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ABSTRACT

This study investigated phosphorus removal from secondary treated effluent using coagulation-membrane separation hybrid
treatment to satisfy strict regulation in wastewater treatment. The membrane separation process was used to remove suspended
phosphorus particles after coagulation/settlement. Membrane separation with 0.2 pm pore size of micro filtration membrane
could reduce phosphorus concentration to 0.02 mg P/L after coagulation with 1 mg Al/L dose of polyaluminum chloride
(PACI). Regardless of coagulant, the residual concentration of phosphorus decreased as the dose increased from 1.5 to
3.5 mg Al/L, while the target concentration of 0.05 mg P/L or less was achieved at 2.5 mg Al/L for the aluminum sulfate
(Alum) and 3.5 mg Al/L for PACI. Moreover, alum showed better membrane flux as make bigger particles than PACI.
Alum showed a 40% of flux decrease at 2.5 mg Al/L dose, while PACI indicated a 50% decrease of membrane flux even
with a higher dose of 3.5 mg Al/L. Thus, alum was more effective coagulant than PAC| considering phosphorus removal
and membrane flux as well as its dose. Consequently, the coagulation-membrane separation hybrid treatment could be
mitigate regulation on phosphorus removal as unsettleable phosphorus particles were effectively removed by membrane
after coagulation.
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(Han and Kang, 2010), 4~A| 9] FHustE AR A]7]aL Moon, 2012). A

7 SHe w2 Eo] o]Folnm gl gﬂ =3 RAWHE FHAIE ATR ojolA =

=zEkAlo] flole ufjo tloFsli), o1¢jF oz A W AYSE floc2 B9k o] 83slo] A ASIIAF 5F= A

oj5t7] 1% A= ez dHA O‘E} 12 AHAA T7F Al=F AL )l (Nam, 2012; Jung and Son, 2008
oAM= ZIA e = Hgko] o]PaL, gt Wol X Song e d., 2008). A9 FPo= s AP
AEo Aol 419 SAAE ol&ste] Ef}etA floce} A7)0l whet Zefure) fluxel = FFol
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=

AzuaS 3519 A7 "o} (Rittmann and McCarty, 2 AolaL, o] wEute] o] lojA Bagh a4
2002; Brathy, 2006). AH&-5E= SRAE HAA(Feric o WA 5 SAAAECN e F71 wiEel &3
chloride %), «&u]EA(Alum (Aluminum  sulfate), Z710] W& floce] FAdo et A+t 58 Zo|
PACI (Polyaduminum chloride) %), limex} 22 Z-&7| Eiigaazl=g
o] 77 SRAIEe] AHEEL ot (Yeomen et d., et H Ao SHAE o83t st 2%
1988). Al SRl ol AAE= UAY A7)0 =

AR G20 sl Ao Qo] AAE AR 2 e BxE FRjlste] FHg w3 Heuke A
2 222 o] 43lal oL} Bhae] HE W o gotal, A TF 2 FdFel "2 SHEY
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A A7 leBg (Nam, 2012) BE35H4 A2 < A=A gt A+E HPspara} gk

o} HlEo] FEFFEY An B F, 219 35k A
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EPA, 2007 Tekcxs o ai., 2006). 1E]L}t & g0 &ot do A2 Teble 10 A

QUG ol e BER HgHo gA817] 95
= we 743 ezt Yasith ek nds ol Table 1. Characteristics of treated wastewater at Y wastewater
_ treatment plant.
gat ok a9 0 AAlAe BeiE e 77
T-P PO,*-P SS Turbidity

o] Q= AL, olE Al EHENA HST A
7} At (Takacs et d., 2006). E, Z& o] -S-2A
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o, jar test AY 2L FEUNEE
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AHdE weiie 483k UV/IVis spectrophotometer
(DU730, Beckman Coulter, USA)2 =A3lAt}. E£3]
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TYEE 2otk

Turbidity~= HACHA}2] 2100P Turbidimeter 7] & o]-&
sfol Salglon], pHE Orionile] pH %747]% o
L5t} E3H SS= standard methods (APHA-AWWA-

5o % 3?“‘:} E3F SHAETFL -

I g WSS dobHr] 98 &H
AE T AR 500mLe E58to] HA E& &

1°% AABtFe. B4 7]7]+= 0.3 um~1000 pm
THA] B4 7R3 MALVERNALS] Magstersizer Micro
ystem A-gate] 27 skgich

Q7| E9 HEEAHL 2]5lo] fluorescent excitation
emission matrix 7]H-& 0|83}t 450W A==} Z 7}
AF2+E] PerkincElmerAFS] LS50B luminescence spectrometer
£ ol&3sto] of7] g S48 e, excitation 27
200~400 nm, emisson Z}4} 200~600 nm ZZA oA 43
=k Proteinlike E2-& ex/em = 270-280/320-350 nm,
humic acid-like E2& ex/lem = 330-350/420-480 nm,
fulvic acid-like 522 ex/em = 250-260/380-480 nm<j
oo o] WzH shge] 7w skt (Chen e d.,
2003; Leenheer and Croue, 2003; Yamashita and Tanoue,
2003).
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I Fol= 06 mg PLO] 7 9l S5 UEi
al, 02 pm #3002 mg PL7F HE5 <
E3x4201 005 mg PLE wHEst= 205 el
o} hANE 30 kD22 o¥}5t9lS uf 0.2 ym 29}
ojato] Amet o] F2l 5% 002 mg PL7} =
HEEHUTE o &R ibsto] dmEH, S0
oJsto] 1P ER HMHE F2A 99.4% o|H, o] F I
doz AAL = e HlES 5%k o]F 12 um
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Fig. 1. Removed and residual T-P concentration and abundance
ratio with different pore size of membrane filter after
1T mg Al/L PACI coagulation and settlement.
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Fig. 2. T-P concentration compare after coagulation/0.2 um
filtration with different kind of coagulants and their
dose.
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Kang, 2010). 12|

Table 2. EEM intensities decline of influent, MF filtered only
and MF filtered after coagulation with alum or PACI.

ity | Proeidie | BT e
Influent 298 268 480
MF only 207 249 436
1.5 130 233 413
Alum | 2.5 103 212 411
3.5 98 207 404
1.5 147 236 405
PACL 2.5 111 227 421
3.5 104 141 316
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Fig. 3. Residual concentration after of turbidity (a), pH (b),
and DOC (o) after coagulation/filtration with different
coagulants and dose.

o4 whsojitof H]Elo]
= o ARME (Fg. 3@). p
-3 FUEETL SR
PACI2 6.771A] 743ttt (Fig. 3(b)).
DOC+= T7P408mgC/LE ‘%EPIHO*OD% -3
Ao =r¥E dume 379, 32, U 318 mg C/LA |
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Qltl. Alumy} PACI 2% 1.5 mg Al/L o]ato =z j%fg
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Ao Welth (Fg. 39). 7182 Sl wet 1
ghEe] &4l SlojA AA mEo] EekA=H,
37 protein-like, humic acid-like, 2 fulvic acid-like=
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0] WYL= vz A FEJct ohy PACI 35 mg
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ol PACIE] TR0l Al I ojoRE Ao it
% o x| oy} Aeiror AEl T U Alo]
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A9} F3 SR At 22, T2 B
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FEEE e AN F A% A
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Z7lsl =g, gidZ ez dume] YA=L7|71 PACIO)
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qux Tagy Gy #A U= :
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2005 o] fluxz} 0% = Feslelal, floce] Y&
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7 AA e qlelA UF &Eejute] e dy e
AF+9} (Jung and Son, 2008) @
(MBR)o| 3HAIE FU3 A+ (Song et a., 2008)°]
A S3A 9 %% | soldel wet fluxe] F-2 o
o fEfatrtar B vb 9l Alume] 7ol =
159} 25 mg AllL= T,ﬁb@ o= AAH flocd] =
717} 205 fluix®] ago] Aok Ak Hol=d|,
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g L pHO| 7o} BErh ZujElel o BT A5A
ke A37F Biaisfo] lek (Nam, 2012). 12{E=2
2 r
SHAIY FRel FARFel wet floco] A 2ol
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. I EAS AVE A v 22 28 de
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Fig. 4. Size of coagulated flocs with alum (a) or PACI (b) olaln g AL 13 A 29 ErAlgo] A3

and flux decrease (c) on 0.2 gm membrane filtration
after settlement.
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