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Abstract

Most of the lakes in Korea are artificial, and their limnological characteristics are significantly different from those of
natural lakes in other countries. In this study, the relationship between trophic state parameters was investigated,
based on summer average data of the upper layer, in 81 lakes in Korea , 2013-2017. Compared with trends of foreign
natural lakes, chlorophyll a (Chl.a) concentration was slightly lower at the same total phosphorus (TP) concentration,
and transparency (Secchi depth, SD) was noticeably lower at the same Chl.a concentration. This is because of
excessive allochthonous loading of non-algal material during the monsoon period, and the reduction in phosphorus
availability to algal growth, by light limitation and short hydraulic residence time. Considering these characteristics,
we suggested site-specific thresholds of trophic state classification for Chl.a, TP and SD, based on annual average
data at the upper layer of lakes (3-10 ug L' of Chl.a measured by UNESCO method; 13-33 pug L' of TP; 1.6-3.2 m
of SD for mesotrophic state class, respectively). The threshold value of TP for each trophic state class, corresponded
to the upper value of previously reported range, and that of SD was out of the range. We suggested applying only TP
and Chl.a in assessment of trophic state of lakes in Korea, excluding SD.
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1. Introduction
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2. Materials and Methods
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3. Results and Discussion
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Table 1. Comparison of regression equations between parameters related on trophic state

Equations Unit Data
(sample size, determination or correlation coef)  Chl.a (C) TP (P) Zgp (SD)
InC, =—2.442+ 1.4491n P (n =43, = 0.846) Near the surfice |
t UM
Carlson (1977) INSD=2.04—0.681nC, pg L' pg L m car the surtace in summer
(Jul. ~ Aug.)
(n=147,r=0.93)
- InC=6.71+1.15InP (n =24, 7> =0.90)
Aizaki et al. 1 1 . .
(1981) InC=3.69—1.53In.5D ug L mg L m Mean of euphotic layer in summer
(n=24,7" =0.96)
InC=—1.57+1.15InP
(n=281,7=0.89)
InSD=1.70—0.53InC Upper layer
This study" (n=68,r =—0.87) pg L pg L m (< water depth 5m) in summer

InC, =—1.84+1.15InP
InSD=1.55—0.55InC;

(Jun. ~ Sep.)

Dbased on average data of 81 lakes (66 freshwater lakes + 15 brackish lakes) in Korea during summer (Jun. ~Sep.), 2013-2017.
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. 1. Relationship between total phosphorus, Secchi depth, and Chlorophyll a based on average values
during summer, 2013-2017 in 81 Korean lakes. (Solid lines, dotted lines, and thick dotted lines indicate
regression, according to this study, Carlson (1977), and Aizaki et al. (1980), respectively; Chl. means
Chl.a transformed from value, by the UNESCO method of this study, to equivalent value by the

Lorenzen method).
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Sk 19 o] &/do] ¥ o] UTHKim and Jung, 2007;
Kim et al., 1988; Kong, 1997a; Kong, 1997b).
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TP 5 MEZEY FFFH ER7IES 1970 o
Z1&olg stAE] sl AFE A LM (Table 2), 1 ©]F Y
PHE e AGEHE M 2P Eo] HEHIL o A
AlFeg B o 2 Aol givh dAZ IYFFELTH 5
g /R Lo TP 71& X (threshold)y= 22 10~ 15 ug L'}
20~35 pug L', Chla:e 2~4 pug L' 6~10 pg L'o]H,
SDE 3.7~6 m9 2~3 m2] Hel Utk
TN AFE JFLH EFRVIE2 Chledl H 53
o, H27Y E29 9F, AFALY Hol2 A3 =
2 a2 A& B EHHE dFste] JAGSH
g 7teAol Atk & dFelAe
oE AR JEFLHY BFRIIEA =
Yehte &5 3 BAE &5t 44 TP SD
AEsATE EX0 H & ARe 34 AS5F
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Table 2. Conventional trophic classification systems for lakes
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Oligotrophic Mesotrophic Eutrophic References
<10 10-20 >20 US EPA (1974)
1 <10 10-20 >20 Rast and Lee (1978)
TP (ug L) )
<15 15-25 >25 Forsberg and Ryding (1980)
<10 10-35 >35 Vollenweider and Kerekes (1982)
<4 4-10 >10 US EPA (1974)
Chlorophyll « <2 2-6 >6 Rast and Lee (1978)
(ng L <3 3-7 >7 Forsberg and Ryding (1980)
<25 2.5-8 >8 Vollenweider and Kerekes (1982)
>3.7 2.0-3.7 <2.0 US EPA (1974)
Secchi depth >4.6 2.7-4.6 <2.7 Rast and Lee (1978)
(m) >4.0 2.5-4.0 <25 Forsberg and Ryding (1980)
>6 3-6 <3 Vollenweider and Kerekes (1982)

Journal of Korean Society on Water Environment, Vol. 35, No. 3, 2019



252 35T - dyd

FE7E AR ERA ole 55F W HY EFoA T2 2 599 SD & A7 FH VAR Pk
BFolATh(Fig. 2). oldl Wt F5 7+ 9 A5 vAdF 3 oje} T2 FHUINEY EFVIER HFEAL NIER
g &3t E&E #ANT ded3X g 49 IAE & (2006)7F e+=F FY &S A4 (Korean trophic state index,
3 =& #AAC] AolE BYe F 2 F o' o] B TSIko)9l A3 Al A€ o7 |= sttt F5 7+ #A 4
o AFAAE B 5 AATh TS Chl a«] FELH & 2 59 Y /LY HHAG Yl et Chl.ad 71X
FNNEAE 249 BA A H&35t9 TP £+ SDY 94 TH=Z g TP 9 SDY 4 7IEX 4 424 U455 F 5ty
2 BERVIEXNE T3 o] VELR %‘%“JEH% s AFY AN FEFFHY BAAd g JEA | BR
A A7, o5 FEo 9t IHH FIE & AFe n=3)g T3 ¥ PG5z dHass 3FL A ‘:5‘7'5]-9}
ChleE 7|22 27" F3E M i 19 2olE th Fig. 32 =59 939 @AM T AMNAE 4

Beleh Hom o] 9 ArS WIS Aotk Chlad AZAst
@@ mE Aol wetd TPSH SDY FHgH BR/ZEN  ChlaTP BANCE 28 ANH 79 JPASs ne
2 A% 99 FABULS AEHA G g, 81 B ARE Mo w31 A9 FBASFie 2% 2 2

xe) BFAGNA Chlad) FR4H BRAZANZIL o7 9k
N1EAE 3 pg L, S/FELA 71EAE 10 pg L, 7349 ChLa®] EF7IFXE Fig 39 A st =28
3 T jz T s AT A= Table : TH7IEA <
& 71EAE 30 ug LHY &9 94 TP #%F dee TP} SD9] 7]& X = Table 33 £t} TP B{7IEAE 7
(a) Chl.a versus TP (b) SD versus Chl.a
100 S 10
Solid line: Regressed
SN o from original value
o~ Solid line: Regressed = _ s
"_] from original value g ‘O oe. :I: ;85’25:?;18”;4
2 Chla =0.22 TP!12 had . = o
= n=81,r=091 &
= ‘e °
=, 10 9 1
= . o=
% o Lake-tvpe -E Dotted line: Regressed
’s . * Dotted line: Regressed 5 from transformed
= * River-type from transformed P51 value (log-log) *
@) o) value (log-log) % o Lake-ty]
SD =5.42 Chla 033 ake-type
Chla =0.26 TPL% n=68,r=-0.82 * River-type
n=81,r=091
1 ‘ 0.1
1 10 100 1 10 100
Total phosphorus (pg L) Chlorophyll a (ug L)

Fig. 2. Regressed power equation line according to data types (original or log-transformed) between (a) total
phosphorus and chlorophyll a, (b) chlorophyll a and Secchi-disc depth, based on annual average values
at the upper layer, of 81 lakes in Koera (7 indicates correlation coefficient, between observed value
and calculated value).

(a) Chl.a versus TP (b) SD versus Chl.a
100 7 ©
Chl.a = 0.12 TP126 :
2 n=281,r=0.91 E
g =
= s
= S
= 10 g 1
G <
(=] -
5 5 SD = 6.13 ChlLa%°
5 3 n=68, r=-0.82
1 0.1
1 10 100 1 10 100
Total phosphorus (ng L) Chlorophyll a (ug L)

Fig. 3. Regressed power equation line according to ordinary classification, between (a) total phosphorus and
chlorophyll a, (b) chlorophyll a and Secchi-disc depth, based on annual average values at the upper
layer, of 81 lakes in Koera (7 indicates correlation coefficient between observed value and calculated
value).
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Table 3. Trophic state classification of Korean lakes suggested in this study

Oligotrophic Mesotrophic Eutrophic Hypertrophic

TP (ug L) <13 <33 <80 >80

Chlorophyll a (pug L) <3 <10 <30 >30

*Secchi depth (m) >3.2 >1.6 >0.8 <08

*Generally, Secchi depth should be excluded.
Table 4. Lake types and water quality of oligotrophic and hypertrophic lakes in Korea
e Type TP . Chl.a SD Trophic state
—pg L'— m TP Chl.a

Paro L F P 10 1.7 54 (0] (0)
Gampo L F P 8 25 2.0 (o) (0)
Buan L F P 8 2.7 2.5 (0} (0]
Unmun L F P 10 2.7 2.6 (0) (0]
Gwangpo R B N 195 96.0 H H
Sapgyo R F P 162 73.6 0.6 H H
Seoho R F P 116 65.9 0.7 H H
Asan R B P 111 63.8 0.7 H H
Ganwol R B N/P 189 58.6 H H
Namyang R B P 135 433 0.8 H H
Bunam R B P 75 41.7 0.4 E H
Geumgang R F P 72 41.4 0.8 E H
Singal R F P 123 34.0 1.2 H H

L: lake-type, R: river-type, B: brackish, F: freshwater, P: phosphorus-limited, N: nitrogen-limited, N/P: phosphorus-limited and nitrogen-limited,

O: oligotrophic, M: mesotrophic, E: eutrophic, H: hypertrophic.

£9] 71FA] WS(Table DolA e 9 gkl SlFstd
SDE H9] g "ot TPE 2F 49 AJAEZ2A

o Q19 o]8&rt Y BE & Al7|Y 2F/F
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—

1
g #FgolA SDE FA AT FEOo
g2 49 Ad7Y ARANE 5
g 4 &= AoltkAn, 2000; Kim and Kim, 2004; Kim et
al., 1988; Kim et al., 2001; Kong, 1997a; Kong, 1997b).
ole] W} EioME HE SDY ARE B Egst
A G Table 39 EF7I1FHNA SDY H &2 wjAT
BAuFo} 817 549 TP Chlaol 23 F U4
P74 A= Appendix 13 2t} F &2 2%
T 4N Sae 3547 FTSEA A Ao 7
2R3, BIYgez EFH oM s4hE AP
of AZSE AT M3, Tz 9 HEHA
(Table 4).

FPIR N FFAA B F G5 F oW FHol
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Fig. 49} 2t}

100 ¢
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3 Eutrophic
Elf 10 : 10
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= 80
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0 I A I ] 1 ]
0 1 10 100

Total phosphorus (pg L)

Fig. 4. Suggestion of classification scheme, for trophic
state of Korean lakes.
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Appendix 1. Types of 81 lakes in Korea, annual average water quality at the upper layer, 2013-2017, and the classification
of trophic state

TP Chl.a SD Trophic state
Lake and reservoir Type N
—upg L'— m TP Chl.a
Gachang M35 L F P 16 4.5 2.1 M M
Gampo xS L F P 8 2.5 2.0 (0] (0]
Gwangdong 3535 L F P 16 5.0 1.4 M M
Gucheon THAZ L F P 13 35 2.6 M M
Gunwi s L F P 15 6.7 1.7 M M
Naju UFs L F P 20 10.2 1.6 M E
Dalbag g9s L F P 14 3.6 1.8 M M
Damyang 94s L F P 13 49 2.5 M M
Daegok s L F P 27 52 1.7 M M
Daea o o}7] L F P 15 8.8 2.7 M M
Daecheong N3y L F P 18 7.0 3.0 M M
Dongbok TES L F P 11 6.5 22 (0] M
Donghwa 5% L F P 12 43 23 0 M
Milyang 1445 L F P 13 24 3.0 M 0
Boryong 2ES L F P 15 5.8 2.0 M M
Buan s L F P 8 2.7 2.5 0 0
Sayon A L F P 26 6.0 1.5 M M
Isa FAtS L F P 13 3.9 4.1 M M
Soyang 2T L F P 14 3.0 3.6 M M
Sueo FoAL L F P 14 4.0 3.1 M M
Angye SH = L F P 14 6.6 1.9 M M
Andong FEs L F P 19 2.8 4.8 M 0
Yeongcheon Az L F P 16 6.9 1.9 M M
Okjeong e L F P 13 6.5 2.5 0 M
Yongdam 2193 L F P 11 32 3.8 (0] M
Unmun *ES L F P 10 2.7 2.6 0] (0}
Imha etz L F P 31 4.4 32 M M
Jangseong T4 L F P 19 9.2 22 M M
Jangheung TEs L F P 19 34 23 M M
Juam FAs L F P 15 4.6 32 M M
Chungju FTa L F P 23 29 3.6 M 0
Paro 3235 L F P 10 1.7 5.4 0 0
Pyonghwa g3l L F P 17 1.9 M (0]
Hapcheon IS L F P 15 34 2.7 M M
Ganwol 4% R B N/P 189 58.6 H H
Gyongcheon dAA R F P 17 7.4 3.0 M M
Gyongpo X% R B N/P 83 19.0 H E
Gosam A R F P 63 14.3 12 E E
Gwanggyo F3A R F P 54 12.8 12 E E
Gwangju T R F P 20 8.0 1.8 M M
Gwangpo I¥s R B N 195 96.0 H H
Goesan EUEN X R F P 30 45 M M

L: lake-type, R: river-type, B: brackish, F: freshwater, P: phosphorus-limited, N: nitrogen-limited, N/P: phosphorus-limited and nitrogen-limited,
O: oligotrophic, M: mesotrophic, E: eutrophic, H: hypertrophic.
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Appendix 1. Types of 81 lakes in Korea, annual average water quality at the upper layer, 2013-2017, and the classification
of trophic state (continued)

TP Chl.a SD Trophic state
Lake and reservoir Type 1
—upg L'— m TP Chl.a
Geumgang 733 R F P 72 414 0.8 E H
Geumho 53395 R B P 34 20.5 0.7 E E
Nakdong G548+ R F P 89 26.4 1.1 H E
Namyang g5 R B P 135 433 0.8 H H
Daeam s R F P 35 8.5 1.3 E M
Daeho 1z R B N/P 75 40.3 0.9 E H
Macho e R B N/P 59 212 E E
Bomun BES R F P 31 16.8 1.0 M E
Boseong BAE% R F P 32 192 1.1 M E
Bongpo IS R F P 36 19.0 E E
Bunam Fds R B P 75 41.7 0.4 E H
Sapgyo KA R F P 162 73.6 0.6 H H
Seoho Sk R F P 116 65.9 0.7 H H
Seonam L= R F P 35 9.9 1.5 E M
Songji TAL R B P 39 9.7 E M
Singal A ZA R F P 123 34.0 12 H H
Asan ot s R B P 111 63.8 0.7 H H
Yoncho Axs R F P 25 73 1.8 M M
Yongrang ¥gs R B p 45 5.0 E M
Yongsan Fits R F P 65 24.0 0.6 E E
Yongam IL= R B P 34 9.6 0.8 E M
Yedang A= R F N/P 69 40.9 1.0 E H
Woncheon AHA R F N/P 50 15.4 1.0 E E
Uiam AT R F P 21 7.8 2.6 M M
Idong o] 5 A R F P 70 10.9 1.0 E E
Junam FIEAFA R F P 61 314 0.8 E H
Jinyang Ag=s R F P 22 7.1 22 M M
Cheonjin AR R F P 22 145 M E
Cheongcho e R B P 53 7.6 E M
Cheongpyong E=s R F P 16 5.8 2.6 M M
Chuncheon =33 R F P 15 52 2.9 M M
Chungjujo EF23A R F P 39 6.3 1.4 E M
Tapjeong T84 R F P 25 10.4 2.3 M E
Paldang 4935 R F P 31 14.4 1.7 M E
Pyongrim BES R F P 25 10.5 1.6 M E
Hyangho Iz R B N/P 86 19.6 H E
Hwajinpo RIS R B P 56 15.5 E E
Hoeya 3loks R F P 36 13.7 2.0 E E
Hoengseong A5 R F P 17 49 23 M M

L: lake-type, R: river-type, B: brackish, F: freshwater, P: phosphorus-limited, N: nitrogen-limited, N/P: phosphorus-limited and nitrogen-limited,
O: oligotrophic, M: mesotrophic, E: eutrophic, H: hypertrophic.
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