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Abstract

The eutrophication in lakes is caused by the inflow of excessive nitrogen and phosphorus,

which are not only pollutants to reduce the value of water resource but also nutrients for algae
growth that debases water quality. Several methods have been used to judge the eutrophication
grades of lakes, but the judgment results can be different with one another even under same

coditions because each method is different in judgment items and their standards.
A method for overcoming the problem with the judgment of eutrophication grades is,
therefore, developed in this study with the application of fuzzy theory. This method allows
decision makers to represent the uncertainties (differences) of results by the existing judgment
methods and also incorporate associated uncertainties directly into the judgment process, so the

judgment results can be made that are more realistic and consistent than those made without

taking uncertainty in account.
Key words : Eutrophication Grade, Uncertainty, Fuzzy Number, Membership Degree, FTSI
840 2 3712 Be T8 YEo| 1A=,
1, o]t B4-50] FUSHEutrophication) &

(442} Q2] Tekgdel 71eleh 5)

LAl E
e GoFaT
on], Zejoll AalAe] Al 2] chrEa ol

= A8E, 3U8 59

S o 2HE ofa] 71x] BAlo] 84 585}
Al olgEo] Sz, 2ol
Gwangju, 500-757, Korea Tel: 82-62-530-1861 Fax: 82-62-530-0678 E-mail: ywlee@jnu.ac kr

Corresponding Author: Yong-Woon Lee, Dept. of Environmental Engineering, Chonnam National University, 300 Yongbong-Dong, Buk-Gu,



36 2Pt Mi5H M1ZE

P2 TAho dulA Ho|FAL HIJoks

.

(Oligotrophic lake), %% %% Mesotrophic lake), s17] skl OECD, U.S. EPA, Carlson A3,

S S (Eutrophic lake), #1555 (Low—moor), Forsberg & Ryding 52] H4uH-S S8510] 24

% (Glassland), AFd(Forest)?] =42 Y=t SlaL QIeHIER, 1994), ZLefu) oj2fdt Fggst

BATF 5, 1998). 3471 A 27 FUSE AHES Y 483 9 3 7]E0] Aolst

79 —‘(5:57} U AW Ak} 4H7 FEE o] of WHRlo] w2} Mz BE B EIE Ko

Fol HIGHIHE A5, Alto] Aol whet F7HEAYSIAL Sl R ol TR AARE T

of g0l eryl AAE ZEla 4ol A o] At o] wheh RSt BN A= o

opof wet Kojorst 142 74 Het 27 YAl Sl AR oleH@= A S AL 1998)
54t Bojoksiyl Xagol wet Sae] BeA mebd, 2 o] FAle 71E el ot 7

sjoba YESHY E4o| Wistn AEZetgEe] 3 98 SRS Sk, olils AR

PGS e E1 S A gvh, £ A WSl WA IS AR S Al

Hwo] Al A20] AaZAR o]2u] gut o] T340 Hogorsl o WS Jdel= Aotk

U HEzolo| W, Sz Halw|H &4) 5ol

Asto] At 02X 9] 7R 7) HofR|A| Hef, Ejt 1, ek

FRYE Tag7t R ol Afole AHeE

FAEe el Al ge] ofwxu ~58o) | 1. f3LeSEQ 7IE Gty AL

A= 2 91, S o HAFS QoA we ko] & A vl A ARESHAL Qs Tal] B

A7) Fof=o] A2]nlgo doa 2 = Aok S5 AU S £HE SAARE BA 9 )4

(o]-§=- - 0|5}, 2003). o]} o] FFgste 34 Sk ol whet T ggol] o3t Wi Bglael

= ABEs, USSR o8 u) Aol B OfgE WR, FAYT Alpe] ofet e s 2

o] EAY o] 8AAI7F T 4= QAL ARG = QUCHHERE, 1994)

x:

Llroasoan ol 7kx|7 Wolx)A ©

AR el Sa0) Hojors HEE Tt

oo o] ofsk W (Table DL sLte] 4

Table 1. Estimates of trophic state by single item(3] 23, 1994)

Estimete item | Estimate methods | Ultra oligotrophic | Oligo-trophic | Meso-trophic Eutrophic Hyper-trophic
US. EPA >37 2.0~3.7 <20
Carlson > 4.0 2.0~4.0 <20

Transparency (m)|  Rast > 4.6 2.7~4.6 <27

Forsberg > 4.0 25~4.0 <25
OECD > 12 > 6.0 6.0~3.0 3.0~1.5 15~0.7
US. EPA < 10.0 10.0~20.0 >20.0~25.0>
Carlson < 120 12.0~24.0 24.0

T-P (mg/m?) Rast <100 10.0~20.0 >20.0
Forsberg < 150 15.0~25.0 25.0~100.0 > 100.0
OECD < 40 < 10.0 10.0~35.0 35.0~100.0 > 100.0
US. EPA <4.0 4.0~10.0 >10.0
Rast <20 21~29 3.0~6.9 7.0~9.9 > 40.0

o (o /m3

Chla (mg/m | g herg <30 3.0~7.0 7.0~40.0 > 400

OECD <10 <25 25~8.0 8.0~25.0 >25.0
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Table 2. Estimates of trophic state by multiple items(7] 2}, 1994)
Estimete methods| Estimate item |Ultra oligotrophic| Oligo-trophic | Meso-trophic Eutrophic Hyper-trophic
Transparency (m) >37 2.0~3.7 <20
T-P (mg/m?) < 10 10~20 >20~25
U.S. EPA Chl-a (mg/m®) <4.0 4.0~10.0 >10.0
Oxygen >80 10~80 <10
Saturation (%)
Transparency (m) > 12 >0 6.0~3.0 3.0~15 1.5~0.7
OECD T-P (mg/m?) <4 < 10 10~35 35~100 > 100
Chl-a (mg/m?) <10 <25 25~8.0 25~8.0 >250
Transparency (m) > 4.0 2.5~4.0 25~4.0
Forsberg & | T-P (mg/m?) <15 15~25 25~100 > 100
Ryding Chl-a (mg/m’) <3.0 3.0~7.0 7.0~40.0 > 400
T-N (mg/m°) < 400 400~600 600~1500 > 1500
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Table 3. Results of trophic state judgment

Sttt Mgk T-P = 11mg/m’ 22249 a =8mg/m’ Transparency = 2.5m

Trophic state SI Trophic state SI Trophic state SI
OECD Mesotrophic 2.04 Eutrophic 3.00 Eutrophic 3.33
U.S EPA Mesotrophic 2.10 Mesotrophic 2.67 Mesotrophic 271
Forsberg & Ryding Oligotrophic 1.73 Eutrophic 3.03 Eutrophic 3.00
TSI Mesotrophic 212 Mesotrophic 2.73 Mesotrophic 2.96
KTSI Oligotrophic 1.88 Mesotrophic 2.73 Mesotrophic 2.03

Table 4. Trophic state division by FTSI

Division Ultra-Oligotrophic Oligotrophic Mesotrophic Eutrophic Hypertrophic

FTSI 0.0~ 1.0 1.0 ~ 20 20~30 3.0~ 40 40 ~5.0
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