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DCBQ , 12
10 50ng/L
DCBQ
BAC
HBQs
CAAIL HS-GC-MS
/
TPN
TON
15N_
GC-MS
5

BAC

HBQs

DCBQ

1 ug/L

50%

TPN

2,6-
DCBQ

DCBQ

CAAIL

TPN

TPN

-1,4-
11
1/10
2
GAC
HBQs
CAAI




HBQs

FA HBQs
HBQs N- HBQs
NDMA
HBQs DCBQ 2,6-
1,4- DBBQ  2,3,6-
-1,4- TCBQ
DCBQ
N-
THM  NDMA
BAC
24 5 N=
FA 1
FA
PRTR 1 8 ,
1 N-
CAAI
27
0.03 mg/L
CHCIL, I
DCIM
GAC 20 cm
PAC
HBQs
HBQs
2,6- -1,4-
DCBQ , -LC-MS/NMS
12
HBQs vivo

, HBQs



US EPA

TOX
US EPA
Simmons et al. 2004 2006
in vitro
invivo TON
TON
/ PAC  super-powdered
activated carbon SPAC
3 1
1NH,CI NCI,
/
2
2 1 2
3
Itoh et al.
2011
SPAC
TOX
invivo
2013
DPD
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BAC

1 um

LC-MS/MS  AP13200

PRTR 1
1
FA
26 8

GAC

B
/\/_
1.1 M
4
NDMA
GC-CI-NMS
1.2
1
1
2
2
@®NDMA
(BNDMA
NDMA
LC-MS/MS
FA
8
A
-FP
25 11 6
GAC
GAC
GAC
2 uM

HMT

24 h

3.5 mg/L

3.1

1 2mg/L
20

GAC

GAC

3.2

E250
E250

4.1 2,6-

26 2

FA-FP

GAC

390 nm
72 h

pH

GAC

-1,4-

25 9

TMED
FA-FP

3 mg/L

20 cm

20

250 nm

PAC

26 10

FA

FA

FA



12 A L

THM

0.25% v/v

2

Zhao et al. 2010
0.25%
300 mL

Waters

6 mL

v/v

2 mL/min

10 min 10 mL  0.25%

DCBQ
ug/L, 5 ng/L
0.5mL
1mL

4.2

1+10
570 mL
24 h
1.0+ 0.2 mg/L
20

500 mL
v/v

0.25%

HBQs
300 mL Sep-Pak
Waters
500 mg Waters

0.25%
0.25%

v/v

v/v 20 mL

0.25%

50mL 0.25% wv/v
50:50 10 mL

10 mL

0.25%

DCBQ

10 mg/L
pH

Sep-Pak

Oasis HLB

500 mg Waters

v/v
3 mL 3
0 pg/L 2.5

0.25% v/v
LC-MS/MS

pH7.0+ 0.2
500 mL

24 h
10 mg/L

Oasis HLB
2 mL/min

10 mL

v/v

5min
v/v
0.25% v/v

10 mL
3 mL 3
1 HBQs 2
2.5 5 mg/L DCBQ
DBBQ 3.75
7.5 mg/L TCBQ
40
0.5 mL
0.25% v/v 1mL
LC-MS/MS LC-MS/MS
3
3
1L B 1
L 5.09/m* N
0.5 L/min
, 2.5 5 10 min
, pH E260
4.3
3 HBQs
1h
1mM pH 7.0+ 0.2
1%
1h 1.0+ 0.2
mg-CL,/L
20 1h
70 mL pH
500 mL
HBQs HBQs
%
4.4
DCBQ
5.1
5.2



Cl,/T0C
3.0 mg/mg
24
5.3
THM
TOC
5.4
4 19
5.5 M
, CAAI
7.1
CAAI CAAI 1
1,1,2- -d, 26 9 10
CAAI / 27 2 27 9 28 2
CAAI 4 20
CAAIL / 30 h 30 h
13
6 6 14
1 2 13 9 3 1
-d, 1 11 3 5 7
-a,, -0, 11 3
CAAl-d, CAAl-g, / 6 1 1
CAAI-d,
/ CAAl-d, 2
GC-MS
CAAI
A20
HS-GC-MS
24 h 1 mg—CI,/L 15 pg CI,/L
CAAI
HS-GC-MS
5.6
7.2
1
1
0.1 mg-N/L
TOC I 1.67mg/L 0.9 0.1 mg-N/L 8 1.0
ng/L 3.49mg/L mg-C/L 3.0 mg-C/L
2.6 ng/L pH7 5 mM

20 °C 24 h 1.0+ 0.2



mg-Cl,/L
5 mM
24 h
Suwannee
NOM SW 10
FA ,
2
a 0.1
mg-N/L SW
Pony
0.1 mg/L
3
HS-GC-MS
20 mL
10 mL 1,1,2-
-d, , 5s
35 3min
1.5 m , GC/MS 6890N/5975C Agilent
Technologies
7.3
1
TPN
TON  TPN
2
4 TON TPN
1
2
2 1
TN
TPN

TPN

7.4
5 mM pH6.0
15 SNH,CI
0.25 mg-N/L
4 mg-CL,/L
30 min 4
BNCL,
0.3 0.4mg-Cl,/L 1.5 2.0
mg-Cl,/L
630 mL
5
250 mL
GC-MS 1N, NN
1
20 min
NHCI, + NH,CI
- N, + 3HCI
30 min
GC-MS BN, 1
) DPD
HS-GC-MS ~ 7980A/5975C  Agilent
Technologies Kosaka et al.
2010
SPAC 5 mg/L
SPAC 10 min
SPAC
1N, NN 2 10 SPAC
20 min
30 , GC-MS 5N,



7.5
1
7 PAC 4
2 1 5
Dy 0.6 pm
SPAC
SPAC
4
20
1

SPAC Dy, 0.18
0.62 1.27 4.93 18.9 um

Kosaka et al.

2010
Na* 57mg/L K' 5.9mg/L Mg® 10mg/L
Ca®* 19 mg/L ClI” 22 mg/L Br 0.1 mg/L
NO, 3.8mg/L SO~ 26mg/L PO,” 0.64mg/L
alkarinity 80 mg-CaCO,/L
12 mg-CL/L ™N

1.0 mg-N/L
pH 7.0+ 0.1 0.1N
30 min 1.5 h
4

N

600 800 pg-Cl,/L
3.5 5 mg-Cl,/L

4.5 mg-Cl,/L N

0.1 mg-N/L
pH 7+ 0.1 0.1N

60 100 ug-Cl,/L
3.5 5 mg-Cl,/L

SPAC

SPAC

100 mL

SPAC 1 2 3mg/L
01 2 5 10
20 30 min o=
0.2 pm, PTFE SPAC
HS-GC-MS
DPD
3
4
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CNCI3 t!
R, R
1
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dt p
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0
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~ & ApKpees [ Criee (61, R)- (L, 1, R) - 4r *dr
0

B A 9
o«t, r, R) 2 o
2 3 ==& -apkycy, ,Cnar, (LT, R)-Q(L, 1, R)
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t S 2009

GC

P g/L
2 GC-MS
&
a GC-MS
1/cm
6
t
International 2 WS
Mathematics and Statistics Library IMSL
Visual Numerics Gear"s stiff
method
Sontheimer etal. 1988 3
P P 1L
Facias Ke e 0-1CM/S PAC SPAC 10 mg/L
0.1 cn/s 5 30 min
$=0.2 pm, PTFE
TON
0.1 cm/s
1 2 7.7
kNCIS,li kNCIS,l! kNCIS,Z!
kFree,Z TNBS 1
30
BAC ¢ 40mmx 490mm
7.6 7.8
1
1L 0.1mM pH 7.0 ,
1 pM
24 h 1mg-Cl,/L
30 min 20 24 h 25 11
DPD
LC
Q Exactive Thermo Scientific
, HS-GC-MS 20
DPD
GC-MS P&T-GC-MS 1/2

TON



a

1-
FA 1/10 0.008
10 1.5mg mg/L
~2 mg-Cl,/L , FA
2013 %
6 LC-MS/MS 8
C D ,
N- 8
1.1 M RPLC  ACQUITY UPLC BEH C18 1.7 pm
7 25 3 2.1x 100 mm Waters
26 2 HILIC ACQUITY UPLC BEH Amide
26.3 ng/L 1.7 pm 2.1x 100 mm Waters 2
24.8 ng/L
25 4 100ng/L  1/10 8 5 HILIC
3 RPLC
1710 6
20
1.2
NDMA TMED 7
8 9 60 min 90% 120%
, NDMA 8 6 8 TMED
NDMA 200%
TMED
7
NDMA
NDMA
2
TMED 7 s
26 1 3
FEK®IZ DV T  GAC NDMA 5 ,
10
11 99
80 3
BAC
GAC FA
1 GAC FA-FP
7 TMED 7
GAC NDMA DMGu 6
105 439 ng/L 14 33 ng/L 70% TMED
GAC NDMA 8 FA-FP DMGu
1.3 1.8ng/L 2.4 3.4ng/L 70%
GAC NDMA DMGu 7
99 FA-FP
BAC

2.1



8 DVH
FA-FP
70%
FA-FP
DVH
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9 HMT TMA  DMEA

33%  52%
30%
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80%

20%
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58% FA-FP

GAC
FA

GAC
HWT TMA  DMEA
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90% FA-FP
HWT  80%

90%
GAC
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FA-FP

HMT
HMT
1C-MS/MS

23.5 min
21.5 min
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HMT
, HMT X
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X HMT
HMT - A CH

7

12 10 mg/L
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157
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12N4o

N-
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HMT
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TMA DMEA DMAE
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TMA DMEA DMAE
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1 N-
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3.1
(
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1.2
1.2
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15 15
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1.2
93.3%
93.3%
450 100 m? 13
GAC 1 3
3.6 100 m? 25
125
10
3.2
26 B
0.015 mg/L
E250
E250
PAC 11  E250
14
3
6 PAC 5

ppm B



50% 0.015 mg/L

0.010 mg/L
4.1 2,6- -1,4-
12 DCBQ
15
| 11
DCBQ
8 51 ng/L
Zhao et al. 2012 5 275 ng/L
QSTR DCBQ
Bull et al. 2011
200 ng/L
*1/10 20 ng/L 3
DCBQ |
/BAC
DCBQ
L
DCBQ L
|
49 (mg/kg/11) HE LOAEL) 50 (kg) x0.2
T E= X = 200 (ng/L)
1000 2 (L)
DCBQ
THM
DCBQ THM DCBQ
16 ,
0.46
THM
4.2
1
A B HBQs

THM 17

3 HBQs DCBQ DBBQ TCBQ
DCBQ
THM DCBQ Cl
DCBQ
DCBQ 15
18 ng/L , DCBQ 19 21ng/L
GAC
BAC
DCBQ
HBQs
DCBQ
2
B
DCBQ ,
E260
18
B DCBQ
17 ng/L
1.3 mg/L DCBQ
DCBQ
, DCBQ
4.3
26 16 DCBQ
HBQs Wang et
al. 2013 DCBQ
19  DCBQ
DCBQ
0.003% 4.6%
DBBQ  TCBQ
DCBQ PHE

MP  TYR
ALATYR HBA HBAM BPA NP MA FWA  NA
FWA

DCBQ



PHE PHE

PHE
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p Cl
PHE

DCBQ
D

p-CS
DCBQ
p

NP
2,4,6-TCP
Hu et al.

HBAM
0.003%
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-C-R-

NOM Jo
HBQs
PHE
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20
ALA

1.5%

1.0 mg/L
2. 7%
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1.5% 0.1mg/L

TYR  ALA-TYR p-CS

TYR BPA NP

DCBQ
MA  FWA
4.6%
TCP

NOM
HBQs

DCBQ

NP HBA

0.02%

DCBQ

DCBQ
cl
2,4,6-TCP

4-CP  2,4-DCP

p-CS  0-CS

BPA
HBQs

2002a 2002b

MP
DCBQ

0.007%

6 p-CS
D

DCBQ
1.9%
0.1

BPA

DCBQ

DCBQ

HBAM  p

4.4
1 2,6-
-1,4-
12 DCBQ
std.1
1 I
78% 12
DCBQ
DCBQ
DCBQ
DCBQ
2 2,6- -1,4-
13
DCBQ 14
78% 14
DCBQ
F
DCBQ
DCBQ
DCBQ
F A B K
DCBQ
5.1
1
25 27 10 11
55 250
/mL
27
1200 /mL
2
24
15
10 11



16
25

26
27 PAC
25
0.006 0.008 mg/L 5

10 PAC

25
27

5.2
25
1.2 7.4 pg/L 3.7 ng/L
26 27 12 0.6 5.8
ng/L 2.0 ug/L 25
26

25

5.3

21

21C )
12 ug/L 7/1

9/8 17ng/L 8/26 9/8

15 pg/L
9/8 21 pg/L 8/25

5.4

22
24 26 3
THM 69%
90%
THM
5.5 M-
-d,,
-d, CAAl-g, 23
CAAl-d, /
CAAl-d, 3.12 4.22uM
CAAl-d, /
CAAI /
CAAI /
CAAI 1.43~1.94 pM
CAAI
CAAI 3
3 1
4 nM, 5.8 nM A20
10.1 nM, 6.8 nM
A20
8.3 nM
CAAI
5.6
Br-
0.3 mM 90% 0.1 mM 100%
0.3 mM
0.1 mMm I
TOC
24 I~
DCIM
DCIM
10% I- DCIM



Adsorbable Organic

lodine, AOI
DCIM
I
DCIM
25 1I- 10 pg/L
2
DCIM
DCIM
6.1
vivo
No.
19
1
2008
2008
2 in vivo
No.1 No.16
No.16 2008
No.1
No.16
/
130
DBP
No.1

136

DCIM

2013

No.

17

No.3 THM
T
9
3
No.2 in vivo
SD
3 in vitro
No.8 12
No.18
No.19
4
No.17
DBP
DBP THM
No.14
RO
TOX
No.12

HM

THM4

F344

HAA

XAD

THM
80%

Sprague-Dawley



RO

No.7
RO

No.9

No.5

24

No.15

No.10 No.11

6.2

in vivo /

NOAEL

TOX

7.1

26

2014 9 2015 2

27

7.2

28

3 mg-C/L
29

LOAEL

30

2016

2

FA

1 mg-C/L

SW

1 mg-C/L

2015

SW

1 mg-C/L



Pony

Pony
10.4 ng  13.7 upg
Pony 32
150 mL
53 ppm 70 ppm
9.8ug 12.9 pg 32
7.3
1
7.5
TPN
62 % 1
33 1 Dg 0.62um
125 mL
0.07 pM 0. 14 uM
0.14 uM 600 700 ug-Cl,/L
2
3 mg/L 15 min
3.1
ug-Cl,/L 20 ng-Cl,/L
20 60% Krasner and Barrelt 1984
TPN
610 ug-Cl,/L 71
3 ug-Cl,/L
TPN H26
TON  TPN “NCl,
125 mL 31
250 mL R=0.623 10 pg-ClL,/L
TON H27 BNCI,
31
TPN TON
TPN
A
1
7.4
33 a
2
230 L
ug-Cl,/L 630 mL 330 pg-CL,/L

600 mL



7.6

35

17

3 b

33

34

36

37

38 P&T-
GC-MS TIC

GC

P&T-
GC-MS ,

Hrudey et al.
1988 Bruchetetal. 1992 Conyers and Scully,
1993 Froese et al. 1999 Freuze et al.
2004 Freuzeetal. 2005 Brosillonetal.
2009 Conyers and
Scully, 1993 Freuze et al. 2004 Freuze et
al. 2005 Brosillon et al. 2009

N-

Conyers and
Scully, 1993 Freuze et al. 2004 Freuze et
al. 2005 ,

N- CI/N
CI/N ~ 1
Freuze et al. 2005
CI/N 34
39
87%
5%
6
92%
8%

Kosaka et al.
2010

HS-GC-MS

, 60 pg-Cl,/L 0.28 pM



1M

38%

1000 pg-Cl,/L 14 pM

TON
TON 142
6
18
4
20 30
39
4
4
, 4
4
4
0.33uM
0.027 uM
12 0.33/0.027
4 TON ,
TON

40

142

4 TON
66
92%
TON  46%
1
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2
1
4
TON
4
TON
4
40
TON 4
3 GC-MS
GC-MS
3
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Conyers
and Scully 1993 N-
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GC-MS N-
1 2 P&T-GC-MS
3
4 GC-MS
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3pg/L  Freuzeetal. 2005
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4
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GC-MS
GC-MS
PAC
5 min
3
TON 2.4-1log, 82%
PAC
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15 nm
TNBS
TNBS
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