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Evaluation of pure oxygen with MBR(Membrane Bio Reactor) process
for anaerobic digester effluent treatment from food waste
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ABSTRACT: In this study, the applicability of the MBR(Membrane Bio Reactor) process of oxygen dissolve was evaluated
through comparison and evaluation of the efficiency of oxygen dissolve device and conventional aeration device in the explosive
tank within the MBR process. The organic matter and ammonia oxidation by oxygen dissolve device were evaluated, and
the efficiency of persaturation was evaluated by applying real waste water (anaerobic digester effluent treatement from food
waste). SCOD and ammonia removal rates for oxygen dissolve device and conventional aeration device methods were similar.
However, it was determined that the excess sludge treatment cost could be reduced as the yield of microorganisms by oxygen
dissolve device is about 0.03 g MLSS-produced/g SCOD-removed lower than that of microorganisms by conventional aeration
device. The removal rates of high concentrations of organic matter (4,000 mg/L) and ammonia (1,400 mg/L) in anaerobic
digester effluent treatment from food waste were compared to the conventional aeration device and the oxygen dissolve device
organic matter removal rate was approximately 13% higher than that of the conventional aeration device. In addition, for
MLSS, the conventional aeration device was 0.3 times higher than for oxygen dissolve device. This is believed to be due
to the high progress of sludge autooxidation because the dissolved oxygen is sufficiently maintained and supplied in the
explosive tank for oxygen dissolve device. Therefore, it was determined that the use of oxygen dissolve device will be more

economical than conventional aeration device as a way to treat wastewater containing high concentrations of organic matter.

Keywords: MBR(Membrane Bio Reactor), Oxygen dissolve device, Conventional aeration device, COD(Chemical oxygen demand),
Ammonia, MLSS (Mixed Liquor Suspended Solid)
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Fig. 1. Schematic diagram of lab-scale with each case (case 1, 2, 3: oxygen dissolve device, case 4: conventional aeration device).
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Table 1. Operating Condition of Each Case (Case 1~3: Oxygen Dissolve Device, Case 4: Conventional Aeration Device)

Case 1 Case 2 Case 3 Case 4
DO 9.5 35.0 9.5~15.5 4.0~5.0
Temperature (C) 25 28
pH 7.5~7.7 7.1~7.3 7.1~7.2
COD concentraiton (mg COD/L) 2,000
Microorganisms concentration X O (MLSS 2500 mg/L)
agitation X 0} X (0]
Wastewater Synthetic wastewater (Table 2)
Operating time 5 day 360 min
Table 2. Characteristics of Synthetic Wastewater 2.12. AHSF AL Px3aiAgs] g8 Hot
Chemicals Injection of chemical ~ Concentration LAER HUE dr])48 59 FxsakAs
amomt (mg/L) el g3l719 g2/ 4N E B 4718 2 4w
Glucose 1,875 mg 2,000 mg CO]?/L Yo} AA Te W71 94 Fig, 29} o] elLule
Coon L 71 TSl AEe gk, G AT
MeSO, 200 mg 40 mg MglL + UF (Ultrafiltration) membrane-2- AR8-3l] n|A &3}
CaCl, 1,160 mg 420 mg Call HE E8) 39 thFig. 3). ARE-3$H membrane( A Ak
FeSO, - 7H,0 16 mg 32 mg Fell FLFHE Mo HA])2 polysulfone AZEZ pore size
MnCl, - 4H,0 6.0 mg 1.6 mg Mn/L £ 0.01~0.04ym, OD/ID thickness 490/320um, Q1373 =
NaHCO; 1,230 mg - + 30~33 g/fiber AT}
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Fig. 2. Schematic diagram of continuous oxygen dissolve device and conventional aeration device (a: oxygen dissolve

device, b: conventional aeration device, c: picture of lab-scale).
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Fig. 2. Continued.

Fig. 3. UF (ultrafiltration) membrane module.
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Table 3. Operating Condition of Continuous Reactor with

Real Wastewater

Oxygen dissolve  Conventional aeration

Item

device device
Temperature (C) 28 28
DO (mg/L) 9.5~15.5 4-5
Initial MLSS (mg/L) 2,400
Wastewater Anaerobic digester effluent for food waste
Operating time (day) 8
Working volume (L) 3
HRT (hr) 3
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Table 4. Characteristics of Anaerobic Digester Effluent for
Food Waste

Item concentration
pH 79
TCOD (mg/L) 4,140
SCOD (mg/L) 1,440
BOD (mg/L) 120
T-N (mg/L) 1,600
NH;" (mg/L) 1,175
SS (mg/L) 2,100

3. gt &

3.1, ESHAAZESHT| 2| =2A A
Fig. 4 (Case 1)= T ES FU3HA] &S wj ¥
EsPEAgEl 7o oal AA He 8848 fUE
FEUo} & Jehd Tjzoltk ddxde 27
FEE 9.5 mgLE 2ste] Agsiglan, 437
Z 5¢Y 5% DOE 9.0 mg/L o422 FA|FE AL,
AT, 77 5Y 5o 824
op7} HEIFAG3E) 7)ol o) 4kslE o] A A=A
UTE o= HE3PEARE] 7)ol o3 FES] Ak
FABIAARE, FE AkAho) o3 G718 =
ol= AbstE|o] AAEA Fe-S on|gt
Fig. 5 (Case 2):= HE8pakaxg3s)7]ol ofsf AlA==
|4 71E 2 gEUel SEE Hefs] sl A3
ZAio|t}. Case 17= th2A] 27| DO $55 35.0 mg/lL
2 AFBI oM, 48717159 F29FDO 55 30 mg/lL
oPdE FA STk Case 13} thEA] wHkS: &) Utk
AT, Case 17} FL3HA A2 595% 7712
g dmyole] AAE e AoE YERTh
Fig. 4 (Case 1)2} Fig. 5 (Case 2)= S8l & <)
o] FxsPikaigal7]ol ofaf thakgt oA 884
7= 2 gRUopt AAE  UeA] ERIFH A3}
shikag3l71 oJal AAEE 654 fV1E L g5
Yok= ISt PAE 98 &3 EAgA9E BH
B 71ES dRYoks HaxsiiAgs)71o] ¥
2 g om A= n|AYEo o3k A A Aoz wh
= ok

x&_p

l:l

8

[e) A=)
B2 Y=

o g C o> 2L

2 e

J. of KORRA, 29(3), 2021

2500 4 10 100

<CASE 1>
(9] Q o]
® ° g
2400 4 8 0 2
S = =
E ® §
5 < 5
3 2300 - -é 6 60 E
£ 8 g
8 H 8
g
S 2200 4 g 4 [ ] 0 g
z
o
3 o [ u n &
(2] Q =z
2100 4 2 20 I;
z

2000 - 0 5 <y 0
0 1 2 3 4 5

Time (day)
@ DO concenration l SCOD concentration
O NH, concentration (O NO, concentration 7 NOj concentration

Fig. 4. Removal of ammonia and SCOD for oxygen
dissolve device without microorganisms (case 1: initial
DO 9.5, agitation X).

2500 4 40 ~ 100
<CASE 2>

[ ]
O O r 8

ce
oe
[ ]

2400 4

@
&

2300 1

2200 4

SCOD concentration (mg/)

DO concentration (mg/L)
3 8
NH,, NO,, NO, concentration (mg/L)

2100 ] 20

2000 - 0 %
2

Y % -0
0 1 4 5

3
Time (day)

@ DO concenration M SCOD concentration

O NH," concentraton O NO, concentration v NO, concentration

Fig. 5. Removal of ammonia and SCOD for oxygen
dissolve device without microorganisms. (case 2: initial
DO 35.0, agitation O).

Fig. 6 (Case 3y PIAES FUsIAE o st
283l7|E o]83le] AA == 834 771= Fig 6(a)
PEUo} F 5 Fig. 6(b)2} MLSS 5718 = Fig. 6(c)
UERH Tefazoltt
zolg ,Q_}./H 7]‘3 =1} %E_L]OI— o= 71—71—2000
100 mg/L S0, 84 1“4 PEUopr} T o)t
AA HA & W7A AP-E sk A4
AFFF T (360 ) SCODE= 2,000 mg/LollA 250 mg/L
2 ZAEN o, ojufo] A|AHE-2 88% STt SCOD
AA £5E 19229 mg COD/min ©]%Jth R Uole)
AT A TE T 99.9%°] AALS BYoH, AA
45+ 13.05 mg NH, /min ©|3{th Uo7t AA 2

I

il >+E



ZAA0] MBR(Membrane Bio Reactor) 34 A28 £ot 2AIEF M7 I |HAS R4 A2| EHIt (|

785 =Yoo} AlA 712k wEk NOU NOy7| 525 27}y 22, 23% 7V 71l A3FE F vA= yield

= o] BHofof stANE B AFoAE S == d A2 0.32 g MLSS-produced/g SCOD-removed 24 &

*OPO Holz] eigith o= FATTE A= & wll CNP HhE o = Aeixl ST A yield 741 0.6 g MLSS-

&5 v Eo] HAT  J= FHA ) 12l 100:5:1 produced/g SCOD-removed'®ol| BI3} 2F 1/1.8H] 2 -
2 Xﬂ 3H7] wiiEell A A S R o= & H|AY TS Bt

9] FA1E FA5=H
MLSS<}F MLVSS2] A2

/\U

__L._J_

Y %8

h=

2500
<CASE 3>
A
2000 ®
I o
> [ 1N
~e
£ ~
3 NP
= ~
S 1500 ~@
® S
2 o
I} N
o -
2 M. y=-193.20 + 2434.4
g 1000 4 ~_ R¥=0.9441
o N
g
~
@ 500 - L4 Y
N
\\
e "~ o
3
0 . T T
0 100 200 300
Time (min)
* NO,-N NO,-N < >
100 NH, 5 s CASE 3
) AN
2 |* °
P AN
2 LN
© N
€ AN
@ N
5] 60 AN
s N
3] N\ y=-13.05x + 118.52
© N R2 =
S R?=0.9876
Z 40 N
& N
o o N
z N
N N
= 20 N
z ' N v 4
v \\V
0 ¥ T T O O O
0 100 200 300
Time (min)
3500
® MLSS <CASE 3>
— O MLVSS
= C
[=2)
£ ° °
s
%3000
£ ¢ o
3 ¢}
=
8
) O
%] ®
2 2500 -
=
1%
»
-
=
2000 . T T
0 100 200 300
Time (min)

Fig. 6.

Variation of ammonia and SCOD, MLSS and

2 Ao% AT AT,
3 270 wla

MLVSS for oxygen dissolve device with microorganisms

(case 3) (A : SCOD, B :

ammonia, C : MLSS).

Fig. 7 (Case 4) HAE-S F3519S o Yukzy]
Z7Ho ol&f AAEE 24 §71E Fig 7() 2 &

2500
<CASE 4>
A
__ 2000 ".\.
E) ~.®
~ [
£ ~
c ~
S 1500 NG
g 2
S N
o AN y=-186.17x + 2481.4
g 1000 A ~_R?=09119
N
8
Q o -
D 500 4 Y
\\
e "~ 0
3
0 : : :
0 100 200 300
Time (min)
® NHS O NO,N w NO;N <CASE 4>
100 1 \
3 N B
2 N
£ [ ) N
g0 e
=
© \
5 N
S \
Q
o 60 N
S N\
3) N Y51269x+117.03
© 2 _
o) « R?=09672
=z 40 AN
: \
) *
z \
. 2 o
z AN v
v NI \4
¥ \
0 : T O O O
0 100 200 300
Time (min)
3500
® MLSS <CASE 4>
— O MLVSS
= C
E ° i
§
= 3000 4
5
€ ° o
8 ¢}
f=4
Q
o
»
2 [ o
2 2500 4
=
1%
7]
-
=
2000 T T T
0 100 200 300
Time (min)

Fig. 7. Variation of ammonia and SCOD, MLSS and MLVSS
for conventional aeration device with microorganisms (case
4) (A : SCOD, B : ammonia, C : MLSS).

3}, 293)

7= , 2021



12 “%ME, 8

o
AT
0x
Jo

Yo} Fig. 7(b) &
UERH T8 azolt)

FHEsPkA838)] FAR(Case 3)9H2] HIZE 93] DO
205 ALz YA A3 208 sYskA =48t
of At 427 HFFTE £ (360 ) SCOD
= 2,000 mg/LolA 310 mgLE ZAE00H, ojufo)
AAEL 85% ATE SCOD AA L5+ 186.17 mg
COD/min ©|31th. gEUole] 739 A3 FTH F 99.9%
O AAES B oH, AA £S5 1269mgNH4/mm

o|ltt. kRt AlA & A9 dEYot AlA 712k
o] W2k NO U NOy7H 4 == 34 l Kool sRA|TL
HExsEAE) 7] AR o] APARe} o] B AT
oM FA == ddo] HolA]| §gkom, Harshika

B3l7] A2 Aol A AFg ol wWwell F2H A
FoyTha FETh

MLSS®}F MLVSS 9] 7% 23 T8 § x7]ol| Hlal
Z}7} 23, 23% 7V S7FskAth AEEE F A E
yield 32 0.35 g MLSS-produced/g SCOD-removed =
Al dutdgo g ezl SAEH A yield a4l 0.6 g
MLSS-produced/g SCOD-removed®l] BI&}| <F 1/1.79]=
1,].0 /~ o o H%{D}

Fig. 82 H3E3}FA85)7] (Case 3)9F IRba7]E
71 (Case 4)9] &4 715 9 dEYol AAES
H| w3k Avtolt). 71 A3} SCOD AAE2] 79 =
Skl 717F LREE71E7 1ol BIs) oF 3% 7+

=on, AAEER Wit} kYol A A-E2] A

=9} MLSS Fig. 8(c) 7HsES

2 °¥N

100 EE Oxygen dissolve device [C] Conventional aeration device

80

60 -

40 4

20 A

SCOD, NH,‘+ removal efficiency (%)

0

SCoD NH,"

Fig. 8. Comparison of oxygen dissolve device and
conventional aeration device for SCOD and ammonia

removal (batch test).

J. of KORRA, 29(3), 2021

T kgl 7)o At ZHol 9.9%E Y
SR AA 5= Fxskiags)r]7) tha me
PARSA=E: b 2 e

s 80 79 IEsika83l7171 032 g MLSS-
produced/g SCOD-removed ©]1o ™, L¥+E7]%7]H
©] 0.35 g MLSS-produced/g SCOD-removed ZA] Yt
371&71o] Haxspikagal7]ol vial 119 7HE =
Attt HAZSABE) 77T LREE71Z 7R Hla] T
A& F80] B olfir= HzslikAi8al719 79 7]
2ol &4 F73] 3EEHIL FAHERE £
21o] Akt 152 F1E]y] o= At
Case 3, Case 4 @A A3 k483079 LRk
71Z71% 2] SCOD, ¥EUole] AAEH AAH &5
Hls=g 210 2 JEP o), darsiikagalr|v o
371Z&71Hel| vlal PAE F&o] Yol dosHA|
g Blgo] Z4d = g Zlolgt dwekdTh

Ir ol

T or

+
]

3.2, HESMUAESY| &8 SHEF HVI=
(@)
=}

Fig. 9% HZ3M A7 E o83 F4&F =
71Ee] d714 43t =] f71= Fig %a) 2 4=
Yo} A 78 Fig. 9(b) MLSS %7} 5= Fig. 9(0)= X

& 9ol

AR AN F 4 $HE 715 2 4=EY
o} AAEo] ¢Fgst H L, olwje] flE H Yo}
Bt AALL 22} 478, 23.1% AT TAHS AY
Aol vl3)] f7]1= 2 gEUol AAEo] 28] o 2+
231k ol SAER AVIES] @714 &3 fE=F

A= & 4 150] SCOD - BOD7} 10%
oJgtE EAeh= a7t ol EEE FAE o]
AAEo] Zasidvia ) =3 A AEo] oHY
3} He 7Rs dPHTE ARESIE well Hs oF
28 74 ) A%tk MLSS S7H= %719 Bl&) 2.9

7V Z7bsl on, F7HEEE 654.24 me/day AT

Fig. 10 %11%7l£71%‘% o83 5= H7I
o F7IY 438 fE9 R71E Fig 10) B =
Yo} 478 Fig. 10(b), MLSS %7} ¥ = Fig. 10(c)=
HojF= TOglotk dzsikagal7]eke] v s <
3] DO 21& AJe U] 218 YA =4



A H o o = oAl o = = = A5
=440 MBR(Membrane Bio Reactor) 34 #E2 &St SAE2F IVIE dV|d4st RE4 e Tot 13
1600 10 1600 A 10
1400 0000000 000000 © 06 0 © O O . 1400 0000000 000000 © © © O O 0 O
9 9
— | ] L] — mEgl gpugl | ] g
T 120{0 guumm " m . - - 3 1200 '.5 o® g u n
=3 ] | ] n [=)
E o° £ . L
é 1000 OoO o § 1000 Oo c000000
8 o o £ 09
g 800 o 06006000 @7 T H 800 t7 T
e o o © o e
Q Q
8 600 8 600
a o 6 a te
3 ° 3
g 400 Q 400
Influent SCOD [ 5 @ Influent SCOD [ 5
200 O Effluent SCOD 200 O  Effluent SCOD
W pH B pH
0 T T T + 4 0 T T 4
] 2 4 6 8 4 6 8
Time (day) Time (day)

1400
B L °
>
g 120 0000000 000000 0 0 0 0 0 0 0 O
s
E 1000 A o o
s o e} oo 00000500
2 800 A o 0 o 00
15} @]
3
z
& 6001
z O
Z, 4040
o @ InfluentNH,"
z 9] O  Effuent NH,"
*e 200 V¥ Effluent NO2-N
I A Effluent NO3-N
4

om

0 2 4 6 8

Time (da!
8000 ime (day)
C

6000 -

y=654.24x + 2200

4000 - R”=0.9808

MLSS concentration (mg/L)

2000

4 6 s
Time (day)
Fig. 9. Variation of ammonia and SCOD, MLSS and
MLVSS for oxygen dissolve device using anaerobic
digester effluent for food waste (A : SCOD, B :
ammonia, C : MLSS).

se] A atck

AYES APAT F 4 FEH A8 R g
ok AA o] et B, olmlel 718 2 g

Yol Hi A AL 242} 34.1, 25.9% ATH 34:—1514}

2a)7)9} o] YHLEAZ7| % S H S AR
S-S wjol] H]3)| A|AEo] LAl BFII=E AT O]aﬁf_} o]
= oA FEsaka g r|o A9} o] fYSE T
Ashe B4o] Ba7) o 42 FAE] Q7]

1400

~ B
=

2 1200

E 0000000 000000 ¢ © 0 0 0 0 O
S o o

o O

= 1004 ©

£ °© o o o

] o © 050 %0 "00%0
g 800 A © o

8 o

Z

& 60

=z

%, 4001

o @ Influent NH,*
z O Effluent NH,"
* . 200 V¥ Effluent NO2-N
% A Effluent NO3-N

4

Ti d
8000 ime (day)

6000 -

y=717.19x + 2200

4000 R®=0.9583

MLSS concentration (mg/L)

<
2000 -

0 T T T

0 2 4 6 8
Time (day)
Fig. 10. Variation of ammonia and SCOD, MLSS

and MLVSS for conventional aeration device using
anaerobic digester effluent for food waste (A : SCOD,
B : ammonia, C : MLSS).
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Fig. 11. Comparison of oxygen dissolve device and
conventional aeration device for SCOD and ammonia

removal using anaerobic digester effluent for food waste.
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Fig. 12. Change of microorganisms color for oxygen
dissolve device and conventional aeration device with

operating time.
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