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RT-qPCR
RT-qPCR  

MS2
MS2

MS2
Ct 40mg min/L 40mJ/cm2

3Log
MS2

MS2

 

- 80%1)

2) Real-time qPCR(RT-qPCR) RT-qPCR
RT-qPCR

 

RT-qPCR
RT-qPCR

7500 bp 1% 100bp
 

MS2( MS2 )
 



 

4  

26 MS2 Long 
target Reverse Transcription PCR  (LT-RT-PCR)

RT  
26 PCR

(dPCR ) dPCR
PCR dPCR PCR

dPCR PCR
3)

 

 dPCR A
(SS) 0.87mg/L 0.04 mg/L

12.3 mg/L 0.91 mg/L CODcr 16 mg/L 180 CFU/mL 3100 CFU/mL
 

 PEG 6000 8 NaCl 0.4M
4 1 10,000×G 30 RNase-free

 
 QIAamp Viral RNA Mini Kit QIAGEN

1 SS
1 0.05 mg-SS 4 RNA DNA

DNaseI RNeasy MinElute Clean up Kit QIAGEN RNA
RNA PCR 2  
RT  RNA 0.5μg Omniscript RT Kit QIAGEN

20μL cDNA RT (T-100,Biorad ) 37 60
95 5  

dPCR  RT cDNA 1.5μL QuantStudio™ 3D Digital PCR Master Mix v2 (Applied
Biosystems ) (Forward(+) Reverse(-)) 0.9μM Taqman-MGB

0.25μM QuantStudio™ 3D Digital PCR 20K Chip Kit 
v2 Applied Biosystems 14.5μL PCR dPCR PCR 96
10 1 95 30 60 45 72 30 1 50 60 2

1  
dPCR -1

8 GII/4-Sydney 5) PCR
GII/4-Sydney

MS2  



 

5  

(bp) Primer/Probe Sequence

GII/4-Sydney

100

Forward (+) 5' CCCTTGGGCCCTGATCTAAA 3'

Reverse (-) 5' CGTTCCCCGCGAGAATTAC 3'

MGB-Probe 5' CCCTACCTATCCCATTTG-MGB 3'

300

Forward (+) 5' TGTTGATTCCCTTACCCGATGT 3'

Reverse (-) 5' TGGGACCCGTGAACAACTTT 3'

MGB-Probe 5' CAATCAAATGACCCTACCATT-MGB 3'

500

Forward (+) 5' AGACCGTGATTTTGAAGCTAACCA 3'

Reverse (-) 5' GTCTACGCCCCGTTCCATTT 3'

MGB-Probe 5' AACACAAAGTTCACCCCAGT-MGB 3'

MS2 phage

91

Forward (+) 5' TGGCAACCCAGACTGTTGGT 3'

Reverse (-) 5' GTGGCGAAAATTGGAATGGT 3'

MGB-Probe 5' TAGCCGCATGGCGTT-MGB 3'

297

Forward (+) 5' GCAAGGTCTCCTAAAAGATGGAAAC 3'

Reverse (-) 5' GCCTCGTCATTACCAGAACCTAAG 3'

MGB-Probe 5' ATTACCCATGTCGAAGACA-MGB 3'

481

Forward (+) 5' TGACAATCTCTTCGCCCTGAT 3'

Reverse (-) 5' GCACACCCACCCCGTTTAC 3'

MGB-Probe 5' ATCCACGCCTCTATAAG-MGB 3'  

dPCR MS2 -1 26
LT-RT-PCR 1/1000

dPCR
GII/4-Sydney 5.0 104 copy/L MS2

GII/4-Sydney 3.0 104 copy/L
GII/4-Sydney MS2

dPCR  

0 200 400 600

NoV GII/Sydney

MS2 phage
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MS2
 

dPCR 26 LT-RT-PCR
MS2  

MS2 Ct

Ct 40mg min/L 40mJ/cm2 3Log
 

GII/4-Sydney MS2 dPCR
MS2

MS2
Ct 40mg min/L 40mJ/cm2 3Log

 
MS2

MS2 
plaque assay

 
MS2

 

A

1) Moe CL, Preventing norovirus transmission: how should we handle food handlers?. Clin Infect Dis. 2009 Jan 
1;48(1):38-40.

2) Duizer E., Schwab J.k., Neill H.F, Atmar L.R.,Koopmans P.G.M. and Estes K.M.: Laboratory efforts to cultivate 
noroviruses, Journal of General Virology,85,pp.79-87,2004.

3) Huggett Jim F., Bushell Claire A., Cowen Simon, Scott Daniel J., and Foy Carole A. : Evaluation of Digital PCR 
for Absolute DNA Quantification,Anal. Chem., 2011, 83 (17), pp 6474–6484.

4) 2009
46(561),91-101

5) IASR , Vol. 31 pp. 312-314, 2010.
6) (1993), , pp.309-312.
7) LABIO21 No.38 2009., ISSN 1345-9147.
8)

2009 Vol.24, No.6, pp.388-394.
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1)

CO2 pH
2) CO2

CO2 52% 3)

CO2 CO2

CO2

CO2

 

A 4)

CO2 CO2 CH4 39.6%

59.9% CO2 98.3% 0.902% CO2 47 L

1 MPa

(LPH-350SP )

25 12

130 μmol/m
2/s B

( : 100 L : 6 )

2 L 2 CO2 ( :

CO2) CO2 (CO2 : 99.95%) ( : CO2)

2 1 L/d

CO2 CO2
2) pH 8 pH

7.9 pH pH (NPH-660NDE )

CO2 CO2 10 L

(FPC100 AS ONE ) ( : 20 mL/min) 2016 1 13

2016 2 15 33

(Dissolved oxygen: DO) (Suspended solids: SS)

a (Total nitrogen: TN) (Dissolved total nitrogen: DTN) (Total phosphorus: 

TP) (Dissolved total phosphorus: DTP) (Inorganic carbon: IC)

a 1.2 μm GF−C (Whatman ) 1.0 μm GF−B
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CO2

GAIA

CO2

 
1) Sutherland, D.L., Howard–Williams, C., Turnbull, M.H., Broady, P.A., Craggs, R.J.: The effects of CO2 addition along a pH 

gradient on wastewater microalgal photo–physiology, biomass production and nutrient removal. Water Res., 70, 9–26, 2015.

2) Takabe, Y., Hidaka, T., Tsumori, J., Minamiyama, M.: Effects of CO2 addition on energy production by indigenous 

microalgae cultivation with treated effluent in wastewater treatment plants. J. Water Environ. Technol. (Accepted: 15 June 

2016)

3) Slade, R., Bauen, A.: Micro–algae cultivaiton for biofuels: Cost, energy balance, enviromental impacts and future prospects. 

Biomass Bioenerg. 53, 29–38, 2013.

4) : CO2 53

181–183 2016.

5) American Public Health Association (APHA): Standard methods for the examination of water and wastewater, nineteenth 

ed. Washington, DC, USA, 2005.

6) : ( ) 1997.
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(Greenhouse gas, 
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2.  
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( ) ( )

1)  

2)

 

3)

4), 5) 6), 7)

8), 9)  

GHG

(CO2)  CO2 
10)
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GHG
GHG

GHG  

2.2
2.2.1 

3)

 

200

 

 

11)

 
2.2.2 

12), 13)

14)  

15), 16), 17)

17) 500kW
 

2.2.2 
 

TMR total mixed rations: 18), 

19)

TMR
25 /kg

 

20), 21)

 
2.2.3 

 

4

22)  

23), 24)  

2.3 GHG
2.3.1

GHG

25)  
GHG

GHG
GHG

 GHG

GHG
GHG

  
GHG (CO2)
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CH4

N2O CH4 N2O
38)

30)  

20)

  

39)

40)

0.6L/1000m2 0.4L/1000m2 0.4L/1000m2

GHG 41)

258.1g-CO2/kg-wet
10%  

GHG
GHG

GHG

42) 0.0157L/dry-kg
18.0Wh/dry-kg 0.00798L/dry-kg

GHG 43) 1.64kg-CO2eq./kg-N
1.44kgCO2eq./kg-P2O5

0.1-0.4% 44)

32) 0.4%
CH4 N2O

IPCC 27)

GHG 40)  

2  3cm

46)

7.2 7.6kWh/m3

47) 220 kg/m3

48)

34)

48)

100t/d  
2  3cm

9)

0.31NL/gVS 64% VS
23%

35.9MJ/Nm3

0.387Wh/NL-CH446)

25-39% 49) 33%

VS 23%
    

GHG
-2   

CO2 CH4 N2O

-3 CH4 N2O
GHG

50) GHG
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LCI IDEA ver.1.151)

GHG -4
 

 
-2

GHG (1000m2 1
)

  
 

 

(1)   

 (L) 14.9 31),32)

(2) ( )  

  (kWh) 36.8 34) 

 (kg) 1.8 34) 

 (kg) 1.3 34) 

 (kg) 0.16 34) 

(3) ( )  

 (kWh) 36.1 34) 

 10% (kWh) 88.3 34) 

 20% (kWh)  177 34) 

 (3)  

(4)   

 (kWh) 0.042 34) 

 (L) 0.0036 34) 

 (L) 0.0080 34) 

(5)   

 (L) 1.4 40) 

 GHG(kg CO2eq.) 71 41) 

(6)   

 (L) 4.3 42) 

 (kWh) 4.9 42) 

 (L) 2.2 42) 

 GHG(kg CO2eq.) 6.0 43) 

 GHG(kg CO2eq.) 0.79 43) 

(7)   

 (L) 4.3 42) 

 (kWh) 4.9 42) 

 (kWh) 7.5 46) 

 (kWh) 7.9 46) 

 (kWh) 27.8 34) 

 (kg) 1.1 34) 

 (kg) 3.8 34) 

 (kg) 0.46 34) 

 (kWh) 148 49) 

 (kWh) 0.065 34) 

(L) 0.0055 34) 

(L) 0.0158 34) 

-3 CH4 N2O

 
CH4  

(g CH4 C/kg C) 

N2O  

(g N2O N/kg N)

 

 

(A)   6.2 33) 

(B)  5.0 7.0 27) 

(C) (C')  0.046 0.35 30), 38)

(D)   6.2 33) 

(E)   6.2 33) 

(G) 0.046 0.35 30), 38)

-4 GHG

 CO2(kg) CH4(g) N2O(g) 
 

 

 (/L) 2 32 1.87* 0.0215* 50) 

(/L) 2 58  0.0641 50) 

(/L) 2.71  0.0665 50) 

(/kWh) 0.550   50) 

(/kg) 1.05   51) 

(/kg) 0.86   51) 

(/kg) 1 37   51) 
*  

 
2.4 GHG

GHG GHG -2
GHG

( )
GHG

( ) 10%
20%

( 1,189 15 ) 52) GHG

GHG
1,000m2

2 GHG 1km
0.38kg-CO2  

GHG
50.8kg-CO2 GHG

GHG
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3.3
-3

-4
VS 1.0 6.2 16.9 1

0.7 1.3 16.7 2
1

6 42
-6

-5

VS
0.17

0.21NL/gVS

0.1 0.2NL/gVS 54)

PAC

Bardenpho
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COD

5 9 7 12
9 16

4.

( ) ( )
(Greenhouse gas, 

GHG) ( )
GHG
 

 
 

 

 
   

1)

(http://www.mlit.go.jp/river/shishin guideline/giju
tsu/gijutsukijunn/ijikanri/kasen/pdf/gijutsukijun.
pdf) 2013  

2) 18 3 31
 

3)

2012  
4)

(http://www.pref.aichi.jp/0000022559.h
tml) 2009  

5)

(http://www.ktr.mlit.go.jp/river/shi
hon/river shihon00000127.html)   

6)

1998  
7)

18 3 2006  
8)

21 
4191

pp.1-16 2010. 
9)

22

4212 pp.1-39 2011  
10) 2010.

20 1 1
 

11)

 
12)

https://www.city.niigata.lg.jp/kurashi/jyogesuido/g
esui/work/konngoushouka.html 2016.2.17 

13)   
 (  

)  38(3), pp.48-51, 
2015  

14)

26
pp.1-5, 2014. 

15) BTS
http://www.zenkei.ne.jp/pdf/bio

mass.pdf 
16) Michael Kottner How to built Grass based 

ecological Biogas Plants? International Biogas 
and Bioenergy Center of Competence 2012. 
http://www.docme.ru/doc/409319/how-to-build-gra
ss-based-ecological-biogas-plants-%3F 

17) Martin Elsaber,Jorg Messner,Ulrich Keymer, 
Reinhard Robberg, Frank Setzer Biogas from 
Grass DLG Expert Knowledge Series 386, 2012.  

18)

TMR 701, pp.13-17, 
2010. 
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19)

TMR
pp. 

39-48, 2013. 
20)

pp.5-6 2009. 
21)

2010.  
22)

 
23)

23 3  
24)

24 3  
25) LCA

2007 
26) IPCC Second Assessment Report: Climate 

Change 1995 (SAR) 1995  
27) IPCC: Reporting Instructions, Revised 1996 IPCC 

Guidelines for National Greenhouse Gas 
Inventories, 1996  

28) 4157
pp.38-46 2009 

29)

2002  
30)

2006 p.33 2006  
31)

4
2005  

32)

( ) 25 (10
) 2013  

33) GIO
 

 2013 4 
2013  

34)

LCA
2005  

35)      

LCI
21

2010  
36)

CO2 LCA
61(283) pp.235-241

2008  
37) 24

(http://www.env.go.jp/recycle/waste tech/ippan/h2
4/index.html) 2014  

38)

22 3
(http://www.env.go.jp/earth/ondanka/santeiho/ken
to/h2203/7.pdf) 2010  

39)  
 ( 1 )

39 , pp.1-12, 
2015  

40)

1992. 
41)

2
GHG

pp.253-261 2006.  
42)

2005  
43)

IV
pp.163-183 2006  

44)

4095 2008  
45)

26 1
428 2014  

46)

34(129) pp.6-15 2010  
47) Onoda, Y., Westoby, M., Adler, P. B., Choong, A. M., 

Clissold, F. J., Cornelissen, J. H., Diaz, S., Dominy, 
N. J., Elgart, A., Enrico, L., Fine, P. V., Howard, J. 
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J., Jalili, A., Kitajima, K., Kurokawa, H., 
McArthur, C., Lucas, P. W., Markesteijn, L., 
Perez-Harguindeguy, N., Poorter, L., Richards, L., 
Santiago, L. S., Sosinski, E. E., Jr., Van Bael, S. A., 
Warton, D. I., Wright, I. J., Wright, S. J., 
Yamashita, N., Global patterns of leaf mechanical 
properties, Ecology letters, 14, 301-312, 2011. 

48) 23
68 2013  

49)

(http://www.mlit.go.jp/common/001083170.pdf)
2015  

50)

(Ver3.5) 2014. 

51) LCI
IDEAver.1.1 MiLCA 2012  

52)

( 24
) 2014.3  

53)

, 23
25

, 2015 
54) , , , , 

, 
G , Vol.71, No.7, pp.III 27-III 37, 

2015. 
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41%
160 mg-P/g

SS 12.9 g/m2/day 16.4 kJ/g

1)

MAP (
) Hap (

)
MAP

MAP

Hap pH
Hap

( )

pH
pH

MAP
Hap

2)

( )
( )

2-1
5 L
( ) ( 2-2)4

( ( ) PCM 18-5A)
5 L

5 A 14

1 1
(HRT) 15

MgSO4 7H2O 0.25 
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2-1

2-2

wt%

5 A
4 (96 )

20 44 68 92
4 (2 L) 96

(MLS1200MEGA
Milestone) SPS3000 (SEIKO 
Instruments)

X
(( ) RINT2200)

(MDI JADE6)

2-3 5 L
10

(
( ) PCM 18-5A)

2-3

2-1 2-2

2-1

10 24
40 A/m2 5.04 A

( )
3

5 L
2 (1 cm ) 1

4
(4A)

3
3

10
(TP)

(DTP) TP
DTP 1L

( )
1 L

( )
TP DTP

(SS)
TP DTP HACH 

(HACH1471) SS Standard method3)

1
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41%

160 mg-P/g

5), 6)

CO2

( )

7), 8)

( )

A ( )
( ( ) Japan)

2.0 L 1 12
( : 165 

μmol/m2/s)
20

( )

1 mL/min (
) 14

HRT 4
1 2

4

(HRT)
HRT 4 2 6

CO2 CO2

0.01 0.05 mL/min ( 1 5%
)

4
{( (TN) (DTN)

NH4
+ NO2 NO3 } { (TP)

(DTP) PO4
3 } (IC)

(TOC) (SS) a b

CO2

B
B

( : 100 L HRT: 6 )
50 L

(LPH-350SP
Japan)

25°C 130 μmol/m2/s
/ 12 4

3.0 L HRT
4 0.75 L/

pH 7-9 9) 3
pH 6.7-7.0 ( A) 7.7-8.0 (

B) 8.9-9.0 ( C) CO2 (
: 99.95%) 1 (

D) CO2 A
B C pH pH
(NPH-660NDE Japan)

SS

B 2012 7
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fI=
e

(α+ε0(γMD M+Z+D)) H
exp

I
Iopt

exp( (α+ε0(γMD M+Z+D)) exp(
I

Iopt
) (3-3)

fCNP
IC

KICM+IC
·

N
KNM+N

·
P

KPM+P
 (3-4) 

dZ
dt

Q
V

Zin+γMZ·YMZ·FmaxZ·
T
20

·
KMZ

KMZ+M
·M·Z kdZ·Z

Q
V

Z     (3-5) 

dD
dt

Q
V
·Din+γMD·YMD

·kdM·M+γMD·(1-Y
MZ

)·FmaxZ·
T
20

·
KMZ

KMZ+M
·M·Z+YZD·kdZ·Z

kdD·D
Q
V
·D   (3-6) 

dC
dt

Q
V
·Cin+γDC·kdD·D kdC·C

Q
V
·C   (3-7) 

dN
dt

Q
V
·Nin+γCN·kdC·C+γM ·(1 YMD)·k

dM
·M+γZ ∙(1 YZD)·k

dZ
·Z 

γM ·μmaxM·fT·fI·fCNP·M
Q
V
·N (3-8)

PO4
3

dP
dt

Q
V
·Pin+γCP·kdC·C+γMP∙(1 YMD)·k

dM
·M+γZP∙(1 YZD)·k

dZ
·Z  

γMP·μmaxM·fT·fI·fCNP·M
Q
V
·P (3-9)

DO

 Osat 16.5
8.0
22.0

T (3-11) 

Q: (m3/day) V:
(m3) A: (m2) H:

(m) T: ( ) I: (MJ/m2/day) Osat:
(mg-O2/L) fT:

(-) fI: (-) fCNP:
PO4

3 (-) μmaxM:
(day-1) Topt: ( )

Iopt: (MJ/m2/day) KICM:
(mg-C/L) KNM:

(mg-N/L) KPM: PO4
3 (mg-P/L) kdM:

(day-1) α : (m-1)
ε0 : SS (L/mg/m) FmaxZ:

(L/mg/day) KMZ:
(mg-Chl a/L) kdZ:

(day 1) kdD:
(day 1) kdC: (day 1) kL:

(m/day) YMD:

(-) YZD:
(-) YMZ:
(-) γMD:

a (mg/mg-Chl a) γMZ:
(mg/mg-Chl 

a) γDC:
(mg-C/mg) γMO:

(mg-O2/mg-Chl a) γZO:
(mg-O2/mg) γCO:

(mg-O2/mg-C) γMN:
(mg-N/mg-Chl a) γZN:
(mg-N/mg) γCN:

(mg-N/mg-C) γMP: (mg-P/mg-Chl a)
γZN: (mg-P/mg) γCN:

(mg-P/mg-C)

2014
B

2015
B

B
C 2015

HRT
3-1a b c HRT

4 6 DTP DTN
15%

HRT 2 DTP DTN
76 58%

TP DTP 9 L
(

)
(TP DTP

)
HRT 2 4 6
6% 34% 37%

8 31 33% HRT 4
2

dO
dt

Q
V
·Oin +kL

A( Osat O)
V

+γMO·μmaxM fT·fI·fCNP·M γMO·(1 YMD)·k
dM
·M

γZO·(1 YZD)·k
dZ
·Z  γCO·kdC·C

Q
V
·O (3-10)
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HRT 4
a

26)

3-4a
b HRT 2

HRT 4 6
HRT 4 6

HRT 4 68%
HRT 6 79%

56%

15 17% 27), 28), 29)

HRT 6

9 L

( 3-5) HRT 4 6 4
13 20% HRT 2 6 9%

HRT 4 2

HRT 4
B Mn Zn Sr

55 68 67 88 g/kg-dry

CO2

CO2

26) CO2 pH

9), 26)

CO2

CO2 0.01 mL/min (
1% )

pH 7.4 ( 3-1d) pH
7 CO2

14

CO2

1.8
( 3-4c)

a b
c d 4 14

3-2
7

DTP
0.7 mg/L DTN 2.9 mg/L

3-6

a

d 87% c
73% a,b (50% )

 

0.471.712 63 0.95 0.35 15 4.9 7.4 14
7.0 62 2.0 1.6 7.8 2.8 7.5 7
6.2 55 11 3.3 11 3.3 7.4 

d. HRT4
CO2

0.571.815 57 1.3 0.15 16 5.7 9.2 21
11 60 1.7 0.26 6.7 1.8 9.1 14

7.7 56 4.1 2.2 11 3.2 9.2 7
0.00140.00131.7 56 9.9 3.3 11 3.3 8.8 

c. HRT6

0.692.113 58 1.2 0.25 16 5.1 9.2 14
5.8 57 4.7 2.3 7.5 2.8 9.2 7
6.2 55 11 3.3 11 3.3 8.6 

b. HRT4

0.0770.797.8 54 6.4 2.5 10 3.3 9.0 7
4.3 56 11 3.3 11 3.3 8.7 

a. HRT2

baTOCICDTNDTPTNTPpH

0.471.712 63 0.95 0.35 15 4.9 7.4 14
7.0 62 2.0 1.6 7.8 2.8 7.5 7
6.2 55 11 3.3 11 3.3 7.4 

d. HRT4
CO2

0.571.815 57 1.3 0.15 16 5.7 9.2 21
11 60 1.7 0.26 6.7 1.8 9.1 14

7.7 56 4.1 2.2 11 3.2 9.2 7
0.00140.00131.7 56 9.9 3.3 11 3.3 8.8 

c. HRT6

0.692.113 58 1.2 0.25 16 5.1 9.2 14
5.8 57 4.7 2.3 7.5 2.8 9.2 7
6.2 55 11 3.3 11 3.3 8.6 

b. HRT4

0.0770.797.8 54 6.4 2.5 10 3.3 9.0 7
4.3 56 11 3.3 11 3.3 8.7 

a. HRT2

baTOCICDTNDTPTNTPpH

3-1 HRT ( : mg/L)
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0

1

2

3

4

5

6

7

0 1 2 3 4 5 6 7 8 9 10 11 12
PO4

3-  (mg L-1)

4.47 mg L–1

4-1

0

2

4

6

8

10

12

14

0 5 10 15 20 25 30 35 40
P2O5 (%-dry)

19.9%

4-2 (P2O5

)

2
4

( 25
127 )

2.2.2.
( )

2.2.2. 300 L

( )
( )

39)

13)

4 85

D
1

1

800 1
(4 )

D 1

48 14
48 13

5-1

20% 15% 40)
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5-2  

 
 

5-3  

 

 

 
 

 
 

 

 
1) 

41%

160 mg-P/g
 

2) 

HRT CO2

HRT4 CO2  (
pH 7.7-8.0 ) SS 12.9 
g/m2/day 16.4 kJ/g

 
3) 85

 
(P2O5 ) 19.9%-dry  
4) 

3

 
 

1) 
: 

Vol. 11
pp.108-118 2014. 
2) : 

Vol. 32 (2) pp.79-85 2009. 
3) American Public Health Association Publication 
(APHA): Standard methods for the examination of water 
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RNA ISOIL for RNA
PrimeScript One Step 

RT-PCR Kit Ver.2 TaKaRa cDNA
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TCG TCG GCA GCG TCA GAT GTG TAT AAG AGA CAG-
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ACA G PCR PCR

95 3 95 30
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30

pH EC DO
(m) [ ] (ms/cm) (mg/L) [ ] ( )

St.1 0.0 7.7 0.278 9.7 11.4 23.9
0.5 7.1 0.278 7.4 11.4 24.0
1.0 7.1 0.278 7.0 11.6 24.0
1.5 7.1 0.279 6.8 11.0 24.0
2.0 7.0 0.280 6.7 11.0 24.0
2.5 7.0 0.279 6.3 11.7 24.0
3.0 7.0 0.280 6.3 11.7 24.0
3.5 7.0 0.280 6.1 11.4 24.0
4.0 7.0 0.280 6.2 12.1 24.0
4.5 7.0 0.281 6.2 11.9 24.0
5.0 6.9 0.281 6.6 12.7 24.0
5.5 6.9 0.280 6.0 13.5 24.0
6.0 7.0 0.280 6.3 12.0 24.0

St.2 0.0 8.3 0.255 9.6 12.0 24.6
0.5 8.0 0.256 9.1 12.1 24.6
1.0 7.8 0.256 8.4 11.9 24.5
1.5 7.6 0.260 8.1 12.4 24.3
2.0 7.5 0.260 8.2 12.7 24.3
2.5 7.5 0.260 6.5 12.0 24.1
3.0 7.4 0.261 6.9 14.5 24.1
3.5 7.3 0.261 7.1 18.0 24.0
4.0 7.4 7.3 24.0

St.3 0.0 8.0 0.261 9.6 9.9 25.0
1.0 7.8 0.262 9.5 9.5 24.9
2.0 7.4 0.262 8.6 10.2 24.8
3.0 7.5 0.262 8.2 9.8 24.7
4.0 7.2 0.263 8.6 9.9 24.6
5.0 7.1 0.263 8.3 11.5 24.5
6.0 7.0 0.263 7.3 10.0 24.5
7.0 6.9 0.264 7.0 10.8 24.5
8.0 6.9 0.264 7.0 11.0 24.4
8.5 6.7 0.265 5.5 18.4 24.4

pH EC DO
(m) [ ] (ms/cm) (mg/L) [ ] ( )

St.1 0.0 7.4 0.239 10.2 15.0 18.9
0.5 7.4 0.239 10.3 15.0 18.9
1.0 7.3 0.238 8.3 15.6 18.9
1.5 7.3 0.238 8.3 15.2 18.9
2.0 7.2 0.238 7.7 15.2 18.9
2.5 7.2 0.234 8.1 15.2 18.9
3.0 7.1 0.238 7.8 15.0 18.9
3.5 7.1 0.238 7.8 15.1 19.0
4.0 7.1 0.238 7.6 15.8 19.0
4.5 7.1 0.238 7.5 16.2 19.0
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Institute) Medaka Gene Index(Release 8.0)

e-Array Agilent

Refseq mRNA
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E-value bit score
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24 5

HMT
1)

 

H27 HMT
NH4-N NH4-N
2)  

H27 NH4-N HMT
NH4-N  

1 NH4-N  
NH4C NH4-N 0mg/L 5mg/L 15mg/L 3 NH4-N

20 20
 

(1) 500 mL HMT 0.05mg/L 0.1mg/L 0.15mg/L 0.2mg/L 0.25mg/L 5  
(2) 4mg/L  
(3) 30 300rpm  
(4)  
(5) 2011 5. GC/MS  

2  

BOD 1.0 2.4mg/L DOC 4.4 4.9mg/L NOx-N 9.2 11mg/L NH4-N 0.1mg/L
NH4Cl NH4-N 15mg/L 3 2mg/L 4mg/L

8mg/L 1  

-1 -2 -1 -2  -1 1
NH4-N 0mg/L Total 70% Free NH4-N

5mg/L 15mg/L 97%  
NH4-N
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1.  
  

[1] 0.1 μm

[2]

[2-6]
  

[5]

Natural Organic Matter
NOM

[4] NOM

[7-10]

NOM

  

2
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Escher [11]

NOM

NOM

  

26

[12] 27

2.   
2. 1 

4 1 2 L
24 0.1 μm
PVDF

 

2. 2

pH
1 L Milli Q 1 L

500 rpm NaHCl, 
NaCl pH

22.0 ; 
1.672 S/m pH; 7.51 100 mL

 2.0 3.5 μm, 1 g 500 rpm
1 

0.1 μm
200 mL

1 mL 200 rpm  2 

2.3 
ICP ICP-MS

X7CCT

50 mL 1 mL
4 μm No.5B

ADVANTEC

F-2700 3

5 nm 220 nm 550 nm

UV-1800
UV254

FT-IR IRAffinity-1
NPOC

TN TOC-L

ZEECOM ZC-3000
μm
LED

100 200 

3
3.1 
  
(NPOC) (TN)

NPOC

TN  
254 nm UV254

254 nm
[13]
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  Mann- 
Whitney

U 

 
 
Z 

 

 
 

(mV) 
 
  

95%  

  
Reference- 

 
-5.666 4.792 0.3389 -6.334 -4.998 3884 -13.940 <0.001 

Reference- 
 

-6.120 5.039 0.3563 -6.822 -5.417 4582 -13.337 <0.001 

Reference- 
 

-13.39 8.040 0.5684 14.51 -12.26 545.0 -16.828 <0.001 

Reference- 
 

-12.23 8.983 0.6352 -13.48 -10.98 942.0 -16.485 <0.001 

  
   

Reference-  -0.70   

Reference-  -0.67  -0.01  
Reference-  -0.84  -0.15  

Reference-  -0.83  -0.13  

4
  

  

[1] S. Bakand, A. Hayes, F. Dechsakulthorn, Nanoparticles: a 
review of particle toxicology following inhalation exposure, 

Inhal Toxicol, 24 (2012) 125-135.
[2] K. Donaldson, C.A. Poland, Nanotoxicity: challenging the 

myth of nano-specific toxicity, Curr Opin Biotech, 24 
(2013) 724-734.

[3] T. Walser, D. Meyer, W. Fransman, H. Buist, E. Kuijpers, D. 
Brouwer, Life-cycle assessment framework for indoor 
emissions of synthetic nanoparticles, J Nanopart Res, 17 
(2015).

[4] S.J. Lin, A.A. Taylor, Z.X. Ji, C.H. Chang, N.M. Kinsinger, 
W. Ueng, S.L. Walker, A.E. Nel, Understanding the 
Transformation, Speciation, and Hazard Potential of 
Copper Particles in a Model Septic Tank System Using 
Zebrafish to Monitor the Effluent, Acs Nano, 9 (2015) 
2038-2048.

[5] N.C. Mueller, B. Nowack, Exposure modeling of 
engineered nanoparticles in the environment, Environ Sci 
Technol, 42 (2008) 4447-4453.

[6] B. Reidy, A. Haase, A. Luch, K.A. Dawson, I. Lynch, 
Mechanisms of Silver Nanoparticle Release, 
Transformation and Toxicity: A Critical Review of Current 
Knowledge and Recommendations for Future Studies and 
Applications, Materials, 6 (2013) 2295-2350.



 

260 

[7] V.K. Sharma, Aggregation and toxicity of titanium dioxide 
nanoparticles in aquatic environment-A Review, J Environ 
Sci Heal A, 44 (2009) 1485-1495.

[8] A.J. Pelley, N. Tufenkji, Effect of particle size and natural 
organic matter on the migration of nano- and microscale 
latex particles in saturated porous media, J Colloid Interf 
Sci, 321 (2008) 74-83.

[9] D.H. Lin, J. Ji, Z.F. Long, K. Yang, F.C. Wu, The influence 
of dissolved and surface-bound humic acid on the toxicity 
of TiO2 nanoparticles to Chlorella sp., Water Res, 46 (2012) 
4477-4487.

[10] T. Hiemstra, J. Antelo, R. Rahnemaie, W.H. van Riemsdijk, 
Nanoparticles in natural systems I: The effective reactive 
surface area of the natural oxide fraction in field samples, 
Geochim Cosmochim Ac, 74 (2010) 41-58.

[11] B.I. Escher, K. Fenner, Recent Advances in Environmental 
Risk Assessment of Transformation Products, Environ Sci 

Technol, 45 (2011) 3835-3847.
[12] 

(2016)
[13] Juan L. Acero, F. Javier Benitez, Francisco J. Real, 

Fernando Teva, Micropollutants removal from retentates 
generated in ultrafiltration and nanofiltration treatments of 
municipal secondary effluents by means of coagulation, 
oxidation, and adsorption processes, Chemical Engineering 
Journal 289 (2016) 48–58

[14] 

 LET
2010



27

261

26 28

EDCs











  

266 

-  
-6  





TECHNICAL NOTE of PWRI
No.4347     November 2016

©

305-8516 1-6 029-879-6754


