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A Comparative Study of Trophic State in Lake Andong, Korea. Park, Jae-Chung™*, Jung-
Won Park?, Dae-Hyun Kim, Jae-Ki Shin® and Hee-Moo Lee'(Andong Dam Office, KOWACO,
Andong 760-360, Korea; ‘Department of Biology, Andong National University, Andong 760~
749, Korea; “Department of Biology, Kyungpook National University, Daegu 702-701, Korea;
3Korea Institute of Water and Environment Korea Water Resources Corporation KOWACO

Taejon 305-730, Korea)

Using TSI, TSIm and LTSI, we compared physico-chemical water quality and trophic
state of 5 stations in Lake Andong from June 2002 to June 2003 and examined the
correlation of them. It is difficult to evaluate trophic state of waters by each
parameter, TP, Chl-a and SD, because TSI and TSIm in each section show different
results, oligo-, meso- and eutrophic state. But three methods, TSI, TSIm and LTSI,
show the same result that trophic degree lows as it goes to a lower area of the lake.
The correlation among them is closer in the upper shallow waters than in the lower
deep waters. The reciprocal application of trophic state indices is possible because
the coefficient of mean correlation ranges 0.9117 to 0.9909. In conclusion, it seems
that LTSI reflects a characteristic of water quality in each section better than TSI,
TSIm and is very effective to simplify trophic state evaluation and minimize

researcher’s subjectivity.
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Fig. 1. Map showing sampling stations of Lake Andong.

Table 1. Morphological characteristics of study stations
in Lake Andong.

Station name %E;?BZ?:;%? Max(. rg)ePth
DAM (Dam) 0.5km 7
NOS (Nosan) 8km 45
DOM (Domok) 18 km 28
JUJ (Jujin) 23 km 23
SEO (Seobu) 28km 12

H25+= WEX4 (Dam station)S 7]Fo=2 5~10km
o] 7Aooz Batsle] 57 x)Ae MAstw 20024 69

HE 20034 6Y7HA] F4av)Ql 8Y, =A7|ql 11, 12¢
3} 2003 245 AlQlstar vid 23] (Y 29 T F
213] =AFS 4=3)8}¢ic} (Table 1, Fig. 1).
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gAlo| A 2A35}9]om, Chi-a (chlorophyll a)= o 2}3}
of o ESR 24X7F FET F FAER AFEINIL
TN (total nitrogen)-2 =}2| A F-34-33 =41, TP (total phos-
phorus)x olAz=ulAlStdWH o2 BA (Cary 300-C,
Varian Co.)3}5ivh (373 5, 1998). 74952 k59 #+9
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Ao} 2ABAAE 5ol oI5, F47) ol Foli A
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IS 1,607 ug Lo 2 A He) HFghe %‘%J—”r
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(NOS), 1,502 ug L™ (DAM) 2 AFF-3oll M 3 &F5-3ol
Al S3ket (Fig. 3A).
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(Fig. 3B).
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FA A A =9k} (Vollenweider and Kerekes, 1980;
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e §499 FAlnE FHE GRhe| o FEAE
A slell 71918 Zleg sekgElt} (Horne and Goldman,
1994). 99 Zell= AFAARE o 545ug L (JUI)
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Fig. 2. Temporal variations of physico-chemical para- Fig. 3. Temporal variations of total nitrogen, total pho-

meters in Lake Andong from June 2002 to June
2003.

sphorus, chlorophyll a and Secchi disc trans-
parency in Lake Andong from June 2002 to June
2003.
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Table 2. Trophic state mean values (£SD) of TSI, TSIm and LTSI at each station in Lake Andong.

sampling TSI TSIm LTs1
stations TP Chl SD Average TP Chl SD Average

DAM 36.3+9.1 41.7+6.3 46.2+6.4 41.4+4.3 38.7+8.0 39.3+7.0 49.3+7.6 424+46 347+1l4
NOS 32.2+9.9 44.0+6.5 47.1+7.0 41.1+45 352+86 41.7+7.2 50.3+8.3 424+4.7 3.48=+1.3
DOM 35.2+9.7 50.0+6.5 51.5+6.0 44.3%+6.5 378484 484+7.2 555+7.2 46.1+6.3 4.87+17
JuJ 35.8+95 51.9+7.2 529+6.6 45.7+6.4 38.3+8.3 50.6+8.0 57.2+7.8 47.6+6.5 5.31+2.0
SEO 37.2+12.4 51.3+7.6 54.8+9.3 46.7%+7.5 39.5+10.8 49.9+85 59.4+11.0 486+75 550+2.3
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3. TSIl 9% = 7t

TSI (TP)= nledoF 793] (73.1%), F°I°F 263] (24.1%)
2 Fodof 33 (2.8%)2 FAMEHATH(n=108). AP TSI
(TP)= 32.2~37.29] W92 %3 HA Fodo] TSI
(TP) 40 o]3}ql wleekAtelg] o™, DAMe] 36.3, NOS7}
32.2(#4), DOMo] 35.3, JUJ7} 35.8 2 ZAR4l SEO
7} 37.2 (H )= R3IT}h(Table 2, Fig. 4A).

TSI (Chl)-& nleJeF 183] (18.2%), 2 <F 603] (60.6%)
9l yojek 213] (21.2%) T (n = 99), AP FS 41.7~
51.99] Wz A FAA A A FoJoFA el E woh 7+

AP 2= DAMo] 41.7 (5 4), NOS7} 44.0, DOMo]
50.0, JUJ7} 51.9 (o) 2 SEO7} 51.302 ¢t A
A o] 53 o]alel FodoFitel = e} TSI(TP)S] ule]
oFAtef ebi= Abo| gt A= Bl (Table 2, Fig. 4B).

TSI (SD):= uledeF 123] (12.1%), Z°JoF 533] (53.5%)
2 HoJof 343] (34.4%) Ak (n=99). 570 A 9] At
L 46.2~54.82] W92 HAH A<l SEO|A 54.8%
Al FoJokAle o) 31, Y R] R AL FoJokAleel] 4:5)9)
o1} & . AF A DOM} Jul:= 7247} 51.5,52.92
A Fedeell ZAse FH-od /el (mesoeutrophic) 2.
ekt TP, Chl-a 2 SDej w8t 7§ TSI 77t ul-
F-(B)EAFHE 4A" AFAE BelA dun
(Table 2, Fig. 4C).

Al71¥ TSI (TP, Chl, SD)®] HFzh-e
49.8 ¥9))7} 9¢ (50.2~55.2 W 9))ol| = -
F-5-c3oF (meso-eutrophic) e & B F~ZoJF 7}

Soll g = Zrael Al elF o] Fo] FAT 27

3~6Y (44.4~
A 722 o A

WA o] obgse] ok A Fad JF¢L e
oz A=Y (Figs. 2C, 2D). Heo et al. (2002)2

DAM2] S TSI7} 19961 57 (3o oFA ell)ellA] 1997 ~
200043l = 54~469] W92 oA FAstEety Bas)
o, 2 AFeliE A%F % sHA (6~89)°l BE3k
o] Z+7; 43.9 (41.1~46.7 ¥9]), 39.6 (35.0~42.3 H9)=
Bl ehEe) TSI A3 WolA 1 algel YZHNH
(Table 2).

4. TSIme] 2J3 J = F7}

TSIm (TP), TSIm(Chl) @ TSIm (SD)Z o] &3 ojokx
7} (Aizaki et al., 1981)o]A] TSIm (TP)= uleick 613
(56.5%), Z=o1°F 423] (38.9%) & HoJoF 53] (4.6%)%c}
(n=108). Z+ A|AH= 35.2~39.52 WHe|2A] TSI (TP)
¢} npATIR R AA| o] uledokAleel o], DAMS-
38.7, NOS: 35.2 (3 4), DOML 37.8, JUJ: 38.39|9)
I HAFQl SEOE 3952 FHUghe Bt} (Table 2,
Fig. 5A).

7 A el g TSIm (TP)2] A3k TSI (TP)2t
vlwgt Az}, TSIm (TP)7} 2.3~3.09] WeleA 713}
Ak TSI (TP)] Zke] 7F&F #zHe NOS:E 3.0(32.2 -
35.2) Z7}3 vl 7} = SEO: 2.3(37.2 - 39.5) =
7}sted TSI7} 2&42 TSImES A Z7)st= 733k
X9t} (Table 2, Figs. 4A, 5A).

TSIm (Chl)2 uledef 273 (27.3%), Z=°J°F 433]
(43.4%) B! ¥-o3¢F 293] (29.3%) %At (n=99). 57 =% 9]
AFF TSIm (Chl)L 41.7~50.69 W24 DAM,
NOS, DOM % SEOY ZoJoFAle]9l 1, JUJE 50.602
Foof el = B 4 glsich(Table 2, Fig. 5B).

E ATl E TSI F7HH9E ga yAl 2831
50<TSI<532] HY= %“oé"’]"‘]'EHE]- 2] 3} 93 o1}
Kratzer and Brezonik (1981)2] ®R{7|&& 4743 A&

ap Zodeklelz RAE JUISL SEOE F- (mesoeu)
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ool sldEEE TSIm= & A7} glleh =
AR A7k DAMe] 39.3 (F4y), NOS7} 41.7,
DOMeo| 48.4, JUJ7} 50.6 (H ), FA}F<l SEO~} 49.9
2] TSIM(TP)7} TSI(TP)Et} 275} A vl =
TSIm (Ch)& TSI (Chl)®Et} ZFasls= ASFS Bt
(Table 2, Figs. 4B, 5B).

TSIm (ChD-& TSI (Chl)el] v]3] =|Ael] wle} 1.3~2.4
o] W97AA Frastelorm TSIm (TP)9} mp7iA = 7t
o] 2&pF FA, Fhel F4F A Fade AgE B
At

TSIm (SD):= uledoF 43) (4.0%), 2ok 283] (28.3%)
F-odF 673 (67.7%)%1 2™ (n=99), 57 A A
TSIm (SD): 49.3~59.49] W22 DAMS] 49.3
°3ehHe AL = =AH (NOS, DOM, JUJ, SEO)
50 o]ifo = FojoFite] = vteht TSI(SD)el= Afe]
7} 9lglem, TSIm (TP)¢ Z+o] TSIm (SD)= TSI (SD)
Ho} Z7bsld o 3.1~4.69 WHRE Fhel F45 37
Z v 7o} (Table 2, Figs. 4C, 5C).

TP, Chl-a % SDef| H&t 7§ TSIm= TSI} wlzr}
A2 A7 wleef-FodoF- itz I AAE
Bo]z] ¢keke}l. TSIm (TP), TSIm (Chl) @ TSIm (SD)<]
HAAE o] 83 Ul = TSIe} Ze] ebgsy: 59
el = FAEF S om, TSIme] TSlof w]sl] AWt o=
Z7)sl= AEE TSIm (TP), TSIm (SD)&} 7o} =7}
F2 1.0~1.99] WHHEA TSImE ko] 45 7%
X Zlt}(Table 2, Figs. 4D, 5D).

do ot %

5.LTSIe] 23 J = 37}

LTSI (Lake Trophic Status Index, Yang and Dickman,
1993)% Wled<F 43] (4.0%), F3F 703] (70.7%) X -
ok 253] (25.3%)%] 2™ (n=99), TSIY HF 27.8%,
63.9%, 8.3%, TSIm2] HF 17.6%, 63.0%, 19.4%}+= =}
o] 1.9]5} (Fig. ).

7} AW LTSI= DAMe] 3.47 (33, NOS7} 3.48
(F°4¢), DOMe] 4.87 (F5-24%), JUI7} 531 (5% )
2 SEO7} 5.50 (F-eieh o 2] TSI, TSImZ} vl =
S oJopiell fRlN SR ARFSS )
kol Rashe A Zghor} (Table 2), TSIgh TSIm
o FFge A AN Fdkdez Frkd vk
LTSIE stz Ag &5 F-(eu-) - FH-(mesoeu-) -
F (meso-)FAel 2 H7tE o] AR oo SANERE
2k ukedsled o} (Figs. 6, 10). ©] S (2002)< 19981 2~10
474 5214 (DAM)S] H4 LTSI7} 4.2(3.0~5.6
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Fig. 6. Trophic state evaluations by LTSI at each sta-
tion in Lake Andong.

MEA Fodkde (3.01~4.20)2k 3 Hrlstg o), &
ATl M= AFFghel 3.47(1.65~6.90 W9 = H7}H
o] TSI9} mka7tx| 2 Qg5 ofofAlel= /iAE Ao
2 daEdh

6. 55 P57t 4

o,

37t

TS18} TSIme] AAA > AFA AN w32 74
M AdHez ygtow 57 AHE HHFS r=
0.9909= ¥t} (Fig. 7).

Asrol Julzl r=0.99512 71 & ATe By
3 FHAel $128F SEO7F 0.9945, Ff{-Hol 91X|3t
DOMo| 0.9944, 3}F%<2 NOS7} 0.9861, DAMo|
098360 % AW o] T 54 AFHA AR=T) ¥
3 EFE AIHA Aoz vrelx]= HdkE ®al
o} (Fig. 7).

TSIe} TSIme] 37) dHEof dist NEF7t e 22 A
olgt AAE Jepuz I Jigre R e E I
sl o™ (Figs. 4D, 5D), 7L ko] A|Ae] wz} TSImo)
TSIRTE 1.0~1.99 W= =753 TSI7} 4=
TSIM®] F71Fe] AA= AH}E BAAR F g2 r
=0.9836~0.9951°] W9|=A 79 Fdst A3z et
W Aoz gekglch ol TSI o delE 5709 1
Zo7 AMEsA1 TSIMmS /W= FE32 2 (Aizaki et
al., 1981; Kratzer and Brezonik, 1981) =& we} F=
WS HebHom Abggle] el Zlow weln.

LTSIS TSI} AFAd S 97138 Ao A= TSITSIm
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Fig. 7. Regression analyses of TSI, TSIm at each sta-
tion in Lake Andong.

I AR A BAoh TSUTSIMS JUJelA] 0.9951
2 H39 AR Bgor} TSIULTSIE= HAHe SEO
oA 0.9949=% 37, NOS7} 0.9838% 2 Mo 3
AdeFo] 733t A EHO%W =3 35438 shRRelA B
o Aol FHHFIAM TS Bel: A F
APk AARAIARE FsRHel DAMZEA S 7 A4
W AFTES 0.9949 (9], SEO), 0.9941 (JUJ), 0.9922

(DOM), 0.9838 (2] 4, NOS) ¥ 0.9866 (DAM)o 2 IF
0.9117¢] Ar#-& H gt} (Fig. 8).

TSIm3} LTSI9}2] AFHA] vl wo| 4= SEO7} 0.9948
2 F3E Hed TSULTSIE) ZA3}e} 791 A= NOS
7} 0.98612 4 JA| Zorow 3pHAYSF =
Al SRl Al vhol 371A] Mbe] Wik A
o] Ak FdEw 570 AAHe] WA A r=
0.9374% TSI/LTSI®] 09117Rc= =
0.9909K u= wgtom 7k 23 A
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Fig. 8. Regression analyses of LTSI, TSI at each station

in Lake Andong.

SEO), 0.9941 (JUJ), 0.9910 (DOM), 0.9861 (%] 4, NOS)
2 0.9889 (DAM)Z H.9jc}(Fig. 9).
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Fig. 9. Regression analyses of LTSI, TSIm at each sta-
tion in Lake Andong.

g e 4= 9l A" o] )} (Carlson, 1977; Aizaki
et al., 1981).

T2t TSIe} TSImol| 98t oJ<fAte= 78 8o
sk A A} Ado|shAl vehte g 370 dhge] o
Hwks A4l oF sk HARE ] slom, F-5el
g A} gxo] ofdfe] A3 @ HEle| o3t 2

o

FAel R AR 9% AR SRR

TY 34 WA 7o) vim Hrlele nEE Ao
2 A (Fig. 10).

Multi-parameter index¢l LTSIE TSI, TSImel v]3)
s40) pod S48 BAS A dsiglon 3
% (TP, Chi-a, SD)& 5Ale] AHgshoz 7ol
Dok g 540) Gl ) Tge Al
DA sl E 2 (Aizaki et al., 1981) €} bl B3] QA+
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Fig. 10. Comparison among TSI, TSIm and LTSI using
an annual mean values at each station in Lake
Andong (10 x LTSI).
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