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2015 8 19 9 11
39 1

DO
COD DIN

PO -P 74

IL COD
AVS 3

4 0 5 10 B-1
3 0 5 B-1 STD

B

15×15cm

IL 450 2

550 6

1
2

10 1994 2003
30 IL

450 2h COD AVS
S

0.561 × IL 3.55 / 2.48 0.588 × COD 15.
05 / 14.37 0.582 × AVS 0.28 / 0.52

S 0.1
0.1 S 2 2

S 2015

38 24 9 5

, , ,1990,
pp.149-186.

,
, ,1980,pp.242-257.
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1. 2015
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1. 2015
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IL(%) AVS COD(mg/g dry)

2. 2015

(S) 0.561×(IL 3.55) 2.48 0.588×(COD 15.05) 14.37 0.582×(AVS 0.28) 0.52

S 0.1

0.1 S 2.0

S 2.0

27
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CTD
(SWAAT BLTEC )

DO COD
NH N NO N NO N PO P

DO COD NH N NO N
NO N PO P 7 9 17
21 22 26 27 31

9 1

2
0 8 30

1990 2010 20
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3 2015

4 5 10 3

6
3 12

8

6 7
10 10

11 3



100

9.9 25.5 11.2 23.3
7 1

12 1

10.6 27.2 11.0 22.3
6 12 1

9
12 1

4
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5
8.2 12.6 10

4 6

5.0 11.2 4
1

*

0.6 0.6

0.6 1.3 ( 1.3 0.6)

1.3 2.0 ( 2.0 1.3)

2.0 ( 2.0)
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DIN PO4-P
DIN PO4-P 6
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DO COD
DO COD 7

27
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0m
8

2015 8 26.4 2
13.4
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Coc
hlodinium polykrikoides
Chattonella spp

Karenia miki
motoi 13

40
5 1 6 8

B
2m

CTD JFE
AAQ-RINKO

B
5m

5m
10m 1m

DIN PO -P4

7 8

.
44 2

2014 5 7 1 3
CTD JFE

27
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2

 

A

B

C
D

E

F

G
H

I
‚i

1 2 3

4

567

8

9 10 11 12

131415

16

17

18

19

20

2122
23

24

252627

28

29

30 31

32

33

J

26
25

131.2 131.4 131.6 131.8 132

33.2

33.4

33.6

33.8

1)

6
270.0

732.0 115 164

58.6
107.7 ( 50 68 )

19.5 22.3 ( -1.3 0.0 )
7

11 12

56 119

62 81
-1.3 -0.4

8
15

144.0 553.5 81 213

143.9
203.0 ( 90 101 )

24.0 2
7.2 ( -1.0 +0.2 )

4 9
3 5

6 9
6

7
2015 6
7

2)
5m DIN PO4

-P 6 8
20.0 23.7 19.4 23.9

19.8 25.0 19.9 24.8
20.4 25.2

33.36 33.59 33.42 34.01
33.65 33.95 33.26 33.79
33.13 34.30 DIN 0.01 0.20
M 0.07 0.73 M 0.03 2.66
M 0.06 4.35 M 0.00
1.98 M PO4-P 0.06 0.12
M 0.06 0.15 M 0.12 0.32
M 0.09 0.42 M 0.01
0.34 M
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3

4

5

10

15

20

25

30

4 5 6 7 8 9

-2

-1

0

1

2

-100

0

100

200

0

100

200

300

400

500

4 5 6 7 8 9

-100

-50

0

50

100

0

100

200

300

4 5 6 7 8 9

6 5m

7 5m

8 5m DIN

9 5m PO4-P

15

17

19

21

23

25

27

6/1 7/1 8/1 9/1

32.0

32.5

33.0

33.5

34.0

34.5

35.0

6/1 7/1 8/1 9/1

0.0

1.0

2.0

3.0

4.0

5.0

6.0

6/1 7/1 8/1 9/1

0

0.1

0.2

0.3

0.4

0.5

0.6

6/1 7/1 8/1 9/1
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1 2015

3
1

19 7
K. mikimotoi 8 1
H. akashiwo C. polyk2015.4.17 ) 4

rikoides C fu3 1 2015.4.17 )
rca P. sigmoides A sanguinea A sanguinea C fu
rca 1

K. mikimotoi C. po5
lykrikoides 2 18.19

4
1 2C. polykrikoides

014
2015 1

16

4
10

K. mikimotoi 5

6 7

6 7

9 10 3
2015.4.17

10 2014 9 2015 7
C. polykrikoides

C.p 1 cells/ml Real-time
PCR

0.001

0.01

0.1

1

10

100

1000

10000

9/1 11/1 1/1 3/1 5/1 7/1
2015

2015

2015

27
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5

K. mikimot
oi H. akashiw3,200 cells/ml 7 22

475 cells/ml 6 24 2o C.polykrikoides
Chattoncells/ml 6 11 8 5

ella spp 1 cells/ml 8 5
K. mikimotoi 2,800 cells/ml 7 17

H. akashiw 3750 cells/ml 6 21
Chattonella spp C.polykrikoides

K. mikimotoi 2,400 cells/ml 7 14
3,350 cells/ml 7 29
) 45,000 cells/ml 7 7H. akashiwo

Chattonella spp 1 cells/ml 8 4
C.polykrikoides

K. mikimotoi 1,400 cells/ml 7 15
21,600 7 13

H. akashiwo 300 cells/ml 6 15
C.polykrikoides 1,660 cells/ml 8 18

1cells/ml 7 9 8 6Chattonella spp

K. mikimotoi 2,550 cells/ml 9 30
H. akashiwo 1 cells/ml 10 6

C.polykrikoides 8 cells/ml 6 8
Chattonella spp 1cells/ml 10 6 10
13

19,100 cells/ml 7K. mikimotoi
27 49,000 cells/ml 7H. akashiwo
6 7,100 cells/ml 4C.polykrikoides

Chattonella s16
pp

2015 5 8
1cell

s/ml
Chattonella spp H. akashiw5 5 13 15

o K. mikimotoi
51 cells/ml

St.A J) St.20 25

6 6 1 4 Chattonella spp.
H. akashiwo 8 cells/ml

K. mikimotoi
10 cells/ml

7 7 6 9 Chattonella spp H. akashiwo
3K. mikimotoi

40 cells/ml
St.E
8 8 3 6 Chattonella spp H. akashiwo

1 1cells/ml K. mikimotoi
41 cells/ml

1
2015 6 3

27

2
27 JF

2015 6 4
5 1
1

( )
2015 7 10
50

12

2015 10 14
45

3
4
25
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5
1 2015 4 2016 3 1

4
2m 5m 10m

1m
3m 0.5

m 0.1m CTD JFE
AAQ-125

10 m
100

ELISA
ELISA (nmol/g)

(MU/g)
Alexandrium catenella

(2015 11 4 2015 12 7 ) 0.9
0.3

1
3m

1)

1
1 2 3 4 5

6 7 8

1.
Gymnodinium catenatum1)

G.catenatum
2 N.D.(4cells/ml

) 24,800 cells/L N.D.(10cells/L ) 1
68,000 cells/L N.D.(10cells/L ) 14,000
cells/L N.D.(10cells/L ) 2300 cells/L

N.D.(10 cells/L) 895 cells/L N.D.
(10 cells/L ) 800 cells/L

5 ,7 1 4
2009

2014 1
3 5 7,11

3

 

 

 

 

 

 

  

 
 

1 

2 

3 

4 

5 

6 

8 

 

 

7 

27
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2
G.catenatum

3 2009 2014
G.catenatum 5

Alexandrium catenella2)
A.catenella

4 N.D.(4 cells/L
) 48,000 cells/L N.D.(10 cells/L ) 3,

555 cells/L N.D.(10 cells/L ) 1,040 cel
ls/L N.D.(10 cells/L ) 200 cells/L

N.D.(10 cells/L ) 20 cells/L N.
D.(10 cells/L ) 1,000 cells/L 11 ,,
1 3 3

Dinophysis spp.3)
Dinophysis spp.

5 N.D.(2 cells/L
) 400 cells/L N.D.(5 cells/L )

525 cells/L N.D.(5 cells/L ) 500 cell
s/L N.D.(5 cells/L ) 10 cells/L

N.D.(10 cells/L ) 500 cells/L N.D.
(10 cells/L ) 500 cells/L

1

10

100

1000

10000

100000

1000000

4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1 1/1 2/1 3/1 4/1

1

10

100

1000

10000

100000

1000000

10000000

4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1 1/1 2/1 3/1 4/1

2009

2010

2011

2012

2013

2014

2015

4
A.catenella

5
Dinophysis spp

2.
Gymnodinium catenatum1)

G.catenatum 6
N.D.(10 cells/L )

30,000 cells/L N.D.(10 cell
s/L ) 1,130 cells/L

Alexandrium catenella2)
A.catenella 7

N.D.(10 cells/L )
2,216 cells/L 12 1 1,000 cell

s/L N.D.(10
cells/L ) 40 cells/L

Dinophysis spp3)
Dinophysis spp 8

N.D.(5 cells/L )
400 cells/L N.D.(5 cells/L
) 10 cells/L

1

10

100

1000

10000

100000

1000000

4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1 1/1 2/1 3/1 4/1

1

10

100

1000

10000

100000

1000000

4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1 1/1 2/1 3/1 4/1
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G.catenatum6

A.catenella7

Dinophysis spp8

1)
9

0.5m 15.0 27.3
2m 15.0 25.1 5m 15.0 25.4

10m 15.0 24.8 -1m 15.0 24.8
8 3

4 9
6 10 12 3

1 2

1

10

100

1000

10000

100000

1000000

4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1 1/1 2/1 3/1 4/1

1

10

100

1000

10000

100000

1000000

4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1 1/1 2/1 3/1 4/1

1

10

100

1,000

10,000

100,000

1,000,000

4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1 1/1 2/1 3/1 4/1

9 2015

2m 5m 1m
2000 1 2015

3

10 2015

2m 5m 1m
2000 1 2015

3
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2)
10

0.5m 29.52
34.79 2m 31.00 34.83 5m 33.13 34.

84 10m 33.56 34.84 -1m 33.46 3
4.86 0.5m 10m 7

-1m 7
0.5m 1 2

4 7 12
10 11 2

1.
11

N.D. 0.1 MU/g
68.0 MU/g 5 11 2

G.catenatu
m A.catenella5 2 11

G.c7
atenatum

2014 12 11
6 4

2.

12
2015 5 25 2016 2 15

2016 2 15
0.1

0.4 25.6
MU/ g 0.6 5.8 MU/g
G.catenatum

2
4MU/g

11
11 4 12 7 0.9

12

0.0

20.0

40.0

60.0

80.0

4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1 1/1 2/1 3/1 4/1

MU/g(×0.3)

MU/g(×0.9)

0.0

5.0

10.0

15.0

20.0

25.0

30.0

4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1 1/1 2/1 3/1 4/1

0.3 
0.9 
0.3
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27

(2)

27

( )

PCR

Kareni2000 2015 16
a. mikimotoi 1

5
<0.05

Welch <0.05 Mann-t

Whitney <0.05 5U

55

1 Sta.3 2015
4 2015 7
2m 5m 1m

47mm GF-F
PCR

DNA Real-time PCR
K. mikimotoi DNA

2015 6 18 8 11
Sta.A

5m 250
K. mikimoto

i
3 4

5m
CTD

27
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1
Sta.A

2

7 21 21:30
1 L

8
4

22:00 7:15
1 2 3

30mL

0.45

500m 

Sta.1 

Sta.2 

Sta.3 

Sta.A 

5 km 

 

Welch <0.05 3 3t p
Mann-Whitney

U p<0.05 1 4)

2 3
3

5

Real-time PCR
K. mikimoto

2
PCR 1

6

33.60

33.80

34.00

34.20

34.40

34.60

34.80

0
20
40
60
80

100
120
140
160
180

100

120

140

160

180

200

220



117

2 Real-time PCR

K. mikimotoi Stn. A m
K. mikimotoi

K. mikimotoi

Stn. A N.D. <1 cells/mL 270 cells/
mL Stn. 1 N.D. 850 cells/mL Stn. 2 N.D.
2,130 cells/mL Stn. 3 N.D. 420 cells/mL

Stn. A

50

100

150

200

250

300

K. mikimotoi
780 cells/m

L DIN
DIP 1 µM 0.3 µM

DIN DIP
DIN

DIP
0.71 µM/h 0.012 µM/h

DIN DIP
DIN

K. mikimotoi DIN DIP

0

50

100

150

200

250

300

350

5 11 6 11 7 11 8 11

Sta.A

0

500

1000

1500

2000

2500

5 11 6 11 7 11 8 11

Sta.A Sta.1

Sta.2 Sta.3

27
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0.2

0.3

0.4

0.6

0.8

1

1.2

1.4

1.6
DIN

DIP

0.2

0.3

0.4

96

98

100

102

104

106

108

110

DIN

DIP

NO3 NO3

DI
N 
(µ
M
)

DI
P 
(µ
M
)

22:00 0:00 2:00 4:00 6:00 8:00 22:00 0:00 2:00 4:00 6:00 8:00
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27

Chat

tonella Karenia

Chattonella Karenia

Karenia

K. mikimotoi

18 mm 23 mm

40 L

30 L

2015 7

29 5 m

9,067 cells/mL

32PN2.15S

20L WASH-N20L

5 mm

50 cm×40 cm 50

8 4

9:15

24 4 6 8 24

David

son

3

24

DO

3

27
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1

100 L

2 LE

D DN-103

12

2

015 7 15 8:30 16 30

( 988 cells/mL)

5.8 m

50 5 mm 50 cm×40 cm

4 8

.

2

4 10,033 cells/mL

24 5,500 cells/mL

.

DO 6.75 7.09 m

g/L 20.31 30.57 mg/L

.

24

4 6 8

2 24 2 2

24

4 4

0%

4 6

8 24 24

85%

24

24

.

.

1000 cells/ml

4-2-9

9

4-2-8

2014

150cells/L

K. mikimotoi
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5 7kg 2.5cm 2.5cm
5
3

2015 12 3
0.1 0.5 1 2 5

4
5

2015 12 22 2
4 30

5 20 1 2

2016 2 2 2
0 5 10

20 20

4 5kg

NB
3 -30

30 -20

-50
30

NB
2015 11 25 NB
2 30 NB

L H
NB 2

NB L
H

2
NB

10
NB

2016 2 23
NB 20

20M 1 1H
20 NB
NB

2

1

1 2
b/a 0.8

0.5
2

a 18
2

27
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3 4 b/a
0.8 30 5
20 5
1

a 52 5 20

10

12

14

16

18

20

22

0 20 40 60 80 100 120 140

0.1%
0.5%
1%
2%
5%

-4

-2

0

2

4

6

8

10

12

14

16

0.1% 0.5% 1% 2% 5%

-15

-10

-5

0

5

10

15

20

25

30

30 5 20 1 2

5 6 b/a
0.8 5

0 10
a 25

5 0

10

12

14

16

18

20

22

24

0 20 40 60 80 100 120 140

30

5

20

1

2

-10

-5

0

5

10

15

20

25

30

0 5 10 20

10

12

14

16

18

20

22

0 20 40 60 80 100 120

0

5

10

20
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NB
NB NB DO
1 NB

NB 40
DO NB NB

NB NB
DO

7 8
b/a 0.8

NB

NB
NB

NB
a 21

NB NB
-20 1

b/a 0.8 1.29
1.90 a 7 12

-50 1
9 10

b/a 0.8 10
L 8 H 1

1 a 1
18 L

-80

-70

-60

-50

-40

-30

-20

-10

0
L H L H

10

12

14

16

18

20

22

0 20 40 60 80 100 120 140

L
H
L

H

10

12

14

16

18

20

22

0 1 2 3 4 5 6 7 8

L

0

2

4

6

8

10

12

L H L H



124

NB
NB DO

10.30mg/l 0.60mg/l
11 12

b/a 0.8
20M 20M

17

a 20 20M

-20 10 20M
b/a 0.8

0.86 0.87 a 12

-50 1
13 14 b/a

0.8 2
20M

30 1H NB

a 1
18

0
2
4
6
8

10
12
14
16
18
20

20M

10

12

14

16

18

20

22

0 10 20 30 40 50 60 70 80

20M

0

1

2

3

20M 1H NB

10

12

14

16

18

20

22

24

0 1 2 3 4 5

20M
H

NB


