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Application of direct filtration and UF membrane

process to secondary effluent treatment for reuse

Sang-Ju Park

Department of environmental Engineering, Graduate school,

Pukyong National University

Abstract

The object of this study was application of direct filtration and UF
membrane process to! secondary effluent treatment for reuse. The
turbidity of | secondary effluent is less than 10 NTU and /constant, so
direct filtration was used without sedimentation. Filter media was used
sand(Effective Size - = 044, Uniform  Coefficient : 1.26) and
anthracite(Effective Size=+. 1:02, Uniform “Coefficient : 1.26). Filter bed
was composed monomedia and dual media. Dual media was more
effective  than monomedia. Optimum  coagulant dosage  was
40mg/1(jar-test) and 60mg/l(direct sand filtration). At the optimum
coagulant dosage in order to know the effect of slow mixing intensity
to filtration slow mixing is performed at various mixing intensity.
30RPM slow mixing intensity has good filtered effluent. Low filtration

rate(7m/h) was more effective than high filtration rate(10m/h).

- viii -



Regenerated cellulose membrane was used for UF membrane. The
coagulant dosage and slow mixing intensity was considered to affect
membrane flux. 45RPM slow mixing was more effctive than 30RPM. At
the UF filtration, pretreatment using coagulation improved to flux. The
optimum process was selected by considering direct filtration and UF
membrane filtration. When these process was used for pretreatment of
reverse osmosys, the SDI(silt density index) was estimated. For

Reverse osmosis, pretreatment using UF membrane was necessary.
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Table 2.1 The use of reused wastewater(BECO, 2007).

a5 A o] 8 % (/<) A 0] 82 (%)
Ada AP
w/d) oA  FW Fd A AW F I
Al 1,280,411 30,576 65,422 15,145 ".6.29 511 1.18

Table 2.2 The use of reused wastewater of world(BECO, 2007).
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Table 2.3 Equilibrium constants of aluminum hydrolysis.

Reaction log K (257C)
(1) AP+ + H,O = AIOH* + H log Ki =-4.97
(2) AP+ + 2H,O = AI(OH),” + 2H log Ki» = -9.3
(3) AP+ + 3H.0 = AI(OH);" 3H" log Kiz = -15.0
(4) AP+ + 4H.0 = AI(OH), + 4H' log Kuu = -23.0
(5) 2AP+ + 2H,O = AL(OH)s =+ 2H" log Ko = 7.7
(6) 3A1+ + 4H,0 ="AL;(OH)," + 4H" log K1 = -13.94
(7) 13AI°" + 28H,0 — Al1;04(0H)2’" + 32H"  log Kis, 3 = -98.73
(8) AI(OH)3(am) = Al + 30H_ log Kam = -31.5%
(9) AI(OH)3(s) = Al”" + 30H- log Kso ='-335%

* From Dempsey (1984) ; others from Mesmer and Baes(1976).
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Fig. 2.13 Removal of suspended particulate matter within a
granular filter (a) by straining, (b) by sedimentation

or inertial impaction, (c) by interception,

adhesion,
2003).
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Fig. 1 2.14 Removal ratio vs particle size for different
filtration rates(wastewater reservoir effluents,
effective grain size=0.7mm, bed depth=150mm ;

Adin and Elimelech, 1989).
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(2) Revers Osmosis 3%

o A= (Revers Osmosis)E A siw3t 34 718 @o] 2o]x 7]

ol stEA ol s AFoddy Adodr A=A E 713 F o}
=545 AAst=H AREstaL k. ol 2A 2 E 1% RO%Y A

[S=1

22 9arE =& o] FQ3lr} Fig. 218 RO g9 MES g
el

RO S5+

F Y CC, QC
RO S0 & { | RO module RO Of Wt
Co, Qo 8”2 0”X2ea) Cra Qr
el+=:R
AMHE:q

AN & HHNIE g

Fig. 2.18 Schematic of RO system.
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Table 2.4 performance summary for the Dubin San Raman
Sanitary Direct RO for the period from 4/1999
through 12/1999.

Constotuent RO influent RO effluent Average . rzz((i)llf‘cce‘:c(iioriln

mg/1 mg/1 reduction, % literrature,%
TOC 9~16 <0.5 <94 85~95
BOD <2~99 <2 >40 30~60
COD 16~53 <2 >91 85~95
TSS <0.5 ) >91 95~100
TDS 498~ 622 9~19 0 90~98
NH3-N 20~35 1 96 90~98
NOs-N <1~5 0.08~3.2 96 65~85
PO;* 6~8 0.1~1 ~99 95~99
S0 90~120 <0.5~0.7 99 95~99
Cl 93~115 09+5.0 97 90~98
TURBIDITY 0,03~0.08NTU 0.03NTU 50 40~84

? From whitly Burchett & Associate(1999)

b Typical flux during test was 348 L/m”«d
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31 3 2 EF4E ZXA

kA g Aol &S g AA Al ol&d S AP oM A
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1

Raw water

Rapid mixing
. - s D>
Back mixer & Inline mixer

slow mixing

=7

Coagulant pump

Direct filtration

Fig. 3.1 Schematic of direct filtration pilot plant.

!

E]um:llnns

Fig. 3.2 Schematics of in-line mixer element.
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3.2 943 A

o] A= Fig. 3.33 £t} Table 3.1 oA 2 o pxo] AFA}
&S #BASST. A= sand$t anthracite® ST a4
5 A5 Tchobanglous et al(2003)ol4 AAH o]FozE 93
el ebxgpatol B =3 RS9 oA AAsATE g of 3 F 9
Zb z2e web oA §EF vlEY 7873 ®H dsA t

AbgEtl o, o #& = 10m/het 7Tm/he F 7 &

H

=

)

&
i

BN
()
ol

2

oY,
o
X
ofo
QL
2

o FFEAS manometerE ©] &5t SASAIL, JHHE 25
&

stlom, 39 BAH= 25-35%= 3 T

)
)

—
Manometer
w g
M~ [ Flow meter
D S— g
Backwash 1=
Drain =
| .
Anthracite —» = Filtered water

Sand B

Backwash
(air + water)

Fig. 3.3 The schematic of pilot plant instrument.
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Table 3.1 Experimental conditions of direct filtration.

Parameters Values
Column height 450mm
Column diameter(1.D.) 55mm
Filtration rate 240m/day 150m/day
anthracite 1.023mm
Effective size
sand 0.436mm
_ _ o anthracite 1.26
Uniformity coefficient
sand 1.26
anthracite 150mm
Bed depth
sand 100mm
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3.3 % EAFXA
Og a9e UF 9P gAE 0§

1
¥ YHE Fig. 349 2ok ARSE T2
e

-

Holt}, Ago] A8%  batch

type UF membrane %X+ w9t

oot

Table 3.29F o] MilliporeAtoll A A Z ¥ Regenerated cellulose® 4] ¥ 3
disc Peje] oz A& 76mm, 2 WAL 454x10° molv] FZH9

T 01~15mel™ AAZF] F7= 50~250pme] vt UF=He 100kDa®]

A5 AR e Agtel HES AN GRS Aatag
o]-&3ato] UASHA UF celll FYadot. T34 fluxe FH-E AAAE
2 olg3te] RAE AW F YAk
1 bar Data
Pressure gauge <P UE cell collection
=
Permeate
Nitrogen gas Solution Stirrer Balance

reservoir

Fig. 3.4 Schematic of UF membrane system.

Table 3.2 Characteristics UF membrane and operating conditions
of UF membrane filtration.

Operation pressure Membrane type MWCO
(bar)
1 Regenerated cellulose 100 kDa
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34 FAEA WY
B Ao nE EAe Standard methods(APHA, AWWA, WPCF,
1998)el wgkom FAo AlEEHE FAEA g5 P wWHy 2477 =

Table 3.3%} 7t}

Table 3.3 Analytical method and instruments.

Item Unit Analytical method and instruments
Jar-test - Jar tester(Phipps & Bird, Model 7790-500)
pH - pH-meter (METTLER DELTA 345)

Turbidity NTU | Turbidimeter(HACH, 2100P)

Combustion/non-dispersive - infrared. gas analysis
TOC (DOC) mg/1 method ~ (TOC . Analyzer, - Model", TOC-5000,

SHIMADZU)
UV em ! UV -Spectrophotometer(UV-1201, SHIMADZU)
T-N mg/l | UV adsorption method or Integral futura, Alinance
T-P mg/l | Ascorbic acid method or Integral futura, Alinance

Alkalinity mg/] | Standard Method 20th(titration method)

Particle counter = Portable water particle.counter(WQA, USFilter)
BOD mg/l | Standard Method 20th(titration method)
COD mg/l | Standard Method 20th(titration method)
DO mg/l | Standard Method 20th(titration method)
Mn mg/l | Standard Method 20th(calculation method)
SS mg/l | Standard Method 20th(titration method)
7n mg/l | Standard Method 20th(Zincon method)
Ccl mg/l | Standard Method 20th(argentometric method)
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1) DOC (Dissolved Organic Carbon)

FEo EAGRE F/18Y $EE AFaes] A8 ZAdgon, ¥
218 CgHs5KO4(anhydrous potassium biphthalate) 2t NaCOs(anhydrous

sodium carbonate), NaHCOs(anhydrous sodium bicarbonate)= X &8
MNoZ A&l Z}7ZE TCeF ICo AFdES AHHARE A4S & &
Als AN T Als #A42 FA AAstd e 184 XE A5 9
I gi7e] =EHA FEEF Sto] 4T Y WdiolA HAsIT.
2) UV (UV 254nm absorbance, cm™)

og] F71e4 3ttEEo] S5l A lignin, tannin, humic =2 59 3

oA Hdl FHEE YEldge o] AL W= 19hE 4 (aromatic
substances), =¥ 3} A 8= 3} 3§ & 2 (unsaturated aliphatic compounds),

F 3 A 313 = (saturated aliphatic compounds)s &4 a1gl 7t o]

3) BEEAH

HACH, 2100P ®=7%5 A&3to] 0~4000 NTUS #F&How
e AAelal 22k oo 9l ¥ gis SAHSY. HEe cell
el ZNZAA Fo3tH cells EE & oF g#x8 FA}AG
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4) SDI
SDI A& =4 7](Auto SDI TEST KIT, GE Water Technology)=
Ab-gdto]l o3 Fo AYH E& o]&sto] SDIsE FAHAH. SDI=
15% 0] 7lFolt} -] £ a1, foulingo] Mg Agoe= 4 At
o

=)
= 10%, b5 o= Fo4A4 FAHS skt
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Table 4.1 Characteristics~of secondary -effluent from Busan N

seawage treatment plants.

I SS BOD COD DO 8=
b (mg/D)  (med) (mgd)  (mg) (NTU)
6.7~7.2 1~1.2 34~77 84~12.1 4.8 1.2~3.0

Cl (mg/1) T-N(mg/1) T-P(mg/1) Mn(mg/1) Zn(mg/1)

1104.2 14.740 1.936 0.0738 0.0081
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Fig. 4.1 Typical process flow diagram for wastewater treatmene
employing advanced treatment process(Wastewater

engineering).
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engineering).

X
sl

X

FA e

Qo] WA

<94

X
By

il

.
o

b3
el
W

4

o
)

el

1 [

o AR bo
o UE W

)
By

ZRol=
#7]

(32H4)

X
By

TER7E

=]

=

2t

F

of

; 43}

A
o

7o
3

il
5

B2

il

ToR

718}

oF
jzel
sl

"

n_mo
o
T
T
3y
i
. b
o
T v 2
el e
760 oo
T
_ o
-
b
o0 op
No o Hp
= B T
2]
fron
LI
~X
of "
53 T

SEFE

2o}

DR

® %
N

oy

.
N
Ko
el
50
o =
o’
- =
HooR
M Mo
o oy T
Mo BT % A
o= o )
QM o~ =y oE of oF
| o wOE B
T E Mo O R
E oW
- o
F Y g
= © A
% 4 wEzezz
w X0
NOBR Mo unrw o oF T

_48_



Table 4.3 advice of wastewater reuse qulity standard.

1)

TAYE Aags! 245 ALF AFEFY wdes THeFY
pH 58~85 58~85 58~85 5.8~8. 6.0~85 6.5~8.5
SS(mg/L) 6]} 10073t
BOD(mg/L) 1003} 10°] 3} 10°] 3} 3ol&t 8ol &t 6ol st
COD(mg/L) 200] 3} 200] 3k
DO(mg/L) 2017 2017 2017
E = (NTU) 20] 3} 20]3} 100] &}k
259 2= (mg/L)" 0.20] % -

W) BasARe wARAGE BAAARE  BASALS

AT () 200°] &} 200°] &} 40°] sk 102] 3k

Lk SR RO EET

CI (mg/L) 25001 8k 25001 sk
T-N(mg/L)” 109}t 10°] 8}

T-P(mg/L)” 1o]a} 1ol &t

Al(mg/L) 590] s}
As(mg/L) 0.059] 3}
B-total(mg/L) 0.759] 3k
Cd(mg/L) 0.019] 3}k
Cr'%mg/L) 0.050] 3k
Co(mg/L) 0.05¢] 3}
Cu(mg/L) 0.20]3}
Pb(mg/L) 0.1¢]3}
Li(mg/L) 250]8t
Mn(mg/L) 0.2¢]3t
Hg(mg/L) 0.0010] 3}
Ni(mg/L) 0.2¢]3t
Se(mg/L) 0.020] &}
Zn(mg/L) 20] 3}
ABS(mg/L) 1.0 1.0 0.50] &t
CN(mg/L) EHE
PCB(mg/L) EHE
A wds  wdE 1000008 B@E 200008 1000013
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——49— 12cm-40 ppm
—— 12cm-80 ppm

———
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Filtration time (min)

Filtrate turbidity (NTU)

Fig. 4.2 Changes in turbidity as a function of
filter run time Under various filter media
depth(Initial turbidity: 1.05 .~ 1.31 NTU,
filtration rate: 10 m/h).
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Dual-0 ppm

- Dual-20 ppm
Dual-40 ppm
Dual-60 ppm
- Dual-80 ppm
Sing-0 ppm

Sing-20 ppm
Sing-40 ppm
- Sing-60 ppm
Sing-80 ppm

Filtrate turbidity (NTU)

Filtration time_(min)

Fig. 4.3 Changes in turbidity as a function of
filter run time Under dual and single media
(Initial turbidity: 1.05 ~ 1.31 NTU, filtration
rate: 10 m/h).
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Fig. 45 Changes in turbidity as a function of filter run time
Under various alum dose(Initial turbidity: 1.02 NTU,
filtration rate: 10 m/h).
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Fig. 4.6 Changes in head loss as a function of filter run
time Under various alum dose(Initial turbidity:
1.02 NTU, filtration rate: 10 m/h).
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Fig. 4.8 Changes' in turbidity as a function of filter run

time
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Filtrate turbidity (NTU)

i
0.5 - / ’ —@—— 0ppm
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Fig. 49 Changes in turbidity as a function of filter run
time Under various flocculation time and slow
mixing intensity (Initial turbidity: 2.01NTU,
filtration rate: 10 m/h, 20mg/1 dose).
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Fig. 4.11 Changes in turbidity until break through as a function of
filter run time Under various alum dose and
flocculation(Initial turbidity : 2..01 NTU, filtration rate
10. m/h, 20 mg/l dose).
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Fig. 4.12 Changes in head loss until break through as a function
of filter run time Under various alum dose and
flocculation(Initial turbidity: 2..01 NTU, filtration rate
10 m/h, 20 mg/l dose).
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Table 4.4 Result of direct filtration with different equipment.

R without Back-mixing In-line mixing
water coagulant filtration filtration
filtration (20 mg/1 alum) (20 mg/1 alum)
DOC (mg/1) 1.95 1.93 1.93 1.9
TN(mg/1) 15.00 14.89 14.88 14.87
TP(mg/1) 1.836 1.807 1.054 0.754
Cl (mg/1) 1103.7 1104.2 1099.3 1098.3
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