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NH4Cl 2 g 
K2HPO4 or KH2PO4 0.5 g 
MgCl2 6H2O 0.1 g 
CaCl2 2H2O 0.1 g 
FeSO4 7H2O 10 mg 
NiCl2 6H2O 5 mg 
MnSO4 5H2O 1 mg 
CuSO4 5H2O 0.5 mg 
Na2EDTA 5 mg 

 10 20 mg 
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1)

2007. 
2)

1991. 
3) 1997
4) Muyzer  G.  Waal  E. C. and Unitterlinden  A. G. 
(1993) Profiling of complex microbial populations by 

denaturing gradient gel electrophoresis analysis of 
polymerase chain reaction-amplified genes coding for 16S 
rRNA  Appl Environ Microbiol  59  695-700. 
5)

6)
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200

200 1.5MPa 3
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120mL 47.5mL 2.5mL
0.1mL 35 72

CODcr

－ �� － － �� －



(b)

3-1 20
LC/MS/MS

(c)

3-2
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3-1
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(a) (b) (c) 

2:1

P2O5 30%

3)

A B A2O
A PAC PAC Al

0.045wt% B

30 m
Microtrac

4-1 2.0L/min 250 m
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Armac-C
24 4-1

pH
ICP ICP-MS

Ca
3 m

4-2 80%
A 120 m B 96 m A

30 m
70%

SEM 10 m

1

12.2 B 11.4
P2O5 30% A

B

4-3

1.2 20

4-1

4-1

4-2
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pH4.5
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4-4 150,120mg/kg 23

SEM-EDX
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200
1.5MPa 3
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1997 vol.113 No.12 pp.924-928 
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1984 vol.14 No.2 pp.7-16 
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10h

 2m, 10m3, HRT 8hr
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1-4 30
4.75ng-E2 /L 5 579ng-E2
/L 1-5

E2 E1 E2
30

6.5 245.9ng/L
E1 30 75.9ng/L E2

6.5
5571.8ng/L E1
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MLSS/VSS=1080/940mg l 1
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1-7 DOC PO43--P
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plants in Japan, Environmental Science, 10, 
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42 , pp.64-66, 2005 
4) , , ,

, 40
, pp.247, 2006 

5) Routledge, E. J. and Sumpter, J. P., Environ Toxicol 
Chem, Vol. 15(3), pp.241-248, 1996 
6) ,

, , Vol. 36, 
pp.199-204, 1999 
7) 

2002 ,
pp.275-299 
8) Koya Komori et al., Analysis and Occurrence of 
Estrogen in Wastewater in Japan, Water Science & 
Technology (50) 5, 93-100, 2004 
9) ,

, , Vol. 43, 
No.11, p44-49, 2001 
10) , , , ,

,
43 , pp.64-66, 2006 
11) (1997)
12) (2002)

2002 pp.275-299 
13) (2007)

41
pp.464 

1),2)

1),3) 6)

7)

3),8) 12)

2-1
ng/l

50 200ng/l
g/l

g/l
Ibuprofen

Bezafibrate
g/l

Carbamazepine g/l

500ng/l
50

X Iopromide
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2-1

5
225,000 700,000m3/day

AO A2O

2
24

Nakada 13)

ODS tC18

GC/MS Ibuprofen
Naproxen Mefenamic acid Ketoprofen Fenoprofen
Ethenzamide Triclosan
Diethyltoluamide Crotamiton

Carbamazepine 10
Fenoprofen 0.1ng/l

Aspirin 5ng/l

Fenoprofen Ethenzamide 2
N.D.

8 2-1
N.D. 1/2

ng/l

Ibuprofen Triclosan
2-2 90%

Naproxen Ketoprofen
Diethyltoluamide 50% Crotamiton 20%

Mefenamic acid

Mefenamic acid

Carbamazepine 33
44ng/l

2-2

(%)

 Ibprofen 95
 Tricrosan 90
 Naproxen 55
 Ketoprofen 50
 Diethy toluam 49
 Crotamitone 20
 Carbamazepine -25
 Mefenamic acid -240

1,400 - 3,020-3,500 ND 3,100 350 -
950 - 810-2,510 ND 1,500 250 -

1,980 - 5,000 2,750-3,700 1,500 13,000 734
50 - 370 970-1,300 22 1300 54
- - - - - - 252
- - - - - - 229
- - - 3,300 - - 128
- - - 1,750 - - 104
- - 4,900 ND 2,565 420 -
- - 2,200 ND 103 205 -

690 - 1,780-2,200 - 912 750 170
480 - 1,630-2,100 - 960 400 241

- - - - - - -
- - - - - - -

20 - 830 ND 43 - -
15 - 100 ND 66 - -
- - - - - - -
- - - - - - -

434 158 - - - - -
72 20 - - - - -

388 102 - - - - -
57 17 - - - - -

810 - 13,000 6,600 ND - -
790 - 750 9,300 ND - -

8, 11 9 3, 11 10, 11 11 11 12

 Clarithromycin

 Roxithromycin

 Levofloxacin

 Ciprofloxacin

 Norfloxacin

 Iopromide

 Diclofenac

 Ibuprofen

 Ketoprofen

 Naproxen 

 Bezafibrate

 Carbamazepine
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2-1

ng/l 50 200ng/l

g/l

500ng/l
50

X Iopromide

Ibuprofen Triclosan
90% Naproxen

Ketoprofen Diethyltoluamide 50% Crotamiton
20% Mefenamic acid

Carbamazepine

1) Ternes, T (1998) Occurrence of drugs in German 
sewage treatment plants and rivers, Water Research,

32, 3245-3260. 
2) 2002

11
 130-131. 

3) Heberer, T., Reddersen, K. and Mechlinski, A. (2002) 
From municipal sewage to drinking water: fate and 
removal of pharmaceutical residues in the aquatic 
environment in urban areas, Water Science and 
Technology, 46, 3, 81-88. 
4) 2004

27  11  685-691 
5) 2004

38
288 

6) 2005
39

 613 
7) 

2005 42
42-44 

8) Golet, E. M., Alder, A. C., Giger, W. (2002) 
Environmental Exposure and Risk Assessment of 
Fluoroquinolone Antibacterial Agents in Wastewater 
and River Water of the Glatt Valley Watershed, 
Switzerland, Environmental Science and Technology,
36, 17, 3645-3651 
9) Lindberg, R. H., Wennberg, P., Jhonsson, M. I., 
Tysklind, M and Anderson, B. A. V. (2005) Screening of 
human antibiotic substances and determination of 
weekly mass flow in five sewage treatment plants in 
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Sweden, Environmental Science and Technology, 39,
10, 3421-3429 
10) Carballa, F. Omil, M. Lema, M. Llompart, G. G. 
Jares, I. Rodríguez, M. Gómez, T. Ternes (2004) 
Behavior of Pharmaceuticals, cosmetics and hormones 
in a sewage treatment plant, Water Research,38,
2918-2926 
11) Thomas A. Ternes, Marie-Laure Janex-Habibi, 
Thomas Knacker, Norbert Kreuzinger, Hansruedi 
Siegrist (2004) POSEIDON, detailed report related to 
the overall duration (1.1.2001- 30.6.2004), 
http//wwwleu-poseidon.com 
12) 2003

37
 343. 

13) Nakada et al., (2006) Occurrence and fate of 
anti-inflammatory drugs in wastewater treatment 
plants in Japan, Environmental Sciences, 12, 6, 
359-369 
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1)  (2006) ,
17 , 35-57 
2) Blumberg, A. F. and G. L. Mellor (1987) : A description of a three dimensional coastal ocean circulation 
model. In: Heaps, N. (Ed.), Three-Dimensional Coastal Ocean Models. American Geophysical Union, p. 
208. 
3) Oey, L.-Y., (2006) : An OGCM with movable land–sea boundaries. Ocean Modelling. 13, 176–195.
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2
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2-1

2m 0.5m3

2m3

0.5m3 HRT 8 SRT 10

0.4

1)

4

HRT 2

-30 -31

2-2

2007 9 20 10 11 3

2007 1 18 2 8

3

2-3
2)

-30

-31
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2-4

-12 -13

28

VTG

21

VTG

VTG

24

VTG

7 14 21

DO

60%

1 1 DO 5.0mg/L 24.0

60%

2-5

pH DO 1 1 NH4-N NO2-N

NO3-N 1 3

E1 17 - E2

E3 17 - EE2

d-rR 5
30 30 /

21day

28±2
16h 6:00 22:00 8h 
40L
30L

2.4 /day 6.4 /day
2.6 /day 5 /day

N250
4 /day 10:00 13:00 16:00 19:00

VTG 21
21

-12

d-rR 5
45 43 35 35

21day

24±2
16h 6:00 22:00 8h 
40L
30L

3.0 /day 2.7 /day
3.1 /day 5 /day

N700
4 /day 10:00 13:00 16:00 19:00

VTG 0 7 14 21
0 7 14 21

(0 21 )

-13
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3 E1-3S - 3

E2-monoS 3 E3-monoS

3- -D- E1-3G - 17- -D - E2-monoG

3- -D- E3-monoG

1 3 1 3

pH DO U21

Thermo Recorder TR-81 T AND D 10

2002 LC/MS/MS
3) Yeast Estrogen Screen 

Assay;YES

2-6

21 7 14 21

21 5

RNAlater Ambion RNAlater

RNAlater 2

1 1.5mL VTG

1 RNAlater 1.5mL RNase free

2-7 VTG

buffer 50 L/mg-liver VTG

ELISA  Enbio Medaka vitellogenin ELISA system

buffer

1mg VTG

2-8

mRNA 

E2 E2

ER VTG

－ �� － － �� －



CHG

E2

ER 1 ER 2

VTG VTG 3 CHG H CHG H minor

CHG L 6 mRNA

mRNA RNA

RNA RNA RNA

mRNA
4) mRNA acidic

ribosomal phospho- protein PO ARPP 5) ARPP cDNA 

clone 631-134-03-H mRNA

RNeasy Mini Kit QIAGEN RNA QuantiTect Rev. Transcription 

Kit QIAGEN mRNA cDNA cDNA QuantiTect 

Probe PCR Kit QIAGEN PCR polymerase chain reaction

PCR

DNA

      [ DNA ]n = [ DNA ]0 (1+e) n

  log [DNA ]0 = - (log (1+e)) n + log [ DNA ]n

n [ DNA ]0 DNA [ DNA ]n n PCR

e PCR DNA
4) PCR CT

threshold cycle DNA mRNA

mRNA CT ) 3 10 30

100 300 1000 PCR mRNA

6 mRNA

ARPP mRNA mRNA

fold

2-9

Davidson 20% 10% 10%

30% 30% 10

50 70 m

3

3-1
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pH DO -14

±0.2 ±0.3 pH

7.0 ±0.1 DO

60% 3 2

72.3% 73.6% 5.5mg/L

22.4mg/L 3

1.4 9/28 10/7 9/27

92mm 10/6 121mm NH4-N

NO2-N 10/10 3

NO3-N

3 5

20mg-N/L NO3-N

E1 1.3 21ng/L E2

n.d. 6.1ng/L

E1 E2

3ng/L EE2

E3 n.d. 9.2ng/L 1.3

8.1ng/L 1.7 11.9ng/L

-32 E1 E2 E1 E2

3

59.3% 75.2% 76.3%

79.4%

[  ] 27.8 ± 0.2 27.7 ± 0.2 27.5 ± 0.3 27.4 ± 0.2
pH [ - ] 7.3 ± 0.1 7.1 ± 0.1 6.9 ± 0.1 7.1 ± 0.1
DO [ mg-O2/L ] 7.2 ± 0.6 6.6 ± 0.8 5.6 ± 1.0 5.8 ± 1.0

[ % ] 93.1 ± 8.0 84.6 ± 9.8 72.3 ± 13.1 73.6 ± 12.8
[ mg/L ] 1.0 ± 1.4 3.7 ± 1.6 5.5 ± 4.5 3.5 ± 2.0
[ mS/m ] 32.2 ± 1.2 46.6 ± 6.8 46.2 ± 6.6 46.7 ± 6.1

NH4-N [ mg-N/L ] n.d. n.d. n.d. n.d.
NO2-N [ mg-N/L ] n.d. 0.0078 ± 0.0233 0.043 ± 0.130 0.012 ± 0.037
NO3-N [ mg-N/L ] 0.15 ± 0.03 12.1 ± 2.9 10.6 ± 2.2 9.1 ± 4.9

-14

0.0

5.0

10.0

15.0

20.0

25.0

30.0

1 3 6 8 10 13 15 17 21

[day]

[ n
g/

L 
]

E2
E1

-32
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21 -33

VTG

1.56ng/mg-liver

4 6

-34

VTG

VTG

CHG H

H minor L 3

ER

3-2

pH DO -15

±0.4

±0.4 24.0 pH

0.0

2.0

4.0

6.0

8.0

10.0

12.0

[ %
 ]

*

** **

p<0.05 *
**

vs 
vs 

 [ 
fo

ld
 ]

VTG I
VTG II
ER
CHG H
CHG H minor
CHG L

104

103

102

101

100

10-1

105

VS 
VS 
VS 

p<0.05

-34

-15

[  ] 24.2 ± 0.04 23.1 ± 0.3 23.1 ± 0.3 23.2 ± 0.3
pH [ - ] 7.0 ± 0.1 6.6 ± 0.2 7.3 ± 0.1 7.1 ± 0.1
DO [ mg-O2/L ] 8.5 ± 0.5 5.9 ± 1.0 4.9 ± 0.9 4.9 ± 0.9

[ % ] 103.9 ± 6.2 70.5 ± 11.8 58.2 ± 10.9 58.6 ± 11.0
[ mg/L ] 0.6 ± 0.7 2.4 ± 2.7 3.0 ± 2.3 3.5 ± 4.1
[ mS/m ] 26.6 ± 0.4 50.0 ± 1.3 58.9 ± 2.1 55.0 ± 2.7

NH4-N [ mg-N/L ] n.d. n.d. 17.9 ± 3.8 9.0 ± 5.2
NO2-N [ mg-N/L ] n.d. n.d. 0.2 ± 0.2 0.4 ± 0.5
NO3-N [ mg-N/L ] 0.6 ± 0.1 22.0 ± 2.2 3.8 ± 2.7 13.4 ± 2.9

-33 21
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7.0 ±0.4

±0.2 DO

60%

3.5mg/L 19.5mg/L

3 2

NH4-N 14.6 24.0mg-N/L

15.5mg-N/L NO2-N

0.5mg-N/L 1.3mg-N/L NO3-N

17.1 24.4mg-N/L 8.6 19.5mg-N/L

E1

3.1 9.5ng/L 1.6 11.3ng/L

E2 1.2 3.9ng/L 1.0

3.8ng/L

E1 1.4ng/L E2 2.6ng/L

E1

E2 0.9ng/L EE2

n.d. 3.2ng/L

E3 3.3

10.8ng/L 3.0 14.2ng/L

3.2 14.3ng/L -35 E2 E1

E1 E2

2 1

1 2

3

-36 -37

7 21

E2
E1

0.0

5.0

10.0

15.0

20.0

25.0

30.0

[ n
g/

L 
]

1 3 6 8 10 13 15 17 21

[day]
-35

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

0 7 14 21

 [ 
%

 ]

*
*

p<0.05

* : vs 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

0 7 14 21

 [ 
%

 ]

p<0.05
:vs 

*

*

-36 -37
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21

VTG

-38

7

14

21

-39 44 VTG

VTG 7

14 14

ER

7

14

21

CHG H

7 14

21 7

7

14 CHG H minor

7 14

7 21

14 3 21

CHG L

1

10

100

1000

0 7 14 21
 [ day ]

p<0.05 VS 
VS 
VS 

V
TG

 [ 
ng

/m
g-

liv
er

 ]
-38 VTG

0 7 14 21
 [ day ]

 [ 
fo

ld
 ]

*

*

*

*

**

**

**

**

**
p<0.05 *

**
vs 
vs 

0 7 14 21
 [ day ]

 [ 
fo

ld
 ]

104

103

102

101

100

10-1

p<0.05 *
**

vs 
vs 

*

*

*

***

**

**

**

**

-39 VTG -40 VTG
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7

-16 45 46

2

0 7 14 21
 [ day ]

 [ 
fo

ld
 ]

104

103

102

101

100

10-1

p<0.05 *
**

vs 
vs 

*** vs 

* * *

*

* * *** ** ***

0 7 14 21
 [ day ]

 [ 
fo

ld
 ]

104

103

102

101

100

10-1

p<0.05 *
**

vs 
vs 

*** vs 

*

*

*
*

*
*

*** ** **

***

-41 ER -42 CHG H

0 7 14 21
 [ day ]

 [ 
fo

ld
 ]

p<0.05 *
**

vs 
vs 

*** vs 

104

103

102

101

100

10-1

* *

*
*

**

**
**

***

***

0 7 14 21
 [ day ]

 [ 
fo

ld
 ]

p<0.05 *** vs 

***

104

103

102

101

100

10-1

-44 CHG L

0 0/5 0/5
21 0/5 0/5
21 0/5 2/5

21 0/5 0/5
21 0/5 0/5

 / 

-16

-43 CHG Hminor
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4

4-1

E2 1 E1 0.8 6) E1

E1 0.8 -47 E1 E2

E1 E2

E1 E2

20ng-E2/L

7.5ng-E2/L 1.7ng-E2/L

20ng-E2/L 200ng-E2/L

10ng/L E2

VTG 3 VTG ER 7
7) VTG

-45 0 20 -46 21

20 

0

5

10

15

20

25

30

[ n
g-

E2
/L

]

E1 E2

9/229/20 9/25 9/27 9/29 10/2 10/4 10/6 10/10

-47 E1 E2
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(2)

-48 E1 E2

E1 E2

E1 E2

16.9ng-E2/L

7.0ng-E2/L

12.9ng-E2/L 3.5ng-E2/L

NO3-N

VTG

7 14 21

VTG 1

-49

VTG E1 E2

0.22 8)

E1 0.22

E2 E2

14

3ng-E2/L VTG

-50

E1 E2 VTG

0

5

10

15

20

25

30

[ n
g-

E2
/L

]

E1 E2

1/221/19 1/24 1/26 1/29 1/31 2/2 2/5 2/7

-48 E1 E2

0.0

10.0

20.0

30.0

40.0

50.0

60.0

0.0 1.0 2.0 3.0 4.0 5.0 6.0

E2  [ ng-E2/L ]

V
TG

 [ 
ng

/m
g-

liv
er

 ]

7
7

14

14

21

21

-49 VTG

[
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E2 9)

E2 10ng/L

VTG 10ng/mg-liver

VTG

10ng/mg-liver E2

VTG

E1 E2

2

7

14 21 VTG

-51

14 21

VTG

1.6ng-E2/L

VTG CHG H CHG H minor

VTG 4

-42 -43

CHG H CHG H minor

7

CHG H CHG H minor

VTG VTG

VTG 2

VTG

2 VTG

21 15

4-3

 [ ng/L ]

V
TG

 [ 
ng

/m
g-

liv
er

 ]

E1
E2
E2( )

10-110-1

100 101 102 103

100

101

102

103

104

105

-50

0

50

100

150

200

250

0.0 1.0 2.0 3.0 4.0 5.0 6.0

E2  [ ng-E2/L ]

 [ 
fo

ld
 ]

7
7

14

14

21

21

-51 VTG
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NH4-N NO2-N

NH4-N NO2-N

NH4
+-N pH

NH3 U.S. EPA

CMC Criteria 

Maximum Concentration pH7.0 36.1mg-N/L CCC Criterion

Continuous Concentration pH7.0 24 3.08mg-N/L 10)

24mg-N/L CMC CMC

17.9mg-N/L NO2-N

0.06mg-N/L 5mg-N/L

1.3mg-N/L 5mg-N/L

NO2-N NO2
-

NO P450scc
11)

EE2

VTG

VTG 12) 4

7

VTG VTG VTG CHG H CHG H minor CHG L

NO2-N

28 24

VTG

50ng/L E1 24 28

VTG 7

14 24 VTG

VTG ER CHG H CHG H minor CHG 

L
13) -52

-17

VTG

VTG

1 -53 -54) VTG 50ng/L E1

VTG 11ng/L E2 VTG VTG

E1

VTG VTG

 [ 
fo

ld
 ]

28
24

104

103

102

101

100

10-1

VTG VTG ER CHG
H

CHG
H minor

CHG
L

-52 E1 50ng/L

14
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VTG VTG

4-4

-47 48

-17

VTG

VTG

VTG

VTG

 [ 
fo

ld
 ]

104

103

102

101

100

10-1

VTG VTG ER CHG
H

CHG
H minor

CHG
L

 [ 
fo

ld
 ]

104

103

102

101

100

10-1

VTG VTG ER CHG
H

CHG
H minor

CHG
L

-53

21

-54

21

day7 day14 day21 day7 day14 day21 day7 day14 day21
VTG n.s. n.s. n.s. n.s. n.s. n.s.
VTG n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.

ER n.s. n.s. n.s.
CHG H n.s. n.s. n.s. n.s.

CHG H minor n.s. n.s. n.s. n.s. n.s. n.s.
CHG L n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.

VTG n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.

n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
- - - - - - - n.s. - - n.s.

n.s.

-17
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5

VTG E2 3ng-E2/L
E1 E2

3ng-E2/L CHG H CHG H minor
VTG

VTG

1 , , , 2007

, 41 , p464  

2 , , , , 2003

, , p41  

3 , , , , 1999

, , 36, pp199-208  

4 , 2006 PCR , DNA PCR (

), , pp157-166  

5 Jorge Laborda, 1991 36B4 cDNA used as an estradiol-independent mRNA control is the cDNA for 

human acidic ribosomal phosphoprotein P0., Nucl. Acids. Res., 19 14 , p3998  

6 , , , , , 2006

, , 16 3 , pp389-401  

7 , , , , 2005 E2

, 8 , p22  

8 , , , , , , 2006

, 17

, pp254-322  

9 Masanori Seki, Saori Fujishima, Toshiki Nozaka, Masanobu Maeda, Kunio Kobayashi, 2006

Comparison of response to 17 -estradiol and 17 -trenbolone among three small fish species., Environ. 

Toxicol. Chem., 25 10 , pp2742-2752  

10 U.S. EPA, 1999 1999 Update of ambient water quality criteria for ammonia EPA-822-R-99-014

Office of water, Washington, D.C.  

11 Frank B. Jensen, 2003 Nitrite disrupts multiple physiological functions in aquatic animals., Comp. 

Biochem. Physiol. A, 135, pp9-24  
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12 Denise A. Gordon, Gregory P. Toth, David W. Graham, James M. Lazorchak, Tirumuru V. Reddy, 

Charles W. Knapp, Frank deNoyelles Jr., Scott Campbell, David L. Lattier, 2006 Effects of eutrophication 

on vitellogenin gene expression in male fathead minnow Pimephales promelas exposed to 

17 -ethynylestradiol in field mesocosms., Environ. Pollut., 142 3 , pp559-566  

13 , , , 2006 , 9

, p45 
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( ) ( )

2003 2004

1)

2) 3)
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4

SI

5.5

6)

)1.5808exp( xay
y: (%) x: a:

1) 2005

2) ( ) 1997

3) ( ) 1997

4) B

pp.1443-1444 1992

5) 10 1999

6) 2006.8. 
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http://www.enecho.meti.

go.jp/info/statistics/energy/030520c.pdf 
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1.

JIS

2.
2.1

2.1.1

! 2
2

( )
70

( )
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8

A 0~0 B
C a C b

P

JIS R 5201 2 3 28 56

4.

(1)
50 ( A-0 B-0)

( ) 70
85 70 (
) ( )

10 ( 0-A 0-B)
 ( ) 10

20
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P1 ( A-0 0-A) 3
P2 ( B-0 0-B)

( C-a C-b)
( ) 25 50

( C-a C-b)

70 ( C-a
C-b) 28

( )
(1)

50

10 ( 0-A 0-B)
( )

( A-0
B-0 0-A 0-B)

(2)
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A
P1 ( C-a) (

) B P2 (
C-b) ( )

70
( C-a C-b) ( )

70 (
C-a C-b) ( )

70 ( C-a C-b)
( )

.

(1) ( 50 )

(2) ( 10 )
10
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- 1 -

18 20

1

2
2 1

2 2

2 3

UASB DHS
5)

3
3 1
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3

3 2
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4

3 3

4

5) Agrawal, et.al.: Treatment of raw sewage in a temperate 
climate using a UASB reactor and the hanging sponge cubes 
process, Wat. Sci. Tech., Vol.36, No.6-7, pp.433-440, 1997. 
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2 3
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- 2 -

-1 (2006 10 2007
3 11 2 )

-2 (2006 10
2007 3 11 2 )

3 2

4
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AIT

80 99.9

SS
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A

m m
cm

m m AIT
AIT m

m m AIT

(100m3(100m3

-2 -3 AIT
(1: 2: 2 3: 3 ) (1: 2: 1 3: 2
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AIT

Lagoon

Second pump

First pump
Survey   point

Lagoon

Second pump

First pump
Survey   point

MPN

GC
HYDORO-FLUOR-Combo ENSYS INC.

E.coliK12F
PEG PEG

NaCl M G
RNase-free

PCR
cDNA TaqMan
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PCR
QIAamp Viral RNA Kit QIAGEN RNA

DNA DNaseI RNeasy MinElute Clean up Kit QIAGEN
RNA

RNA g Omniscript 
RT Kit QIAGEN l

cDNA l
 PCR

QuantiTect Probe PCR Kit QIAGEN
PCR LightCycler

PCR

1010 copies 
109 copies 
108 copies 
107 copies 
106 copies 
105 copies 
104 copies 
103 copies 
102 copies 
101 copies 
100 copies

-0.05
0.00
0.05
0.10
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0.20
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0.55

Fl
uo

re
sc

en
ce

0 5 10 15 20 25 30 35 40 45 50

Cycle Number

C
yc

le
 N

um
be

r

5
10
15
20
25
30
35
40
45

0 1 2 3 4 5 6 7 8 9 10 11
Log Concentration

Slope = -3.480 
Intercept = 42.35 
Error = 0.117 
r = -1.00

Log (Copy number)
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pH DO
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3 14 17 AIT
AIT

1.8 10 cysts L G1 1.8 10 copies
L

AIT
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log log
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ABPC
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ABPC TC

ABPC R

R

2 3

3
3 B D E

E

A C F

A
C F

F
3

LVFX ABPC TC 3
LVFX 8mg L

ABPC 32mg L TC
16mg L

ABPC

35 16 18

LVFX ABPC
TC CFDN( ) KM( ) ST

GM
IPM 8

KB
KB

D
8

ABPC
ABPC 3

0.22 m
20 1

7

D
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0 2mg L 15
2mg L

DPD

8
ABPC ABPC

4 6 5

E coli
ATCC 25922 E coli ATCC 35218

0 0 35mg L
15

ABPC
TC ABPC

-
blaTEM blaSHV

blaCMY blaCTX
ampC

3 3 5
1

400 L 100 15
4 3

13 000rpm 5
blaTEM blaCMY blaCTX

ampC blaSHV

PCR LightCycler

ABPC TC LVFX
1

9 ABPC

15 12
ABPC ABPC

1 L 10 10
E B D

1 B D
12 20 E 30

ABPC
10 10

E
B D

B D 7 13
E 15

E
ABPC

LVFX TC

1 10 10
10 10 TC

LVFX
LVFX TC ABPC

ABPC
B D

LVFX TC

ABPC TC LVFX

C ABPC

1 10 10
A F

A F
ABPC 1 10 10

LVFX TC 10
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 ABPC  TC  LVFX

B 20 0 9 3 1 2
B 11 7 3 8 0 5

D 12 0 5 0 1 4
D 7 3 2 3 0 6

E 30 0 11 8 7 1
E 14 5 2 4 1 8
A 6 8 1 1 2 7
C 0 1 2
F 1 0 79 0 0 6 0 0 9

C F

10 11
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B
D E

F
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log Ct

0 ( ) 4 0 0 77 1
4 ( ) 4 8 0 92 1 2
1 ( ) 4 3 0 83 1 08
4 ( ) 4 5 0 87 1 13
0 ( ) 5 2 1 1 3
1 ( ) 4 3 0 83 1 08
6 ( ) 5 7 1 1 1 43
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(FY2005 2009) 

Masaaki Ozaki, Hiromasa Yamashita and Yutaka Kameda
Recycling Team, Material and Geotechnical Engineering Research Group 

Incorporated Administrative Agency Public Works Research Institute
Ministry of Land, Infrastructure and Transport

In recent years, there have been many reports of the occurrence of PPCPs (Pharmaceuticals 
and Personal Care Products) in water environments and of concerns about environmental 
problems they cause. These chemicals such as antibiotics, synthetic antimicrobials, and 
antipyretics are diverse and consumed in large quantities. They are released from sources such 
as urban areas and stockbreeding widely distributed in watersheds. Analysis methods are not yet 
developed for some chemicals and their actual status in water environments is not clarified. The 
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reports already published include those concerning the occurrence of chemicals in water 
environments, their impact on ecosystems, emergence of antibiotic resistant bacteria, concerns 
with their influence on human health, interference with the biological treatment of wastewater 
and so on. There is a need for urgent research in this field. The object of this research is to 
perform sequential research from the mid/long term perspective by first listing various 
important PPCP chemicals then developing analysis methods, and clarifying the quantity of 
release, transport and change to clarify the fate of PPCPs in the watershed.  
In FY2006, we carried out the following research. 
1. The methods necessary to quantitatively detect PPCPs in solid samples (sewage sludge, river 
sediments and suspended solids in water) by LC/MS/MS (high performance Liquid 
Chromatograph / Mass Spectrometry / Mass Spectrometry) and GC/MS (Gas Chromatograph / 
Mass Spectrometry) such as ultrasonic solvent extraction, sample pretreatment and analysis by 
LC/MS/MS and GC/MS have been developed.
2. PPCPs of 66 human and/or veterinary drugs and preservatives, 16 synthetic fragrance 
materials and 9 organic UV filters in influent and effluent samples of 47 wastewater treatment 
plants, 53 surface water samples and sediment samples in several rivers and lakes were 
successfully determined.  

PPCPs: Pharmaceuticals and Personal 

Care Products

PPCPs

17
1)

PPCPs

SS

PPCPs

500mL GF/B
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0.02g

50mL ( ) 1mg/L

10 L

3

4mL (28,45,100kHz 3

10,15,5 ) 10

3000rpm 10

20mL ( )

4 ( 2 2

)

36

500 L ( 2 )

200mL

LC/MS/MS

PPCPs
1

1 g

PPCPs

66

25

16

9
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C1 82.8 110.4 ( 10.2 ) 91.9 ( 20.3 ) 107.7 ( 2.0  ) 7.1 1.4
C2 47.7 100.6 ( 6.7 ) 27.6 * ( 4.5 ) 48.3 * ( 10.0  ) 4.2 0.8
C3 3 99.8 ( 6.4 ) 12.7 * ( 65.6 *) 34.8 * ( 11.7  ) 8.1 1.6
C4 0.4 115.9 ( 6.6 ) 82.6 ( 18.0 ) 82.4 ( 14.5  ) 29.5 5.9
C5 - 140.1 ( 13.7 ) 88.4 ( 7.1 ) 106.0 ( 13.0  ) 11.1 2.2
C6 7.4 104.5 ( 16.4 ) 67.4 ( 12.3 ) 84.6 ( 11.8  ) 4.1 0.8
C7 83.2 129.7 ( 3.6 ) 118.7 ( 6.8 ) 145.8 ( 4.9  ) 1.5 0.3
C8 407.7 82.6 ( 3.7 ) 135.4 ( 6.4 ) 130.8 ( 12.6  ) 3.3 0.7
C9 909 77.0 ( 3.3 ) 38.8 * ( 4.4 ) 43.8 * ( 13.5  ) 31.0 6.2
C10 - 91.3 ( 11.4 ) 70.5 ( 3.1 ) 83.9 ( 3.2  ) 3.1 0.6
C11 3.2 92.8 ( 5.5 ) 12.9 * ( 21.9 ) 21.0 * ( 7.8  ) 2.4 0.5
C12 - 89.9 ( 9.0 ) 20.4 * ( 58.5 *) 40.3 * ( 7.1  ) 9.2 1.8
C13 - 90.1 ( 8.7 ) 150.7 * ( 2.2 ) 151.4 * ( 5.9  ) 1.8 0.4
C14 76 49.9 * ( 25.1 ) 46.7 * ( 26.7 ) 54.0 ( 18.7  ) 5.5 1.1
C15 - 44.5 * ( 40.7 *) 56.7 ( 14.1 ) 58.9 ( 18.1  ) 47.7 9.5
C16 - 84.6 ( 13.9 ) 81.0 ( 6.4 ) 90.8 ( 6.2  ) 7.3 1.5
C17 67.9 57.1 ( 45.1 *) 121.0 ( 11.8 ) 120.6 ( 2.9  ) 3.7 0.7
C18 59.3 170.8 * ( 16.0 ) 55.3 ( 17.1 ) 97.3 ( 12.8  ) 43.6 8.7
C19 20.1 53.2 ( 6.7 ) 98.1 ( 5.8 ) 122.2 ( 39.9 *) 8.0 1.6
C20 17.2 103.2 ( 3.0 ) 38.0 * ( 5.9 ) 77.6 ( 5.4  ) 1.6 0.3
C21 32.1 51.3 ( 6.4 ) 25.7 * ( 2.4 ) 42.9 * ( 7.6  ) 0.7 0.1
C22 52.9 88.1 ( 2.8 ) 43.2 * ( 3.1 ) 22.3 * ( 53.8 *) 3.8 0.8
C23 30.8 91.5 ( 13.4 ) 425.1 * ( 1.8 ) 194.9 * ( 47.6 *) 4.5 0.9
C24 4 97.6 ( 5.9 ) 35.3 * ( 2.7 ) 31.9 * ( 33.1 *) 10.2 2.0
C25 35.4 104.4 ( 3.4 ) 398.6 * ( 3.0 ) 173.7 * ( 43.0 *) 2.1 0.4
C26 2.6 96.7 ( 0.5 ) 61.9 ( 13.4 ) 81.2 ( 2.8  ) 4.3 0.9
C27 0.7 88.0 ( 4.8 ) 32.8 * ( 33.1 *) 78.0 ( 10.3  ) 2.9 0.6
C28 - 120.9 ( 10.6 ) 34.2 * ( 3.5 ) 70.1 ( 4.2  ) 8.2 1.6
C29 0.2 64.0 ( 18.3 ) 67.7 ( 19.1 ) 79.3 ( 5.2  ) 0.9 0.2
C30 7.6 99.9 ( 4.9 ) 42.0 * ( 2.6 ) 67.2 ( 2.7  ) 1.4 0.3
C31 13.8 92.7 ( 18.6 ) 63.6 ( 8.8 ) 70.7 ( 1.3  ) 8.7 1.7
C32 1.2 86.3 ( 7.7 ) 122.4 ( 19.7 ) 110.8 ( 10.9  ) 3.9 0.8
C33 5.5 94.5 ( 8.6 ) 10.2 * ( 37.0 *) 26.0 * ( 10.5  ) 5.0 1.0
C34 14.1 73.7 ( 8.6 ) 62.7 ( 5.5 ) 72.2 ( 3.4  ) 1.9 0.4
C35 - 123.7 ( 2.0 ) 151.6 * ( 3.1 ) 150.4 * ( 3.4  ) 8.3 1.7
C36 - 76.2 ( 6.8 ) 36.6 * ( 12.8 ) 74.2 ( 5.5  ) 3.8 0.8
C37 - 78.4 ( 5.1 ) 61.5 ( 6.9 ) 68.3 ( 8.0  ) 9.7 1.9
C38 - 89.1 ( 2.5 ) 21.3 * ( 47.4 *) 45.6 * ( 2.2  ) 2.8 0.6
C39 - 95.5 ( 5.7 ) 18.5 * ( 48.8 *) 43.7 * ( 7.2  ) 3.2 0.6
C40 - 84.2 ( 6.3 ) 21.6 * ( 16.6 ) 35.0 * ( 2.4  ) 2.2 0.4
C41 - 80.7 ( 8.5 ) 21.3 * ( 1.5 ) 31.2 * ( 2.9  ) 1.6 0.3
C42 1.4 94.5 ( 2.4 ) 18.0 * ( 46.5 *) 46.1 * ( 2.1  ) 0.8 0.2
C43 - 81.3 ( 4.8 ) 37.5 * ( 9.7 ) 59.8 ( 0.8  ) 1.2 0.2
C44 40.4 172.5 * ( 17.0 ) 71.8 ( 36.6 *) 129.1 ( 14.7  ) 2.4 0.5
C45 - 99.3 ( 4.3 ) 137.5 ( 2.5 ) 140.4 ( 8.0  ) 1.0 0.2
C46 172.8 100.7 ( 34.4 *) 93.9 ( 25.2 ) 100.8 ( 13.0  ) 30.5 6.1
C47 7.5 94.9 ( 1.8 ) 1.8 * ( 469.3 *) 43.7 * ( 2.6  ) 1.6 0.3
C48 32 44.9 * ( 5.5 ) 31.3 * ( 33.5 *) 29.8 * ( 12.2  ) 8.4 1.7
C49 - 79.1 ( 19.3 ) 81.9 ( 5.7 ) 94.0 ( 5.9  ) 2.7 0.5
C50 1.3 100.5 ( 7.6 ) 87.6 ( 5.0 ) 105.5 ( 11.6  ) 10.4 2.1
C51 1.2 122.9 ( 12.5 ) 31.9 * ( 10.1 ) 352.8 * ( 3.4  ) 5.3 1.1
C52 - 101.0 ( 6.9 ) 91.5 ( 8.8 ) 94.2 ( 3.8  ) 5.1 1.0
C53 45.2 350.7 * ( 2.3 ) 416.6 * ( 37.9 *) 449.4 * ( 10.8  ) 10.3 2.1
C54 17.6 154.4 * ( 14.1 ) 125.2 ( 6.9 ) 164.0 * ( 5.7  ) 12.1 2.4
C55 12.4 52.3 ( 18.9 ) 84.3 ( 5.8 ) 89.3 ( 5.6  ) 4.5 0.9
C56 42.6 98.9 ( 0.7 ) 41.3 * ( 7.7 ) 51.3 ( 9.0  ) 3.0 0.6
C57 42.6 103.4 ( 16.8 ) 45.8 * ( 5.1 ) 59.0 ( 2.2  ) 5.0 1.0
C58 - 98.2 ( 10.4 ) 63.9 ( 9.7 ) 88.4 ( 7.3  ) 8.6 1.7
C59 - 97.1 ( 2.0 ) 55.0 ( 3.3 ) 78.7 ( 2.7  ) 8.7 1.7
C60 - 102.4 ( 2.4 ) 16.4 * ( 18.2 ) 35.7 * ( 1.0  ) 2.9 0.6
C61 - 75.4 ( 16.4 ) 158.7 * ( 8.8 ) 176.6 * ( 5.3  ) 4.5 0.9
C62 - 74.0 ( 24.5 ) 54.9 ( 30.2 *) 76.3 ( 6.4  ) 8.0 1.6
C63 - 98.5 ( 11.2 ) 11.7 * ( 57.8 *) 27.3 * ( 5.8  ) 2.9 0.6
C64 81.4 72.3 ( 1.0 ) 66.7 ( 26.9 ) 44.5 * ( 4.1  ) 2.3 0.5
C65 - 86.3 ( 1.7 ) 46.5 * ( 6.0 ) 41.9 * ( 19.3  ) 6.7 1.3
C66 247.8 82.4 ( 22.9 ) 89.3 ( 44.9 *) 97.3 ( 6.9  ) 84.8 17.0
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GF/B

2 mm

-80

LC/MS/MS Agilent 1100  HPLC

Agilent Technologies 4000 Q TRAP 

LC/MS/MS Applied Biosystems

MRM

GC/MS Agilent 6890 

Plus Agilent 5973 

Network MSD Agilent Technologies

SIM

1

Castiglioni 2

Method1 6

100 500mL GF/B

SS

LC/MS/MS

Method Chemical
properties

LC/MS/MS
Scan mode

LC/MS/MS
Mobile phase SPE Cartridge

1 Acidic OASIS MCX and Sep-pak Florisil

2 Neutral LiChrolut EN and Autoprep EDS-1

3 Acidic Acetonitrile and
0.05% Triethylamine OASIS MCX and Sep-pak Florisil

4 Acidic Acetonitrile and
0.1% Formic acid

5 Acidic

6 Neutral LiChrolut EN and Autoprep EDS-1

OASIS MCX and Sep-pak Florisil

Acetonitrile and
0.05% Triethylamine

Positive

Acetonitrile and
0.1% Formic acid

Negative

PPCPs Method 1,3,4,5

EDTANa100 500mL

37%HCl pH2

Oasis MCX Sep-Pak Plus Florisil

20mL/min

2mL 2

2mL 0.2

2mL N2 0.01%

(1:1) 500 L

LC/MS/MS Method1,4

0.1 %

Method1 Positive

Method4 Negative

Method3,5 0.05 %

Method3 Positive Method5

Negative
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PPCPs Method 2,6

30%NH4OH

pH7  LiChrolut EN

Autoprep EDS-1

16mL/min

3mL 3mL Method2

Method1 Method6

Method5

1

50 ng (

) 100 ng ( )

(

100 ml 500 ml) 10 ml min-1

Musk UV filters Analytical procedure (aqueous)

lL

1 g

10mL/min

DCM 10 mL

35 27

1 mL DCM

30 mL DCM

30 mL MeOH

30 mL H20

Conditioning

3000rpm, 
20min

sample

(a)

Musk UV filters Analytical procedure (solid)

200 mg

1 g

4,2 mL

2,2 mL

( 4 5 min)

19000 rad/min 5 min

N2 purge 200 L 150 mL Mili Q

SPE( method)

(b)

a: b:

surface water & effluent influent sediment, solids
or acticated sludge

benzyl acetate 11.22 108 150 terpineol-d3 terpineol-d3 terpineol-d3
terpineol d3 11.78 62 139 - - -
terpineol 11.83 59 136 terpineol-d3 terpineol-d3 terpineol-d3
methyl salicylate 12 120 152 terpineol-d3 terpineol-d3 terpineol-d3
isobornyl acetate 14.34 95 136 BP-d10 BP-d10 BP-d10
iso methyl ionone 19.15 150 206 BP-d10 BP-d10 BP-d10
DPMI 19.56 191 206 BP-d10 BP-d10 BP-d10
BP-d10 22.54 110 192 - - -
BP 22.62 105 182 BP-d10 BP-d10 BP-d10
MDJ 23.22 83 156 BP-d10 BP-d10 BP-d10
ADBI 24.57 229 244 BP-d10 BP-d10 BP-d10
hexyl cinnamaldehyde 25.17 129 115 BP-d10 BP-d10 BP-d10
AHMI 25.43 229 244 BP-d10 BP-d10 BP-d10
octyl salicylate 26.34 120 138 musk xylene-d15 musk xylene-d15 musk xylene-d15
musk xylene-d15 27.21 294 - - -
ATII 27.25 215 BP-d10 BP-d10 BP-d10
HHCB 27.28 243 258 BP-d10 BP-d10 BP-d10
MX 27.48 282 297 musk xylene-d15 musk xylene-d15 musk xylene-d15
AHTN 27.51 243 258 BP-d10 BP-d10 BP-d10
benzyl salicylate 27.64 91 228 benzyl cinnamate benzyl cinnamate benzyl cinnamate
homosalate 27.84 138 69 metalochlor-d6 metalochlor-d6 musk xylene-d15
metalochlor-d6 29.7 168 - - -
MK 29.82 279 294 benzyl cinnamate benzyl cinnamate benzyl cinnamate
4-MBC 30.46, 31.09 254 239 fluoranthene-d10 fluoranthene-d10 musk xylene-d15
BP-3 30.68 227 228 metalochlor-d6 metalochlor-d6 metalochlor-d6
isoamyl methoxycinnamate 30.83 178 161 benzyl cinnamate benzyl cinnamate benzyl cinnamate
fluoranthene-d10 30.97 212 - - -
benzyl cinnamate 31.8 91 131 - - -
EHMC 33.10, 36.32 178 290 fluoranthene-d10 benzyl cinnamate musk xylene-d15
OD-PABA 35.08 165 277 fluoranthene-d10 benzyl cinnamate musk xylene-d15
octocrylene 47.08 249 361 fluoranthene-d10 benzyl cinnamate musk xylene-d15

surrogate
compounds retention time

 (min)
quantification ion

m/z
confirmation ion

m/z
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PolarPlus®C18 (J.T. Bakerbond :

1 mg)

Octadecyl (C18) (J.T. Bakerbond : 1

mg)

Q

SPE10-P (Chratec )

15 mL 1 ml min-1

(2 ml)

35

500 l

GC/MS

( 500 mg)

50 ng

5

2 4

35

200 ml Q

Q

GC/MS

HP-5MS GC (30 

m, 0.25 mm i.d.)

35 5 min-1 200

200 10 20 min-1

220 2 min-1

230 2

Allopurinol

Ketoprofen 2 Allopurinol

6.4ng/L

18.0 ng/L

Ketoprofen

3.0ng/L

2.9 ng/L
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50% 150% 30%

27

50% 15% 30%

28

3

10

ng/L

( )

S/N 3

BP-3

5%

homosalate

100 mL

0.5

63 g l-1

homosaltae g l-1

influent (dissolved) effluent (dissolved) surface water (dissolved) influent solid activated sludge sediment

compounds
LOD

(ng l-1)
LOD

(ng l-1)
LOD

(ng l-1)
LOD
(ng g-1)

LOD
(ng g-1)

LOD
(ng g-1)

benzyl acetate 88.7 ± 2.9 8 107 ± 3.7 8 93.7 ± 8.2 2 72.7 ± 10.6 - 84.3 ± 4.7 - 75.1 ± 10.9 2
terpineol 95.2 ± 8.7 7 100 ± 0.5 7 105 ± 7.5 1 99.3 ± 1.2 - 108 ± 3.1 - 98.4 ± 4.4 1
methyl salicylate 171 ± 10.2 10 114 ± 6.4 10 95 ± 9.2 2 61.6 ± 13.0 - 93.2 ± 7.0 - 47.5 ± 22.4 2
isobornyl acetate 91.2 ± 2.7 4 72.2 ± 6.2 4 61.9 ± 5.8 1 50.6 ± 20.6 - 73.1 ± 5.5 - 52.7 ± 8.1 1
iso methyl ionone 88.3 ± 1.9 5 80.6 ± 1.0 5 80.6 ± 4.5 1 85.9 ± 5.5 - 96.3 ± 3.1 - 83.2 ± 4.2 1
DPMI 89.5 ± 1.5 5 80.4 ± 0.8 5 84.4 ± 4.8 1 83.2 ± 4.2 - 89.8 ± 1.7 - 83.7 ± 3.2 1
BP 87.2 ± 0.2 9 94.4 ± 2.1 9 103 ± 3.7 2 103 ± 5.0 - 103 ± 1.2 - 94.3 ± 3.6 2
MDJ 127 ± 7.6 11 121 ± 4.2 11 114 ± 4.5 2 121 ± 1.5 - 126 ± 0.7 - 115 ± 2.4 2
ADBI 88.6 ± 1.2 1 80.1 ± 2.2 1 75.7 ± 5.0 0.2 93.4 ± 2.0 - 99.3 ± 3.9 - 79.8 ± 10.1 0.2
hexyl cinnamaldehyde 109 ± 2.0 28 96.7 ± 4.6 28 128 ± 11.6 6 178 ± 1.8 - 134 ± 6.5 - 139 ± 12.0 6
AHMI 81.4 ± 1.4 3 78.1 ± 2.2 3 77.1 ± 4.7 1 98.8 ± 1.9 - 98.2 ± 4.0 - 87.3 ± 12.4 1
octyl salicylate 169 ± 10.8 10 98.4 ± 5.1 10 95.8 ± 8.0 2 87.5 ± 7.3 - 75.7 ± 3.6 - 83.3 ± 19.0 2
ATII 82.1 ± 3.6 0.5 71.3 ± 3.1 0.5 81.8 ± 7.3 0.1 101 ± 3.2 - 95.8 ± 5.0 - 82.4 ± 6.5 0.1
HHCB 98.3 ± 4.3 2 84 ± 6.7 2 73 ± 6.1 0.3 130 ± 3.5 - 105 ± 6.6 - 113 ± 9.1 0.3
AHTN 71.2 ± 4.5 1 82.6 ± 4.1 1 78.7 ± 6.3 0.2 102 ± 2.8 - 115 ± 9.2 - 85.7 ± 8.7 0.2
MX 106 ± 2.4 7 110 ± 4.0 7 104 ± 4.2 1 96.7 ± 0.4 - 88.4 ± 0.3 - 95.2 ± 3.2 1
homosalate 76.9 ± 16.8 63 95.6 ± 2.1 63 82.2 ± 7.5 13 74.4 ± 14.3 - 83.1 ± 12.4 - 64.2 ± 9.4 13
benzyl salicylate 121 ± 12.2 14 102 ± 2.2 14 118 ± 8.0 3 109 ± 4.4 - 172 ± 0.9 - 113 ± 4.8 3
MK 103 ± 2.0 5 91.5 ± 1.2 5 103 ± 6.4 1 87.7 ± 4.3 - 118 ± 1.3 - 99.1 ± 4.9 1
4-MBC 137 ± 4.7 6 103 ± 2.6 6 106 ± 6.5 1 133 ± 1.2 - 124 ± 1.2 - 124 ± 3.0 1
BP-3 106 ± 14.5 8 158 ± 6.2 8 132 ± 3.7 2 104 ± 12.7 - 172 ± 4.0 - 5.13 ± 35.6 2
isoamyl methoxycinnamate 81.4 ± 2.4 5 76.2 ± 3.2 5 89.8 ± 6.5 1 83.9 ± 5.1 - 91.3 ± 1.7 - 91.7 ± 5.5 1
EHMC 88.2 ± 5.4 2 100 ± 2.1 2 98.9 ± 10.3 0.3 118 ± 8.9 - 108 ± 3.5 - 104 ± 17.5 0.3
OD-PABA 78.9 ± 4.3 1 82.9 ± 3.1 1 87.9 ± 10.3 0.3 121 ± 5.3 - 103 ± 3.7 - 105 ± 8.4 0.3
octocrylene 105 ± 5.2 5 79.7 ± 2.4 5 87.4 ± 9.9 1 91.2 ± 13.4 - 77 ± 7.1 - 85.6 ± 32.9 1

% recovery
 (±rsd)

% recovery
 (±rsd)

% recovery
 (±rsd)

% recovery
 (±rsd)

% recovery
 (±rsd)

% recovery
 (±rsd)
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g l-1

PPCPs

3) 10 g l-1 Simonich
4,5) Balmer 6) Buser 7) Poiger 8)

Q

77 200 

61 110 %

47

66 70

20% 47 10

34 25

80% (47 38

)

PPCPs

20% 30

80% 17

PPCPs

C6 C7

C8 C11

C2

C1

700ng/L

C5

C14

C20

C22

C31

C36 3,4,4'-

C38 41

C38 C41

20%
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10
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1000

C1 C2 C3 C4 C5 C6 C7 C8 C9 C1
0
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C1
3

C1
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C1
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C1
6

C1
7

C1
8

C1
9

C2
0

C2
1

(n
g/

L)
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1
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100
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2
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3
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4

C2
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6

C2
7
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8
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C3
0
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1

C3
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3

C3
4

C3
5

C3
6

C3
7

C3
8

C3
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C4
0

C4
1

0.1
1

10
100

1000
10000

100000

C4
2

C4
3

C4
4

C4
5

C4
6

C4
7

C4
8

C4
9

C5
0

C5
1

C5
2

C5
3

C5
4

C5
5

C5
6

C5
7

C5
8
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C6
0
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1
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2
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3
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4

C6
5

C6
6
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0.8

1

C1 C2 C3 C4 C5 C6 C7 C8 C9 C1
0

C1
1

C1
2

C1
3

C1
4

C1
5

C1
6

C1
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0
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0.6

0.8
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0

C5
1

C5
2

C5
3

C5
4

C5
5

C5
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0
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3
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4
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5
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6
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C44

1 g/L

C45

200ng/L

C47 C53 C54

C49

C56 C57

C60

C61

C64

C66

80t 250t

2 g/L 30 g/L

C64 C66

100%

25

MX 4-MBC 23 MX

4-MBC

2
8)

9)

23 benzyl 

acetate terpineol AHMI octyl salicylate benzyl 

salicylate isoamyl methoxycinnamate

95%
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BP MDJ hexyl cinnnamaldehyde

HHCB AHTN g l-1

Simonich 5)

terpineol methyl salicylate benzyl 

salicylate g l-1

HHCB AHTN MK

BP g

l-1

EHMC homosalate

g l-1

Balmer 6)

EHMC

BP-3 octocrylene 1/10

OD-PABA

homosalate

homosalate EHMC

25 MX 4-MBC 23

95 %

BP ATII HHCB AHTN MK EHMC OD-PABA

Simonich 5)

HHCB AHTN

1 g l-1

compounds number of
detection*

number of
detection*

number of
detection*

number of
detection*

benzyl acetate 191 ± 1304 3 0.3 ± 1.8 1 - - 0 - - 0
terpineol 593 ± 2162 36 10 ± 15 27 2.0 ± 3.3 21 1.4 ± 6.5 2
methyl salicylate 623 ± 3630 47 17 ± 36 29 5.3 ± 14.5 30 2.0 ± 0.9 41
isobornyl acetate 122 ± 296 47 18 ± 19 29 12.2 ± 10.9 43 3.0 ± 1.7 42
iso methyl ionone 308 ± 633 47 22 ± 29 37 0.6 ± 1.7 9 0.2 ± 0.3 10
DPMI 168 ± 935 46 14 ± 10 38 - - 0 - - 0
BP 5101 ± 13683 47 657 ± 1159 45 277.7 ± 172.4 43 128.9 ± 104.9 43
MDJ 3358 ± 4166 46 41 ± 43 36 2.2 ± 4.0 16 0.1 ± 0.4 2
ADBI 110 ± 575 46 4 ± 7 40 0.02 ± 0.1 3 0.02 ± 0.1 6
hexyl cinnamaldehyde 1517 ± 6865 47 47 ± 36 40 17.4 ± 13.5 41 4.6 ± 5.9 33
AHMI 31 ± 158 31 3 ± 13 15 - - 0 0.02 ± 0.1 2
octyl salicylate 173 ± 621 38 3 ± 6 10 - - 0 - - 0
ATII 210 ± 712 47 9 ± 6 46 0.05 ± 0.2 2 0.2 ± 0.4 14
HHCB 7781 ± 21384 47 388 ± 270 47 9.4 ± 9.4 43 6.6 ± 14.0 43
AHTN 4487 ± 13853 47 175 ± 123 47 9.8 ± 9.3 43 5.9 ± 12.4 43
MX - - 0 - - 0 - - 0 - - 0
homosalate 29224 ± 107007 46 6 ± 16 6 - - 0 0.02 ± 0.1 1
benzyl salicylate 361 ± 1351 35 4 ± 18 4 0.4 ± 1.9 2 - - 0
MK 1023 ± 3440 47 104 ± 83 45 3.7 ± 8.0 12 0.9 ± 2.0 11
4-MBC - - 0 - - 0 - - 0 - - 0
BP-3 550 ± 2672 46 11 ± 18 23 2.6 ± 4.5 19 0.5 ± 0.8 22
isoamyl methoxycinnamate 57 ± 358 3 0 ± 2 2 - - 0 0.1 ± 0.3 3
EHMC 4962 ± 14008 47 1171 ± 997 47 380.6 ± 479.5 43 79.0 ± 242.2 43
OD-PABA 180 ± 630 47 27 ± 35 47 1.8 ± 1.7 30 1.0 ± 0.4 43
octocrylene 293 ± 629 46 2 ± 4 13 - - 0 - - 0

influent (N=47) effluent (N=47) surface water (N=43) sediment (N=43)

(av*±SD*) ng l-1 (av±SD) ng l-1 (av±SD) ng l-1 (av±SD) µg kg-1
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388 g l-1

175 g l-1

BP EHMC g l-1

OD-PABA

BP-3 ng l-1

EHMC Balmer
6) 50 1 g l-1

EHMC

4-MBC

octocrylene 13

EHMC

Balmer 6)

EHMC

OD-PABA homosalate

25 16

95 

isobornyl acetate BP hexyl 

cinnamaldehyde HHCB AHTN EHMC

OD-PABA 30

HHCB AHTN

1994 1996
10) 10 220 g l-1

10 130 g l-1

1.7 54 g l-1, 2.2 40.7 

g l-1 BP EHMC

g l-1

HHCB AHTN

25 18

BP HHCB AHTN EHMC OD-PABA

methyl salicylate isobornyl acetat

 HHCB AHTN 0.7 84 

g/kgD.W. 0.5 71 g kgD.W -1.
11) 5 110 g kgD.W -1.

5 180 g kgD.W -1.
BP EHMC HHCB AHTN
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48 546 g kgD.W -1. 3.6 1446 kgD.W 
-1.

EHMC

BP

Balmer 6)

PPCPs

53

25

MX 4-MBC 23

18 95%

95 % 7

25 16

95 6

BP EHMC g l-1

25

18

5
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1.

(WEP )

18

Na+ K+ Ca2+ Mg2+

Na+ K+ Ca2+ Mg2+

Ca2+ Mg2+ K+ Na+

Na+
Na+

18 11 19 2
-1 2
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Na+

K+ NH4+-N NO2- -N NO3- -N
D-PO43--P 6

-1 D-N NH4+-N+NO2- -N+NO3-

-N D-P D-PO43--P
Na+

Na+

48.82mg l-1

95% m+2 m-2
58.68mg l-1 38.97mg l-1

Na+ K+/Na+

0.237 95% m+2 0.265
m-2 0.209 D-N/Na+

0.455 0.599 0.311 D-P/Na+

0.0333 0.0498 0.0169
DOC

95% m+2
m-2 45.03mg l-1 63.32mg l-1

26.73mg l-1 DOC/Na+ 95%
m+2 m-2

0.922 1.378 0.466

18
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Na+

K+ NH4+-N NO2- -N NO3- -N D-PO43--P

-1 7 4
-2

18 11 19 2
2.1.1 -2

-5
Na+ 16.04 36.79mg l-1

48.82mg l-1

Na+

K+/Na 0.237 0.142
D-N/Na 0.455 0.325 D-P/Na
0.0333 0.0113 DOC/Na 0.922 0.261

Na

Na
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Na
K+ NH4+-N NO2- -N NO3- -N

D-PO43--P -3
-10 62 17 10 18

9 4 8 2.1.1

-6 9
Na 11.36 125.52mg l-1

95 m 2
58.68mg l-1 N41.5
S22 2
Na+

0 2000m0 2000m
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Na

K /Na 0.237 0.142 0.146 D-N/Na
0.455 0.325 0.138 D-P Na 0.0333

0.0113 0.0045 DOC/Na 0.922 0.261 0.223
K DOC

D-N D-P

Na D-N D-P

K /Na 95
m 2 0.265

K

D-N/Na D-P/Na DOC/Na
95 m

2 -10
95 m 2
95

K /Na
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18

K+/Na+

0.265
K+/Na+

0.209, 0.265
K+/Na+

0.209

D-N/Na+

0.599
D-N/Na+

0.311, 0.599
D-N/Na+

0.311

D-P/Na+

0.0498
D-P/Na+

0.0169, 0.0498
D-P/Na+

0.0169

DOC/Na+

1.378
DOC/Na+

0.466, 1.378
DOC/Na+

0.466

K+/Na+

0.265
K+/Na+

0.209, 0.265
K+/Na+

0.209

K+/Na+

0.265
K+/Na+

0.209, 0.265
K+/Na+

0.209

D-N/Na+

0.599
D-N/Na+

0.311, 0.599
D-N/Na+

0.311

D-N/Na+

0.599
D-N/Na+

0.311, 0.599
D-N/Na+

0.311

D-P/Na+

0.0498
D-P/Na+

0.0169, 0.0498
D-P/Na+

0.0169

D-P/Na+

0.0498
D-P/Na+

0.0169, 0.0498
D-P/Na+

0.0169

DOC/Na+

1.378
DOC/Na+

0.466, 1.378
DOC/Na+

0.466
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18 22

18 2
5

1

18

2
2 1

1) 3)

4)

2 2

2-1
2-1
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(t/ )
1 2

1 8.76 26.2 

2 14.6 17.9 

3 2.27 15.5 

4 9.64 9.64 

5 2.22 7.83 

EC50 LC50

LD50

2-2

LD50 (mg/kg)

1 1,478 

2 >2,000 

3 2,700 

4 5,000 

>5,000 
5

>5,000 

KOW

KOW

KOW

2-3

(Kow)

1 0.010 

2 0.04 

3 0.553 

4 >3.0 

5 7.18 

2 3

LVFX Laboratories INC 90.2
CAM 90 0.5%

=3 7
STD

1,000mg/l LVFX CAM STD
5 2

Whatman GF/B
1 m
OasisHLB Waters

200mg

100ml GF/B
SS 10ml

2
0.5ml

3ml
OasisHLB 10ml/min

CAM LVFX
OasisHLB 1

6ml CAM
6ml LVFX
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0.5%
3 7 1ml

LC/MS/MS
Agilent 1100

AppliedBiosystems API4000
phenomenex

LUNA C8 2.0mm ×50mm
0.5% =3 7

40 0.1ml/min 5 l
ESI
LVFX

27eV CAM 41eV

LVFX CAM

5)

S 3 3S
10 10S 5)

S
13.8ng/l LVFX 14.5ng/l CAM

3S 10S 41.4ng/l 138ng/l LVFX 43.5ng/l
145ng/l

LVFX 4.3 CAM 3.6

STD
Sa S Sa S

500ng/l n=5 LVFX 82%
CAM 55
LVFX 4.5% CAM 1.2% CAM

2 4

41.4ng/l 138ng/l LVFX
43.5ng/l 145ng/l

LVFX 82%
CAM 55

3
3 1

18

LVFX CAM
3 2

5
28,000

450,000m3/day

3 3
LVFX
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152 323ng/l CAM 303 567ng/l
LVFX6) 133ng/l

CAM1),7) 57 328ng/l
LVFX CAM

LVFX CAM
0.553 7.18 8)

9) CAM LVFX

LVFX CAM
LVFX CAM LVFX

CAM
5 4 LVFX
CAM CAM
LVFX

LVFX CAM
10)

pH11)

3 4

LVFX CAM
LVFX 152 323ng/l CAM 303 567ng/l

6

(Vibrio Fischeri)
SDI (MICROTOX®)

5 15 50%
(EC50)

Pseudokirchneriella 
subcapitata (NIES-35) 96

96

(EC50)

(Brachionus 
calyciflorus) MicroBioTests

(ROTOXKIT F CHRONIC)
48

(EC50)

(Daphnia magna)
MicroBioTests

(DAPHTOXKIT F MAGNATM)
24 48

(EC50)

(Xenopus 
laevis) ASTM
FETAX (the Frog Embryo Teratogenesis 
Assay-Xenopus) 24

24 96

(LC50)

4-1
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9
DMSO

10mg/L
2 5 10, 5, 2.5, 1.25, 0.625 

mg/L
10mg/L

0.625mg/L 0.1mg/L
0.13mg/L 8.3mg/L

DMSO 0.1%

4-2
4-2
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4-3

4-4

EC50
LC50

g/L
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1) Hirsch, R., Ternes, T., Haberer, K. and Kratz, K. L. 
1999  Occurrence of antibiotics in the aquatic 

environment, The Science of Total Environment,
225, 109-118. 

2) 2003
205 159-160

3) 2004

41 499 27-30
4) 1998

35

144-146
5) 2002

pp.307-310
6) Göbel, A., McArdell, C. S., Alder, C. A. and Giger, 

W. 2003  Occurrence and fate of macrolide and 
sulfonamide antibiotics in wastewater treatment, 
Proceedings of The 4th IWA specialized 
conference on assessment and control of 
hazardous substances in water -ECOHAZARD 
2003-, 20/1. 

7) Mcardell, C. S., Molnar, E., Suter, M. J. F., and 
Giger, W. 2003  Occurrence and fate of 
macrolide antibiotics in wastewater treatment 
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Technology, 37, 5479-5486. 

8) 2003 2004
,1253pp

9) 2003
13 pp.750-1117

10) 2003
37

343
11) 2004

38
361
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16,20,24,28
24 (16,20 )

Pax-3

, H H L
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4.1

4.1.1

96
KCN

0.5mg/L
96

96

-1

-2

-1

-

4.1.2  
(control)

RNA
RNA

OD( :optic density)
Agilent 2100 Bioanalyzer

RNA
(1) RNA

TRizol Invitrogen 3 6ml

RNA 50µl DEPC
total RNA OD260

OD280 RNA
total-RNA

OD260 280
1.7 RNA

(2) mRNA

mRNA Oligotex-dT30<Super> 
mRNA purification kit Takara

DEPC
5 10µl mRNA

OD mRNA 3 5µg
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mRNA
mRNA -3 2

-3

4.1.3  DNA

DNA

 5 m 2

(1)DNA
1 1 Anti-tag

Anti-tag 4
8 8 -4

88 1,700
Anti-tag Tag mRNA 

cDNA complementary DNA mRNA
DNA

Tag Anti-tag 1
1 cDNA

DNA

Mix Mix  mRNA  2µg
cDNA

Tag 1
1,700

cDNA PCR
Anti-tag

cDNA
-5

-4  Anti-tag 8

-5 DNA

(2)

Mix Mix 2
4.1.3(1) DNA

-6 -3

-6

4.1.4
-1

y = 
x

Mix
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U1 D1 -1
U1 D1

-7 U1 D1

-7

cDNA
PCR Phred

15 300
352

352 47 55
singlet U1 D1

10

-8,9 D1

|VERSION| DEFINITION

U1

gb| AC121982.3| Mus musculus chromosome 6 clone RP24- 

gb|AC006458.2| Homo sapiens BAC clone GS1-228E12 fro 

gb|AF402815.1| Ictalurus punctatus 40S ribosomal protein 

emb|BX005400.8| Zebrafish DNA sequence from clone CH2

dbj|AU301100.1| Cyprinus carpio: cDNA clone: 3-074, expre

gb|AF401581.1| Ictalurus punctatus ribosomal protein L27 

gb|AF401558.1| Ictalurus punctatus ribosomal protein L6  

gb|AF402827.1| Ictalurus punctatus 40S ribosomal protein 

gb|AC012443.8| Homo sapiens BAC clone RP11-17G11 fro 

dbj|D13669.1|ORZHSC70 Oryzias latipes mRNA for heat s 

|VERSION| DEFINITION

D1

dbj|AB064320.1| Oryzias latipes Ol-vit1 mRNA for vitelloge 

dbj|D89609.1| Oryzias latipes mRNA for choriogenin H, com

dbj|AB084753.1| Oryzias latipes mitochondrial cytb gene for 

dbj|AP004421.1| Oryzias latipes mitochondrial DNA, compl 

gb|AC125488.3| Mus musculus chromosome 12 clone RP23 

dbj|AB041929.1| Engraulis japonicus mRNA for trypsinog 

dbj|AB075198.2| Oryzias latipes wap65 mRNA for warm-te 

emb|AJ012191.1|OLA012191 Oryzias latipes mRNA for AT

gb|AC004383.1|AC004383 Human Chromosome X clone b 

dbj|AP004421.1| Oryzias latipes mitochondrial DNA, compl 

4.2

4.2.1
(1)

EG750(Ecogenomics )
750

300 350 DNA
(2)

24 5
1 0.5 1.0

/
9 16

20 24 28
16 28 11

9

Thermo Recorder TR-81(T AND D )
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-10
(3)RNA

RNA RNA
RNeasy mini Kit(Qiagen ) RNA
Amino Allyl MessageAmp  Kit(Ambion ) RNA

Cy5 Cy5 RNA
EG750 60

RNA Affymetrix 428 
Array Scanner(Affymetrix )

(4)

ImaGene ver.6(BioDiscovery )

GeneSight ver.4(BioDiscovery )
Quality Control

(ANOVA Test) 5%(p<0.05)

4.2.2
(1)

-2

(2)
24

439
2

-11
( )

log2(-5)

2

10

20

30

0 5 10

 [ 
 ]

16C
20C
24C
28C

3
-12 (

)
(metabolism)

(immune)
(cytoskeleton)

(developmental)

4.2.3
(1)

1 C4 (Orla C4) B
(Bf/C2)3)

T

 (estrogen receptor-binding 
cyclophilin)4)

5)

5)

-10
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-11 2
16 20 28

Orla C4 0.25 0.20 2.36
cDNA clone OLc02.11d similar to
pir|A46579| estrogen receptor-binding 1.25 0.46 3.43

Bf/C2 0.61 0.47 1.43
cytochrome P450 1A 0.45 0.43 0.46
cDNA clone NGY15.03e similar to
pir|JC4157| cytochrome P450 2D,
endoplasmic reticulum - dog

0.32 0.36 0.74

cDNA clone D2C37 similar to Fundulus
heterclitus cytochrome P450 2N1 0.41 0.38 1.86

cytochrom P450 3A40 0.39 0.36 2.15
cDNA clone DA11 similar to Haplochromis
xenognathus glucose 6 phosphatase 0.54 0.37 0.76

cDNA clone OLc03.12g similar to
pir|JQ1144| H+-transporting ATP synthase
(EC 3.6.1.34) chain b precursor,

0.32 0.35 2.37

cDNA clone OLc57.10d similar to
pir|S22348|H+-transporting ATP synthase
(EC 3.6.1.34) delta chain precursor - human

1.50 1.24 2.95

cDNA clone DB11 similar to Mouse hepatic
lipase, gi:6680264 0.34 0.49 1.08

cDNA clone OLb23.07a similar to
lanosterol synthase (EC 5.4.99.7) (human) 1.24 0.51 3.32

transferrin 0.52 0.48 1.29
cDNA clone OLc13.06d similar to
pir|A00022| CCBN cytochrome C - skipjack 2.20 0.57 1.56

GnRH-R2 gene for gonadotropin-releasing
hormone receptor 2 0.44 0.38 1.10

OlGPCPR-alpha G protein coupled 1.11 0.47 2.88
germ cell-less protein (gcl) 1.36 0.56 2.25
partial cold-shock domain protein (mfYP2) 0.40 0.45 1.99
SMC1 alpha 1.16 0.43 2.85
cDNA clone OLb25.03b similar to
eukaryotic translation inititation factor
EIF3-p48 subunit (fission yeast)

0.53 0.45 1.29

cDNA clone OLb22.05g similar to
translation elongation factor EF-1 gamma
(African clawed frog)

0.61 0.39 0.55

cellular nucleic acid binding protein 0.75 0.56 2.53
annexin max2 0.65 0.50 2.13
annexin max4 0.97 0.65 2.38
OlGC2 membrane guanylyl cyclase 1.16 0.42 2.16
Gi2 alpha subunit 0.81 0.58 2.30
cDNA clone OLb31.08d similar to
adenylate kinase (EC 2.7.4.3) 2, 1.92 0.95 2.60

cDNA clone OLd32.06d similar to
pir|I49365|protein tyrosine phosphatase - 0.99 0.41 1.72

cyclin B2 0.93 0.45 2.11
p53 0.67 0.57 2.33

cytoskelton
cDNA clone OLd14.08f similar to
pir|A56635|tubulin alpha chain, brain-
specific isotype (clone pTUB5) - chum

3.90 1.05 1.48

partial dachshund protein (dach) 0.78 0.44 2.98
Tra2b transformer-2b 1.50 0.78 2.68
Pax-3 4.30 0.72 1.31
cDNA clone MF01FSA050G01 5'
(ectonucleoside triphosphate
diphosphohydrolase 1?, Mus musculus)

0.46 0.41 1.60

cDNA clone OLe05.09f similar to
pir|A00921| KQHUP plasma kallikrein (EC
3.4.21.34) precursor - human

0.51 0.49 0.69

Gb adult alpha-type globin 0.81 0.36 1.06
cDNA clone 1061 sequence 1.36 0.66 3.32
cDNA clone MF015DA011k03 5' 0.74 0.63 0.49
cDNA clone MF01FFA006k13 5' 2.28 0.55 1.38
cDNA clone MF01FSA008O22 5' 0.29 0.42 0.44
cDNA clone MF01FSA029M08 3' 2.70 1.67 1.49
cDNA clone MF01FSA029M08 5' 2.37 0.67 1.25
cDNA clone MF01FSA032B13 5' 0.18 0.34 0.91
cDNA clone MF01FSA032G07 5' 0.93 0.48 1.55
cDNA clone MF01SSA038B03 5' 1.05 0.34 1.09
cDNA clone MF01SSA063B10 5' 1.39 0.39 1.18
cDNA clone MF01SSA123H06 3' 1.65 0.84 2.15
cDNA clone MF01SSA133F04 5' 0.72 0.36 0.69
cDNA clone MF01SSA159F10 5' 0.73 0.27 0.72
cDNA clone MF01SSB002K19 5' 1.43 0.41 1.93

immune

metabolism

reproduction

nuc./prot. binding

signal transduction

cell cycle

developmental

-12 3
16 20 28

cDNA clone NGY15.03e similar to
pir|JC4157| cytochrome P450 2D,
endoplasmic reticulum - dog

0.32 0.36 0.74

cDNA clone OLc03.12g similar to
pir|JQ1144| H+-transporting ATP
synthase (EC 3.6.1.34) chain b
precursor, mitochondrial -human

0.32 0.35 2.37

cDNA clone OLb23.07a similar to
lanosterol synthase (EC 5.4.99.7) 1.24 0.51 3.32

cDNA clone OLc02.11d similar to
pir|A46579| estrogen receptor-
binding cyclophilin - bovine

1.25 0.46 3.43

Orla C4 0.25 0.20 2.36
cDNA clone MF01FSA008O22 5' 0.29 0.42 0.44
cDNA clone MF01FSA032B13 5' 0.18 0.34 0.91
cDNA clone MF01SSA159F10 5' 0.73 0.27 0.72
cDNA clone 1061 sequence 1.36 0.66 3.32

cytoskelton

cDNA clone OLd14.08f similar to
pir|A56635|tubulin alpha chain, brain-
specific isotype (clone pTUB5) - chum
salmon

3.90 1.05 1.48

developmental Pax-3 4.30 0.72 1.31

metabolism

immune

(2)

P450
P450 1A P450 2D P450 2N1

P450 3A40
   
( ) (hepatic 

lipase)

(lanosterol 
synthase)6)

-6- (glucose 6 
phosphatase)7)

ATP(
) ADP( )

(H+ - transporting ATP 
synthase chain b precursor delta chain precursor)8)

chain b 
precursor

( )

(transferring)9)

cytochrome 
C10)
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10

P450
11)

(3)

(GnRH-R2)12)

(alpha G protein coupled progestin)12)

germ cell-less protein 13)

14)

15)

(4)

A2
(annexin 

max2 annexin max4)16)

cGMP
(membrane guanylyl cyclase)17)

mRNA
(eukaryotic translation 

inititation factor EIF3-p48 subunit)18)

(translation 
elongation factor EF-1 gamma)18)

Y

(mfYP2)19)

(SMC1 alpha)20)

B(cyclin 
B2)21) p53 21)

 (adult alpha-type globin) 

1
(tubulin alpha 

chain)22)

1 Pax-323)

22)

Pax-3

4.3  

4.3.1
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 (3)

24)

3

3 4.2.1

(4)

7 1300mg/L
10mg/L

AT 2
-3 -13 RNA

4.2.1

PCR

5 10

0 2 7 14
(E1) 17 -

(E2)

4.3.2  
(1)

13

2
2 7 14

100 3
26
16
3 /1

RNA
3 3 1

5 10
ELISA :Medaka Vitellogenin ELISA System

6,000L/

2,000L
AT1 AT2 AT3 AT4

500L 500L

6,000L/

2,000L
AT1 AT2 AT3 AT4

500L 500L
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-4 -4

Acidic Ribosomal PhosphoProtein(ARPP)
1

log2 0,-1,-2,-3
1,1/2,1/4,1/8

2

2
-14

,
H,H ,L

(2)
-5 0 AT

7 4.3.2
ARPP

-15
AT 2 ,7 ,14 0

3 1/3
(ANOVA p<0.001)

AT
, H,H

14

AT
7 AT

-6,7 E1,E2
, H,H

PCR
-16 PCR

PCR
ARPP

0
0

0
PCR 35

AT E1
0 115, 99.1ng/L 2 24.1, 37.1ng/L

7 17.6, 8.85ng/L 14 0.82, 9.57ng/L
E1

14
, H, H

E1
AT 14

E1 10ng/L
-6

E1

( / )
75.9

33.6

6.27

3.69

partial cold-shock domain protein 3.26

2.70

HOXA9B 2.30

2.07

-14 2
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2,7 AT

AT
AT 7

7

AT
50

4.3.3

92.3 109.2
14.8 32.3
7.6 28.0
4.3 7.8
4.2 3.9
3.2 3.1

85.3 88.3
14.1 33.9
8.7 29.5
7.5 7.7
3.7 cDNA similar to aspartate transaminase precursor, mitochondrial - pig AU177265 6.5

cDNA similar to H+-transporting ATP synthase beta chain precursor, mitochondrial - bovine AU177340 5.2
cDNA similar to H+-transporting ATP synthase alpha chain - mouse AU176589 4.9
cDNA similar to TR:O75804 O75804 KI-1/57 INTRACELLULAR ANTIGE AV668414 3.9
cDNA similar to translation initiation factor eIF-2 gamma chain (human) AV669804 3.8

3.7
cDNA  similar to eukaryotic translation inititation factor EIF3-p48 subunit (fission yeast) AU177788 3.2

L AF500194 3.0
37.0 93.2
4.2 36.8

cDNA similar to Brain cDNA library Ictalurus punctatus cDNA 5 AU180750 3.0 31.7
transposon Tol2 transposase AB031079 0.2 cDNA similar to aspartate transaminase, mitochondrial - pig AU177265 7.9

7.7
cDNA similar to H+-transporting ATP synthase alpha chain - mouse AU176589 5.3
cDNA similar to H+-transporting ATP synthase beta chain precursor, mitochondrial - bovine AU177340 4.9
cDNA clone MF01FSA032M17 5 BJ704342 4.2
cDNA similar to eukaryotic translation inititation factor EIF3-p48 subunit (fission yeast) AV670601 4.0
cDNA similar to cytochrome P450 2C4 - rabbit AU176982 3.9
cDNA similar to TR:O75804 O75804 KI-1/57 INTRACELLULAR ANTIGE AV668414 3.8

3.7
cDNA similar to translation initiation factor eIF-2 gamma chain (human) AV669804 3.6
cDNA clone MF01SSA123H06 3 BJ022493 0.3
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aatcgctcccggttctatatca cgaccctccatactgaaggaca FAM-atctcgaggcagaatcgagagtccga-BHQ

tctgttgttgccaagaccaaag tccatcagttctcactccaatctc FAM-cttctttgttggagctgctgctgatgttct-BHQ
gggctgattcttgctctttctct ggctgaattctggggtgaag FAM-cccttgtggctgccaaccaactg-BHQ

cggatagtcctctttccattgc tttgacactgcccattggc FAM-agcttggacccctcaagtgtacttgca-BHQ
tgttcctcagtgggatttgct agggatccactggaactaacgtt FAM-attaatggctgtccaaacatcgacgatcg-BHQ

cgagctgctgcaggtacct FAM-actgaagtcagggatctgctgctggc-BHQ
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AT E2 7

AT

AT
AT

AT

AT

AT

10ng/L-E2

5

1)

2)

3)

4)
,

H,H
2

3) ,
, , pp50-61, 2003 
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1 Blaise,C., Legault,R., Bermingham,N., VanCoillie,R., 
Vasseur,P. :A simple microplate algal assay technique for 
aquatic toxicity assessment, Toxicity Assessment, 1, 
pp.261-281, 1986 

2  St-laurent,D., Blaise,C., Macquarrie,P., Scroggins,R., 
Trottier,B. :Comparative assessment of herbicide phyto 
toxicity to Selenastrum capricornutum using microplate 
and flask bioassay procedure, Environ.Toxicol.Wat.Qual., 
7, pp.35-48, 1992 

3  USEPA. Technical Support Document For Water 
Quality-based Toxics Control, EPA/505/2-90-001. 1991 
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16 8
N P

N/P

N P

1 2
18 8 28 8 31 9 20

6 7m
4m 50cm DO 7mg/L 9mg/L
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HR
10cm×H50cm 4cm×H50cm

pH ORP
EC DO 50cm

HORIBA W-22XD
N,P

NH4-N,NO2-N,NO3-N,T-N,PO4-P T-P
5cm

15cm
GF/B 1.0 m 30cm 20

Air DO 8mg/L N2 DO 1mg/L
Mn Mn 200 g/L

Mn

1 10 28
25 DO 7 9mg/L T-N/T-P

9.8 6.6 2.1
N/P 10 20 1

ORP 0 5cm 278mV
250mV 159mV
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H18.8.28 9:30  28.4
11:00  27.0

H18.8.31 9:30  31.0
10:00  31.0

H18.9.20 9:55  27.0
11:45  27.0

m
pH EC DO ORP

mS/m - mg/L mV 
0.5 8.50 31.3 8.3 8.36 28.7 101 
3.0 8.33 31.4 13.1 7.52 28.4 104 
6.0 8.32 31.6 12.0 7.36 28.3 109 

NH4-N T-N PO4-P T-P TOC 
mg/L mg/L mg/L mg/L mg/L 
0.015 2.05 0.026 0.32 8.58 
0.015 1.24 0.027 0.14 6.32 
0.025 1.23 0.024 0.13 6.15 

ORP pH
cm mV -

 0 5 278 28.2 6.87 
 10 15 260 27.6 6.84 
 20 25 270 27.1 6.93 

m
pH EC DO ORP

mS/m - mg/L mV 
0.5 8.48 38.3 7.71 8.58 28.2 118 
3.0 8.13 38.4 8.91 7.64 27.6 125 
6.0 8.05 38.5 9.94 7.31 27.6 127 

NH4-N T-N PO4-P T-P TOC 
mg/L mg/L mg/L mg/L mg/L 
0.027 0.88 0.019 0.09 4.99 
0.036 0.93 0.023 0.15 4.95 
0.043 0.94 0.024 0.14 4.97 

ORP pH
cm mV -

 0 5 250 27.7 6.79 
 10 15 237 27.3 6.79 
 20 25 262 27.2 6.78 

m
pH EC DO ORP

mS/m - mg/L mV 
0.5 8.78 13.6 0.2 9.61 24.9 185 
2.0 8.79 13.6 0.5 9.87 24.8 195 
4.0 8.75 13.6 0.3 9.35 24.7 196 

NH4-N T-N PO4-P T-P TOC 
mg/L mg/L mg/L mg/L mg/L 
0.022 0.39 0.022 0.05 1.97 
0.024 0.36 0.015 0.05 2.00 
0.022 0.47 0.013 0.23 2.04 
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ORP pH
cm mV -

 0 5 159 25.8 7.05 
 10 15 160 26.1 6.68 
 20 25 142 25.7 6.76 

TOC 3 TOC 6.15mg/L
4.97mg/L 2.04mg/L 2.4

3.0 TOC

1000%
500%

IL
8% 15% 17% 2

TOC

TOC
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5

0.71mg/g(dwt) 0.52 mg/g(dwt) 0.62 mg/g(dwt)
1.4mg/g(dwt) 0.83 mg/g(dwt) 1.3 mg/g(dwt)

1.2mg/g(dwt) 0.86 mg/g(dwt) 1.1 mg/g(dwt)
2

3.2mg/g(dwt) 1.7 mg/g(dwt) 2.2mg/g(dwt)
8.9mg/g(dwt) 7.2 mg/g(dwt) 8.3 mg/g(dwt)

7.2mg/g(dwt) 6.0 mg/g(dwt) 6.8 mg/g(dwt)
3

29mg/g(dwt) 21mg/g(dwt) 24mg/g(dwt)
72mg/g(dwt) 60 mg/g(dwt) 68 mg/g(dwt)

59mg/g(dwt) 53 mg/g(dwt) 57mg/g(dwt)
2

NH4-N PO4-P DOC NH4-N
2.0mg/L 0.43mg/L 1.2mg/L 4.2mg/L

1.8mg/L 3.6mg/L 3.8mg/L 2.0mg/L 3.0mg/L
2

PO4-P 0.11mg/L 0.01mg/L 0.04mg/L
1.6mg/L 0.06mg/L 0.60mg/L

0.24mg/L 0mg/L 0.08mg/L 2
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15
DOC 10mg/L 2.0mg/L 6.6mg/L

14mg/L 8.6mg/L 10mg/L
15mg/L 7.4mg/L 9.6mg/L 1.5

NH4-N PO4-P DOC

7 8 PO4-P 0.7mg/m2/day
3.0mg/m2/day 3.2 mg/m2/day

PO4-P 11 mg/m2/day 10
21 mg/m2/day 8.6 mg/m2/day

NH4-N 0.7mg/m2/day 17 mg/m2/day
36 mg/m2/day 11 mg/m2/day

22 mg/m2/day 8.3 mg/m2/day
PO4-P NH4-N

DO
DO
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20 9
0 5

0.34g/m2/day 0.29g/m2/day 0.26 g/m2/day
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Study on origin, quality and behavior of recalcitrant dissolved 

organic matter in lakes  

(FY2006-2009)

Yutaka SUZUKI and Tomokazu KITAMURA 
Water Quality Team, Water Environment Research Group

Incorparated Administrative Agency Public Works Research Institute
Ministry of Land, Infrastructure and Transport

To identify and elucidate origin, quality and behavior of the recalcitrant dissolved organic 
matter (DOM) in the eutrophic lakes, it is essential to develop methodologies and/or indices for 
characterization of DOM. In fiscal 2006, the fluorescence characteristics of DOM in 
Kasumigaura Lake, Lake Biwa and their inflowing rivers were investigated with three 
dimensions excitation-emission matrix (EEM) fluorescence spectroscopy. Inorganic components 
and impurities in Lake Biwa DOM were removed by gel filtration chromatograph. The purified 
DOM was fractionated based upon polarity by normal phase HPLC. Furthermore, partial 
structures of a fraction of Lake Biwa DOM were estimated by means of FTIR, 1H-NMR, and 
LC/ESI-MS. Results in the fiscal year were as follows: 
1) Major seven peaks at the position of Ex230/Em300 (Peak1), Ex230/Em340 (Peak2), 

Ex230/Em425 (Peak3), Ex280/Em340 (Peak4), Ex320/Em425 (Peak5), Ex345/Ex435 
(Peak6), Ex500/Em525 (Peak7) were found in the EEMs spectra of the Kasumigaura Lake, 
Lake Biwa, and the river waters; 

2) The Peak2 was found in most spectra of river waters. It is considered that Peak2 could be 
originated from fulvic acid-like organic matters. There were the correlations between the 
fluorescence intensity (e.g., Peak2, Peak3 and Peak4) and DOC; 

3) The following clarified from EEMs of every water depth of Lake Biwa. The intesity of Peak2 
and Peak4 rose with the decrease of the water depth. DOC also showed similar relationships 
with water depth. The intensity of Peak3, Peak5, and Peak6 rose with increase of the water 
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depth. The Peak2 and Peak4 were thought to be affected by the phytoplankton activities. It is 
indicated that organic matteres appeared at Peak3, Peak4, and Peak5 are supplied from rivers, 
bottom mud and sediments of the lakes;   

4) DOC detected in the Lake Biwa might be a non-fluorescent organic matter;   
5) Lake Biwa DOM was fractionated into major five fractions based on polarity by normal 

phase HPLC; and 
6) It was suggested that major component of Lake Biwa DOM could be saturated/unsaturated

fatty acids from FT-IR, 1H-NMR, and NP-HPLC/ESI-MS analyses.   

－ ��� － － ��� －



－ ��� － － ��� －



－ ��0 － － ��� －



－ ��0 － － ��� －



－ ��� － － ��� －



－ ��� － － ��� －



－ ��� － － ��� －



－ ��� － － ��� －



－ ��� － － ��� －



－ ��� － － ��� －



－ ��� － － ��� －



－ ��� － － ��� －
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