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High Rate Algal Ponds 
Moringa oleifera

pH4 20mg-C/L A660 a
 

Moringa oleifera  
 
 

1   

 

 
23 27

 
 
2  

GNI per capita,
PPP (current
international $,
2011)

Improved
sanitation
facilities (% of
population with
access, 2010)

Renewable
internal
freshwater
resources per
capita (cubic
meters, 2009)

Arable land
(hectares per
person, 2009)

Agriculture
value added per
worker
(constant 2000
US$)

Energy self
sufficiency rate,
net (% of energy
use, 2009)

CO2 emissions
(metric tons per
capita, 2008)

United States 48,890 100 9,186 0.53 47,320 78 18.0
United Kingdom 35,940 100 2,346 0.10 26,330 81 8.5
Japan 35,530 100 3,371 0.03 40,763 20 9.5
Malaysia 15,190 96 20,752 0.06 6,432 134 7.6
China 8,450 64 2,113 0.08 521 92 5.3
Thailand 8,390 96 3,268 0.22 715 60 4.2
Indonesia 4,530 54 8,504 0.10 710 174 1.7
Philippines 4,160 74 5,223 0.06 1,126 60 0.9
India 3,620 34 1,197 0.13 479 74 1.5
Vietnam 3,260 76 4,178 0.07 361 120 1.5
Pakistan 2,880 48 323 0.12 963 76 1.0
Bangladesh 1,940 56 714 0.05 480 84 0.3
Median 8,360 85 2,769 0.14 2,755 77 2.7
Number of countries 162 171 173 203 148 134 197

1  
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1

PSI PSI-025 /
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JMD-4E 2 150rpm (G
85.6 sec-1) 15 30rpm (G 7.66 sec-1)
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1) 

23
 4241

pp.49-52, 2012. 
2) 

2011  
3) Andy Shilton, Pond treatment technology, IWA publishing, 
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2006. 
4) J.B.K. Park, R.J. Craggs, A.N. Shilton. Wastewater 

treatment high rate algal ponds for biofuel production. 
Bioresource Technology, 102(1), pp.35-42, 2011. 

5) K.A. Yongabi, Biocoagulants for water and waste water 
purification: a review, International review of chemical 

engineering, 2(3), pp.444-458, 2010. 
6) Moringa oleifera 

,
, 59, pp.73-80, 2012. 

7) S A Parsons and B Jefferson: Introduction to portable water 
treatment processes, Blackwell publishing Ltd., 2006. 

 

2 pH 15.0mV  

3 A660 pH A660 105 abs/m  

4 a pH a 1510 g/L
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Reclaimed water
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UF Case 1
4( )

NoV  NoV -
(n=10000 ) (DALY)

DALY
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1 2 NoV Shaoiro-Wilk

1 2 NoV 5
1copy/tube

Shaoiro-Wilk 5
( -5) -6 1 2

NoV  

Case 1 4
 

Case 1  
Case 2  
Case 3 1 UF  
Case 4 2 UF  

Case 2 A B C
(C-1) C-2 A B 4

19.7% ( 95.7%) 3) C (C-1) 30 (C-2)
100 100% ( 100%) 4)  

Case 2 NoV
-7 NoV  

100g 0.1mL~10mL 1
H22 1 1 5)

-1

―　　―41



NoV GI GII  

 

 

 
 
 
 
 

Disability Adjusted Life Years : DALY
(1)  

(1)  11 DBRDPDALY inf
n

infpppy   

 
DALYpppy 1 1  (DALY/ ) Pinf (D)  
Rinf  = 0.8 D  (Copy) DB  ( ) = 9.0 10-4 n 

 
NoV Moe et al.(2009) 8)

Kemmeren et al.(2006) 9)  
 
a)  

Beta-Poisson Exponential
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9) NoV
Masago et al. (2006) 8)

(2)  

(2)   501
50

D
ID
.lnexpDPinf    

ID50 50%  
Masago et al.(2006) 8) (2) 50 ID50 10 100

Real-time PCR
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2012  

5  World Health Organization: WHO Guidelines for the safe use of wastewater, excreta and greywater, 
volume II; Wastewater use in agriculture, pp.56-64, 2006. 

6  21 2009  
7  

pp. 12 2005  
8  Masago Y., Katayama H., Watanabe T., Haramoto E., Hashimoto A., Omura T., Hirata T. and 

Ohgaki S. : Quantitative risk assessment of Noroviruses in drinking water based on qualitative 
data in Japan, Environ. Sci. Tech., Vol.40, No.23, pp.7428–7433, 2006. 

9  Kemmeren, J.M., Mangen, M.J.J., van Duynhoven, Y.T.H.P. and Havelaar, A.H.: Priority setting of 
foodborne pathogens, RIVM report 2006, p.68, 2006. 
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H
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O
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D
O

 (m
g/
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H
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H
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H
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H
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H
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H
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H
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H
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H
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H
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H
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H
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C
l-

(m
g/

L)

 

0

5

10

15

20

H
18
.1

H
19
.1

H
20
.1

H
21
.1

H
22
.1

H
23
.1

H
24
.1

H
25
.1

D
O

 (m
g/

L)

7 9 3m

 
DO  

0

40

80

120

160

H
18
.1

H
19
.1

H
20
.1

H
21
.1

H
22
.1

H
23
.1

H
24
.1

H
25
.1

C
hl

.a
 (

g/
L)

7 9

3

Chl a
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DO Chl.a  
DO Chl.a

23
18

DO
H18 H20 DO

H21
H23 0mg/L

21

H23

Chl.a H22 3
H23 3

H22

H23 Chl.a H22

Chl.a

5.0

10.0

15.0

0.0 5.0 10.0

D
O

 (m
g/

L)

DO (mg/L)

H18 H19 H20 H21
H22 H23 H24

 
DO DO

 
 

DO DO

DO
DO H22

DO
H20

DO
DO

 
 

 
  

24 8 7 8 20

U-22XD

GFB
TRAACS2000

 

0 10km

St.1

0 10km0 10km

St.1St.1

 
 

 
  

DO 5mg/L
DO

DO
8 20

―　　―67



 

D-TP 0.057mg/L  0.049mg/L D-TN 1.205mg/L  
0.705mg/L

DO 2mg/L
0.34mg/L ND

 

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

0 5 10 15

(m
)

DO (mg/L)

 

 

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

0.00 0.20 0.40 0.60

(m
)

NO3-N (mg/L)

ND

ND
 

 
 

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

0.000 0.020 0.040 0.060

(m
)

PO4-P (mg/L)
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1  

 

 

2  

2 1  

10

1

Predicted No 

Effect Concentration PNEC

ng/L
1)  

2 2  

H24

A 16 63  

138 km 1240 km2  

380 H17 2

PNEC ( g/L)1)

Azithromycin 0.019
Bezafibrate 10
Caffeine 5.2
Clarithromycin 0.02
Crotamiton 3.5
Ibuprofen 130
Ketoprofen 0.16
Levofloxacin 0.079
Sulfamethoxazole 1.6
Triclosan 0.002

1 H24  
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2 A  

St. A-A

WWTP

St. A-4St. A-2 St. A-3St. A-1

0.5km 0.3km 0.8km 1.2km

St. T-1

St. T-aSt. T-B

Ne-gawa

WWTP WWTP

St. 2

St. T-c

Asa-kawa

St. T-d

St. T-DSt. T-C

WWTP

WWTP Yaji-gawa

WWTP Zanbori-gawa WWTP

Hodokubo-gawa

St. T-3

St. T-bSt. T-A

1  

BOD 2mg/L 2001 B BOD 3mg/L

5

1 St. T-1 St. T-2

St. T-2 St. T-3 5km

St. 

T-A St. T-B St. T-C

6 4

H24 8/23 1/30 2

 

A

1 3 2

St. A-1 0.5km St. A-A St. A-2

0.3km St. A-2 St. A-3 0.8km St. A-3 St. A-4 1.2km

H24 5/24

7/10 9/18 12/13 1/7 5

St. A-3 9/18 12/13 1/17 3

St. A-A

 

2 3

Na2EDTA

1g/L

Triclosan Nakada et al.3)

GC-MS 4)

LC-MS/MS GC-MS LC-MS/MS

 

2 4

5) St. T-2 St. T-c

 

St. T-c

2012 8 8 2013 1 9 St. T-2

St. T-2 St. T-1 St. T-a St. T-b St. T-A St. T-B St. T-C

―　　―70



2  

St T-2 St T-1 St T-2 St T-1 St T-a St T-b St T-A St T-C
St T-3 St T-2 St T-3 St T-2 St T-c St. T-d St T D
St A-2 St A-1 St A-2 St A-1 St A-A
St A-3 St A-2 St A-3 St A-2
St A-4 St A-3 St A-4 St A-3

 

St. T-2 St. T-c St. T-d

St. T-D St. T-3

 

A 30m

 

2 5

6 St. T-A St. T-B St. T-C

1/2  

2 6  

6)  

 

St. T-2 St. T-3 St. T-2 St. T-1

St. T-2 2

St. T-3 St. T-2 St. T-3

 

A St. A-2 St. A-3 St. A-4 St. A-2 St. A-3 St. A-4

St. A-1 St. A-2 St. A-2 St. A-3 St. A-3 St. A-4

2 St. A-1 St. A-2 St. A-1 St. A-A

A St. A-2

St. A-3 St. A-3 A-4

St. A-2 St. A-3

St. A-3 9/18 12/13 1/7

A

 

 

3  

3 1  

3 1 1  

3 10

St. T-1 Caffeine 9

Caffeine St. T-1
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St. T-2 St. T-3 Azithromycin Caffeine Clarithromycin Crotamiton Levofloxacin

Sulfamethoxazole 2 100ng/L Azithromycin

Bezafibrate Clarithromycin Crotamiton Ibuprofen Levofloxacin Triclosan

Ketoprofen St. T-1 St. T-3

St. T-a T-b St. T-c T-d

 

Caffeine Ibuprofen

Caffeine Azithromycin Bezafibrate

Clarithromycin Crotamiton Levofloxacin St. T-C

Bezafibrate Ibuprofen Ketoprofen  

 

WWTP Zanbori-gawa WWTP WWTP

St. T-A St. T-b St. T-C St. T-D

St. T-1 St. T-2 St. T-3

St. T-B St. T-a St. T-c St. T-d

WWTP Yaji-gawa
Ne-gawa Asa-kawa Hodokubo-gawa

Azithromycin

WWTP WWTP

0

50

100

Aug. Jan.

0

300

600

Aug. Jan.

0

150

300

Aug. Jan.
0

150

300

Aug. Jan.

0

50

100

Aug. Jan.

0

50

100

Aug. Jan.

0

300

600

Aug. Jan.
0

300

600

Aug. Jan.

0

300

600

Aug. Jan.

0

300

600

Aug. Jan.

<L
O
D

0

150

300

Aug. Jan.

WWTP Zanbori-gawa WWTP WWTP

St. T-A St. T-b St. T-C St. T-D

St. T-1 St. T-2 St. T-3

St. T-B St. T-a St. T-c St. T-d

WWTP Yaji-gawa
Ne-gawa Asa-kawa Hodokubo-gawa

WWTP

Bezafibrate

WWTP

0

75

150

Aug. Jan.

0

200

400

Aug. Jan.

0

75

150

Aug. Jan.
0

75

150

Aug. Jan.

0

75

150

Aug. Jan.

0

50

100

Aug. Jan.

0

75

150

Aug. Jan.
0

200

400

Aug. Jan.

0

200

400

Aug. Jan.

0

200

400

Aug. Jan.

0

75

150

Aug. Jan.

 3 10 ng/L  
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WWTP Zanbori-gawa WWTP WWTP

St. T-A St. T-b St. T-C St. T-D

St. T-1 St. T-2 St. T-3

St. T-B St. T-a St. T-c St. T-d

WWTP Yaji-gawa
Ne-gawa Asa-kawa Hodokubo-gawa

WWTP WWTP

Caffeine

0

400

800

Aug. Jan.

0

200

400

Aug. Jan.

0

200

400

Aug. Jan.
0

200

400

Aug. Jan.

0

400

800

Aug. Jan.

0

400

800

Aug. Jan.

0

400

800

Aug. Jan.
0

200

400

Aug. Jan.

0

200

400

Aug. Jan.

0

200

400

Aug. Jan.

0

200

400

Aug. Jan.

Zanbori-gawa WWTP WWTP

St. T-A St. T-b St. T-C

St. T-1 St. T-2 St. T-3

St. T-B St. T-a St. T-c St. T-d

WWTP Yaji-gawa
Ne-gawa Asa-kawa Hodokubo-gawa

WWTP WWTP

St. T-D

WWTP
Clarithromycin

0

50

100

Aug. Jan.

0

800

1600

Aug. Jan.

0

400

800

Aug. Jan.
0

400

800

Aug. Jan.

0

50

100

Aug. Jan.

0

50

100

Aug. Jan.

0

800

1600

Aug. Jan.
0

800

1600

Aug. Jan.

0

800

1600

Aug. Jan.

0

400

800

Aug. Jan.

0

800

1600

Aug. Jan.

WWTP Zanbori-gawa WWTP WWTP

St. T-A St. T-b St. T-C St. T-D

St. T-1 St. T-2 St. T-3

St. T-B St. T-a St. T-c St. T-d

WWTP Yaji-gawa
Ne-gawa Asa-kawa Hodokubo-gawa

WWTP

Crotamiton

WWTP

0

100

200

Aug. Jan.

0

600

1200

Aug. Jan.

0

300

600

Aug. Jan.
0

300

600

Aug. Jan.

0

100

200

Aug. Jan.

0

100

200

Aug. Jan.

0

600

1200

Aug. Jan.
0

600

1200

Aug. Jan.

0

600

1200

Aug. Jan.

0

600

1200

Aug. Jan.

0

300

600

Aug. Jan.

 3 10 ng/L
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Ibuprofen
WWTP Zanbori-gawa WWTP WWTP

St. T-A St. T-b St. T-C St. T-D

St. T-1 St. T-2 St. T-3

St. T-B St. T-a St. T-c St. T-d

WWTP Yaji-gawa
Ne-gawa Asa-kawa Hodokubo-gawa

WWTP WWTP

0

5

10

Aug. Jan.

0

25

50

Aug. Jan.

0

5

10

Aug. Jan.

<L
O

D

0

5

10

Aug. Jan.

0

5

10

Aug. Jan.
<L

O
D

 

0

5

10

Aug. Jan.

0

25

50

Aug. Jan.

<L
O

D

<L
O

D

<L
O

D

0

25

50

Aug. Jan.

0

25

50

Aug. Jan.

0

25

50

Aug. Jan.
<L

O
D

<L
O

D
0

5

10

Aug. Jan.

WWTP Zanbori-gawa WWTP WWTP

St. T-A St. T-b St. T-C St. T-D

St. T-1 St. T-2 St. T-3

St. T-B St. T-a St. T-c St. T-d

WWTP Yaji-gawa
Ne-gawa Asa-kawa Hodokubo-gawa

WWTP WWTP

Ketoprofen

0

5

10

Aug. Jan.

0

300

600

Aug. Jan.

0

75

150

Aug. Jan.
0

75

150

Aug. Jan.

0

5

10

Aug. Jan.

0

5

10

Aug. Jan.

0

300

600

Aug. Jan.
0

300

600

Aug. Jan.

0

300

600

Aug. Jan.

0

300

600

Aug. Jan.

0

75

150

Aug. Jan.

WWTP Zanbori-gawa WWTP WWTP

St. T-D

St. T-2 St. T-3

St. T-B St. T-a St. T-c St. T-d

WWTP Yaji-gawa
Ne-gawa Asa-kawa Hodokubo-gawa

St. T-b St. T-C

Levofloxacin

St. T-A

WWTP

St. T-1

WWTP

0

50

100

Aug. Jan.

0

600

1200

Aug. Jan.

0

250

500

Aug. Jan.
0

250

500

Aug. Jan.

0

50

100

Aug. Jan.

0

50

100

Aug. Jan.

0

600

1200

Aug. Jan.
0

600

1200

Aug. Jan.

0

600

1200

Aug. Jan.

0

600

1200

Aug. Jan.

<L
O

D
 

<L
O

D

0

250

500

Aug. Jan.

 3 10 ng/L
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3 1 2 A 

4 A 10 Caffeine 9

St. A-1 St. A St. A-2 St. A-4

Caffeine St. A-1  

Caffeine 9 5 7

Azithromycin Bezafibrate Clarithromycin Ibuprofen Levofloxacin 12

1

Ketoprofen  

Azithromycin Bezafibrate Clarithromycin Crotamiton Ketoprofen Levofloxacin

100ng/L Azithromycin Clarithromycin Crotamiton

Levofloxacin 12 1

 

WWTP Zanbori-gawa WWTP WWTP

St. T-A St. T-b St. T-C St. T-D

St. T-1 St. T-2 St. T-3

St. T-B St. T-a St. T-c St. T-d

WWTP Yaji-gawa
Ne-gawa Asa-kawa Hodokubo-gawa

WWTP WWTP

Sulfamethoxazole

0

150

300

Aug.Jan.

0

150

300

Aug. Jan.

0

150

300

Aug. Jan.
0

150

300

Aug. Jan.

0

150

300

Aug. Jan.

0

150

300

Aug. Jan.

0

150

300

Aug. Jan.
0

150

300

Aug. Jan.

0

150

300

Aug. Jan.

0

150

300

Aug. Jan.

0

150

300

Aug. Jan.

WWTP Zanbori-gawa WWTP WWTP

St. T-A St. T-b St. T-C St. T-D

St. T-1 St. T-2 St. T-3

St. T-B St. T-a St. T-c St. T-d

WWTP Yaji-gawa
Ne-gawa Asa-kawa Hodokubo-gawa

Triclosan

WWTP WWTP

0

125

250

Aug. Jan.

0

125

250

Aug. Jan.

0

125

250

Aug. Jan.
0

125

250

Aug. Jan.

0

125

250

Aug. Jan.

0

125

250

Aug. Jan.

0

125

250

Aug. Jan.
0

125

250

Aug. Jan.

0

125

250

Aug. Jan.

0

125

250

Aug. Jan.

0

125

250

Aug. Jan.

 3 10 ng/L
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St. A-2 St. A-3 St. A-4

Azithromycin

St. A-1

St. A-A

WWTP

<L
O

D
 

<L
O

D
 

0

200

400

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

200

400

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

200

400

Se
p.

D
ec
.

Ja
n.

0

200

400

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

200

400

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

St. A-2

St. A-A

WWTP

St. A-1

Bezafibrate

St. A-4St. A-3
0

400

800

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

400

800

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

400

800

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

400

800

Se
p.

D
ec
.

Ja
n.

0

400

800

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

St. A-4St. A-3St. A-2

St. A-A

WWTP

St. A-1

Caffeine

0

100

200

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

100

200

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

100

200

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

100

200

Se
p.

D
ec
.

Ja
n.

0

100

200

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

St. A-2

St. A-A

WWTP

St. A-1

Clarithromycin

St. A-4St. A-3
0

350

700

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

350

700

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

350

700

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

350

700

Se
p.

D
ec
.

Ja
n.

0

350

700

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

 4 A ng/L  
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WWTP

St. A-4St. A-3St. A-1

Crotamiton

St. A-2

St. A-A

0

350

700

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

350

700
M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

350

700

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

350

700

Se
p.

D
ec
.

Ja
n.

0

350

700

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

St. A-4St. A-3St. A-2

St. A-A

WWTP

St. A-1

Ibuprofen

0

5

10

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

<L
O

D

0

5

10

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

5

10

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

5

10

Se
p.

D
ec
.

Ja
n.

0

5

10

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

Ketoprofen

St. A-4St. A-3St. A-2

St. A-A

WWTP

St. A-1
0

350

700

M
ay

Ju
ly

Se
p.

D
ec
.

Ja
n.

<L
O

D

<L
O

D

0

350

700

M
ay

Ju
ly

Se
p.

D
ec
.

Ja
n.

0

350

700

M
ay

Ju
ly

Se
p.

D
ec
.

Ja
n.

0

350

700

Se
p.

D
ec
.

Ja
n.

0

350

700

M
ay

Ju
ly

Se
p.

D
ec
.

Ja
n.

St. A-4St. A-3

WWTP

St. A-A

St. A-1

Levofroxacine

St. A-2
0

300

600

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

<L
O

D
 

<L
O

D
 

<L
O

D

0

300

600

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

300

600

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

300

600

Se
p.

D
ec
.

Ja
n.

0

300

600

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

 4 A ng/L  
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3 2  

3 2 1  

5 St. T-3

1.1 1

 

 

St. A-2

St. A-A

WWTP

St. A-1

Sulfamethoxazole

St. A-4St. A-3
0

75

150

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

75

150

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

75

150

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

75

150

Se
p.

D
ec
.

Ja
n.

0

75

150

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

St. A-4St. A-3St. A-2

St. A-A

WWTP

St. A-1

Triclosan

0

100

200

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

100

200

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

100

200

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

0

100

200

Se
p.

D
ec
.

Ja
n.

0

100

200

M
ay Ju
ly

Se
p.

D
ec
.

Ja
n.

 4 A ng/L  

WWTP Zanbori-gawa WWTP WWTP

St. T-A St. T-b St. T-C St. T-D

St. T-1 St. T-2 St. T-3

St. T-B St. T-a St. T-c St. T-d

WWTP Yaji-gawa
Ne-gawa Asa-kawa Hodokubo-gawa

WWTP WWTP

0

25

50

Aug. Jan.

0

25

50

Aug. Jan.

0

50

100

Aug. Jan.
0

50

100

Aug. Jan.
0

50

100

Aug. Jan.

0

25

50

Aug. Jan.

0

25

50

Aug. Jan.

0

25

50

Aug. Jan.
0

25

50

Aug. Jan.

0

25

50

Aug. Jan.

0

25

50

Aug. Jan.

5 104 m3/Day  
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3 2 2 A

6

5 7

5 7

5 7

Caffeine

9

 

3 3  

3 3 1  

7 10

Caffeine 9 St. T-2 St. 
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-CnH2n+1
-SO3H

LAS
(LAS-C10)

(LAS-C11)
(LAS-C12)

(LAS-C13)
(LAS-C14)

LAS LAS-C10 LAS-C11
LAS-C12 LAS-C13 LAS-C14

 

LAS
1) 2) Garcia 3)

-1  
 μm

SS
Oasis HLB

Oasis WAX
LC/MS/MS  

SS

Oasis HLB

Oasis WAX

LC/MS/MS
 

LC/MS/MS
-1

 
-1 LC/MS/MS  

LAS-C10 297 183
LAS-C11 311 183
LAS-C12 325 183
LAS-C13 339 183
LAS-C14 353 183
LAS-C8 269 170

AB SCIEX API3200
L-column2 ODS

2.1 mm× 150 mm 3 μm

1) 50 mmoL/L 0.1%

40 
A 50 mmoL/L 0.1% 1

B
0 min    A B=60 40
0 12 min A 60 20 B 40 80
12 15 min A B 20 80
15 16 min A 20 5 B 80 95
16 26 min A B=5 95

Prominence

27 33 min A B=40 60
0.2 mL/min
5 μL
ESI
MRM Multiple Reaction Monitoring

26 27 min A 5 40 B 95 60

 

LAS
LAS-C8

LC/MS/MS

 
 

5 3
IDL 10

IQL
-2

-3 -4  

 
 

-1  
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-2 IDL IQL 

C10 C11 C12 C13 C14
IDL 0.40 0.20 0.22 0.23 0.19
IQL 1.3 0.65 0.75 0.78 0.64
IDL 0.002 0.001 0.001 0.001 0.001
IQL 0.007 0.003 0.004 0.004 0.003
IDL 0.008 0.004 0.005 0.005 0.004
IQL 0.027 0.013 0.015 0.016 0.013

LAS

μg/L  
-3 SS IDL IQL 

C10 C11 C12 C13 C14
IDL 0.80 0.39 0.45 0.47 0.38
IQL 2.7 1.3 1.5 1.6 1.3
IDL 4.0 2.0 2.2 2.3 1.9
IQL 13 6.5 7.5 7.8 6.4
IDL 0.080 0.039 0.045 0.047 0.038
IQL 0.27 0.13 0.15 0.16 0.13

SS

LAS

μg/g-dry
SS

SS

 
-4 (%) 

C10 C11 C12 C13 C14
91.2 84.4 83.0 81.6 73.2

SS 85.6 105 92.1 86.9 86.8
81.9 82.3 78.7 77.3 73.6

SS 93.0 88.7 94.3 100 95.8

LAS

 
LAS IDL 0.19

0.40μg/L 0.001 0.002μg/L 0.004
0.008μg/L SS 0.38
0.80μg/g-dry 1.9 4.0μg/g-dry 0.038
0.080μg/g-dry

81.6 91.2% SS 85.6 105%
73.6 82.3% SS 88.7 100%  

LAS
 

 

 2m 0.5m3

0.5m3 × 4 )
0.7m3 0.1m3

0.15m3 0.15m3

 
4

25 2 2
LAS

6m3/d
30% HRT 8 SRT 16

4)

-5
BOD COD SS 5.6mg/L

9.4mg/L 5.7mg/L 96% 87%
96%

 
 
LAS

-2 LAS C10 C11
C12 C13 C14 230μg/L 840μg/L 610μg/L
420μg/L 1.7μg/L 2,100μg/L

LAS 230μg/L 840μg/L 640μg/L
330μg/L 2.1μg/L 2,040μg/L

2

LAS
AT LAS AT1

52μg/L 210μg/L 210μg/L 240μg/L 1.7μg/L
710μg/L

AT2 7.8μg/L 51μg/L 80μg/L
94μg/L 0.3μg/L 230μg/L AT3 3.5μg/L
22μg/L 39μg/L 48μg/L 0.3μg/L 110μg/L
AT4 3.4μg/L 22μg/L 38μg/L 62μg/L 0.5μg/L

130μg/L  
LAS 2 AT1

1/20
LAS 0.1μg/L 0.1μg/L

0.1μg/L 0.1μg/L ND 0.4μg/L
LAS 0.1μg/L 0.1μg/L 0.1μg/L

0.05μg/L ND 0.4μg/L
30

 
LAS 290μg/L 780μg/L

1,070μg/L 1,150μg/L 12μg/L 3,300μg/L

LAS 16μg/L 96μg/L 150μg/L
220μg/L 1.6μg/L 480μg/L

LAS 10μg/L 67μg/L 110μg/L
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180μg/L 1.4μg/L 370μg/L
 

LAS
-3 LAS SS
100%
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LAS

AT1 49% AT2 16%
AT3 8% AT4 9%
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99%
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LAS

LAS
LAS SS

SS
LC/MS/MS

0.19 0.40μg/L 0.001 0.002μg/L
0.004 0.008μg/L SS 0.38

0.80μg/g-dry 1.9 4.0μg/g-dry 0.038
0.080μg/g-dry

81.6 91.2% SS 85.6 105%
73.6 82.3% SS 88.7 100%

LAS
 

LAS
 

LAS

2,100μg/L 2,040μg/L
LAS

AT1
710μg/L AT2 230μg/L AT3 110μg/L AT4
130μg/L 1μg/L

 
LAS

2.6%
97.4%

 

1) 22 10
 

2) 
(LAS) LC/MS

6 ( 49 ) 65-70 2004  
3) M.T. Garcia, E. Campos, J. Sanchez-Leal, I. Ribosa, 

Effect of linear alkylbenzene sulphonates (LAS) on the 
anaerobic digestion of sewage sludge, Water Research, 
40, pp.2958-2964 (2006) 

4) -2012 2012  
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Microcystis sp.
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1/2  

―　　―95



Total -Fe Mn
Total Fe Mn

Mn
Total-Mn Fe

Mn

 
Fe,Mn

Fe,Mn
Mn

pH 10

 

DO
 

T-P T-N TOC DOC
 

a COD SS
 

―　　―96



 

ORP

D-N D-P DOC
Fe Mn  

D-P 2
5cm

DOC
Fe

100 g/L
Mn
cm

Total Fe Mn
 

ORP

D-N D-P DOC
Fe Mn  

―　　―97



2,000 g/L

Mn

PO4-P Mn

DO

 
  

DO
30 2

0.5
 

0.5
2.9 mgO2/ g h

3.1 mgO2/ g h
3.5 mgO2/ g h

0.2 cm 1 2cm

0.5
DO

0.2
2cm

DO
 

30
PO4-P

PO4-P DOC Fe
Mn  

0 5 PO4-P

37.9mg/m2/day
3.8mg/m2/day 0.93mg/m2/day 

 

0.0
1.0
2.0

3.0
4.0
5.0
6.0
7.0

8.0
9.0

10.0

0:00 0:30 1:00 1:30 2:00

min

D
O

m
g/

L

0.2 1cm
1 2cm 2 3cm
3 4cm 4 5cm

 

0.0
1.0
2.0

3.0
4.0
5.0
6.0
7.0

8.0
9.0

10.0

0:00 0:30 1:00 1:30 2:00

min

D
O

m
g/

L

0.2 1cm
1 2cm 3 4cm
4 5cm

 

0.0
1.0
2.0

3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0

0:00 0:30 1:00 1:30 2:00

min

D
O

m
g/

L

0.2 1cm
1 2cm 2 3cm
3 4cm 4 5cm

DO
 

 

 
 

―　　―98



 

PO4-P DOC  

Fe Mn  

―　　―99



65.1mg/m2/day
36.6mg/m2/day

24.9mg/m2/day

PO4-P
5.5

 
PO4-P

DO
 

Fe Mn

Fe 489

Fe Mn
Mn  

DO
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15 a

90 g/L 108 g/L
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subcapitata
a
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D-N D-P
P N

D-P 0.54 0.13
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PO4-P
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3

5 COD mg/L
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H23
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6

5 COD mg/L
1.4mg/L 10 1.0mg/L

20 1.5mg/L 30
(0.05mg/L)

 
 

 
1 2005

pp.312-332 

2  Akira Otsuki Noriko Takamura 1988 Comparison of 

chlorophyll-a concentrations measured by fluorometric 

HPLC and spectrophotometric methods in highly eutrophic 

shallow Lake Kasumigaura Internationale Vereinigung 
fuer Theoretische und Angewandte Limnologie. 
Verhandlungen IVTLAP Vol. 23 No. 2 pp. 944-951 

3 2005

AGP

Vol.28, No8, pp.493-499 

4) 2007

pp.83-92 

5) 2006

G

Vol.62,No1,pp122-134 

6 2009
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9 6
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pH EC
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TOC-5000 : SHIMADZU Na+ K+ Mg2+ Ca2+

Cl- SO4
2- NH4-N NO2-N NO3-N PO4-P

ICS-1100 DX-120 : 
Fe Mn Cu Al

Zn B Mo Ni Co ICP-MS X7CCT : 

T-N T-P N
P TRAACS2000 : BRAN+LUEBBE

GF/B 3
Excitation - Emission Matrix fluorescence 

spectra EEM F-4500 : HITACHI
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 T. Kusakabe, T. Kitamura and Y. Suzuki (2008), 
Characterization of dissolved organic matter in 
watersheds of Lake Biwa and Lake Kasumigaura 

by excitation-emission matrix fluorescence 
spectroscopy and application of humification index, 
Water Science & Technology: Water Supply 8, 6, 
663–671.

 22 21

18

 

 (2006)

CO2

50 469-474. 

 (2003)

2(3) 149-155. 

 Chen, W., Westerhoff, P., Leenheer, J.A., Booksh, K. 
(2003) Fluorescence excitaion-emission matrix 
regional integration to quantify spectra for 
dissolved organic matter. Environmental Science 
and Techonology, 337 (24), 5701-5710. 

 (1997)

58

45-59. 

 (1997)

20(4) 246-253.  

 (2002)
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DFCI Medaka Gene Index
http://compbio.dfci.harvard.edu/cgi-bin/tgi/gimai

n.plgudb=o_latipes

 
DFCI Medaka Gene Index Release8.0

 

DFCI Medaka Gene Index Release8.0

105K
1)TC(Tentative consensus)

ID
duplicate

Agilent eArray (https://earray.chem.agilent. 
com /earray/) eArray

Agilent

Probe Length: 60bp 
Probes per Target: 1 
Probe Orientation: Sence 
Design Options: Best Probe Methodology, Design 
with 3' Bias 
Target File Details: Upload in FASTA Format 

 

OLGI.052909
68,425

TC ID 37,198

ID 31,227

ID 24,233
ID 6,994

N 17,723
6,510

700bp 6,787
10,936

(105K x 2)

e-array 37,177

29,393

74,354
duplicate

103,747

e-array 6,617

37,177
43,803

(44K x 4)

Agilent
Probe

105K 103,747
44K 43,803

9
-2
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Transcriptome Details: Select Agilent-Provided 
Transcriptome (by Species) 

 
44K 105K

2 1 1

44K
64

 44K  105K  
TC
ID 

37,177  37,177 2

TC
ID ID 

6,617  29,393

/
 

(43,803/68,425 
=0.64)  

(66,587/68,425
=0.97)

 64  97%
1  27,300  54,600

DFCI Gene Index Release8.0

EntrezID 
NCBI

ID GO
geneontology

mRNA DFCI 
Gene Index Release8.0 Blastx Blastx

RefSeq ID NCBI

ID
RefSeq ID

NCBI Entrez Gene ID NCBI Entrez

Entrez ID
RefSeq ID GO

Uniprot-GOA
ZFIN(http://zfin.org)

44K 43,803
96.4 Entrez Gene ID 98.0

Entrez Gene ID
Entrez Gene ID

Blastx
E-value

E-value 1.0E-5 43,803
65.6 69.4

Refseq ID
GO B : biological 

process) M : molecular function)
C Cellular component)

43,803
GO 75.4 B 79.0 (M) 83.5

C GO 49.7 B
53.7 M 54.6 C

human RefSeqID,           zebra RefSeq ID 
human EntrezGeneID,      zebra EntrezGeneID 
human biological process,    zebra biological process 
human molecular function,   zebra molecular function 
human Cellular component,  zebra Cellular component 
human GeneSymbol,         zebra GeneSymbol 
human E-value,              zebra E-value 
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Degree of physiological activity

201111 57,58,59
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DOC mg/L 2.91  2.22  
T-N mg/L 7.28  7.23  

NH4-N mg/L 0.02  0.01  
NO2-N mg/L 0.28  0.12  
NO3-N mg/L 6.35  6.69  

T-P mg/L 0.81  0.59  
PO4-P mg/L 0.51  0.46  
T-Fe g/L 118.59  38.19  
D-Fe g/L 28.64  5.52  
T-Mn g/L 43.05  17.88  
D-Mn g/L 2.16  0.26  

 

A B

SS mg/L 6.2 2.6  
VSS mg/L 2.4 1.3  
DOC mg/L 2.8 3.6  
T-N mg/L 4.26  0.87  

NH4-N mg/L 0.02  0.01  
NO2-N mg/L 0.04  0.01  
NO3-N mg/L 3.58  0.23  

T-P mg/L 0.16  0.02  
PO4-P mg/L 0.09  0.01  
T-Fe g/L 57.19  10.00  
D-Fe g/L 6.75  5.70  
T-Mn g/L 4.67  0.50  
D-Mn g/L 1.62  0.33  
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PO4-P mg/L 0.09 0.01 0.09 0.10 
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