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Fig. 1. Map showing the collection stations from the Nakdong River.
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B #EFEFEDO) . Winkler method2 3 k.

@ H=Hey BFE EKEBOD) : Winkler method2 32k

® txvjole) 2ENH,N) : Phenate method2 u] 42z,

® TEZEREAE 2FWO:-N) : Sulfanilamide2} NED[N-1-naphthyl-ethylene diamine dihydrochloride]
method @ wv]A4Alek

@ | 2HENMNO5-N) : Cadnium reduction methodz u]MAj sk,

MM F(TIN) : NH,"N + NO;-N + NO;-N.

© ##E(PO,>-P) : Stannous chloride method & w] A ek.

chlorophyll-a : Strickland & Parsons method 2 nv]8xjak

M. 58 2 %

1. Ol&t=ty =A}

G523 AdEEe 67 Y FARAS 2l B4R APy $A%5EE Table 13}
Zt.

@ L : 2429 ¥WsHIDE 05~30017.3)C WYz wsle] Zo) =zt AHHY
g FEL 60 Al A frAlstgon, 4d £ FF 17.3CE 7|5z Tuf 494
A 9¥7Al e Eout 1 9o @& gl

@ pH : pHY ¥%= #HYE 6.7~942 AFA £, dF, 2xec 379 5 ZHA
slet, W], Hatol A E HF 8o]Ae R Eghch

® DO : DO9 & ¥t 042~16.86mgLols IF DOEEE pHel 7o) AFo)A
32 A4E A vehdcoh

@ BOD : BOD9 % ¥t 0.97~11.60ngLelx, FE7} BEE(EF, d%, sish, o
X)) BT AT0ngLRTh AGE7HZA, 20E)0] FE 6.75mgLE BA vhehton), A g
o] weol 5= SleS & & Uk

® NH-N : NH,"N¢ ¥% @3t 0.04~28lngLolt). HFHog JE7}F BEE 065
ngLEch 4357} 0.715ng/Le] =& ¥55 Bolm, TUHE7) 0.73ngLE 714 &3 3}to]
057ng/L2 713 Y& FEE IS yolch Yz 2931 19¢] 2.14ng/Ls} 1.81ngLE =9k,
5¥o] 0.12ng/LZ 717 JtchFig.2).

® NO;-N : NO;-N¢| ¥x w3l Wl 0.04~04Tng/Lolw, FE7} B89 47 A
o F 0.09ng/LEct A3E7Fe] 54H0.19ng/L)2t 2 E0.17ng/L)7F Bk Estch 4¥E 5
43} 128¢] 0.24mg/Le} 0.22ng/LE E9t7, 840] 0.05ng/LE 7}3 I9rckFig.2).
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@ NO;-N : NO;-N¢} % w3} w9l 02~7.TngLa o, 3lgte] HF 3.07TngLE =&
EE vehligla 2 g A 2 £AA) 4¥E B2 A 0.80ayL6Y) ] 6.18mg
/L(129)2A 10, 11, 12,90] t}& 2ol 8|3l 3u] H=2 FchFig.2).

@F AL 3 ALY 55 W9E0.74~8.3ng/Ld o, FF3to 2 v shctn) vix|7) 3.72ng/L
2 7V 53 B30 306mgLE 7P e $EES Holo, 48 TF, UE, ZHERG 5 29l
sk, WA, ko] AR & X5 2ok 42 Byl NO3-N3} o] v &3k A 38 Rold)
649°] 1.13ng/LE 714 %3 129 0] 6.99ng/LEA 713 o0, = 1097} 119 % Ad3] £ el
wWehFig.2). 53] 43 NOs-N2oh NH, N7} A& ke el e A4 4137} NOs-Nx
ot NH,"N& $-44°08 438} = Batees(1976)9] ®19} A xsh= A 82 Jehhsich

® POSP : POSPY 5 wWel: 0.01~031ngLas ASE74al S4k 0.11ngLet ZHE
0.14ng/L7} G57 259 AAHE Hd 0.075ngLBtt £ & ¥k ol 357} 7
Aol ko] FAA A AT vEA chage Qo] f9¥l Ao Btk YHa 9Yo]
0.24ng/LE 714 =3 3%Yo] 0.02ng/L2 714 JYokch(Fig.3). Pocella S(1980)0) <]3lwl E&%
b5 dodle A9 71EA= 0.026ngL2AN FE57F A x| Fo| Foiokslrt Algt Abejolc}

N/Pel-& : ZAA A9 NPulg-$ wlastd =x7 11542ngLE 744 F3, 2
t}-go] ZE 88.28ng/L, X4t 73.67mg/L,, tlE 68.04ng/L, & 65.43mg/Lel™, stcte] 63.31
ngLEZ 7V itk dAZ e A4 A vige] o Fol lo] =H Agegler
Aas He Aol BT &-FN1986)7 2 Aol ot &5 FAF o) HoE %

e

ol ARE FF7t 5 FAF o)A AR &-FN1986)9] dJdEE EAF wlws}
of 2al A qoFdo] FA o)W RobE o]Fy} ¥& £4F Holed 53 NO;-Net NOg-N
£ 2ol Eol 1 Fb dddel falel o Woldeg ¢ & UrkTable 2). & ZAbolA
A2 7% NH,-NRt} NOo-N9} NO3-N& 4uA £ 2 o} ‘2§ A 4471 NO3-NE
th NH,"NE& o] $4de2 438 & £ 5(1993)9) Bwsl AAF A veplich o
€ 3 29 75 2oE Azt Aol o7 TS sk felo] A Agstm

PO P& # #N1986) 0.05mg/Ls}l wlwshd ¥ A7} 0.10mgLE ¥4 vehlz, A%

7 Soel A% 0.126myLeA A FAgstsel slee & 4 ek,
NPul§ 4 gANI9BORT & 24} A vebde @ 4 gloh,
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Table 1. Range and mean values of physicochemical elements investigated in the lower
part of Nakdong River.

Water Stations
quality 1 2w 3 4 o 6
Water T. 3.0~29.0 40~290 2.0~295 3.0~30.0 0.5~36.0 1.5~300
() (170) (17.0) (17.4) (17.6) (17.4) (17.5)
H 6.8~88 6.7~85 70~93 7.2~94 7.1~9.3 71~94
: (78)- (7.7) 81) (80) (82) (7.9)
DO 7.19~1407 7.04~1594 689~168 642~16.44 6.74~1515 685~1545
(mg/L) (9.69) (10.24) (11.02) (11.10) (11.08) (10.62)
BOD 1.09~848 097~8.76 1.45~11.20 1.43~10.76 262~11.60 253~11.42
(mg/L) (4.38) (4.28) (4.74) (5.40) (6.40) (7.10)
NH,"-N 0.09~216 011~225 0.18~1.84 0.05~2.81 0.13~2.02 0.04~223
(mg/L) (0.66) (0.66) (0.57) (0.70) (0.70) (0.73)
NO, -N 0.04~0.18 0.04~0.17 0.04~0.20 0.04~0.15 0.04~0.47 0.04~0.40
(mg/L) (0.09) (0.09) (0.09) 0.09) (0.19) (0.17)
NO; -N 07~52 06~76 0.7~77 0.7~57 05~6.9 02~71
(mg/L) (2.31) (2.43) (3.07) (2.40) (2.54) (2.25)
TIN 1.97~5.80 1.67~8.15 1.14~8.34 1.19~6.79 0.74~8.12 041~774
(mg/L) (3.05) (3.17) (3.72) (3.72) (3.43) (3.15)
POJ;’—P 0.01~0.20 0.01~0.19 0.02~0.27 0.01~0.29 0.01~0.21 0.02~0.31
(mg/L) (0.08) . 0.07) ., (0.08) (0.07) 0.11) (0.14)
Chla, 5.4~1275 66~125.6 3.7~559 6.4~1209 - 240~1823 13.3~2355
(mg/m’) (30.4) (289 (275) (36.4) (67.0) (60.9)
N/P 121~2270  10.1~230.0 7.5~166.8 58~353.0 7.4~406.0 1.6~743.0
{mg/L) (65.4) (68.0) (63.3) (115.4) (73.7) (88.3)
( ):Mean

Table 2. Comparision of nutrient concentration and N/P ratio of Nakdong River.

NH/'-N NOy-N NOy-N  POS-P

Site mg/L me/L meL me/L N/P Remark
Mulgeum 0.83 0.04 1.00 0.04 46.8  Choi-Park(1983.10-1984.9)
Gupo 041 0.04 0.99 0.05 288 "
Hadan 0.59 0.05 - 090 0.06 25.7 "

Mean 0.61 0.04 0.96 0.05 338
Mulgeum 0.66 0.09 231 0.08 654 1992.6-1993.5
Daedong 0.66 0.09 243 0.07 68.0 "
Hadan 057 0.09 3.07 0.08 63.3 ”
Myeonggi 0.70 0.09 2.40 0.07 1154 "
Noksan 0.70 0.19 254 0.11 737 ”
Jomanpo 0.73 0.17 225 0.14 88.3 "

Mean 067 0.12 2.30 0.10 79.0
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2. chlorophyll-agt

$E7% 872 chlorophyll-ay = FE& 3.7~235.5mg/m3 2 145 24} o] Ml &4kN1986)
o] 24} 1.8~75.2mg/m’s} FA} o] ¥l #(1992)9) FA} 8~150mg/m° e} Hchs] Y& WL e
HolcTable 2). 1980 v|= Environmental Protection Agency - National Eutrophication
Survey(EPA-NES)®] %-2o}3} @42 vehl= chlorophyll-ag] 71&2ke] 7.4mg/m®e} v} wshal
A AP 4 =7 Fodoksl Adeo|chFig. 4). AFWE AGERA B4z 20Es} P 2l
AER G5t BFET Fol Atgrte] AlstA Fedadsisle] Qokm ¥ 4 9la, Y¥E 490]
116.9mg/m* 2. 2.4 714 231 590] 12.3mg/m° 2 714 ohed] AAA 02 483 TY0] B} 2
of Ad3] A vrebtx 543} 899 chlorophyll-az} o8 o2 Al vehd 712 #-81(1988))
ZAboh v q g o2 HiftEe] %2 843} 9Y ol chlorophyll-a¥ £} Z7}3tcl= KEH(1982)
o] ATt FHRT o] o] A|Fo] AF Hodoksl HAE Hole S5l 7]Qd e g Azt
o}, 53] A5zt 45 2REE A% FFoisle] glom, 494 116.9mg/m®s EPA-NES2)
F-odokst 71Ex9] 16vhu} dw glch
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Fig. 4. Monthly variation of chlorophyll-a of 6 sites.
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3. chlorophyll-aZn} &3EEMEFAC| ZHH|

Sakamoto(1966)l] 2|3}H chlorophyll-as =9} &HEALS| A o diste] Kol &%
WISl N/Pglel 10~25919Wlel Sl& w =kel o) 7+ 4R Zriel wae] HEE
(chlorophyll-aze 2 A Frhe A4 A7) ootz shglen, & - FN1986)2 N/P
Fte] 63~12022 viehld AAF ARAAL gloka sl

2 ZAtellA] N/Pgre]l B 79.002 & - #N1986)2} zro] ¥4 vbebt o} chiorophyll-agk
I BT ARIAC] glolAe Sakamoto(1966)9} 7o) A A AbgHe- R eItHFig.
5). chlorophyll-aztz} % A4 FE Atoleles ATAS ZHR)o] 0.000724] ArzAjo] A,
chlorophyll-a®3 F UFm Atelells AAAS FH(R)o] 0.72084 Aol ¥4 vieht <o)

25346 27 4311 e A 2ok

4. BERIL

1) N/Pt®RO| 28t #IREF

2 RAbpAe] EigmE S MEE BTl KRS Table 1efl4] BE ups} o] 1.6~
743.0(27t %) F W3 HARAM EEITS kel v £(1986)9 3.3~302.8H 99} & - &b
(1986)8] 36.3~302.8 2|3 A7 ZAKA =, 1991)al 0.2~90.88ch WsEo] wjo A
oh. o HFF2 39(193.D)F 119@B17.1)e] Fotm 99(94)0) F& u]$-S vehyct A
W gdege WA 11642 /b4 F3how dhde] 63.322 74 U v 42 ekl

Forsberg(1978)= #Aie] AT ERWMES NPy|7} 100151 o ZFold, 10~17d uj=
BR == # 17014 d= Beleta s1gich Forsberg(1978)¢] ol sty 998 Al2jslx
© dF NP7} 170|422 qle] Agtaglelz} s}
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2) BWMEPE
FA9] ojokste F2 TaelA Ydolus FACRA FFol EERWE) BEA ST
sto} fEtpEetaEo) dFFAsnRA KR £ER FHE st daolh HZde &
o] & FHCHAME Fodoksirl A4t 4ol yododste HAE vele AT v
2| Environmental Protection Agency - National Eutrophication Survey(EPA-NES)®] 7|5
(Porcella £, 1980), EPA-NESxt} 2A¥Td o2 odofAle] #Ao] o] 7sid 7ow
Carlson(1977)¢]l ]38} Ajot= Trophic State Index(TSI)e] 7]Fo] o} £ FAlo| 4= 1981
d Al So o8 A <¢+E Reviesed Trophic State Index(RTSI)ol| 2j3le] %doks}l Al Fi

3l¢l cH(Table 3).

Tlable 3. Classified groups of trophic state according to the concentration
of chlorophyll-a and total phosphate(TP).

n ) Chlorophvll-a(mg/m?) TP(mg/m”)
I'rophic state

RTSI RTSI
Oligotrophic < 1.60 < 46
Mesotrophic 1.6-10 4.6-23
Eutrophic > 10.00 > 23

RTSI : Reviesed Trophic State Index

= In Chi. —a
RTSI(Chl.-a) = 10(2.46 + n 95 )

_ 6.71+1.15%In TP
RTSI(TP) = 10(2.46 + n 55 )

I =(1981)¢] ZAlQl Reviesed Trophic State Index(RTSDo 2j3led s 2 oHe
gk g cdekAelz| g ehd Aste Table 4, 59 2}

Table 4. Average of revised trophic state index(RTSI) in 6 stations.

Stations
Index
1 2 3 4 5 6
RTSI(Chl.-a) 61.87 61.32 60.77 63.80 70.48 69.44
RTSI(TP) 152.83 151.15 152.83 151.15 156.82 159.85
* mg/m3
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Table 5. Monthly mean of revised trophic state index(RTSI) of 6 stations.

Months RTSKChl.-a)" RTSKTPY Months RTSI(Chl.-a)" RTSI(TP)
1 58.13 152.83 7 57.05 155.63
2 75.16 156.82 8 62.96 154.31
3 5751 146.93 9 67.27 158.92
4 52.21 167.13 10 68.37 126.73
5 53.69 154.31 11 76.56 15563
6 66.04 144.13 | 12 51.96 152.83
* mg/rn3

chlorophyll-acl] 2|8t x| A A9 A 60.77(FH3)~FH 1 70.48(%A5)e] W90l
r dE2E HA 51.96(54)~3 1 76.56(44)2l W24 chlorophyll-a®] E&#(L 7|Ex
10Xt} Sufe] & vehlidch TPl o3 Al M AS #HA 151154 29 4)~3
T 159.85(AA6)e] w2 vehdy, YHEE A 126.73(3Y)~F 3 167.13(9Y)9] He=
A TP BE®(L 7|4 2380t 6uo]-& vieblith wlels] chlorophyll-azfs} & qlgte
2 st AE #AHE BRI IeAGH 599 AR 4 EERL A4u g
Erix & 4 itk '

2 ZAL] chlorophyll-a®] 60.77~70.483} TP2] 151.15~159.852] <jckilelx|7t & &
(1993)2] chiorophyll-a 56.46~77.38x¥.c} W7} Fou} AJUEI)AELY AL 5(1993)4
60.670] wlstel =F EA Jebgdth. TPE 4 $(1993)9] 60.23~85.018t} B ALz} Full o] .
A E& s e Qo)) 93 Rk} 58 & S gl
A B FALE Z(1991)7} ZAb chlorophyll-agkst TPZEAl Byl H(20~415) 49~58), &
T 8(20~459} 47~60), B F(20~5131 48~59), [EFEKEW(25~533 45~57) S3 w]ws}

W & 2] gAAe] ohd AR fde] Uk FAUYE BFEL o5 Ade] FAn

oy

K

o

V. 5%
G5 3 L8 A 2 Rodorst AxE slekstwal 19924 64 HE| 1993+ 59

7R B A g 6 AAS AdAste] YHE dF 2AR A 9w R

1) o|ststd #AZALZA $8-2 05~31.0Te]3, pHE 6.7~9.4, DOE 5.62~16.86mg/L
o]3, BOD: 0.21~11.60mg/l, NH,-Nt 0.04~8.05mg/L, NO;-N& 0.01~1.77mglL,
NOz-N& 0.1~7.8mg/L, TINE 0.26~9.72mg/L, POs*-P= 0.01~0.37mg/Lo|t}.

2) 912 0.10mg/L.2 ¥-odoF3} 5ol 1, AE7) 9(0.126mg/L) G357+ E50.075mg/L) 8.
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3) chlorophyll-as £+ 3.7~235.5mg/m’ 2. 24 F57} BEF-xcte 2ol A7l SAkat
zu g7} Bojepsiule] Qlon 4490 116.9mg/m’>e EPA-NESS] #-%io¥3} 7]%%(7.4mg/m®)2]
16u]v} et

4) chlorophyll-as} *d}¥AFE% Alolol N/Pu]7} Sakamoto(1966) 71Ex19] 3uj o]4dal
HF 79002 EA vehdm 244 @Az dsdch

5) A FAA AEZAIE FA AFaizMe JgdFe ol

6) RTSI¢| ©]& chlorophyll-axj4 AdW 3% 60.77(HAH3)~T7048(F 450l 4 72+
51.96(54)~76.56(49) 224 BEHEL 71FX(10)2] Sufojrtolirt.

7) RTSIel )&k TPA4+= Aol s 151153329} 4)~159.85(4 46)e] Wele et
g, 9¥ 2 126.73(39)~167.1399) 224 EEEIL 71EX(23)2] 6ufo]d oItk

8) chlorophyll-ay el & <lwto g ojokst vl E JAshd BHEITS] FFAGH S9)E

A 4y BERI)L 22 Add ddx 2 5 ok
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<Abstract>

A study on the aquatic environment and eutrophication
in the lower part of Nakdong River

Lee, Jong Nam*-Chong Mun Chung**

**Faculty of Liberal Arts & Sciences, Korea Maritime University, Pusan Korea
**Water Quality Institute, Water Works HQ Pusan City

A study was carried out to evaluate the aquatic environment and the level of
eutrophication near the Nakdong River estuary from June 1992 to May 1993. For this
study, 6 areas were randomly selected and investigated every month during the studying

period. The results are as follows.

1. In the physicochemical elements investigated, the water temperature ranged 0.5~
31.0¢, and pH ranged 6.7~9.4, and dissolved oxygen(DO) ranged 5.62~16.86mg/L,
biochemical oxygen demand(BOD) ranged 0.21~11.60mg/L, and the content of NH4+-N,
NO2--N, NO3--N, TIN, and PO43-P ranged 0.04~8.05mg/L, 0.01~1.77mg/L, 0.1~7.8mg/L,
0.26~9.72mg/L, and 0.01~0.37mg/L respectively.

2. PO43-P were measured 0.10mg/L. at the area which showed the level of
eutrophication, and western area(Noksan & Jomanpo) of Nakdong River showed high

eutrophication of 0.125mg/L in the concentration of PO43-P.

3. The concentration of chlorophyll-a ranged 3.7~235.5mg/m* which means that the
study areas are seriously progressing the eutrophication, and the value recorded as 116.9
mg/m* in April was about 16 times higher than that of the standard(7.4mg/m’) of
EPA-NES.

4, The N/P ratio of nutrient salts was 79.0 which was 3 times higher than standard
value (from Sakamoto), and there was straight relationship between chlorophyll-a and

nutrients.
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5. PO43-P to limit factors may influence to the multiplication of phytoplankton.

6. Stationary and monthly value of chlorophyll-a by RTSI ranged 60.77(station 3)~
70.48(station 5) and 51.96(May)~76.56(April), and so the level of eutrophication is over 5
times to the standard RTSI.

7. Stationary and monthly value of total phosphate(TP) by RTSI ranged 60.77(station
3)~70.48(station 5) and 51.96(May)~76.56(April), and so the level of eutrophication is
over 6 times to the standard RTSI.

8. Trophic state by value of chlorophyll-a and total phosphate(TP) showed that

freshwater areal upper dam of Nakdong River were seriously progressing the

eutrophication to stationary and monthly.
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