
131

STD
SWAAT BLTEC

2011 4 5 6 10 3 6

5 24 26 11 7 6

6 6 9 12 5 7

7 4 7 2012 1 10 12

8 1 2 2 1 3

9 6 8 3 5 7

DO COD NH4-N
NO2-N NO3-N PO4-P

9 1

2

0m 8 30

1990 2010 21

23
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3 2011

6 12
12 2

4 5
5

21 5 6
7 8 7

9

7 3
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4
10.4 25.9 11.4

24.0 9 12
5 11

12

8.8 26.1 10.3
21.9 4 6 3

7 10

4
32.12 34.33PSU

33.08 34.41PSU
4 5

29.57 33.22PSU
32.95 33.82PSU 5

11 2 3
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5
7.0 11.4m 8

5.17 11.67m 11

*

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 6
DIN 0.72

1.72
4 2

4 3

DIN 1.05
2.52 4

11 6
11 12

PO4-P 6
0.14 0.22

6 11
2 3 6
1 2

0.08 0.35
6 11

3 6 11
12 8 10 3
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DO 7
4.84 6.48ml/L 4.62

6.30ml/L 4
9

5.00 6.78ml/L 3.69
6.48ml/L 9 1

2 1
2

COD 7
0.27 0.60ppm 0.26

0.47ppm

0.26 0.69ppm 0.24
0.53ppm
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0m
8

2011 8 26.4 2
12.9 1

5 1.0
1.1 6 1.5

1 10 1.0 1
1.1 1 1.2 2

1.1 1.1
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1
2011 6 8 1 4

2m 5m 10m
1m 5

CTD
DIGI-AUTO MODEL3-G

SWAAT BL-TECK

6 6 8

5m

p148

p148

2
DIN PO4-P 3

20.8 25.9 16.8 23.4
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12.87 33.70 32.92
34.35 6 7

6

6.61 9.41mg/L 0.00
7.33 mg/L 6

4.3mg/L
7 8
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3.3 7.3m

DIN 1.45 0.58
6 7

6

PO4-P 0.08 0.21
6 8

Chattonella spp C.
ntiqua C. marina Heterosigma akashiwo Karenia
mikimotoi Cochlodinium polykrikoides

2m 5m 10m B-1m
4

Chattonella spp
Chattonella spp

Karenia mikimotoi
8

0.2 cells/ml 6 0.2 cells/ml 7
1.2 cells/ml 8 14.4 cells/ml 8
1.2 cells/ml

Heterosigma akashiwo
8 0.1

cells/ml 6 0.25cells/ml 7
0.16cells/ml 6 8.3 cells/ml 7 3.3
cells/ml 8 0.9 cells/ml 7
1.1cells/ml 8 0.06cells/ml

Cochlodinium polykrikoides

6 0.5 cells/ml 8 0.1 cells/ml
8 2 cells/ml
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2 3 G. catenatum 4
2 3 1

2011 4 2012 3
1 4 1
2m 5m 10m 1m

0.5m
CTD JFE AAQ-125

100

ELISA

2 3

0.5m 16.2 27.3 2m
16.2 25.6 5m 16.2 25.4 10m
16.1 25.3 -1m 15.5 25.0

0.5m 2m 8
9 0.5

2m 5m 10m 3 1m
2 6 9

7 12

0.5m 29.58 34.71 2m
32.31 34.76 5m 33.32 34.78 10m
33.55 34.79 -1m 33.70 34.79

0.5m 2m 5m 6

( )
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9
4

4 5 7 8 10 2 6 11
3 4 5

0.24

Gymnodinium catenatum
4 11 N.D.

12
2 72

cells/L 3
N.D.

Alexandrium catenella
5 5 412cells/L

6 804
cell/L 7 -1 N.D.

1 100cells/L

Dinophysis spp.
9 26 16cells/L 2 13 230cells/L

10cells/L

5 4 10
1 3

4 21
5 A.catenella

5 16 9.8
MU/g

7
5 16 7 21
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8 12 ELISA

6
7

0.5m 15.4 27.4 2m
15.4 26.5 5m 15.4 25.9 10m
15.2 25.6 -1m 15.0 25.6

0.5 2m 8
9 2

6 7
9 9

11 7 2

0.5m 22.58 34.81 2m
32.23 34.80 5m 33.53 34.80 10m
33.68 34.77 -1m 33.73 34.81

0.5m 2m 6 5m
6 10m 1m 11

6 0.5m
4 5

8 6 11 3
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8

Gymnodinium catenatum
8 30cells/L 4

12 N.D. 12
1 16,200cells/L

2 1,000cells/L
2 3

2010
2011

2

Alexandrium catenella
2 5

5 6 1,000cells/L
5/31 2,400 cells/L

1 2 7,293 cells/L
3
Dinophysis spp.

4 12 10cells/L
1

2 1,880cells/L 3

9
4 5 2.9 3.9MU/g

2 G. catenatum A.
catenella

5.6MU/g

3 3

1

1999

4 28 2 3 2 3
Dinophysis spp. 50cells/L

3 13

4 27 2
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Cochlodinium
polykrikoides 1999 7.6
2 0 0 0 3 5 He t e r o c a p s a
circularisquama 1998 38
Chattonella spp. Chattonella antiqua Ch. marina

2003 6.6 4.9
3.3 1.6 2009 20

8.7 4.3 2010
36.8 16 1.6

1
4 7 1 2
5 9 CTD

JFE AAQ RINKO

B 2m 5m
2m

10m 1m
DIN

PO4-P

7 8

2007 2012 K.
mikimotoi
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6

151 262%
6 5

7 9
18 19 6
19 10.1m

8.7m 7
37

146%
-0.2 +1.0

78 99%
8

17 36.2 8

55 217%
-0.1 +0.9

80 94%

9 12 15
568.5mm 759.0mm

9
61

301%

4 9
2

4 0.7 5 7 9
0.4 0.8 8

4 8 -120mm
-85mm 6 9 +289mm
+456mm

p138

1
21 4

Heterosigma.akashiwo 7 1
Mesodinium. rubrum 5 Noctiluca.

scintillans 5 Karenia.mikimotoi 3 1

K.mikimotoi 3 H.akashiwo 3

H. akashiwo M. rubrum
M. rubrum

K.mikimotoi 21
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K. mikimotoi 6 29 2cells/ml 7 6
1cells/ml 7 13 2cells/ml 7 27
2cells/ml 8 10 1cells/ml
Chattonella spp. C. polykrikoides

H. akashiwo 6
5 30 85

cells/ml 6 8 8cells/ml 6 15
10,000cells/ml 6 22 25cells/ml 6 29

1cells/ml 7 6 6cells/ml 7 13 1cells/ml 8
10 1cells/ml

K. mikimotoi 7 13 1cells/ml 8 10
2cells/ml Chattonella spp.

C. polykrikoides 7 27 2cells/ml
H. akashiwo 6 29 2

cells/ml 7 13 1cells/ml 8 10 2 cells/ml

K. mikimotoi 7 29 2cells/ml
Chattonella spp. C. polykrikoides

H. akashiwo 6 29 1cells/ml 7 13
1cells/ml

K. mikimotoi 8
3 6

7
7

145cells/ml
8

8

9
6 30

2cells/ml 7 12 1cells/ml 7 26
145cells/ml 7 29 25cells/ml 8 9
55cells/ml 8 11 750cells/ml 8 12
210cells/ml 8 17 1,300cells/ml 8 18
850cells/ml 8 23 99,000cells/ml 8 26

1,000cells/ml 8 30 40cells/ml
Chattonella spp. C. polykrikoides

6 21 6cells/ml 8 9 14cells/ml 8
11 6cells/ml 8 12 8cells/ml 8 17
24cells/ml 8 18 6cells/ml 8 22 6

cells/ml H. akashiwo 6 2
10cells/ml 6 14 1,500cell/ml JF
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6 17 200cells/ml 6 30 50cells/ml 7
12 100cells/ml 7 26 50cells/ml 7

29 25cells/ml 8 2 1cells/ml 8 9
10cells/ml 8 12 1cells/ml 6

K. mikimotoi 8 25 1cell/ml 8 26
3cells/ml Chattonella spp. 8 25

1cell/ml 9 1 1cell/ml C.
polykrikoides 8 3 2cells/ml 8 25
8cells/ml 8 26 24cells/ml H.
akashiwo 6 22 1cells/ml 7 15
25cells/ml 8 3 5cells/ml

K. mikimotoi 4 14 1cells/ml
6 7 8 22

13cells/ml 8 29
22,000cells/ml 9 5
277cells/ml 9 12 3cells/ml 11 15
11cells/ml 1 20 400cells/ml
Akashiwo sanguinea 2,950cells/ml

1 27 62cells/ml K.
mikimotoi 2

25.9 13.9
Chattonella spp. C. polykrikoides

8 22 13cells/ml 11 25 8cells/ml 1
27 4cells/ml H. akashiwo 4
14 1cells/ml 6 23 1cells/ml 7 8
21cells/ml 7 21 10cells/ml 8 22

1cells/ml 8 29 1 cells/ml 9
9 12 525cells/ml 9

15 50,000 cells/ml
11 15 100cells/ml

K. mikimotoi 5 31 2cells/ml 7 4
2cells/ml 7 25 1cells/ml 8 12 2cells/ml 8

15 1cells/ml 9 1 1cells/ml
Chattonella spp. Co.

polykrikoides 4 18 5cells/ml 4 22
3cells/ml 5 11 2cells/ml 5 23
62cells/ml 5 25 108cells/ml 5 27
108cells/ml 5 31 49cells/ml 6 6
126cells/ml 6 13 60cells/ml 6 15 340
cells/ml 7 4 8cells/ml 7 6 81cells/ml 8

8 10cells/ml 5 6
H. akashiwo

4 11 1cells/ml 5 25 15cells/ml 5
31 8cells/ml 6 23 38cells/ml 7 25
25cells/ml 8 12 8cells/ml 8 15 5

cells/ml 9 1 4cells/ml 9 26 1cells/ml
10 17 1cells/ml

K.mikimotoi
2006 2011 K. mikimotoi

4
2010 1,000cells/ml

2007
2011 K. mikimotoi

2006 2011
5 2007

2011
K. mikimotoi

K. mikimotoi

2011 6 3

19

22 4
2011 6 7
JF
13

2011 6 22

20

12
16
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2011.7.12

2011.8.17

>10

2011.7.26

2011.8.12

>100 >1000 >10000

2011.6.30

2011.8.9

cells/ml
>1= N.D.

2011.8.23 2011.8.30 2011.9.13 14
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Gymnodinium catenatum Alexandrium
catenella

ELISA
Sta.2

1 2012
1 3

ELISA ELISA

1,000ml 10ml 100

1

7 1 2011 4 2012
3 Sta.6

7
Sta.1

Sta.4 5
Sta.3
Sta.1 4 5 5 2m 5m 10m

1m Sta.2 4 2m 5m 10m
Sta.3 6 7 2 3m Sta.1

6 CTD
0.5m

0.1m

ELISA

1 1 2011
12 2012 3
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Sta.2
2 G. catenatum A. catenella

G. catenatum N.D.
3,083cells/L A. catenella N.D. 4,285cells/L

1 2
ELISA

3
ELISA 2.9 12.4MU/g

2.5 14.7MU/g

2 ELISA
2

ELISA
4

ELISA

ELISA

Gymnodinium catenatum
5

Sta.1 N.D.
16,200cells/L Sta.2 N.D. 3,083cells/L Sta.3
N.D. 323cells/L Sta.4 N.D. 44cells/L Sta.5

N.D. 72cells/L Sta.6 N.D. 133cells/L Sta.7
N.D. 60cells/L 4 11
100cells/L 12

Sta.1
12

3
6

ELISA
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Alexandrium catenella
7
Sta.1 N.D.

7,293cells/L Sta.2 N.D. 4,285cells/L Sta.3
N.D. 217cells/L Sta.4 N.D. 1,204cells/L Sta.5

N.D. 804cells/L Sta.6 N.D. 2,000cells/L
Sta.7 N.D. 40cells/L 5 6

1 2

8 9

10

4 8
1 3 2 4 8

Sta.5
298MU/g Sta.4 66MU/g Sta.1

11.6MU/g
10.3MU/g Sta.3 3.0MU/g
Sta.3

A. catenella A.
catenella

2011 1 3 G. catenatum
Sta.5

4 8
G. catenatum

Sta.1 29.9MU/g 1/30
8.2 MU/g 2/13 Sta.3 3.3

MU/g 2/13 Sta.5 3.0MU/g
3/12 Sta.4 2.1 MU/g 2/27

Sta.1

2 4
Sta.1

G.
catenatum A. catenella

1 3
G. catenatum A. catenella
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0

4

8

12

16

20

24

28

32

12/15 1/15 2/15 3/15

M
U/

23



156

G. catenatum A. catenella Sta.A
11 G.

catenatum N.D 2,830cells/L A. catenella N.D.
60cells/L G. catenatum 1

3
1,000cells/L A.

catenella

12
2
2

7.4MU/g 2/20
3 22.1MU/g

3/19 3
8.7U/g 3/5

4.1U/g 3/26
G.

catenatum
G. catenatum

ELISA

ELISA

ELISA

G. catenatum A. catenella

ELISA
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*

*

44 2011
6 9 1 4

C-CTD JFE
0.5m 0.1m

chl 10m
chl

10m B
100ml

GF/F Whatman DMF
Chl.a

Chl.a
10-AU Turner Designs

3m

DS5X Hydrolab
1 chl

Flow-CAM
Fluid Imaging Technology 5

FAX

FAX

0.5m 16.4 21.3

0.5m 31.23 34.15
Chl.a

0.4

Heterosigma akashiwo Skeletonema spp.

23
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Skeletonema spp.
Rhizosolenia spp. Dictyocha

sp.
Dictyocha sp.

0.5m 19.7 24.5
0.5m 29.18

33.41
Sta.C 30.00

Chl.a 0.6
Chaetoceros spp.

Chaetoceros spp. Nitzschia spp.

Chaetoceros spp.

0.5m 22.1 27.4
0.5m

30.37 33.47
Chl.a 0.8

Skeletonema spp. Nitzschia spp.

0.5m 25.1 27.4
25.5 26.5 0.5m

30.46 32.55
Chl.a

0.4

Mesodinium rubrum
Chaetoceros spp. Skeletonema spp.

Chaetoceros spp.

1

Chl

Chl

Chl


