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ABSTRACT

Remova of Nutrients Using Fermented Food Waste in
Membrane Coupled Sequencing Batch Reactor

Yang, Cheong-Suk
Advisor : Prof. Kim Sun-1l, Ph.D.
Department of Chemical Engineering.

Graduate School of Chosun University

It has been reported that the ratio of carbon to nitrogen sources (C/N ratio) in
biological treatment processes is important for water purification. In genera, the
removal efficiency of biological nutrients decreased because of the low carbon contents.
To increase the efficiency, therefore, it is necessary to compensate carbon source.

In this research, the effect of fermented food waste as an externa carbon source
was investigated. The effect of fermented food waste addition into wastewater with low
C/N ratio on the removal efficiencies of nitrogen and phosphorous was investigated in
membrane coupled sequencing batch reactor. The operation pressure lower than criticd
permegble flux was maintained to minimize the membrane contamination which was defect of
membrane coupled sequencing batch reactor. For 6~12 h/cycle of operation cycle, the
contamination of membrane was decreased when the operation period was extended.

The removal efficiencies of NHs-N and PO,>-P were increased by 81%~98%
and 37%~80% after adding the fermented food waste. Although the activity of nitrogen
oxidizing microorganisms decreased when the reaction temperature was decreased to
10°C, the phosphorous removal efficiency was independent of temperature and was

increased with the addition of fermented food waste. Therefore, the efficient nutrients

_Vi_



removal process can be established when fermented food waste and wastewater with
low C/N ratio were simultaneously fed into the membrane coupled sequencing batch

reactor.

- vii -
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EEe stgolA s ofA EA(acetic acid) T # HA EI e
COD(RBDCOD, Readily Biodegradable COD) ¥ #Fo] & F&317] wol A &34
d %9 Al ABNR, Biological Nutrient Removal) 3ol Z 83 ©A2Ye ¥+

of A adow Agan gut ol @ wAE Aty fstel J1E BNR #

methanol, sodium acetate ® acetic acid 53 %<& ¥ A4 F7E5S
HQog olgst} ey AAHQ WS 1y ste] Ut
Hagxz NEFstAY e &£ HaxE AXAste] of7jA AAdd

I 7Fs 3 BOD(SBOD, Soluble BOD), @4 3124 A %4HSCVFA, Short Chain

)

=
x5

o

M
of

Volatile Fatty Acid) &< 4 &3 7Fs3 #71&(RBO, Readily Biodegradable
Organic)& BNR 749 d7]|x & FAlhZxe @addoz FYsts 2a 9y
& olgstE Atdzh Ex 9oV gip e gread 18 AAE 2d
o] &= 7ldo] ofym R erAde FHHE FIE 5

¥ CODel 9% =gAnts 7gd = 7] wEel R eide] IiHd
RBDCOD?®] o] &Fetied dAo F

Al AR I G4 FAdA mAE R A A

AAE 7HA 7] o

Shl
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>
[
=
i
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O
)
fo
-
T
o
it
K
to
4z
!

Ao YveElUs M 2 7= AESHoE HA EdEH= CODMRBDCOD,
Readily Biodegradable COD)oll 23t AHolx, Loz = AEFsHor =g A &
3 ¥l = COD(SBDCOD, Slowly Biodegradable COD)oll ¢l &jA 81 m}x & 7

el WALEd % Aotk wAMNAoAe g7 BALE EAHM,
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RBDCOD 2] gt €A go] 714 ZA e 7F¢Ee 9 v

Ggel o8 SBDCOD+
94e 9% AA4TAAR A-457] Aol RBDCODZ A ¥ T}

= odoF w A E(autotrophic bacteria)oll ¢ 8 & A3} (nitrification)®} FAFA ZFA
(anoxic condition)ol A FZ:90oF 1 A & (heterotrophic bacteria)ol] 93 €23}
(denitrification) ¥} A @1 0] 3} & & (bacterial disassimilation)2.® =LA Y& F Yt}

FAA Y A =g A Fig. T-10 Heb A

AZFAA 3 A4 AA

A E(CHON) el gfr¥ol sl dAae 5 AF 722 of 12~13%
ot wetA o] SEARA AAH HYIHE AT LFE Hel= HFolA
AA" 12~13%2] Aa7E okHe] gtk oo w2t iy FEe] a7t =L
Az GAgol s3tEo] AN AAED 5 Ues 22 2 A=Y & S4F
of oz A7 Wzol HFo FrlE dolut A" Sz wep dex
o Aestd A Aol M AExrE A" wEt AEFA 28 vkE
b AAEY 2 AL g 2

d[NH, — N] K,
— 2 = 01257 — 0.125 X

dBOD (ZW(S)

y yield coefficient (g Vss/g BOD)
X, ' degradable fraction of MLVSS
K, : endogenous decay rate (g VSS/g VSS-day)

F] 7+ organic loading rate (Ib BOD/Ib VSS-day)
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Organic nitrogen
(Protein, Urea)

Bacterial decomposition
and hydrolysis

o~ Ammonia nitrogen Organic nitrogen Organic nitrogen
(NH3, NH.*) Assimilation | (bacterial cell) (net growth)
Op — Lysis and autooxidation

Nitrite(NO,")

Op —

N~ Nitrate (NO3") Nitrogen gas(N,)
i ©)

Fig. II-1. Nitrogen transformation in biological treatment processes

(@ Nitrification, @ Denitrification).
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A X 3 (nitrification)
F ol A5t ZAE Ui R dEYolel fUdA FHE EAs=,
& Y

e
(NH,/-N)Z ZE&eEc, drold A

o
2
X,
i)
B>

NH,"+ 150, — 2H'+ H,O+ NO, ( by mitrosomonas):-------(4)

NO, + 050, — NO; (by nitrobacter) -+ - (5)

o] ¥ wgE shtel weHow

=5
>
ol
)
ui
o
A
L
ui

NH4++ 20, — 2H T+ HyO 4 NO; = coveeeen (6)

9 WS BHE A o]l NHy = mitrosomonasd) 93 NO, & AtstdE &
nitrobacter®)| 23] NOs 2 AtsteE ), 99 wbEgolA (4)9 HESHT} (5)9 HH3-o]
A A= =d (4)9] vES2 3709 AFA ARV ST EHY (5)9] w2 1719

& ARt Basy] wEA WHAEE Ao g ouAt sadd. =

(2

(o

nitrosomonas< nitrobacterB. ot w9 BB A1 WZEH ) nitrosomonas® 2
LS}V pitrobacter Rt AR Fouvn g AA A bhg &5 dAE (4)
g F

Askgrt dojur] 91 @A DOE 2 mg/LE, DO &dol w3 A5 ofof
st 1 o]yt 2 AS AbA7 A o %A (limiting factor)7} H o] @Azt 7§
o] =X HA A wkgo] o]FoJA X vl T Hiks st PFHHA LIt
% (alkalinity) 7} & X5 o] pH7} 5037 EW sizrosomonass] 27 o] AstE = A
o7 »uE Y

=
oo

o]

kD
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ol &} 7ol sitrosomonast nitrobactere) °dto]l R EFEo] 4HF] AzEHE T2

Al olygA wbsA 2 Az 22454 484U CHONE ol &35t tha9o 4

15CQ, + 13NH; —  10NG; + 3GH.O N+ AHO+ BH

nitrosomonas

- (7)

50 + NH + 10\ + 2HO
ritraader

o]2 AA3}ito] thd total synthetic-oxidation reaction® & ERWH t}S3 2
=

NH; + 183G, + 198HCO; —
098NG; + 002LGHO N+ 188500, + 1450 9)

g4 3} (denitrification)

gA0S 2 A Eo] FibA(anoxic) AHIAA TES 18] AAdA NOs,
NO; <& H=E A48 A (electron acceptor)® o] €3] Nz, NoO, NOZ 3¢ A
71 FAS TG ojuf, HEHYolE FUIHAE B4 % dyAder o] §sH,
it o] mAEE] osto] odUA ALl A ARG AR ALERAT. §EA4MA

7 ERE AL A48 AF AAFEAL o F3} §EN2I REHS

<

gl AHelA= NOs, NO» o2 AAFE&A=Z AFEstA dv. Abhs Ak e

2 e /4 AAFSARTE e 45 894908 B, we ATP
o]
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S AN L Pseudomonas, Bacillus, Micrococcus 5 UJA FEHG SN P&
(facultative heterotrophics)oll &Jal &= m ofz A=Z7F o dxdd AL
o7 2

NO; — NO, — NO — NyO — Ny voevrrveeneeeeeeae(10)

2H,0 + 4ANO; — 2N, + 40H + 5C0, --(11)

gdnkgo e SedE FAa 1 g 29~30 g9 &A= FUE A HH, F
TAAEe dH= vA=E F9 pHel wek a2y tiiE Ne2 BEHA "o
=

NOs #91% A% AAFTAAE F71Zoln] Wgge] 7pg T Ao

M
&
-,
B~
=
=
B
E!
N
il
N
S
%2,
2

HHAA F

!
L}
2

4
2
ot
o

O-3-3. AE&EsA A AA

Aedtd d AAdAs 2494 e d =4 vAEPAOs, Phosphorus
Accumulating Organisms)ol ]3] o] FoJx ¥, Q1 AA g o HF357
(phosphorus loading limit)2} ¢1 = & 37 (phosphorus storage limit)E EF& &
ATH ¢ HHTAE dut dASHA T B AR e HJoew A
AT ol AFEA 2AEHAY AX W A9 FHFE o 1.5~2.0%(P/VSS)
o e, Ql Ra @A MAEe AL HYow AHse] AT £ A
2

& T Y ASEA, FdA N9l Q FHFl Aot 507 AAAE
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o Fat7t Ftstd® FEd 9 AAES HoFH, A W Ho < I
(maximum phosphorus content) ©]4Fo. 2 Ql1e] F-3&}7} =olxw A9 A AGFol g
AL veEtdo] A= Q1 AAES A A "

a4 e COD9 99 F=n(C/PH)E ) AlA mAEo] o4 7}
=3 &l A HEA, #RY QA AA s FAAER Lo T Aol
A AA WAE] Ho <2 el =gt C/PulE A C/PH](limiting C/P
ratio)® A gttt C/PH|7F A C/PH] B 2 Afole F21A Ul A F

ol Ao dAsL A dEe Tl nAH Fof de AAL + doeH, wEF

rlo

7]

olr
)
Ho

=l

i

&

Ho

Lo
[-4 ]
off
H

= C/PHI7F #AaEFE F7FsA "ok wtdoel C/PH7F A C/PH] B

o2 9ol EeA U A Gl A Fak wEe wase, 55259 A ¥

&
rle

(o

F7l=de] F7 % Foe BEx Y e 2f8E AAL d=E T8

gAQA eI, A WE L 4 AR ARG BAS 23 Avh ABAH 3

o2

W 7 2 F A BEI FAC F7)=E4
ok 61~89% 7F#o] AFE M, Yol VFA(Volatile Fatty Acid)7} &4 7
S A= o Ao U Frste Aoz 294 Ao B A AA 54
of PlA= F714k G FaAdo] FAHEA F7IAF el e AT 2
o] gt} Randall™& f7]4ke] @ W& 2 ATP @FAel Zo] Boldte Bxmaisdo

o, Winter’'&= AE3A 2 A7 4L F713F FolA ofAEAe o F o T

off

Fig. M-20] A=4 o AA ¥4 A7tHEs Hetldn. o AA =S

G717 el A Azl 2 Ho] U poly-P7F 7kl HHA TAHE oy A
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o

2 HABAA AxYel AGA7I= v8S 7FA 2 A FA, AE W S5 9

o] W AHUAMNZ &H W2 HEHo &d o 2 FwEe AA F7HEHA
Hoh o xde] 7] AEHE AdSEA BEEJW QA oA poly-PY FHE
A=, g7 Aol AAE PHBE EdlEo] dyAz o] &3A Huf. a8x
= PHBS} poly-Pel AALS 1 AA 71&e] slo]A Fad 5Ho= mydan™”,
o] & poly-P WA EEL 71 AHolA A4 714 el 2x1diA B Z(TCA
2)et tE AZE HstA Hed S AEJe o A4S EElEiA ATPE
g8k, o] ATPE olUA Yoz olgste] A EallEd + Ave 78S Az

® 5% FEs5ted PHBE §4stAY AEZE FATH
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AMAEROEIC AEROBIC

Substrate

\ Substrate

NMAEROBIC CONDITION AEROBIC COMDITION

I

Fig. II-2. Biological phosphorus removal mechanism.
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or 29 As 2 39

m-1. 238 A=

2 AP AFE W xE T oolad A EY f& F 9 (effective volume) 27
L, £4F719 A8 F3(working volume) 9 Lo #AAFZ}E (30%x30x45 cm) 7%=
A zreto] Abgstdow, A9 A E Fig. M-1o YER AT

8 72 Ao 3(MF, Microfiltration) 53 AF 9 E&(SUR234LF, Mitsubishi
Rayon Co., Japan)2 Ab&3st3lom, &e]we] 542 Table M-l Yebw At A

g2 Frel AgsEs 2 WA 02 m'Y A FE RER ARG, WA
2

2

2 polyurethane FA & Al&3dle] YRS AP & FIgo HfAd oA
Atk 12k Gl 2 25 (membrane module)S WF-S-Zo 7 wrdgo =z A9 WES-
Z QR A A el a5kl wkgE Fo Fodel X g A7) Aol dXA s
Aok = 9 FgHE SAHS Y8 I BE o] PVC #E dAse] ¢EA
(pressure gauge)E A3 o, Wrgx U &
LA freste] 2 2HY Aola & JAstuA wkEx stk Ab7] #(air
stone)& %] 3}3l air blowerE ©] 83t F7] & w3}

A " 92 Ags FEFY A5 =4S st Y 2 /EF EE
(peristalic pump, MasterFlex, Cole Parmer Instrument Co., USA)°] timerES A X
st L, el oA T FZ A S Hagetr] ¥ste] F 9 Z(suction

pump)é} air blowerel A5 Ao} timerE A X s} T},
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talnl

S Personal computer

Fermented food waste

Pulsation pump

Timer Pulsation timer

HED OH

Suction pump Timer

[

Feed puml

Flow control tank

p
[
|

Waste water b
Membrane Permeate
Module = |
:< Timer
‘.?‘»’aste-1 sludge Flow meter
valve Air blower

Fig. II-1. Schematic diagram of the membrane coupled sequencing batch reactor.
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Table MM-1. Specifications of the Membrane

Manufacturer

Module type

Pore size

Material

Hydrophile property

Suface area

Outer diameter

Inner diameter

Mitsubishi Rayon Co.

Hollow fiber

0.4 m

Polyethylene

Hydrophilic

0.2 m®

540

360
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1097 ¢Astgon, WE B 4% 2] pHE zdax 2dth F
Z14HE 4000 rpmol A 1083 QAR P F A5AL Falo 4 T

_Pr
ol W Basilon, O 545 Table M-20 Yebf Aot

oL

Table M-2. Characteristics of Fermented Food Waste

Components Concentration
Total 34,530 mg/L
CODcr
Soluble 26,800 mg/L
Total 4,545 mg/L
SS
Soluble 3,920 mg/L
TKN 1,680 mg/L
Nitrogen
NH, =N 665 mg/L
T-P 130 mg/L
Phosphorus
PO/ -P 32 mg/L
VFAs as CODcr 9,802 mg/L
pH <45

_26_



m-1-3. &4 A%

A% T A 249 w25 dASH w77 Heto] @AYo ® glucose (200
mg/L as COD)E AF&3tx A4 % QAo =2+ 77 NHACl (40 mg/L as N)
3 KH:POs (5 mg/L as P)E Ab88t¢ga &% &0 2 NaHCO; (150 mg/L as
CaCO3)& Ab&ste] A HTE Axstd o, A+ =42 Table M-39]
Bl e v o] B JYEAL F5F Ao Az 9F HAE] 9
120 C, 1.5 kgi/em® 3ol A 20%3F

£gstol Ae33

o,
to
o2
o
ok
XN,
ol
o,
N
Ao
:cn)L_l,
g
By
N
o
=
—+
o
o,
QO
=
)
ok

Table M-3. Composition of Synthetic Wastewater

Components Concentration (mg/L) Remarks
Glucose 160(as COD) Carbon source
NH.CI 50(as N) Nitrogen source
KHyPO, 10(as P) Phosphors source
NaHCO3 150 Alkalinity
CaCl22H20 10
MgSO47H20 50
Minerals
FeCls-6H20 0.375
KCl 4.7
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M-1-4. 3454 XA
&AL BFFAA 24 K ] Co W £8A wrEaedda A2s T 2

Aol 4 50 mesh AE ol &dte] FJES AAstar & A9 FAAFS} 22

2Her 24 SHAE A7 =540 F AR AT

[[IZN‘;]H

o+
rE

m-2-1. % o3} 54

39

o AFo e ALK WS FE o]gste] -] -FAakx dAR FAE
MBR(A/O/A) 533 &7 2 Fakh @A §lo] 37] dA =R
FTAY SAFIE 6, 8 @ 12 hr/cycle® WA 7| HA = o]z

KT
Jm
X,
o
BN
>
ol

EZe 22 30 L/mhrz YASA AL $AF712 6,8 2@ 12 hr/cycle®
WA 7ol wel HRTE 747 18, 24 2 36 hr2 ZAA o A, £xF7] Wl
uwE2 HRT 712 A3 A7F vjE& MBR(A/O/A) 349 7§ &7](anaerobic), &

7)(aerobic), FAF2(anoxic) ©HAlO] AA wlEGom MBR(-/O/-) A4 A& Z7)
(aerobic) ©AS S0l Al7bukE A A5 o)

MBR(A/O/A) % MBR(-/O/-) ##A¢ &xx3123 Table M-4°] YeA o,

$AF7) Wabel e 7 A w9 F71(1 cycle)d WEALS Fig. M-201 1}
ENE
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Table MM-4. MBR Operating Conditions

Operating Condition Value
Temperature (TC) 20 ~ 25
Flux (L/m’hr) 30
TMP (kPa) < 30
Air flow rate (I/min) 6
DO (mgO2/L) <6

MLSS (mg/L)

SRT (day)

Effective volume (L)
Working volume (L)

Pulsation time (min)

4,000 (£500)
30

27

5/1
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(b)

MBR(A/O/A)
(@
MBR(-/O/-)
0 1 2 3 4 5 6
MBR(A/O/A)
MBR(-/O/-)
0 1
0o 1

MBR(A/O/A)

(©)

MBR(-/O/-)

2 3 4 5 6 7 8 9 10 11 12
Time (hr)

B Fill ZZ Anaerobic [_|Aerobic {Anoxic [__|Draw

Fig. I-2. The change of MBR operation conditions ((a) 6 hr/cycle,
(b) 8 hr/cycle, (¢c) 12 hr/cycle).
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=
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=

oF

o
oF
o)

-
<!
o

N

B

o
X
o

Fig. M-3¢ A ¢} 3Eo] 2445 1 cycle (30 min fill, 6

R
.

AT 7]

o

[e]
Sl

}od

S

hr anaerobic, 10 hr aerobic, 4 hr anoxic, 2 hr aerobic, 1.5 hr draw)=

3

7ol 78k,

=

T2t 4 (anoxic) ©HA

el
o
;On_
s

3

B

)

-z W C/NH]

g

7]

3201 A (RUN 1).

f
L

712 o] C/NH]

G

Oo]:

3k A A

<

=i
=

A¥ DO pH

10~30 CT=

A

3 e

AF3

Operation time (hr

24

12 14 18 18 20 22

10

Serobic

B
g
0

Fig. I-3. Operation time distribution in a single cycle.
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m-3 &4 349

Mm-3-1. ¥4 AE F=(MLSS, MLVSS)

FH&HYA FrE MLSSZ =439 01 standard methods™¢] H¥lol] o &)
AggstAnt. ¥z e A8 10 mLE AAs a4 o] ¥ A (Whatman,
105 CTolA 2A1ZF &k AZxse Wl & Axs =4

%
%

3ol MLSSE 38kt MLVSS (Mixed Liquor Volatile Suspended Solids):=

MLSSE =43 Fo Axd Ag7F de oJFAE thA] 550 ColA 158 Fot

m-3-2. A= EZ(EPS)

A2 EA(EPS, Extracellular Polymeric Substances)®] F&HW o
nAEe] §do] Hu FF a&o] M &
Bo olgdte] 2Zsgon, %% EP

HES =A356] MLVSS(g/L)ol g gro @ shaksto] F3(2(12)0 2 st

=
g oo r deAd e dAIN

fo

[6p}
i
rﬂ loj

Z (protein) ¥ Ut} 9+ (carbohydrate)

EPS (mg]| g VSS) = WLVSS &] L) e (12)

Sampling
Hk-g- %

dA&E8 A 20 mLE FHsto 3200 rpmo 2 30% ok YA & st

Bl
< B SRFE ARIANA EF F dAZgste] AARAHE 23] wHE

e
o
2

ol
-

32

Al ol = (salt solution)E A5 ¢ 7Z& ooz "o A& e (resuspension)

.
. A

—OL

>0

punh
i)

el 3 100 T LEolA 1A ok vt & Aol g o]
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e
>,
Me
ALY
ot
o
2
o2
ojf
2
2
o
AN
ot
o
32
iy}

gl & thA] 3200 rpm o2 30% F 9

t} 3 5 (carbohydrate) &3
o

phenol

ZAs Atk AlE 0.6 mLell 5 %

>

: . 1139 55,56)
J 2 & phenol-sulfuric acidg™>™ oz

= A] vortex mixer

=

'[E'r
€9 036 mL9 ¥ 32 (con-H:SO4E 2.16 mLE 4

2

=

2 Zgdit. AHEHHAL glucoseE: TEEAE FPom ABEE A2 WYAF

& A (protein) &3

57 = g o .
AR lowry Bl 98 =AeHc. @#HL BSA (Bovine Serum

a})
=
i)

Albumin, SIGMA)E #FEF&#d=2 o, A& 1.0 mLel 22 49 2 N NaOH

9} lowry reagent 1 mLE %3l 10 3F %43 3 Folin-ciocalteuphenol reagent
0.1 mLE Y3 vortex mixer® Zg3}o] 30%

= =230
= 54353
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m-3-3. 334 44 25%F(COD)

4+E F71=9 FTEE COD (Chemical Oxygen Demand)® YEeEWH ST = &4k
stiel 93] SA4s9 o AF =8 (low range, 0~150 mg/L) COD 4] 2%F(HACH,
USA)S AHg3t9th. AlE5 COD reactor (HACH, USA)ol ¥l 150 CollAl 2 A
FoEek AEAZ & Ao A st 430 nmeld ¥ E=E 54 (DR2000,
HACH, USA)3le] 3ttt 2% =(high range, 150 mg/L°]%) CODE &A=
A$ov TIAEAZF(potassium dichromate) 0.2 23 A1 71 & 620 nmolA &3
=g A% Fedth. COD s=& HFT AHZF COD &
SCOD (Soluble COD) wx& ZH7Astow, SCODY 4% FeEHAF oA
(Whatman, GF/C, UK)Z o] %3 & =43t}

M-3-4. 7] €}

rr

ANz E Z17ZFe) SBR #F27] 9 sample portE o] &3dle] %27] 150 mLE 3 A A
£ % 50 mLE A# 4 GF/C filter®} 0.45 pm membrane filter® o 3}3} o]
standard method™” o] ©&}e] ¥24159) o1 Table M-50] FAWH @ A7) 7 =

LR LT
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Table IM-5. Analytical Methods and Instrument

[tem Methods and Instrument
pH pH meter (Conning pH meter 440)
DO DO meter (Orion model 810)
COD Closed reflux calorimetric method (Hach DR-2000)
TKN Standard methods (UV spectrometer, Shimadzu)
NH,"-N Standard methods (UV spectrometer, Shimadzu)
NO3 -N Standard methods (UV spectrometer, Shimadzu)
T-P Standard methods (UV spectrometer, Shimadzu)
PO," -P Standard methods (UV spectrometer, Shimadzu)
VFAs Chromatographic method (HPLC, Aminex HPX column)
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v, 23 2 a2

V-1 % o3 54

)

o A%d A%3 24 wsxo HRT Z7td we o oy B4 dolnrs] 9
§ ERZ2922 30 L/'m’hrE UATA FAGHA FtE S 2Alste] Fig. V-1,

201 “YERWAT. 4 Ao FAdHS 9 o3 G T SAs e, £ ok
&+

o
hics
"
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Fig. IV-8. Temporal variation in the NOs -N concentration in a single cycle.
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Fig. IV-10. Temporal variation in the PO+ -P concentration in a single cycle.
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Fig. IV-11. Variations in the SCOD removal efficiency according to the

operating temperature.
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