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ABSTRACT

A Study on Wastewater Treatment
by Anoxic/Oxic Type MBR-RO Process

Quan Hong-Hua
Advisor : Prof. Sun-1I Kim Ph.D.
Department of Chemical Engineering,

Graduate School of Chosun University

A membrane bioreactor (MBR) is an effective tool for wastewater recycling
and treatment. MBR process has several advantages over conventional activated
sludge process (ASP); reliability, compactness, and quality of water. The
resulting high—quality and disinfected effluent suggests that MBR process can
suitable for the reuse and recycling of wastewater.

An anoxic/oxic (A/O) MBR was applied to simultaneous removal of carbon
and nitrogen components in sewage. In this study, at first, the efficiency of
submerged MBR was investigated using hollow fiber microfiltration membrane
with a constant flux of 10.2 L/m”- h at different solids retention time (SRT).
Results show that protein/carbohydrate ratio increased and total extracellular
polymeric substances (EPS) remained constant with SRT. Inorganic nitrogen
removal efficiency increased with SRT due to a higher biomass concentration
while phosphate was hardly removed. The removal efficiency of chemical oxygen

demand (COD) was considerably high (over 80%) throughout the experiment.
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Secondly, a lab-scale A/O MBR with reverse osmosis (RO) membrane was
applied to treat the municipal wastewater. The A/O MBR-RO process is better
than the conventional ASP in terms of consistent product quality including COD,
morganic nitrogen and total nitrogen. For the treatment of organic materials in
municipal wastewater, the A/O MBR-RO process superior to the ASP. However,
both processes showed little efficiency of phosphate removal because dissolved

oxygen (DO) concentration in A/O MBR process was too high.
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Table 1. Characteristics of RO Membrane Module
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Table 2. Composition of Synthetic Wastewater

Composition Molecular weight (g/mol) |Concentration(mg/L)
CeH1206 180.0 200(as COD)
NH4C1 53.5 40.00(as N)
KH>PO4 136.0 5.00(as P)
NaHCOs 84.0 250

FeCls - 6H20 270.5 0.38

CaClz + 2H20 147.0 10.00

KCl1 745 4.7

MgSOQO;y + 7TH20 246.0 50.00
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Fig. 4. Schematic diagram of the MBR.
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Table 3. Specifications of the MF and RO Membrane

Module type(MF)

Module type(RO)

Pore size(MF)

Material(MF)

Material(RO)

Surface area(MF)

Outer diameter(MF)

Inner diameter(MF)

Hollow fiber

Spiral Wound

0.2 um

PVDF

Polyamide

0.2 m*

2 mm

1.8 mm
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Ir4-1. 349 28 ¥4A SRT Watel B2 423
H7% A/O MBROIA SRT Wate] me /1% @ JFGiel A543

EPSe EA4< ##at7] 98], SRTS 10, 15, 25, 30 day= WA 7|HA H 1

o] 35 cmHgol =& @ wWriA o oat Ay FRstAch o o3} Ay

WA Z718 Table 49 e AT

Lo

II1-4-2. ASP% A/O MBRS A =%
ASP$ A/O MBRY #H4 AHZa&&S vustr] $18] ASPe] MLSS(Mixed
Liquor Suspend Solids)¥ =% 3000+300 mg/L, A/O MBR9 MLSSF=Z

B

5000+300 mg/L&2 A3 om, pore size’t 0.2 ym¢l F&AE MFHS Z7]
Zol HAAA st ASPeF A/O MBR x2S Table 591 YEH S
=3

III-4-3. ASP-MF-RO% A/O MBR-RO &#
ASP-MF-RO¢ A/O MBR-RO +#A° JIef:=%E Fig. 50 4YHeHAH.
ASP-MF-RO A< dwtAdd @459 A ¥4 (ASP)el MF#3 RO%= 2

g3 Alx"lor pAEAT dH A/O MBR-RO ¥AHLS A8 Aoz
AEWEZ(MBR)Y ROTS AT Aladlo=w FAS AT 274 3489 &
AZAL Table 501 YEF AT
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Table 4. Operating Condition of the Submerged MBR Process

MLSS(mg/L) 3200300
HRT (hr) 24
Permeate flux(L/m” - h) 10.2
Maximum TMP(cmHg) 35
Air flow rate(L/min) 5.0
DO(mgO«/L) <4.37
Temperature(C) 20~25
Pulsation time(min) 5/1
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Table 5. Operating Condition of ASP and MBR Process

Operating Condition

ASP MBR
Surface area 0.2 m*
Pore size N 0.2 um
Material N PVDF
Module type Hollow fiber
HRT (hr) 24 24
MLSS(mg/L) 3000+300 5000300
Anoxic volume ratio(%) 17 52
Re-circulation flow ratio 1:1 111
Operation mode Continuously On:Idle=bmin:1min
Working volume(L) 28 42
Maximum TMP(cmHg) - 35
DO(mgO2/L) 7~8 7~8
Temperature(C) 20~25 20~25
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Primary Aeration Final
Sedimentation ] Sedimentation ME=T—1 RO
Basins
Tanks
7y Tanks
Raw wastewater
Primary Membrane =6
Sedimentation [~77TTTTTTTCC g Bioreactor | ~TTTTTTTTTTTTUUC »
Tanks

— Conventional process

----» MBR process

Fig. 5. Schematic diagram of ASP-MF-RO and MBR-RO process.[zg]
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II1-5-1. MLSS(Mixed Liquor Suspend Solids) & *A

B &x FEE MLSSE =Astgdon falddoxy, Zaue vy
of o A ve FAE @ F AR CE/OIF AT B Hstol
5 mLe AEE oA 7] o 110 CTolA 2 A Axste FAE dol oy

A5 fel iAo FAAE Ese] MLSSE F3k9)

II-5-2. COD &4

&

FiN

F71 529 TE=E COD(Chemical Oxygen Demand)® YEI AT =&
ArstRo 9& A g o 15 =8 (high range, 0~3500 mg/L) COD A] 2k
(HACH, USA)& A3ttt A2 COD reactor(HACH, USA)el ¥ 150

ool A wete] 620 nmolH FAEES =

FA oA Z2o| A EPSY FE s oBHBTAE e A sp glon) B oA
o A= EPSE wAlZo 8o Au & Fo| /MY Fae PPow &
A4 g dAGPPe o) gee FEagon, & EPSE Ay g

& AES =AH3de] MLVSS(Mixed Liquor Volatile Suspend Solids)(g/L)
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of e gtom fAFFoR shdon g A3 o] gA A

EPS(mg/qVSS) = protein (mg QL—I—V%‘(I;O/f%dmte (mg/)

kg Ule] 24584 20 mLE Fde 3200 rpmo 2 3

(=)

BB QAR
dstel 4xAe Mem FREE ALIAA £ F QARd] Q20
= 23] WrEstdn. A S (salt solution)E A= & For urFo] AdY

(resuspension)dt A th. A PEFA S 100 C LEoA 1 AzF FoF 719 T AL

I1-5-3-2. &5~ 8} & (carbohydrate) 5%

=82 A RS phenol-sulfuric acid™Moz ZAs 9k AlE 0.6 mLol
5% phenol € 036 mL¢ ¥ FAiH(con-H:SO4)E 216 mLE 23 FA
vortex mixer=Z et AlRE A2oA] WWAIZ F 480 nmolA FEFEE

ZAs9 o, AHFHL glucoseE T EZE 3o Fig. 69 W e Aot

I1-5-3-3. 2" A (protein) 573

g AR lowry 37l 98 A4 AR 1.0 mLol #e e 2
N NaOH% lowry regent 1 mLE Y1 10 7% ®x3 s
Folin-cioclteuphenol reagent 0.1 mL % i vortex mixer= =% % 30 & &
WAg & 750 nmeld FFEE SASAH. HFHE BSABovine Serum

Albumin, SIGMA)E Z+&4d= 3o Fig. 7] e AT
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Absorbance

1.0
0.8}
0.6 F
0.4+
y = 0.01067x - 0.011
r’= 0.9979812271
02}
0.0® : : :
0 20 40 60 80 100

Glucose (mg/L)

Fig. 6. Calibration curve for carbohydrate using glucose as standard

solution.
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Absorbance
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Fig.

y = 9.4852941176e-4x + 8e-3
r* = 0.9995795291

200 400 600 800 1000 1200
BSA(mg/L)

7. Calibration curve for protein using BSA as standard solution.
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Table 6. Parameters and Analytical Methods

Items

Analytical Methods

Instruments

Temp.

pH

DO

TN

NHs -N

NOs; -N

PO, -P

TP

Directly method

Electrode method

Electorde method

UV spectrophtometric
method (220nm)

Indo—phenol method
(630nm)

UV spectrophtometric
method
(215nm)

UV spectrophtometric
method
(880nm)

Ascorbic acid reductive
method(880nm)

pH meter(Corning, 440, USA)

pH meter(Corning, 440, USA)

DO meter
(Orion, 810, USA)

UV/VIS spectorphotometer
(Shimadzu, UV-2101PC, Japan)

UV/VIS spectorphotometer
(Shimadzu, UV-2101PC, Japan)

UV/VIS spectorphotometer
(Shimadzu, UV-2101PC, Japan)

UV/VIS spectorphotometer
(Shimadzu, UV-2101PC, Japan)

UV/VIS spectorphotometer
(Shimadzu, UV-2101PC, Japan)
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Fig. 8. Effect of SRT on TMP.
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IV-1-3. SRT ¥3to & f/7]& A7=Es

Fig. 11°] SRTE 10, 15, 25, 30 day®= F7MA7I1HA FdF FET9
COD &% % AA&ZES Y3t SRT 30 dayolAl¢] COD AA&EEE
71.82% ~97.96%°] ™, SRT 25 dayel Al ¢ AAELE&LE 6853%~97.71%, SRT 15
dayell A1 o] AAREELS 7858% ~98.16%, SRT 10 dayell Al & 73.39% ~90.42% =
COD®| Ht AALZEE SRT# w9 = ®otel AAR] FHH o=

80%°]de =& AAEES YUY F7le AARZE] =2 olF= 4

SRT-10day SRT-15day SRT-25day SRT-30day 100
480
300 |
a 160 §
=2 =
<
E 200} 3
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O )
QO 140 o
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—A— Effluent
100 —@— Removal
420
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Time(hr)

Fig. 11. COD concentration of raw and treated water and removal

efficiency at different SRT.
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BODE #3l3te Lubdql vheelotu ooz o) o e FRaA @
of 71E AEH AgelME distdo] WolAE #AZE 9tk ¥t MBR
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Fob AASE A9 100% Defdrin e
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T3 NHy -N9 AAE giisE sz

AAEES WEHH. SRT 30 dayelA el AAZES 73.62%~96.47%°] M,
SRT 25 dayoll A& AAZES 69.74% ~82.47%, SRT 15 dayelA e AA&ZE
& 47.45%~80.16%, SRT 10 dayel A+ 29.82% ~76.48% = Ev SRT7F &
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Fig. 13. Phosphorous concentration of raw and treated water and removal

efficiency at different SRT
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Table. 7. Effect of SRT on Removal Efficiency

Parameter SRT 30day SRT 25day SRT 15day SRT 10day

NH; -N(%) 73.62~96.47 69.74~82.47 47.48~80.16 29.82~76.48

PO;" ~P(%) 3.22~32.80 14.79~38.40 2.9~35.20 6.8~26.18
COD(%) 71.82~97.96 68.53~97.71 78.58~98.16 73.39~90.42
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Fig. 15. Comparison of NHs -N removal efficiency in ASP and A/O MBR

process.
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IV-2-3. #3%2 AAZE

TN AAE vAE FAo o AA, drYol &7lo] o AA, 18 4
Absh/gd asto] o3 Nom2 o Heow 12T 5 vk

Fig. 16914 = ASP¥ A/O MBReA 9] TN AAZES e ASP
Ao AAEELS 30.40%~6458%0] L, A/O MBROIA & 39.88% ~65.63% 0] =
2 ASPHETUT AwrH oz of7k 2 AAZES YERT 1 olfr= ASPOlA]

E Panzzt o] AT BALEI} o] FojAA & wH], A/O MBRe
M wel g% B wUA AT % v eole] Hgst % Abole]

HE RARAGN BAxE} DBHA o Fol /] WO ARH

BESA  AAY AN VARS GG BAYRUAN whE wF
AFVE Aol wol2 wEATA AW AR AFRE A8ATE 87
o @A skl ostel, @714 A BE wAIA B4 A WAL AR

3 ol4o] "tk PO, P9t TPAIAZ &L ASPOIAE 1.2%~10.69%, 0.8% ~
10.80%°]a, A/O MBROIA = 9.41%~53.72%, 6.01%~45.71%°]t}F. A/O
MBRoOl A = ASPEUY 3t 52 AAZES BAAR dAwzow & wf 49

o @2 FE AAZES WEHY. o= A/O MBROA = Az 3
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Fig. 16. Comparison of TN removal efficiency in ASP and A/O MBR

process.
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Table 8 Comparison of Removal Efficiency between ASP and MBR Process

Permeate(mg/L) Removal(%)
Parameter| Feed(mg/L)
ASP MBR ASP MBR
NH, -N 42.13~48.23 10.11~16.08 | 0.534~13.86 65.31~76.76 67.10~88.58
TN 46 ~48.62 16.5~33.84 16.41 ~27.65 30.40~64.58 39.88~65.63
PO437—P 7.53~7.83 6.74~8.75 3.408 ~7.09 1.2~10.69 9.41~53.72
TP 6.94~7.08 5.982~12.04 3.64~6.30 0.8~10.80 6.01~45.71
COD 169.83~195.75 6.81 ~56.67 1.78~41.38 69.04~94.43 77.39~98.95
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Iv-3. ASP-MF-RO 3% A/O MBR-RO 73 A& &

Table 90 ASP-MF-RO +#4# A/O MBR-RO ¥4 AHa&s YHEW
Atk ASP-MF-RO +4% A/O MBR-RO 344 COD9 AALEL
82.26% ~95.47%, 86.43% ~99.65%, NH, -N9| AAZEL 92.68% ~97.28%,
95.06% ~99.21%, TN A7 & & 84.85%~94.49%, 93.56% ~98.42%, PO,” -P
o] AATEELS 99.15%~99.89%, 99.67%~99.92%, TP AAZEL 71.08% ~
99.41%, 82.26% ~99.58% = Z}7t UER T o] A3E Edlz2 ASP-MF-RO &
43 A/O MBR-RO #A4olA EF & AAZES YEHUAT RS F+ &

Aol bAoA A Mg E ROV o)) BHEA, VAR, AW 75T

248 Fase] 4 AAs =8 oA =Hd U =2 AAEES UE
Rl wo® Al EY. 3 ASP-MF-RO Al Hlsted A/O MBR-RO

ASP-MFA] &= dlo] H]sto] A3 A/O MBRA2=H19] g E&o
7] W ol .

AN
o
N
ol
28
38
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Table 9. Comparison of Removal Efficiency between ASP-MF-RO and

MBR-RO Process

Permeate(mg/L) Removal(%)
Parameter| Feed(mg/L)

ASP-MF-RO MBR-RO ASP-MF-RO| MBR-RO

NH, -N 42.13~48.23 1.389~3.74 0.40~2.52 92.68~97.28 95.06~99.21
TN 46 ~48.62 2.63~17.2 0.75~3.06 84.85~94.49 93.56~98.42
PO P 7.53~17.83 0.0086 ~0.0659 | 0.0058~0.1278 | 99.15~99.89 | 99.67~99.92
TP 6.94~7.08 0.039~1.939 0.027~1.189 71.08~99.41 82.26~99.58
COD 169.83~195.75 13.02~51 1.006~39.01 82.26 ~95.47 86.43~99.65
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B A= AAY A/O MBRelA SRT Wiste] we = o9 543 f
e R FYEEFY AARES AR ow, ASPSY A/O MBR H
Ot A/O MBR-RO #AelA el AYa&s vaste] v 2

F-R
AeS 99

1. &A% A/O MBRelA SRT7F &7kgtel we} COD A7 &4 SRT W3t
of o]&EskA i, it 80%01 e AAZES YERUATE NHS -N AAEZE
& SRT7} F7bstel whet F7bslglon, POS -P AA &S SRT Wil o=
skA okrh v o9 EAL2 EPSUe wujHo]w SRT7} F7hshel wet P/C
v 7} F7bsle] B @S Vb Az oy, EPSF#S SRT W] 9 F3~
ekokth. 2elm 2 EPSU e P/CHI7F EPSE#Hwth v o g o Azl o3

=i}

2. ASP¢ A/O MBRelA COD AARZEL 69.04% ~94.43% X 77.39% ~
98.95%, NH4 -NE 65.31%~76.76% 2 67.10% ~88.58%°] ™, TNE 30.40% ~
64.58%, 39.88% ~65.63%, PO P& 1.296~10.69%, % 9.41%~53.72%, TP+
0.8%~10.80% % 6.01%~45.71% =4 A/O MBRY AlA&&o] ASPH T =7
Rt

3. ASP-MF-RO +4 ¥ A/O MBR-RO ¥#4° COD AAHZEL 8226%~

95.47% 2 86.43% ~99.65%, NHy -N A AT &2 92.68% ~97.28% 2 95.06% ~
99.21%0]™, TN A7 & & 84.85%~94.49% 2 93.56% ~98.42%, PO, -P A
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AEELE 99.15%~99.89% B 99.67% ~99.92%,

99.41% % 8226%~99.58% =4 A/O MBR-RO

ASP-MF-RO = A EY =4 Yetyst
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