28

—VHERIZE RS-
(GAC)
GAC
6 GAC
12
0.3-3.8 pg/L
2- -2-
60%
PAC

TPN TPN
7 7 3

20cm

3
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24 5
87

4.1
HAcAms
HAcAms

4.2

HAcAms
2016

7.1 GC-MS-olfactometry
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Hrudey
et al., 1988; Froese et al., 1999; Kajino et
al., 1999 N-

Hrudey et al. (1988)

3
Freuze et al. (2005)
N-
Bruchet et al.,
1992
Bruchet et al.,
1992; , 2010

PAA  Hrudey et al.
1988; Bruchet et al. 1992; Conyers and
Scully 1993; Froese et al. 1999; Freuze et
al. 2005; Ma et al. 2016 |,
PAN  Conyers and Scully 1993,
Conyers et al. 1993, Freuze et al. 2005, Ma
et al. 2016 , N-
NCPAAI  Conyers and Scully 1993,
Freuze et al. 2005 , BC Ma
et al. 2016 , N-
Freuze et al. 2005 , 2-
Ma et al. 2016 , 2,6-
Ma et al. 2016

NCPAAI

NCPAAI
Freuze et al., 2004



PAA  PAN
NCPAAI

NCPAAI
NCPAAI 7.2

Gas chromatograhy (GC)-mass spectrometry
(MS)-olfactometry GC-MS-0 GC

Delahunty et al.,

2006 GC
GC 7.3
2
DPD
MS
GC-MS-0 7.4
Total Purgeable Nitrogen, TPN
Delahunty et al., 2006
GC-MS-0
Peter et al., 2009 |,
Hochereau and Bruchet, 2004
Benanou et al., 2003; Hochereau and pH
Bruchet, 2004 TPN
TPN
7.5
GC-MS-0
1.
1.1
27 4 1H~10 21
15;
1.2 27 10 22 H~Fpk 28
1 19 1.6
GC-MS-0 28 1 20 3 15
10
GC-

MS-0
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1.2

250 nm
50 mm

0.015 mg/L 1
Step 1

Step 2
10 mg-dry /L
28 2

6 (ADC),1,3-
(DHB) 1,3,5-

(ACA)
(2 -MP) 3 -

(THB)

(3 -AAP)

GAC

21 7 27

2 M

10 29

HMT

ADC

3.5 mg/L
ACA 2 -AAP 3

3 mg/L
-AAP
LC-MS/MS
LC Accella 1250 MS/MS TSQ Vantage Thermo
Fisher Scientific DHB THB

1C-MS/MS IC ICS-3000 MS/MS TSQ
Quantum Ultra Thermo Fisher Scientific
ADC
pH 7
20
24
0.01 0.02 g 1+1 10 mL
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1 HS-GC/ECD
1 pg/L

1.6 km

4.1
HAcAms (CAcAm)
(BAcAm)
(DCAcAm)
(BCAcAm) (DBAcAmM)

(TCAcAM) 6

2015 9
WPP-1 WPP-12

2016 2 12

pH 5
GF/F Whatmann
HACAms GC-MS PCI
DCAcAm 0.1 pg/L
5 0.2 pg/L
24 24
1+ 0.2 mg Cl,/L pH 7 20

2015 9 WPP-3  WPP-5

2016 2
pH

WPP-3 WPP-5 WPP-9

24 1+ 0.2 mg

Cl./L
pH
4.2
4.1
GC/MS 3 1,2-

0.2 ng/L



2016
chlorination AND by-products SCOPUS
4
7.1 GC-MS-olfactometry
7.1.1
pH 7.0, 0.1 mM 1 uM
24 1
mg-Cl./L
30
20 °C 24
3 1
GC/MS  P&T-GC/MS 2
GC-MS-0 3
SPME; solid phase micro
extraction GC-MS-0
7.1.2 NCPAAI TP
SPME GC-MS-0
GC-MS-0
100 200
2 GC-MS-0
1 NCPAAI
NCPAAI
NCPAAI
1
NCPAAI
Freuze et al. (2004)
pH 7.0, 100
mM 17.0 mg-Cl,/L
100 p M

10

NCPAAI
PAA  PAN

50 mL

BA, 5 mg/L
GC-MS-0
2 NCPAAI

NCPAAI

5 mL

TP

; TP, transformation product

pH 7.0, 200 mM
68.2 mg-Cl,/L

200 pM

TP
SPME

GC-MS-0
7.1.3 SPME

10 mL
40

20 mL
C

PMDS/DVA; 65 um;

12.5, 6.25, 3.13, 1.56, 0.78, 0.39

SPME
mg/L Milli-Q
20 mL
BC

7.1.4

7.0, 0.1 mM 2

300 mL
300 mL 500 mL
1

o

40 C

45

10

TP

SMPE

25.0,

BC 5
10 mL

pH

500 mL



1 2
6
4
7.1.5 GC-MS-0
GC/MS GC, 7890A; MS, 5975C;
ODP
21
GC-MS-0
HP-1MS 15 m; 0.25
mm; 0.25 pm;
4 uL SPME
25 SPME
GC-MS-0
NCPAAI  PAA GC
2 MS
NCPAAI, PAN,
, GC/MS
6 GC-MS-0
4
7.2
TOC
uv260
pH 7.0
20 24 24
Img/L

46

8 pH 7.0
20 24
7.3
PAC
PAC
1:7
mgNH,-N/L 10 1.0 1.2 mg-Cl/L
20 1 DPD
1/2
7.4
A
2016 10 —~2017 1
9
MQW
TPN
100
ng—Clz/L
50,
100, 200 pg-Cl»/L
DPD
A
( 28 10 24
29 1 10 )
24

pH

0.5 1.0 1.5 mg-Cl/L 3

28 12 6 29 1 16 )



pH 2

6.5 7.0 8.0
24 1
28 12 6 0.5 mg- C. D.
Cl,/L 2 28 12 6 1.
1.0 mg-CIL./L 1.1
350 27 4 3
7.5
7.5.1 50% 1.2
4 , 2 1.0
, 1
7 SPAC 15N 1133
449 /100 m* 691 /100 m®
125 193
7.5.2 0.001 mg/L
Sakuma et al., 2015
2 1.2
27 28
2
2
1 0.015 mg/L 2
3 (
4 )
86
99%
A 1
2
B 4 ADC
2 95%
1 30%
C ADC 5
1 2
GAC
D 5
1 2 GAC 6
1 20
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GAC 100%
6 GAC
90
GAC
GAC
GAC
6
8 10 9 15
10 13
4
4.1
7 HACAms
1 HACAms
2015 9 0.3 3.8ug/L
2016 2 0.3 1.8 ng/L
HAcAms 7.4u g/L
8.18 ug/L 10.27
ng/L 7.0 pg/L
HAcAms di-haloAcAms
DCAcAms
BCAcAms 24 21
di-HAcAms
8 HAcAms
1 HAcAms
2015 9 0.8 11 pg/L 2016 2
0.9 8.0 ug/L 12 WPP-
5 DOC
WPP-5 17 19 nmol/mg-C
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4 17 nmol/DOC

WPP-5
9 HAcAms
WPP-3 WPP-5
2 24 72 HAcAm
1.0 2.7 3.3 ng/L 5.1 11 13 ug/L
72
9 HAcAms
pH WPP-3 WPP-5 WPP-9
pH
HAcAms di-HAcAms  pH
TCAcAm
pH
4.2
2016 9
( ) 10 DCAcAm
BCACAm
DCAcAm
BCAcCAm DBACAmM
11
0.013 mg/L(7/4)
0.016 mg/L(9/20)
0.006
0.012 mg/L 0.001 0.004 mg/L
12
13
0.020
mg/L(11/7) 0.022 mg/L(8/15)

11



0.02
mg/L
0.1mg/L
14
6.1
uv [1-7] X [8-12]
florfenicol[13] chloramphenicol
[14-17] acebutolol[18] mefenamic
acid[19] chloroquinaldol[20]
sulfoneamides[21] metformin[22],
[23]
[24]
[25]
[26]
[27]
A[28], F[29]
vinca alkaloids[30] LR[31,
32]
[33-35]
uv/CI2
[36]
371 trimethoprim[38]
chlortoluron [39], [40, 41]
[42]
6.2
Pursulfate(S:0s%) v
[17, 43, 44]

49

MIEX [45] DBP
[46] DBP [47]
[48] [49, 50] UF, MF
[51]
[52]
[53]
Capacitative deionization [54]
UV/CI,[55] uw [56]
[571
6.3
N-
N-
(NDMA) [58]1
NDMA [591 [601 [61]
NDMA
[62]
[63]
[64]
[65]
[66]
[67-70] TOX [71]
[72, 73]
[74, 75] [771
trihalo-hydroxy-cyclopentene -diones[78]
[79]
uv/
[76] [80,
81] [82]
DBPs [83]
[84]
DBP[85, 87]
DBP[88]
[89] [0,
91]
[92]
[93].
[94] [95]
[96-100]
[101] DBP [102]
[103]



Cuo [104]
DBP
[105] [106]
[107]
6.4
[108] [109]
[110] [111]
[112, 113]
[114] (2,5-dichloro >>2,6-
dichloro)[115]
[116] [117]
[118]
[119], UV [7]
[120]  AOP [121]

bromodichloromethane[122]
[123] 2D-GC/MS+in cillico

[135]
6.5
[124, 125]
[126] [127]
[128]
[129]
[130]
6.6
DOM[131]
THM [132]
[133, 134]
7.1 GC-MS-olfactometry
7.1.1 P&T-GC/MS
1 pM
P&T-GC/MS
TIC

50

15

NIST
Peak #1-1
1-6 BC , BA,
BN , BC, PAA, PAN
GC
PAA, PAN, BC
CB,
BA, BN
3
(2010)
16
PAA, PAN, PAA  PAN
31%  57%
CB, BA, BN, BC
93%
7%
P&T-GC/MS
57%
P&T-GC/MS

Bauer and Snoeyink, 1973

7.1.2

142
17



PAA, PAN,
BA, CB,
BN, BC
PAA, PAN, ,
BA, CB, BN, BC
3
4
45% " ", 17
2
@ ,
(2) P&T-GC/MS
PAN + PAA +
PAN + PAA + +
18
3
1
"hypoadditivity" Olsson 1994; Cain et al.,
1995 2

"complete additivity" Patterson et al.,
1993; Wise and Cain, 2000 3

"hyperadditivity” Laska
and Hudson, 1991; Miyazawa et al., 2008

o1

PAN, PAA, ,
complete additivity

Kajiya et al., 2001

Kajiya et al .,

2001 PAN  PAA
complete

additivity

complete additivity

4 complete additivity

7.1.3 NCPAAl  GC-MS-0

NCPAAI

P&T-GC/MS
GC/NMS P&T
GC/MS
19 GC
Peak #5-1 #5-2
PAA  PAN
20 Conyers
and Scully, 1993
Peak #5-3  NCPAAI
Freuze et al. (2005)

3 ng/L

NCPAAI

NCPAAI
NCPAAI

35% NCPAAI

GC-MS-0 NCPAAI

19



NCPAAI
19 3
PAA,
PAN, NCPAAI GC-MS-0
3
3
PAA  PAN NCPAAI
7.1.4 TP GC-MS-0
NCPAAI
SPME TP
GC-MS-0 21
GC/MS
Peak #7-1
BC Peak
#7-2  #7-3 PAA  PAN
GC-MS-0 2
3.6 PAA
6.2
Peak #7-4 Peak #7-
4
Peak #7-4 22(a)
154
m/z 156
m/z 154 1/3
1
6 4
2-(2- )
2- -2-
2C2PAA
2-(3- )
2-(4-
)
2 Milli-Q
SPME GC-MS-0
Peak #7-4
Peak #7-4
22 2 GC
6.7 6.8 Peak #7-4 6.2
Peak
#7-4 2-(3-
2-(4-
)

52

Flego and Zannoni (2011)

GC-MS-0
HP-1MS
5
2-(2-
2-(3-
2-(4-
2C2PAA
Peak #7-4 2-(3-
2-(4-
Peak #7-4
2C2PAA
2C2PAA
2C2PAA
7.1.5 NCPAAI  2C2PAA
NCPAAI  2C2PAA
GC-MS-0
GC-MS-0
NCPAAI, 2C2PAA, PAA
GC-MS-0
GC-MS-0
GC-MS-0
PAA NCPAAI  2C2PAA  GC-
MS-0
PAA NCPAAI
2C2PAA  GC-MS-0
NCPAAI 2C2PAA
PAA

GC-MS-0, SPME GC-MS-0



2%

GC-MS-0 NCPAAL, 2C2PAA,
PAA
NCPAAL, 2C2PAA, PAA 2C2PAA
18
13%
1
#1 PAA 17 "+ GC-MS-0"
23 GC-MS-0
#1 PAA
60%
#1 GC-MS-0 13%, 2C2PAA 13%,
PAA RGor pan,1 12%, PAA 11%, PAN 8%, NCPAAI
#1 2%
PAA
GC-MS-0 GC-MS-0
PAA GC-MS-0
RCeps,paa,1 GC-MS-0
#1
PAA GC-MS-0
OF Iscuso, paa, 1
RC, 1
OFI _ opspana D)
GCMSO,PAA 1 RCOT'PAAJ
#1
NCPAAI GC-MS-0
OF Iscuso,nepant 1 7.2
PAA  NCPAAI 24
RRonn, RRucrant PAA NCPAAI
ROF hycomm 1 30 TOC UV260
25 80
OFI /RR, ) 50
ROFI — GCMSO,NCPAAIL CPAAI
NEPAALL OFIGCMSO,PAA,I/RRPAA 30 80
PAA  NCPAAI 50
o ; 83 0 . 93 TOC UVZGO
GC-MS-0 6
7
4
PAA NCPAAI GC-MS-0
ROF Ixcrani
4 1/4
ROFI NCPAAI — ([[1 ROFI NCPAAI,ij (3)
80 50
PAA OF It pan
PAA NCPAALI GC-MS-0
NCPAAI 2
OFIFT,NCPAAI
OFl FT,NCPAAI = OFl FT,PAA x ROFI NCPAAI (4)

NCPAAI
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7.3
25
1.4 mg/L
60%
172
PAC
PAC
1/2
PAC
172
PAC
C18
0.16 mg-Cl,/L
25%
172
Clz/L 0.25 mg—CIz/L
C18
0.369 25%

1/2
26
PAC
PAC
PAC
0.12 mg-Cl,/L
0.27 mg-

0.496
4.1

E260
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3.5 mg-C/L 15%
PAC
7.4
7.4.1
9 A
TPN
27~7-30
TPN
11
12 TPN
TON
TPN
TPN
31~33
TPN
«¢ DN
TPN
( 31) 11 28
TPN 10. 5 ug-N/L TON
31
24
TPN
« 8
TPN
TPN
pH 9
pH
TPN



GAC

ADC
7.5
GAC
1
1, 2, 3 mg/L
600 700 p g-
Cl,/L 70 V] g—Clz/L
12 1
D HAcAms 0.3
6 3.8 ng/L Di-HAcAms
D HAcAms
HACAms
D
D 7
GC-MS-0
D 60%
PAC
TPN
2 PN
TPN
1
2
1 2 1
2
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