
113 12 9

113 

2

( )
(

)

5



3

  ( ) (MW)
29 63.4
3 17.7
6 16.2
17 81.89

179.19 MW

4

(Dezhou)
320 MW

2021
(Hapcheon dam)

41 MW

2021
(Indian

State of Tamil Nadu)

14.7 MW

280 MW

61%200

(Bellini, 2021; Bellini, 2022;  Molly Duerig,
2024: Gupta, 2021; Patrick Jowett, 2024)
https://www.kyocera.co.jp/newsroom/index.html
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60%
17%

(Abdelal, 2021; 2023)

1

50%
(Yang et al., 2022; Yang et al., 2024)

a
30% 15%
10% 30%

(Yang et al., 2022)

6

0.3

1.42

(Ilgen et al., 2023; Yang et al., 2022; 2023)

(Yang et al., 2024; Wang et al., 2022)

6
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3-6 4-6
8-19 8-24

12-14 6-3
7-1 8-2

8-4 8-9
8-12 8-13 8-

17 10-1 10-2
11-1 13-2

1 37B
6A 64

7777777777777777777777777777777777777777777777777777777

a

8

3-6 (100%)
4-6 (100%)

8-19 (100%)
8-24 (100%)

12-14 (100%)
6-3 (90%) (10%)
7-1 (90%) (10%)
8-2 (50%) (40%) (10%)
8-4 (50%) (40%) (10%)
8-9 (50%) (40%) (10%)

8-12 (50%) (40%) (10%)



9

8-13 (50%) (40%) (10%)
8-17 (50%) (40%) (10%)
10-1 (100%)
10-2 (100%)
11-1 (50%) (30%) (20%)

13-2 (
)(20%) (85%)

1 (100%)
37B ---

6A (100%)
64 (100%)

10

(100%)
(100%)

(80%) (20%)
(70%) (30%)

(100%)
(100%)
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pH (
) a

12

pH

3-6 12-14
6-3 8-2

8-9 8-13 10-2
6A 64

10

pH ( S/cm) (mg/L) (mg/L) (mg/L)
SAR

(meq/L)1/2
RSC

(meq/L)

8-12 23 7.3~10.1 192~428 16.4~45.4 24.0~87.9 0.04~2.39 0.1~2.2 <0.1~0.2

8-17 23 6.7~8.8 231~467 16.9~41.9 29.6~104 0.04~3.35 0.8~2.2 <0.1~0.4

10-1 23 6.7~8.3 300~536 24.4~59.6 22.0~56.0 0.05~5.81 0.9~2.1 <0.1~0.41



13

13-2
(

)(20%)
(85%)

1 (100%)
(100%)

(70%)
)

((((((((((((((((((((((((((((3000030%
70(7

%%%%%%%%%%%%%)
(100%)

D

14

(Tadesse and Dinka, 2023)
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8-20
140,760 m2

41.5%
106/11(

1 ) 108/05( )
4.98 MW

93,439 m2

25.0%
107/12
2.00 MW

93,439 m2

25.0%
107/12
2.00 MW

1
49,380 m2

44.0%
106/12
2.00 MW

327,800 m2

1.13%
111/05
13.71 MW

5

16

( )
109

( )

pH

a



5

17

(mL)
- - NIEA W217

pH - - NIEA W424
- - NIEA W203
- - NIEA W455

4,000 PE , 7 NIEA W210
500 PE , 28 NIEA W407
500 PE , 7 NIEA W430

1,000 PE , pH<2, , 7 NIEA W448
250 PE , 48 NIEA W449

1,000 PE , pH< 2, , 180 NIEA W311
200 PE , pH< 2, , 35 NIEA W330
200 PE , pH< 2, , 180 NIEA W434
250 PE , pH< 2, , 180 NIEA W311

NIEA E220

125 , pH<2, , 7 NIEA W427
a 1L~4L PE , 24 NIEA E507
(*) 1,000  72 ,

40 180 NIEA W801

5

18

750 0.2 mg/L
3 mg/L 0.1 mg/L
100 mg/L 0.01 mg/L
175 mg/L 2.0 mg/L
200 mg/L 0.01 mg/L
3.0 mg/L 0.1 mg/L

( ) 6.0 (meq/L)1/2 0.05 mg/L

( ) 2.5 meq/L 0.002 mg/L
pH 6.0-9.0 -

0.1 mg/L
0.6 mg/L

(DMP,DEHP) 0.2 mg/L
(BBP,DBP,DEP) 0.4 mg/L
(DNOP) 0.6 mg/L

4 m

Chl-a
Chl-a < 2.6 g/L            
2.6 Chl-a 7.2 g/L
Chl-a > 7.2 g/L          

(CTSI)-
CTSI < 40            
40 CTSI 50 
Chl-a > 50 

CTSI =
TSI Chl + TSI SD + TSI TP

3
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5

pH ( /cm) (mg/L) (mg/L) (mg/L)
SAR

(meq/L)1/2
RSC

(meq/L)
(1)

8-20

(107/01 ) 7.1~9.3 203~774 2.6~45.9 32.3~86.4 0.01~0.37 0.2~0.4 <0.1~0.5

(107/01~108/05)
7.2~8.6 180~250 4.1~21.4 22.6~41.6 0.04~0.26 0.3~0.5 <0.1~0.2

(108/05 ) 7.3~8.9 172~267 6.4~14.5 17.4~109 0.03~0.32 0.2~0.6 <0.1~0.1

1
(106/11 ) 7.0~8.3 175~277 47.2~88.3 30.4~50.5 0.21~0.64 0.3~2.7 <0.1~0.3
(106/11 ) 6.6~9.2 165~453 N.D.~40.8 28.7~41.0 N.D.~0.20 0.2~1.1 <0.1
(107/12 ) 6.3~7.9 70~554 3.4~8.1 5.1~56.4 0.17~0.86 0.2~0.6 <0.1~0.1
(107/12 ) 7.0~8.8 96~281 N.D.~13.2 11.2~45.1 0.01~0.66 0.3~1.1 <0.1~0.1
(107/11 ) 6.8~9.9 164~776 10.9~27.2 12.5~53.4 0.12~6.45 0.4~0.9 <0.1~0.5
(107/11 ) 6.7~9.1 96~740 6.1~39.0 10.6~109 0.01~3.04 0.3~1.0 <0.1~0.4
(111/5 ) 7.6~9.5 251~418 3.2~13.5 32.2~150 N.D.~0.16 0.3~0.6 <0.1~0.7
(111/5 ) 7.7~8.8 309~392 3.0~9.9 40.0~65.6 0.01~0.23 0.5~1.2 <0.1

6.0~9.0 750 175 200 3.0 6.0 2.5
(1) 6

5 pH
( )

5

20

8-20
pH

20

pH
3

pH
3

pHHHHH

1

172~437 
/cm/cmcmm

2010000000%%%%%
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21

1
pH

21

1

pH
pH 2

109 5
15 25

pH

2110000000%

5

22

pH

22

100%



5

23

pH

23

pH

5

24

pH

24

pH
1

100%
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1 8-20
/cm 750 -- 209 344 318 174 204

mg/L 3 -- 4.4 7.0 8.4 8.2 7.4
mg/L 100 -- 38.9 13.1 1.7 2.4 8.6
mg/L 175 -- 3.8 20.3 4.5 1.6 8.0
mg/L 200 -- 21.1 26.1 42.0 30.4 22.2
mg/L 3.0 -- 0.07 0.17 0.13 0.09 0.10

(SAR) (meq/L)1/2 6.0 -- 0.4 0.7 0.5 0.2 0.4
(RSC) meq/L 2.5 -- <0.1 0.4 <0.1 <0.1 <0.1

pH - 6.0~9.0 -- 7.8 7.7 8.8 8.7 8.2
mg/L 0.2 -- N.D. N.D. N.D. N.D. N.D.
mg/L 0.01 -- N.D. N.D. N.D. N.D. N.D.
mg/L 0.1 -- N.D. N.D. N.D. N.D. N.D.
mg/L 2.0 -- <0.008 <0.007 N.D. N.D. 0.007
mg/L 0.1 -- N.D. N.D. N.D. N.D. N.D.
mg/L 0.2 -- N.D. N.D. N.D. N.D. N.D.
mg/L 0.05 -- 0.0020 0.0131 <0.0013 N.D. 0.0008
mg/L 0.0002 -- N.D. <0.0005 N.D. N.D. 0.0002
mg/L -- -- 0.979 0.0538 0.0287 0.0485 0.0392
mg/L -- 0.1(1) <0.00050 N.D. N.D. N.D. N.D.
mg/L -- 0.6(1) <0.00200 <0.00200 <0.00200 <0.00200 <0.00200
mg/L -- 0.1(1) N.D. <0.00200 N.D. N.D. N.D.

m -- -- 0.8 0.8 2.2 1.6 0.7
mg/L -- -- 0.114 0.736 0.021 0.010 0.109

a g/L -- -- 12.2 138 3.0 2.8 71.8
mg/L -- 0.2~0.6

113

(DMP) (DEP) (DBP)
(BBP) (DEHP) (DNOP)

5
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106 107 108 109 110 111 112 113

8-20 71.7(52.7) 75.1(77.8) 64.6(40.3) 70.5(46.2) --(43.6) 62.2(56.2) 69.6(53.6) 76.1(71.6)

( ) ( ) ( ) ( ) --( ) ( ) ( ) ( )

1
-- 46.6(11.2) 59.0(18.0) 52.4(11.8) 50.0(6.2) 43.3(4.9) 36.2(3.3) 47.4(5.5)

-- ( ) ( ) ( ) ( ) ( ) ( ) ( )

-- -- 46.7(1.3) 65.7(18.9) 78.7(64.2) 61.9(21.6) 66.4(34.3) 61.7(12.1)

-- -- ( ) ( ) ( ) ( ) ( ) ( )

46.7(2.3) 46.3(2.2) 46.7(4.7) 46.4(2.8) 49.0(4.4) 47.8(2.8) 46.8(3.4) 48.0(2.7)

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

-- -- -- 72.8(28.3) -- 78.5(104) 81.0(70.6) 89.1(138)

-- -- -- ( ) -- ( ) ( ) ( )

(1)-- ( ) (CTSI) ( a )
(2) (CTSI<40) (50 CTSI 50) (CTSI>50)
(3) ( a) (Chl-a<2.6 μg/L) (2.6 μg/L Chl-a 7.2 μg/L) (Chl-a>7.2 μg/L)
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8-20 1

a

5

28



29

29
13-2 1

5


