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ABSTRACT

The algal blooms in stagnant streams and lakes have caused many problems. Excessive algae leads to disturbance
of ecosystem and overload of water treatment processes. Therefore, phosphorus(P), source of algal blooms, should
be controlled. In this study, a filtration trench has been developed to convert dissolved phosphorus into hydroxyapatite(HAP)
so that it could be crystallized on the surface of ‘phosphorus removal granular material’; and residual particulate phosphorus
could be removed by additional precipitation and filtration. The front and rear parts of filtration trench consisted
of ‘phosphorus removal granular material contact bed and ‘limestone filtration bed’, respectively. As a result of the
column test using phosphorus removal granular material and limestone serially, PO4-P was removed more than 90%
when EBCT(empty bed contact time) of the contact bed was over 20 minutes; and T-P represented 60% of removal
efficiency when total EBCT was over 1.5 hours. The results of column tests to figure out the sedimentation characteristics
showed that more than 90% of particulate phosphorus could be removed within 24 hours. It was necessary to optimize
the filtration part in order to increase removal efficiency of T-P additionally. Also, it was confirmed through the simulation
of Visual MINTEQ that most of particulate phosphorus in the column tests is the form of HAP. Based on the results
of the study, it could be suggested that the design parameters are over 0.5 hour of EBCT for phosphorus removal
granular material contact bed and over 1.5 hours of EBCT for limestone filtration bed.

Key words: Phosphorus removal, Filtration trench, Dissolved and particulate phosphorus, Design parameter, Visual MINTEQ

FAHO: 2 AH, ez, B2Y Y YRS 2, AAHlRIA, Bl 2H3A

1 A-I = ARA| A E(microcystin) 59 S4F WA 7= 2R
o ] . (cyanobacteria)®] t o] EA)|7} )31 ¢lt} (Kim and

La] 3l 9 & Ao A o]k Sk
frvol el o sl S AR TN g, 2004, e 250wy e A

T 7] 7. AAE 0] 2O olE A & 3k o]z
Received 8 October 2018, revised 9 December 2018, accepted 14 December 2018. J_L“_ ] ]'L’ :-'— § ‘EE—J §1_ = _01 ‘:'74] 1_—1:]'. T ] 1
*Corresponding author: wikiml@kict.re.kr (E-mail: wikim1@kict.re.kr) gt sk 9 SAE Ao R sk AT 3 A

Journal of Korean Society of Water and Wastewater Vol. 33, No. 1, February 2019

pp. 009-016



<
=
N
1o
0z
|:_>§
i
i
)
ol
2
[

2 dARIRe] H3ld 2Y

o5 7FsAIZIAl B, 1) ofakx] #H|1A, 2) SRA| ek
#4, 3) zRe] gAMEd o EoRmdw
(trihalomethane, THM)9] A L 4) A9 G4F 5
chepet 27} opls o= el w9tk (Lim
et al, 2000; Kim et al, 2017). 275 Z3 |4 2F=
Py AERA 0|59 AHS U, 22, ojAksfEis,

FaF ol oJste] P wom (Ahn et al., 2015),

= 27 Ao At

LNP) AT 755 A0 el I (Kwon
et al., 2006). w=tA LA S
wxo] e BHOR YA
Ao} 208 Aod HIET 9lon (Lee et al 2010)
Schindler (1974) 5 oj&] APATLo A st -8 Sk
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4 QI(PO:P)2] Ho}E A7ksle o] Waolekit A
5}l Qlt} (Reynolds and Davies, 1974).
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o0f, G 371 CaCh 29 OFES ALESISITE. 2 . 5
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A RO] 0~0.4 mo] 7oA AAZES] S7H7F 7 *'[ fi 8
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m ool Fath Ao UETE POP R 0-04 Fig. 1. Concepts of filtration trench.
m AtoloflA] & AATEL F7HE EloH, 0% ol
o] AARES 2357 fleiAe= 12~1.5 mo] F4 17} .
g Ao tehtt 2% $d7 28 m 1M § == L =1 —t
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(b)
3. ﬁ-_r"lél'lﬂ Fig. 2. Cross-sectional view of filtration trench: (a) Part of
phosphorus removal granular material contact bed,
3.1 0zl 7|2 8 =5 (b) Part of limestone filtration bed.
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Fig. 3. Schematic diagram of column test using phosphorus
removal granular material and limestone filter media.
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A Q] HWHRare] 9Jef 3RS Whs A& skt
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ez 71ES 2] skl Qlal(Korea Wastewater

Information System, 2018), T-P2] 7% 1Y 3} 2]-&5F
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=io] 2 A7) siAek S oAl Fa
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el 4 L DAL GO TP AAEES
AT ot gl Aol AFHoR AT Bast

Aold= o AA A2 AE BRstaA A
*g% AR <lel Fol st AA 1S v 4
A8l meratr] 9igk WA ES DAk olF 9
sfo] 4HR7} AU % 4 L) 957 2ol ol A
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Fig. 4. Column test for sedimentation of particulate phosphorus:
(@) Schematic diagram, (b) Feature.
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Ao o3ior HAIS- olue YR uLpel el |
MINTEQ 3.1 user guide, 2018). 3fld Z 215 0]-835}o] 16 100%
% e of9. ts] Jd) Al sk 75
ZAL Table 1 & Zﬂ‘ 71—1—4‘ E;'_,]/\] 0‘:] 1_1— gol = 1.2 75% §
SRE REER EERE R 0n4 aAd ey L, o
2A0] EAL vlslo] Ca% gl OH o]Lo] SH3] 82w E: %
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TR BT YABS FH 5 dckn Mt o
= J= 0.0 0% Q@
.__7(4 ‘SLL 7HH:]X—]—_E O]Zé%HR] Hq§]—/\l7]11]]¢1 O]— Raw water Mid. Effluent Outflow 8
= sweep HER JLEsIG o, 3 HojoA= pHE EEE T-P(%) [C==1PO4P (%) —@—T-P =dll= PO,P 2.
2 1471 01 B9l stel Al molsllet @ &
1.6 100%
Table 1. Possible solid species in MINTEQ simulation
Species name = 2 7% g
= 2
Anhydrite (CaSO,) E k]
. 0. . % =
Calcite (CaCOs) 9 o > E
hydroxyapatite (Cas(PO,);OH) o i | e £
Cay(POy); '
CaHPO4 0.0 0%
CaI—[PO4 . ZHZO Raw water Mid. Effluent Outflow
Mg;(PO,); = T-P(%) E==3P04-P (%) =——@=T-P =dl= PO,-P
MgHPO, - 3H,0 (b)
1.6 F=—= p— 100%
Table 2. Components and concentration of input data for 12 - 75% g
Visual MINTEQ % g
Components Concentration (mg/L) 2:0.8 L s0% :;:3
OH 100.0 o g
Ca?* 50.0 o4 - 25% é‘Eg’
COs* 50.0
S04 7.0 0 S — 0%
1_ 30 Raw water Mid. Effluent Outflow
C2+ : E==T-P(%) [C—1PO4-P (%) —@=T-P =d{l= PO,P
Mg 2.5 ©
Na* 3.5 16 — 100%
K* 2.0 ]
P(PO,) 2.0 _ 12 - 7% R
4. Zi3} 2l Ak g% [*™* 5
=24 x L= I~ H
- 0.4 - 25% 5
4.1 2 M7 ARt Me|MXzs Zalet ZiEH|
9 00 0%
A_E 7EEI‘ Raw water Mid. Effluent Outflow
(‘)_ Xﬂﬂ \Jé} H‘Q’]' 2d Q/\_]X]'7l_‘9‘ ng‘@j‘ 731'535”_/_\_5 == T-P (%) E==P04-P (%) =—@=T-P =d@= PO;P
Ao tisf BA% 225 Fig 59 YeRick s _ (@ N
gHe 7k ERCTHE 18]4 2= o] AA OIAFA Fig. 5. Phosphorus concentration and removal efficiency
su= o4 = < AA dda according to total EBCT: (a) 0.5 h, (b) 1.0 h, (¢) 1.5
A A== EBCT 20 min ©]/%§(Z EBCT 1.0 h 0]")9] h, and (d) 2.0 h.
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