2.1

(Heavy metal) 5.0
, (Alkali) (Alkaline earth)
, (Atomic number) 23-92
4-7
2.1.1
(Lead) IVA 82
207.19 1,620 327.4
+2
PbO, Pb 4 PbO02 (Rochow and Abel, 1973)
(Galena,
PhS) (Cermsite, PbCOg) (Anglesite, PbS04)
, , (2PhCQyg,
Pb(OH)2) (Phg04, CaPb04, PbCr04) ,

( - 2539)



(WHO)
100
2
20-50
10
40-50
16'27 )
6 2 Pica
200,000
( , 2543)
(Hemoglobin)
(Heme)

(Globulin protein)



2536)

sludge)

2543)

(Organic waste)

, 2539

12

2538 ,

(Sewage



(Domestic waste)

2.1.2

(Copper) 1B 29
63.54 2595 1083
LI .
Cu2 (Cotton and Wilkinson, 1980)

Wilson disease



20

2.13

(Zinc) 1B
65.37 906
1.14 12
1973)

(Bailey and Ollis, 1986)

419.5

30

(Aylett,



(Industrial waste)

(First half life)

(
2.2 ( Lateritic soil )
Lateritic  soil
(Laterization)
Latérite ,
/

. 2539)

10

61

2544



10

( - 2544)

( , 2528 Alexander and Cady, 1962)

1. Latérite rock

2. Laterite gravel latérite rock
|aterite rock
3. Sesquioxides AN 3 FeX 3 Si02
4, Latosols (Zonal soil
order) . .2481

(Low activity clay)

( 2544)



11

2.2.1 (Laterization)

(Tropical weathering)
(Two layer clay
minerals) Fe20g, Al20g, Si02  MnOg
3

1. (Decomposition)
Si02,  AlgOg,
Ca0, MgO, K2, NaX

2. (Laterization) Si0a
Fe) 3, AlgOg, TiOg MnOg

(Kaolinite  group)

(Gibbsite)
(Limonite) (Goethite)
(Laterization process)
3, (Dehydration and Desiccation)
(2Fe20g.3HA), (FeOOH)

(Fe20g)



2.2.2

1994)

2.2.3

2528)

Laterite

12

gravel

(McBride,



13

2. 20-90
(Fe20g)
(Tan, 1996)

6. 267 346

1. Self-
hardening property ,
2.2.4
. .2512 Vallerga

Rananand

(Gravel) (Sand) (Silty) (Clay) !

1-2



2.3 (Adsorption)

(Sorption)

al., 1994) 2

1
phenomenon)

(Adsorption)

(Adsorption)
(Interface)

- 2541)

14

(Sawyer et
(Absorption)

(Surf:



15

2. (Absorption) ' (Bulk
phenomenon)

(Homogeneous
system) (Heterogeneous system)
(Interface)

( 2542)
231

(Adsorption)
(Adsorbate)
(Adsorbent)

(Physisorption) (Chemisorption) (Gas
phase) (Liquid phase)

(Physical adsorption Physisorption)
(Electrical attractive force)
(Van der Waals force)



(Irreversible)

16

, (Nonspecific)

(Sawyer et al., 1994)
(lonic strength)
(Allard et al.,, 1987)

(Desorption)

( 1 2518)

(Chemical adsorption Chemisorption)

(Specific)

(Monolayer)
1

(Sawyer ¢t al., 1994)
(Activation energy)

(Allard et al., 1987)



(Exchange adsorption)
(lon exchange)

(Electrostatic attraction)

(Trivalent ions)

4,
(Multimolecular layers)

o}

(

(Monovalent ions)

(Sawyer et al., 1994)

- 2542)

17



2.32

1.

(Surface area) (Pore size)

2.

3.
4,

2.3.3 (Kinetic adsorption)

2.34

2,000

(Tien, 1994)

18

(Chemical composition)



(Trihalomethanes)
(Chlorinated organic compounds)

(Physicochemical process)

(Tertiary treatment)
2.4
(Hydrous metal oxide)
1
(-OH) (-00H) (-0)
(Hydrate)

(Kinniburg and Jackson, 1981)

(Dzombak and Morel, 1990)

19



20

(Benjamin and Leckie, 1980 ; Kinniburg
and Jackson, 1981)
2.4.1
2.1
S s Al
[ i B A
“LE S
CAHH- - d
B S
2.1
VA ( q)
(D)
(H)
(0
? ( d) (Dzombak and
Morel, 1990)

(Amphoteric)



(Dzombak and

Morel, 1990)
(Interfacial reaction)
2 (Leckie, 1986)
1. (Lewis acid site)
(Fe3t)
2 (Bronsted acid site)

Si-OH, Fe-OH, AL-OH  HgO+

SOH <==> S0- +H+
SOH + H+ <===> SOH2

SOH

2.4.2

(Kinniburgh and
Jackson, 1981)



2.1
(Leckie, 1986)
Surface Reactions

Proton/Surface Reactions

SOH2+<===> SOH + H+

SOH <===> s0" +H¢+
Metal/Surface Reactions (Inner-Sphere)

SOH2++M <===> SOM + 2H+

SOH + M <===> SOM + H+

SO"+ M <==> SOM

SOH +HX +M <===> SOMOH + 2H+

SOH + 2H2) +M <===> SOM(OH)2 + 3H+

(SOH)2+M <===> (SO)M +2H+

(SOH)2+M <===> D0HM +H+
Ligand/Surface Reactions (Inner-Sphere)

SOH2++ L <===> SL +HX

SOH + H++L <===> SL +H

SOH + 2H++ L <===> SLH + HX

(SOH)2+ 2H++ L <==> 24 +2H

(SOH)3+ 3H++L <===> & +3Hs0
Mixed Ligand (Ternary) Reactions (Inner-Sphere)

SOH + ML <===> SOML + H+

SOH + ML <===> SLM + OH"

(SOH)2+ ML <===> SOMLS +H2
lon Pair Reactions (Outer-Sphere)

SOH +M <===> 50"—M +H+

SOH + HD) +M <===> 50"—MOH + 2H+

SOH + H++L <===> SOH2--L

SOH+ 2H++ L <===> SOH2—LH
Exchange Reactions

SO —Nat+M <===> 30 --M +Na+

SO"--Na%M <===> SOM + Na+

SOH/--S04& +L <===> SOH2--L + 504
SOH2—S042"+ L <===> SL + S04 +HD



Aualiitia Pickering (1987)

(AL(0H3)) (Fe(OH)g)
| | 10-160
pH
a-Mn02>Fe(OH)g >Al(OH)g > >

Chakravarty, Prasad Raupainwar (1998)
200
Si02 4.0% 30

23

(a-Mn02),

3-9
Ph > Cu > Cd

Fe20g 80%, CaO 4.80%



24

Cu(NOQg)2 3-9
15-135 3
15
7.8-9 ,
Kinniburgh, Jackson ~ Syers (1976) 2,

Mg, Ca, Ba, Sr, Pb, Cu, Zn, Ni, Cd Co
0.125x10 3
3-10 2
Ba > Ca > Sr > Mg
Mg >Ca > Sr > Ba

Pb(3.1) >Cu(4.4) >Zn(5.4) >Ni(5.6) >Cd(5.8) >Co(6.0) >Sr(7.4) >Mg(7.8)
Cu(4.8) >Ph(5.2) > Zn(5.6) > Ni(6.3) > Co(6.5) > Cd(6.6) >
Mg(8.1) > Sr(9.2) t 0.2
50

Kalbasi, Racz Loewen-Rudgers (1978)
A1203 (Corundum) Fe20 3

(Hematite) 270 mesh ZnCI2 80
50 0.01N NaOH 1-12 24
Fe20g AL 3

Orumwense (1995)
Si0244.14 , A0 341.42
Fe203 0.87 200 mesh (75 )

1 Ph(N03)2 50
3-9.5 30-50



5-10 20-160

Lo, Jeng Lai (1997)
0.IN NaNOg 20
(a-FeOOH)

(a-Fe203)

Lai, Chen, Wei Lee (2001)

319,704 mug 1 5.0
1 6.0
95

Namasivayam Ranganathan (1995)
(Batch)
120

0.06
3.5 30

25

120

702,124 mug

50

(Fixed ~bed)



26

McKenzie (1980)
12
9 B9 Bimessite, Bl14
Bimessite, B36 Bimessite, B38 Bimessite, C15 Fine-grained cryptomelane, C17
Cryptomelane, C37 Fine-grained poorly crystalline cryptomelane, p-Mn02tt  y-Mn02
3
0.1 20
24 ,
8.0
40

Gadde, Flerbert Laitinen (1974)

> > >
Namasivayam  Ranganathan (1993) (Crét)
(Fe3) (Cr3y)
5-30
1-180 100-1,200
50 24,29 30 4.5-10
10 50 500

5.6



60-75% 5.0

Barrow, Bowden, Posner  Quirk (1981)

CuOH+ ZnOH+

Pb2+

Duker, Ledin, Karlsson -~ Allard (1995)

(Fulvic acid)
, (Quartz) (Hydrargillite)
(Geothite)
106 0.01 3-10
50 1.6
50 6.8 2
6.5
6.5 20
White  Asfar-Siddique (1997) (Mn2+)
(Fe2y) (Mn02)

KMnO4 Mn02 3

21



Kinniburg

8
IM NaNOg

55 10
8.0

Karthikeyan, Elliott

6.9

Jenne  (1968)

Jackson (1982)

5.

10~4- 10~2

Chorover (1999)

5

5.5

6.5

10~7- 10"2
6.5

28
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