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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
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Table 1. Estimates of trophic state by single item(7 23, 1994)
Estimete item | Estimate methods | Ultra oligotrophic | Oligo-trophic | Meso-trophic Eutrophic Hyper-trophic
U.S. 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 1.5~0.7
U.S. EPA < 10.0 10.0~20.0 >20.0~25.0>
Carlson < 120 12.0~24.0 24.0
T-P (mg/mg’) Rast < 10.0 10.0~20.0 >20.0
Forsberg < 150 15.0~25.0 25.0~100.0 > 100.0
OECD < 4.0 < 10.0 10.0~35.0 35.0~100.0 > 100.0
U.S. EPA <4.0 4.0~10.0 >10.0
Rast < 20 21~29 3.0~6.9 7.0~99 > 40.0
y 3
Chl-a (mg/m?) Forsberg <30 3.0~7.0 7.0~40.0 > 40.0
OECD < 1.0 <25 2.5~8.0 8.0~25.0 >25.0
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Table 2. Estimates of trophic state by multiple items(7] -3, 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
US. EPA Chl-a (mg/m’) <40 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 2.5~8.0 2.5~8.0 >25.0
Transparency (m) > 4.0 25~4.0 25~4.0
Forsberg & | T-P (mg/m?) <15 15~25 25~100 > 100
Ryding Chl-a (mg/m?) <30 3.0~7.0 7.0~40.0 > 40.0
T-N (mg/m?) < 400 400~600 600~1500 > 1500
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TSIM(Chl) = 10 X {2.46 +In (Chl)/ In 2.5} )
TSIM(SD) = 10 X {246 + (3.69 - 1.53 In (SD))/ n 2.5} (2)
TSIM(TP) = 10X {246 + (6.71+1.15In (TP)/ In 2.5} (3)
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Zag & Zyg' = Minimum and Maximum value of
Mesotrophic
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Eutrophic

Ziy & Zgry' = Minimum and Maximum value of
Hypertrophic

Figure 2. Estimate of Sl for T-P, T-N and Chl-a
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Figure 3. Estimate of Sl for Transparency and DO
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Table 3. Results of trophic state judgment

e Wi Todls T-P = 11mg/m? 2229 3 = 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 273 Mesotrophic 2.96
KTSI Oligotrophic 1.88 Mesotrophic 273 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 2.0~ 3.0 3.0~ 4.0 40~5.0
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