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Abstract

Korean Trophic State Index (TSIko) was developed in 2006, and was composed of COD (CODyy, based on
permanganate method), Chlorophyll a (Chl.a) and total phosphorus (TP). However, CODwy, usually represents only
50-60% of total organic matter in stream or lake water due to low oxidizing power of permanganate. This study
investigated the relationship between TOC and CODy, based on the average data for the whole layer in 81 lakes in
Korea, during the period 2013-2017. As a result, CODwm, was found to be 1.54 times more than TOC in 66 of the
freshwater lakes and 3 brackish lakes (TOC measured using thermo-oxidation method). TOC was about a quarter of
CODy, in 8 coastal lakes (TOC measured using UV-persulfate oxidation method), and it appeared to be
underestimated due to chloride interference. Using the data of 69 lakes with exception of 12 brackish lakes,
TSIko(TOC) was developed based on the correlation between TOC and CODyy,, while TSIxo(COD) was replaced
with TSIxo(TOC). However, for trophic state assessment of brackish lakes, the TSIko(TOC) can only be utilized in
case that TOC is measured through thermo-oxidation method. The determination coefficient of TSIko(Chl) to
TSIko(COD) in 66 freshwater lakes and 3 brackish lakes was 0.83, while that to TSIko(TOC) was 0.68. This
difference could be attributed to the recalcitrant organic part of TOC.
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1. Introduction
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index, TSI)°ll ¢]3FckKong and Kim, 2019).
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2. Materials and Methods

21. EMXt=

2 A7 BN 54
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2.2. EAXEI
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3. Results and Discussion
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Fig. 1. Relationship between TOC and CODyy, based on the
average data for the whole layer of 81 lakes in
Korea during the period 2013-2017 (Closed circles
represents data with electrical conductivity above
700 1S cm’ and COD/TOC ratio above 2).
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Fig. 2. Fitness of TSIko(TOC) to TSIko(Chl) and quadrant analysis for deviation of TSlko.

Table 1. The Pearson correlation coefficients (upper right part of the table) and two tailed p-values of paired ¢-test (lower left
part) between the TSIs of 69 lakes (66 freshwater lakes and 3 brackish lakes with COD/TOC ratio below 2) in Korea

TSIko (TP) TSIko (Chl) TSkko (COD) TSkko (TOC) TSko

TSlko (TP) 0.86 0.85 0.81 0.93

TSIko (Chl) 0.41 091 0.83 0.96

TSkko (COD) 0.10 0.00 0.95 0.98

TSkko (TOC) 027 0.07 0.44 0.92
TSko 0.38 0.01 0.01 039

Table 2. Trophic state classification of Brackish lakes by Korean trophic state index (TSlko)

Lakes and EC TP Chl.a COD TOC Trophic state index”

reservoirs 1S cm’! — pg L' — — mg L' — TP Chl COD TOC
Yongrang 41,350 45 5.2 4.1 1.3 E M M (0)
Cheongcho 42,020 53 7.6 3.7 1.4 E E E (0)
Songji 15,342 39 9.9 7.0 14 E E E (0)
Hwajinpo 18,952 56 15.7 7.9 1.4 E E E (0)
Gyongpo 34,061 84 19.2 5.5 1.4 E E E M
Maeho 9,973 60 219 7.5 1.9 E E E M
Hyangho 9,575 77 19.9 8.6 2.1 E H H E
Dacho 2,605 79 324 10.2 4.5 E H H E
Bunam 4,666 75 41.7 13.2 34 H H H E
Asan 861 116 56.8 10.5 5.0 H H H E
Ganwol 2,388 189 58.6 13.7 53 H H H E
Gwangpo 4,682 195 96.0 11.3 3.8 H H H E

" O: oligotrophic, M: mesotrophic, E: eutrophic, H: hypertrophic
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4. Conclusion
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Appendix 1. Annual average water quality and Korean trophic state index (TSlko) at the whole layer of 81 lakes in Korea

during the period 2013-2017

EC TP Chl.a COD TOC Korean trophic state index (TSlko)
Lakes and reservoirs 5 m 1

uS cm —ug L'— —mg L™ — TP Chl COD TOC
Paro 425 111 10 1.6 23 1.4 28 20 29 27
Milyang 9IS 50 14 2.3 1.5 1.2 34 26 18 24
Pyonghwa Byslos 173 17 1.9 1.6 1.1 38 23 19 21
Gampo xS 98 8 24 2.6 1.9 24 27 32 36
Unmun +Es 80 10 24 23 1.9 27 27 29 35
Gucheon TS 63 11 34 1.8 1.2 29 33 22 23
Buan Fos 79 9 2.7 2.8 1.8 26 29 35 35
Soyang 2T 79 14 2.8 22 1.6 34 29 28 31
Yongdam 1935 128 11 3.0 2.6 1.6 30 30 32 31
Donghwa 53 62 11 3.6 2.5 1.5 30 34 32 30
Sueo Fols 93 14 3.6 24 1.5 35 34 30 29
Hapcheon dHs 111 16 29 2.5 1.8 37 30 32 35
Gachang 3= 77 16 4.5 2.1 1.8 37 38 27 35
Andong 4ES 160 21 23 2.7 23 42 26 34 41
Chungju g 240 23 2.7 24 1.4 44 29 30 27
Isa AArE 79 14 39 2.7 1.5 35 35 33 29
Damyang Fe¢s 68 13 4.5 2.6 1.7 33 38 33 32
Dongbok e 79 11 52 2.9 2.0 29 40 35 37
Gwangdong 353 159 17 4.5 23 2.0 38 37 30 37
Dalbag 2s 87 14 34 3.0 29 35 33 37 43
Hoengseong IS 140 19 4.4 23 2.0 40 37 30 38
Jangheung T 81 20 33 2.8 1.9 41 32 35 35
Boryong H2HYS 127 15 55 2.7 1.5 36 41 33 29
Okjeong S35 134 13 57 3.0 1.8 32 41 37 35
Juam Fes 81 15 5.1 2.9 1.9 36 40 35 35
Chuncheon FAs 99 15 5.0 3.1 1.9 36 39 37 36
Cheongpyong ¥ 119 17 5.6 32 1.6 38 41 38 31
Daea jobx] 60 15 84 32 1.7 35 48 38 33
Daecheong 2l e 162 20 6.4 33 2.0 41 43 39 38
Uiam g 103 18 7.5 33 2.1 39 46 39 38
Angye A= 142 14 6.4 44 34 34 43 47 52
Goesan Hits 152 30 4.5 34 23 43 37 40 41
Jinyang AgFs 112 24 6.9 3.0 2.0 44 45 37 38
Gyongcheon A3A 118 18 7.7 3.9 2.6 39 46 44 44
Gunwi S RN 114 15 55 5.5 3.8 35 41 53 55
Yeongcheon 3d= 139 16 6.7 4.5 35 37 44 48 53
Sayon Al % 143 25 5.6 39 2.8 45 41 44 47
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Appendix 1. Annual average water quality and Korean trophic state index (TSlko) at the whole layer of 81 lakes in Korea
during the period 2013-2017 (Continued)

EC TP Chl.a COD TOC Korean trophic state index (TSlko)
Lakes and reservoirs 3 ] 3

©S cm —pg L'— —mg L'— TP Chl COD TOC
Daegok I35 140 27 4.9 4.0 2.9 47 39 44 48
Imha A3ts 162 33 33 45 42 50 32 48 58
Chungjujo EF23A 241 39 6.3 2.9 1.7 53 43 36 32
Jangseong T4 93 21 8.3 3.6 2.2 42 48 42 40
Yoncho AxE 108 26 7.0 4.0 25 46 45 45 43
Gwangju 3T 88 21 8.0 43 2.7 0 47 47 45
Pyongrim bl 120 24 9.5 42 2.5 45 50 46 43
Naju UEs 92 21 10.7 4.4 2.8 'y} 52 47 47
Yongrang* ¥¥g= 41,350 45 52 4.1 1.3 56 40 46 24
Daeam s 260 34 8.1 43 2.9 51 47 47 48
Tapjeong g0 149 26 10.3 4.7 2.9 46 51 49 48
Cheongcho* x5 42,020 53 7.6 3.7 14 59 46 9 27
Seonam Az 279 36 8.9 43 3.0 52 49 47 49
Paldang 23S 221 32 13.7 4.0 2.4 50 56 45 2
Yongam IU= 1,448 34 7.9 5.6 3.2 51 47 54 51
Cheonjin AR 177 22 14.5 6.2 4.1 'y} 57 57 57
Boseong 245 134 32 19.2 44 2.4 50 62 47 43
Hoeya 3loks 325 36 13.7 54 2.8 52 56 53 47
Bomun HES 164 31 17.0 6.0 2.9 49 60 56 48
Songji* A5 15,342 39 9.9 7.0 14 54 51 60 27
Woncheon A=A 417 50 15.4 5.0 3.7 58 58 51 55
Gwanggyo FaA 155 54 12.8 59 3.6 60 55 56 54
Bongpo XS 224 36 19.0 6.8 54 52 62 60 65
Idong o] & A 284 70 109 6.4 44 65 52 58 59
Geumho 7335 3,128 9 19.1 6.9 4.1 55 62 60 57
Gosam I 196 63 14.3 7.0 47 63 57 60 61
Hwajinpo* JNEZ 18,952 56 15.7 7.9 1.4 60 58 64 28
Gyongpo* BAXZ 34,061 84 19.2 55 14 68 62 53 28
Yongsan s 685 64 19.6 6.7 3.8 63 62 59 55
Nakdong SRy 407 89 24.5 52 33 69 66 52 51
Macho* S 9,973 60 21.9 75 1.9 62 64 62 36
Hyangho* T 9,575 77 19.9 8.6 2.1 66 62 66 39
Junam FEAFA 239 61 314 9.1 6.6 62 70 68 71
Yedang A3 252 70 39.6 75 45 65 74 62 60
Geumgang =33 346 74 40.3 8.0 4.5 66 74 64 60
Daeho* o e 2,605 79 324 102 4.5 67 70 71 60
Singal A1 578 123 34.0 9.9 6.2 75 71 70 69
Bunam* a5 4,666 75 41.7 132 34 66 75 78 52
Asan* opgto* 861 116 56.8 10.5 5.0 74 80 72 63
Namyang GIs 1,082 135 433 11.7 7.2 77 75 74 73
Seoho AS 524 116 65.9 111 73 74 82 73 74
Sapgyo Ans 639 162 72.8 10.9 6.1 80 84 73 68
Ganwol* 145 2,388 189 58.6 13.7 53 83 80 79 64
Gwangpo* 335 4,682 195 96.0 113 3.8 84 89 74 55

v | O

* Ratio of COD/TOC > 2 and EC > 700 xS cm’
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