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24

VTG

7 14 21

DO

60%

1 1 DO 5.0mg/L 24.0

60%
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E1 17 - E2

E3 17 - EE2

d-rR 5
30 30 /

21day
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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
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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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1.56ng/mg-liver

4 6
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CHG H
CHG H minor
CHG L

104

103
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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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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)
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VTG

VTG 12) 4

7

VTG VTG VTG CHG H CHG H minor CHG L
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28 24
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50ng/L E1 24 28
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-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

62 － 63 －



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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1.

(WEP )

18

Na+ K+ Ca2+ Mg2+

Na+ K+ Ca2+ Mg2+

Ca2+ Mg2+ K+ Na+

Na+
Na+

18 11 19 2
-1 2

－ 129 －



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

13 － 131 －
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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 

17 － 171 －









20 9
0 5

0.34g/m2/day 0.29g/m2/day 0.26 g/m2/day

174 － 175 －



－ 176 － 177




































