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K\Jala Kurau, Perak (latitUde 5.01N and longitUde 100.421:). prawn pond effluent conta ins high concentrations of 
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1. Introduction 

Fresh water for human needs is a precious natural resource that in 
many parts of the world is becoming more scarce due to climate 
change impacts and increased human demands. Its sources and 
security of supply has become a key concern for communities and 
more attention is being made on water conservation and use 
efficiency. new water sources and advanced treatment technologies 
and water reuse. In recent years water recycling has become an 
important resource for agricultural and domestic use, including for 
potable supply in some countries, Since the early 1970s. the presence 
of phosphorous in domestic wastewaters has received increased 
attention due to the realization of negative impacts it can have On 
receiving waters in the environment. In wilstewater treatment 
processing, phosphorus is " vital nutrient for bacteria neectecl to 
degrade and biologically st~pili:lf! the organi (: Wilstes. Phosphqrus is 

. :: ~ 1 ~8 ,.~n ~~~£WW. nBrr\~m mLI1)~Q r FR'i'ith i~ 1~~~~' 9nd str.f!~P}7;; 
PhosphorQS IS gencrilJly present IH , the. form of prthophg~pl!at(· 
(condensed phosphate -ci'r polyphosphate) in natural and waste 

• Corresponding author. Tel.: +6045996203; fax: +60 45941009. 
E-mail address:cehamid i@eng.usm.my(H.A. Aziz). 
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waters [1]. It commonly originates from human and animal wastes, 
agricultural runoff and household detergents. The discharge of 
excessive amount of phosphate ions from wastewater treatment 
plants may adversely affect the water quality of a receiving body. 
Domestic wastewater is an important source of inorganic nutrients 
such as ammoniacal-nitrogen (NH4-N) and orthophosphate (P04-P)1 
Phosphorus was found between the levels of 3-15 mg/L in domestic 
wastewater; merely about 3 mg/L was fo rmed by the breakdown of 
protein wastes while the majority came through the usage of 
detergents [2]. 

Many countries around the world including the European Union 
allow 1-2 mg/L as the limit of total phosphorus (TP) for effluent 
discharge in wastewater treatment plants. Hovvever,. some regions 
fo llowed rnore strict measures of arol1nd 0.5:-0.8 rngP/L to control 
eutrophkation [3]. Algal I:>Ioon1s (:an p~cur if theCo!1~~l1tratjol1 pf 
P04-P e?(c~e(js ().Hl.~ mg/L wnich cilllse "el!trophkation" in the 
fW~iYl!ilJ W~t!!f, th\J~ QPo~R1W~ r~ rnR)lai,.i§ij,n~~~ntt~1 PifF pi 
domestic wast¢~~tertreatrh~l) r.['l, a J , ·',n ";' ~ " , . . . . . 

Phosphorus removal can lie brought about by several available 
wastewater technologies such as biological. coagulation-flocculation. 
physico-chemical and electrolytic. These include adsorption. ion 
exchange. chemical precipitation and membrane filtration/reverse 
osmosis [6]. Some of them are relatively expensive to run due to high 
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operational and maintenance cost. Biological process is a low-cost 
operating technology compared to chemical process. But the process 
could not achieve the required level of phosphorus removal compared 
to a well-run physico-chemical process [7.8). In chemical precipita­
tion. alum. lime and iron salts are widely used as effective coagulants 
for the removal of phosphate and ammonium ions from wastewaters. 
However. handling of high volumes of sludge. its disposal and 
neutralization of the effluent are the major disadvantages of this 
~chnology (6). Orthophosphate removal has been accomplished by 

chemical precipitation as a wastewater treatment technology. 
However. as a new approach. its removal and recycling technologies 
have not been widely implemented due to scarcity of advanced 
scientific knowledge [9). 

Pure MgO and low-grade MgO (LG-MgO) were used as a source of 
magnesium for the removal of ammonium and phosphate ions from 
wastewater by precipitating in the form of ammonium magnesium 
phosphate (MAP) MgNH4P04 compound. also known as struvite. Pure 
Mgd performed better than LG-MgO but it has substantial cost­
etTettiV~cdfs<tCi"afifa-ges (10). Tl1etecovery of MAP, though. would be 
b¢Hefl~I~1l/j'lf~~It:¥S"a's6utte :tif U;rkU!ttlral f~rtiii~er [SI, A~lJn!\T I1t Ell, 
t11l te~oH:ea "I;tiut tOO!!: dt~Hb~ho,pH~t~ \'@Jf!tlVf\1 \,I§lrl!~ dlfflmmt 
~ti~gUliiHt~ ~Ud1 ~~ dIOHill'lh.l~_ slllpllaJe, rerrlc s~lphate ~i1d poly~ 
~IUHiIHIUri1 tSlbH~e with tlf Without tbakiJlililt aids sticH as powdered 
idlV3t~a i:~t\)1JR; ~f@tI~iHltecl t:aldiutl carbonate. cationic polyacryl­
amide, p~lyac1Y.lk ticicl, pOlyVinyl afcohol and anionic polyacrylamide. 
1i1~ addlfitili 6f th~~~ co~g(jiarit aIds caused reduction of sludge 
vbii:i_m~ 6f Uj; t6 4U'%. SHit the high cost of chemicals usage is the 
tri~ih als~ti\laritag~. 

In 6rcler to soive these problems. it is desirable to develop a low~ 
tdst._a'Rd , slrtillie , tteattneht ~Iternathle. Ddmestlc or municipal 
Wa,5teW~.tet tf~~t1i'1l!iU NiUICI be achle\ied by adsorptIon using various 
ddstJrbertfs. AetitJafeCi ~~i'bdrts; itt graiiGlar or powdered forms. are 
Widely ti§~d ~asbfB~H~ aUe to tne availaoiiity of their high surface area 
wlijdieriH.lfit~~ ~(RdtptICll1 tate: However. its expensive regeneration 
anddl~'~tjsar ~1obi~ltk~te the major disatlvant~ges ofthis material [6]. 

-the telfi'oval -or~phosphate by adsorption is quite simple and 
convelilent. SlIccessful results were reported by various researchers 
using dlffereht adsorbents such as fly and bottom ashes [12-17). 
opoka and caidnated opol~a [18). ZnCI~-activated coir pith (19), 
natiJtal indigenous rocks and wa&t~ mflterl~19 l~f;)=:!:n fed mud lliict 
sand [2~,241 arid ta\clom liydro)(ld~, Iron tlxldl:l, mi'1~QP{lrQ~\5 alumlfHl 
[25-2"7] from wastewater. limestone and z~ollte w~re u~ed as filter 
media to adsotb ~lilons and cations from raInfall runoff (22j. 
Phosphate ion cart be removed by 101'1 exchanze or physical adsorptloll 
[2d). tal1ik and Comalcoglu [281 evaluated errectiv~ phosphorus 
remoVal efficiencY from domestic wastewater by rapid infiltration 
,ysteth thrbligh porous media (sand and gravel from crushed stone). 
The range of phosphorus reIJ10val achieved in the system was about 
46- 93%. theretnrivill efficiency increased with decreasing effective 
size of sol! media. The system was consid!i!red to be suitable because of 
low~c6st ftledla ' al1d erler~ saving.' .' . . ' 

. Rahmatt et al. [211 itivestlgated wastewater treatmerit with 
lrtultiiayeftrj'~diacohslstiHg of natural irtdigenol.ls rocks (andesite, 
granite. limestone and nitrolite) and waste materials (refuse concrete. 
waste paper and charcoal). In the multilayer media system, the 
removal of phosphate ion from wastewater. the combinations of 
andesite and nitrolite with charcoal and refuse concrete showed 
relatively higher efficiencies. In the single medium treatment. the 
removal efficiencies using andesite. nitroJite. refuse concrete and 
charcoal were 18%, 36- 66%. 55- 91 % and 11-17%. respectively, 
Therefore. the addition of refuse concrete in the multilayer system 
resulted in higher potential to remove phosphate ion. 

Kietlinska [18] stated that treatment of landfill leachate is difficult 
because of its complex composition. He performed a short-term 
column xperiment to study the effect of o.poka adsO-rbent for the 
removal of orthophosphate from landfill leachate. Columns I. II, III and 

IV were filled with opoka (Polonite) « 1 mmgrain size), sand (2 mm). 
calcinated opoka «2 mm) mixed with zeolite (2 mm) in the ratio 1:1 
and peat mixed with calcinated opoka. respectively. Columns I and II 
removed about 42% and 39% ortho-P, respectively while columns III 
and IV removed more than 90% of ortho-P. Kirk et al. [16] investigated 
the removal of soluble phosphorus from wastewater using coal bottom 
ashes. The lignite bottom ashes had higher adsorption capacity 
(80- 600 mg P/kgash ) as compared to bituminous (14-1000.002 for 
f1owrate = 10 mL/min mg P/kgosh) . The bituminous and lignite coal 
bottom ashes removed about 73% and 82% phosphorus, respectively. 

Namasivayam and Sangeetha (19) studied the sorption capacity of 
phosphate from aqueolls solution using ZnCh-activated coir pith. The 
results suggested the possible monolayer coverage of phosphate on 
the surface of ZnClractivated coir pith. The adsorption kinetics 
showed a clear idea about pseudo-first-order and pseudo-second­
order kinetics. It was concluded that the calculated qe values of 
second-order-kinetic were in agreement with the experimental 
values compared to the pseudo-first-order kinetics. The correlation 
coefficient R2 values of th~ second~.or.th;t:!dJ1e~ic;~ ""ere greater than 
Q,Q!:l, 1h'tltefgn( th@ ~t.udy Wil( r~pre_~~t~p 'ij' t1j,e set:tlllcl,:Qrder­
Idl1@tl~ Jfh~ct@l . 'ffl@ p@.te~*aS~ ri;iit1ij~ii IIH~f~ij~~dJ~~1~Q~ tri. ~5% 
with Ihcreased adsorJj~ht dtl~Ii~~ from ,~ ~. fd .~~~ ,mit; te.~~ei:tlV~IY; , .... 

Limest.?~~ is a. low~~\'iced mat~~at:Us~. i :?/tdtl" tohip.are_~ ttl tit!! 
cost tif activated carbol1 "US$ i .7/Kg" 1'29). it has sHown ~ood 
adsorption potential in several stUdiesJ:h;29:"32]. The iliilin purpose 
of the present study' was to investit~tt! the etrett and ad~drption 
behavior of limestone, activated carbdl1 ariel rtilii.hlte df both materials 
as filtering media for P04-P removal rtOfu dcimestlc wasteWater. This 
study was focused on the estabIlshti1~iit I5f ~ssehtlal patainetets for 
the desigrl oflltnestone ot itIlxtlIte Of IIftlesfolie alit! activated tarbon 
filtet as a post-treatment of domestic wastewater before releasing it 
into the receiving water. 

2. Materials and methods 

2.1. Wastewater analysis and adsorbents 

Wastewater samples were (;Q1l~ct@d from the Influent point of the 
Q?<;igfltitJn pImp ~t Eft~n~l!rln~ Campus, Unlversitl Sa ins Malaysia. 
P@ftlli'ljl, Mi\lijy~I~, 'i'h@ tl)(ldiltltlll fjoml f(l(;elvilS a mixture of domestic 
WMtilwiltef from hg~t~19, i\lt!mlfllmlltlve blocl(s, schools and cafeter-
1M, Chlll'lIrtllrl~1ititm or the wastewater Involved the determination of 
NH~-N, }'lOIl-P, eOD. BOD, turbldlry and suspended solids (5S) using 
HACH DR2~tiO ~pe.e1'rgphotome.tt!r. The pH of wastewater samples 
Wil3 ~nilly~ed olulte, lmmedlilt(i!ly after sample collection. The 
gamplcis were collected in plit~th:: containers and stored at 4 ·C before 
analysis. Domestic and synthetIc wastewater samples were used In 
batch and column experiments. respl!ctively. The pH was adjusted by 
the addition of 0.1 M H2S04 or Na9H sRI~Sf~~s. All parameters were 
analyzed in accordance~lth the S;t~!i1~~rctJY.1.eth9d~ for the Examina­
tion, of Water and Wastewatet, 11 ).Afn!tf6i1i;cal nltrbge'n (NH4~NJ was 
determined using Nesslerization metl1o,d (4S00-NI-4j). Orthophos­
phate (P04-P) : ~as ~etermii1~~f ' ltlsin~i:MoIVbd.oV~ri;ad~t~, : M~t~p~ 
(4S00-P). Chemical oxygen demand CC;:pO) Was determilied usmg 
Colorimetric Method (5220-0). BOD ~~~ ::determined using 5-0ay 
BOD Test (5210-B). Turbidity and suspended solids were determined 
using 2130 and 2540 Methods, respectively. 

The properties of adsorbents, limestone (LS) and granular 
activated carbon (GAC), used in the experiments were obtained 
commercially from the industries as discussed by Hussain et al. [29). 

2.2. Batch study 

The batch study was conducted to establish the removal pattern of 
P04-P using limestone (LS), granular a tivat d rhan (GAe) and the 
mixture of both adsorbents. The effects of contact and settling times 
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were determined prior to the main experiment. Settling was allowed 
in order to examine the effect of particle sedimentation after shaking. 
The total volume of adsorbent mixture (LS:GAC) and contact speed 
were adopted as40 mL and 350 rpm, respectively(29). The LS and GAC 
combinations (v/v) were 0:0, 40:0, 35:5, 30:10, 25:15, 20:20,15:25, 
10:30,5:35 and 0:40 corresponding to 0:0, 104:0, 91:7, 78:13, 65:20, 
52:26, 39:33, 26:40, 13:46 and 0:53 on mass (g) basis. The range of 
initial concentration of P04-P was 6- 25 mg/L throughout the study, 
except for the experiment on the effect of initial concentration. To 
determine the optimum contact time, 250 mL conical flasks containing 
120 mL of domestic wastewater with 40 mL of media mixture (LS: 
GAe ) ratios of 0:0, 40:0, 35:5, 30:10, 25:1 5 and 15:25 were agitated on 
an orbital shaker at uniform shaking speed, The conical flasks Were 
removed from the shaker one by one after 30, 60, 90, 120, ISO, 180, 
21 0,240 and 270 min. A settling period of 120 min was allowed prio r 
to withdrawing the supernatant for P04-P analysis. The optimum 
settling time v"as determined in a similar fashion as the optimum 
shaking time and the supernatant withdrawn after 30, 60, 90, 120, 150, 
180, 210,240 and 270 min for analysis. Samples were adjusted to pH 2, 
5, 7,11 illlH 13 (~ifh P,} f'1 liR! Pf NaOji) to determine the effect of pH 
on rP1-p rrmQV~1 a~ 9!ff~r~m. mixMe ratios o~ LS:GAC i.e. 0:0, 40:0, 
25: 15, 2P:2P an" O;4P. Tlir~1! r~nges of particle sIze of both adsorbents 
were u~ed, I.e., P. . ~IH.J4 mm, 1.14- 2.0. mm and 2.36- 4.75 111m. The 
effect of initial concentrilqOil ranging from 2.5 to 100 mg P04-P/L was 
studied. Data for Fl'eundlictftlOd Langmuir isotherms generation were 
obtained by varying the amQunt of "dsorbent mixture from 5 to 40 mL 
The isotherm constants. amH~i\st ~ q\,lara~ C(:lrtlililfion coeffi~iel1ts (R2) 
of both models were compilred to «[;ltgl'mine tl1~ b~sr·fit I~Ml'l~rm 
model. Adsorption Idnr:: tiqs WilS ~tml!!}d bil~~d \111 pa(Wdg·fint·grd~I' 
and pseudo-secondool'der Il1pd~I§, All ~xpl!l !'im~tlt~ WtH@ {;gllgb!!::t~g at 
room temp~!,gt!J!'e (25:i;:.\ ·C). 

2.3. C'QIWTlll ~Mly 

A column. 7.5 cm diameter and 17.5 cm bed height. filled with a 
mixture ratio of 15 and GAC: 25:15 was employed for this study. The 
COIUIllIl Wil~ gperated in up-flow mode without effluent recycle. The 
par*le §j~~' ()fRQtl) 4aspr~i!l!\;l! (kS ij nd f.'j A.~) U~ !'1~ Wilft 2,am~4,n; Inll1; 
The oper~timl~1 ~p.nHI~\qn~ ~t tJ\!~ ¢ql~tlln ~~p'~I'!1!l~tH ~t@ ~hQ'NI1If1 
Table 1. T~e..~d!HmnW~$ Q.Q-ilrieiJ . witJldi1uted nitric aciQ. i\nQrinsed 
with distilled '«<iter before the experiments. The limestone and 
granular activated carbon mixture was air-dried at room temperature 

Table 1 
Adsorbent characteristics and ope rational parameters of the experimental set up. 

Flow rate (ml/min) 
Column height (cm) 
Internal diameter (cm) 
Area of column (cm2 ) 

Column material 
Bed height (cm) 
Bed volume (cm3

) 

Ad sorbents. ratio 

Bull< density of lS: GAC 
(25:15) (kg/m3

) 

Mass of adsorbent (Il ) 
.,{~~ rticl~ size range (mm). 
. VRIc\(!l() "" ' ;' ;', " 

T¥pe "or lltimp .. . 
Enipty bed contact time 

ESIT (min) 
Retention time (min) 

Filtration rate (m3/m2 min) 

Mode of flow 

10 and 30 
20 
7.5 
44.18 
Glass fiber (plas tic) 
17.5 
773.13 
Limestone and granular activa ted carbon 

. . (15:GAC;25: 15)' 
1769 

7'1 1 
2.36-4.75 

. " "4fi,~.' .,' :" .. >. " .. .. ,. " ;, 
·M.as·ter lIex/pe;'islalti, p~mp 
12.9 

13.86 for lIowrate = 30 ml/min 
41.59 for llowrate = 10 mljmin 
0.007 for flowrate = 30 ml/min 
0.002 for flowrate = 10 ml/min 
Up flow (witilout effluent recycling) 

(25 ± 2 DC) for 24 h prior to filling the column. The mixture in the 
column was cleaned with distilled water for 24 h in an up-flow mode 
to remove any trapped air and unwanted impurities from the bed. The 
effects of flow rate, pH and initial concentration on column 
performance were investigated. 

3. Results and discussion 

Characterization of domestic wastewater: The composition of raw 
domestic wastewater collected from the influent point of oxidation 
pond is shown in Table 2. The measured average density of limestone 
and granular activated carbon were 2598 kg/m3 and 1265 kg/m3

, 

respectively. 

3. 1. Batch study 

3. 1.1. Preliminary experiments 
Effects of contact and settling times and shaking speed. The effects of 
contact and settling times at different fa~iq :i Pf:~ :"I\(: Wl!re ~Vi1I11a~ed 
at constant settling time and contqct spe~R iI~ ~h9Wl1 In fig~! 1 ~p4 2. 
Here 0:0 means there was no adsorben~, vvWI:I ~P,Il~flTl~A nl!g1!giple 
removal of P04-P: ~t . was observ~q th~f. r.P4~P frm~Y~Lvypich. 
was~ 90% (as the InItl.al concentrat!on de!'.reilS!!d fI'Prp' lping/L t9 
~.50 mg/L) at contact tImes ranging fforn ~9 tp' 4~P. min.: TIle contad 
tll11eS between 150 and 180 mill shpw¢Q &Pqg Berfptfi1i\nce with 
about 95%, 89- 94% and 65- 70% removals 4~illg ~g;GI,\~ fj\tiq~ of 35:5, 
~?i l ? 1l!1~ 15:tl5, rg3fH;l!;tlvt;;ly. The r€lsult$ il'lpll;il ~e.d tb~~ II)c;reased 
~t:l ~"gll al GAt: In all r!\tlQ3 ~hawed ~jgni~r:flm d@~r.~~~~ in [.~ r.n,9val. 
, h!§ lTIiIy h~ clu~ hl hllJhl!!f P~1Y~I(;g' l::h Il O1l!;al ~Qrptlp!l ~ap'~~I~ Qf 1:5 for 
f!~,,<p t:Q!t1!}fll'lld ~Q ~A(; Whl~h ~~I1~!'lllly repnl~~nt~ ph¥~I!:i\1 5Q[p,tlon . 
~l~, ~ lih!'l~§ ~h~ !!m~!;r Qf 5dtlln!J time In ~lmYlilt~a fic:d.hl1lmtiltloll 
~ftljll' §ilillmlll tlf: til.@ 9G~§.rbl:nH mJxtYI'~~ gil ~grptlQ!l CilPil!:I~y', It was 
fJl!§@I'V@§ [hil t. !fi§!:@M!< In §~ttl!J:u~ t1m~ i lHlWi'lq iI little ~nhilllceq 
f!~mg'li!!, ~ lf tF.!m~ flffi@§ gf 120~1 ~O min §!ww~d b~tter nm19viil~ of 
about §i- 94%, 92%, 89-92%, 135-87% alld 7~% fOf filti9s 40;0, 35:5, 
30:10. 25:15 and 10:30. respe<:tivel¥ ilt optirol-\fll ,pnJili:t tirne of 
150 min and shaking speed of 350 rpm, Tti~ op~iJlwm' cPntill=t and 
settling tim@s wilt!! IHlgptilR ii~ HlP. 4J)dJ~9 fllitl" f,o,r, ~lF l'eA~~f tile 
@l\p~r!t11 fm~~, ' " ':: . " ,,, \:_~ ~~~(,.i 'L ~e, · C • • 

. filg:3 ~hQWS tim Ilm~sJtiM. hqs pi:iteOtiaCro remove apprOXimat~ly 
90% orthophosphate at higher shaking speed ranging between 300 
and 400 rpm. The initial P04-P concentration of 20 mg/L was reduced 
to a final concentration of 2 mg/L Increase in shaking speed causes 
better surface contact between the adsorbent and the aqueous 
solution, thus enhanced the sorption rate. 

3.1.2. Effect of pH 
FigA shows the effect of various pH values. i.e. 2, 5, 7,11 and 13 on 

the sorption of P04-P at the mixture of LS:GAC taken in different 
ratios. The agitation of the aqueous solution without adsorbent 
confirmed almost negligible removal over the entire range of pH 
values. However, it is clearly observed that limestone alone showed 

Table 2 
Domestic wastewater characteristics. 

' 1J.a}art;~l:/:" " " .:" :/ ~ ,:, , ~ .-::,~:~ ... :iF~ . , .,.,:::;i ., .. 5i~'~. jo it,; ~ . -.• .,t;': k:' _~";"Q; _ ... ~" "> .. e -" -j", ~ . 
Unir; .. ' R~nile " . . Aver~i~ 

Ammoniacal nitrogen. NH;-N' 
Orthophosphate. PO.-p 
COD 
BODs 
SS 
Turbidity 
pH 

mklf 6- 25 15 
mg/l 
mg/l 
mg/L 
mg/L 
NTU 

11 - 20 
98- 123 
30-43 
25- 65 
62- 77 

6.45- 6.95 

16 
111 
37 
45 
70 

6.70 
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Fig. 1. The effect of contact time versus P04-P removal (conditions: LS, 2.36- 4.75 mm; 
GAC, 0.65-2.36 mm; shaking speed, 350 rpm). 

uhltoJh1 teih6val (>94%) bV~1' tli~l!ntlre r~f1If{1 ~f ~H "~~nl' whlEh 
itl'earls ' ~fiaf {h~ ' i'e~oval wail unaf!'eeted by the initial pH of the 
Wastew~t~t. t he 1.S:oAt: tatibs 25:15 artd 20:20 attained about 87% 
tid. 81% ~a~-p rettldVai at neutral pH (1,. respectively. Fdr the 

I1)lXtiii'erad6~ Of LS:GAC 2~:15, 20:20 and 0:40, sorption capacity was 
slightly dei:i'~~~eti atali(~lIrie ~I-i . CAC alone rertloved about 94% at pH 
Shtldhis wa~ rediited to 67% uhder alkaline conditions (pH 13). The 
results inditated that tHe pl1os~hat~ 'sorption capadty tends to 
detteaSl:! with the iNcrease of initial pH of the solution which is in 
agreemeht with Zet1g et al. [26J. who stated that phosphate removal 
~eci'easea by increilsing the initial pH of the aqueous solution from 3.2 
,J 9:5. Sriniva'Sal1 et al. [22J Investigated the ability of limestone to 
remc>ve anions from rainfall runoff. As LS alone achieved significant 
reniblial of phosphate (> 94%) over the pH range of 2- 13, subsequent 
experiments were conducted at neutral pH. 

3.1.3. Effect of adsorbent mlxtw't! rtitlfJ (LS:t'1At:) gmt p{mi~lfI §fgt) 

Fig. 5 shows the effect of varying tht' IJi:CiAC fAtla tlft HI@ litlfptlfJft 
capacity of P04-P. The results Indicated thilt th~ IS gl{JfH~, r-Mit! 4():tl. 
has pqteri.ti~ttb aps.ot,~ abol1t~ ~,8% P04-P from ilfjUtWUS ~!lMltm H,t 
Opml1\.!ttr:e;tper~~1ifa\a76CfIHoii'si 'tht initial I'04-P concentration of 
20 inWt,'1.as tf~J>tedJbg,$pig/L While the ratio 25:15 yielded about 
92.* :~emq\i.~Winlr1f;ffiYbbs·erv~d that the ratios 40:0, 35:5 and 30:10 
acHleyed ,'ciVet:9ti'% :tehi6val. However, the sorption capacity was 
f~duce(f t~' abbut t0i when ratio 0:40 (GAC'only) was used. This was 
iitoHably dUe to th~ ract that the physio-chemical/adsorption/anion 

10o· .,...---,!~' --,-",; ',;..;." ' -' '-----------------, 

-&-40:0 -tr- 35:5 - 30: 10 
__ 25: 15 --<-- 15:25 

20 

O+---r-~--_r--,_--~--._~--_r--,_--1 

o 30 60 90 120 150 180 210 240 270 300 

Settling Time (minute) 

Fig. 2. The effect of settling time versus po4-p remova l (conditions: LS. 2.36-4,75 111m; 
CAC, 0.65-2.36 mOl; co ntact time, 150 min; shaking speed, 350 rpm). 
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80 

~ 

~ 60 
iii 
> 
0 
E 40 QI 
0: 

20 

O +---~---,----~--~---,----~--~--~ 
50 100 150 200 250 300 350 400 

Shaking Speed (rpm) 

Fig. 3. The effect of shaking speed on the sorption capacity ofPO,-P (conditions: PO,,-P. 
20.10 mg/l; LS, 2.36-4.75 mm; GAC, 0.65- 2.36 mm; pH, 6.84). 

. , .; ;' · ". Ii~" l ,-,· - ':" ,.; ... :'.": I' ~"'*" " :-' -:';;'; 'f l.h ! \" ' . • ~ .. :, '" 

~1(!;hi1n~~ gr ~alglYm ~hg§phiitQ pr~d~lf~tl~ft/ ta~adty of lIiti~stbhe 
W!l§ R1iJlih hlllhilHhi\!} tljQ j;bYM!c.4 I ,~~rpt!ql1 ~r gr~h,u~4t"~~I~~t~.d.. 
carbon. Increase in JJH after, cettatn iigitiltlott was attrIbuted to 
increasi!d dosage of CAt (initiii! pH of tAt v.;<is artiLiHd !)~10) at 
yaridus LS:GAC ratios. limestorie iritri!t1.~~d tht'! .Influent pH of G.79 to 
the final effluent pH of 8.5. In the Pt~~~fit stUdy, the ratio 25:15 was 
adopted as optimLim mixture ratio as it i1tit 6t11y has ability to remove 
P04-P (about 93%) but alsoyit~lded iub5t~ntial relTldval around 58% of 
J'ii1-l4-N [29]. which could reduce ttiecost of expensive adsorbent 
(GAC). 

Fig. 6 shows the effect of various partide sIze rang-es I.e. 0.65-
1.14 mm. 1.14-2.0 mm and 2.36-4.75 rrim on the sorption capacity of 
orthophosphate. The adsorption capadtywas not sigriificantly 
affected by these different partiC;!fi § i~eS wh~rt 40:0 ~nd 35:5 ratios 
were used which showed consist~nt f([!IT\tlIJGI af Ilbout 97-99%. As the 
dosage of GAC increased, P04-P sorptiol1 capaCitY decreased to some 
@xtimtfbr 3();1IJ, ~!jm~ ant115:2§ ro'ltit)5, 

3,1.4, ~ct IJ/ Initial f;ont:tmfrat(on anrl aasorblmt dosage 
Fill. '1 ~h~W9 the effect ofval'ying Initial po4-P concentration from 

2.5 to 100 mg/L on the sorption cilp<l c;lt.Mrtn~ ~9rbentri1lxture of LS: 
GAe, 25:15. It was observed that lov{~~J.n\tlaj cbrtc~~tratfoh (2.5 mg 
P?4-P/L) resulted in hig~~r re!?o,v~i ~.ffl,d~rt"CY, ( ~4% )!;d~p~,~~~, ,tpthe 
hIgher concentration (80% af 100mg'V04-P/L). Tl1ls IS,due to the 
greaterreiiItiveav:iiiii'biiitY'o( sorption sifes on the soi-bent triixtUhi 'f& 

20 

2 

--- 0:0 -e- 40:0 -- 25:1 5 

-- 20:20 - 0:40 

5 7 
pH 

11 13 

Fig. 4. Effect of pH on PO,-P removal at different ratios of LS:CAC (conditions: shal(ing 
speed, 350 rpm; contact time, 150 min; settling time, 120 min). 
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100 14.0 
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11.5 
iii -<>- pH after shaking 
> 11.0 ~ 0 
E 40 10.5 
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a: 10.0 

9.5 
20 

9.0 

8.5 

0 8.0 
40:0 35:5 30:10 25:15 20:20 15:25 10:30 5:35 0:40 

Mixture Ratio (LS:GAC) 

Fig. 5. The effect of mixture ratio LS:GAC versus removal (%) (conditions: 1'04-1'. 
20.0 mg/L; shaldng speed, 350 rpm: contact time, 150 min; settling time, 120 min; 
pH, 6.79). 

PQ4-r. fem.0Vill, In ~pe c~s.e Rf tli~h~r initjal P04-P I=oncentration, the 
total r\lll1p~r?f iwallilp!~ SQrilflP!l sltes WilS excee~ed by the moles of 
P04-P w.hlch 1='14Sertthe Qellreilse'lll the phosphate qqsorption rate. 

Fig. 8 shows P04-P removi\1 ilS iI function of adsorbent dosage using 
the optimum ratio 25:1~, It was observed that the increase in 
adsorbent dosage if.l!=re~~~fl the percenta~e remov,,! of p04-f. T~e 
5 mL dosage resulted in i\Qout 6p% removal while the maximum 
removal of 91% W;JS ilchl(;!y~a with both ~~ rot. tinct 4Q ml. dosages. 
Higher dosag~s jncr~i\~eq th~ ilvi\i1"b~ ~urfi.\~11 ill'(t>l ami lp.adt{) 
greater adsol'l,tion. 

3,1,5, AdsQrption i~Qtlj~rm 
Frelll1dlleh aml ''''1n~mlJll'~ct ~[;)r.)JtlM ig!'l~h!lnr1 m@~@l§ wtm~ 

applied to stl.!dy the i!'l~Qrpt\Q!'I @!ili.l(;j~ gf !im@~tQn!E e,ml ~1'ilnY!ilr 
activ1It!:lQ c<ll'bcm ['Qr the nwwVilJ gf Q)'th§p.hQ§?hil~@ i!~ Q.p.Hmum 
conditlolls frc~m W11.~ tl:lWi!t~r. 

The Fr!:lblndHt:'h modell ~ ~!!prl'l~§~g i!.~ f9J.!gW~ [(iI i 

X _ Kel(!l Tn - I" - ~ 

whl:!l'(;, x/m Is thli flffWbUlf of Pbli\cP ij~l!\tlfg@~ pm' unit ffiass of 
actsQrbem (n1g/g), C~ I~ th~ "qpi!i~f[um !;gtltl;'llti'ation (mg/L) and, /(f 

and l/n are the FI'!i1I.!11dll<;J, 1 8i)t!lerfi1l;'tlt\~tilm (L/l11g) (lflei Il1tf!l1slty Bf 
adsorption, respectively. Large Krva!ue shows that the adsorbent has a 
high adsorption capacity for the adsorbate and smail value of l/n 
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Fig. 6. The eO'ect of med ia size for 1'0.-1' removal at different mixture ratios (conditions: 
,haldllg ,~eed , 350 lplll; contan time. IS min; senlin!j time, lLq min; L?:GAC, l5;jS.~' . 
pH. 6.87). 
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Fig. 7. Initial concentration versus removal (%) (conditions: shaking speed, 350 rpm; 
contact time, 150 min; settling time. 120 min; LS:GAC, 25:15; pH, 6.91). 

means that adsorption bond is stron~, A linl!ar plo~ Ilf Ipg X/Ill vnS4S 
log Ce yiel?ed. the following values of fre!-lrq1i~n iSQmmn Fo~st~nt~ 
as shown III FIg. 9. . . . ., . . ' '. 

:;. ' if' 
" . : 

/(r = 27.18, 1 / n = 1.06 and ~ = 0.94 

The Langmu!r isotherm moch~1 is el(presse~ i\S fpl!QYV~: 

X Ilffi 1 1 ] m ;;;; 1 9= (:1('; gr xl itt ~ i/fC; + li (2) 

'fh@ Vi!lu~§ @f fl, h em:! £~r!'@~f.H'l!,\g!n~ c!;lm~li1tl!)1l !:Q~rtI!!lents (R~) 
e.n~ (Hm~3 UmlJ. ~m £l~ m~/i;!, ami Q,!!)4, !'!il§Plilbtiv~ly. Sllg. f) shows ~hat 
th~ g§rll!lil~igfl £@@ffi§iElm (Rg) \!e!bI@~ ft:lf ff!!lYmJIich j!n~ tilnsmulr 
!?€:lHUm11§ 51,!'!! §aft1@, ThlJ§, tll@ @1t~!>!'im(mt.llld.flt!l fita both, Freundllcil 
£I§ w@!l Wfli5111Uir i!~§§rpti§1l i§§tft@ftTl, l!lftgmlJlr model a~llIm"s the 
f9!:m9.~i€m gf i! m§!1§ !i!Y@f gf HH~ !!!;!§§.rPiHe gn tho adiQrbilte where liS 
Fteumllich model explains the mb!l~ll~y~r fl}rmiltl<m, Thc (Qrmcr hints 
tQWiJ.fQ§ §!Jfm£@ hgmJ)~!m~i~ wh~rll ~~ r/1@ IMor tQw~r~1 5l1rfa,e 
h~t~ffj~g!l@i~: TIl~ !HHn~ gf~Qt.h mqa@l~ ~i!1l. pe Intorpretlld In tl:rrns 
Of Stiff;!c!! l1iiEUf@ Af ttl!! tw~ !il;1b~rMW~8 IIWl'llvea IIf th~ lidw.rptlrm 
process especiaJiy the adstlrb~l\f. Pn~bllbly the 'ur(ilce of the 
Elti§ljfbt;!llt e5ilEtlitls m~ Ui'lifbimly di~trlbuted pilCches of Similar 
functional groups. Thus the liUrf"c~ becomes a ,ul1l{nrm syst~lJl. of 
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~ 40 
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Fig. 8. Effect of adsorbent dosage versus removal (%) (condit ions: 1'04 -1'.17.50 mg/L: 
~:GAC, 2~: 1 5; shaking sjJee,d, 350 rp,rii; C0!1!~f; time. 150 min; settlil1/l time, 120 min: 
pH, 6.78). . ' . , _. " . 
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Freundlich Isotherm 
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.. ' 'f,' . ~Jg,,!!.F~el!.MH~h and langmuir Isotiierms (conditions: LS :GAC,·25:15;·shaklng speed. 3S0rpm; contad tlrne:1 50 min: settlirlg" t1rrtl!; 120'ffilh!"pH, 6.78); 

HetetoteHetlUs trlbl~tl eg; +hl$ tiriitorrilitY III ,homogeneity brings it 
eiirifcirltliW fij kt bq.t~ tlje hibaels Ui) to sltiiilar ext~tits . .' 

.3J.i)~ AdsorPtion klhetics 

3:1:6.1; t6mpiiri~(jtt 'of pseudocfirSt-order and pseudo-second-order 
kifietits. Fig. 1 d shdWs tlie ildsbrptioil kinetics of orthophosphate. 
The experimental data was applied to the selected adsorption kinetic 
mddet~ vii:, ~setltic.i:tirst.tita~r and pseudo-second-order. 

tHe adsorption kiiH!tits data was analyzed using linear form of the 
,>seudd~fli'st-t;rder (iigergren first-order) rate equation as follows: 

(3) 

where qe and qt are the amOlJ!ir (jf P04·P ~d~(:)rb@g ~(1r mll~§ ©f 
adsorbeht (!-Ig/g) at equlllbriurfl ilnd tlm@ t (min), fe~p@c:tlv!!!ly and III 
is the equilibrium rate constant gf p~@udQ.Ar~Hml!!!r ~d~orptl(jfl, 
(g/Ilg rriin ). The valuC!s of /t! and q~ were e"le\Jlilti~d from th@ lfltrm:@pt 
and the slope orthe plots oflog( q@= tI,) VfmUS t, It Wil~ gb~@rv!!! tI thllt . 
the calculated qe values ofP04-P did not agre@wlth ttl!! experlm!!!nt1l1 
qe values for most LS:CAC ratios (Table 3), Mor~ov~r, the correlation 
coefflcfeht (lP ) values of the pSl!udooflrsr.order kinetics were also 
"ery low. 

20.' 
. '18 " ' j' } •. '· ;:i '; . , ~.~ 1 .: .\ ' , ., Ii 1 ., . ! 

35:5, R2 = 0.9989 
30:10, R2 = 0.9849 
25:15, R2 = 0.9880 
20:10, R2 = 0.9945 
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Fig. 10. Pseudo-second-order Kinetic plot for P04-P removal. 

the ~s~udo-setbrld-6rtlet idHetlts t!ijUatit;11 i:~i1 b~ wrltteh It! the 
lihear tortn as tollbWS [:331: ' . .. ,' ; \' ." ,,, , , " . . 

(4) 

Where k2 is the equilibrium rate .ti:irist,'rnt' 'tif. pseUdb-second-otder 
adsorPtion (!tlllg min). the calculated vatri~s O(k2 and Cie; dEitaihed from 
the plot of title versus t Were in good agte~h1ent With the experimental 
values of ite (Table 3). the data showed good cottlpliance With the 
pseudo-settitld-order kinetics (R2 >0.98). The valUe~ of the rate 
tblistarits (k2) were found in the range o.f 5;2 x 1O~3-9.9 x10- 3 g/j.lg 
mIn ai'ld theamoiiiifofP04-P adsorbed atttftill ibniim tondition was in 
the range of12.69- 17.24Ilg/g, respectively. 

J,;?, (g/umn 5rndill~ 

flll§ ~t\Jdy WM cmlect gut to Iflv~stllti.\te the effect of flow rates, 
Illltlal @lle~lltfilthm gnd pHon tht'! briilillcthrough curve of oltho­
phosphat!!! from §ynth~th: wiutewater \.Ising optllllttm mixture ratio of 
LS:(iAC (2!l:15) ilt i\ i:Ofl~t"nt "~d dt'll·Hh of t 7.5 em. 

3.2.1. Effect of flow rate . 
The experimental data (!llg, 11) shOWs that higher flow rate 

resulted in shorter column saturat!on/eliliaustidn time. When the 
flow rate increases, the residence tlii'fe'lhtlici bed decreases which 
results in lower bed utilization. thus, tHetBlI1inrt sattlration time and 
the bed capacity q~c!ea~~~. ~\t~ }<~~t~.~§~tI. np,\y l~tl: .!h.~ .~~~~V.s,ti\qp, 
time at initial concentration of24 ani:l22.~ mg P04~P/L for flow rates 
10 and 30 mL/min were about 16.5 and 7 h. respecti'iely. The lower 
flow rate 10 mL/min also yielded higher initial percentage removal 
(about 77%) compared to the higher flow rate 30 mL/min (about 67%). 

Table 3 
Pseudo- first-order and pseudo-second-order kinetics data . 

Ratio Experimental Pseudo-first-order kinetics Pseudo-second-order 
(I.S:GAC) q. ()!g/g) kinetics 

q. (cal). R2 k, q. (cal). R2 k2 
(~lg/g) (liS/g) 

35:5 13.54 2.526 0.8929 0.0131 14.025 0.9989 0.0099 
30:10 13.17 2.017 0.5333 0.0028 13.405 0.9849 0.0053 
25: 15 12.04 2.2£7 0.373 0.0053 12.690 0.9880 0.0052 
20:20 16.86 0.725 0.1333 - 0.0037 17.241 0.9945 0.0072 
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Flow rate effect and P04-P breakthrough curve 
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Fig. 11. The effect of different flow rates on 1'0.-1' breakthrough curve (conditions: PO,­
p. 24.0 and 22.2 mg/L; particle size. 2.36-4.75 mm; pH = 7.05). 

3.2.2. Effect afpH " .• " .• ;' 
The effect of varying inlJil!i.pl:! qf th~ soh-!tion on the 9r~q!(thr!J4g11 

curve of orthophosphate rern9.val is described by Fi&. 12.lt \y~s abselved 
that column saturation tirrw Wr PO~"p at pH 11 (alkaline solution) was 
much quicker than at pHs4i1\nd 7 for " flow rate ofl0 mL/min (filtration 
rate. 0.002 m3/m'l. min). Th~ I;plumn silturatiOl1 time5 at pHs 11. 7 and 4 
were approximat!:!ly 2.75,19.5 £Inn 11 h. J'~sp~etlv~ly. 

During the pH ~ expilrhli!"mt. j~ WilS ob5erv!<d thiltlimliWiI'ili 
behaved as an add n~utri!II~ltlg !11i1Willl ilnd r<!i~!ld tlw l!1fh\!lfit pH 
from 4 to the finaJ efflm1flC I~H IJf~.24=Ml whi(;h ~!'lmpl!@§ wiHl tlw 
Malaysian EnviI'Qnl11@nt<l1 Q.\.li!lity Act 1!§l74 Sti!n~llnjs [Ml, PIJ@ tg 
dissolution Qf (...5. th~ Mt Wil&t&Watli!!' £I!;igjty d~t;l'fMHH! wlwn i.~ t:l1!§§I1§ 
through the mlxtur\l of L.S il!1d CAe ~Jt~f Rt<ct, U)TI(lH~t1@ p-i1fti~J[ls 
(add&dtQ th~ i\eict!c: i\q\J.g(:l !J~ ~Q !\JJi(lr!) C;f;,l~\!~J gj§~~\v~ !W\!t.!'i1U~it1!?i 
ildds and !nt:rease dls~()lvilct ci!\!;il.lrtl (()tl(;@nWHifJ!1, Th@ ghrmfJlTI@fll! 
can b~ d!;lsuib~ct by th~ fCJ !lQwin~ dwtl1i~iJ! f&il.(:t!()t16; 

3.2.3. Eff~ct of initial cancenrration 
The" resuits(Qr"inrtlar-PO~-P· concentrations of 5,20. 10.20 and 

22.20 mg/L (filtration rate. 0.002 m3/m2.min) were studies (plot in 
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Fig. 12. The efiecr of diiferenr pH vaiucs on PO.- I' breakrhrough curve (conditiOns: LS: 
GAC. 25: 15; particle size. 2.36- 4.75 mm; pHs. 4. 7 and 11). 

not given). The experimental results were not so clear to analyze the 
significant difference among the selected initial concentrations. 
However. from the data. it is observed that the column saturation 
time at 22.20 mg/L was slightly shorter than the initial concentrations 
of 5.20 mg/L and 10.20 mg/L. It was concluded that the higher initial 
concentration of phosphate ions resulted in quicker column satura­
tion time compared to the lower concentration. 

4. Conclusions 

The present study aimed to investigate the adsorption of P04-P 
using two media: one being the commonly studied granular activated 
carbon (CAe) and the other being limestone (LS) as low-cost material. 
In the batch study. optimum contact and settling times were obtained 
as 150 min and 120 min. respectively. Limestone alone has the 
potential to adsorb about 98% P04-P from aqueous solution at 
optimum experimental conditions: the initial concentration of 
20 mg/L dropped to the final level of 0.5 mg/L. The 15:CAC ratio 
25:15 was adopted as optimum mixture ratio as it not only removed 
P04-P (abollt 93%} PI-\t. alsq yie!,j.eq ~uR~t~n~i~1 rgm9Vp,1 ,of NH4-N 
around 58% [ 2~1 whic\1 cOljld :e~u~.~ mnp,~f Rf ' ,~iy~ adsorbent 
CAe. Increase In ad~pr~ent QQ~~fl~Jp.~r.~~§MSl}~ .. . {fge removal 
of orthophosphate. Freundlich and '4lJgm4.itj~p.f!iIiJ,Jlj~ Roth grovide1 
good correlation coefficient (R2> O.~~). Tile g~~ fu~eQ ,w~1I with 
pseudo-second-order kinetics .mo~el (J~2~ Q.a8) whl~h fnpl~~tes that 
the adsorption wascl)emlsol'jltlon. &imdt~ frpm tbe CDII.lron study 
~howedt.hat high~r. ngw r~t~ wllnl;lill ~QI1I:~mrii\~IQn ' f!!5lJ.lt!!Q in 
shiJWU (;I:llumn ~iltbtriltJOn tlm~.lt 15 rer:~lITl!n~nq~d th~t tOI: .lJls!l~cost 
CAe; QQS9rJJ!!!'lt (;tlfl b~ r~ducIH.I by comblnlna It wlfh IQW·CQ5~ natural 
~ IlJ fjjHlmyft'l fllt l!2 (I.S:CAc:) 25;15. 

i\g!mgwl!~tlJJ!;l!D.rmt§ 

Th@ ilmhgr§ wgylct !i!~§ w !jQmt.lw!€ld~Q the fimmel'll support 
!~mvif'h~!'I 9¥ th~ Mini.my gf £e.i!m(;!;!, T~~hnglg~y AmI Innqviltloil. 
Ma!E1¥§!g f§f Hi@ lRrA f@§Ml'§i1 ~ri)m t!IiH 1m f{:1~!Jlt(j1g in this <lftl'h~. 
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