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Assessment of Eutrophication Using Trophic State Index and Water Quality
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Abstract @ We evaluated the eutrophication of Saemangeum Lake, which causes abnormal growth of algae, using the Carlson index. Eutrophication
characteristics of Saemangeum Lake were analyzed. For the study, water quality surveys were conducted at 7 stations in Saemangeum Lake every month
in 2021. The concentration of Chl.a was slightly higher in the Mankyeong water system in winter, and slightly higher in the Dongjin water system in
spring and summer, but overall, except for some periods, the concentration was similar to or lower than the lake water quality environmental standard of
class 3. COD showed water quality similar to or above the lake quality environmental standard of grade 4 in both the Mankyeong and Dongjin water
systems in the summer and Autumn. TOC concentrations were within lake water quality standard 3 at all sites. Total phosphorus concentrations exceeded
the lake water quality standard of Class 4 and were higher in January and August after rainfall. In the correlation analysis between water quality factors,
the correlation of organic matter, total phosphorus, and total nitrogen to salinity was relatively high. This reflected the water quality characteristics of
freshwater, brackish water, and seawater areas due to seawater inflow through the drainage gate and freshwater inflow through upstream rivers. According
to the characteristics of eutrophication fluctuations in Saemangeum Lake by trophic state index, the indices of Chl.a, SD, and TN showed water quality in
the early stage of eutrophication, while the TP index showed a severe eutrophication state. The magnitude of the eutrophication index among water quality
components was TSI(TP) > TSI(IN) > TSI(SD) > TSI(CHL) in all water systems. Quadrant analysis of the deviation of TSI(CHL) from TSI(TP) and
TSI(SD) on a two-dimensional plane showed that there was no limiting effect of total phosphorus on algal growth in all water systems. In addition, the

factors affecting light attenuation appeared to be dominated by small particulate matter from outside sources.

Key Words : Saemangeum Lake, The water quality fluctuation characteristics, The correlation analysis, Trophic state index, Quadrant analysis
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Fig. 1. Map of water quality survey points in Saemangeum Lake.
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Fig. 2. Timing of daily precipitation and water quality surveys in

the Saemangeum Basin.

2.3 CarlsonQ| YYAELX]
HoJorsts futale

s EAT A 4

b P

.
°
ro,
:11‘
% M
X o
o2
o2

o

i

oft

H
Ho rim

o>"

e

Ho
4 11 o2

Hir

o

> rlr
i

:11

il i
ols

ol

N

=

N
i
4,
BN
Hu
o
= o
ot
ol\
1
(o
fru
d
BN

El oX, [UIO

re o

~
o
o
i
32
)

£ ope 4 o2 dr (oo
o2
o
1o,
i)
ox,
2
I
o=
™
02(:,‘4

> Z
)
(o
fru
fol
E
o

O\t
S oox >
e
O
£
oy
g ol

o2
Y
2 X o
P
o
rE
'
=
it
)

ol o
ol
-

1o X o 2 o2 M kU T
e ot

ols
i
£
2

fol
B
1o
oo 1z rlr

Carlson(1977)° ]3] &%
(Secchi depth) S 71522 TP¥} Chlad] Ha] A==

- 589 -



7121!

gste] 0~1007+41 9] F7trA A g 2he AR e
Jﬂl, A= ghel 100 F7be wiwich o] ol - owl Tt
st} om|E 1At %E‘ &+ HFH O & Kratzer and Brezonik
(1981)2 TN(ug/L)ell gk frAFg TSKTN)E 7ak3ict o
714 SD= m, Chla®t TP, TN pg/L W9l olth. - &b+

of W T4 A EHE CTSI #hS A= WAL, 593

&, TG om R e, CTsIe] M a5 dE e
T-H-& Table 19 LFEFUI R tHDevi Prasad and Siddaraju, 2012).

TSISD) =60 - 14.41 In(SD)

TSI(CHL) =9.81 In(Chl-a)+30.6

TSKTP) = 14.41 In(TP)+4.15

TSI(TN) =54.45 + 14.43 In(TN)

CSTI(Carlson’s trophic state) = [TSI(SD) + TSI(CHL) +
TSI(TP) or TSI(TN)] / 3

Table 1. Carlson’s trophic state index values and classification of

lake
TSI Trophic .
values Status Attributes
<30 Oligo Clear water, oxygen throughout the year
-trophic in the hypolimnion
Olico A lake will still exhibit oligotrophy, but
30~40 £9 some shallower lake will become anoxic
-trophic .
during the summer
Meso Water moderately clear, but increasing
40~50 . o . )
-trophic probability of anoxia during summer
Lower boundary of classical eutrophy :
50~60  Eutrophic Decreased transparency, warm-water
fisheries only
Dominance of blue-green algae, algal
60~70  Eutrophic scum probable, extensive macrophyte
problems
70~80  Eutrophic Heavy algal blooms possible throughout
the summer, often hypereutrophic
>~ 80  Butrophic Algal scum, summer fish kills, few
macrophytes
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Fig. 3. Differences among trophic state index (TSI) values indicate

both the degree of nutrient limitation and the composition
of seston, as described in the text. Axes represent
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(CHL), nutrients, and Secchi depths (SD), and labels in
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conditions (Havens, 2000).
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Table 2. Average monthly concentration of water quality in the
Mankyeong and Dongjin water systems in Saemangeum
Lake

Item

Month TN DIN TP

Temp DIP Chl-a TOC SD

5.14
6.50
10.85
17.94
21.38
26.70
29.44
30.76
25.62
24.66
23.49
22.08
16.84
5.71
7.08
12.46
18.30
23.64
26.69
28.99
28.08
2521
2432
22.85
19.87
11.94

2.516
2473
2.607
1.401
1.477
1.068
1.883
1.675
2.144
1.387
1.683
1.546
1.828
4.059
2.357
2.074
1.389
1.541
1.397
1.841
1.381
1.908
1.703
1.701
1.941
1.103

2.242
2.305
2.018
1.125
1.738
0.761
1.677
0.669
1.979
1.338
1.611
1.414
1.380
4.005
2.135
1.888
1.306
1.623
1.219
1.554
1.090
1.734
1.598
1.459
1.542
0.694

0.222
0.067
0.058
0.073
0.119
0.117
0.151
0.132
0.206
0.138
0.138
0.128
0.083
0.197
0.069
0.075
0.088
0.126
0.108
0.122
0.133
0.179
0.128
0.134
0.120
0.073

0.014
0.011
0.005
0.004
0.022
0.022
0.016
0.021
0.093
0.068
0.068
0.033
0.013
0.008
0.033
0.006
0.018
0.044
0.040
0.034
0.040
0.081
0.059
0.061
0.028
0.010

4.781
16.509
13.565
15.743
68.539
15.140
28.453
20.868

2.884
11.259
11.259
33.944
13.596
21.556
31.197

6.713
22.855
18.217
13.877
22.634
18.513

4.896

9.875

9.491
29.496

7.303

2.700
2.441
3.098
3.717
5.812
3.860 1.1
5.600 1.9
4560 1
3.740 04
3450 145
3.653 0.85
3.253 0.7
3.203 1.1
3.360 1.43
2957 1.10
3271 175
4.265 0.70
5.007 1.50
4.083 0.83
4.143 143
4218 0.65
3.710 043
3.583 0.73
4.243 0.75
3.808 0.58
2.710 0.80

1.9
1.45
2.25

13
0.55
Dongjin

Area 7

kyeong
Area
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Monthly variation of organic matter in the Dongjin and

Mankyeong water systems in Saemangeum Lake.
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. Monthly variation of Total Phosphorus (TP) in the Dongjin

and Mankyeong water systems in Saemangeum Lake.
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Fig. 6. Monthly variation of Total Notrogen (TN) in the Dongjin

and Mankyeong water systems in Saemangeum Lake.
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Fig. 7. Monthly variation of Chlorophyll a in the Dongjin and

Mankyeong water systems in Saemangeum Lake.
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Table 3. Correlations(R*) among water quality constituents in the

Dongjin area in Saemangeum Lake

Temp S COD TN DIN TP DIP Chia TOC
Temp 1.000
Sal  -0.471 1.000
COD 0.704 -0.540 1.000
™ -0.170 -0.608 0.090 1.000
DIN -0218 -0.571 0.021 0.942 1.000
TP  0.170 -0.608 0.205 0.404 0.392 1.000
DIP 0.380 -0.523 0.149 0228 0.281 0.578 1.000
Chl. a 0.141 -0.203 0.191 -0.001 0.115 -0.057 -0.091 1.000
TOC 0.588 -0.526 0.713 0.046 0.068 0.142 0.011 0370 1.000
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Table 4. Correlations(R”) among water quality constituents in the

Mankyeong area in Saemangeum Lake

Temp Sal COD TN DIN TP DIP Chl-a TOC
Temp 1.000
Sal  -0.607 1.000
COD 0581 -0.574 1.000
TN -0244 -0406 0.166 1.000
DIN -0237 -0422 0.153 0.987 1.000
TP 0121 -0.628 0229 0482 0.513 1.000
DIP 0398 -0.532 0.104 0.149 0.161 0489 1.000
Chl. a -0.047 -0.057 0271 0366 0356 -0.101 -0.193 1.000
TOC 0428 -0.581 0.628 0394 0380 0223 0.056 0463 1.000
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Table 5. Monthly variation of Carlson Trophic State Index,

Saemangeum Lake

Area  Month TSI(SD) TSIChl) TSITP) TSITN) CTSIP) CTSI(N)

Jan 50.78 43.92 81.16 63.5 58.62 5275
Feb 54.66 5797 61.65 72.4 58.09  61.68
Mar 48.95 53.50 61.24 62.6 5456 55.03
Apr 5737 45.05 63.26 66.8 55.23 56.39
May 68.67 59.51 72.54 55.6 66.91 61.25
Jun 59.18 56.00 72.19 61.3 6246  58.84
Dongjin Jul 50.78 62.46 75.18 524 62.81 55.22
Aug-A  60.68 59.58 73.73 51.6 64.67  57.29
Aug-B 73.66 38.75 80.45 60.3 6429  57.57
Sep-A 55.38 54.20 74.40 56.6 61.32 5540
Sep-B 62.57 54.20 74.40 61.1 63.72  59.27
Oct 65.28 64.84 73.75 53.0 6796  61.04
Nov 58.69 53.95 66.74 55.4 59.79  56.00
Jan 51.34 40.61 81.05 55.1 57.67  49.02
Feb 54.61 65.02 61.91 63.9 60.51 61.16
Mar 48.91 48.07 62.64 59.4 5321 52.13
Apr 61.91 52.75 63.85 56.9 59.50  57.20
May 53.80 53.67 72.79 61.0 60.09  56.16
Jun 59.63 54.13 72.43 63.3 62.06  59.01
-kl;/:z r;g Jul 51.34 59.57 72.63 60.9 61.18  57.28
Aug-A 6265 59.63 71.90 60.6 64.73 60.95
Aug-B 70.68 40.61 79.44 62.5 63.58  57.94
Sep-A 60.61 52.52 73.66 59.0 6227  57.39
Sep-B 60.20 52.52 73.66 59.6 62.13 57.43
Oct 64.40 58.80 73.04 58.8 65.41 60.67
Nov 60.20 53.14 71.22 63.4 61.52  58.90

*CSTI (Carlson’s trophic state) =[TSI(SD) + TSI(CHL) + TSI(TP) or TSI(TN)]/3
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Table 6. Seasonal variation for Carlson Trophic State Index,

Saemangeum Lake

Season TSISD) TSI(Chl) TSKTP) TSKTIN) CTSIP) CTSINN)

Winter 5272 5095 7140 6797 5836 5721
Dongin Spring 5833 5269 6568 6166 5890  57.56
Summer 6107 5420 7539 5642 6355  58.83
Autumn 6048 5680 7232 5650 6320  58.44
Winter 5298 5282 7148 5948 5909  55.09
Man. Spring 5487 5150 6643  59.12  57.60  55.16
kyong Summer 61.08 5348 7410  61.83 6289  58.80
Autumn 6135 5425 7289 60.19 6283  58.60
Aol Fodokst AFaS Table 16] AAIS F-I 4
st gAld Yehde g v 2, BE A
A1 TSI A|5=7} 500 ] Jo g Feggst 271 %74]9 FE& Y
Bl olom, A Aldel= Fddst S @A o]/
THE UrEWV]-— ghoh v B9 A A et 60
olo g FxFo 77 algae scum 8 U I ZHF &
A & AAS FggstE e 5 Ak
Zr g5 Aggke] Ar1E HustA BE A A

TSI(TP) > SI(I”N)>TSI(SD)>TSI(CHL)9] To 2 e o
H F2A AFE= 51 1 ol A 71.54. A FA A 71512
A A ><1 = By, FE2Y AFE 5
FA A 54.15, REA G ]/‘1 53.160.2 714 v R Y=
A5 e SATH

b, AT S A3t AR E YA 7]EL
ANMias 23885 %’45& Ao R FAEI e FFH 2
A9 el Hoddy njHeddel it Bl g Ho] F
£ o] Fa glvhujeb AlvkF ] ddE] gFow T
AT HAE A, s A AT YAE ST F E &+
ge], Sl PR A3 T odet s #ey
Qre] Ag-o] Hosirta Fehec)

100.0

80.0

60.0 _ //\\ ///\_ TR
% B " Ry :
= 40.0

20.0

w==S == CHL ~—TP - TN
0.0
ﬁée (\{1\‘ ‘Si Q\i\ séQ 50\ g c’% _‘,‘5' lﬁ oé' \D""
RN e ?Qqe ‘?_Qo ot %QQ p2
MONTH

Fig. 8. Monthly variation of TSI at the Dongjin water system

in Saemangeum Lake.
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Fig. 9. Monthly variation of TSI at the Mankyeong water

system in Saemangeum Lake.
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Fig. 10. Quadrant analysis for deviation of TSI indicate both the
degree of nutrient limitation and the composition of

seston for Dongjin watersheds in Saemangeum Lake.
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Fig. 11. Quadrant analysis for deviation of TSI indicate both the
degree of nutrient limitation and the composition of

seston for Mankyeong watersheds in Saemangeum Lake.
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