
CH APTER II

T H E O R Y  A N D  L IT E R A T U R E  R E V IE W

2.1 A rsen ic

2.1.1 A rsen ic  e le m e n t

Arsenic is a m e ta llo id  e le m e n t in th e  periodic tab le . It is taste less and 

odorless (a tom ic num ber 33, sym b o l As in th e  periodic tab le) [15]. It can co n ta m in a te  

in w a te r from  natura l deposits in th e  earth , o r from  operations th a t use high dose 

arsenic im plants. The tox ic ity  o f arsenic causes poisoning and death.

2.1.2 A rsen ic  c o m p o u n d s

Naturally, arsenic occurs in w ater, soil and environm ent in b o th  inorganic 

and organic com pounds th a t are show n in Tab le  2.1 and Figure 2.1. The fo rm s o f 

arsenic are sensitive w ith  th e  redox state and pH o f the  chem ical e n v iro n m e n t. The 

oxidation  state o f arsenic has five  states; i.e. -3 (arsine gas, AsH3), -1 (a lky l arsenic), 0 

(arsenic e lem ent), +3 (arsenite) and +5 (arsenate). For inorganic com pound s, arsenic 

a to m  binds, w ith  oxygen and hydrogen a tom s to  fo rm  oxyanions sim ilar to  m a n y  non- 

m etals. For organic com pounds, arsenic b inds to  carbon atom s th a t m a in ly  com pose  

in m o lecu les  such as m ethylarsen ic  and d im ethy la rsen ic  acid [13].

The inorganic arsenic, reduced  fo rm  (arsenite, As(lll)) and ox id ized  fo rm  

(arsenate, As(V)), can be absorbed and a ccum u la te d  in tissues and body flu ids. เท th e  

liver, th e  m etabo lism  o f arsenic is a b o u t enzym atic  and non-enzym atic m é th y la tio n , 

th e  m o s tly  excreted m e ta b o lite  in th e  urine o f  m am m als is d im ethylarsen ic  acid (or 

C acodylic acid, DMA(V)). D im ethylarsen ic  acid and its sodium  salt is know n as Agent 

Blue th a t was used as herbicide fo r  k illing  rice in th e  American war in th e  South-East 

Asian coun try  o f V iet Nam [16],
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T a b le  2.1 Arsenic com pounds in th e  e n v iro n m e n t [17]

Name abbrev ia tion m olecu la r fo rm u la r

Arsenite (arsenous acid) As"1, As(lll) As(OH)3

Arsenate (arsenic acid) Asv , As(v) AsO(OH)3

M onom ethy la rson ic  acid MMAV, MMAs(V) CH3A sO(OH)2

M onom ethyla rsonous acid MM a "1 CH3As(OH)2

D im ethylarsin ic acid DMAV, DMAs(V) (CH3)2AsO(OH)

D im ethylarsinous acid DMA1", DMAs(lll) (CH3)2AsOH

D im ethy la rs inoy l e thano l DMAE (CH3)2AsOCH2CH2OH

T rim ethylars ine  oxide TMAO (CH3)3AsO

T etram ethy la rson ium  ion M eaAs+ (CH3),As+

Arsenobeta ine AsB (CH3)3As+CH2COO-

A rsenobeta ine 2 AsB-2 (CH3) 3 As+CH 2 CH 2 c o o "

Arsenochline AsC (CH3)3As+CH2CH2OH

Trim ethylars ine TM A1" (CH 3)3 As

Arsines AsH3, MeAsH2, 

M e2AsH

(CH3)xAsH3_x (x  = 0-3)

E thylm ethylarsines EtxAsM e3_x (CH3CH2)XAร(CH3)3_x (x = 0-3)

Phenylarsonic acid PAA C6H5AsO(OH)2

o

/ A s 1̂
HO OH

A rsen ite

L
HO CHj

M etliyiarsen ite

/A s 1”
H3C  CHj 

D im eth y larsen ite

o '

HO— Asv—  OH
if
^  A rsen a te
๐

HO— Asv— CH,

o

M eth ylarsen a te
o '

H ,c—  Asv—  CH 3
I
o

D im eth y larsen a te

Figure  2.1 Arsenic co m p o u n d s  in w a te r [4]
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As m entioned  above, th e  fo rm s o f  arsenic co u ld  be changed w ith  th e  pH 

o f  so lu tion  as shown in Figure 2.2. For exam p le , arsenite (As(lll)), a t so lu tion  pH < 7 

occurs in H3A s03 th a t is neu tra l m o le c u le  w h ile , arsenate (As(v)) appears in HAsOq2 1 

H2AsOa th a t has negative charge, and n e u tra l H3AsOa m olecu le .

Figure 2.2 Arsenic form s o f arsenate, arsenite, m ethylarsenic acid and 

dim ethylarsenic acid at d iffe re n t pH o f  so lu tion  [18].

The presence o f arsenic c o n ta m in a te d  in w ater is re la ted  to  th e  

processing o f a variety o f ores such as copper, gold, nickel, lead, and zinc, and 

inc lud ing  th e  m anufacture o f pesticide, p igm ent, e lec tron ic  co m ponen t, glass, a llo y  

and pharm aceutica l th a t used arsenic as active  ingredients. Thus, arsenic fro m  these 

processing can be released in to  na tu ra l w ater. Furtherm ore, inorganic arsenic is 

c o m m o n ly  found  at high levels in g roundw a te r o f  a num ber o f countries and h igh ly
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to x ic  w h ile , organic arsenic co m p o u n d s  (such as those fo u n d  in seafood) are less 

h a rm fu l to  health.

2 .2  M e th o d  o f  re m o v a l o f  a rs e n ic  f r o m  w a s te w a te r

Industries th a t highly used arsenic shou ld  e ffic ie n tly  rem ove arsenic fro m  

w astew ater before disposal in to  e n v iro n m e n t. Because the  p roduction  o f  drinking 

w a te r brings th e  raw w ater from  e n v iro n m e n t, especia lly  peop le  w ho live in area next 

to  arsenic rock or o the r industria l p o llu t io n , used groundw ater in th e ir d a ily -life  

w ith o u t purify  process. They have h e a lth  damages caused by an in take high 

co n ce n tra tion  o f  arsenic, especia lly  in South  Asia [19]

Hence, th e  rem oval m e th o d  fo r  arsenic in w astew ater is an im p o rta n t process 

to  c o n tro l th e  am ount o f  arsenic to  be b e lo w  th e  standard m axim um  arsenic 

co n ta m in a n t level. Some im p o rta n t m e th o d s  are discussed below.

2.2.1 O x id a tio n

Generally, th e  inorganic fo rm s o f  arsenic are o ften  found  in w astew ater. 

The m ost rem oval processes o f  arsenite, As(lll) and arsenate, As(v) are e ffe c tive  to  

rem ove  arsenate only, bu t n o t arsenite, because general form  o f arsenite is a non- 

charged fo rm  at pH value b e lo w  9.2. T here fo re , th e  m e tho d  fo r rem ova l o f  arsenite 

needs an oxidation step fo r converting  arsenite  to  arsenate [20],

O xidation is th e  chem ica l reaction  fo r adding the  oxygen a to m  to  a 

co m p o u n d  or the  reaction invo lv ing  th e  loss o f  e lectrons from  a c o m p o u n d . The 

chem ica ls  fo r using in ox ida tion  process inc lude  hypoch lo rite , perm anganate , 

hydrogen peroxide and ch lorine. เท a d d itio n , th e  p h o toch em ica l oxid ization processes 

fro m  th e  reaction o f radiant energy can be used. These can convert a rsenite  to  

arsenate and adsorb on iron and m anganese (Fe/M n) hydroxides, since b o th  iron  and 

arsenic are oxidized at th e  sam e tim e  during iron precip itation. H ow ever, th e  

ox ida tion  a lone  does n o t rem ove  arsenic fro m  so lu tion  b u t th e  process m u s t be 

co m b in e d  w ith  an arsenic rem ova l process such as oxidation filtra tio n  tech n o lo g ie s

[21].
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2 .2 .2  C o a g u la t io n , p re c ip ita t io n  a n d  f i l t r a t io n

C oagulation fo llo w e d  by prec ip ita tion  and filtra tio n  is co m m o n ly  used fo r 

re m o va l o f  arsenic from  wastewater. This process, c o m m o n ly  referred to  

c o a g u la tio n -flo ccu la tio n -filtra tio n  is a te ch n iq u e  to  reduce a w ide range o f 

co n ce n tra tio n  o f  arsenic in w astew ater to  accord w ith  m ax im u m  concentra tion  le ve l 

(MCL).

C oagulation is a technique fo r rem ova l o f  im purities in suspended or 

c o llo id a l fo rm s includ ing inorganic and organic co m p o u n d s  in wastewater. The 

c o m m o n ly  used chem ica l coagulants fo r rem ova l o f  arsenic are ferric ch lo ride , 

a lu m in iu m  su lfa te , po lya lum in ium  ch loride  and p o lyv in y ls u lfo n ic  acid, etc. These 

chem icals are added in to  water, they  dissolve under e ffic ie n t stirring for one to  fe w  

m inutes. During th is  floccu la tio n  process, a ll kinds o f  m icro -partic les  and negative ly 

charged ions are a ttached  to  the  floe  by e le c tro s ta tic  a tta ch m e n t. Arsenic is also 

adsorbed o n to  coagula ted floe. A fter tha t, th e  p rec ip ita te  can be rem oved p a rtia lly  

by m ean o f p rec ip ita tion , and then filtra tio n  te ch n iq u e  m ay be required to  ensure 

c o m p le te  rem ova l o f  a ll precipitates. Arsenic rem ova l by coagulation is m a in ly  

c o n tro lle d  by pH and coagulant dose. Hence, coagu lan t ty p e  and dosage, pH, w a te r 

co m p os ition  w ere  fo u n d  to  be im portan t fa c to r th a t a ffe c te d  th e  arsenic rem ova l 

e ffic iency [20],

2.2 .3  Io n -e x c h a n g e

Ion exchange is frequen tly  used as a tre a tm e n t m e th o d  for arsenic 

re m o va l in w astew ater. Arsenic contam ina ted  w a te r is passed through the  resin bed, 

th e  co n ta m in a n t arsenic ions have exchanged w ith  th e  o th e r ions o f the  resin. Strong 

base anion exchange resins are com m erc ia lly  ava ilab le  th a t can e ffective ly  rem ove 

arsenate fro m  w ater, w h ile  arsenite being non-charged fo rm , is n o t rem oved. 

There fore , an ox ida tion  step to  convert arsenite to  arsenate is necessary in th e  

process. เท general, sulfate-selective resins are p a rticu la rly  suited fo r arsenate 

rem ova l. N itra te-se lective  resin is also a choice in arsenic rem ova l.

Prior to  ion exchange process, wastewater should be pre-treated such as

by filtra tion  to  rem ove organics, suspended solids, and o the r contaminants tha t can

fou l the resins and reduce their effectiveness [20], Ion exchange resins m ust be
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p e rio d ica lly  regenerated to  rem ove adsorbed  co n ta m in a n ts  and replenish th e  

exchanged ions. Regeneration so lu tion  and sp e n t resin have highly co n te n t o f  

arsenic. T hey w o u ld  require an a d d itio n a l tre a tm e n t before disposal o r 

reuse. F urtherm ore, as the  resin exhausted, it can be regenerated by washing w ith  a 

NaCl so lu tion .

2 .2 .4  R eve rse  osm os is

Reverse osmosis is a m e thod  fo r  re m o va l o f  im purities  in w astew ater 

using m em brane  separation process. W ater is fo rce d  th rough  a m em brane. Then, th e  

co n te n ts  o f  th e  w ater, m any d iffe ren t kinds o f  d isso lved  solids such as heavy m eta l, 

includ ing arsenic, are le ft behind on th e  m em brane , w h ile  trea ted  w ater passes 

through [22], Flowever, the  m em brane can read ily  be fo u le d  b y  o il, grease, and 

suspended solids. M oreover, reverse osmosis te ch n iq u e  is usua lly  expensive. Flence, 

it  is re co m m e n d e d  fo r th e  applica tion such as pu rifica tio n  o f  w a te r fo r m edica l and 

industria l purpose, desalination, brackish w a te r conve rsa tio n  and fo r rem oval o f  

specific ions, etc.

2 .2 .5  B io lo g ic a l p rocess

For b io log ica l process, arsenic in w as tew a te r can be rem oved by 

m icroorganism s. Microorganisms are m ostly  specific  bacteria  being capable to  rem ove 

arsenic com pound s  in w astew ater by  o x id a tio n /re d u c tio n , m ineralization, 

de tox ifica tion  or m é thy la tion . The crucia l fa c to r in b io log ica l process includes energy, 

carbon source and th e  suitable conditions such as te m p e ra tu re  and pH value [23].

2 .2 .6  A d s o rp t io n

A dsorp tion  is a techn ique th a t uses a so lid  fo r rem oving arsenic 

substances fro m  gaseous or liquid so lu tion  a ccu m u la te d  o n to  th e  surface o f porous 

solid. The w id e ly  used solid fo r arsenic re m o va l in c lu d e  [24];

• Activated carbon

• Polym eric adsorbent

• Activated alum ina

• Granular ferric h yd rox ide /ox ide
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• Z e o lite

•  Ion exchange resins

The effectiveness o f arsenic rem ova l by  a d so rp tio n  o n to  th e  surface o f 

adsorbent depends on th e  surface area o f  so lid . Hence, th e  first step for 

characterization o f  adsorben t is estim ation o f its surface area and po la rity .

2.3  A d s o rp t io n  p ro c e s s

A dsorp tion  is a process th a t substances being a tom s, ions, b im olecules or 

m olecu les (adsorbate) from  gas or liqu id  phase are a ccu m u la te d  o n to  a surface o f 

solid substrate (adsorben t) via mass transfer process.

2.3.1 A d s o rp t io n  m e c h a n is m

A dsorp tion  m echanism  is a mass transfe r process o f  an adsorbate or 

analyte transferring fro m  gas or liqu id  m ed ium  to  porous a d sorben t th a t some steps 

in adsorption process are fast and som e are slow. Furthe rm ore , th e  slow est steps in 

adsorption process is th e  rate determ in ing step o f th e  process. Thus, th e  slow est step 

in adsorption process is im portan t. For the  adsorp tion  process, it consists o f three 

steps includ ing [25];

I. Bulk transport, a process th a t an a n a ly te  transfers from  bu lk 

so lu tion  to  th e  surface o f liqu id  laye r w h ich  cover th e  surface o f 

adsorbent. Bulk transport process occurs ve ry  quickly.

II. Surface transport or f ilm  transport, an an a ly te  transfers from  a 

liqu id  layer to  the  surface o f  adsorben t. This step is ca lled 

exte rna l d iffusion or film  diffusion.

III. In trapartic le  transport or pore  d iffus ion , an ana ly te  a t the  surface 

o f adsorben t diffuse in to  th e  pores o f  adsorbent. This process is 

ca lle d  in te rna l d iffusion. A fter th a t, a dso rp tio n  occurs by adhesion 

o f ana ly te  o n to  pores o f adsorben t

IV. The e ffic iency o f adsorption process depen ds on  m any conditions 

such as th e  surface area and p a rtic le  size o f adsorbent, con tact 

tim e , tem pera tu re , pH o f so lu tio n  and in itia l concentra tion  o f
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ana ly te . M oreover, th e  adsorption process is usua lly  classified to  

phys isorp tion  and chem isorption.

2 .3 .2  P h y s ic a l a d s o rp t io n  o r  p h y s is o rp t io n

Physical adsorp tion  occurs by the  van de r W aal’ s in te rac tion  betw een 

analyte  and th e  surface o f  adsorbent. This in te raction  is w eak e le c trica l attractive 

force [26]. Physical adsorp tion  is a theory  fo r de te rm in ing  in adsorbed m o lecu le  

form ing m u ltip le  layers. The concentra tion  o f ana lyte  has an e ffe c t on a quan tity  o f 

layers. เท physica l adsorp tion , th e  analyte can be adsorbed on a ll the  area o f 

adsorbent surface w hen  th e  conditions o f adsorp tion  are su itab le  such as 

tem p e ra tu re  and charge. However, this kind o f adsorp tion  can be easily  reversible.

2.3 .3  C h e m ic a l a d s o rp t io n  o r  c h e m is o rp t io n

This adsorp tion  is a result from  the  sharing o f  e le c tro n s  betw een an 

analyte  and th e  fu n c tio n a l group on the  surface o f  adsorben t as chem ica l bond. 

Thus, chem isorp tion  is stronger than the  in teraction in physisorp tion . The analyte  can 

con tac t d ire c tly  w ith  th e  surface and fo rm  a single-layer on th e  surface. Moreover, 

th e  chem ica l adsorp tion  is irreversible or som etim es s ligh tly  reversib le.

2.4  A d s o rp t io n  e q u i l ib r iu m  a n d  a d s o rp t io n  is o th e rm

เท adsorp tion  process, an analyte  can be adsorbed on th e  surface o f adsorbent 

and desorbed in so lu tio n  a t th e  same tim e un til th e  e q u ilib riu m  is reached or the  

co ncen tra tion  o f  ana ly te  on  th e  surface o f adsorbent does n o t change. This process 

is ca lled  adsorp tion  equ ilib rium . A t adsorption equ ilib rium , th e  re la tionsh ip  betw een 

th e  capacity o f  adsorp tion  and th e  remaining o f ana ly te  co n ce n tra tio n  in so lu tion  at 

room  te m p e ra tu re  is ca lle d  th e  "adsorp tion  iso th e rm ” . It is th e  in fo rm ation  for 

discussing th e  p h e n o m e n o n  o f adsorption. The c o m m o n ly  used m a th e m a tic  m odels 

are Langm uir and F reund lich  m odels fo r d e te rm ina tion  o f  th e  pheno m e non  o f 

adsorption [27],
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Langm uir iso the rm  is used fo r de te rm ina tion  o f th e  a d so rp tio n  process in 

a m ono laye r o f  adsorben t surface at a constant te m p e ra tu re . F urtherm ore, a ll 

adsorp tion  occurs th rough  th e  same m echanism  and th e  e n th a lp y  o f  adsorption is 

th e  same fo r a ll m o le cu le s  o f analyte  in d e p e n d e n tly  o f  h o w  m a n y  have been 

adsorbed [27]. Flowever, th is adsorption is lim ited  w ith  th e  q u a n tity  o f  analyte . The 

fo rm  o f  th e  Langm uir iso the rm  is shown in Equation 2.1 and 2.2:

2.4.1 Langm uir iso the rm

__ QmbCe
y  ~  1 +bce

£e_   1 ce
Q bgm qm

(2.1)

(2.2)

w here  C e = th e  equ ilib rium  concentra tion  o f  an a ly te  in so lu tio n  (mg/L) 

q e = th e  adsorption capacity a t e q u ilib riu m  (m g/g) 

q m = th e  m axim um  adsorption capacity (m g/g) 

b = a constan t re la ted to  the  free energy o f  a d so rp tio n  (L/mg).

ce
เท Figure 2.3, w hen  p lo tting  betw een —  va lue  (y axis) and C e va lue (x

1 1
axis), th e  slope and in te rce p t are - —  and — ;—  fo llo w in g  E quation  2.2. Thus, the

Qm bqm

qmand b va lue can be ca lcu la te d  from  th e  graph.

F ig u re  2 .3  The pheno m e non  o f adsorption in a m o n o la y e r o f surface 

adsorben t (a) and linear p lo t (b) o f  Langmuir a d so rp tio n  iso therm .
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The Freundlich iso therm  is d e ve lo p e d  from  th e  Langm uir iso therm . The 

Freundlich m ode l is used fo r assuming th e  adsorption o f  so lu te s  on  m u ltila y e r 

surface o f adsorbent [27]. The Freundlich  isotherm  represents an em p irica l m o d e l, 

w h ile  th e  Langmuir iso therm  has a th e o re tica l justification. The F reund lich  iso th e rm  is 

expressed by Equations 2.3 and 2.4.

q =  Kf c en (2.3)

lo g  g  =  \ o g K f  +  ^ \ o g C e (2.4)

where K f  -  F reundlich  cons tan t re la ted to  adsorp tion  capac ity  o f  th e  

adsorben t (mg/g)

ท  -  F reundlich  constan t re la ted to  adsorp tion  in te n s ity

2.4.2 F reund lich  iso the rm

Figure 2.4 The p h e n o m e n o n  o f  adsorption in m u ltila y e r o f  surface 

adsorbent (a) and linear p lo t (b) o f  Freundlich adso rp tio n  iso therm .
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BET adsorption stands fo r  Brunauer -  Em m ett -  T e lle r adsorp tio n . This 

iso therm  is a m ode l d e ve lo p e d  fro m  Langm uir equation to  describe a m u ltila y e r 

adsorption [27], The BET iso the rm  is show n in Equations 2.5.

q “  =  (Cs - C , ) [ l + 7 & - l ) ( C e - C s) ]  (2'5)

w here, q 6 = th e  adso rp tio n  capacity at equ ilib rium  (m g/g) 

qm -  th e  m ax im um  adsorption  capacity (mg/g) 

c 6 = th e  e q u ilib riu m  concentra tion  o f ana lyte  in so lu tio n  (m g/L) 

Cs = th e  sa tu ra tion  concen tra tion  o f analyte  in so lu tio n  (m g/L) 

b  = a co n s ta n t re la te d  to  the  free energy o f  a dsorp tio n  (L /m g)

This isotherm  assumes th a t an analyte is adsorbed on th e  surface o f 

adsorbent in m ultilayer. The assum ptions are listed below :

• Adsorbed ana ly tes are arranged in m u ltip le  layers on th e  surface 

o f adsorben t

• Adsorbed ana lytes d o  n o t m ove on the  surface o f  adsorben t

• Each layer does n o t need to  be co m p le te d  be fo re  th e  n e x t layer 

starts to  f i l l  up

• E nthalpy o f  th is  adsorp tion  is the  same fo r any layer

• A ll adsorbed ana ly tes in layers o the r than th e  firs t have th e  same 

adsorp tion  energy.

From Equation 2.5, it can be rearranged to  give Equation 2.6 as fo llo w e d :

2.4.3 BET A dsorp tion  Iso the rm

Qe (f*«
)  +  ไ  ( ^ f )

;~ c 6) Kbq-rnJ \b q m J \C SJ
(2.6)

From Figure 2.5, w h e n  a graph p lo ttin g  betw een Ce / q e  ( C 5  —  C e )  and 

(C e / C 5)  is constructed th a t th e  va lues o f b and q m can be ca lcu la te d  using th e  

s lope and in te rcep t o f th e  linea r p lo t  fo llo w in g  Equation 2.6.
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F igure  2.5 The linea r p lo t o f  B runauer-Em m ett-Teller (BET) a d so rp tio n  

isotherm .

2.5  A d s o rp t io n  k in e tic s

The adsorption kinetics describes a substance (or analyte) up take  rate a t th e  

so lid- liqu id  interface.

2.5.1 P s e u d o -firs t o r d e r  k in e tic s

The pseudo-first o rd e r equa tion  is dem onstra ted  b y  th e  fo llo w in g  

Equation 2.7:

lo g  (Me -  q t ) =  lo g  qe -  ^  t  (2.7)

w here q t  = th e  adso rp tio n  capacity  at any tim e  (mg/g)

q e = th e  adso rp tio n  capacity  at an equ ilib rium  (m g/g)

k 1 = th e  rate cons tan t o f  th e  pseudo first order a d so rp tio n  (m in  *)

The va lue o f l o g ( q e -  q t )  is linearly  corre la ted w ith  t  (Figure 2.6 (a)). 

The k 1 and q e are ca lcu la te d  fro m  th e  s lope and in te rcep t o f th e  p lo t  o f  

lo g ( f jfg  —  £ /t)  against t  as expressed in Equation 2.7.

2.5 .2  P s e u d o -s e c o n d  o rd e r  k in e tic s

The pseudo-second o rd e r kinetics equation  is present b y  th e  fo llo w in g  

Equations 2.8 to  2.11
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^ =  k 2 ( R e ~ R t y

7—I—7 — +■ k2t{ Q e - Q t )  9 e

h  =  k 2q e2

— = ^ + — t
Qt h qe

(2.8)

(2.9)

(2.10)

(2.11)

where Rt  = th e  adsorp tion  capacity at any tim e  (m g/g)

Re = th e  adsorp tion  capacity at an equ ilib riu m  (m g/g) 

k 2 = th e  rate constants o f th e  pseudo second o rd e r adsorp tio n  

(g mg ^ i n  *)

h  = in itia l so rp tion  rate constant (mg g 1 m in

t
The va lue o f  —  is linea rly  corre la ted  w ith  t  (Figure 2.6 (b)). The fcoand 

Qt
t

q e values are ca lcu la ted  fro m  th e  slope and in te rcep t o f th e  p lo t  o f  —  against t  

fo llo w ing  Equation 2.10

The param eters fro m  th e  equations can pred ict an o rd e r o f  kinetics, a 

design o f sorption system and  a behavio r o f sorption process.

น

bD
o

(3)

^ ' ' '  I - (k 1/2.303) 

1
cv
-tj

-logoff

t t

Figure 2.6 (a) pseudo -firs t o rde r and (b) pseudo-second o rd e r kinetics

[28],
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Tap w ater is a necessary fa c to r fo r hum an living th a t inc ludes taking a bath, 

cleaning, drinking, cooking and th e  o thers. M oreover, industry and agricu ltu ra l sector 

have to  use tap  w a te r fo r  processing. Tap w a te r p roduction  is a process fo r rem ova l 

o f  suspended solids, m icroorganism s and tox ic  chem icals to  fo llo w  th e  m axim um  

concentra tion  leve l (MCL) to  ensure safe ty  fo r hum an being. เท general, ta p  w ater 

p roduction  has an a p p rop ria te  tre a tm e n t fo r rem oval o f those co n ta m in a n ts  th a t 

inc lude  [29];

I. Raw w ater: The ta p  w a te r p roduc tio n  brings raw w a te r fro m  na tu ra l 

w ater sources to  p roduce  ta p  w ater such as rivers, lakes and 

groundw ater. Raw w a te r is p u m p e d  from  these sites to  th e  tre a tm e n t 

p la n t fo r processing. G roundw ater requires less tre a tm e n t than  w a te r 

from  rivers and lakes.

II. Coagulation and flo ccu la tio n : The first step fo r re m o va l o f  th e  d irt and 

o the r partic les suspended in w a te r is coagulation and flo c c u la tio n . The 

chem ica l agent (coagulant) is added in to  raw w ater. There is a lum , iron 

salt and syn th e tic  organic po lym er. Then, a positive charge o f  coagulant 

neutralizes th e  negative charge o f d irt and o the r partic les in th e  w ater. 

A fter th a t, these  partic les b ind  w ith  coagulant and fo rm  larger particles; 

ca lled  floe . It w il l  be th e  heavy w eight partic le  and p re c ip ita te  to  th e  

b o tto m  o f  tank.

III. S ed im enta tion : The se d im en ta tion  is th e  process th a t flo e  se ttles  to  the  

b o tto m  o f  th e  w a te r tank due to  its weight. The so lid  residues are 

ca lled  sludge.

IV. F iltration: The c lea r w a te r on  th e  to p  o f tank w ill pass th ro u g h  th e  filte rs  

such as sand, gravel, charcoa l and the  o th e r f ilte r  in special 

contam inants. Due to  som e partic les or d issolved m atte rs  rem aining 

dissolve in w a te r such as dust, iron and manganese. T here fore , th e  

filtra tio n  process can rem ove  these particles be fo re  th e  d is in fection  

process.

2.6 Tap water p ro d u c tio n
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V. D isinfection: Chlorine o r som e o th e r su itab le  m ethods are used to  k ill 

any rem aining m icroorganism  in w a te r a fte r filtra tio n  process such as 

parasites, bacteria, viruses and  o th e r  m icroorganism s.

VI. W ater q u a lity  and storage: T he  q u a n tity  o f ta p  w ater is exam ined th a t 

inc lud ing  th e  pH va lue, tu rb id ity , chem ica l concentration and 

m icroorganism  in order to  co n firm  th e  safe ty  o f tap  w ater before  

consum ptio n . And then, w a te r is kep t in a c losed reservoir at high 

lo ca tio n  fo r flow ing passes th e  p ipe o f  com m un ity . A schem atic 

p resenta tion  o f ta p  w ater p ro d u c tio n  is p red ic te d  in Figure 2.7.

F igure 2.7 The picture show ed th e  ta p  w a te r tre a tm e n t process and 

sludge as a by-p roduct during process [29],

2.7 S ludge  fro m  ta p  w a te r p ro d u c tio n  (STW P)

Sludge fro m  ta p  w a te r p roduction  (STWP) is a b y -p ro d u c t o f w ater tre a tm e n t 

process during sed im enta tion . Therefore, th e  sludge conta ins m ain ly  a lum in ium  and
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iron  hydroxides rem aining from  th e  coagu la tion  process. Since a lum in ium  su lfa te , 

a lu m  (A l2(S 0a)3.18H20 )  and po lya lu m in ium  ch lo rid e  are w id e ly  used as coagu lan t 

com pounds. Then, th e y  were added to  w a te r in th e  presence o f a lka lin ity [30], It can 

p rov ide  a lu m in iu m  hydroxide as described by  th e  fo llo w in g  chem ica l reaction.

A l2(S0q)3.18H20  + 3Ca(OH)2 -------->  3CaSOq + 2Al(OH)3 + 18H20

W hile , fe rric  salts (FeCl3, Fe2(SOq)3) are a lso used as coagulant com pounds th a t 

can p roduced  ferric  hydroxide at pH 3-13 during th e  coagula tion  process.

Fe3+ + OH ------- >  Fe(OH)3

A lu m in iu m  and iron hydroxides in s ludge are h igh ly  porous m ateria l and have a 

strong a ffin ity  fo r anionic species. A d d itio n a lly , arsenic in w astew ater can be 

re m e d ia ted  by  adsorp tion  o n to  a lum in iu m  and iron hydroxide sludge by surface 

c o m p le xa tio n  (ligand exchange or inner-sphere co m p le x  fo rm a tio n ) on the  surface o f 

adsorben t [31-33], However, the  adsorp tion  o f  arsenic o n to  a lum in ium  and iron 

hydroxides is co m p lica te d  to  understand. Thus, th e  adsorption phenom enon u su a lly  

described using standard isotherm  m ode ls  such as th e  Langmuir and F reundlich  

isotherm s.

M - O H

o

M - O H

° \  JH
M - O H  + 0 —  A s -O H

/  IIo  8

M - O H

O^
\
M - O H

M —  o
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ไแ -  O

ร  /
As

OH

o

\ a - O H

° \  + HOH + O H"
น  —  OH

O

' m - o h

Figure 2.8 Mechanism o f arsenate ligand exchange on the  surface o f 

m e ta l oxohydroxides [32],
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2.7 .1  S lu d g e  t re a tm e n t

The sludge trea tm en t is a process to  reduce  th e  vo lu m e  and w eight o f  

sludge, th e  a m o u n t o f organic constituen ts, th e  disease-causing microorganisms and 

o d o u r co m p o u n d s  th a t can found  in th e  sludge. The advantage o f sludge tre a tm e n t 

is easier and reduces th e  cost fo r transpo rta tio n  o f  sludge. Accordingly, th is tre a tm e n t 

inc ludes th ickening, stabilization, cond ition ing  and dew aterin g  [34],

I. Thickening: the  first process o f  sludge tre a tm e n t fo r increasing 

sludge concentra tion  by  sed im en ta tion .

II. Stabilization: to  reduce organic m a tte r in sludge using aerobic and 

anaerobic m icroorganism  digestion fo r  decreasing stinking-sm ell o f  

sludge.

III. Conditioning: to  im prove  th e  p roperties  o f  sludge to  be su itab le  

before utilizing or disposing.

IV. Dewatering: to  eradicate th e  w a te r in sludge fo r reducing th e  

w eight and vo lum e  o f  s ludge in o rd e r to  easier trucking sludge.

A fte r tha t, th e  treated sludge m ust be d isposed or u tilized p roperly  such 

as la n d fill, inc ineration, agriculture app lica tion  and incorpora te  w ith  construction  

m ateria l.

2.8  M a n a g e m e n t o f  s lu d g e  w astes c o n ta in in g  a rs e n ic

Arsenic ca n n o t loss from  th e  e nv ironm en t. It can o n ly  be converted  in to  

d iffe re n t fo rm s or transform ed in to  inso lub le  co m p o u n d s  b y  com bina tio n  w ith  o th e r 

e le m e n t. There fore , w e can o n ly  manage any arsenic w aste  to  be safe disposal th a t 

arsenic ca nno t re turn  to  contam inate th e  e n v iro n m e n t in long-term . The m e th o d  fo r 

d isposal sludge wastes containing arsenic inc ludes[13];

2.8 .1  L a n d f i l l

Land fill is a w ide ly  e m p lo ye d  m e th o d  o f  arsenic containing sludge 

disposal and used in m any places a round  th e  w o rld . The high w ater c o n te n t o f 

arsenic sludge fro m  adsorption process increases a b u lk  o f waste. Thus, raw arsenic 

sludge is o fte n  air dried before disposal. This m e th o d  requires th e  extensive and safe
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space fo r hazardous waste site. M oreover, arsenic s ludge can be d u m ped  in to  sm all 

sand covered  brick-lined pits.

2 .8 .2  In c in e ra t io n

Incineration is a process using firing th e  sludge at high tem pera tu re  in 

enclose structu re . This process reduces mass o f  sludge to  ash th a t is less than th e  

original v o lu m e . Sludge incineration can d es troy  pathogens and toxic organic 

chem icals th a t e ffec t to  hea lth . However, inc inera tion  is high cost and lim it w ith  

arsenic sludge because o f arsenic conta in ing c o m p o u n d  m ay be v o la tile  to  th e  

env ironm en t.

2 .8 .3  S ta b il iz a t io n /s o l id if ic a t io n  ( ร /ร )

S tab iliza tion /so lid ifica tion  te ch n iq u e  is a process th a t mixes the  arsenic 

sludge in to  a cem entitious b inder system. This te ch n iq u e  is n o rm a lly  used before 

la n d fill w aste tre a tm e n t th a t aims to  m ake hazardous waste safe fo r disposal. The 

purpose o f  th is process is encapsu lated o r fixa tion  and incorporates th e  waste in to  

th e  b inder system  in order to  prevents th e  arsenic c o m p o u n d  en te r th e  environm ent. 

A n u m ber o f s tab iliza tion /so lid ifica tion  b inders specifica lly  fo r arsenic have been 

investigated inc lud ing [14];

• Portland cem en t

• Portland cem en t and iron

• Portland cem en t and lim e

• Portland cem en t and f ly  ash

• Portland cem ent and silicates

M any research reported  th a t th e  s tab iliza tion /so lid ifica tion  o f arsenic 

sludge is successful w hen cem ent, cem en t and iron, ce m e n t and lim e are used as 

cem e n titiou s  binders.

2.9  M e tr o p o l i ta n  w a te rw o rk s  a u th o r ity ,  T h a i la n d

The sludge from  M etropo litan  W aterw orks A u th o rity , Bangkhen, Thailand was 

used to  be arsenic adsorbent in w astew ater. Fu rthe rm ore , th is w aterw orks produces
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ta p  w a te r a round  3.6 กา'เพ ๐ ก m V day using raw  w a te r th a t is pum ped  from  the  Chao 

Phraya River in to  th e  w a te r trea tm en t facilities. Then, coagulants fo r im purity  re m o va l 

fro m  raw  w a te r are co m m o n ly  used including;

• P ow der a lum in ium  sulfate

• L iqu id  a lum in ium  sulfate

• P ow der po lya lum in ium  ch lo ride

• L iqu id  po lya lum in ium  ch lo ride

• Ferric ch lo ride

Hence, th e  sludge is generated during  coagula tion  process around 75-105 

to n s /d a y . This makes waterworks to  pay m u ch  expense fo r sludge disposal 11 m illio n  

Baht/year. Accordingly, this research focus on  a recycle o f sludge from  coagula tion 

process to  be an a lte rnative  low -cost ad so rb e n t fo r arsenic rem oval in o rder to  

w o rth w h ile  u tilize  th e  sludge before d isposal [35].

F igure 2.9 Sludge from  th e  M e tro p o lita n  W aterworks A uthority  

(Bangkhen, Thailand).

2.10 L ite ra tu re  rev iew

Arsenic in w astew ater can be re m o ve d  by typ ica l physical and chem ica l 

m e th o d s  such as oxidation, precip ita tion , ion exchange and reverse osmosis. 

H ow ever, these processes are high c o s tly  and co m p lica te d  to  work. For adsorption 

process, it is easier and cost-effective fo r arsenic rem ova l fro m  wastewater. Hence, 

several researchers are interested in using adsorp tion  tech n iq u e  fo r exam ination o f
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arsenic re m o v a l There are activa ted carbon, activa ted  a lu m in a  and granular ferric 

hydroxide used as arsenic adsorbent. Besides o f  this, iron ox ide  m inera l (iron rich 

la terite  soil, goeth ite , m agnetite  and hem atite ) [36], iron-ox ide  co a te d  sands [37] and 

iron-oxide-coated p o lym e ric  m ateria ls [38] have d e m o n s tra te d  as e ffic ie n t adsorbent 

fo r arsenic. N evertheless, these adsorbents s till have m any  steps o f  preparation and 

resulting in high cost fo r using. C onsequently, m any studies fo cu se d  on searching the  

a lte rnative  lo w -co s t a lte rna tive  adsorbents th a t are e ffic ie n t and easier fo r arsenic 

rem oval.

2.10.1 A rs e n ic  re m o v a l f r o m  w a te r  b y  lo w -c o s t a d s o r b e n t

M any researchers studied arsenic rem ova l in aqueous so lu tion  by 

recycling solid  w aste, som e o f th e m  are sum m arized as fo llo w e d :

D iam adopoulos e t al. (1993) [39] used f ly  ash, a b y -p ro d u c t occurred from  

coal pow er stations fo r arsenate (As(V)) rem oval in w ater. The m ajor com position  o f 

f ly  ash was CaO, observed  by X-ray fluorescence spec trom e te r. Surface area o f f ly  

ash was fo u n d  to  be 0.8 m 2/g. M oreover, th e  o p tim u m  pH fo r  arsenate rem oval in 

w ater was 4.

Nam asivayam  e t al. (1998) [40] recycled an in d u s tria l solid  waste as 

arsenate adsorbent. Fe(lll) and Cr(lll) hydroxides w ere  m o s tly  fo u n d  in th e  solid  waste. 

The effects o f arsenic adsorp tion  including pH, in itia l arsenic co n ce n tra tio n , agitation 

tim e, adsorben t dosage and adsorbent partic le  size w ere  s tud ied . เท addition, the  

arsenate adsorp tion  kinetics fo llo w e d  pseudo-first o rd e r e q u a tio n . The m axim um  

arsenate adsorp tion  capacity  was 11.02 mg As/g solid.

A ltundo gan  e t al. (2000) [41] used red m ud  th a t was a solid  waste from  

bauxite processing as a lte rna tive  arsenic adsorbent in aqueous so lu tion . The 

experim enta l resu lt show ed th a t arsenite (As(lll)) was e ffic ie n tly  rem oved  in alkaline 

cond ition , whereas th e  adsorp tion  o f arsenate (As(V)) was fa vo ra b le  in acidic pH range 

(1.1-3.2). The e q u ilib riu m  tim e  fo r arsenite (As(lll)) and arsenate (As(v)) rem oval were 

45 and 90 m inu tes, respectively. เท addition, th e  a d so rp tio n  iso therm s o f bo th  

arsenite (As(lll)) and arsenate (As(v)) w ere w e ll f it te d  w ith  Langm uir iso therm  m odel.
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Therm odynam ic s tudy  based on  th e  data from  various te m p e ra tu re  experim ents 

indicate th a t As(lll) adsorp tion  was exotherm ic, w h ile  As(v) adsorp tion  was 

endotherm ic.

Goh e t al. (2004) [42] stud ied th e  adsorp tion  o f  As(lll), As(v), Se(IV), and 

Se(VI) on a tro p ic a l so il as adsorbent. The e ffects  o f  c o n ta c t tim e , pH, com peting  

anion at various concen tra tions  on b o th  As and Se a dso rp tio n  w ere  exam ined. เท 

batch study, th e  sequence o f  As and Se adsorption capacity  was As(v) > Se(IV) > As(lll) 

> Se(VI). A dsorp tion  kinetics was best described by  th e  Elovich equation. 

Furtherm ore, adsorp tion  isotherm s o f  As(lll) and Se(VI) w ere  f itte d  w ith  Langmuir 

m ode l, whereas As(lll) and Se(VI) favored m ore in line  w ith  F reund lich  m ode l.

Fan e t al. (2008) [43] deve lop ed  the  waste ash fro m  a p ow er p la n t fu e le d  

w ith  m un ic ipa l so lid  w aste and coa l located in China as a ne w  arsenate (As(v)) 

adsorbent. Firstly, ash was hyd ro the rm a l tre a tm e n t fo r ze o lite  synthesis and m od ified  

w ith  iron (II) ion by  agitation (ISZ) and u ltrasonic (บ !รz ) m e th o d . The in fluences o f pH, 

in itia l arsenate concen tra tion , con tac t tim e  and adsorben t dosage w ere  studied. The 

result show ed th a t th e  adsorp tion  isotherm s w ere f it te d  w ith  Langm uir isotherm  

which a llo w e d  th e  ca lcu la tio n  o f  th e  m axim um  adsorp tion  capacity  o f UISZ and ISZ 

was 13.04 and 5.37 mg/g, respectively. A dd itiona lly , th e  leaching o f  hazardous 

e le m e n t was also e luc ida ted .

O liveria e t al. (2008) [44] eva luated th e  a b ility  o f  using a so lid  waste from  

th e  lea ther industry  as Cr(VI) and As(V) adsorbent. The characte riza tion  o f  solid waste 

was perfo rm ed by chem ica l analyses, infrared spectroscopy and scanning e lec tron ic  

m icroscopy (SEM) in o rd e r to  stud ied its properties. M oreover, th e  resu lt indicated 

th a t CKVI) and As(v) adsorp tion  occurred by m o n o la ye r ad so rp tio n  process on th e  

surface o f adsorbent. T he  m axim um  Cr(VI) and As(v) a dso rp tio n  capacities w ere 133 

and 26 mg/g, respective ly .

M aiti e t al. (2008) [45] investigated th e  e ffic ie n cy  o f  un tre a te d  natura l 

la térite  (NL) as adsorben t fo r arsenate ion rem ova l fro m  w ater. เท batch  study, th e



27

effects o f a dso rben t dose, pH o f  solution, ion ic s trength , in itia l arsenate 

concentra tion , te m p e ra tu re , and co n ta c t tim e were exam ined. The o p tim a l pH fo r 

arsenate rem ova l was in th e  range o f 5.5 to  7.5. The adsorp tion  iso the rm  show ed a 

good com pliance  w ith  Langm uir iso therm  m odel, and th e  m axim um  adsorption 

capacity at 315 K was fo u n d  to  be 0.565 mg/g. เท add ition , c o lu m n  s tu d y  using a fixed 

bed was also s tud ied  using th e  Adam s-Bohart m ode l fo r p red icting  th e  breakthrough 

curve in co lu m n  study.

2 .10 .2  H e a v y  m e t a l  a n d  o th e r  c o m p o u n d  re m o v a l f r o m  w a te r  b y  s lu d g e

เท recen t years, severa l groups o f researchers have d e m o n s tra te d  th e  use 

o f sludge as lo w -co s t a dso rben t fo r heavy m eta l and o th e r co m p o u n d s  th a t 

con tam ina ted  in w a te r includ ing;

Chu (1998) [46] s tud ied  a lum  sludge fo r lead re m o va l in syn the tic  lead 

wastewater. The pH o f  11.6 was suggested fo r lead rem ova l due  to  th e  fa c t th a t lead 

hydroxide can p rec ip ita te  w ith  a lum  sludge in a lkaline cond itio ns. A fter tha t, the  

efficiency o f lead re m o va l increased from  82 to  90% w h e n  fresh a lu m  was added 

in to  the  a lum  sludge.

Liu e t al. (2006) [47] exam ined the  e ffe c t o f  te m p e ra tu re , in itia l 

concentra tion  o f  Cr(VI) and partic le  size on Cr(VI) rem oval using w ine  processing waste 

sludge (WPWS). เท add ition , fe w  arom atic  com pounds w ith  ca rboxy lic  groups w hich 

co u ld  in te ract w ith  ch ro m iu m  species by p ro tona tion  and redox reaction  were 

dem onstra ted. The kinetics o f  Cr(VI) adsorption on WPWS was f itte d  w ith  a pseudo- 

second order k inetic  m ode l.

Choi e t al. (2006) [48] stud ied four types o f  sludge fo r b iosorp tio n  o f 

cadm ium  in batch  system . There  w ere  DWS (drinking w a te r tre a tm e n t p la n t sludge), 

LLS (la n d fill leachate  sludge), ADSS (anaerobically digest sewage sludge) and ss 

(sewage sludge). The resu lt ind ica ted  th a t ss had th e  m o s t ca d m iu m  adsorption 

capacity o f 0.38 m m o l/g  w h ile  DWS, LLS and ADSS w ere 0.13, 0.24 and 0.18 m m o l/g , 

respectively. M oreover, cadm ium  adsorption  was exp la ined b y  Langm uir isotherm .
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Razali e t al. (2007) [49] presented the  rem oval o f  d iffe re n t phosphorus 

com pounds from  aqueous so lu tio n  by drinking w ater tre a tm e n t s ludge (DWTS). A t pH

4.0 in batch system , th e  adsorp tion  capacities o f o rth o p h o s p h a te  (KH2P 04), 

po lyphosphate  ((NaP03)6) and  organic phosphate (CjoHidNsCbP^O) w ere  0.2, 7.4 and

4.8 mg POq3/g  DWTS, respective ly . The adsorption behavior o f  d iffe re n t phosphorus 

species was fitte d  w ith  Langm uir isotherm .

Hovsepyan e t al. (2009) [50] dem onstrated th e  a d so rp tio n  o f  m ercury 

using a lum in ium  drinking w a te r tre a tm e n t residuals (Al-WTRs) as adsorben t. Al-WTRs 

had specific surface area o f  48 ทา2/ g and in te rna l m icropore surface area o f  120 m 2/g. 

เท batch adsorption, Langm uir adsorp tion  a llow ed  to  estim ate th e  m a x im u m  m ercury  

adsorption capacity o f 79 mg Hg/g Al-WTRs. เท addition, th e  a d so rp tio n  kinetics f itte d  

to  a pseudo-first order. The m ercury  adsorption on Al-WTRs was e ffic ie n t in th e  pH 

range o f 3-8.

Oh e t al. (2009) [51] stud ied th e  adsorption o f hydrogen flu o rid e  (HF) and 

fluo ride  ion (F) on w a te r tre a tm e n t sludge. เท batch study, param eters  a ffecting  on 

to ta l fluoride  adsorp tion  inc lud ing  pH, con tac t tim e, in itia l f lu o rid e  c o n ce n tra tio n  and 

co-existing ions w ere investiga ted. The o p tim a l adsorption o f to ta l f lu o rid e  was a t pH

5.1 and th e  equ ilib rium  tim e  was o f  48 hours. The adsorption f it te d  w e ll Freundlich 

m odel. The va lue o f  K and 1 /n  in to ta l fluoride  adsorption w e re  4.396 and 0.822 

(ท=1.216), respectively. F u rtherm ore , co-existing anions (S042 , N 0 3 , C l)  d id  n o t a ffect 

th e  effic iency o f to ta l f lu o rid e  adsorp tion  o n to  the  sludge.

Nagar e t al. (2010) [52] presented Fe- and A l- based drinking w a te r 

tre a tm e n t residuals (WTR) as a low -cost a lte rnative  adsorbent fo r arsenate (As(V)). Fe- 

WTR showed a good a dso rp tio n  c lose ly  100% at th e  pH range o f  3-7, w hereas Al-WTR 

was a good adsorbent in th e  en tire  pH range. M oreover, th e  e ffe c t o f  com peting  

ligands (phosphate and su lfa te ) and a com plexing  m eta l (ca lc ium ) w e re  a lso studied.

Gibbons e t al. (2011) [53] stud ied residual solids w h ich  c o lle c te d  fro m  five 

w ater tre a tm e n t p roduc tio ns  in Canada. There are ferric, a lu m  and lim e  w a te r
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tre a tm e n t residuals (พ"TRร) fo r understanding rem oval o f  p h o sp h a te  o r arsenate 

adsorption on these residuals. E lem enta l analysis show ed lim e, ferric and a lum  

residuals contain 7.04 m o l Ca/kg solid, 4.86-4.96 m o l Fe/kg so lid  and 3.62-4.67 m o l 

A l/kg solid, respectively. F inally, fe rric  residual are the  m ore e ffic iency  adsorben t fo r 

phosphate or arsenate than  lim e  and a lum  residual.

Flu e t al. (2011) [54] rem oved  glyphosate from  aqueous env ironm en ts  by 

adsorption on a lum  industria l residual in dew ate r form  (DAS) and liq u id  fo rm  (LAS). 

The m axim um  glyphosate adsorp tion  capacity was ca lcu la te d  using Langm uir 

iso therm  is 85.9 mg/g fo r DAS and 113.6 m g/g fo r LAS.

Kim e t al. (2013) [55] stud ied th e  arsenite (As(lll)) and arsenate (As(v)) 

adsorption using w a te r pu rifica tion  sludge o f  facilities (Korea) in ba tch  and c o lu m n  

study. This research observed th e  e ffec t o f  arsenic adsorp tio n  inc lud ing pH o f  

so lu tion , initial arsenic co n ce n tra tio n , con tac t tim e  and com p e tin g  anion. เท add itio n , 

adsorption kinetic and adsorp tion  isotherm  at various tem pera tu res w ere  investigated. 

The result showed, th e  Langm uir iso therm  was w e ll fitte d  w ith  arsenic adsorp tion . 

The m axim um  arsenite and arsenate adsorption at tem pera tu re  293 K w e re  8.89 and

5.13 mg As/g sludge, respective ly . W hile, b o th  o f arsenite and arsenate adsorp tion  

kinetic were linearity in pseudo-second order.

As m en tione d  above, sludge residues from  w a te r tre a tm e n t co u ld  be 

used in adsorption processes fo r various contam inants. Thus, th is  research focuses to  

recycle th e  sludge fro m  th e  M e tro p o lita n  W aterworks A u thority , Bangkhen, Bangkok, 

Thailand to  be an a lte rna tive  low -cos t adsorben t fo r arsenite (As(v)), arsenate (As(V)) 

and dim ethylarsenic acid (DMA) rem ova l from  w astew ater in o rd e r to  w o rth w h ile  

u tilize  this solid waste.
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