21 }

211 }

(Arsenic) ' 74.9216 3
Material Safety Data Sheet (MSDS) ~ CAS-No. 7440-38-2 UN 15838

(Element or Metallic arsenic)

(Arsenic compounds) ' (Inorganic arsenic)
(Organic arsenic) 2
+3 (arsenite) +5 (arsenate) 21
21
Name Synonyms Formula

Element or Metallic arsenic

arsenic metallic arsenic Al

Inorganic arsenic . trivalent
arsenic(lll) oxide arsenic trioxide AsD 3(or AsD§

arsenous oxide

arsenous acid HjAOj
arsenenous acid arsenious acid HA<0 2
arsenites , salt of arsenous acid H2ALD 3,HAsORor AsOj3
arsenic(lll) chloride arsenic trichloride AsCI3

arsenous trichloride

arsenic(lll) sulfide arsenic trisulfide As2 3



21

Name

Inorganic arsenic . pentavalent
arsenic(V) oxide

arsenic acid

arsenenic acid

arsenates , salt of arsenic acid

Organic arsenic
methylarsonic acid
dimethylarsinic acid
trimethylarsine oxide
methylarsine
dimethylarsine
trimethylarsine

arsenillic

carbasone

3-nitro-4-hydroxy-
phenylarsonic acid

4-mtrophenylarsonic acid

arsenobetaine
aesenocholine
dialkylcholoroarsenine

Alkyldichoroarsine

y

Synonyms

arsenic pentoxide
orthoarsenic acid

metaarsenic acid

methanearsonic acid

cacodylic acid

p-aminobenzene-arsenic
acid
[4-[aminocarbonyl-amino]
phenyl]-arsonic acid :

N-carbamonylarsanilic acid

p-nitrophenylarsonic acid

World Health Organization (1981)

mum Jmi |
-Amu 3 )

()

Formula

AsD5

HALD4

HAOj

HAO; SHALD L2 ,AD 8B

CHRASO(OH)2
(CHj)AsO(OH)
(CH3RAO
CHAH?
(CHj)2sH
(CH3RAs
HN -0 -A D(0H)2

0
(OH)2DAs-0 -nhchZnh?2

02
H O ~>A SO(OH)2

02 -0 “AD(0H)2

(CH3?As+chZooh
(CH3 s+ CHTHDH
RMSsC
RASCI2
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(arsenide)
(arsenic sulfide)

(tetraarsenic tetrasulflde, As4 4

(realgar, AsS)
(arsenopyrite, FeAsS)

(orpiment, As2 3 616
450 817 760
(
, 2941 ; Fergusson, 1989 ; Norman, 1998
WHO, 1981)
(@) (Element or Metallic arsenic, As4
(arsenopyrite, FEASS) (lollingite, FeAs? 650-700
21 22
Y e — 4FeS + Asé (2.1)
2FeAs2 + 02 - 2FeO + As4 (2.2
(As4 3
(1.2) (metallic arsenic) 817
( 36
(arsenic trioxide, AsXDj)
(1.2) (yellow arsenic)

(arsenic trioxide, AsX 3
1.97



(1.3) (amorphous arsenic)
3.1 2170
2 ? (Inorganic arsenic compounds)
2D (arsenic trioxide, AsD 3
(arsenide) ,
(arsenopyrite, FeAsS) ' 650-670

(arsenous acid, HAs03

(arsenite : As(lIl))

(2.2 (arsenic pentoxide)
(arsenic anhydride, A<P j)

(2.3 (arsenous acid, HAs03
(2.9 (arsenic acid, H-JAsO*
(arsenic pentoxide) 300
(2.5) (arsenites) 1
(arsenite) MH2As03 , MHASO3 M3As03 M 1
1
1 (alkaline-metal arsenites) 2
(alkaline-earth arsenites) (heavy-

metal arsenites)



(2.6) (arsenates)
(calcium arsenate, Ca3As042
(lead arsenate, PbHASO;j

2.7) (halides of arsenic”
(AsCl)) (AsBr3
(AsFj)
(2.8) (arsenic sulfides)
(hydrogen sulfide)
(3) (Organic arsenic compounds)

(methanearsonic acid) -
(dialkylchoroarsenine) (trimethylarsine) -
(trimethylarsine oxide)
(aromatic arsenic derivatives)
(arsenilic acid) - -4- - (3-nitro-4-hydroxy-
phenylarsomc acid) 4- (4-nitrophenylarsonic acid)
(p-arsanilic acid)

(carbasone)

4) ] (arsine)
(arsenic hydride, AsH3 (trimethyl arsine, (CH33As)
, (Pontius , Brown

Chen, 1994)



2.2

(1)

(arsenious oxide)

@ (herbicide)
(monosodium methanearsonate, MSMA)

(disodium methanearsonate, DAMA)

(insecticides) (zine - arsenate) (calcium
arsenate, CaHAs04 CatHjAsO*)2
(sodium arsenite) (sodium arsenite)

(copper acetoarsenite, Cu(CH3C00)2Zu(As0 32

(food additives) 3
3 (metallic arsenic)

(semi-

conductor) (transisters) (detector)

(solar batteries)
(arsenic trioxide, AsD 3
(Fergusson, 1989)

(tripanosomosis)

(amebiasis)
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(HAD 4)
(AI(OH)3

(CHj)iAs)
(nitrogen oxide, N2 4

(biomethylation)

10

(arsenic trioxide)

1 1

(hydrous oxides) (Fe(CH)2

(Leaching)

(trimethylarsine,

(oxidize) (03

(dimethylarsine, (CH32AsH)
(trimethylarsine, (CH33As)

(dimethylarsinic acid, (CH322sO(OH))

(arsenic trioxide, AsD§

1981)

(arsenic (lI1) sulfide) (WHO,



Transport in Transport out
+<3ND4

Arsenical herbicides
Industrial sources
Dust ™ (CH,),As+ O, (CH,),AsO
—» (CH,),AsO(OH)
Y
Consumption Plants +0,
f LOCAL  As,
uptake CYCLE
dry deposition (CHJ)JAS
precipitation decay (CH,),AsH
Y y wastes Y vwash off A soil biomethylation
H,AsO, Fe(OH), ——  HAsO, =
Oxygen present | Oxygen absent
Organic arsenic (HAsO,) S0,” — HS
HAsO, — @M AsO. | | H,AsO, —# HAsO,—® As,S,
Leaching
21

WHO (1981)



12

2.2.2 ,

[As(V)] , £ (anionic)  H2As04
, HAD 2 AsO* 5-12 [As(lI)]
[As(l1)] [As(V)]
(nonionic HjASOj) (anionic ,HAs03)
9.22
(methylated arsenic) 1 (lig/L)
(Marc, 1994)
[As(v)] [As(111))]
[As(V)] HASD4 HAD4, HADL As08 <2
36, 810 >12 (Lackovic, 2000 ; Namasivayam, 1998 Raven, 1998)
[As(1IN] HAD 3 (pKM= 9.20) , HAs03 (pK"2= 12.13) HAsOj2
(PK"3=13.4) 7-8,10-11 12-13 (Wasay étal., 1996)
HAD4 28 =25
HAs04 + hdD HALD4 + hD+ pKa=220 (23)
haso; + hd HAD®Z + hP+ : pKa = 6.97 (2.9
HAO® + hd - - ADB + HD : pKa = 1153 (25
[As(V)]
(mineral surfaces) 22
(Marc, 1994)

(Redox potential ER ,
£1 [As(V)l 2
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H2ALD4 HALD 2 4-7 79 Eh
HjAOj Eh -01 -0.3 V)
[As(s)]
[Fe(l)] [CKII] (orpiment, As2 3
(barium arsenate  BaJAs044 ) 23
A
Fg—o -
N 1o
As-Fe 359A

monodentate complex

Fe- ° J>
X Fe— o' 0
AsFe 285A As-Fe 324A
bidentate complex
22 [As(V)I (goethite)

: Fendorf,Eick Grossi (1997)



0.76

0.50

0.25

-0.25

-0.60

-0.76

2.3 Ej,

Fergusson (1989)



2.3
(Inhalation)
(Ingestion)
(Skin absorption)
Fowler's solution (leukaemia)
(asthma)
(Saha, Dikshit Bandyopadhyay,
1999) 3 [As(lIN] 5
[As(V)] [As(IN)]

[As(V)I 25-60 (Fendorf et al,
1997 Raven, 1998)

(Acute poisoning)

(Chronic poisoning)

(Encephalopathy)
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(AsHj)
2-24

(Mee’s lines)
(Pontius étal, 1994)
(half time)lw
60
(sulfydryl groups -SH)
DNA
2
[As(V)] [As(I1D] monomethylarsonic acid (MMA)
dimethylarsinic acid (DMA)
DMA trimethylarsine oxide (TMA)
2.4 (Pontius et al, 1994)
OH OH OH ch3
HO—As=0 — HO-As=0 — HO-As=0 — CHj-As=0 — CH3-As=0
Ah CH3 ch3 CH3
As(V) As(llt) MMA DMA TVA

24
. Pontius etal, 1994

(World Health Organization WHO)

2 (pig)

(Desquamation of skin)
(Sahaetal, 1999)



2.4
22
(WHO)
(Adsorption-Coprecipitation) ]

(Activated alumina)
(lon Exchange)
Wasay étal., 1996)

(2541)

Reverse Osmosis (Joshi

(Ppm)

0.05
0.05

0.05
0.01 - 0.05
0.05
0.05
0.25
0.01

(FeCl))
(Activated carbon)

Chaudhuri, 1996

i

22
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241 (Adsorption)
(Adsorption)
2
(adsorbate)
(adsorbent)
25
I
Q. II
11
C
25
Eckenfelder (1981)
25
I (Favorable Adsorption) "

(Unfavorable Adsorption) I

(Linear Adsorption and Absorption)
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2411 (Adsorption Mechanism)
2 (physisorption)
(Chemisorption) 2
(Van der Waals Force)
2 (London Dispersion Force)

(Electrostatic Force)

(mutilayered)

(monolayered)
(reversible)
(Desorption)
2412 (Rate of Molecular Transfer)
3 ( 2.6)

(1) (Bulk Transport)
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2 (Film Transport)

(Film Diffusion)

(3) (Intraparticle Transport)

(Pore Diffusion)

Bulk Solution Boundary Layer Adsorbent Particle

Solution state o Adsorbed State
O Bulk Transport Film Transport / Intraparticle Transport I

Y

Tt

2.6
. Eckenfelder (1981)

Diamadopoulos
loannidis Sakellaropoulos (1993) (fly ash) [As(V)]
1 50
20 80 % 4
10 7 Dikshit (2000) , (kimberlite tailing)
0.25

90-94 %



1 ~Q ETIUMOIiNj3 3

* g vy
Singh (1988) [As(111)]
(haematite)
96 % 7 20
23
2.3
Adsorbents Adsorbent capacity (mg/g)

hydrous Fe oxide with polyacrylamine 43.00
molybdate-impregnates chitosan beads (M1CB) 37.47
chemviron F-400 GAC 20.22
Cu2+- impregnated Chemviron F-400 GAC 17.23
activated alumina 11.24-23.97
Y (I11) - impregnated alumina 14.45
alumina 13.64
La(lll) - impregnated alumina 12.88
waste Fe(lIl)/Cr(Ill) hydroxide 11.02
La(lll) - impregnated silica gel 8.85
activated bauxite 3.89
activated carbon darco 3.75
Ag - impregnated Chemviron F-400 GAC 224
activated carbon 105
AlD 3Fe(0H)3 0.09

: Namasivayam (1998)

Guibal et al. (1999)
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24.2 (Precipitation)
(iron salts)
[As(V)]

[As(1ID] (monovalent,

HAL4 divalent anions, HAs02) (HjASOj)

[As(IiD]  [As(V)]
(Joshi, 1996) Karen (1995)
[As(111)] [As(V)] (FeCl)) 3-10
81-96 % 20
2371 % 7.18-7.8
7 90 %

,2541)
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25
(Chitosan)
J
(Bassi et al, 2000 Shigehiro, 1999)
(Chitin) - (.42 -
2- - - (poly-/?(1,4) -2-acetamido-2-deoxy-D-glucose) (C&HINOJN
47.29 6.45 6.89
39.37 (Deacetylation)
(-NHCOCHj) 2
(-NH3 - (.42 -2-
- - (poly-/?( ,4)-2-amino-2-deoxy-D-glucose) (CEHNNO4n
- (D-glucose) - - -
(/V-acetyl-D-glucosamine)
- (D-glucosaraine) (heteropolymer)
- (D-glucosamine) - - - (iV-acetyl-D-glucosamine)
- (D-glucosamine)
- - - (jV-acetyl-D-glucosamine) (Wan Ngah, 1999)
2.7
75-95 %
(Bassi étal, 2000)
(biomaterials)
(biocompatibility) (biodegradable)
(hydrophilicity) (antibacterial) (nontoxic)

(food additive)
(Bassi etal, 2000)



24

I
(@)

HO

OH

HO

OH

-

HO

n o
O

2.7

Noguchi (2000)

Okuyama
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26
(Rhazi et al, 2000)
(chitin-protein complex) J
(CaCQOj)
24
24
% Crystal type !
Algae
Chlorphyceae (cell wall) A - cellulose
ArthroDoda
Crustacea 58.0-85.0 & CaCOj  arthropodins 10-32 %
Diplopoda 48.0-80.0 E - arthropodins 23-51 %
Insecta 20.0-60.0 ct - arthropodins 40-76 %
Arachnida Chilopoda 20.0-60.0 a - arthropodins + resilin
Fungi
Ascomyceta (cell wall) Traces-45 - polysaccharides
Basidiomyceta (mycelia) glucans or mannana
Mollusca
Polyplacophora 12.0 CaCOj proteins
Gastropoda (shell) 3.0-70.0 CaCQj tanned proteins
Cephalopoda 3.5-26.0 p CaCQj
Squid 1Skeletalpen 41.0 p

Sanford (1989)
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(ciystal structure) 3 (a-chitin)
(P- chitin) (y- chitin)

(crystal system) (crystal lattice) (unit cell)

(pleated sheet)

2
(parallel pattern) (anti- parallel pattern)
(Intramolecular and
Intermolecular chain) (chemical stability)

(swelling)

(Rhazi et al., 2000)

) (Deprotination)

2 , (Demineralization)

(©) (Deacetylation)



3
26.1
28
Shrimp/Crab shell
grind
deproteinse withNaOH
"1 deminerise with HC1
Chitin
deacetylate with NaOH
T dry
Chitosan
238
. Sanford (1989)
(NaOH)
80-90 2-3
(HCY) 35 %
, (CaCQj)
al u
(CaCl? (Cu?

(chitin)

27

35 %



(CHjCO)
(-NH2

26.2

(protease)

(Shigehiro, 1996)

60 %

(carotene)

(Deacetylation)

(chitin-AT-deacetylase)

28



2.7

271

29

2711 (Solubility)
6
25 i (H=O) (HjPOJ
(dry blending)
25
(/)
1% 5% 10% 50% >50%
formic acid + + + + +
acetic acid + + + +
lactic acid + + +
citric acid + + +
tartaric acid + + +
malic acid + + +
oxalic acid + + +
hydrochloric acid +
adipic acid +
nitric acid +
malonic acid +
propionic acid +
pyruvic acid +
succinic acid +
+
Onsoyen Skaugrud (1990) Okuyama (2000)



2.1.1.2

2713 (Viscosity)

(degree of deacetylation)

(HCY)
2714
agent)
(dye)
2.7.2
(-0H) Juang
2.6

RNH2 + H+ A

30

(Molecular weight)

Ixio5 1.2xl06

ionic strength

(Flocculation and Coagulation ability)

(flocculation and coagulation

(-NH2)
(1999)

A RAH3* (2.6)



of electron)

Hsien (1995)

outer shell

configuration

Lasko

31

(unshared pair

(unprotonated, -NH2
Il I 1 Rorrer
(Cd2y
Cd» P unsaturated d electron orbital
(chelation) d electron orbital p orbital
I (Na+ electron orbital

I p electron orbital outer shell ,

Huest (1999) (glucosamine)

(AgH
(unprotonated, -NHj)

(protonated, -NH3y

Guibal, Milot  Tobin (1998)

pKa (pKa = 6.2)

(protonated, -NHj+

Bassi et al. (2000)

(degree of polymerization) (deacetylation)

(coordination)

(lone pair of electron)

(Zn2) (Cuzy



Oyrton , Monteiro Claudio (1999)

(chelation) (NH2II
(OH) 29 Kaminski Modrzejewska (1997)
2.10
CHOH
wom
CH,OH He /NH2
mo% cd
HO NH, /s

Cu\ O'JV
H,0 7 OH, “ip 2 CHZOH

29
Oyrton et al. (1999)

2.10

: Kaminski Modrzejewska (1997)
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28 !

(natural chelating polymer)

(Bassi et al, 2000)
(membrane)
(beads) ;
(Rorrer € al., 1993)
(derivatives)
(crosslink)
(polyethylene imine))
(glutamic acid)
(Kawamura , Yoshida Asai, 1997)

- ( 2.6)

281

27
(Bailey et al, 1999)
(Bassi et al, 2000)
(Guibal et al, 2000)

, (2540)

5 81.29 %
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17.87 % 18.85%
(pyridoxal hydrochloride)

(mercaptosuccinic acid)

Bassi € al. (2000)

95 %
84% 48% 44 % 6.0 7.0
Guibal € al. (1998)
20-200
(molybdate) (vanadate) 50-200 2-9
150 72
7-8 ,
335
Guibal et al. (1999)
(crosslink) (glutaraldehyde)
]
20-200
(ammonium molybdate) 200
72 150
ICP spectrometry
600
(crystallinity) (degree of deacetylation)
Guilbal [As(V)]

(Molybdate - impregnated chitosan



beads MICB)

[As(V)]

HA 4
(37.46 )

Kawamura et al. (1997)

(deacetylation) 80 %

(ethylene glycol diglycidyl ether)
(crosslinked chitosan beads : CRCS)

INi(I1)] [Cd(In]

[Zn(IN]

Ronrer et al. (1993)

(glutaraldehyde)

518

Tomoyo (1992)
25
48
70 %

36 % 13%

Wan Nagh (1999)

(N-Carboxymethyl chitosan)
33.90

-\c\ %'

Z"

35

(cationic biopolymer)

0.5
[Ho(In)] [Cu(In]
CRCS
Hg > Cu > Ni = Cd = Zn
30
98 % 82 %
30.95



282

(Shigehiro, 1999)

3
(anion ink) (dye)
(thickening agent dispersing agent)

Shigehiro  (1996)

(anionic inks) -

(oxidized starch)

36

« )
(binder)
(hydroxymethylchitin)
Steven (2543)

(oxidized starch)
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283

2831 (

' (non-phytotoxic)

2832

2.833

30-35
35-40

(Shahidi et al, 1999)
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2.84

* , V 11 _
(non-woven fabrics)
(hydrogel)
(blood dialysis membrane)
(blood anti-coagulant)
(antibacterials, antivirus antitumor)
(chitosan-collagen)
(contact lenses) (Shigehiro, 1999)
285

(cholesterol)

(Shahidi etal., 1999)

(drug delivery and controlled release systems)

(Gupta Kumar,2000 )



2.6

Material

Absorbable material
Cationic flocculating agent

Cosmetic ingredients

Food and feed additives
Hypocholesterolaemic agent

Media for immobilizing cells and enzymes
Media for chromatography

Paper additive
Supports for mineralizing COj2 and HCOj ions

Textile material

Shigehiro (1999)

Compound

IV-acylchitosan

Chitosan

CM-, HE-chitin

Chitin and chitesan
Chitosan
Chitosan

Chitosan and A-acylchitosan

Chitosan
Chitin and chitosan
Chitin

Properties and applications

Controlled releasing drugs ; absorbable surgical suture
Polyelectrolyte complexes , metal chelates , and wastewater
treatment

Moisture retention , anti-electrostatic , and hair and skin

protecting functions

Lowering of blood cholesterol level

Bioreactor reactions

Hydrogels and beads for cationic and affinity column
chromatographies

Increase in paper strength and clear printing

Prevention of the greenhouse effect

Chitin-cellulose blend fibers



2.7

NO. Material Source Adsorption Capacity (mg/g) for Chitosan
Agt Aud Cd» Cry Cré+ Cu+ Hgx Mo Pbx P4 Vo Znx Ash

L Chitin Masri (1974) * 100
2. Chitosan Udaybhaskar (1990) * 558 92 27 815 7196
3. Chitosan Peniche-Covas(1992) + 430
4, Chitosan beads Rorrer et al. (1993) 518
5. N-acylated chitosan beads  Rorrerand Hsien(1995) 216
6. N-carboxymethyl chitosan ~ Wan Ngah, . . (1999) 33.9

bead
7. Chitosan bead WanNgah, . . (1999) 30.9
8. Powder chitosan resin Caihuaand Yuwu(1996) 481 957 5 523 364 6
9. Chitosan powder Caihuaand Yuwu (1996) 321 252 92 675 95 8
10.  Chitosan powder Mckay(1989)** 222 815 75
11, Chitosan beads Guibal (1999) 300
12, Glutaraldehyde crosslinked ~ Guibal et al. (1998) 669 356

chitosan beads
13, Molybdate-impregnates Guibal etal. (1999) 37

chitosan beads (MICB)
| Bailey étal. (1999) 4 4 Rorrer et al. (1993)
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