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211 (Arsenic)

2111

Orpiment!
Albutus Magnus

Path finder

(Arsenic)”

1793

, 25300

(. .800)



2112 (physical and chemical

properties)
As
74.92 3 5 817
613
arsenide
arsenic sulfide realgar (Tetra-arsenic Tetrasulfide, As4 4) arsenopyrite
(FeAsS) orpiment (arsenic trisulfide, As2 3)
arsenate arsenite methylated arsenic
2.1.1.3
21131 (Arsenic, Asd)
3
metallic arsenic
817
yellow arsenic metallic arsenic
amorphous  arsenic  fonns
metallic arsenic 270

21132 (Inorganic arsenic compounds)



arsenic trioxide, As2 3

orthoarsenic acid, H3As0 4

arsenic pentoxide

metallic arsenic

arsenic trioxide

arsenic
white arsenic

arsenous acide, HjAsOj arsenic acid

arsenic anhydride, As2 5

arsenic trioxide nitric acid

arsenic sulfide

arsenic sulfide

trisulfide) arsenic pentasulfide

21133

methyldihydroxyrsine, trimethylarsine

2.1.1.34
(AsH3)

metallic arsenide

realgar (tetraarsenic , tetrasulfide) , orpiment (arsenic
sulfide

(Organic arsenic compounds)
methanearsenic acid, cacodylic acid,

trimethylarsine oxide aromatic derivatives

arsine arsenic hydride
nascent hydrogen

arsine



2114

2.1

2.1

(insecticides)
- Lead arsenate
- Sodium arsenite insecticide
- Calcium arsenate
(herbicide)

MSMA  (monosodium methanearsonate), DSMA
(disodium methanearsonate) cacodylic acid

desiccants

arsenic acid cotton desiccent

(wood preservatives)

chromated

copper arsenate pentavalent arsenic compound
(feed additives)

arsenilic ~ acid,  3-nitro-4-
hydroxphenyl-arsonic acid



silver reducer

antifouling paints

(protozoal disease)
(helminthiasis)

(mucous membrane)



2115

(50 2.0

2.2 Lethal Dose 50 of some arsenic compounds (LD dose which is fatal to one-

halfa population of experimental animals)

compound LDS(mgl/kg weight of rat)
Arsine 3
Potassium arsenite 14
Arsenic trioxide 20
Calcium arsenate 20
Phenylarsonic acid *50
methylarsonic acid (MA) 700-1800
Dimethylarsinic acid (DMA) 700-2600
Arsenobetaine (AsB) >10000
Arsenocholine (AsC) >10000

:Yamauchi et al., 1994

10



1

( , 2531) Holland (1904) NAS
(1977)
10

keratin
sulthydryl group (-SH) keratin
(DNA) polymerase

( , 2531)
(2531
2
méthylation
(Gecelius, 1977) dimethylarsenic acid 51
90 5-10

12



( 1 2537)

(hyperkeratosis)



ny

(aplastic anemia)

( ,2536)

(mee’s line)

(stocking and glove distribution)
(polyneuritis of sensory and motor nerve)

13



(raindrops in the dust)

14



212

2.1

Arsenic

.....

15

Cycle

ey arseno betaine
? : ,:::?o:t::.::':. g (CHj)jAs CH2CO0
; R 55 (CHj)jAs” 0
7 2 noh
idation méthylation
AsaIJ _ As(v by algae
: | )J-educhon"-“
reduction oxidation
m«g A alle) (V) Sediment
xidation”reduction

+ Silver et al., 2002

2121

245
Arsenopyrite (FeAsS)
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(Silver et al., 2002)

Thdzalks twoaht
Arsenate
(Knowles et al., 1983 ;
Frankenberger 1 2001 Silver et al., 2002)
MA , DMA Méthylation
arsenosugar
arsenobetaine 2.1 2.4

(Francesconi and Edmonds, 1997)

2122

23
24



2.3

:National Academy of Science, 1977.

24

0.45
955
364
14
5.2

National Academy of Science, 1977.

17

(mgl)

0-3000

0.1-0.8
0.15-0.22

0.9

0.04-1.4

0.2-1.35
0.02-0.06

0.5

591 1



18

2123

arsenite (As3t), arsenate(As5)  dimethylarsinic acid (DMA), methylarsonic acid (MA)

arsenobetaing(AsB) , DMA arsenoribosides
(Geiszinger et al., 1998) As3 , Asx , DMA |, AsB , MA
trimethylarsine oxide (TMAO) (Kuehnelt et al., 1997)

[ (As3 (Ash ] AB ,
DMA , MA 5TMAO Zlarsenocholine (AsC), tetramethylarsonium ion (TMA4) , arsenosugars
arsenolipids (Phillips, 1990)



19

2124

arsenate, arsenite, methylarsonic
acid (MA) dimethylarsinic acid (DMA)
(World  Health
Organization, 2001)

methylarsenic (Braman, 1983)

70-90%
arsenate (Faust et al., 1993)
( , 2545 )
>75% Arsenobetaine

tetramethylarsonium ion, arsenocholing, trimethylarsine oxide,
dimethylarsenate arsenosugars arsenate arsenite (Geiszinger et
al., 2002)

(Francesconi and Edmonds, 1994 McSheehy etal., 2003)



Unit

Marine biological tissue

Crayfish

py/L wet weight

Mudcrab  po/L wet weight

King prawns

Macroalgae

Pelagophycus porra  ng/g wet weight

Ligartina spinosa  ng/g wet weight
Phytoplankton

Sample 1 ng/g wet weight
Sample 2 ng/g wet weight
Herring ny/L wet weight
Haddock ny/1 wet weight
Shrimp py/L wet weight
Gastropod pg/g dry weight

2.5

Inorg(As)

0.30
0.05
0.02

Inorg(As)

345
8.53

As3  Asht

68 I
21 49

Total As

Total As

A1

Org(As)
35
19
131
MA DMA
5.36 106
231 488
MA DMA
59 490
2 140
AsB AsC
098
47
058 5.2

MedAs+ AsB  AsC

19

56 32

% Inorg As

0.84
2.5
0.15

178
M3

158
313

109
207
197

%O0rg As

99.2
974
9938

822
4.1

84.2
62.7

89

183

80.3

100
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3N 2.2 naasgasinssaevesmsiszneuasnyludanadoumanzia

+
MesAs \/COO"

Arsenobetaine

+

MesAs
3 \/\OH
Arsenocholine
O

VoA

€o0AS
\/\OH

Dimethylarsinoylethanol

OH

HO OH

Dimethylarsinoylribosides
(arsinoylsugars)

0.0 Y R

OH

+
MQ3AS

HO OH

Trimethylarsonioribosides
(arsoniosugars)

$ Lo &

®NO v

O
I

Me— As —Me
Me

Trimethylarsine oxide

hlfle

+
Me— As —Me
Me

Tetramethylarsonium ion

R=0SO3H

R=0OH

R=SO3H
R=OPO3CH,CHOHCH,0H

R=0SO3H

R=OH

R=SO3H
R=OPO3CH,CHOHCH,0H

NI @ 1 = As-SugXIll , 2=As-SugX , 3=As-SugXIl , 4=As-SugXI
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2125 (metabolism by living organisms)
21251 biomethylation
ey ch, Hadedaam $
Mtredecterunmsg. fungi Assaagilsdiaas, Garoiich hunicola,
2.3 Hadederungp
arsenate trimethylarsine arsenate
arsenite methylate methylarsonic acid (MA), dimethylarsinic acid

(DMA) trimethylarsine oxide (TMAO)

trimethylarsine

2.3 methylarsenic
0 OH
A"s reductase As méthylation
P * oxidase |
no on OH OH HO CH3 Ol
arsenate arsenite methylarsonic acid
As
I I\
ST oHam !
! B dimethylarsinic acid “Clin
CH, |
h ch3ch3 reduction As HL CH,
trimethylarsine oxide dimethyiarsine
CH,
trimethylarsine

:Silver et al., 2002

arsenate

arsenite methylate
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methylarsonic acid (MA), dimethylarsinic acid (DMA) trimcthylarsine oxide (TMAO)
(Cullen et al.,1984 ; Thompson,1993 Yoshida et al.,2001 )

2.1.25.2 arsenobetaine

I 24 A possible pathway for the biogenesis of arsenobetaine from
trimethylated arsenosugars (arsoniosugars)

Trimethylated arsenosugars
HO OH (arsoniosugars)

Transformation under
anaerobic microbial
conditions

M eaA s~ "~ 0H Arsenocholine

Transformation in
fish, mussels

MesASs*™COO Arsenobetaine

:Francesconi et al., 1998

arsenosugars dimethylated arsinoyl
(Me2As0) ribosides 14 ( 2.2)
Trimethylated arsonio (Me3As+) riboside (arsenosugar 5) 2.2 (Shibata and Morita, 1988)



arsenobetaine
precursors

arsenocholine (Francesconi et al., 1992b)

(Francesconi et al., 1989; Gailer et al., 1995)

2126
1 (
0.3-26.22
66% 1
6 ( )
( )
80%
1990 ; Larsen et al., 1993)
AsB 50%

and Montoro, 1998)
(MA ,DMA  TMAS4

( British Food Manufacturing Industries Research Association , 1993 )

1

24

Trimethylated arsenosugars

arsenobetaine

)
( )
10
AsB (Phillips,
(Velez
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( ) (WHO, 1989)
(Provisional Tolerable
Weekly Intake , PTWI) 15
60 900
129
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2.12.1
B,D, A
AsB ,DMA , MA 160 30 24
AsB TMAOQ TMA+ ,DMA MA MA As3
A 5+
(Van Elteren Slejkovec , 1997)
Martinez (2001)

150
carboxyl AsB TMA+
TMAOQ

Pediococcus halophilus , Staphylococcus sp. , Bacillus sp.
Coryneform , Pseudomonas sp. , Halococcus sp. , Micrococcus sp. , Vibrio sp. , Achromobacter
sp. , Flavobacterium sp. , Streptococcus sp. , Lactobacillus sp. , Halobacteruim sp.
Flavobacterium sp.

Pongraiz, 1998
HPLC-ICP-MS arsenate, arsenite, MA, DMA, AsB AsC



Flavobacterium sp.
arsenate arsenite
methylate arsenite MA DMA
(Cullen Reimer ; 1989)

Arsenobetaine

spéciation

21

arsine

Hydride Generation-Atomic Absorption Spectrometry (HG-AAS), Inductively

Coupled Plasma-mass Spectrometry (ICP-MS) Inductively Coupled Plasma-Atomic

Fluorescence Spectrometry (ICP-AFS)

2129
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20
2
72.5%
2.6
2544
( ) 470,500
(%) 45
( ) 339,650
(%) 19
( ) 5,245
(%) 7.0
( ) 30,949
(%) 76
( ) 836
(%) 19.0
1/
2

2545
528,500
12.3
376,590
10.9
5,885
12.2
31,741
2.6
798
4.6

28

2.6
2546 2547
547,000 570,000
3.5 4.2
396,000 425,000
5.2 1.3
6,030 6,300
2.5 45
34,928 38,000
10 8.8
834 920
4.6 10.3

2543 2547



400

200

100

31.9 34.4 2.5

29
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22
Ng (2003)
50
1100 (World Health Organization, WHO)
10 YT
Rodriguez (2002)
(\inorganic arsenic ) As5t, As3 ( organic arsenic )

methylarsonic acid (MA), dimethylarsinic acid (DMA) , arsenobetaine (AsB) 1arsenocholine
(AsC) arsenosugars As3> Ash> MA >
DMA > AsC > AsB ( 2.2)

Asd—) As3—) MA DMA —) AsC

+ Arsenosugar ( ) AsB ( ) AsB
150
carboxyl AsB tetramethylarsonium ion  (TMA )
trimethylarsine oxide (TMAO) Martinez (2001) Feldmann
(2003)
T4t4 ( )
3516 1310
86 DMA (6022 )
dimethylarsinoylethanol (DMAE),MA, TMA+, Asst 7
Ram (2002)

herring AsB DMA



	บทที่ 2 เอกสารและงานวิจัยที่เกี่ยวข้อง
	2.1 แนวคิดและทฤษฎี
	2.2 เอกสารและงานวิจัยที่เกี่ยวข้อง


