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AS3MT

arsenic(3) methyltransferase

As arsenite

As arsenate

AsB arsenobetaine

BHA butylated hydroxyanisole

BHC benzene hexachloride

BHT dibutylhydroxytoluene

CRM Certified Reference Materials

DDD dichlorodiphenyldichloroethane

DDE dichlorodiphenyldichloroethylene

DDT dichlorodiphenyltrichloroethane

DMA dimethylarsinic acid

EAMIC Food and Agricultural Materials
Inspection Center

FSA Food Standards Agency

HPLC high performance liquid
chromatography

iAS inorganic arsenic

IC ion chromatography

1CP-MS inductively coupled plasma mass
spectrometry

LDso 50 lethal dose 50

MMA monomethylarsonic acid

ML National Metrology Institute of
Japan

PP polypropylene

PTFE polytetrafluoroethylene

PTWI provisional tolerable weekly intake

SAHC S-adenosyl-L-homocysteine S- -L-

SAM S-adenosyl-L-methionine S- -L-

TMA trimethylarsinic acid




TMAH  tetramethyl ammonium hydroxide

WHO World Health Organization
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1998
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¢ D

(inorganic arsenic



i1As ) (arsenite As ) (arsenate
As )

(monomethylarsonic acid MMA )
(dimethylarsinic acid DMA )
(trimethylarsine oxide TMAO )
(arsenobetaine AsB )
( D PAXS
[1] iAs
[2] [3] 2 [4]
1AS
1AS
1AS
ng/g 100 ng/g
100 ng/g
1 ng/g
[5]

iAs



[6]

2004
(FSA)  iAs
FSA
Q&A
2002 1
50 kg 4.7 g(1 33 9)
(WHO) 1988
(PTWID) 15 pg/kg /
iAS
[8] iAs
[9] iAs
( 2) [10]
iAS

[7]

iAs

iAS

iAS



[11] [12] [13] [14] [15] [16]

(HPLC)
(ICP-MS)
ICP-MS HPLC

pH
21 9 1 21 1764
30 4 23 30 65

iAs

ICP-MS

5

HPLC
10

(1)

ICP-MS

) [17]



DMA
2012
1AS
6
1
5

ICP-MS

IC ICP-MS

iAs AS As
AsB

11

MMA

1AS

MMA

MMA



iAS

1-3

12



OH
HO — As

OH
(As )

OH
HO — As = 0

OH
(As )

OH
HC — As = 0

OH
(MAA)

CHs

H3C — As = 0

CH,

(TMAO)

HaC

HaC

CHs

— As

OH

CH,

— As

CH,

(DNA)

= CH,C00

(AsB)

13




2e

AS \\ AS
SAHC SAM
TMA A\/ DMA
ASIMT
AS3MT
SAM : S-

SAHC :S-

14

ASSMT

-

SAM SAHC

MMA

/ 2e”

MMA

SAM \
SAHC /

DMA

ASSMT




1 IC ICP-MS

2 IC ICP-MS

3 IC ICP-MS




2

D
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2

LDso
(mg/kg)

20 /
42 /
298
1,101
1,315
>10,000

Environmental Health Criteria 224, WHO, 2001, ARSENIC AND ARSENIC COMPOUND

17
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1

1.1

ICP-MS

pH

iAS
0.15

IC/ICP-MS

mol/L

[18]

iAS

iAs

MMA DMA AsB
ICP-MS

pH

IC ICP-MS

19

ICP-MS

1AS



20 9 26 0926001
) [19]
iAs MMA DMA AsB
1AS
1.2
1.2.1
1.2.1.1
NMIJ CRM 7405-a (
) NMIJ CRM 7533-a ( )
As 10.1 mgAs/kg
0.5 mgAs/kg
As As 1AS 0.530 mgAs/kg
0.016 mgAs/kg DMA 0.092 mgAs/kg
0.004 mgAs/kg
1.2.1.2
60
32,500t 23,900 t
74 [20]
291,600 t
156,400t 53
90,300 t 31 15,700 t 5
90

3
20



[20]
2017
[21]

15

IFM-800

1.2.1.3
28

t 1.7

10 8

14

IFM-800

1.2.2
1.2.2.1

3,575 t
13

10 15
[22]

1-1

29

27,500t

20

21 21,900 t

[24]

1-2

10 mmol/L
pH

21

200 mmol/L

[23]

29

1.4

23,215 t

27,400
26
5.9

28



ADVANTEC

RFD240NA
1.2.2.2
As As MMA
DMA AsB 5
As
( ) MMA
As DMA AsB
(NMIJ CRM 7912-a)
(NMIJ CRM 7913-3) (NMIJ CRM
7901-a) 0.15 mol/L
1 ngAs/mL
Merck ICP (1000
mg/L) 0.15 mol/L
10 mg/L Te
1.2.3
1.2.3.1 IC
IC Thermo Fisher Scientific Dionex ICS-5000+

Thermo Fisher Scientific
Dionex lonPac AS7(4 mm i.d. x 250 mm)

1.2.3.2 ICP-MS

ICP-MS Thermo Fisher Scientific X 2
m/z=75 WOAr35Cl
IC
ICP-MS ICP-MS
1.2.3.3

22



Milestone

ETHOS UP
PerkinElmer SPB
SCP Science
DigiTUBEs
1.2.4
1.2.4.1
1
2 (N2) 5 J5)
( 1-1)
N2-J5
80 110 10 15
10
10
iAS
1 ngAs/mL
1.2.4.2
0.2 049
0.3 0.6 g
(PTFE) 6 mL
2 mL
1-3
(PP) 1mL Te 0.5mL
50 mL 0.45 pum

23



PTFE

ICP-MS 1-4
1.2.4.3
0.15 mol/L 4 mL
80
16 mL
1.2.4.4
[25]
0.15 mol/L
PP
4 mL
1
0.45 pm
1.2.4.5 IC/ICP-MS
IC
200 mmol/L
mmol/L
AsS MMA DMA

1 2 5 10 20 50

0.

AsB

ICP-MS
1-2

Hamano-Nagaoka [11]

1lg PP
PP
60
0.45 um
1-3
lg PP
4 mL
110 2
4 mL
PP
20 mL
1-4
IC/ICP-MS
pH 10 10 mmol/L
10 mmol/L 200
AsS

100 ngAs/mL

24



IC/ICP-MS

IC/ICP-MS 1-5

1.3
1.3.1

IC/ICP-MS

0.578 ngAs/mL MMA

0.248 ngAs/mL

1-5

iAS

0.129 ngAs/mL DMA  0.161 ngAs/mL AsB

1 100 ngAs/mL

16

107 MMA 109

1-7
As
90.1 DMA
N2-J5
1.32
2.22
3.13

62
50 ngAs/mL
(VAN
DMA 107 AsB 107
( 1-6)
94.0
As As
98.6
80 110
As
2.77 i1As
2.47 DMA 3.11

25



pH
IC
1.3.2
1-6
iAS
44
1AS
AsB
80
iAs
5
1.3.3
1-7 1-9
75

10

0.15 mol/L

1-8
100 mgAs/kg

10
80
As
IC/ICP-MS
iAS

26

15
IC/ICP-MS
iAs
AsB
AS AsB
iAs

DMA
0.196 mgAs/kg iAs



0.171 mgAs/kg

87.2
(
1AS 0.12 mg/kg
1.4
pH 10 As
[27]
As As

1As
24
) [26]
0.14 mg/kg 0.44 mg/kg
0.26 mg/kg
pH
pH
MMA DMA AsB 5
( )
IAS
1AS

27



iAs
iAs

[28] [29]

28



1 2 3 4 5
1) 2) @3) 4) 5)

1 2 1 2 1 2 1 2 1 2
(N (N2) (NI (N2 (N (N2 (N (N2)  (N1) (N2

1-1

29



PTFE
02 04g
03 06g

6 mL
2 mL

1-3

PTFE PP
1mL

Te 0.5 mL
50 mL

ICP-MS
14

1-2

30



1-3

PP
01g

0.15 mol/L 4 mL

180
160

16 mL 20 mL

0.45 um

IC/ICP-MS
15

31



PP
19

0.15 mol/L 4 mL

1-4

110

: 120
4 mL

2
4 mL

20 mL
0.45 um

IC/ICP-MS

. 15

32
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34



35



1-1

No.

< N M < 1O ©O© N~ 0 O

11

12
13
14
15

36



1-2

No.

29
29
29
29
29
29
29
29
28
28
28
28
28
28

— N MO < 1O © N~ 0o O

o
—

i
i

N
—

™
i

<
—

37



1-3

(min.) ) W)
1 0 0 0
2 2 50 1000
3 3 30 0
4 25 185 1000
5 1 155 0
6 19 185 1000

38



1-4 ICP-MS

XSERIES 2
0.82 L/min
0.80 L/min
13.0 L/min
1400 W
/
75AS

7.50 mL/min

39



1-5 IC/ICP-MS

pH

Dionex ICS-5000*
Dionex lonPac AS7, (4 mm i.d.x 250 mm)
30

A 10 mmolL
B :200 mmol/L
10

1.2 mL/min

0 min — 2 min, 100% A

2 min — 10 min, 100% B

10 min — 12 min, 100% B
12 min — 12.5 min, 100% A

25 L

ICP-MS

XSERIES 2
0.82 L /min
0.80 L /min
13.0 L /min
1400 W
/ 7.50 mL /min
75AS

40



1-6

IAS MMA DMA AsB
ngAs/mL 1, 2, 5, 10, 20, 50, 100
() As :>0.999 >0.999 >0.999 >0.999
As  :>0.999
107 109 107 107
ngAs/mL"! 0.578 0.129 0.161 0.248

*1

41



1-7

NMIJ CRM 7405-a

NMIJ CRM 7533-a

mg/kg
mgkg (n=10

RSD
RSD

)

As
10.1+ 0.5
9.50
94.0
1.32
2.77

iAs DMA
0.530+ 0.016 0.092+ 0.004
0.477 0.091
90.1 98.8
2.22 2.70
2.47 3.00

42



o (mgAsikg)
IAS MMA DMA AsB

1 4.75 0.094 <0.02 0.030 2.26
2 69.9 6.91 0.131 2.22 47.3
3 60.2 441 0.055 135 45.5
4 42.1 2.72 0.028 0.672 31.0
5 17.2 0.022 <0.02 0.684 13.9
6 23.6 0.014 <0.02 2.02 20.1
7 18.3 0.497 <0.02 0.346 15.7
8 37.1 0.077 <0.02 0.175 26.9
9 38.5 0.046 0.023 0.377 28.5
10 29.3 0.754 0.037 0.625 20.4
11 113 73.6 0.068 1.91 17.1
12 154 119 0.046 1.09 12.1
13 64.7 29.2 0.060 1.80 20.6
14 81.1 50.8 0.020 2.43 10.5
15 139 99.2 0.034 2.27 14.8

*1

1-1

43



1-9

No. (mgAs/kg)

IAS AsB DMA MMA
1 0.175 0.153 <0.02 <0.02 <0.02
2 0.265 0.208 <0.02 0.030 <0.02
3 0.162 0.141 <0.02 <0.02 <0.02
4 0.360 0.302 <0.02 0.031 <0.02
5 0.194 0.150 <0.02 <0.02 <0.02
6 0.174 0.135 <0.02 <0.02 <0.02
7 0.246 0.185 <0.02 0.030 <0.02
8 0.236 0.181 <0.02 0.025 <0.02
9 0.100 0.087 <0.02 <0.02 <0.02
10 0.246 0.199 <0.02 0.061 <0.02
1 0.158 0.128 <0.02 0.049 <0.02
12 0.110 0.109 <0.02 <0.02 <0.02
13 0.150 0.099 <0.02 0.048 <0.02
14 0.166 0.135 <0.02 0.037 <0.02

44



2 IC/ICP-MS

2.1
1980
1998
MMA
0.7 ppm 0.9 ppm
MMA 0.35 ppm
MMA
MMA
IAS
i1As
1
IC
ICP-MS
1AS MMA

45

2012

MMA



2.2
2.2.1

2.2.2
2.2.2.1
IC

2.2.2.2
MMA

MMA

1 IC/ICP-MS
MMA

19 11

MK-K81
2-1)

10 mmol/L
pH

RFD240NA

46

15 1115001
) [30]

200 mmol/L
28

)
ADVANTEC



MMA 0.15 mol/L 0.1 ygMMA/mL

2.2.3
2.2.3.1 IC
IC Thermo Fisher Scientific Dionex ICS-5000"

Thermo Fisher Scientific Dionex
lonPac AS7(4 mm i.d. x 250 mm)

2.2.3.2 ICP-MS

ICP-MS Thermo Fisher Scientific iICAP RQ ICP-MS
m/z=75 4OAr3SCI
2.2.3.3
MMA PerkinElmer
SPB SCP
Science PP DigiTUBEs
2.2.4
2.2.4.1
MMA
MMA
0.01 ppm MMA ( MMA
)
1 MMA 2 (N2)
5 (J5) ( 2-1)
N2-J5
70 120 25 30
MMA ( 23 233

a7



) 11 3 0.01 ppm
MMA
IC/ICP-MS
S/IN 10
2.2.4.2
MMA 1 1.2.4.3
1g PP 0.15 mol/L
4 mL PP
80 60
20 mL
0.45 pum
1lg PP 0.1 ygMMA/mL
100 pL 30 MMA
MMA
2-2
2.2.4.3 IC/ICP-MS MMA
MMA
IC/ICP-MS IC pH 10
10 mmol/L 200 mmol/L 10 mmol/L
200 mmol/L MMA
MMA 05 1 2 5 ng/mL
IC/ICP-MS MMA
MMA IC/ICP-MS
2-2
2.3
MMA
IC/ICP-MS 2-3 2-6
MMA
MMA

48



MMA

MMA
2-4
8.7
4.0 9.6
4.2 9.3
7.8 9.9
25 30
0.15 mol/L
pH
2.4
MMA
IC/ICP-MS

49

0.5 5ng/mL
5ng/mL MMA
90

93.1

MMA

10

0.01 ppm

2-3)

92.2
92

70

3.5

1
91.3

120

MMA

MMA



50

80

MMA



1 2 3 4 5
1) 2) @3) J4) 5)

1 2 1 2 1 2 1 2 1 2
(N (N2) (NI) (N2) (N1)  (N2) (N (N2) (N1) (N2)

2-1 MMA

51



2-2

PP
19

0.15 mol/L 4 mL

: 80
: 60

20 mL

0.45 um

IC/ICP-MS
L 2-2

MMA

52
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2-1

No.

«~ N o™ <

57



2-2

IC/ICP-MS

pH

Dionex 1CS-5000*
Dionex lonPac AS7, (4 mm id.x 250 mm)
30

A 10 mmol/L
B :200 mmolL
10

1.2 mL/min

0 min — 2 min, 100% A

2 min — 10 min, 100% B
10 min — 12 min, 100% B
12 min — 12.5 min, 100% A

25 L

ICP-MS

iICAP RQ ICP-MS
1.054 L /min
0.80 L /min
14 L /min
1550 W
/ 5.075 mL /min
5As

58



2-3

ngMMA/mL 05 1,2 5
) >0.999
>90
“1 ngMMA/mL 0.5>

*1

59



2-4

(=10 ) 93.1 92.2 92.1 91.3
RSD 35 4.0 4.2 7.8
RSD 8.7 9.6 9.3 9.9

60



3 IC/ICP-MS

3.1

) [31]

( 21 4 28

(FAMIC) web

27 8 30 7
17 ngl/g 1
[2]
iAS
26
iAS
30 4 23

20

iAS

61

21
83
1 ) [32]
(¢ 3-1)
[33]
15 ng/g
[34]
iAS
1AS
iAs



15 pg/g

iAs

ICP-MS

1AS
iAs
3.2
3.2.1
8
IFM-800
MK-K81
3.2.2
3.2.2.1
IC

iAs
ICP-MS
2 IC/ICP-MS
iAs
ICP-MS
3-2
10 mmol/L 200 mmol/L

62

3-1

3-8



pH 28

( )
25w/v
( TMAH )
2w/v. TMAH pH
( ) pH
ADVANTEC
RFD240NA
3.2.2.2
As ( ) As
(NMIJ CRM
7912-a) 0.15 mol/L
As As 1 pgAs/mL  iAs
3.2.3
3.2.3.1 IC
IC Thermo Fisher Scientific Dionex ICS-5000"
Thermo Fisher Scientific Dionex
lonPac AS7(4 mm i.d. x 250 mm)
3.2.3.2 ICP-MS
ICP-MS Thermo Fisher Scientific iCAP RQ ICP-MS
m/z=75 WOAr3SCI
3.2.3.3
iAS PerkinElmer
SPB SCP
Science PP DigiTUBEs

63



3.2.4

3.24.1
1AS 1
As As 0.1 mgAs/kg 1AS
( iAs )
1 i1As
2 (N2) 5 J5)
(¢ 3D
N2-J5
80 110
10 15
i1As
As As 0.1 mgAs/kg
As As 0.1
mgAs/kg
IAS IC/ICP-MS
S/N 10
3.2.4.2
i1As
4 4 4.1
B
1 2 0.15 mol/L
Dionex lonPac AS7 pH
AsB DMA As
[35] pH 1

64



0.5¢ PP

2w/v.  TMAH 5 mL
110
0.1wl/v
pH 1( ) 50 mL
0.45 um
0.5¢ PP
pgAs/mL  iAs 50 pL
iAS
3-2
3.2.4.3 IC/ICP-MS iAS
IC/ICP-MS IC
10 mmol/L 200 mmol/L
200 mmol/L
iAS 1
IC/ICP-MS
iAs AS AS
iAs IC/ICP-MS
3.3
IC/ICP-MS 3-3 3-10
4 4 4.1
C ) C )
) C )
As
AsS
AS

65

PP
120
0.15 mol/L
1
30 iAS
1AS
pH 10
10 mmol/L
2 5 ngAs/mL
3-3
iAS
1



As

As As
1AS
i1As As
As 10
0.01 ppm
1 5ng/mL
5 ng/mL iAs
90
 3-4)
3-5 As As
97.7
5.03 8.44
94.6 6.11 6.34
97.3 1.87 11.0
100.6 1.10
10.0 103.6
1.31 6.22
103.2 4.33 6.44
92.3 5.31
8.56 88.2 2.51
7.18
80 110
10 15
1AS
2w/v. - TMAH
pH 1 IC
1As

66



3.4

ICP-MS

IC/ICP-MS

pH

iAs

67

iAS



1 2 3 4 5
1) 2) @3) J4) 5)

1 2 1 2 1 2 1 2 1 2
(N (N2) (NI) (N2) (N1)  (N2) (N (N2) (N1) (N2)

3-1 iAs

68



pH

PP
059

2wiv. TMAH 5mL

1110
1120

1
:0.1

50 mL

0.45 um

IC/ICP-MS
15

IAS

69



70



71



72



73



74



75



76



77



3-1 ( )

BHC

( 21 4 28 1)

78



3-2

No.

- AN OO < 1O ©O© N~ o©

79



3-3

IC/ICP-MS

pH

Dionex 1CS-5000*
Dionex lonPac AS7, (4 mm id.x 250 mm)
30

A 10 mmol/L
B :200 mmolL
10

1.2 mL/min

0 min — 2 min, 100% A

2 min — 10 min, 100% B
10 min — 12 min, 100% B
12 min — 12.5 min, 100% A

25 L

ICP-MS

iICAP RQ ICP-MS
1.054 L /min
0.80 L /min
14 L /min
1550 W
/ 5.075 mL /min
5As

80



3-4

As As
ngAs/mL 1, 2,5
(2) >0.999 >0.999
>91.3 >90.1
*1 ngAs/mL 0.05

*1

81



3-5

(=10 ) RSD RSD
97.7 5.03 8.4
94.6 6.11 6.34
97.3 1.87 11.0
100.6 1.10 10.0
103.6 1.31 6.22
103.2 4.33 6.44
92.3 5.31 8.56
88.2 251 7.18
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83



84



85



86



87



88



89



90



91



IC ICP-MS

iAs
HPLC
ICP-MS
ICP-MS
IC
ICP-MS
iAs
iAs
iAs
2012
MMA

92



MMA

iAS

30 4 23

iAS 1

iAs

IC/ICP-MS

93



94



95
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