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Water Environmental Factors and Trophic States in Lake Daecheong. Park, Jong -Geun
(International Drinking Water Center, KIWE, KOWACO 621-701, Korea)

Data were collected in Lake Daecheong from March 1997 to October 2002 and used
to understand an annual change of water environmental factors and trophic states.
The surface water temperature was ranged from 3.2°C to 33.1°C. In the middle of
February, water temperature was the lowest. Turbidity was ranged from 0.1 to 203.5
NTU, but the values of above 30 NTU were only measured at site 1. The total mean
values of COD and Chl a were 3.6+1.4mg O, L%, 9.3+12.8 ug L™* respectively. The
concentrations of TP and TN were ranged from 0.14 t0 5.09mgN L™, 1 to 247ug P L™
respectively. The total mean value of TN/TP ratio was 98.7£56.2. The trophic states
were ranged from mesotrophic to eutrophic in Lake Daecheong.

Key words : Lake Daecheong, water environmental factor, trophic state index
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Fig. 1. Map showing the sampling sites in Lake
Daecheong.
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(DO), A7 A =%, B =, =24 (total nitrogen), 3=
o} & 4~ (ammonia), ZAAMI A A (nitrate), &<l (total
phosphorus) 3}s- A4 2 -2 (COD), §=4 a(Chl a)
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AHRE 20029 109744 2A}skgE g3
Aedd Ane AW deldn Ass 2z s
o (HAHAH-AFE] 5, 1997; A H k2], 1998, 1999,
2000, 2001; =42} 24}, 2002).
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BN \:ﬂ

AP, 87 lE‘r 54 4+ 7] % l%ﬂl*i
$718heg o)Aksleke (COYE AbSlSlE W4l TOC
analyzer Phoenix 8000 (Dohrmann, USA)° 2 =3]5}9]
o} =4 al A2 500 MLE GF/ICZ o33t A=
90% ot Eo = 247k F&3F F 500ge] 204 <t

J5}F

HET F Az e $YY=A

-
hal
Sis

o)
o
f

for

i)

1

i
I\

M

o] Reksiee.
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mass Spectrometer (ICP-MS) Elan 6000 (PerkinElmer,
USA)E Abgstel A stgct mtaves 2ee
Atomic Absorption Spectrometer (AAS) SpectrAA-300
(Varian, Australia)S o] &3le] =3}t FYA
(stock solution)-2 Inorganic Ventures (1V labs, USA)<]
Tl 2E2AAE ARSI, 2% AAE 43} 18.2
MQ ZF4=(Milli-Q gradient; Millipore, USA)S A}£-3}
o] mZF 2ol (standard solution)2 ZA|3}]c}.
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A FAE Hrsr] f18 Redekst=E A4t Lake 8Y = FF 283+1.7°Colglon, 19981 8Yo)| 26.6+

Trophic State Index (LTSI)¢} (Yang and Dickman, 1993), 1.6°C= 7}AF ok, 2001y 8Y¢f 30.1+1.4°C= 7}&F

Trophic State Index (TSHE A}-8-3}¢]t} (Carlson, 1977; =9It} (Fig. 2A).

USEPA, 2000). pHE 6.3~10.5 Y92, 2001 8Yel] AA 144 pH

1052 7P g3tom, dxAdel o3t 37} Ayt
o - 715 4 pH H W9l 7.4~8.901%l32 54
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1.3% 24 35
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Fig. 2. Monthly fluctuation of field parameters mean values (+standard error) in Lake Daecheong during the study
period. A : temperature, B : pH, C : dissolved oxygen, D : conductivity, E : turbidity, F : Secchi transparency.
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A7NAEEE 57~194pus cm™ W=, 14 5E 747}
A BF 116.4~129.0us cmto] 31, 8YRE] 12Y7A =
100.0~112.2 ps cm 2 i el o) (Fig. 2D). ©hat
2001'd 8 RE 1297kx]= 4 3 130ps cm ™t o] A}o]
ok AW e= A7 1o| 1225+24.2pus cm 12 o2
AARe =9t A 3,4,5= Z+7; 115.7+21.1us
cm™, 115.44+21.7us cm™, 115.94+21.5us cm ¢}

glx= 0.1~203.5 NTU 9|9t} (Fig. 2E). A 1&
A 25t 4] AAHNA 2] Bx WeE= 0.1~28.3 NTUSR
37, A 1elA9E 30 NTU2| o]Ake] Zre] A HH. &
= 84 1d AA 14A] 203.5 NTUR FH3gith AA
W 7S AR 1A 7.9422.4 NTUR 7} =9k31, A
A 4o A 2.7+3.2 NTUZ 713 Yo}
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Emri 0.1~8.0m W=, 20004 69 19d¢] A=A
404 A w9k Foxo] AW Ak 19U3E 74
7R FF 2.5~3.4mo|glon, 8YRE] 1297}A] 1.7~
20me|et (Fig. 2F). AW es A4 471 FF 3.1+
1.4m= 7} =31, A 57} 2.2+0.8m= 7}AF Jofo)
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ZA} 7)17F E9F A AL 0.14~5.09mg N Lotk
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Fig. 3. Monthly fluctuation of nitrogen and phosphorus mean values (+standard error) in Lake Daecheong during the study

period. A : total nitrogen, B : ammonia, C : nitrate, D :

total phosphorus, E : orthophosphate, F : ratios of TN/TP.
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A 1o] v AHAe vls 4 H+F v=IF 22 AVE 2
YRE 9Y7HA] A& Hla, o] Foll= vk
SR oA &S e]3lRE I 0.51mg
NH3-N L™ H$1gieh shmopdalae] oy W3l 5
HuE 79714 AF =7} 0.06~0.07mg NHs-N L™
2 oA =9t} 1095E 0.02mg NHs-N L A==
Z}iﬁ}OﬂE}(Fig. 3B).
= 0.10~4.21mg NOz -N L' 99 o
b; = 0.96~1.34mg NO3 -N L2 A7|" e
w3yl glsde) viM et Wshs 3Y e 747}
Y31, o] & 1097HA] Zhadiart oA S7bshe
FE B3d(Fig. 3C). AAH R AR 1eA 124+
051mg NOs -N L2 o2 A u|s] 7 0.05~
0.10mg NOs; -N L™ %=3}c}.
1~247pug PL WA €Y 97 %
= 1145 E 4971%) 10.6~18.1ug P L2 AH o
2 sl 596 30.0+280ug P L FA3) Z71819)
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Fig. 4. Monthly fluctuation of carbon and chlorophyll a mean values (#standard error) in Lake Daecheong during the
study period. A : chemical oxygen demand, B : total organic carbon, C : dissolved organic carbon, D : chlorophyll a.
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Table 1. Monthly mean values (+standard deviation) of metals in Lake Daecheong from June 2001 to October 2002. *not

investigated.

Year Month Fe -1 Ca -1 Mg -1 cu -1 Mn -1
(mgFelL™) (mgCal™) (mgMgL™) (MgCul™)  (gMnL™)
Jun. 0.23+0.11 9.23+0.75 3.58+0.34 1.1+0.2 0.2+0.2
Jul. 0.26+0.06 10.42+2.52 3.29+0.28 1.0+0.3 1.3+3..
Aug. 0.20+0.17 17.86+7.06 3.93+1.62 18.4+38.7 0.3+0.3
2001 Sep. 0.02+0.05 8.68+0.63 1.92+0.11 25+5.0 0.0+0.1
Oct. 0.16+0.03 —* - 24+38 145+13.6
Nov. 0.16+0.01 - - 0.8+0.1 4.4+22
Dec. 0.15+0.01 - - 0.7+0.1 21+0.3
Jan. - - - - -
Feb. - - - - -
Mar. - - - - -
Apr. 0.06+0.03 10.14+0.74 4.41+0.27 0.9+0.2 0.5+0.4
2002 May 0.04+0.01 8.71+1.53 4.10+0.29 1.0+0.3 0.3+0.2
Jun. 0.06 +£0.01 9.15+0.69 4.02+0.27 1.0+0.1 0.5+0.6
Jul. 0.09+0.01 9.14+0.67 3.93+0.28 1.1+03 11+11
Aug. 0.10+0.04 8.42+0.54 3.45+0.66 1.1+0.1 24+0.9
Sep. 0.13+0.06 13.43+5.31 5.22+1.26 2.8+23 29+1.1
Oct. 0.15+0.10 8.59+0.57 3.54+0.26 1.2+0.7 23+22
Total time 0.13+0.10 10.20+3.89 3.67+£0.96 28+11.9 2.7+6.2
Total frequency 185 148 148 182 186

2} YrolA o} (Fig. 4A). ¥ COD %% 8Yo) 494238
mg O, L& 7}&F =9F31 1¥Ye)] 2.7+02mg O, L&
ZWAF Yokt A4 164 CODE 3.8+1.8mg O, L=,
o2 AA ¥} (3.2~3.6mg O, L) Edvh AA 404
COD sx=& o2 AA ®o 743 8ol ek, 124
RE 79714 BF 2.6~2.9mg O, L te]g)uh

FH715k4(TOC)E= 1.3~6.1mg C L ¥9gen,
4 ¥EX 22+07mg CLte)gch TOC HHF =+
20014 8Yol] 3.8+1.0mg C L *o)¢t} (Fig. 4B). A4
A = W9 20~25mg C L g, o FollA
A 10] 25+1.0mg CL 2 7}&F =9k}

f2=207)el4 (DOC): 0.7~39mg C L' HYah
2001y 8¥Y<e] DOC H7-& 28+05mg CL'Z, o]
A7 1e]4 3.3+04mg C L= 7P &3t} (Fig. 4D).
AR HFe 1.9~23mg CLe|ga, A 10] 2.3+
0.5mg C L2 7} &dch A 712 §4te] HF
2.1+0.5mg CL*eo|gld.

924 a(Chla)d HF =+ 9.3+128ug L te|g]
t}. Chlax 0.1~170.3pg L' W92 w3} Zo] 7)o
w, #2001 79 269 AA 1A AR
ok AA 4oA H =& 27.2pug LR 19994 10
13de]qleh A7 EE 5] 793 8l FA3]
278t 9YRE| Yol 3o, P Chla =t 8¢l

19.3+22.4pg L2 71AF =3kv}(Fig. 4D). 74 HE] 10
7 4 ¥ Chlas=rF 10.0pg L o)4kel b
o, 1191E 6U7AE= 3.8~7.0ug L2 AgHo=w
wokeh AL A EE AR 1el|A W 12.3+18.1pg
L'z 92 %A 56~99ug LR} 24~69ug L' =
okl A 4= 9F Chla¥=7} 56+4.9ug L= o}
2 Aol wls) 3.5pug L o)A wteh ol=igt HA 40
Aol B eEE 448E 997G AA 1M E 7
Yof| Chla2] o Ht s=rt Aoz Z7Ha uhdel,
A 4o AM = 8ol Utk

5 A%

x|

o
=
o 1=
= AE

i:3

Zoll EAsH= A, Z4, vkl 7, 3t
B2 Table 13} o} %ol EAj3h: A
o3} (N.D.)XE] 33 0.37mg Fe Lo]gl} 2001
ARE 87 = ¥ FHF Hx7 020mg FelL™
14Fel HhHol, 9Yell= 0.02+0.17mg Fe L2 FA3]
Zrasigieh 2001 9 3YRE] 23U7A] 43]9] AL
A7, 9Y 3YRE 99 18Y7MA] A FAF A A A N.D.
gom, 99 249e| 0.12~0.13mg Fe L'}k A
Ao FFL 0.13~0.14mg Fe L2 Aol wp2 }o)
ek

2452 4.26~25.90mg Ca L' ®e)gic} 20014 8¢
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Fig. 5. Distribution of rainfall in Lake Daecheong during the study period. A : year 1997, B : year 1998, C : year 1999, D :

year 2000, E : year 2001, F : year 2002.

o IF 17.86+7.06mg CalL 'z 2A} 7|7 = 718 =
okch =AF A AWEE AA 5o|A] 19.96+7.59mg Ca
L= 7 =)0} 20019 892 20024 99¢] 13.43+
5.31mg Ca L& A8l 2AF A7 == 234
HFS 842~1095mg Ca L'z 2 fo|7} EEEId}X|
okole}l Wl 0.92~7.15mg Mg L' Wl i
=5l 367+0.96mg Mg L lelglx, A HFe
3.51~3.75mg Mg L ‘o]t

F2]= 0.6~139.1pug Cu Lt Wela A} A|7)q)] )}
W3y} =7 Jebdol 2001 8¢9 HFLE 18.4+38.7
Hg Cu L'z, o= A17)¢ HF 09~2.8ug Cu L ®c}h
=9kt AW HF H=E 1.0~55ug Cul ™' 9=
A7 204 5.4+23.0ug CulL 'z 7b E=9kch w7ke

HAEQA 3o w=XE| 21 688pg Mn L ek
2001 109el] ¢ 14.5+13.6ug Mn L2 7} 29k
o} 24} A - HFL 15~34ug Mn L tE, A 10]
e 44 weh sk

ZA} 717F Z9F A7) & 7F4Ek2 2001e)] 794.6 mm
2 HA9a, 1997 1,338.0mm=E FH 1Yt} 6 =
orel o 7sF 2 8%l 1,938.9mm= shAF w@
Stk 69 RE] 8U7IA| 2] Fppake] AA 4] 56.8%
2 A sAMN 7 oA7]el AFE ST 20019 74
RE 8T p P B 24 dmehe Aoz}
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Fig. 6. Monthly mean values of tropic state index (TSI) in Lake Daecheong during the study period. A : lake trophic state
index, B : TSI by Secchi depth, C : TSI by chlorophyll a, D : TSI by total phosphorus, E : TSI by total nitrogen, the
error of site 1 and 4 is standard deviation, the error of total site is standard error.

oloieh (Fig. 5). 20019¢ A|9)3t 717el e 7UE 89 o BHol 300mm o4Fe] b9 649 209%EH 428
74 Q44q 30.0mm o]4}e] 4t 3~582, 0l F  mmsl 790 309HE] 52.8mmo] 1L, 100 mmo] 4] 7

o 100mmo] 48] 7497k 1~23] gleleh Tt 20009 S lgleh
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WA 35e] JeFdA = A8 A gel we} gEI A7)
HE2 oJoftA 7t 5He] Febsih(Fig. 6). LTSI B+
£ 5454227 (SE = 0.08), TSI (TN)2 62.3+4.2 (SE =
0.1), TSI (SD):= 48.8+7.1(SE = 0.2), TSI (CHL)-Z 48.0
+9.1(SE = 0.3), TSI (TP)+= 46.4+11.1 (SE = 0.4)°]%}
t}. o] LTSIg TSI(TN):= ReojekebA], TSI (SD), TSI
(CHL), TSI (TP):= ZFodokdAlel st of oA <]
4 W3t 793 8Yol| LTSI 4272 TSI E5oA]
FodoFdAlZ 7t Ha, 195E 6Y7HA]= LTSI}
TSI (SD), TSI (CHL), TSI (TP)ol|A] Zo A = 37}y
ok TSI(TN): 2E 7]7F %9} 58.9~64.302 Hojok
DA = 7= )

LTSIE= 0.6~15.0 M9 2 795E 99 Alole] =3k
LTSIE= AR 40]A] 4.30+1.84% 7} Ierw, of= 7
HollA] FHF 5.70~6.022] WHSI3th TSI (SD):= 30.0~
93.2 W92 AA 4o)|A] HHF 4534672 7P Ugkw
A 1|4 50.1+9.602 7P =9k} TSI(TP)=
AR A 50.0 o]3kgd} TSI (TN)S HF 62.3+4.2=
up TSI 7Rt =9tov), Az 7 61.7~63.6

Z zkel7b st
3 (2003)7}F A|AIgE B 7]E-
6}021 T;{]}\]—F’HE A= A
TP, TNe]u}, TN/TP H]7} 16 o]A}3lo =z CODs} TP2)
A4t kg 5 Qe A=st Dok TPe} cope| BF
=gl 7b7} 250+22.1ug P LY(SE =0.7)9} 3.6+1.4
mg O, L™*(SE = 0.05)% A} 2902 FAHCh

3=

o

- X
— =

=

A

\Or

ZO =z

.] Ho:]o(}:;} al ;(]_ ZT—_Q_o]] 75]
‘_h:]- (Horne and Goldman, 1994). =
sl SAle) QBT Rl g
Q3 o5k u]x]

L
O
rh

7hA1e] 1Y F<k oF 300 mme] §H}sl= A5
A3 BE o] - 33 271& FA W3} A7} 1998
9 8 AT Y= fE=ke 47 723.3+969.9
CMS, 644.4+730.1 CMSZ o2& A|7|®t =9t} oA
Zo| A FFaaFe] A0l 1983 RE 2002K1 =7kA] 9] 4

2 75 BEe 1,202.7 mmelwt (kA3 AL
2002).

gubd o g TN/TP u]~°~o] 10~17 oA ¢ Aol
H|3le] Qlo] RFow 7o AAle] Aty iyl
o} (Smith, 1982). vﬂﬂz/] TN/TP & 3k 98.7+
56.22 ¢lo] A|3tael1ele Frelsleit). =3k TSI (CHL)

o] TSI(TP)Et}:= =31 TSI(TN)RE} o Qo] A3t
a<lelzls As) B (Havens, 2000)¢} zre], dj A 5.9
TSI (CHL): 3 48.0+9.12 TSI(TP) H4 46.4+
11185} =7 TSI(TN) HF 62.3+4.210 1} kolc) o
£ S WASAL] TNTP ul7} 40~ 160 W 9ol Slehe
B3(Z 5, 1997; Kimetal., 1997)¢} ulojek s Hi= 1
oJoks oAl TN/TP B|7} Yar oJokAlee] Z7)o ula}
TN/TP v]7} ZFAgo}lE= w37 (Forsberg et al., 1978;
Forsberg and Ryding, 1980; Downing and McCauley,
1992; )3} 3, 2004)s} A=shsieh

FAb 717k F3be] FHEE 193 7974A: 9 3
T7ko] 25~3.4m, 8YRE 12¥97FX|= 1.7~2.0mo|g]
t}. o]= Vollenweider and Kerekes (1980)o]] &J3)| #|Z
%l OECD 7]l o3t Yz FoJoFie] ookt
Aol sideich FHx &= HFES 2.4+1.1(SE=0.04)
2 OECD 7]&, ¥odofctAlel seste}. Chla == 8
o)) 19.3+22.4ug L2 7R ko 119X E 64
7HAE 3.8~7.0pg LR AdHor e Fmgdoh
OECD 7|&ell &3t o FHell = HodoFdA ol x, 114
FE 6Y7A= Fod kAl =

LTSI AHgste] A s Fedd=sete 37l &
2002)8} zte] RE AAE Hste A Az #
QQoFtAl 2 E R A 4e|4 LTSIE 4.30+1.84
2 mesoeutrophic |l A3 A} A6 wle} 7}
7} =exle}. TSI(SD)¢F TSI(CHL)] 7$% Ao ot
2} JFAl7E 22t TSI1(SD)= AA 2,4,57F T
Alelaz, B4 1,32 FeefdAAT TSI(CHL)S A4 1
oA vt 50.2+9.6 02 XojokdA ). 1} TSI (TN)
ZF TSI(TP)= AR A Zr HojokehA 9} ZofoF
DA Chlas=7t 7H w31 dxAl+ 37t 7
A8E 20019 79 2423E 89 627H4] (o] 5, 2003)
o] LTSI 6.58 o] Ao|let. 13vt :37h 4 E]7] A
Z+sk 200141 949 3YEHE]:= LTSIV} 5.02 o]3}= 7+4F
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o] FfAZ M 12 2002 949 24U %
B 109 2997}#)9] 7|7tell= LTSIZ} 5.568 Ab3|sh=
ol Hel L B ol AEEHIES St
+ 94 3R AR A5l o8 g=rt 271
o], LTSI®] AAE A2 Fo 35 FH=rt A3kd
7ol fglal Aoz A F. web] o] 7|7k LTSI
e gzl o3 s Ee] dSHAE HFeted
A weddt Aoz tFFE 4 dut QokdA A5
o] ARg-2 7]Ee] Wt A el A AHE BF
o} A17]el| wel v 3HE Bk wheba] dokA A
FE AHEEs A e et BE ASE AR F F
FH oz Ackshe= o] Fasi.

HAE dF $4 378918 HIE At oo
AE 7t aal, 199731 20023742 4 #7323l
I HEH EAS ARG A5 2% 422
3.2~33.1°C2 249 F%d 71 St g 0.1~
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mg N L™ 92 493 6Y3RE] 8ol o} A7|m}
¥k A 1~247pg P LR, 119 3E 49714
10.6~18.1ug P L2 AjH o=z Yoy} 591RE 8Y
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> 98.7+£56.20|%ich A 50| AL HL3 A5
o} AZER o FDAT It TF el FedFA mE Ko
FA = AA = A

H
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AR @ Akl =& FA AT AE A
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