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Summary

This study is to develope the process suitable for the advanced treatment
of the effluent from the livestock night soil treatment facility (biogas plant).
To make advanced treatment of the liquid fertilizer, the effluent of a biogas
plant, NF(nanofiltration)/RO(reverse osmosis) process was used. And three
different pretreatments, MF(microfiltration), and MBR(membrane bioreactor)
without and with biomedia, were tested.

The T-N and NHs3-N concentration of the liquid fertilizer were 3,870 mg/L
and 3,540 mg/L respectively, it was found that almost the whole nitrogen of
the liquid fertilizer was composed of ammoniacal nitrogen.

There was no difference observed in the removal of COD, T-N, T-P and
NHs-N irrespective of the dosages of biomedia. But TMP(transmembrane
pressure) of MBR with biomedia increased slowly during the operation time,
while that of MBR without biomedia increased rapidly at the initial time.

The removal of COD, T-N, T-P and NH3-N were 71.6%, 25.0%, 58.3% and
18.0% by MF, and 58.7%, 30.9%, 66.7% and 28.1% by MBR, respectively. In
the removal of the nutrient, MBR process was more effective than MF.

When the liquid fertilizer was pretreated by MBR with biomedia, the
removal of COD, T-N, T-P and NH3-N were 99.8%, 86.5%, 99.8% and 86.3%
by NF, and 99.9%, 86.8%, 99.8% and 86.5% by RO, respectively.

Compared with the effluent quality standards of the livestock night soil
treatment facility, the water quality treated by MBR and NF/RO process met
the standard for COD and T-P, but exceeded the permitted standard for
T-N. In order to meet the effluent quality standard for T-N, it is necessary

to change the MBR operation cycle for the enhancement of T-N removal.
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Table 1. Livestock Night Soil treatment Techniques[8]

Form of

. Treatment technuques
separation

) Activated sludge, Oxidation ditch,
Urine o .
Trickling filter process
Night soil ) . .
1ght sot Fecea Incineration, Drying
Feces and urine Liquid fertilizer, Composting
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Table 2. Water Quality Standards of effluent from livestock night soil

treatment facility[10]

Count of
fte BOD COD SS coliform T-N T-P
1481
(mg/L) (mg/L) (mg/L) group (mg/L) (mg/L)
(cfu/ml)

IA
0o

30 < 50 < 30 < 3,000 60

IA
IA

Concentration
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Fig. 1. Separation of material by membrane separation processes[12].



(1) 945 (reverse osmosis, RO)
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gy | Pressure G Hydrostatic
(An) pressure
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solution membrane

Fig. 2. Schematic diagram of osmosis, osmotic equilibrium, and reverse

osmosis [13].
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Table 3. Comparison of membrane modules{18]

Spiral )
Item for Tubular Plate and d Capillary Hollow
woun
comparison type frame type type fiber type
type
Packing ]
. roow ------—-—-—n--——1H+71"---—""—-"-—--—--"-"-- > Very high
density
Investment .
Hgh -------------------"-"+""-"-"""--- > Low
cost
Fouling )
Low - > Very high
tendensy
Cleaning | Good - > Poor
Operation ]
Hgh ------------r-1-+---"-+""»--—-—---- >  Low
cost
Membrane
Yes/No Yes No No No
replacement
(1) #¥ 52 E (tubular type module)
7Y 9REL O3 AXAY o £ YA & A3 F go]Z o
¢ Feje] B FAY FRE AW, 5L Bl At B A wES
Ad=z ddste] 3= Aol dutAoltt, #9 AZo] ImmAEE A7 W&
A FFFH 5 # 9t FE W FEF 48 S0 9t FHA BF
g 22582 % 2490 A: Ao §ol@ FHel Utk e} o] BELS B
WEE dodoz g §3o] 2222 o x| H|go] Bo] Ly T F
v g o] 7] wfifd FAE[ZE Bo] =& THo] Jlom, FE FAET
t 4y S9 4F09e A48T YOIl Fig. 33 2& 39 2L @



Fig. 3. Photographs of tubular module[13].

(2) ZAM#E 2E (capillary type module)
EA#Y HRELS AXA7F §lo] EAF# JHZE AZXE =4S gz A oF

of FIAZ Aoz EHY I3 (shell and tube heat exchanger)$} -FASH

pr

to

FE I vk FXE BAT ol FES Fig 49 Zo] o FA|, e £
A E FAZ 9%l potting®rh o] HEEL Fig. 59 YeEbA nie} o] &34
Halol] wEl ‘E =03 (tube-side feed)' I '9]F =% ¥ (shell-side feed)' o2
TEIS HF =943 B¢e 2ARY dHe 553 & A To] AR
o, 9% =49 Aeve 9 55FE I go] AHEEY. EE 9 F
e FX FEdL 600~1,200m/m = o] THIL

Module housing
: =]
% ==

fibers

Porting
material

Fig. 4. Schematic diagram of capillary module[18].
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— — —

feed retentate permeate

- -

permeate retentate

Fig. 5. Schematic diagram of capillary/hollow fiber modules[18].

(3) 348 2E (hollow fiber type module)
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_r_.
oft

WEZ Eo9 Fras B3 ARE wAd Uit FIAE EES 2 X
g Qs &9 FH3 ZWFo] 71 Hoe Axe] Jdov & BEE H
5l

=3
2o o) =7 47] wEel FA E3fol 48 4

=
$ 9% Fol T A= BHEL AAN = AR Ao BFIA o

Table 4. Approximate dimensions of the tube type membrane[18]

) . ) Typical packed surface area per
Configuration Diameter(mm) 50, 3
volume (m*/m”)
Tubular > 10.0 360(at tube diameter 10mm)
Capillary 0.5-10.0 3,600(at tube diameter 1mm)
Hollow fiber < 0.5 36,000(at tube diameter 0.1mm)

(4) #E3¥ 2 E (plate frame type module)

NEY YRELS HAALS AL HRERZA 1 ZASE Fig 63 2t X
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Fig. 6. Plate and frame type module: (a) flow path, (b) set of plate [20].

(5) Y83 X E (spiral wound type module)
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S|
S

© = FHol| &Aoo 93t cake F, gel F, scale 3 To] FAHH F
Aol T7HEH.

@ o] vAES AGA A HER 9 {9 &4 wfjA o] AstdEr
@ FAzte AH AA3 APHERZ AAY =Fxe] HAH S ofdA g

@ WY 223 939 A3 FAgoz % AF 9 24 WIANE T

)
o
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A7 stoiof gt

AR e d Ao WS o 2

7 A 2] (pretreatment)

Y o] 9 E(membrane module) WE E07}7] Aol #o9d EF& g A
st WH o2 A Ca(OH), FeClzs B 1E#A A & o8& &3 A,
pH =73, €Xd, 443, @49 5o 93 3, 2y 2 72E

Ee o3 Fol AHEE F oy, Hed =29 Fidd wet AET A

< A4 %d.

O

e

X

A<

2
ol
i

® =9 A2 (membrane property)

e Bt A2E HIAA HoEs AT + U AEdH} ==
ofof g T3t 22 tF4 T(porous membrane) HHFE R FHIFLE T
Hop o 9ol By AZSHA oy, AlF 37 BV FL& S A EESFE
T$ods Bt ¢ Y F Utk ES duty oz FXY A &AFA8 T
(hydrophobic membrane) E U= X144 Zh(hydrophilic membrane)s AM&-3t+=
Zo]l wElstH, Mg ¥ ZRo|=A E29 Edol+ = (charged
membrane)¥] A-&o] B g Ao =& & 5 U

.t
@ M3# (cleaning)
Z:

de] gdol B ¥ &3 Fol % ¥W % AT Uol FHE QB
=

4

st o] od edBAL AFe WEoRAL AFAHM21][22),
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HHES AA SR A

A

Al

st} saty

&ol 7=

% A

I

o

=
=

oy

3 e seopE

=R
[¢)

Al w21 2 A

m
=

UEE %), AlA(detergents), &3 A(EDTA)

A A kel b 22 vH{26].

=
=~

e 1 FE
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AFHY A AT odME 27148 A=wrexddA s o #7]
F& AFst A4S vABES JARAA £8A FHE AHAZ
SHAE EF EYste AAGH. ol AEAHe e vt
A BAsE £21% B3 (sludge bulking) ¥ BZE(pin-point floc) A Sl
st JAAol "Hold BE FETFY FEE FA7] o B ofyE &8
Ag AR 3 B2 Azte] ~8 Ak HAAzAY FE o] zx gl
€ oldd Z2A™ES M| s =9 Aol o] oF AFHE o] &I
1S LA E9HE-7] (membrane bioreactor, MBR)®]t}.
HAENS7|E e 22 Aol UTh[27]
A, B34 43l €84 F3(sludge bulking) 59 849 A9 F#ARlol
B8 E(suspended solids, SS)F AT 52 AL GHEA AAZ & YA

F2 AP d& 7 Ik

|

-

&3 A (nitrification

AA, 8FEHAZE 87 Wi 2R Ft A7) HE SRT(solid
retention time)T= 713l olZ Q3 wAES YAHEFo] FUlste &8A &
e 7HASHA do

MBR 342 d%2d w2t F 712 FHZ UEs ¢ Jdo. ixsEF 32
(sidestream type)® I A¥ W2 (submerged type)o|th A5 E w¥Hg7]9} XA
g ¥&7]+= Fig. 89 YUY, wxtss B2 nAAE A F4<4A

o

g @Rz o8 oY BEE @AAWA s ddete AYSE
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(a) Sidestream Type
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Bioreactor

(b) Submerged Type

Fig. 8. Configurations of membrane bioreactor[29].
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Ak 2y 2¢do]l g ulet R
v A (pore)& AFAIIAY FE2E AFAT]= =2 F(membrane fouling) @732

$xFoz AR & a0l

7o

gt 219 A4

Aol et

S UXE 4AE AA

| 4
= yx

9

GAAERE7] H29

g e

T} ol

2~ 0o
T A

3.

3o

g

(1) #7] (aeration)

A7 F 7)o 4]

=
=

Aolal %7) S& £

bl Flols 52 AANA T 29

[

(shear stress)g 7}

&S stA 20301

(2) A& (cleaning)

o

o

Hom AFste Wyl

tol Abg-d

S

keig
of

, 7IAA B 3

Ao

% ¥

A

T
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E5E4d §7] 2 7] B 5o 3 HeodS FHisr] A AAE F
o2 MF9 MBRE Zt7; o] &3lHon, E dAFdA ALEsH AP x9 22
%= E Fig. 99} Fig. 109 Z+Z el

(ol 7t FRE UR)e 94 = o8 Im FHEHA HE A
Z & MF system ¥+ MBR system® 2 E=4HJ12 MF system®d MBR
systems T3 4L FHFE dAIZ FE5 22 NF/RO systemol] =H3A

MF system< 1 i 7}E
AL o ZE gode
I, FdFZFH FHAFES
L/min, ¢$¥ < 196.1 kPa® A3} A Th

MBR system® TAL 9449 FFHZ(PH-080M, Wilo, Korea), °|ojH X
(AD-40, Air Hi tech, Korea), 18 7](SPG geared motor, S610, Kumil
Industrial CO. LTD, Korea) % 5 %% Z(peristaltic pump, BP-90361, Won
Corporation, Korea)?] 252 PLCZ Aol s}t

MBR system®] Az Table 59 YERH vEe} Zo] §4, FAa v,
s71(H9H}) ¥, () ¥EE AEHHOE HAE o, g Ao]E9 F
17+S 60 S Z 3o WHELAS &, ¥H-&Z9 working volumes 17.8

1%L 5 L/mino2 3143t MBR 8H-&Zo| @A (biomedia)& ¥ %7
o g FA fEd F JA A GAe ZETEE AdE H AT

2 A7) = 7IExAEx%=°]7}F bmm X 5mm x 5mm¢l ASHA BFS AFEE

L FFES 5% oItk BAY FolFe Mgz AL 10%E sl

mom
X
i)
o,
s
i)
2
fljo
(o,
o>,
o
[K
9
Lo
=0I{£
u=

o

N

J}ﬂ

8
R
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F system 5+ MBR system
2 TFHAY. NFot RO F3<

t 2o HEH ANEAHAE st F2 FHFE GERES FHAHA X 55

Fe Zo] gAl JuERIR gAlelF FFo] = FEE AI}EF KA

Atk o o, Al&AHE= 200 mLeH I,

o= dFAIAE AAste] ol ZEet= dHE FAHEANL, 49 2R FH

TELE FEFAS At FAHAUY. 2EE dFFFdAd 2=

&t A (25C)EA FAHE O

€ 4 L/mineE IASIZ, ¢HL 147, 1.96, 245, 294 MPaz Z7}A7]

’

1l

Table 62 9] §A4& Yetd Aotk MF systemel Al§ © HEES A=
9 AAe s Bger FF A7 (pore size)E 0.3mo]B, T WAL 02m’
o], MBR systemol Al @ ZEELS PVC A9 AXFH Hgog FH9
A71E 04molH, = WAL 0.17m°]th. NF/RO systemo] AH4d = =
W SAHY] Ymat TS AMESIYlen, BF 22 AV]|Y Udd HEE

< AH&sloh
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Pre Storage
tank filter tank

Storage
N MF tank

Fig. 9. Schematic diagram of hybrid process of MF and NF/RO.

Feed []
Pump - St
—> ] Suction orage
—

v Pump tank
i =
Feed filter
tank Storage
tank
Air
Membrane
module pump

: e e
Diffuser — >t

Fig. 10. Schematic diagram of hybrid process of MBR and NF/RO.
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Table 5. Operating mode of MBR

(Unit : min)
MBR-A MBR-B
Anoxic filing 2
Anoxic reaction 18
Aerobic reaction 40

Aerobic filtration

(non-suction/suction = 10/10)

Biomedia dosage No Yes
Total 60
Table 6. Characteristics of membranes
NF RO
Item MF MBR
NF90-2540 XLE-2540
Membrane Honeycomb Flate-sheet Spiral wound
type type type type
Membrane . Polyamide
. Ceramic PVC . )
material thin—-film composite
Pore size
0.3 0.4 - -
(¢m)
Effective area
9 0.2 0.17 2.6
(m”)
pH range 2-10 2-11
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A'II:IHﬂ

1o

1) SDI HZE

SDI(silt density index)AFE = Fo] dojd + U= 7}
T2 geA Y31l

SDI®] &4 AlF<9 =717} 0.45m, A7 o] 47mm<! ZE e 30psig(206.8kPa)
o g¥oz NIAFE &7 FAHG

z7]] 500mLe] A@Ert E2ld ZIdE AR TeE 73 ¥, dAA3I5
) T7F A & thA] 500mLe Al @57t TS F3ts] o}
e 2oz At &+ gtk

olr

g

o
£
Ao
_0'L
rlr
N

2) o] 3} A &
2oz oFE AN 7S old JTFL vAE dAE $ALH, Aoz

F9 FA, BER fA9 %, Aolaze] ¥3F agn g4 27 Bo| ¢
o BTe % BUISE Ags] Aste] BEe IR wAHE 24 =

A7 EgAQ EAL 183 2ABE D (capillary model), B E o] &% 9 (film
218} 2 9 (resistance in series model) 5°] AAFH
th o]y g o2 7R Rd F AEAAAITEL L oG AEE AFFsr] A9
A4S Agsted drdoR AR I gt

AFAHJAFELE LS FHFH 20 FFE X oA 7HA A3 A &3t
o o] AA FAAAFo® JeFozN Fod FH Y A & A%
g 5 AvH321

=2
[0}
O
<
8
@]
o,
@,
»
i)
£
_t'__l,
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AP

) 3)

ol 7)1, J = permeate flux
AP = transmembrane pressure
u = viscosity of the solution

R: = total membrane resistance

47194 Ris thed 2o UEhd & Ak

Rt = Rm + Rt + Re (4)

ol 714, Rm = membrane resistance
R¢ = fouling resistance

R. = cake resistance

R 3w gy GHe 4 QA4 Age AN A5 s

3) 3}sta AbA 2 T #(COD)

CODE =#A3}7] 93]4 COD Digestion Reagent (HACH, US.A)E AM83t%
o1, DR 5000 Spectrophotometer(HACH, U.S.A)Z ZA3stgct. 72g Ak3bA)
(oxidizing agent)€! potassium dichlromate’} £+ vlo]&el A]E(0~150 mg
/L) 2 mLE ¥ 2A3F &< 71g8std AstE {71E0] dicromate(Cr,0*)E

Crr's2 AT Cr¥'e 548 Yeded], 0~150 mg/L B9 COD Hiol &
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N,
do
o
o
..lk
1
5
lo
>
ol
t
N
e
N
N
rlr
&2
_ﬂ
i)
An)

2 oqFste] A RE AREElaL, o

4) FFAF

SAHE T el EAste I FEES 2AMNG AP) AEE L3k, o)E
FEEFE AASA &1 HFE Aol MAEY ol FHLE g F
59 &AL E IBANA FUIBHE AIAAAN FF FHECd B2 IS
=t

FAAL FEE 244 BAE J1EQ Total Nitrogen Reagent Set(Cat. No
26722-45, HACH, USA)& AF&3te] 105TelA 3083 7Hdsta ¥zl Fo
AT wet AHE g & 410 nmoll A FFF=A N 93t S8 AT

99 FxE 9 EXL 7]1EQ Total Phosphate Reagent Set(Cat. No.
27426-45, HACH, USA)& A&-3te] 150T A 3083 7Hdsta YAzl Fo
AT met XHEg 830 nmoll A FFFE=AC 93t S AT

Yol A4 ¥FEE Ammonia Nitrgen Reagent Set(Cat. No. 24582-00,
HACH, USA)& AH&3te] Algg AddHel wet H2d & 425 nmollA &3
FEANA A8

5 &4<8A

B2 7| B mlAEY %2 MLSS(mixed liquor suspended solids)
standard method[33]1& ©]&3t} sttt WSl &R dFF
AFH 3 584528 (CF/C, Whatman, US.A)E o335 & IEHE 105C A
Z710lA 2A12F F AEAD B, A A5 A FEE S FARE 8
o ¥kg7] e MLSSS s&=& A3 A
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(B—A4)x%1,000

MLSS = %

(5)

o714, MLSS : Ff 7lAE9 FE (mg/L)
A:AE 973 FEEF2H FA (mg)
B: AE 3% FIHEFEHY FA (mg)

VAR B3 (mL)

6

~—

L& A4 (DO)
ue7] YR & A4 B E(dissolved oxygen, DO)E DO meter (DO-31P,
TOA-DKK, Japan)& °©]-83l9 FA3}AT.
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1. MFQ} NF/RO EMZZ o ofZMEs U IS8

1) 344 (permeate flux)

A HTMP) Hsle mE Adoaiy ozt 2@ QAT FidsE
S 243 ZAH}E Fig. 11, Fig. 12 2 Fig. 139] Zzt Jeyth Fig. 11L& &
T(pure water)$t 1ym o Ffo] FAAFAE AA wfo] FHH}] g T2
£ UEhd Aot ¥ 1961 kPad ® &5 Im AF A FHAE 747
232.7 L/m’ - hr, 186 L/m’ - hr2 1258 o]z} U3, Fig. 12& &5 A4
% T34 oS AF do] gguste i Y25 vEd o=
ote 147 MPad 9 59 FYdFHe F4ge THxe 27 997 L/m’ - hr,
572 L/m” - hrol X 1749} =po]7t Itk Fig. 132 &5 AAdFAL E3471
AAFTE AR oo gHEHE g3 2§ YEd AeE ¥ 147 MPa
d o £49 FLoHy 735 EHAE 747 242 L/m’ - hr, 46 L/m” - hr

53] =LA YEET
TTE WELE HAYE AL A sEESA dE AFH g 9
2

(6)7 Zo] Hehd + Ut

4

l

=R 6)

Fig. 14¢] vetd AXo2HE ¢ FLUAAY, ez 9 4519
71e71E 47 05877, 62697 2 3529801tk 4 (6)F Fig. 149 HA 7]&
NRRE ¥ Aol eodet 2 opEehe) waA AL 22 613
x 10” m”, 574 x 10® m™, 1.02 x 10" m'2A4 HAFL > oz 5 Y
oiatnt ¢om veytown, GiTute] whAge wejztute] uwrAate] Hls



189 =31, Adojsute] wxgde] Mg 1664 & RASE YENT.
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300

—@— Pure Water
—O— Filtrate of 1um Filter
250 A
= 200 -
E
-
<
2 150
(0]
©
(]
£
S 100 -
50 A
O O— —O O O
0 T T T T T T
0 50 100 150 200 250 300 350
TMP(kPa)

Fig. 11. Permeate flux of MF membrane as a function of transmembrane

pressure.

_29_



100

—&— Pure Water
—O— Permeate of MF

80 -
E
£ 60 A
-
<
=
(0]
g
£ 40 -
[O]
o

20

0 T T T T T T

0.0 0.5 1.0 15 2.0 2.5 3.0

TMP(MPa)

Fig. 12. Permeate flux of NF membrane as a function of transmembrane

pressure.
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80

—@&— Pure Water
70 4| —O— Permeate of MF

60 ~

50

40

30

Permeate flux(L/m*hr)

20

10

0 T T T T T T

0.0 0.5 1.0 15 2.0 25 3.0
TMP(MPa)

Fig. 13. Permeate flux of RO membrane as a function of transmembrane

pressure.
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300

250 A
[ )
200 A
=
o ®
£
= 150 o
%
=
(TR
100 o
50 o
O T T T T T T
0 50 100 150 200 250 300 350
TMP(kPa)
(a) MF
100
80
= 60 4
5
E
—
=3
3
[ 40
20 - [} N_F90—2540
—— Linear
O XLE-2540
— Linear
0 T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
TMP(MPa)
(b) NF/RO

Fig. 14. Pure water flux of MF, NF, and RO membrane as a function of

transmembrane pressure.
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2) SDI

Al e} Ium FFEZ A HE oJFde] SDI £4E 3 £ AT, n¥k9 {UE
4 LHdEHR FLEFIE 2FHO Qo] AFTF HA Fol FAHo] EVIEAL
MF¢ MBR 39 SS& A% 23 47 0 mg/L2 1ot SDI SA2 814
okt
3) AYEE

2 389 45 AHFFH AYgsdE 37t F Aok B dAFdAE
Aol dreda/giFe EFTHA 93 HUFEE Frlsle dHo=
A gtehd AR FFH(COD), FHEFH(T-N), FUAF(T-P) 2 dEYHE A
F(NH;-N)o.2 A A5},

(1) 33t8 2k2 2 1 ZH(COD)

COD2 29 24 AEE UHds dEAHY FA=RA, d5 T /718

2 2tstd o dash AAaFS e FX ot

Ex A #7559 CODE 9870 mg/Loldlem, 1um 7HEE A
IHE AXHEA 9200 mg/L(AAZES 68%)E #AAsHIL, MF THE AX
WA 2610 mg/L(AAEELS 735%)=2 IA #4319t MF 53471 NF 34
S AR FolE 27 mg/LAAZEL 97%2 423, RO FAHAE AX F

mg/LAAZES 9.8%)2 HAsv. dd FAeEx A3 ¥ir
g 7|€2=2 & o NF 347 RO 334 93] 47 99.7% L 99.8% °]d9 =
2 AAEZES YEHIA R, o] AFE Fig. 159 JeEAT o] S[4], 2 5[34]
2 7 FI3B]1Y A7 Aot FASH 7 38E S FAER A BF
¢ CODE AY tF-&e] AAES ¢ + AATH

(2) FH2(T-N)

MF¢t NF9 4349 T-N 5% ®#gs AARE(d571F)E Fig. 1691
Bl Zoltt. 9] T-N& 3870 mg/L oo™, Im 7}EA] ZE S MFE
ARHEA 3,850 mg/L(AAZEL 05%) 2 2,900 mg/L(AAEZES 250%)= A
Ay TS FAME AY AAZE HA Fhed, HEHYTAHAY NF 385 7

=

F Fo] T-N 5%+ 540 mg/LAAZEL 86.0%)2A4 YEeH, RO &F
S AR F9 T-N 5EE 480 mg/LAIARZEL 87.6%)ZA YEIYATH &
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71222 & o T-N9 #AA&EEL NFS ROZAS T3 44 86.0%, 87.6% ol
de] AAEEES HEMNAT

(3) F<UT-P)

Fig. 178 @AE Fx9 AAZE(EF718)S e Holth T-Pe 959
72 131 mg/Lolx, Iym FIEEA FE Y MF 2AL AXEA T-PARZS 7
7} 120 mg/L(AAZEL 84%) 2 50 mg/L(AAZEL 618%)= FAHAXT
NF¢} RO 4% F#439A 016 mg/L(AAEES 998%) 2 0.11 mg/L(AA
&L 99%)E HEUAY. ol ZxAHY HFF £33 7IEXU T-P 8
mg/LEt e gro2 WFs FAV|F TFHE & F A}

(4) ¢EYokd ZA(NHs-N)

AFE 7|I€2E NH:-N¢ % 3 AAZEL Fig. 189 Heidtt. A9
NH;-N& 3540 mg/L oW, 1Im ZFEHA HE Y MFE AXHA 3450
mg/L(AAZEL 25%) 2 2,800 mg/L(AAEZELS 209%)2 AA3] ZAHAL
R FAH NF 4L A FoE 520 mg/LAAZEL 85.3%)2 YEYS
o, RO 8L AR FAE 475 mg/LAAZES 866%)= YEAT €
g 712 & o NH3-N9 AA &&& NF ROFTFAS T3 Z7 85.3%,
86.6% ©]’de AATES YEHAAT.

Table 7 MF$ NEF/RO €43 A4 COD, T-N, T-P € NH;-N T&=4
3t 2 9AE AARES UERA FHolth
4) A5 F4 v

Fig. 19 9%, Im 7tEA I8 435, MF 3%+, NF F3#5 % ROF
H+E FFstel veEld Aot MF FHd 93 g=4A E2S AAs D,
NF/RO® 98] ZHatdFAzol oA EA7E Add ARE AATo2ZA A7
F FA Avy 532 59 ¢ o

)Y
mlo
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12000 L 4 100
10000 H
- 80
8000 -
0 - 60
>
E 6000 -
a
o]
° - 40
4000 - [ Concentration
—&— Removal Efficiency
- 20
2000 A
/
0 *— . . T . 0
Feed Prefilter MF NF RO

Fig. 15. Concentrations and removal efficiencies of COD by 1lgm cartridge

filter, MF, NF, and RO process.
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‘ T T T O
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Fig. 16. Concentrations and removal efficiencies of T-N by lgm cartridge

filter, MF, NF, and RO process.

_36_

Removal Efficiency(%)



140

120 +

100 ~
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40 -

20

[ Concentration
—&— Removal Efficiency

*— . .

Feed Prefilter MF

NF RO

100

80

60

40

20

Fig. 17. Concentrations and removal efficiencies of T-P by 1um cartridge

filter, MF, NF, and RO process.
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3000 o
~ - 60
2
Z 2000 A
Iﬂ’)
z + 40
[ Concentration
—&— Removal Efficiency
1000 -+
F 20
0 @o——— T T T T 0

Feed Prefilter MF NF RO

Fig. 18. Concentrations and removal efficiencies of NHs-N by 1um cartridge
filter, MF, NF, and RO process.
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Table. 7. Permeate concentrations and removal efficiencies by 1um

cartridge filter, MF, NF, and RO process.

Item Feed Prefilter MF NF RO
Con. 9870 9200 2,610 27 15
(mg/L)
COD
RE
- 6.8 71.6 98.9 994
(%)
Con. _
3,870 3,850 2,900 540 480
(mg/L)
T-N
R.E
- 05 25.0 81.4 83.5
(%)
Con. 131 120 50 0.16 0.11
(mg/L)
T-P
RE
- 8.4 58.3 99.7 99.8
(%)
Con. _ _
3,040 3,450 2,800 520 475
(mg/L)
NHs-N
RE
- 25 18.0 81.4 83.0
(%)

¥ Con. : Concentration, R.E : Removal Efficiency
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[ d | g w—a

|
Feed Prefiter MF

Fig. 19. Photograph of filtrate and permeate by 1um cartridge filter, MF, NF,

and RO process.
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2. MBRZ} NF/RO EMZX 2| oY

oIr

A AMEEE

ok

1) MBR¥} NF/RO® %4 %

Fig. 20& MBR ¥4 % 94 (Biomedia) %ol g A x4 Azt
e TMP¢ Flux® ¥W3E yetd Zojth. £ A7t AHgdE "HAE 92
MBR ¥8-x+ o] F[36]°] 7I'&3 Hybrid 9% E 722
TA47E EYE TMP7} 30kPadl E25HW 29 & 931 F=88 2EAR
2ol FHo| FAE AolaFE AAT ¥, 05% NaOCl &40z HAxE 4
Aletach A3 2 %9 TMPE 7.06kPaz 4 %719 TMPZ A9 3 EEHAL
Iy F Aol Fo] Aua TMP7F A 30kPacl o2 =2at A vt F39
g2 & FAHL A7 "HE oA 33H AHE A ¥ F31E A
%389 th. TMP7} 80kPadl =23l EAHS 5w, BA4F A5 TMPE
A 2719 oz A9 FHEFIAW = O TMPZt dsstder Saxs

2,
[tje]
)
S
=
i
Auj
B9
B}
i)
1
o
ot
2
Lo
Jo
—d
2
R=)
A
—
=
as)
E
Lo
2
™,
s
@
W of
oo
)

U AL AT = YA Fig. 2174 Zo] B Zde T34 Ao

i’
é
N
| -
A
N
=2
lo
2
Jo
offt
QL
)
>,
i)
=
)
=2
ot
oX,
rid,
X
o

7AWl Ry, Re B ReE Z7434 Fig. 22¢] Yetiith MBR-A #-&x9] R, R,
Ri @ Rm 32 27 4483 x 10° m™, 4459 x 10° m™, 183 x 10° m" 2
1139 x 10" m 'o|9&, MBR-B ¥&%¢ R, R, Rt @ Rn &< 77 4952 x
10° m’, 4873 x 10° m’, 6.739 x 10" m™" %@ 1147 x 10" m7olAc}k. A =

AZ T HFES HALLE Hxdd FAHE AojaFol % AFe= yE



Water Cleaning

100

TMP(kPa)

Fig. 20.

MBR-ATMP
vossss MBR-AFlux | 12
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Fig. 21. Mechanism of cake layer elimination by biomedia in MBR.
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2) AYEE

(1) 8t84 222 F%(COD)

Fig. 259 Fig. 262 MBR¥} NF9 EA I AN 359 COD 5= 2 AA
E&E YR Aotk A (FAHER AR ¥R CODE 9,870 mg/Lold
on, Im FIEZYA HHE AXHEA 9200 mg/LAIAZES 6.8%)°] ATt
MBR-A #&%Z AXWAM 3000 mg/L(AAZEL 696%)E #234x
MBR-A F#47F NF ¥4 AW Fde 7 mg/LAAZEL 99.9%)°] ok
MBR-B #8-x9 F#FE 3800 mg/L(AAZES 615%)°193, NF T8-S
ARNFNE 6 mg/LAAZEL 0I%E 455 7|Fo2 & 4 MBR-A%
MBR-B g% BT 99%°]49 AAELELES BAth MBR-A ¥357F RO ¥
Fe AZF FolE 4 mg/L(AAEZEL 9.9%), MBR-B F37} RO ¥4<& 7

3 mg/L(AAZEL 99%)=2 94+E 71$22 & wW MBR-AY
MBR-B #gx EF 99%old9 AAEZEES EIAo. FHAs WY COD+=
90%0°l/dol AAZL Bvte =[371¢F & F[38]9 AFAHL FASHA wiole 7}
2 RS COD7F 99%0)7de] AAZE dvte Ae &< & =+ Yy

(2) FEA&(T-N)

Fig. 27% Fig. 282 MBR¥ NF9 &4 FHNA F359 T-N 5= 2
AZES YA Aot 959 T-N2 3870 mg/LolYen, Im FHEE A HE
2 d#Hg Fo T-N FEE 3850 mg/LAALZEL 05%)2A 1m 7tEA &2
H A% T-N s&=€ 79 ¥t 9. MBR-A¢ MBR-B ¥H&ZE 74
WAz 2,280 mg/L(AAEZEL 41.1%) 2 2660 mg/L(AAZEL 31.3%)=
23R HEHITAHJ NF 38& A Fol= MBR-A 5359 4% 410
mg/L(AAEZE&L 894%) ¥ MBR-B T35 A9 360 mg/LAAZES
90.7%)°1e, RO ¥4<& AZ Fol& MBR-A F359 2% 400 mg/L(AA
EE2 896%) 2 MBR-B F359 Z¢ 350 mg/L(AALEE 90.9%)°] ATt

FE 7]1F2=2 & vl MBR-A¢ MBR-B 359 T-N AAZE&L NF RO
4e B3 247 89%, 0% AAEZELS JEMAAT
(3) FUT-P)

Fig. 299} Fig. 302 MBR¥ NF9 EXFAoNA F#459 T-P 5% 2 AA

X

2
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2&s vEd Aot 459 T-PE 131 mg/Leldew, Im 7tERA HHE
A3 EA T-PAEL 120 mg/LAIAEZE S 84%)E 74U, MBR-A%
MBR-B ®k&Ze &3 Z4z Hgd 9 T-P %€ EF 40 mg/L(AAZE
< 695%)2 YEtHAS. MBR-A F3E NF9 RO 54& 47 AXEA
T-P 5% ZZ 008 mg/L(AAZEL 999%) 2 004 mg/L(AAZLEL
99.9%)2 #ZAF A1, MBR-B $#57F NF&t RO X3S Z4Z AXWA 0.07
mg/L(AAEEL 999%) 2 004 mg/L(AAEZES 99%) =2 THAHJT. A&
7I#ez & o) T-P9 AA&LEL NF/RO ¥48& 53 MBR-A¢ MBR-B &
T EF 99.8%9 AARES YEUAS. A[39]14 ATAFHe FASHA A4
Hg Y T-PEAES AY EF AAES 9 & & Ao

(4) dEYord ZA(NHs-N)

Fig. 313} Fig. 32 MBR¥} NF9 EAZTANA F349 NHs-N 5= 2 A

37

AZEES YE Aolth A9 ¢EYod ZAANH-N) =+ 3540 mg/L
Aem, Iim FFEHA FEHE AXEA 3450 mg/(AAZEL 25%)2 HAHSIA
1, MBR-A¢ MBR-B #3%& AAHUA 747} 2,100 mg/L(AAZEL 40.7%)

N,

D 2480 mg/L(AAZEE 300%)E A2HAYTh F2FAHA NF 2AHL AR
%ol MBR-AE 380 mg/L(AAE&L 89.3%) ¥ MBR-BE 340 mg/L(AIA X
L& 904%)01R 2, RO 34& AX Fot MBR-AE 370 mg/L(AALES
89.5%) ¥ MBR-BE 335 mg/L(AAEEL 905%)°1Ath d5E Vg &
W NH3-N¢ A71&&L MBR-A 359 4% NF 3 RO 4L T3 47
80.3% ® 895%° AAZEE AHHAL, MBR-B FIHF Afele #Z4
90.4% 2 90.5%= A=At

Table 832 MBR¥ NF/RO &4 FA4NA9 gAE T=®s € AAZES
LERA Bloj T,

MBR¥ NF/RO &4 &4l 93 Azd HFTH5ZEE Table 29 Yehd
FAE AL $RFE 71EX 9 vlus] 2 27 COD ¥ T-P ¥

3

#3713 9EaA 2HA

l-r1
rr
4
N,

_48_



ROF#AFE #F3td Herd Aoli, Fig. 34T 4%, Im 7IEHA I o3
&, MBR-A 53, NF 535 % ROFHFE 93ty Ui Aol A7
Aol PP wet gt At AT 24ATS & F AR

_49_



10000 @ 100

8000 - - 80
~ 6000 - - 60
>
E
[a)
o}
O 4000 - L 40

[ Concentration
—&— Removal Efficiency

2000 - - 20

0 = . . . . 0
Feed Prefilter MBR-A NF RO

Fig. 25. Concentrations and removal efficiencies of COD by 1gm cartridge
filter, MBR-A, NF, and RO process.

_50_

Removal Efficiency(%)



10000 @ 100

8000 - - 80
~ 6000 - - 60
>
E
[a)
o}
O 4000 - L 40

1 Concentration
—&— Removal Efficiency

2000 - - 20

0 = . . . . 0
Feed Prefilter MBR-B NF RO

Fig. 26. Concentrations and removal efficiencies of COD by 1lgm cartridge
filter, MBR-B, NF, and RO process.
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Fig. 27. Concentrations and removal efficiencies of T-N by lgm cartridge

filter, MBR-A, NF, and RO process.
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Fig. 28. Concentrations and removal efficiencies of T-N by lgm cartridge
filter, MBR-B, NF, and RO process.
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Fig. 29. Concentrations and removal efficiencies of T-P by 1um cartridge

filter, MBR-A, NF, and RO process.
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Fig. 30. Concentrations and removal efficiencies of T-P by 1um cartridge

filter, MBR-B, NF, and RO process.
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Fig. 31. Concentrations and removal efficiencies of NHs-N by 1um cartridge
filter, MBR-A, NF, and RO process.
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Fig. 32. Concentrations and removal efficiencoes of NHs—N by 1um cartridge
filter, MBR-B, NF, and RO process.
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Table. 8. Concentrations and removal efficiencies by 1um cartridge filter, MBR,

NF, and RO process.

MBR NF
Item Feed | Prefilter
A B A B A B
Con.
9,870 9,200 | 3,000 | 3,800 7 6 4 3
(mg/L)
COD
RE _
- 6.8 674 | 587 | 998 | 998 | 999 | 999
(%)
Con.
3,870 3,850 | 2,280 | 2,660 | 410 360 400 350
(mg/L)
T-N
RE
- 0.5 408 | 309 | 820 | 8.5 | 825 | 86.8
(%)
Con.
131 120 40 40 0.08 | 007 | 0.04 | 0.04
(mg/L)
T-P
RE
- 84 667 | 66.7 | 99.8 | 998 | 999 | 99.9
(%)
Con.
3,540 3,450 | 2,100 | 2,480 | 380 340 370 335
(mg/L)
NH3;-N
RE
- 25 391 | 281 | 819 | 8.3 | 824 | 8.5
(%)

% Con. : Concentration, R.E : Removal Efficiency

_58_



i
>
N

¥Al

t—

RO

J'a

AR IN

t

4

{

-

P,

o ’—':5“ _
\ !
Z

1

F

Fig. 33. Photograph of filtrate and permeate by 1lum cartridge filter, MBR-A,

NF, and RO process.
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Fig. 34. Photograph of filtrate and permeate by 1um cartridge filter, MBR-B,
NF, and RO process.
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B dA7E SAER AYFOlolerts FRE) ARF(Au)e] n=A A F
T TAS =57 AT 72 Aol HRF(AEDE =AY ET] A3t
o FH(nanofiltration) =& G4 F(reverse osmosis) F48S AHE-3HH o,
AEFHo2ZA  AHEAF(microfiltration), HA7F  $1=  MBR(membrane
bioreactor)¥ @AE H71¢ MBRS 44 #H&3to vl sten, 1 23 o
& 2L AES AU

1. wbolerts ZHES HRF(AH)Y FHAXT-N) 2 dEYdd L
(NHs-N)9| Hi s== 427 3870 mg/L % 3540 mg/LE A2 FASRSH,
BHF(AY]) Fo dAE FE GRYEALY FHE EAGAT

2. MBR9] 7oA & (biomedia) 5ol wE COD, T-N, T-P ¥ NH;-N¢
=EWs 9 AATEY & AolE gYdoy, EAE ¥ MBRY TMPE 4
Uz ko MBRO H|E o] A3 Z7kstaTh

s

3. MFel 9% COD, T-N, T-P ¥ NHs;-N¢ AA&ZE&L 47 71.6%, 25.0%,
533% 2 18.0%°11 3, MBRe| & AMAZLEL 247 587%, 30.9%, 66.7% 2
28.1%°1A. Wk FEEF AAE A= MBR ¥4 MF ARG
a7 oAk,

4. AAZYEFZo=E FAE A7 MBR ¥48& AHS3 4%, NFo| €3 COD,
T-N, T-P ¥ NH3;-N9 AAZES 77 99.8%, 86.5%, 99.8% H 86.3%°]3 &
o, RO 93¢t AARES 77 99.9%, 86.8%, 99.9% H 86.5%°] AT

5. MBR¥} NF/RO #A3& ol&3ly A AER A WFH(YH) 3
239< W, COD$ T-P= 25

3
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