
 

30  

 

 



1 

  

  17 3
29 33

  

( ( )

) 

  

   

BOD

 

20 21 5

30  

30

( )

 

( )

 

1 39 ( 2 40 30 1
) 

1 12  

pH BOD COD SS DO  



2 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

28   

 

1 39 ( 24  

 
 

  
 7 12 2  

 7 8 12 1 2  
 5 6 2 2  

 6 2 2  
 7 8 1  

 6 10 2  
  

 

1 39  
 

1 1  

  

 



3 
 

( )  

  

 

 

9 3 (
2 ) 

 

1 12  

 

  

  

  
  
 pH BOD COD SS DO  

 
 



4 
 

  

 

 

( ) 
 

1  

 

 

  

  

:  

 

28   

 

2  
 

  
  
 pH BOD COD  

 
   

 

 

IS-  
IS-  

S-  
S-  

N-  

S-  



5 
 

 
  

   

28   

 

 
pH 

 
  

     

 



6 
 

( ) DNA  

DNA
 

PCR  

24 18  
 

( )  

 

 

 

 

( ) COD
pH  

 

 

 

 

 

 

 

 

 

 

 

  

  



7 
 

 30  

( )  

  

 BOD  

BOD

 

25 20

(p<0.05 ) 30

20 25

g32( ( )) 20

25 30  

 

 

 

 
 BOD  

0.6

0.6 0.5 0.4

0.7

0.5 1.1

0.6 0.5

0.4

0.5 0.8 0.5

0.5

0.4 0.7 0.8

0.4

0.4 1.0

0.9

0.4

0.6 1.0

0.4 0.4

0.4 0.3

0.7 1.2

0.4 0.6

0.8

0.5

1.0 1.1

1.0

2.0

1.0

g04.

g06.

g05.

g07.

g08.

g09.

g11.

g10.

g13.

g12.

g15.

g01.

g02.

g14.

g16.g19.

g18. g26.

g30.

29.

g25.

g24.

g23.

g22.

g17.

g28. 2

g27.

g36. g39.

g37.

g38.

g33.

g34.

g31.

g35.

g32.

g40.

g03.

g21.

BOD 5

 



8 
 

 

 BOD  

 

 

 

 

 

 

 

 

 

 

 



9 
 

  

 

20 25 25 30

 

g36( ) g37( ) g39( )

 

10 20

 

 

 

 

  

0.93

2.7 0.80 0.77

0.86

0.84 0.98

0.50 2.2

0.51

0.42 4.8 5.2

1.1

0.52 0.47 4.8

0.85

0.29 0.96

1.6

0.45

0.61 3.5

0.28 0.35

0.23 0.47

0.82 2.6

0.36 0.85

1.9

0.72

1.5 2.3

1.8

2.4

1.1

g04.
g06.

g05.

g07.

g08.

g09.

g11.

g10.

g13.

g12.

g15.

g01.

g02.

g14.

g16.g19.

g18. g26.

g30.

g29.

g25.

g24.

g23.

g22.

g17.

g28. 2

g27.

g36. g39.

g37.

g38.

g33.

g34.

g31.

g35.

g32.

g40.

g03.

g21.

 



10 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10  

(mg/L) 



11 
 

  

11 12

 

20 g2( )

g32( ) g37( ) g39( ) 20

25 30 g14( ) g15( )

20 25 25 30

g15  

20 g23( ( )) g27( ) 20

30 g23

g27

30 20

20 30  

 

 

11  

0.020

0.044 0.018 0.013

0.022

0.026 0.047

0.008 0.032

0.007

0.010 0.023 0.026

0.024

0.008 0.007 0.023

0.012

0.004 0.042

0.071

0.002

0.012 0.069

0.003 0.005

0.003 0.006

0.022 0.095

0.004 0.025

0.103

0.009

0.053 0.067

0.066

0.19

0.040

g04.

g06.

g05.

g07.

g08.

g09.

g11.

g10.

g13.

g12.

g15.

g01.

g02.

g14.

g16.g19.

g18. g26.

g30.

g29.

g25.

g24.

g23.

g22.

g17.

g28. 2

g27.

g36. g39.

g37.

g38.

g33.

g34.

g31.

g35.

g32.

g40.

g03.

g21.

 



12 
 

 

 

12  

  



13 
 

  

  

13  

30 50 200m  

g15( ) g37( ) g39( ) g36( )

( )

 

 

 

 

 

13  

 

 

 

 

 

 

 

3.0

4.0

5.0

6.0

7.0

8.0

9.0

50m 50 200m 200m

(ASPT)
( ) 1 10

 

1

2

3



14 
 

  

    20 30  

    ( 200m )

 

 

 20 30  

 

243

347

223

206

213

257

544

306

288

282

704

556

441

313

388

354

349

313

375

70

140

70

98

96

154

115

123

85

80

73

38

6

38

19

20

29

19

13

21

11

ASPT

2
0
0

5
0

2
0
0

5
0

EPT



15 
 

  

14 22 25

St.32 St.31 (

)  

25 St.35

St.27 ( ( ) )  

St.6 23

( ) St.33 7

( )  

22

( ) 22 25

25  

 

 

 

 

14  

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%
H25 2013

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%
H22 2010

ND

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%
H30 2018

ND

  



16 
 

( )  

  

 

 

     g6( )

15 20 30

20

 

     

 

    

15  

    

     k10( )

16 21 30

 

     k10 750m 17

 

    

 



17 
 

  

16  

 

17  

     g15( )

18 20 30

 

( ) 100

 

    

  



18 
 

18  

  

    

 

    

N-7 24

 

    

S-

 

 ( mg/L) 

 

  

    

     19 30 BOD 47%

 

 

    

0.51 0.38
2.90 2.40
5.00 2.40

0.18 0.28
0.81

  



19 
 

 

     BOD

 

      

    

     21 29

 

 

 

 

 

 

 

 g27( ) 

30

 

 

 

( ) DNA  

DNA DNA

18  

  

DNA

DNA  

DNA

DNA  

St.21 3

DNA



20 
 

 

DNA 4

DNA

DNA

 

 

  

DNA

1  

DNA

 

 

  DNA  

 

 

  

H20 H25 H30
(copies/ml)

H20 H25 H30
(copies/ml)

St.1 ND ND
St.2 ND ND
St.3 2 7 5 2
St.4 2 ND 8 5 1 0.38
St.5 ND ND
St.6 6 8
St.7 ND ND
St.8 ND 1 0.03
St.9 ND 2 1 1 1.51
St.10 1 ND 6 34 5 0.16
St.11 7 ND 6 32 34 0.02
St.12 1 ND ND
St.13 9 3 2
St.14 ND 3 1 0.02
St.15 ND 2 0.09
St.16 ND ND
St.17 ND 4 ND
St.18
St.19
St.20 ND 3 5 3 0.08
St.21 1 ND 5 1 5 ND
St.22 5 4 1
St.23 ND 1 ND
St.24 ND 4 1 0.01



21 
 

( )  

  

 6 85  

  

 177  

 

 

 

 

 

 

 

 

 

 

 

 

  

 62 51 33

13 13

48  

( )  

 

 

 

 

 
 

 
 

    

H30 85 6 61  6 68  1 21  2 27  62 

H29 100 5 80  5 92  1 25  2 27  51 

H28 97 5 49 5 58 1 21 2 17 48

H27 81 5 50  5 47  1 13  2 14  43 

H26 67 5 56  5 55  1 30  2 25  41 

H25 62 4 34  4 38  2 30  2 10  22 

H24 84 5 29  3 28  2 61  2 5  16 

H23 92 5 61  7 50   2 8  33 

H22 66 4 17  2 17   1 3  20 

H21 60 3 28    1 5  9 

H20 35 5 48    1 3  8 

  
  

  



22 
 

 

 

 

 

No.
1 C

2 A

3 C

4 A

5 A

6 A

7 ( ) B

8 A

9  B

10 A

11 A

12   B

13 A

14 A

15  B

16 B

17 B

18 B

19 -

20 -

21 JR -

22 A

23
24 52 B

25 A

26 50 300m B

27 B

28 1951 A

29 -

30 A

31 A

32 B

33 B

34 4-20-23 5-18-1 C

35 1.2km B

36 A

37 A

38 A

39 B

40 B

41 B

42 C

43 ( ) A

44 A

45 A

46 A

47 B

48 B

 30  



23 
 

 30  

    30  

 

 

 

 

 

 

 BOD

 

 DNA

 

 






