP
oM AEEFAE 4FY AT Az Fh Aoz b

(2) ME dgdg 25 73

gt derd gl dEAPANY A dYE $2489A
L% oAt 2,5584~8,371.2 yg-at/m® (3 6,049.65
pg-at/m?), VAN 339.84~919.57 yg-at/m? (B 644.35 pg-at/m?)
2 el £&255E gRYobE2T} 2665~87.20 pg-at/m’/
hr (BT 6292 yg-at/m*/hr), LAIAL 3.54~9.58 yg-at/m*/hr (T
6.71 yg-at/m*h)E YERATE w37 - A4 $9A4499 D1
MiolA gJajdre £& 538 YeRL I (Table 3).
o]8 #& Kim (1994)0] vlibute] EHEE o] 43 A 4%
£248S ¢ 299 ¢RYolA A 108 yg-at/m* hr, YA

110 pg-at/m>hr#} ZFTANA ZALE 443 pg-at N/m>-hr 2

flo ol
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Table 3. Nutrients released from sediments in Saemankeum

area
NH,"-N PO, -P
r{pg-atym? R (ug-at/m*hr)  r(pg-at/m?) R (ug-at/m*hr)
D1 8,371.20 87.20 398.40 415
D2 629392 65.56 339.84 3.54
M1 6939.06 7228 919.57 9.58
M2 255840 26.65 919.57 9.58

946 yg-at P/m> hr#t H]&¥ £&34 55 JEST £ Kim et
al. (1992) ©] H3 2 HA¥42 $7 H714 By delA A&
3 8% AEAA A8 4749 HFE 867 pg-at P/m> hr, F o}
g EAE 126 pyg-at P/m’ hr, S5FIA HAE 2038 yg-at P/m*
hrite ¥e 854558 Yehidld

2] 2 Shiozawa et al. (1984)°] Y& AEUWS 3fzjv} &9
oA Au 8% ZAHAZAE ol &3 RN B2 &%
A€ 10.8~61.3 pg-at P/m*-hr, A %)= 833 pg-at P/m?-hrol
gt A9} Hosomi (1993)7F Y& Shagawa A EA 4=
Uol Ak £2%2 23T 47 Fo} AU ZE M6ugat
N/m*hr, 8% FHSHOZE 286 pg-at N/m*hro] £EE01
Bug g ole YA EF Kim (1996)-2 312 A0} gt A
A5 HFEDY wxTuld A Wy HHE Fopu G
A48 As) grYold 4t 32.5~834 yg-at N/m>hr BEZ £F
201 23¢9 H&d gd JEg.

olgist A#te Aole AFWUGY Aold 7T Aoz
R A Had $29 #5882 AT o2 Addr
AHoz B o B z2AEAE O JYaMg 939 2%
Asrv die 9o 2417} g W ¥ £ Uk

| E

g AGAT At ge £A5AH A 449 $&5
& z2AE A%E okt oo 2o

dwt FEZF CODE 0.64~640mg/L (BT 196 mg/L)Y] &
HAE el SA 0 237 A AgsArE IsHE
F& Yoy, AL I~U5FE detde ALz ¥
7k e},

TSSEEE 1.20~65550 mg/L (BT 4647 mg/L)E AMHYL
o, A 53] A Jebid FEREAFT 47180 AAde
&L 97 30% o2 YEhiA, RHEAY fREL EA F
7€) Aoz AgHUT

Chl a9} FE+= 1.95~51.55 mg/m® (BF 1107 mgm’)E Vet
Witk BAE Adsne A AFAN A2 ES 233
Ao Vet Aig3st 439 Ae #A AAHL g2 9
Fd Fxd JAsd 2FH Y el 2 LR AUy
Ao

ddde] MBEAL BY DINS 1846~87.939 yg-at/L (HT
21182 pg-at/L) 9 BE HWAE YE o AAF oz HAgeLA7E

M5F& 233tk DIPE ND~2013 pg-at/L (T 0655 pg-
at/L)E JERRIT. N/PHIE 79 Ad RE FRAA 16
o3& uEllo], futE AGAT oA A& AR AT AR
A4 Aoz ZAHKT

Agtd AAGA T RAYEE FriE R Ao 25 9
ole] 2H2 7FXQ | oldE ZAHALH, A RE A
oA 71EAE 293 B3] FFGgAe 10 o3-S e
ol fogoksirt 43s] AgE oz FEHIUT

AEAZRH Y99 £% $55 ¢RYoEAT} 26.65~87.20
pg-at/m¥hr (HT 62.92 yg-at/m¥hr), V4L 3.54~9.58 pg-at/m”
/r (AT 671 pg-at/m¥hn) & Vel ed, 237 - 3% 3+
Ago| gduct A e

Ab A

TS

2 =gl AN g $3ETAE (RROAMY 47
H Adez £YP[U7 FA=HY,

£ S
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