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C
C1-1
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800 1,200 mi T N1
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NA2 25 |/
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pH
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7 14
14
C1-2
2
16 0 1,083 CFU
/em? 103 CFU/cm?
25
109 102 CFU/cm?
1.1x 101 5.75x 104
CFU/cm2 ¥®
15 14
16 1
15 16
43
15
15
15
0.1
0.5 m/s
0.4 m/s
0.2 m/s
6, 7)
14
15
14 16
0.3
mg/L

2 3

7 2 CFU/cm?
14
14 No.2 2,000
CFU/cm? No.2
3
No.2 4
50 mm 50 m
2A B
50 cm
50 cm
No.2
1D F
14 3
CFU/cm?
3
2 4 4
3 4 104 105 CFU/cm?

3

13 cm/s 1 cm/s



1 40 cm/s

C1-3

68 2 3%

Legionella pneumophila SG1

LAMP
12 18%

100,000 CFU/mL
210,000 CFU/mL

100 CFU/ml
2,000 CFU/ml

2 3 10

12

Legionella anisa L.

sp. L. nautarum

3

7 D

L. pneumophila SG1 SG5 L. feeleii
Legionella sp.

15 10 67%

7 0.05
mg/L 0.01 0.11 mg/L
170 CFU/ml 1.0

9,250 CFU/ml
E L. pneumophila SG1
L. feeleii 16 6 38%

0.01 0.54 mg/L
1,095 CFU/ml
6.0 49,500 CFU/ml
F Legionella sp. 15
4 27%

0.09 mg/L



7 0.23 mg/L
0.14 0.56 mg/L
64.7 CFU/ml
3,005 CFU/ml

L. pneumophila

0.14 0.56 mg/L

0.2
mg/L
2 0.09
mg/LL 0.01 0.54 mg/L 0.05 mg/L 0.01
0.11 mg/L D
E F
2 3
27
3
3
0.2 mg/LL
Cl-4

pm

1.0 um 624 mL

344 mL

20 pm

1,082 mL

20 mL

20 um

X-MG

(75

0.05 g

MPN

R2

10

20 )

0.

1,058 mL

30 um 1.0 g

20 um

XM-G
1

1.0um PTFE
5g

MPN

0.94

9
Tween 80 0.5%

0.45

15 ¢g
0.5

1 mL



C2-1 -PTFE
11
PFU
0.1 1l.4Log 0.5
2.4 Log
76
99%
0.1 Log
12
PFU
1.9 3.7 Log 2.4 3.9 Log
0.45 pm
Hijnen 1975
2003 -
Review 3.0+1.4 Log

13)

0.45 ym

C2-2

13

A
0.4-1.2 log 0.8-1.7
log 0.6-1.2 log 0.5-1.1 log

A

1.4-2.4 log 0.9-2.7 log 0.8-2.4
log 0.8-2.0 log

A

0.45 pm

PFU PCR
MS2
PFU PCR
PACI
Nicotiana

tabacum cv. Xanthi-nc

14 15 PCR

MS2 PAC1



C3-1

C2-3
16 19A B
0.1
1 2 (A B
A B
PAC
2 C
10
3
D PAC
19C D
8
28, 29, 30)
PMMoV  10*°2*%%°copies/L 19E F
PMMoV
83
19B
17
18 C3-2 MPN
B D
4.3 (101 /ml )
5.2-Log 1 ml
C  0.73-Log 100
20 21
1 1
A MPN
9



5.43+2.76 /ml (1~15 /ml)
MPN
6.08+3.74 /ml(1.01 22.6 /ml
) 5.95+3.83
/ml1(1.01 20.8 /ml 2
)
MPN
MPN
(p<0.01 t )
MPN
1 1
C3-3 PCR
188
rDNA 4 1
28+4 10
Std.1
18S rRNA
1 20
5 X 4
19
188
rDNA TagMan
PCR PCR
rRNA
rRNA ¢cDNA 4

21,900+7,080
10

PCR
26,000

PCR

PCR
PCR

C3-4

31%

188
3.6

18,000
20
PCR
PCR
50
PCR PCR
22
PCR
11
78% 47%
22%
1
2014.12.17
Ct
PCR

31)



81
11
19%

19
C. suis AF115377
andersoni AF093496
muris AB089284
C. sp. AB222185
C. sp. AY324639
FJ205700
C. suis 14

C. andersoni

muris C. suis
32)

C. suis
C. suis

C. parvum

C3-5

EPA
24
0.09 mg/L
0.07-Log 15
1.0-Log 90 13
2 mg/L
0.56-Log 73
3.7-Log 99.98
14
0.7 mg/L
0.15-Log
29 1.6-Log
98 15
X
Y
16 17
0.03
0.13-Log 6.7 26
0.54 1.3-Log 71 95 X
2010



C3-6

2010
34)
43 39
91
9
4
1994
35
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27,000
Milwaukee
17
2011
20,000
18 36

2010 1

36
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5
99.98
23
19 20, 31
8 24

26 20
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1993
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1 32
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224 317
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17 26
0
21 1
10 D1-2
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1
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5-Log
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0.2 mg/LL
Di1-4
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Log 0.5 2.4 Log
1.9 3.7Log 2.4 3.9 Log
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A
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log 0.9-2.7 log 0.8-2.4 log 0.8-2.0 log
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MPN
D3-3 PCR
PCR
DNA RNA
1 18S rRNA
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PCR 28 18S
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14

pH

(CFU/mL) (CFU/mL) (CFU/mL) (mg/L) () (n?)
N1 100 H26.6.26 10 110 0.20 - 165 03
H9 54 / () H26.7.28 90 140 018 - 193 6
@50 H26.8.25 200 1200 0.16 - 215 10
H26.9.25 8 44 o 0.40 75 | 192 04
H26.10.29 12 30 044 - 14.4 0.25
1029 6 10 044 - 145 -
N2 100 H26.6.26 1 120 - 024 - 187 07
H10 36 / () H26.8.25 12 1700 - 012 - 222 6
@50 H26.9.4 2 68 0 042 75 | 223 03
H26.10.29 18 40 - 056 - 14.4 015
H1 100 H26.7.17 3 38 - 034 72 | 208 0.25
H16 60 / 717 o] 2 - 038 72 | 213 -
H26.8.21 2 7 - 031 - 220 05
821 0 3 - 0.35 - 230 -
H26.9.29 o) a4 - 035 72 | 210 05
929 (o] 1 - 0.36 72 213 -
H2 100 H26.7.17 4 8 - 0.30 72 | 222 0.25
H19 24 / H26.8.21 o] 2 - 0.30 - 230 05
H26.9.29 4 16 - 0.36 72 | 230 05
H3 100 H26.7.17 2 660 - 028 72 | 242 0.25
H23 24 / 717 o) o - 0.29 72 | 208 -
H26.8.21 2 14 - 025 - 26.0 05
821 o 1 - 0.29 - 257 -
H26.9.29 o] 14 - 027 72 | 234 05
929 o] 2 - 026 72 | 230 -
NAL 1000 PC. H26.8.5 32 430 2 038 75 | 141 02
S59 @50 H26.8.19 85 540 o] 028 73 | 153 02
NA2 330 s62 H26.85 2 5 1 038 75 | 195 02
25 / ©50 H26.8.19 4 5 1 0.30 74 | 175 02
NA3 100 =3 H26.85 114 120 2 026 78 | 207 01
H7 063 /7 @50 H26.8.19 36 100 o 0.22 75 | 204 0.1
K1 5o /50 ©50 He H26.8.22 1 4 - 0.28 73 | 252 012
K2 146 5/0 50 He H26.8.22 1 40 - 042 72 | 232 012
K3 35 /50 50 H7 H26.8.22 o} 2 - 0.26 72 | 240 0.12
Ka 60 Ho H26.822 28 130 - 030 | 77| 218 012

14 / @50




No. (cm?) (CFU/mL)
(CFU/cm?)
1 H25.12.10 150 H13 12 3.1 52 —
2 H26.1.10 P75 S45 43 4.9 2 3
H26.1.21 @75 H7 18 2.8 36 5
4 H26.9.12 @75 S60 29 3.1 6 0
5 H26.9.12 @100 S59 30 1.1 0 0
6 H26.9.26 P75 S40 49 4.9 12 0
7 H26.10.30 30 S40 49 4.0 0 —
8 H26.11.4 @25 S40 49 4.0 0 —
9 H27.1.14 @150 H13 13 3.1 0 0
10 H27.1.23 P75 H7 19 31 10 13 14 20
11 H27.12.1 P75 S55 35 4.0 48 55 00
12 H28.1.25 P75 S61 29 9.6 2 4 13
13 H28.1.25 20 H10 17 4.0 8 15 —
14 H28.2.9 P75 H10 17 1.8 11 11 00
15 H28.2.10 P75 S43 47 9.6 1,083 1,688 46
16 H28.2.10 P16 S43 47 4.0 28 50 23
No.7 8 11 16 No.13

()

14




16

1 14 16 2

50



3 No.2 2



( cfu/cm2)
No. 7 14 7 14
1 7/22 31.0 | 26.5 0.47 | >30 13mm 6.1 0 0 1 7 0 0
1 7/22 31.0 | 26.5 0.47 10 PE 13mm 6.1 1 2 5 10 | <1 1
2 8/6 375 - 0.17 15 PE 50mm 2 0 0| 4300 | 4200 0| 2125
2 PE(
8/6 375 - 0.17 15 50mm 2 0 0| 2500 | 3500 0| 1500
2 8/6 375 - 0.17 15 50mm 3.1 0 0 | 4500 | 3600 0| 1306
3 8/21 36.0 | 25.6 0.40 39 13mm 6.1 0 3 1 4 <1 <1
3 8/21 36.0 | 25.6 0.40 | <30 PE 13mm 6.1 0 3 0 <1 <1
3 8/21 36.0 | 25.6 0.40 | >39 VP 25mm 11.8 0 0 0 0 0 0
4 10/15 26.0 | 23.0 0.39 32 13mm 6.1 0 0 0 0 0 0
4 10/15 26.0 | 23.0 0.39 32 13mm 6.1 0 0 0 1 0]|<1
5 11727 13.0 | 17.5 0.34 38 13mm 6.1 13 9 18 18 2 3

No.1,3,4,5




4 4 1 2
A:
B.:
C:
4
7 14
(cfu/mL) (cfu/cm) (cfu/mL) (cfu/cm)
24 60 32 80 35 S55 )
36 90 178 440 35 S55 )
52,000 130,000 56,000 140,000 26  S64 )
23,000 57,000 23,000 58,000 26 S64 )
430 1,100 590 1,500 49 s41 )
520 1,300 600 1500 49 s41 )
100mm
12 27 5 22 3 4 28 56 6 5



{p200 DIP

7.0cm/ | 3.5cm/
7 14
60 80
90 440

7 14

130,000 140,000

57,000 58,000
7 14
1,100 1,500
1,300 1,500
Fe 1.34 mg/L -
Mn 0.038 mg/L 5
Al 0.84 mg/L
23 mg/L Bl
| a
&)
H26 = 8
3| &
100 DIP ) p 50 HIVP .
7.9cm/ 5.5cm/ 6.6cm/  3.8cm/
5
1 6
4 3 4




Legionella

log10
mg/L
CFU/mL
cfur1o AMP "
OomL LAMP
H25 4 6 0 1 0 0 29.3 235 420 063 05 0.8 2.3 3.0
H26 6 8 0 1 1d 3 265 24.0 30.0 0.14 00 0.53 2.3 0.3 51
2 2 0 0 0 0 244 225 26.2 0.00 0.0 0.0 3.9 3.7 4.2
H25 4 5 0 0 0 0 298 245 420 047 00 0.8 22 1.0 27
H26 8 8 0 1 0 1 260 185 36.0 019 00 0.45 23 0.3 40
H25 4 7 0 1 0 0 344 265 39.0 020 00 0.8 3.8 13.0 45
H26 9 10 1b 15 6 0 7 325 28.0 39.0 012 00 0.50 36 14 6.3
H25 3 4 1lc 370 2 0 0 26.0 26.0 265 047 00 0.8 4.2 6.0 47
H26 4 5 0 0 0 1 256 25.6 30.0 0.16 0.02 0.33 20 0.6 35
1 2 0 0 0 0 248 2438 248 060 0.6 0.6
- 1 0 0 0 0 265 265 26.5 0.00 0.0 0.0 - - -
68 2 12 1 12

b: L. pneumophila SG1 c: Legionella sp. L-29 d: L. anisa
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,_3D ............... PR SR s 5 '2'“””””1','6“(')'(') ......... P 555
- Lamsa  Lanisa  Lanisa Lanisa Lanisa Lanisa
s F 20 <1 <1 <1 <1 <1 <1
........................ LD
B <1 66 19 83 210 <1 2
3 H Lanisa  Lanisa L.anisa L.anisa L.anisa
L.nautarum L.nautarum L.nautaru
e, I e,
12 42 240 <1 150 510 1,000
3 1 L.nautarum L.nautarum | anjsa L.anisa L.anisa L.anisa
L L.nautarum




pH LAMP (CFU/100m)
1 26.9 7.7 <01 - L. pneunophila SG5 20
1 - Legionella sp.
2 253 7.8 <01 + L. pneunophila SG1 1670
L. pneunophila SG5
Legionella sp.
26.4 7.8 <01 - L.pneunophila SG5 50
28.8 7.8 <01 + L.pneunophila SG5 10
315 7.8 <01 + Legionella sp. 10
36.1 1.7 <01 + L. pneunophila SG5 40
29.2 7.8 <01 + L.pneunophila SG5 180
235 7.8 <01 - L.feelei SG1 130
24.7 7.8 <01 + Legionella sp. 3,320
18.0 7.8 011 + L. pneurmophila SG5 120
33.7 75 <01 + L.pneunophila SG1 610
+ L. pneunophila SG1
334 75 <01 + L. pneunophila SG5 10
1 311 75 <01 + L. pneunophila SG1 0
2 334 7.6 <01 + L.pneunophila SG1 1910
L. feelei SG1
26.7 75 <01 + L.pneunophila SG1 3,600
- L. pneunophila SG1
33.6 7.6 <01 + L.pneunophila SG1 3,500
26.7 75 015 + Legionella sp. 430
30.9 7.6 014 -  Legionella sp. 270
35.3 7.4 016 - Legionella sp. 130
28.5 7.4 016 - Legionella sp. 20
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OPCR
[ ]
2t I
|
t
=)}
(=]
- 11
0 1
14 15
Nicotiana tabacum cv. Xanthi-nc PCR
C
1.08mg-Al/L 2
MBEZRGE A nEzg B nEZ#% C Vs E D)

Rk
5 [RK JRK
GINK) ) e 22 mmsm G (EEIJllzk)
‘ ERALE
2EWAB T
BRI CRERIEL) R R

(Emir)
)
2R HIB

A

20U

EEBDE 112-152[L]
) 7 18

547-1014 [L]

RERSIB

1012-1015 [L]

I

BRHES

BeK [ B2k
16
8
(Logqo copies/L) *
2.55+0.31 (n=3) 19% (18/43)
RNA Gl 1.74 (n=1) 11% (5/46)
Virus Gli 2.39+£0.62 (n=9) 54% (25/46)
4.52 +0.49 (n=17) 83% (38/46)
DNA 40/41 2.61+1.21 (n=12) 41% (19/46)
Virus  JC 1.82 £ 0.41 (n=11) 33% (15/46)

* Limit of detection: RNA viruses, 0.92 - 1.06 Log+, copies/L; DNA viruses, 0.98 - 1.12 Logq

copiesl/L.
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(*)
RW = raw water , ACS = after coagulation-sedimentation ,
ASSF = after slow sand filtration , ARSF = after rapid sand
filtration

6 WEZFA | WERHB WMEBR#FC | WERHD
(O]
3 51 W
(g c
. A
5 v
=3 A c
(@] - ™
> " To) N I 7 N
8 2 - a <t el 2]l <
| . 0 w o~ -
(@) 1 ~Hn LY i 0 ] -
8 el el e Lo oA ]
0 C V7 [= C
o Q8 Ol 8 Ol 8 ol ] o
= ° F|S ° F|=S ° F|l=Z ° F
= W = W = W = W
o o o o
OSSF @mCS RSF
18
A
SSF = slow sand filtration , CS =
coagulation-sedimentation , RSF = rapid sand filtration
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2
(/ml) 543 6.08 5.95
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10 PCR
/ /
DNA 1 1 oocyst DNA PCR
Std.1 1 24 24 24
Std.1 2 29 30 30
Std.2 1 25 25 25
Std.2 2 31 32 32
DNA 2743 28+4 28+4
cDNA 1 0.025 oocysts RT-PCR
Std.1 1 292 368 14,700
Std.1 2 325 423 16,900
Std.2 1 455 692 27,700
Std.2 2 461 707 28,300
cDNA 38387 550+180 21,900+7,080
7
6 y = 1.1481x+ 0.0537
3 R?=0.9956
8
s
E
:
0 1 3 4 6
Digital PCR (oocysts/5L)
22 PCR PCR

18



11

L
2014.5.29 5 0l ND ND 0 ND ND
2014.8.21 5 0l ND ND 0 ND ND
2014.11.20 5 0l ND ND 0 ND ND
2014.5.29 5 0l ND ND 0 ND ND
2014.8.21 5 0l ND ND 0 ND ND
2014.11.20 5 0 0.51 9,200 0 ND ND
2014.5.29 5 0l ND ND 1 ND ND
2014.8.21 5 0 0.83 15,000 0 ND ND
2014.11.20 5 3 13| 240,000 0 ND ND
2015.1.22 5 1 8.9] 160,000 4 ND ND
2015.2.17 5 3 39| 700,000 0 ND ND
2014.5.29 5 0 0.061 1,100 0 ND ND
2014.8.21 5 0 0.32 5,700 0 ND ND
2014.11.20 5 0l ND ND 0 ND ND
2014.12.17 10 8 7.8| 140,000 1 ND ND
2015.1.22 5 4 11] 200,000 0 ND ND
2015.2.17 5 7 0.12 2,200 0 ND ND
2014.5.29 25 0l ND ND 0 ND ND
2014.8.21 5 0l ND ND 0 ND ND
2014.11.20 25 0 0.27 4,900 1 ND ND
2014.5.29 5 0l ND ND 0 ND ND
2014.8.21 5 0l ND ND 0 ND ND
2014.11.20 5 0 0.72 13,000 0 ND ND
2014.5.29 25 0l ND ND 0 ND ND
2014.8.21 25 0l ND ND 0 ND ND
2014.11.20 25 0l ND ND 0 ND ND
2014.4.21 10 2 2.2 40,000 0 ND ND
2014.5.29 5 0l ND ND 0 ND ND
2014.7.14 10 0 0.78 14,000 0 ND ND
2014.8.21 5 0l ND ND 0 ND ND
2014.10.20 10 0 31 56,000 0 ND ND
2014.11.20 5 0l ND ND 0 ND ND
2015.1.13 10 1 1.6 28,000 1 ND ND
2014.12.17 10 188 3.6 65,000 13 ND ND
2015.1.22 25 55| 2.2 39,000 19 ND ND
2015.2.17 25 42 1.8 32,000 0 ND ND
ND
12 11

2014.4.21 C.auis

2014.5.29 C. andersoni

2014.7.14 C.suis

2014821 C. suis C. sp.

2014.10.20 C.suis

2014.11.20 C. sp. C.suis C. sp. C. sp.

2014.12.17 C.suis C.suis

2015.1.13 C.auis

2015.1.22 C.suis C.suis C. suis

2015.2.17 C.suis C.suis C. suis

C.sp. C.sp. C.sp.

19




13 X

5.8
O; | HDT (o}

(mg/L) (min.) (mg/L) k1o 0.068124 | 1.571291
N.D.
N.D. 4 0.000 0.00
0.05 4 0.025 | -log(l/lo) 0.13
0.11 4 0.055 0.01 0.25
0.09 10 0.090 0.06 0.63
0.07 1.01

14 X
5.4
O; | HDT (o}

(mg/L) | (min) | (mg/L) ko 0.065633 | 1.526999
N.D.
0.32 4 0.160 0.51
0.60 4 0.300 | -log(l/lo) 0.07 0.72
1.01 4 0.505 0.12 0.91
0.89 10 0.890 0.37 1.51

0.56 3.65
15 X
5
O; | HDT c

(mg/L) | (min) | (mg/L) ko 0.063234 | 1.483956
N.D.
N.D. 4 0.000 0.00
0.13 4 0.065 | -log(l/lo) 0.28
0.25 4 0.125 0.03 0.43
0.21 10 0.210 0.12 0.91

0.15 1.62
25 2 21 0.7mg/L

20



16Y

5
O; | HDT (o}
(mg/L) | (min) | (mg/L) k1o 0.063234 | 1.483956
N.D.
N.D. 4 0.000 0.00
0.01 4 0.005 | -log(l/ly) 0.03
0.07 4 0.035 0.01 0.17
0.05 7 0.050 0.02 0.34
0.03 0.54
21 2 19
17 Y
28
O; | HDT (o}
(mg/L) | (min) | (mg/L) Ko 0.538137 | 7.681560
N.D.
N.D. 4 0.000 0.00
0.02 4 0.010 | -log(l/ly) 0.23
0.06 4 0.030 0.06 0.49
0.02 7 0.020 0.07 0.54
0.13 1.26
21 8 28

21
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Cryptosporidium
Month / year Location / country Est. cases __ Susp. cause
Aug 2001 Nuernberg / Germany 201  Potentially tap water during field exercise among military recruits
Aug-Nov 2004 Bergen / Norway 133 Additive during large giardiasis outbreak
Public rinkng water supply contaminated by sewage or animal waste
Sep 2005 Western Turkey 191  following heavy rainfall
Cyclospora co-infection
Sep-Dec 2005 North-west Wales 218 Public wate_r_supply (the absence of effective treatment to remove
Cryptosporidium oocysts at the water treatment works)
. Public water supply using Lough Corrib (a large lake)
Feb 2007 City and county of 182  Heavy precipitation of histric proportions and the water source
Galway / Ireland . .
reaching the highest level on record
Nov 2010 Ostersund / Sweden 10000  Contaminated water supply
Giardia
Month / year Location / country Est. cases  Susp. cause
May-Sep 2004 Ohio / USA 3-1450 Sewage contaminated groundwater
Aug-Oct 2004 Bergen / Norway 2500 Leaking sewage pipes and insufficient water treatment
Oct 2005 Izmir / Turkey 196  Faecal contamination in public water supply
Toxoplasma
Month / year Location / country Est. cases  Susp. cause
. . i T. gondii (ocular) / probably contaminated supplying water after
Aug 2004-Jul 2005 Coimbatore City / India 249

heavy rainfall

Baldursson S, Karanis P. Waterborne transmission of protozoan parasites: review of
worldwide outbreaks - an update 2004-2010. Water Res. 2011 Dec 15;45(20):6603-14.
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http://www.maff.go.jp/j/chikusan/kankyo/taisaku/
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19 30 H23, 24
No. qPCR RT-LAMP qPCR LAMP
(oocysts/5L)  (oocysts/5L) Tt ,min (cysts/5L) (cysts/5L) Tt ,min
1 5 0.32 47 - -
2 1 - -
3 1 0.15 33 - -
4 - 0.36 39 0.28 39
5 2 - - 2.2 -
6 2 0.02 33 -
7 - - - -
8 2 - 1
9 2 1.1 27 3
10 2 - - - - -
11 10 - - 1 14 55
12 222 0.11 33 5 - -
13 2 0.89 30 3 11 37
14 - - - - 3.8 39
15 1 - -
16 -
17 - - - -
18 1.1 31 - 0.82 53
19 3.2 29 5 0.97 39
20 - - - 3 3.2 57
21 23 1.3 39 2 - -
22 - 1.2 30 -
23 - -
24
25
26 - - -
27 33 6 33 -
28 1 3.4 29 3
29 - - - -
30

23



20

http://www.env.go.jp/council/09water/y090-34/ref02.pdf

I -l TR R RIS W
ERRSAERE | 1 | RER | bAKE |SuEA AR (IS5 i 3% 6 BBV T RARY D Dk
ARy {5 14,000 A5 8,800 A7AMEGE,
TRROMERE | 2 | WL | fili 5 AKGH MR AEED 2| EAGE FHIZOFA K207 MARY D Rkt
JyEt IR Y B E L,
S | 1 5 AGE M 3R 0D P [J5A008 il 3% 5% § JF KNG Z) T RARY U0 Kk,
L1y IR YiE B E 7L,
SERR 10 FEEE| 2 | fEFFUL | il S AKGE |Sad A ALER [V K LER A B (L KR O KIS T VDT i,
S Al IR YLE BE L,
STEUL | 1l 5 K [ S8 ALFR 0D A [R50 Bt % KDY T RARY P Mkt
AERIHT IR B E 2L,
Rk 1LAERE 1 | R | bAGE MESEAERO 2 |EI R K AR DS Z K KD IV T RARY O AR T VT T R
B AT H, EYEBEL,
SERK 12 AERE| 3 | ARV, | il 5 AGE [HE TR ALBR D 2 [[6 At i A% R KNS T VDT E I,
=T IR YLE B E L,
FhRRYL | NEEE (il 5 A R O EAGE RIS HES kNS 27U 7 RARY U M.,
it | kol SRR IR B E 2L,
PR | WS AGE [HFEABEO 2 KIFA T | 20E A8 iR BRI KN ST AT T R,
SR i IR YE B,
SERR I3 AERE| 5 | AR | bAGE HEFRAERO M EKIRIEE Tk KNS ZY T RARY D Mtk
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AR | il 5 KGE R S AR [V K LB B L JF KR NG KIS ST VT i,
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2 2012

H26 [H25 [H24 H23 H22 H21 H20
2015 2 8 35| 60 6.9 7.2 84| 143] 175
2014 9 25 |- - - - - 0.0 0.7
2014 9 24 |- - 0.0 0.6 05 0.7 0.7
2014 4 25 |- 0.0 2.7 41 40 3.7 52
2013 11 9 00| 04 8.7 8.4 91| 126] 131
2013 2 27 |- -0.9 | 156.0 | 156.8 | 1900 [ 179.7 | 169.7
2013 2 19 |- - -01( -06 08| 205] 315
2012 8 26 |- - 0.1 0.3 05| 193] 239
2012 4 27 |- - -01f -31 0.2 | 2054 | 304.7
2012 3 17 |- - - 0.7 20 29 3.6
2012 1 1 |- - 0.0 49 6.6 6.1 7.1
2012 1 1 |- - -06{ -0.1 26| 4341 406
v BNl
120 gk
%100 ok
&
8
. il 3
Bk
% ok
§o4o
9 25 27
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3 25 27
74 101 60
54 72 42
4 4 4
7 9 6
5 8 2
4 8 6
38 51 30
16 23 13
16 20 11
4 7 6
(ug/L) 7.90 10.00 2.74
- 0.43 0.52 0.14

MCPP

(ug/L) 95.92 246.08 62.35
- 5.58 5.56 0.62
153 469 218
- 0.63 0.76 0.14

4 25 27

No. BEE (ue/L) [BREREIRE (ue/L)

1] -o052 100 10.0 0.100
2| -o087 20 4.2 0.210
3] -o011 300 35 0.012
4] -065 2000 3.0 0.002
5| -027 100 2.8 0.028
6| -053 5 2.6 0.520
7| -016 200 25 0.012
8| -044 40 2.1 0.053
9 -077 800 2.0 0.003
10| -082 600 2.0 0.003
11] -070 30 1.4 0.047
12| -105 40 1.4 0.035
13 AMPA 2000 1.4 0.001
14] -047 50 1.3 0.026
15 8 1.3 0.163
16| -004 200 1.1 0.005
17| -019 200 1.0 0.005
18] -014 IBP 90 1.0 0.011
19] -107 30 1.0 0.033
20| -046 20 0.9 0.046
21| -014 2 0.8 0.405
22| -076 30 0.8 0.027
23] -102 70 08 0.011
24| -113 30 0.7 0.023
25 100 0.6 0.006

17




5 25 27

No. B2 (ug/L) BHREEE (ug/L)
1] -052 100 27 0.027
2| -057 (DPA) 80 1.1 0.014
3 AMPA 2000 1.0 0.001
4] -016 200 0.7 0.004
5| -105 40 05 0.014
6] -044 40 05 0.012
7] -006 MEP 3 0.4 0.140
8| -113 30 0.3 0.010
9] -047 50 0.3 0.006
10| -027 100 0.2 0.002
11 -120 10 0.2 0.018
12 100 0.2 0.002
13[ -004 200 0.2 0.001
14 -082 600 0.2 0.000
15 MER 3 0.1 0.047
16 -014 2 0.1 0.065
17| -107 30 0.1 0.004
18] -085 8 0.1 0.013
19[ -082 80 0.1 0.001
20| -077 800 0.1 0.000
21| -011 BPMC 30 0.1 0.003
22| -017 5 0.1 0.014
23| -066 50 0.1 0.001
24| -078 80 0.1 0.001
25| -009 50 0.1 0.001
6 25 27
No. B2 (ueg/L) B REERE (ug/L)
1] -053 5 26 0520
2| -014 2 0.8 0.405
3| -087 20 42 0.210
4 8 13 0.163
5| -006 MEP 3 05 0.153
6 3 05 0.153
7] -086 05 0.1 0.120
8| -052 100 10.0 0.100
9] -017 5 05 0.100
10f -111  [mMCPA 5 05 0.090
11| -039 MCPP 5 04 0.080
12[ -085 8 05 0.068
13[ -064 MPP 6 0.4 0.067
14| -044 40 21 0.053
15[ -o070 30 14 0.047
16[ -046 20 09 0.046
17[ -120 10 0.4 0.040
18] -004 8 03 0.040
19[ -105 40 14 0.035
20| -107 30 1.0 0.033
21| -108 4 0.1 0.030
22| -005 5 0.1 0.028
23] -027 100 238 0.028
24| -076 30 0.8 0.027
25| -047 50 13 0.026

18




7 25 27
No. BEE (ug/L) |BRHERSEE (ug/L)
1| -006 MEP 3 0.4 0.140
2] -014 2 0.1 0.065
3 MER 3 0.1 0.047
4 2 0.1 0.030
5[ -052 100 2.7 0.027
6] -120 10 0.2 0.018
71 -017 5 0.1 0.014
8] -057 (DPA) 80 1.1 0.014
9 -105 40 05 0.014
10] -085 8 0.1 0.013
11 -044 40 05 0.012
12 -113 30 0.3 0.010
13] -086 0.5 0.0 0.010
14 -001 CAT 3 0.0 0.007
15[ -010 DDVP 8 0.1 0.006
16 -114 10 0.1 0.006
17 -047 50 0.3 0.006
18 -107 30 0.1 0.004
19 -016 200 0.7 0.004
20| -046 20 0.1 0.003
21| -058 DBN 10 0.0 0.003
22| -011 BPMC 30 0.1 0.003
23] -033 MBPMC 20 0.1 0.003
24| -029 20 0.1 0.003
25| -004 8 0.0 0.003
8 25 27
No. BEERHERE (ug/L)
1 246.1
2 183.2
3 404
4 AMPA 29.5
5 27.8
6 26.4
7 20.9
8 IPT 19.3
9 19.1
10 14.3
11 11.1
12 9.4
13 8.9
14 8.8
15 6.6
16 6.5
17 6.5
18 6.4
19 6.3
20 6.2
21 5.7
22 5.6
23 5.0
24 49
25 IBP 4.8

19




9 25 27
No. BERHERE (ug/L)
1 62.4
2 21.2
3 (DPA) 5.6
4 4.8
5 44
6 3.3
7 2.6
8 1.7
9 0.9
10 0.9
11 0.9
12 0.8
13 0.7
14 0.7
15 05
16 BPMC 05
17 05
18 MEP 04
19 04
20 04
21 04
22 0.3
23 0.3
24 DDVP 0.3
25 0.2
10 25 27
No.

1 5.5624

2 3.3144

3 2.4608

4 1.0980

5 MEP 1.0963

6 1.0440

7 1.0088

8 0.9159

9 0.7169

10 0.7024

11 0.6366

12 0.6338

13 0.5281

14 0.4614

15 0.3275

16 0.2775

17 0.2360

18 0.2333

19 0.1925

20|MCPA 0.1498

21 MPP 0.1400

22 0.1283

23 MCPP 0.1248

24 CAT 0.1057

25 BPMC 0.1042

20




11 27
No.
1 0.6235
2 MEP 0.1467
3 0.1150
4 0.1098
5 0.1060
6 0.0954
7 0.0818
8 (DPA) 0.0705
9 0.0658
10 0.0650
11 0.0563
12 MEP 0.0533
13 0.0381
14 0.0327
15 DDVP 0.0313
16 0.0300
17 0.0240
18 BPMC 0.0163
19 0.0160
20 0.0158
21 0.0125
22 0.0108
23 0.0107
24 CAT 0.0100
25 0.0100
20
18
16
14
ﬁ 12
g 10
3 s
6
4
2
0
g 5
n ES 1l g =] J H B m @
Ji neoon ) L1 I 11 I 1| B 1|
10 H26
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25-27

—H TR LR R —
N- N-
BAC
FA 1,1-
GAC FA GAC
-N-
FA
“N-

GAC




GAC

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

172



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
CNCIS(t)
CNCI3 t!
R, R
1
dCNCI3 ® _ 3CckF,NC|3
dt p

X]g f %R) [CNC|3 (t) - Cne, (LR, R)]dR 1
0

Ges(L, 1, R)

Reaction ,

2

. g, (t.1,R)
ot
10 D 5| OCne, (6T, R)
T et T
+Reaction 2

3

d R
ga{j Cxi, (6,7, R) - 4ar 2dr}

0

Kexcr [Cact, (0 = Gy, (6 R R)]- 47R?
R
+ j (Reaction) - 4ztr 2dr 3
0
3
3
A



R
2 3 Reaction _'g'aPkaﬁIICFmeasraR)'4nr2dr
Reaction=—¢ - apkycy, ; - Oy, (L1, R) 4 g
~ & 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)
Reaction ==& akaree,Z CFree (ts r, R) ’ Q(t, r, R) 10

Reaction=—¢ - apkycy, ;- Cney, (LT, R)
—&-8pkycy, 2 *Cne, (BT, R)- AT, R) 5

Geis (D)
umol/L
CFree( t) l_]mol/L
oq(t,r,R) Dy vers cm?/s
o Dp,Free cm?/s
=—¢&-apkycy, 2Cnr, (LT, R)-Q(LT,R) 6 f(R) SPAC 1/cn
K vers
¢ cm/s
kF Free
C t! 3 R ’
free r Cm/s
kNCI3,1 1
B cn/s
> Kicia 1 1
ro cn/s
6
10 Kiciz,2 2
L/ 1-
dCfree (t) 3CC kF,Free cm mol-s
dt - kFree,Z 2
w P cm'L. / mol-s
f(R
XJ- ( ) [CFree (t) = Cree (t: R, R)] dR 7 CNCI3(ta r, R) t R
0 R r
OCree (1,1, R)
¢ ot umol/L
L0y 2| LT R Crree(L, 1> R) t R
rz or p,Free or r
—£-Qp kFree,l ' CFree(ta r, R) imol/L
—€-Qp kFree,Z ' CFree(t’ r, R) : Cl(t, r, R) 8 q( t, r, R) t R
d p r
2
¢ E{I Crree (t, 1, R) - drr dr}
’ umol/L
= kF,Free [CFree (t) - CFree (t7 R1 R)] ° 47[R2 r cm



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

GAC
GAC

9 HMT TMA  DMEA

33%  52%
30%

GAC

80%

20%

GAC

58% FA-FP

GAC
FA

GAC
HWT TMA  DMEA

GAC
90% FA-FP
HWT  80%

90%
GAC
/GAC

FA-FP

HMT
HMT
1C-MS/MS

23.5 min
21.5 min
HMT X ESI
HMT
, HMT X

HMT
Lam Mak
HMT-N-

X HMT
HMT - A CH

7

12 10 mg/L
1 min
TIC

HMT

[M+H]"
m/z 16
1C-MS/MS

157
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TS-PFDoOA PFDOA
TS-PFTeDA PFTeDA
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PFCA
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PFOcDA  Exfluor Research Corporation

10mg

10mL 1mL
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0.5M
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LC/MS/MS  LC
Acquity SDS MS/MS
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A 40 1
10 A 100
15 15.01
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1)
(SDWA: Safe
Drinking Water Act)
1
2
(MCL)

(MRDL) (TT)

2
(Public Notification Rule, 40
CFR Part 141 Subpart Q)

Tierl 3 3

Tier 1
Tier2  Tier 1

MCL, MRDL, TT
Tier 3 Tier 2

Tier

Tier 1

3 3
6
(Appendix B
of 40 CFR 141, Subpart Q)
Tier1l 2
(primacy) EPA
Tier 1
24
24
Tier2
«C )
EPA



DNU ( ), DND
2) ( ), BWA ( )

EU
European Drinking Water Directive 7
The Water Industry Act(1991)
Standard
Drinking Water
Inspectorate, DWI)
The Water Act(2003)
Chief Inspector DWI

European Union Drinking Water Directive

DWD
WHO sensitive customer
DWD
parameter
Regulation
Water Supply
(Water Quality) Regulations 2000 DNU DND BWA
DWI
3)
DWI

2016 2

Indicator



WHO
HACCP

4) WHO

8.7

4.4



TDI  100%

10

(ARfD) 24

TDI

ARfD
ARfD  100%

S)
(WV)
2014 1 4-
(MCHM)
30
”Do Not Use”
(DNU
)
MCHM
MCHM DNU
30
CDC ( )
(Drinking Water

Advisory) Ippm



DNU
DNU
SNS
MCHM
CDC/
ATSDR /
EPA
FAQ
WV
CcDC
CASPER
3 2014 4
8 10 7 7
171

DNU

66% DNU
(53%) (14%)
(10%) (7%)
111 (3.8L) 3
25%
84%
22%
39 22 )
(15
)
DNU
DNU
5 DNU 37%
DNU
1 67%
4
98.3%
6
DNU /
(80.1%) (45.9%) (377 )
(26.9%)
(26.6%)

6)




16 2008

20

620mg/L

SWWA

16

SWWA

1988

3000

1986

3.

THMs

95%

TDI

114pg/L
S52ug/L
138pg/L

HAAs

TDI

118 pg/L

65.5 pg/L

70 %

35%

PCE

HAAs

10 pg/L

60ug/L

30pg/L

100pg/L

90ug/L  179pg/L

TDI

95%

25.6pg/L

TDI 43

TDI 25

70.4 ug/L
95 TDI



14 ng/(kg d)

5.9 ng/(kg d) TDI
2/5 7
95
TDI 13.2% 14.7%
13.2% 14.7%
1.3 1.5 L/day 2 L/day
2.8 ug/(kg day)
TDI  20.2% TCE
10
ng/L 3.1 pg/L
95 TDI  1.46 pg/(kg d)
0.69 ng/(kg d) TDI 2/5
8 95 ( )
( )
TDI 6.2% 6.5%
6.2% 6.5% 1.4 1.5
L/day 2 L/day
0.13 pg/(kg day)
TDI  8.6%
10 pug/L TDI
54 %
4.
(pTWI)
1

(g/day)
(2010)
100g 15.5¢
60.0g
100g
52.7g
2)
(Kendall
T =-0.066, p<0.01)
1)
T =-0.014, p=0.48 2)

(T =-0.04, p=0.06)
pTWI



pTWI

3)
2 1
3
1
5 2
2010
4) pTWI
pTWI  pTWI
pTWI
8 9( )
pTWI
9
pTWI (mL/ )
1548 mL, 1452 mL, 90%
2333 mL, 95%  2637mL
1758 mL, 1641 mL, 90%
2672 mL, 95%  3122mL
5. /
1) /
EPA Drinking Water Health

Advisory (HA) Program

( 10)
Health Advisory (HA)
HA (mg/L)
10
N[L]JOAEL (mg/kg/day) x (kg) )
X %
X (L/day)
HA /
One-day/Ten-day HA
( 1)
10 kg 1L/kg
100
2) saRfD
saRfD 11 12
13
NOAEL
UF
saRfD  TDI

(15 pg/kg/day)



0.4 mg/L 0.2mg/L
B6C3F, 13
300 ppm
NOAEL
100 ppm ( 8.6
mg/kg/day) F344/N
13
300 ppm
300 ppm
NOAEL
100 ppm ( 4.5
mg/kg/day)
1.52 mg/kg
0.57~229 mg/kg ( )
13
NOAEL 4.5 mg/kg/day  UF100
45 ng/kg/day
saRfD
saRfD
SD 0 20
12.9 mg
B/kg/day
13
NOAEL 9.6 mg
B/kg/day UF100

NOAEL

mg/kg/day

1 mg/L

SD

33 mg/kg

SDH

mg/kg (0.71 mg/kg/day)

2 90

saRfD

LOAEL

12

10 mg/kg
GPT

CD-1

96 ug/kg/day

2 mg/L

saRfD

90
3.9

30.4 mg/kg/day
2

8.8 mg/kg/day

POD

)
SDH GPT OCT

12 ~ 1200 mg/kg/day

1.2 ~ 120 mg/kg



1%polysorbate60

5
12 mg/kg
1%polysorbate60
120 mg/kg

ALT AST LDH
NOAEL 1.2 mg/kg (0.86 mg/kg/day)

NOAEL 0.71 mg/kg/day

UF100 saRfD 7.1 pg/kg/day
0.2 mg/L 0.07 mg/L
1,4
1,4-
104
(VSD 0.054 mg/L)
SD
11 1000
mg/kg/day
10 mg/kg/day
F344
13 1600 ppm
(150 200 mg/kg/day)
4000 ppm
NOAEL 640 ppm (60 mg/kg/day)
Crj:BDF1 13
1600 ppm (410

mg/kg/day)

4000 ppm
NOAEL 640 ppm (170 mg/kg/day)
SD 6 15
1033 mg/kg/day
NOAEL 516 mg/kg/day
1,4- saRfD 104
22 pg/kg/day
( 1 10* :0.54 mg/L)
0.5 mg/L 0.2 mg/L
-1,2-
-1,2-
SD 90
Sprague-Dawley CD-1
90
F344/N B6C3F1
14
1,2-
saRfD
14 1830
mg/kg/day
NOAEL 915 mg/kg/day
90
175 mg/kg/day
ALP
NOAEL 17 mg/kg/day



NOAEL 17 mg/kg/day
UF100 saRfD 170 pg/kg/day

4 mg/L 2 mg/L

B6C3F1 F344 3

586 mg/kg/day
NOAEL 226
mg/kg/day
166 mg/kg/day
ALT pH
NOAEL
10/15
13/15
POD

saRfD
B6C3F1 104
234-238 mg/kg/day
NOAEL
mg/kg/day F344
104 52-58
mg/kg/day

172-177

NOAEL
NOAEL 6 mg/kg/day
60 pg/kg/day
2 mg/L

6 mg/kg/day
UF100 saRfD

0.6 mg/L

saRfD

20 )

0.18 mg/kg/day

95
(BMDL,y) 0.146 mg/kg/day

UF100 saRfD  1.46 ug/kg/day
/
saRfD
6
6
78
(8.3 x107/(mg/kg/day)) 1x10™

(12 pg/kg/day)

SL/day

SL/day
2.5L/day

0.05mg/L 0.0l mg/L



VSD 0.4 pg/kg/day

B6C3F1
17 35.7
mg/kg/day
NOAEL 17.9
mg/kg/day F344 17
( : 17.9 mg/kg/day)

Sprague-Dawley

6-15
500 mg/kg/day
LOAEL
17.9 mg/kg/day  UF 1000 18
ug/kg/day 1x10*
(4.0 pg/kg/day)
saRfD 4.0 pg/kg/day
saRfD
0.1 mg/L. 0.04
mg/L
90
saRfD
Sprague-Dawley
3 510-800

mg/kg/day

100-164 mg/kg/day

NOAEL 30 mg/kg/day UF100

saRfD 300 pg/kg/day

8 mg/L 3

mg/L

B6C3F1 13
200 mg/kg/day

150 mg/kg/day

NOAEL 100 mg/kg/day
F344 13
42.9 mg/kg/day

ALT AST

21.4 mg/kg/day

SD
90
60 mg/kg/day

ALP BUN
(LOAEL)
15 mg/kg/day ( 12
mg/kg/day)
LOAEL 12 mg/kg/day
saRfD LOAEL 12

mg/kg/day

UF 300
saRfD

ug/kg/day
1 mg/L

0.4 mg/L

B6C3F1 4
34 mg/kg/day

40



3 (5 )

64 mg/kg/day
24 mg/kg/day
B6C3F1 4
3 (5 )
24-34 mg/kg/day
7.1-10 mg/kg/day
B6C3F1 4
54 mg/kg/day
26 mg/kg/day
B6C3F1 16 329 mg/kg/day
3
CD-1 (
) 90 50
mg/kg/day
125 mg/kg/day
250 mg/kg/day
F344 4 3
( 5 ) 24-34
mg/kg/day
71-100 mg/kg/day
143-200
mg/kg/day
F344
4
34 mg/kg/day
90 mg/kg/day
10

mg/kg/day

F344 3 ( 5 )
129 mg/kg/day
64 mg/kg/day
CD-1
41.2 mg/kg/day
F1
15.9 mg/kg/day
NOAEL 3
7.1
mg/kg/day UF100
saRfD 71 pg/kg/day
2 mg/L 0.7 mg/L
2013
0.04 mg/L
0.03 mg/L ( 27 4
1 )
TDI
90 100
BMD
BMDL,, 12.9 mg/kg/day
UF1000 12.9 pg/kg/day

BMDL,, POD



VSD
( 10°) 1.3 ug/kg/day
90
LOAEL
12.5 mg/kg/day  UF1000 12.5
ug/kg/day
90 100
/ 1 10"

12.9 ug/kg/day

90 LOAEL 12.5
mg/kg/day  UF1000 12.5
ug/kg/day

saRfD 13 pg/kg/day
0.3 mg/L

0.1 mg/L

B6C3F1 90
178.6 mg/kg/day

89.3 mg/kg/day
F344/N
90
178.6 mg/kg/day

42.9 mg/kg/day
NOAEL
21.4 mg/kg/day
Sprague-Dawley 90
50 mg/kg/day

ICR
(17 mg/kg/day)
F2
171 mg/kg/day

685 mg/kg/day

NOAEL 17 mg/kg/day
NOAEL 17
mg/kg/day  UF100 saRfD
170 pg/kg/day
4 mg/L 2 mg/L
100
VSD ( 107) 0.357
ug/kg/day
F344
13
2.5g/L( 270
mg/kg/day)

0.6 g/L (63 mg/kg/day)

0.3 g/L
(32 mg/kg/day)
63
mg/kg/day
NOAEL F344 100

1.1 mg/kg/day

Sprague-Dawley
(
) 0.25 g/L (
22 mg/kg/day)



NOAEL  0.08
g/L (7.7 mg/kg/day)

saRfD 100
3.6
pg/kg/day ( 1 10" )
0.09 mg/L 0.04 mg/L
/
SD 90

5.0 g/L (355 mg/kg/day)

NOAEL  36.5 mg/kg/day
/
saRfD
B6C3F1 104
LOAEL 6 mg/kg/day
200 mg/kg/day
LOAEL 6 mg/kg/day
UF 1000 saRfD  6ug/kg/day

0.2
mg/L 0.06 mg/L

B6C3F1 13
143 mg/kg/day
71.4 mg/kg/day

35.7 mg/kg/day
F344/N 13

214 mg/kg/day
107
mg/kg/day
NOAEL  53.6 mg/kg/day
F344 52
39
mg/kg/day
22 mg/kg/day
Sprague-Dawley 2
11.6~48.8 mg/kg/day
29.5~138.6 mg/kg/day
NOAEL  4.1~15.8
mg/kg/day
F344 6-15
50 mg/kg/day
NOAEL
25 mg/kg/day Sprague-Dawley
6-21

45 mg/kg/day

82 mg/kg/day
NOAEL 184
mg/kg/day New Zealand While
6-29
35.6 mg/kg/day
13.4

mg/kg/day



NOAEL 4.1 mg/kg/day  UF

100 saRfD 41 pg/kg/day
1 mg/L 0.4 mg/L
B6C3F1 13
143 mg/kg/day
NOAEL 714
mg/kg/day F344/N
13 35.7
mg/kg/day
NOAEL 17.9
mg/kg/day
CD-1 105
(200 mg/kg/day)
()
NOAEL 17.9
mg/kg/day  UF100 saRfD 180
ug/kg/day
5mg/L 2 mg/L
Sprague-Dawley 90
100 mg/kg/day
NOAEL 50
mg/kg/day 90
100 mg/kg/day
NOAEL 75
mg/kg/day
Wistar
200 mg/kg
100
mg/kg
CD-1 6 15

148

mg/kg/day 1/35 185 mg/kg/day
22/34
NOAEL
74 mg/kg/day
90

NOAEL 50 mg/kg/day

UF100 saRfD 500 ug/kg/day
13 mg/L 5mg/L
(10
mg/L)
6.
1) —
1-1) HI
13 HI
13
HI  0.193
1-2) RPF
ChE
13

RPF

RPF

RPF
(NAO)
EPA N-



EPA ChE mg/kg BMD,,=1.58
(BMD,p) =1.58 mg/kg/day RPF
mg/kg RPF EPA 0.06
ChE
BMDy, EFSA
EPA 65~241 mg/kg
24 ChE
EDs 77.7 mg/kg
EPA RPF 24
BMD;, RPF 24 ChE
EDs (266
(MIPC) mg/kg/day) RPF 34
ChE
NOEL 2 EPA
mg/kg/day 12 mg/kg/day (LOEL 25 ChE BMDy, = 0.36 mg/kg
mg/kg/day 100 mg/kg/day) BMD,y=1.58
13 mg/kg/day RPF 4.39
ChE NOEL 1
mg/kg/day RPF
0.5 EPA
(BPMCO) ChE BMDy, =0.27 mg/kg
23.1 208 mg/kg BMD,=1.58 mg/kg/day
05 24 RPF 5.85
ChE
ChE
EDsy 245 mg/kg 90 2
28
ChE 1
EDsy  27.47 mg/kg ChE
RPF  0.11 ChE
(
)
EPA 90
ChE BMD,,=0.10 ChE



90

ChE
350 mg/kg
ChE

100 mg/kg

[50 mg/kg ( 24

ChE N RPF

13

(367 mg/kg/day) ChE

2 197~233
mg/kg/day
ChE
197 mg/kg/day
(8%)
90
~ 314 mg/kg/day)
(~134 mg/kg/day)
ChE

ChE

(MBPMC)
ChE

ChE

ChE

NOEL

NOEL

0.5

ChE

ChE

90

28
(943-996
mg/kg/day) AChE
ChE
ChE
1000 mg/kg ( )
200 mg/kg ( )
ChE
14 RPF
0.008
mg/L ChE
BMDL, 0.99 mg/kg/day
100 50 kg
21/day 10
ChE 0.025
mg/L
ChE
0.326 (0.008 + 0.025)
2)
2-1) HI
HI 15 HI
0.915
2-2) RPF

22 ChE



BMD,, EDs NOAEL

RPF
EPA
EPA ChE
EPA BMD,, = 0.24 mg/kg/day
RPF
BMDy,
EPA
22
RPF EPA BMD;,
RPF
RPF ChE 4
ChE
ChE 75 mg/kg 220 mg/kg
ChE
293 RPF
ChE
EPA
ChE EPA
mg/kg/day BMD,=0.24
mg/kg/day RPF
0.038
ChE (MEP)
ChE ChE
3 4
ChE EDs,
21 ChE EDsy

3.33~6.60 mg/kg/day



4.61 mg/kg/day
ChE
98 2
EDs
2.17 mg/kg/day
RPF  0.471 (2.17+ 4.61)

(DDVP)
EPA
EPA
ChE BMD,,=2.35
mg/kg/day BMD,;=0.24
mg/kg/day RPF
0.102
(IBP)
ChE
3 2 13
ChE
24 ChE
BMD,, EDsg
24 NOAEL
4.35 mg/kg/day 98
NOAEL 0.17
mg/kg/day RPF  0.039
EPN
ChE
13 26
104
ChE
( 100 )
13 104
EDs ( 9.96 mg/kg/day

5.11 mg/kg/day)
7.53 mg/kg/day
EDs (2.17 mg/kg/day)
EPN RPF 0.288 mg/kg/day

EPA
EPA
ChE BMD,,=0.99
mg/kg/day BMD,;=0.24
mg/kg/day RPF
0.242
EPA
EPA
ChE BMD,,=1.48
mg/kg/day BMD,;=0.24
mg/kg/day RPF
0.162
EPA
EPA
ChE BMD,,=31.74
mg/kg/day BMD,;=0.24
mg/kg/day RPF
0.008
13 104
ChE
ChE
NOAEL 30 ppm (2.1 mg/kg/day)
50 ppm (2.2 mg/kg/day)
98
NOAEL 0.17 mg/kg/day RPF
0.08
ChE
BMD;, EDs



NOAEL RPF
ChE
NOAEL 1000 ppm (71 mg/kg/day)
98 NOAEL
0.17 mg/kg/day RPF  0.002
(SAP)
EPA
EPA
ChE BMD;,=31.91
mg/kg/day BMD,;=0.24
mg/kg/day RPF
0.008
(
EDDP)
3 2
NOAEL RPF
ChE
NOAEL 30ppm 15 ppm
Food factor ( 0.102 kg
food/kg 0.083 kg food/kg)
30 ppm 15 ppm
3.06
mg/kg/day 1.25 mg/kg/day
98
0.17 mg/kg/day
RPF  0.136
(DMTP)
EPA
EPA
ChE BMD,;,=0.25
mg/kg/day BMD,;=0.24

mg/kg/day RPF
0.96

ChE
28
ChE
ChE BMD
variance
EDs RPF
ChE
EDsy,  39.58 mg/kg/day
EDsy 2.17
mg/kg/day RPF
0.055
EPA
EPA
ChE BMD,,=0.25
mg/kg/day BMD,;=0.24
mg/kg/day RPF
0.960
( )
EPA
EPA
ChE BMD;,=313.91
mg/kg/day BMD,;=0.24
mg/kg/day RPF
0.001
2 /
ChE
BMD;, EDs
104
22 mg/kg/day
ChE

116
25 mg/kg/day



ChE (17%1 )
NOAEL 5 mg/kg/day
ChE
NOAEL 0.17 mg/kg/day

RPF  0.034

EPA
EPA
ChE BMD,,=0.07
mg/kg/day BMD,=0.24
mg/kg/day
RPF  3.429

@

21.4 mg/kg/day
ChE
ChE NOAEL
8.6 mg/kg/day

ChE
NOAEL 8.6 mg/kg/day
98
NOAEL 0.17 mg/kg/day
RPF  0.020
@
13
2500 mg/kg/day
ChE
ChE
16 RPF
0.0025367
mg/L ChE

BMDL,, 0.21 mg/kg/day
100 50 kg

2L/day 10
ChE
0.00525 mg/L
ChE
0.48319 (0.0025367 +
0.00525)
7.
1) TS-PFDoA PFCA
0.1 mg/kg/day 0.5 mg/kg/day 2.5
mg/kg/day  TS-PFDoA
PFDoA
1766 ng/mL 5584 ng/mL 251620
ng/mL 1402
ng/mL 8720 ng/mL 197300 ng/mL
TS-PFDoA
PFDoA PFCA
PFDoA
20 1
PFCA
PFOA PFNA PFDA
PFUdA PFTeDA
2) TS-PFTeDA PFCA
10 mg/kg/day  TS-PFTeDA
PFTeDA 10930
ng/mL 11274 ng/mL
PFTeDA
8 13 PFCA 11
16 PFCA
PFUdA PFDoA PFTeDA
ng/mL
PFUJA PFDoA PFTrDA

«C>)



PFOA PFNA PFHxDA

3) TS-PFHxDA PFCA

100 mg/kg/day  TS-PFHxDA

PFHxDA
1308 ng/mL 1780 ng/mL
PFHxDA
PFHxDA
1110 ng/mL 89.5 ng/mL
PFNA PFDA

PFUnA PFDoA PFTrDA PFTeDA PFOcDA
PFUnA PFDoA PFTrDA PFTeDA

PFOcDA
PFCA 300
ng/mL PFNA
PFUnA
( ) PFHxXA PFHpA
PFOA PFDeA
4) PFCA
TS-PFDoA
PFOA PFNA PFDA PFUdA PFTrDA
PFTeDA PFDeA PFUdA PFDoA
PFTrDA PFTeDA
PFTeDA (0.19%)
PFNA (0.05%) PFDA (0.05%)
PFTrDA (0.05%)
TS-PFTeDA
PFDA PFUdA PFDoA PFTrDA
PFHxDA PFOcDA PFDoA
PFTrDA PFTeDA PFHxDA
TS-PFHxDA PFDoA
PFTrDA PFTeDA
PFHxDA PFOcDA

0.01






FAX

18

(1
2) )

24



1)

2)

WHO

3)

( )

(saRfD)
saRfD

saRfD
WHO

EPA (HA)
WHO
ADI

TDI 100%



EPA
2014 1 MCHM
CASPER
MCHM
DNU 37%

THMs HAAs
THMs HAAs
THMs
20 %
THMs HAAs
THMs HAAs
HAAs
THMs
THMs HAAs
2L/4d
THMs 29 44% HAAs 26 40%
THMs
HAA
THMs
HAAs
TDI
THMs
HAAs
2
L/day 20%
2 L/day

20% 26 44 %



THMs HAAs

20 %

TCE PCE
THMs
TCE
PCE
TCE
TDI
TDI
(10 pug/L)y 173
3 ng/L
TCE 10
ng/L 5 ng/L

PCE

TDI
4.
®PTWD
pTWI
pTWI
pTWI
9
1L/ day
1L/ day

5. /



163

19

1,2-

10

13

RPF

ChE

ChE

NOEL

RPF

(0.326)
(0.193)
HI

22
RPF

ChE
HI

HI

BMD

24 ChE

ChE

HI
10
ChE
BMD



ChE
NOEL RPF
ChE
ChE
RPF
RPF
ChE (0.483)
HI (0.915)

RPF

7.
PFCA
TS-PFDoA TS-PFTeDA
TS-PFHxDA PFCA
PFCA
(0.5 mg/kg/day TS-PFDoA
10 mg/kg/day TS-PFTeDA 100
mg/kg/day TS-PFHxDA 200
mg/kg/day TS-PFOcDA )
PFCA
PFCA

PFCA PFCA

PFCA

PFCA PFCA PFCA

PFCA

PFCA
PFCA
PFCA

PFCA

PFCA PFCA

0.5 mg/kg/day TS-PFDoA
10 mg/kg/day TS-PFTeDA
100 mg/kg/day TS-PFHxDA 200
mg/kg/day TS-PFOcDA
PFCA
nmol/mL TS-PFDoA
TS-PFTeDA
PFCA PFCA
PFCA
TS-PFDoA
TS-PFTeDA
PFCA

TS-PFHxDA
PFHxDA
PFCA PFCA PFCA
PFCA PFCA TS-PFHxDA
TS-PFOcDA

PFCA PFCA
PFCA



PFCA PFCA
PFCA
TS-PFOcDA
TS-PFOcDA
PFCA
PFCA
E.

(1)

@)

WHO



(TCE)
PCE

TCE

(PTWI)

pTWI

(EPA)

(PCE)
TDI

pTWI
pTWI

pTWI(L/ )

1.55L,

1.45L, 90%

233L,95% 2.64L
1.64L,90% 2.67L,95%

EPA

19

saRfD(mg/kg/day)
saRfD

(mg/L)

13 22
HI RPF
EPA

TS-PFDoA
TS-PFTeDA TS-PFHxDA

PFCA

PFCA

1.76 L,
3.12L



PFCA
PFCA
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PFCAs

No PFCs abbriviation (nIé/OmQL) (ntlli{n) Cg?)e COl(l\i]S)i on Pai‘(r)int dalilgrkll o
(m/z) (m/z)
1 perfluoro-n-pentanoic acid PFPeA 1.00 1.9 20 10 263 219
2 perfluoro-n-hexanoic acid PFHxA 1.00 2.7 20 10 313 269
3 perfluoro-n-heptanoic acid PFHpA 1.00 3.7 20 10 363 319
4  perfluoro-n-octanoic acid PFOA 1.00 4.6 20 10 413 369
5 perfluoro-n-[1,2-*C2]-octanoic acid ~ PFOA-"C, 1.00 4.6 20 10 415 370
6  perfluoro-n-nonanoic acid PFNA 1.00 5.5 20 10 463 419
7  perfluoro-n-decanoic acid PFDA 1.00 6.3 20 10 513 469
8  perfluoro-n-undecanoic acid PFUdA 1.00 7.0 20 10 563 519
9  perfluoro-n-docecanoic acid PFDoA 1.00 7.8 20 10 613 569
10 perfluoro-n-tridecanoic acid PFTrDA 1.00 8.6 20 10 663 619
11  perfluoro-n-tetradecanoic acid PFTeDA 1.00 9.3 20 10 713 669
12 perfluoro-n-hexadecanoic acid PFHxDA 1.00 10.5 20 10 813 769
13 perfluoro-n-octadecanoic acid PFOcDA 1.00 11.6 20 10 913 869

LOQ:

R:
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Do not use for
Drinking, Cooking or
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Boil before use for
drinking and food
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TDI

95%fili

ToI | 14 pg/(kg-d) |

Oral (food) Inhalation Dermal
Oral (water) 1.5% Inhalation (bath) (kitchen) 5.1% Inhalation(residence) 1.2%

95%ile

Non water-related
0.1%
Direct water

51.2%

Indirect water Intak

Direct water

intake ) o, ; 2.8% 5.4%

intakel.5 L/d
15% b — — — — . — — — — —
margin -I
0 2 4 6 8 10 12 14 16
Total oral-equlvalent potentoal dose (D,) [pg/(kg*d)]
1.46 pg/kg/d
Oral Qral (food) Inhalation Dermal Non water-related
(water) gy Inhalation (bath) (kitchen) 4.6% Inhalation(residence) 2.8% (inh) 5.6%

0.2 04 0.6 08 10 12 14

Total oral-equivalent potential dose (2;) [pg/(kg*d)]

TCE 95
TCE 3.1 puglL



28 pTWIL ... - — o~ ——
[mL/day]
KDH5E 1% 5% 25% 50% 75% 90% 95%  99% | iy
pTWI 468 744 1133 1452 1872 2333 2637 3498 1548
- EEfKkE
g [ 7KEKEEIER 0 111 500 789 1118 1536 1814  2496] 856
o REILIK 0 0 0 0 29 268 471 1000 79
Eﬁé H K=E
= VAN NINE | 0 0 0 129 314 500 636 1000, 203
S R D IKEK 0 45 90 128 181 264 316 440 148
A—74F 0 32 143 232 357 479 564 771 262
43, 0 0 0 36 148 200 293 457 81
7 ILa—)LERE 0 0 0 0 250 500 700 1250] 167
Z O fthaRF 0 0 0 0 0 57 129 280 17
9. pTWhmmzmsr=rvo/y— L 2 4 /viE AR, WILIDIX)
[mL/day]
KD 4$E 1% 5% 25% 50% 75% 90% 95% 99% | FEy
pTWI 525 822 1260 1641 2103 2672 3122 4349 1758
ko] E KE
g JKEIKE IR 0 86 550 878 1271 1795 2133 2821] 970
{ﬁ RrILIK 0 0 0 0 114 464 752 1579 137
ﬁJZ EI%EX7S_E
= VIR O %E 0 0 71 229 464 725 921 1461 313
= ZERP D IKEK 0 38 87 128 184 267 316 429 146
A—T4E 0 0 71 171 264 400 486 657 192
43, 0 0 0 71 200 250 300 443 103
7ILa—)LErkd 0 0 0 43 350 630 796 1286 208
Z D ERF 0 0 0 0 0 100 200 500) 31
—BH=VEKE [L/day]
0 1 2 3 4 5
i i i i i |
pTWI . 1 .
| e o _2s% % % _ o _ 9% _ _ _ __ % _ _ __
|
gk | (TS T 1
| ] |
JKIEIK I—Cl: ) |
e I B e Ay
N JLIK E : : i
A ) I
KU | T
|l R—T# Tm.lﬂ_|
A
) | pTWI[mL/d] 90% 95%  99%
PISCY "[I]" o XHj 2,333 2,637 3,498
- e o E5 2,672 3,122 4,349
9. pTWI ( )






10. HA

One-day HA 1 100%
Ten-day HA 10 100%
Longer-term HA 7 100%

( 10 ) 100%
Lifetime HA RSC factor

(Default: 20%)

Concentrations for cancer -
(107, 10°° and 10 Risk levels)

10kg, 1L/day 70 kg, 2L/day RSC: Relative source contribution



11 Subacute Reference Dose (saRfD)

15 pg/kg/day 13 ( ) NOAEL 1.47 mg/kg/day 100
96 pg/kg/day ( ) NOAEL 9.6 mg/kg/day 100
7.1 pg/kg/day 12 ( ) : NOAEL  0.71 mg/kg/day 100
1,4- 22 pg/kg/day* 2 ( ) N )
-1,2- 170  pg/kg/day 90 ( ) ALP NOAEL 17 mg/kg/day 100
-1,2-
60 pg/kg/day 104 ( ) NOAEL 6 mg/kg/day 100
1.46 nug/kg/day ( BMDL,, 0.146 mg/kg/day 100
4 pg/kg/day* N i
300 pg/kg/day 90 ( ) NOAEL 30 mg/kg/day 100
40 pg/kg/day 90 ( ) ALT BUN LOAEL 12 mg/kg/day 300
71  ug/kg/day 3 ( ) NOAEL 7.1 mg/kg/day 100
13 pg/kg/day* 90 100 ( ) BMDL,, 129 mg/kg/day -
90 ( ) LOAEL 12.5 mg/kg/day 1000
170  pg/kg/day ( ) NOAEL 17  mg/kg/day 100
36 ungkgday* 100 ( ) i i
6 ug/kg/day 104 ( ) LOAEL 6 mg/kg/day 1000
41 pgkeg/day 2 ( ) NOAEL 4.1 mg/kg/day 100
180 pg/kg/day 13 ( ) NOAEL 179 mg/kg/day 100
500 pg/kg/day 90 ( ) NOAEL 50 mg/kg/day 100

- ,*:1.0x 104



0.04 04 (10) 02 (5)
1 20 (2) 1 (1)
0.01 - -
0.002 02 (100) 0.07 (35)
1,4- 0.05 0.5 (10) 02 (4)
1,2- 0.04 40 (100) 20 (50)
-1,2-
0.02 2.0 (100) 0.6 (30)
0.01 0.01 (1) 0.05 (5)
0.01 0.1 (10) 0.04 (4)
0.6 8.0 (13) 30 (5)
0.02 1.0 (50) 04 (20)
0.06 20 (33) 07 (12)
0.03 03 (10) 01 (3)
0.1 40 (40) 20 (20)
0.01 0.09 (9) 0.04 (4)
0.03 02 (7) 0.06 (2)
0.03 1.0 (33) 04 (13)
0.09 50 (56) 20 (22)
0.08 13 (163) 50 (63)
10 10 (1)




13. 13 Hazard index (HI)

1 (NAC) 0.05 0.0005 0.01
2 (MIPC) 0.01 0.0001 0.01
3 (BPMC) 0.03 0.0004 0.013
4 ( ) 0.005 0.00019 0.038
5 0.04 0.0004 0.01
6 0.03 0.0003 0.01
7 0.08 0.0008 0.01
8 0.02 0.0002 0.01
9 0.03 0.0003 0.01

10 0.005 0.00021 0.042
11 0.02 0.0002 0.01
12 (MBPMC) 0.02 0.0002 0.01
13 0.003 0.00003 0.01
HI 0.193
* 23
14. 13 Relative potency factor (RPF)
1 (NAC) 1 0.0005 0.0005
[ 1 (index chemical)
2 (MIPC) 0.5 0.0001 0.00005
3 (BPMC) 0.11 0.0004 0.000044
4 0.06 0.00019 0.00001140
( )
5 34 0.0004 0.00136
6 4.39 0.0003 0.001317
7 5.85 0.0008 0.00468
8 - 0.0002 -
9 - 0.0003 -
10 0.5 0.00021 0.000105
11 - 0.0002 -
12 (MBPMC) - 0.0002 -
13 - 0.00003 -
0.00806740




15.22

Hazard index (HI)

0.001

1 (MPP) 0.00005 0.05
2 0.008 0.00016 0.02
3 0.005 0.00005 0.01
4 (MEP) 0.003 0.00015 0.05
5 (DDVP) 0.008 0.00008 001
6 (IBP) 0.008 0.0024 03

7 | EPN 0.004 0.00006 0015
8 0.08 0.0008 001
9 0.003 0.0003 0.1

10 (DEP) 003 0.0003 001
1 0.002 0.00006 003
12 0.2 0.002 0.01
1S (SAP) 0/ 0.001 001
14 0.006 0.00006 0.01

( ,EDDP)

15 (DMTP) 0.004 0.0004 0.1

16 0.003 0.00006 0.02
17 0.05 0.0005 001
18 ( ) 0.05 0.0005 001
19 (PAP) 0.004 0.00004 0.01
20 0.004 0.0002 0.05
21 0.0009 0.000063 0.07
2 2 0.02 001

Hazard Index (HI) 0.915

HQ: Hazard quotient =
24

/

(http://www.jwwa.or.jp/mizu/pdf/2012-b-02deg-01max.pdf)




16.22 Relative potency factor (RPF)
1 (MPP) 1 0.00005 0.00005
(index chemical)

2 2.93 0.00016 0.0004688
3 0.038 0.00005 0.0000019
4 (MEP) 0471 0.00015 0.00007062
5 (DDVP) 0.102 0.00008 0.00000817
6 (IBP) 0.039 0.0024 0.0000938
7 | EPN 0.288 0.00006 0.0000173

8 0.242 0.0008 0.0001939
9 0.162 0.0003 0.0000486
10 (DEP) 0.008 0.0003 0.0000023
11 0.08 0.00006 0.0000048
12 0.002 0.002 0.0000048
13 (SAP) 0.008 0.001 0.0000075
14 0.136 0.00006 0.0000082

( ,EDDP)
15 (DMTP) 0.96 0.0004 0.000384
16 0.055 0.00006 0.0000033
17 0.960 0.0005 0.00048
18 ) 0.001 0.0005 0.0000004
19 (PAP) 0.034 0.00004 0.00000136
20 3429 0.0002 0.0006857
21 0.020 0.000063 0.00000126
22 - 0.02 -
0.0025367
24 (http://www.jwwa.or.jp/mizw/pdf/2012-b-02deg-01max.pdf)
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1/100  1/10 114 117

1/100 105 70
120% 25% 30%
GC/IMS
DNPH LC/UV LC/MS
uv MS
DNPH -LC/IMSIMS
20%
13
1mg/L
LC/MSIMS
10
NIST
GC/IMS
GC MS
1000
GC/IMS
LC- MS

-LC-TOF/MS LOCs




25 27
DNPH
GC-MS
LC- MS
1 LC/IMSMS

ADI

2013
0
120
16 84
14 5
GC/MS LC/IMS
GCMS
LCIMS
LC/MSMS
76
LC/MSMS
2014a 2014b
20
20
25 10
2012



2 DNPH

19 - - 2
- GC/MS
4
PRTR
100

PFBOA 24-

DNPH o4 -2

) CNET CEBHA

4-
-3 -5 -1,24-
AHMT DNPH
LC
LC-Hu
DNPH
LC 10
14 LAS
3. LCIMSMS 5 LAS
LAS
AS
AES LC-Hu

4, PAR-UV



PAR LC-UV

PAR-UV
PAR
-PAR
PAR-LC-UV
PAR
-PAR LC uv
PAR-UV
PAR-LC-UV
AE
NPE
OPE
2
HA
HA
HA
HA
26

FIAIMS 27

PRTR
FHA/MS
5.
HBrO; HdOs
Br
o
(HAOy)

Cdifornia Department of Hedlth
Savices

2009 2007

National Research Council,2005
2011

LC-MSMS

Cr



Cr

Cr

Cr
Cr
2010
2011
Cr
Cr
7. GC-MS
100,000 4
1
2012

2013
2012 5

2013 2013

GC/IMS GC/MS
(TIM, )

NIST NIST

GC/MS

(AIQSDB)
2004 Kadokami 4.,
2005 AIQSDB

AIQSDB

GC-MS

8 LC- MS



70,000 100,000

UNEP 2006 1 LCIMSMS
53 11
120 16
2 84 14
GCIMS  LCIMS
140
12

@
—Q SP standard (Millipore )

GC/IMS 2)
(AIQS) 2004
Kadokami etd., 2005  AIQS

2011 Jnyaetd., 2013 3)
1 1000

Kadokami et 4., 4
2009; Hank et d., 2013

24 LC-TOF-MS

GCIMS 300 )
LC LOCs
LC-TOEFMS  AIQS
LC-TOFMS  AIQS 6)
GC/MS LCTOFMS 2 13
10 mg
1200 ppt 10 mL

1000 mg/L



100 pL

10 mL
10 mg/LL
14.
LC/MS/MS (Shimadzu Prominence
UFLC - LCMS 8050 )
ESI
MRM
2
LC/MS/MS
20
20
2,3)
15
151
1/10

1/10

1/10

1/100

2003
1/100 2

500 mL
20 mg

152 LC/IMSMS

100 pL.  LC/MS/MS
SN

153

1/10



LC/MS/MS

21

0.5mL
22

1)
10 mL

20

@
(1)

DNPH

23

DNPH

72

100 mL

0.060
0.005 0.060 mg/L
10mL
02mL DNPH
20

0.5mL

LC

10 mL

DNPH
24.
10 mL
3. LCIMSMS
31
10 mL 20
0.2%DNPH 0.5 mL
20
0.2%DNPH 0.1 05 mL
1.25 mL
0.2%DNPH
32LC/MSMS
LC/MS/MS
-DNPH
-DNPH
LC/MS/MS
LC/MS/MS

0.2 mL

0.25

DNPH



33

100 mL 0.5 mL
0.08 mg/L 1/10 0.008
mg/L
5
4
41
NPE, EO=1- 15
OPE, EO= 1-
10
AE1-20, EO= 1- 20
AE7,EO=7

PEG -300 PEG-700 PEG-1000
PPG 400 PPG-600

PPG-1000
4.2
PAR FIA/MS LC/MS
SmL SmL
EZ
RP-1

1L 50 mL/min

5 mL
I mL
43FIAIMS LC/MS
PAR FIA/MS

FIA HARVARD Apparatus Punpll:50puL/min

MS ESI+ 3
kV 50V 120
350
PAR
LC/MS 2690
ZMD
LC Inertsil PH  2.1x 250 mm, 5 um,
40 - 60 40
,20 min -
100 O 15 min 0.2 mL/min
MS ESI+ 3
kV 50V 120
350
5
51
511
3
_180
512
MS/MS



LC
Acquity UPLC
Waters
IC-Pak Anion HR ¢@4.6mmx75
mm, 6um  Waters
50mM
pH10.0 =1 1
0.7mL/min
30

20uL

MS
Acquity TQD ~ Waters
ESI
MSMS MRM

m/z127 129
m/z111 113
m/z83 85
m/z67 69
m/z99 101
m/z83 85
20! - m/z107
m/z89

513 MSMS
TIC

MS/MS

0 10mg/L ImL SuL
m/z107 m/z89

LC-MS/MS

514

Img/L,
40mg/L,
10mg/L, 20mg/L,
Img/L, 50mg/L
lug/L 60ug/L
2.5ug/L
1/10
LC-MS
515.
3
1/10
10ng
2
VC 10mg/L,
EDA 50mg/L
4
6.
6.1
43
10 9 1
80
10 pH
6.8 Cr
PDCA
Cr



6.2

2+ + 2+ 2+
Fe* Fe** Cu*" Ni

PDCA
PDCA
M3+
M PDCA , 2
6 43)
1
Cr Cr PDCA
520nm Cr
Cro”
44)
Cr
520nm
6.3.
Dionex ICS-1000
Dionex IonPac CG5A / CS5A
2 mmol/L 2,6
/2 mmol/L NaHPO, /
10 mmol/L Nal / 50 mmol/L
CH;COONa /2.8 mmol/L LiOH
1.0 mL/min
2 mmol/L
/ 10% / 0.5 mol/L
H,SO,
UVD-510 UV-Vis 520nm
250ul
7. GC-MS

7-1

7.1

GC-MS (C€S)

n_
Dr.Ehrenstorfer

1 ug/mL

72

GC-MS GC-MS-QP2010
Plus 5975C
MSD

TSQ Quantum GC
GC

MS
7.3.
TIM
(TICC)
GC-MS TICC

(National Institute of

Standards and Technology NIST)
"AMDIS  (Automated Mass
Deconvolution & Identification System)” ver 2.71
AMDIS GC-MS

spectral

AMDIS
NIST
NIST



GC-MS
Kadokami et al., 2005

AMDIS

AMDIS
74,
AMDIS
n- (C9~C33) (PTRI)
1,000
2
(PPCPs)
CAS No
PTRI
75,
751
GC-MS
(DFTPP)
(US EPA Method 625)
MS CS
n_
AMDIS
TICC Net CDF
AMDIS CS n-
(C9~C33) PTRI
TICC

PTRI
752
GC-MS
n-
NIST
Net CDF

AMDIS CS n-
PTRI
TICC

8 LC- MS

81

1,000

CS
GC-MS

TICC

(C9~C33)

Dr. Ehrenstorfer GmbH
Fluka LKT laboratories Sigma-Aldrich Santa

Cruz Biotechnology

(1000 pg/mL)

Wellington Laboratories Cambridge Isotope

Laboratories Sigma-Aldrich

MS
PCB

LC /

HPLC 1mol/1



QOasis HLB Plus
Waters)
(47 mm)

manifold system) GL

HPLC

Millipore

LC-TOF/MS

1200 HPLC, 6220 MSD

82

ESI
AIQS  LOCs
8.53

Pow-220 5.03

83

10mL
20 mL

84
(200 mL)
7.0)
(47 mm, GF/C)
3mL 2
Sep-Pak PS2
Sep-Pak AC2
10 mL
40

Waters Sep-Pak PS-2
Sep-Pak AC2( Nihon
Whatman GMF-150
GE Healthcare Japan

(GL-SPE vacuum

Milli-Q-Plus

Agilent

AIQS LOCs

LC-TOF/MS

Log Pow -2.20
257

128 log

10mL

(I M, pH

Oasis HLB Plus

AC2

5 mL 3

mL
200 uL
@0 ul)
400 pL
(Millipore Milliex LG, Merck
Millipore)
85LC-TOF/MS
LC-TOF/MS Table 1
100 V
100, 150, 200,250 V. 4 2
100V 4
100V
9 0,
0.004, 0.010, 0.020, 0.040, 0.10, 0.20, 0.40, 1.0 pg
mL-1 methomyl-d3,
pirimicarb-d6 imazalil-d5 0.20 pg
/mL LC 2 ul
1 LC/MSMS
11
LC/MS/MS
LC/MS/MS 1-1
140 10 pg/L
LCMSMS 100 pg/L
MRM 1-1
12



1/10
1/100
25%
114
6 9

1/100
117
105
70 120%
30%

1/100  1/10
1/100
105

10 22

NAC

21
-DNPH LC
ODS

-DNPH

9.0
10
LC

DNPH
10

20

22
-DNPH

-DNPH

0.005 0.080 mg/L

v*=0.998 ¥*=0.997

-DNPH

23

DNPH

-DNPH
7.5



0. 100 mgL

DNPH

EPA method 554 U.S.EPA, 1992

DNPH
24.
DNPH H
DNPH pH
pH
pH3
DNPH
10 mL
20 005 0.5mL
DNPH
20
10 mL 0.2mL
2.5.DNPH -LC
0.002 0.0008 mg/LL
0.006
0.01 mg/L
94+13
14 94+12 13

0.002 mg/L

26.

4
27.
-DNPH
DNPH
-DNPH
100 72 80
-DNPH
28 8 76
28,
DNPH
0.005 mg/L
DNPH
DNPH
DNPH

16

28

76
28
20

DNPH

JIS



DNPH

0.08mg/L
1/10
DNPH
3

29,

-DNPH LC/MSMS

LC/UV
LC/MSMS
ESI
25kV
40V
10V
LC/UV
LC/MSMS
0.0017 mg/L
LC/UV
-DNPH
0.005 0.060 mg/L
¥*=0.998 v*=0.998
0.01 mg/L
97 4

93 2

LC/MS/MS LC/UV

0.0026 mg/L

LC/MS/MS
LC/UV
pg/L
LC/MS/MS
LC/UV
3. LC/IMSMS
31
20% 100 200,
500 pL
200
ul
0.2%DNPH 250
500, 1000, 1250 pL
250 L 500 pL
1000 pL
DNPH
0.2%DNPH
500 pL
0.2%DNPH 1
1
32LC/MSMS
-DNPH LC/MS/MS
3--1
DNPH LC/MS/MS
3-1



30 70%
ACN = 50:50
33
0.005 0.1 mg/L
1/10
4,
PAR PEG
PPG OPE NPE NPEC 9
PAR
10ug AE
C12,EO=7
NPE OPE PPG PEG PAR
AE1-20 PPG OPE NPE
1999 2001
OPE NPE PAR
LAS PEG
PAR PPG  AEI1-20
FIA/MS
10 mg/L
FIA/MS
Na+
AEI1-20 FIA/MS m/z

341-1090
m/z 44
PEG
PEG-300 PEG-700
m/z 217-525

FIA/MS
PEG-1000
m/z 349-833 m/z261-1142
FIA/MS
OPE NPE
m/z 375-904

AFE1-20

m/z 317-670

m/z 44
PPG FIA/MS
PPG-400 PPG-600 PPG-1000
m/z 273-680 m/z 380-1028 m/z
409-1144
m/z 58

FIA/MS m/z
AE1-20

FIA/MS
FIA/MS

0.5 - 1 mg/L

0.02 - 0.05 mg/L

PAR

FIA/MS

0.02 mg/L

FIA/MS

m/z 497, 363 242
m/z 200

PPG-1000



10

FIA/MS PPG 600
PPG
PEG
PPG
PAR
1997 PAR
PAR
0.052
0.055 mg/L 27 26
ZMD
FIA-MS
HDTMAC  ESI
FIA/MS ESI
m/z331 969 4-1 HDMAC
58 m/z284
PAR 4
AO 229 ESI
NPE OPE mz230  m/z252
PEG PPG [M+H]
FIA/MS [M+Na]
4-1 m/z460 m/z482
m/z 622 [2M+H]
PPG [2M+Na]
OPE NPE AE1-20 AS 12 14 16
PAR 288 316 344
PPG ESI
PPG AS
42
LC/MS AES
PPG 1 3 ESI
m/z265

m/z44



43

LAS
FIA-MS 4-4
A B LAS
1 mg/L
LAS 0.2 mg/L
1/10
FIA-MS 100
ZMD 6
AO Xevo TQD  FIA-MS
ZMD m/z460
MS
FIA-MS
10 mg/L
Xevo TQD
FIA-MS 4-5
31 AO
AES AE AS ESI m/z265
309 353 397
AES
ESI
m/z230
AO
1 mg/LL
100 pg/L

5
51
MSMS
MS/MS
5-1 79
81
m/z127
m/z129
cv 40V
CE 15eV m/z127
m/z129
160
m/z111 m/z113
m/z111
m/z113
5-2 MS/MS
3B 37
m/z83 85 cv 50V
CE 15eV 10
m/z67 69
5-3 MS/MS
3B 37
m/z99 101
cv 50v CE 15eV
150 m/z83
85
52
MSMS
10ug/L MS/MS



53

MS/MS

54.

5-4
MS
MS/MS
r 0.998
0.998 0.994
0 5S0ug/L
10
1p g/L
5-1
60p g/L
5-2
2.5p g/L
5-3
3
LC/MS/MS
LC/MS/MS LC/MS/MS
IC

100

LC/MS/MS

1/4

Cr
1p g/L

Cr
59
Cr

Cr
Cr

Cr

Cr
Cr

lug/L

Cr

7. GC-MS

0.14%

Cr

100 g/L
6-1

Cr

100mg/L
3.5 Cr

Cr

Cr

Sopg’L  Cr

Cr

GC-MS



72.MS

GC-MS
GC-MS
2
GC-MS
PTRI MS PTRI
MS
AMDIS
MS US EPA
Method 625
71 GC-MS-QP2010 Plus 5975C
GC MSD MS
TSQ Quantum GC
DFTPP
Van PTRI
TSQ
Van Den Dool et al., 1963 Quantum GC
PTRI GC-MS-QP2010 Plus ~ 5795C
MSD
> MS
PTRI 7.3.AMDIS
PTRI 4 GC
AMDIS MS
PTRI
PTRI AMDIS
PTRI 1 mL (50
) lug
AMDIS
(
PTRI CS )JAMDIS
perylene-dp,  PRTI Minimum match factor
PTRI
> 7407 Ragnar Norli et al.,

2010  PTRI



7’5 2 MS

Component width ~ “7” CS TSQ Quantum GC
n-
Adjacent peak subtraction AIQS-DB  AMDIS
“Two” Meng and pentachlorophenol  trans-nonachlor
Szelewski, 2010 Sensitivity ~ “High” “Very
High” Shape MS 2

requirement  Resolution

97 ) 3
(ImL)  lpg
Shimadzu GC-MS-QP2010 MS
AMDIS GC-MS-QP2010
Plus 5975C MSD
AIQS-DB
AMDIS
AIQS-DB
Component width
74.
AIQS-DB
AIQS-DB
AIQS-DB
GC-MS
75.
2 ( )
AIQS-DB

60 3 GC-MS



TICC
Methamidophos ~ EPN

8. LC- MS
AIQS 300 LOCs
50%
LC-TOF/MS
0.01 pg/L
81
5
128
200mL 0.5 pg/L 24.
Ci18 log Pow 2
PS2, HLB
PLS-3 log Pow 0 4
3
AC2

AC2 20

4
LOCs
AC2 3
82
LOCs
2
LC
LOCs
(AQUALoader

I, GL science and GL-SPE manifold system)

logPow 4

3  (Millex LG, Nihon Waters, Millex GS,

Nihon Waters 13CP020AS, Advantec)
128 20%
Millex GS
13CP020AS log Pow 4

50%



Millex LG

@
83 %) = 100 X (A-B) / C
2 @
(HLB + AC2 PS2 + AC2) A= , ug/l; B =
257 , ugll; C = ,
log Pow 220  8.53 pg/L
0.05 0.2 pg/LL
(D 190 25
sulpiride
5 079 124pgll
%) = 100 X (AB) / C 100%
) Sulpiride 174 (logPow —2.2
A= ,ug/L;B= , 8.53) 50%
ng/L; C= ,ng/L
02ug/l  50% LOCs
HLB+AC2 245 PS2+AC2
240 85
80.1% 79.4%
LOCs
PS2 AC2
0.004 0.40(
0.039) ug/ L
0.01 pg/LL 72.5 609 % 21.1
16.2%
84
Jinm et al., 2005
LC/MS 1
5 190

0.20pg/L LOCs



LC-TOF/MS

13C
190
72
72
20
20 66%
20 119
21%
6
20 5
10%
23%
86
LC
GC
ESI
siduron

(100, 150, 200, 250 V)

Siduron

(
10%
42

25

20

10000 87

100V

8-1A)

(

siduron

( 81B)

siduron

8-2A)

metformin

( 82B)

metformin

LC-MS/MS-SRM

SRM

135

83

29

2010 Nakada et al., 2006

2009



metformin

46 106%
67%
2
0 62.6% 11.6%
300
metformin
1 LC/IMSMS
120
16 84
14
GCMS LCMS
140
LC/MS/MS
1/100  1/10
114 117 1/100
105
70 120%
25% 30%

2 DNPH
(1)DNPH
10
-DNPH
ODS 10
LC/UV
LC/MS/MS
()
LC/UV LC/MS/MS
0.08 mg/L
1/10
()
LC/UV
0.005 0.080 mg/L
¥ 0997
LC/MS/MS
0.005  0.60
mg/L ¥ 0998
@)
LC/UV LC/MSMS
0.01mg/L
70 120 15

®)



(6)DNPH

-DNPH 4 FIA/MS
28
20
27 PRTR
DNPH - 26
13
19 FIA-MS ESI
13
Img/L
19
3. LC/MIMS
DNPH -LC/MS/MS 5
20% 19 /
LC-MS/MS
ESI
19
1. LC/MS/MS
3
10
2.
0.5ug/L  0.5ug/LL  0.05ug/L
4 10ug/L(1/20)
600ug/L(1/1200)
25ug/L. 1/500



4.
6.
Cr Cr
6
S0pg/.  Cr
7. GC-MS
NIST
AMDIS
GC-MS
1,000

PC-IC

IC

lug/L

GC-MS

GC-MS

8 LC- MS

1)

2)

3)

4)

-LC-TOF/MS

LOCs

52, pp155-161,2013.

b b

24 (3), pp83-92, 2014.
GC-MS

64 (1), pp43-50, 2015.
Monitoring of 1300 organic micro-pollutants
in surface waters from Tianjin, North China,
Lingxiao Kong, Kiwao Kadokami, Shaopo
Wang, Hanh Thi Duong, Hong Thi Cam



5)

6)

7)

8)

1)

2)

3)

4

Chau, Chemosphere, 122, pp125-130, 2015.

19(2),
165-172,2014.
Combining Passive Sampling with a
GC-MS-Database Screening Tool to Assess
Trace Organic Contamination of Rivers: a Pilot
Study in Melbourne, Australia, Graeme
Allinson, Mayumi Allinson and Kiwao
Kadokami, Water Air Soil Pollut, pp 226-230,
2015. DOI 10.1007/s11270-015-2423-5
Occurrence of 1153 organic micropollutants in
the aquatic environment of Vietnam, H. T. C.
Chau, K. Kadokami, H. T. Duong, L. Kong, T.
T. Nguyen, T. Q. Nguyen and Y. Ito, Environ
Sci  Pollut Res, ppl-13, 2015. DOI
10.1007/s11356-015-5060-z
Groundwater
micro-pollutants in Hanoi and Ho Chi Minh
City, Vietnam, Hanh Thi Duong, Kiwao
Kadokami, Hong Thi Cam Chau, Trung Quang
Nguyen, Thao Thanh Nguyen, Lingxiao Kong,
Environ Sci Pollut Res, 22 (24), 19835-19847,

2015. DOI 10.1007/s11356-015-5180-5.
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Hanh Thi Duong, Kiwao Kadokami, Naoki
Matsuura, Shinsuke Katayama, Hong Thi
Cam Chau and Trung Quang Nguyen:
Occurrence of 940 organic micro-pollutants
In environment waters in Hanoi, Vietnam.
SETAC Europe 24th Annual Meeting
(2014.5.11-15, ).

Hong TC Chau, Hanako Shirasaka, Yusuke
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35)
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LC/MS/MS

24

2015.6.24
GCMS
LC/MS/MS
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LC/UV
LC/MS/MS
27
2015.10.21
52
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HPLC/UV
LC/MS/MS
52
2015.12.3
50
2016.3.18
FIA/MS
52

Grand Designs for Wastewater Recycling in
Antarctica - Challenge of Micro-contaminant

36)

37)

38)

39)

Assessment, Kiwao
Kadokami, Daisuke Nakajima, Peter Scales,
Graeme Allinson, Adrian Knight, Jianhua
Zhang, Michael Packer, Kathy Northcott,
Vincent Pettigrove, Stephen Gray, SETAC
Europe 25th Annual Meeting, 2015. May 3-7,

2015, Barcelona, Spain.  2015.5.3-7

Mayumi  Allinson,

1170

micro-pollutants in sewage treatment plants

Screening analysis  of organic
in Kitakyushu, Japan, Kiwao Kadokami,
Masashi Yanagida, Keita Mochinaga, 7th
Symposium Chemistry and Environmental
Protection-EnviroChem 2015, June 9-12,

2015, Palic, Serbia. 2015.6.9-12

Screening of 1170 organic micro-pollutants
in sewage treatment plants in Kitakyushu,
Japan, Kiwao Kadokami, Masashi Yanagita,
Keita Mochinaga, SETAC North America
36th Annual Meeting, November 1-5, 2015,
Salt Lake City, UT, USA. (2015.11.1-5,

)
analytical method for
polar-organic compounds in water samples
by liquid chromatography time-of-flight
mass spectrometry, H.T. Chau, K. Kadokami,
SETAC North America 36th Annual
Meeting, November 1-5, 2015, Salt Lake
City, UT, USA.  (2015.11.1-5,
)

Monitoring on 1300 organic micro-pollutants

Comprehensive

in surface waters from Tianjin and Jinan,
Northern China, L. Kong, K. Kadokami, S.
Wang, T. Duong, H.T. Chau, SETAC North
America 36th Annual Meeting, November
1-5, 2015, Salt Lake City, UT, USA.
(2015.11.1-5,

)



40)

41)

42)

43)

44)

45)

46)

1170

24 2015.6.24-26

Monitoring of 1300 organic micro-pollutants
in surface waters from Tianjin, Northern
China, Lingxiao Kong, Kiwao Kadokami,
Shaopo Wang, Hanh Thi Duong, Hong Thi
Cam Chau, 24
2015.6.24-26
Screening and analysis of 940 organic
micro-pollutants in groundwaters in Hanoi
and Hochiminh City, Vietnam, Duong Thi
Hanh, Kiwao
Shinsuke, Trung Quang Nguyen, 24
2015.6.24-26

Development of a comprehensive analytical

Kadokami, Katayama

method of polar organic pollutants in water
samples by liquid chromatography
time-of-flight mass spectrometry, Chau Thi
Cam Hong Kiwao Kadokami, 24
2015.6.24-26

Assessment of Trace Organic Contaminants
Removal by an Advanced Wastewater
Treatment Plant for Antarctica, Mayumi
Allinson, Allinson,
Kadokami, Daisuke Nakajima, Peter Scales,
Adrian Knight, Jianhua Zhang, Michael
Packer, Kathy Northcott, Stephen Gray,

24 2015.6.24-26

Graeme Kiwao

23 25

, 24
2015.6.24-26

2015.2.27

47)

2015.2.27

Ilho Kim, Hiroaki Tanaka, Photodegradation
characteristics of PPCPs in water with UV
treatment, Environment International, 35
(2009) 793-802

Imma Ferrer, E. Michael Thurman, Multi-residue
method for the analysis of 101 pesticides
and their degradates in food and water
samples by
chromatography/time-of-flight
spectrometry, Journal of Chromatography
A, 1175 (2007) 24-37

Imma Ferrer, E. Michael Thurman, Analysis of
100 pharmaceuticals and their degradates

liquid
mass

in  water samples by  liquid
chromatography/quadrupole time-of-flight
mass spectrometry, Journal of

Chromatography A, 1259 (2012) 148— 157
Juan F. Garci'a-Reyes, Bienvenida Gilbert-Lo’
pez, Antonio Molina-Di1’az, Determination
of Pesticide Residues in Fruit-Based Soft
Drinks, Anal. Chem. 80 (2008) 89668974
Milagros Mezcua, Octavio Malato, Juan F.
Garct'a-Reyes, Antonio Molina-Di1’az,



Amadeo R.
Accurate-Mass

Ferna’ ndez-Alba,
Databases for
Comprehensive Screening of Pesticide

Residues in Food by Fast Liquid
Chromatography — Time-of-Flight Mass
Spectrometry, Anal Chem. 81  (2009)

913-929

M.J. Gémeza, M.M. Gémez-Ramosb, O. Malatob,
M. Mezcuab, A.R. Fémandez-Alba, Rapid
automated screening, identification and
quantification of organic
micro-contaminants and their main
transformation products in wastewater and
river waters using liquid chromatography—
quadrupole-time-of-flight
spectrometry with an
database, Journal of Chromatography A,
1217 (2010) 7038-7054

Swedish Chemical Agency: “Chemicals in the
everyday environment”, available from <
http://www.kemi.se/en/Start/Chemicals-in-t
he-everyday-environment/>

US.EPA METHOD 554, 1992.

Tahrim Nurfaizah Abu, Abdullah Md. Pauzi, Aziz
Yang Farina Abdul, Determination of
human pharmaceuticals in pre- and
post-sewage treatment, AIP Conference
Proceedings, 1571 (2013) 760

UNEP, UNEP News Release, February, 2006
(2000).

Kiwao Kadokami, Kyoko Tanada, Katsuyuki
Taneda, Katsyhiro Nakagawa, Novel gas
chromatography-mass spectrometry
database for automatic identification and

mass
accurate-mass

quantification of micropollutants, J.
Chromatogr A, 1089 pp219-226, 2005.

Daisuke Jinya, Tomomi Iwamura, and Kiwao
Kadokami, Comprehensive Analytical
Method  for Organic
Compounds in Water Samples by
Combination of Disk-type Solid-phase
Extraction and Gas Chromatography-Mass
Spectrometry Database System, Anal. Sci.,
29 (4), pp483-486, 2013.

Semi-volatile

Kiwao Kadokami, Daisuke Jinya, and Tomomi
Iwamura, Survey on 882 Organic
Micro-Pollutants in Rivers throughout
Japan by Automated Identification and
Quantification System with a Gas
Chromatography — Mass Spectrometry
Database, . Chem, 19,
pp351-360, 2009.

D. T. Hanh, K. Kadokami, N. Matsuura and N. Q.
Trung,Screening analysis of a thousand
micro-pollutants in Vietnamese rivers,
Southeast Asian Water Environment 5,
pp195-202,2013.

European Medicines Evaluation Agency. 2006.
Guideline on the Environmental Risk
Assessment of Medicinal Products for
Human Use. EMEA CHMP/SWP/4447/00.
Committee for Medicinal Products for
Human Use (CHMP), London, England.

Jim X. et al., Minimization of ion suppression in
LC-MS/MS through  the
application of strong cation exchange
solid-phase extraction (SCX-SPE), J.
Pharm. Biomed. Anal., 37, pp359-367,
2005.

Nakada N, Tanishima T, Shinohara H, Kiri K,
Takada H, Pharmaceutical chemicals and
endocrine  disrupters
wastewater in Tokyo and their removal
during activated sludge treatment, Water
Res., 40, pp3297-3303, 2006.

California Department of Health Services,
http://www.cdph.ca.gov/certlic/drinking
water / Pages / Perchlorate history aspx

National Research Council, Health implications of
perchlorate ingestion, National Academies

Environ.

analysis

in  municipal

Press (2005)

NIST MS Search Program,
http://chemdata.nist.gov/mass-spc/ms-searc
b/

Kiwao KADOKAMI, Kyoko TANADA,
Katsuyuki TANEDA, Katsuhiro
NAKAGAWA: Novel gas
chromatography-mass spectrometry



database for automatic identification and
quantification of micropollutants.
J.Chromatogr A, 1089 pp219-226 (2005)

H.Van Den Dool, PDec.Kratz A generalization of
the retention index system including linear
temperature  programmed gas liquid
partition chromatography.  J.Chromatogr,
11 463 (1963)

Hans Ragnar Norli, Agnethe Christiansen, Borge
Holen: Independent evaluation of a
commercial ~ deconvolution  reporting
software for gas chromategraphy mass
spectrumetry analysis of pesticide residues
in fiuits and vege s. J.Chromatogr A,
1217 pp2056-2064 (2010)

Chin-Kai Meng and Mike Szelewski : Can
“Deconvolution”  Improve  GC-MS
Detectability? Application Note, Agilent

Technologies (2010)

261 15 7
22 26 3 31
2003a

15
10 10 1010001

26 3 31 2003b

15 10 10
2003c

http://’www.mhlw.go.jp/topics/bukyokuw/ken

kou/suido/kijun/dl/kabettenS.pdf

1010001

0906 1
249 6 (2012
http://www.mhlw.go.jp/topics/bukyoku/ken

kou/suido/hourei/jimuren/dl/120906-1.pdf

Q&A
26 1 15
2014

1997
40(6) 534-538.
10 12

1999
2001
JRO#EA  ICP
p167-168 1986
60(5) p433-440
2011
47
p336 2013
LC/MS

b b b

Multi-Residue Analysis of Pesticides in

Agricultural ~ Products by  Liquid
Chromatography =~ Time-of-Flight Mass
Spectrometry, , 53

(2012) No. 6 p. 255-263
. R , Multi-residue
screening method of acidic pesticides in

agricultural products by liquid
chromatography/time  of  flight mass
spectrometry, , 34 4
(2009) 265-272
, LC/MS
, 32
LC-MS/MS )
, Vol. 43 (2006) P
73-82

b b b

: EICA , (2007) 12 (2/3),



37-44

PPCPs >
Bull. Natl. Inst. Health Sci., 126, (2008)
98-103

b b b b

, 50(7) (2008) 59-64,

b b b b

b 2

,46 (2009) 175-185

, 32(3)
(2009) 133-138
0124001
17 24 2005
48
p334 2014
(2013)
25 3 28 0328
4 7

http://www.mhlw.go.jp/topics/bukyoku/ken
kou/suido/hourei/jimuren/dl/130328-3.pdf

(2014a)
LC/MS/MS
27(1), 3-19.
(2014b)
LC/MS/MS
83(4), 3-14.

10 12

1997
40(6) 534-538.

2014
http://jsda.ore/w/02 anzen/3kankyo 15 20
14.html

53 pp581-588 2004.

GC-MS

Vol. 21, pp.35-48, 2011.

46 2009

61,
pp333-339, 2010.
: , 50(4), 184 (2009)
: ,30(7), 361 (2007)
, 8,659 (2011)

2010 p755
2011
p381
38 10
587-600 1987
2011
39 ppl04-106
(2012)
24



http://www.env.go.jp/press/press.php?serial
=16518

81 pp63-68 (2013)

( 6 )
http://’www.mhlw.go.jp/stf/houdou/2r98520
00002cd75-att/2r9852000002cdb1. pdf

53 ppS81-588(2004)



1-1. LC/IMSMS

LC

MS

(DL)

Shim-pack FC-ODS

2.0 mm L.D. x150 mm, 3um
5mM
5mM

B5% (0 min) — B45% (4 min) — B75% (24-27 min) — B5% (27.1-40 min)

0.20 mL/min
40°C

5°C

100 uL

ESI

+4.5kV (ESI ) -3.5kV (ESI )

1.5 L/min
10 L/min
250°C
400°C

31

LC/IMSMS

-DNPH

2695 Separation Module-Ultima PT

LCMS-8030 Plus

TSK-Gel ODS 80T or 120T  4.6%250

Shim-Pak FC-ODS 2.0 mmx150 mm 3

mm 5pm pm
40 40
ACN=45:55 ACN =50:50
0.2 ml/min 0.2 ml/min

ESI- ESI-

209> 163, 151 209 > 151

223>163, 151 209> 163
20 pLL 10 pLL




5-1 1y g/L
(Lpg/L RSDY%) RSD%)
104.7 7.9 8.3 o
VC 95.8 4.8 52 o
EDA 92.8 5.0 5.9 =
95.9 4.2 6.1 o
70 120 25 30
5-2 60p g/L
(60jag/L ) RSD%) RSD%)
104.2 47 5.6
VC 101.3 1.0 2.8
EDA 995 21 3.9
98.1 2.8 4.9
70 120 25 30
5-3 2.5u g/L
(25ug/L ) RSD%) RSD%)
107.8 2.2 3.9
VC 99.8 1.6 3.9
EDA 995 2.4 4.4
101.6 1.6 3.8
70 120 25 30




7-1 GC-MS

GC-MS GC-Quadrupole MS
[GC]
Column J&W DB-5 MS (30 mx0.25 mm i.d, 0.25 um film)
Column oven temp. 40 (2min)-8 /min-310 (5 min)
Injection temp. 250
Injection mode Splitless, 1 min for purge-off time
Carrier gas He
Linear velocity 40 cn/s, constant flow mode or
constant linear velocity mode
[MS]
Interface temp. 300
Ion source temp. Recommended temp of GC-MS
Ionization method EI
Tuning Method Target tuning for US EPA method 625
Mass range m/z 45 to 600
81 LC-TOF-MS
LC: Agilent 1200
Column GL Sciences Inertsil ODS-4  (2.1x150mm, 3pum)
Mobile phase A : Smmol CH;COONH, in H,O
B : Smmol CH;COONH, in CH;OH
Gradient profile A 95:B 5 (Omin) — A 5:B 95 (30min-50min)
Column temp 40
Injection volume 2uL
Flow rate 0.3 mL/min
MS: Agilent 6220 MSD
Ionization ESI-Positive
Measurement mode Scan
Fragmentor Voltage 100, 150, 200, 250V
VCap voltage 3500V
Scan range (m/z) 50-1000
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