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Characteristics of Nutrient Removal and Membrane Fouling in @ Membrane Bioreactor using
Food Waste as an Additional Carbon Source

YoungTae Ahn' - Jong-Ho Youn* - So-Ryong - Hang-Sik Shin

Department of Civil and Environmental Engineering, Korea Advanced Institute of Science and Technology

*Department of Environmental Information and Engineering, Shinsung College

ABSTRACT : Due to the low C/N ratio of domestic wastewater characteristic, addition of external carbon source for the effective N and
P removal is necessary. High organic content of food waste can be used for the external carbon source in biological nutrient removal
processes. The applicability of condensate of food waste (CFW), which is produced during the high-rate fermentation process, was exa-
mined in membrane bioreactor for the nutrient removal. Under the various operating conditions, nutrient removal efficiencies and mem-
brane fouling characteristics were evaluated using synthetic wastewater. From nitrate utilization rate (NUR) test, denitrification rate was
0.19 g NOs-N/g VSS/day. With the addition of CFW increased, average removal efficiencies of T-N and T-P could be increased up to
64% and 41%, respectively. Also the optimal retention time was 3 hr/S hr for anoxic/aerobic reactor. When applied to real sewage,
membrane fouling resistance was increased up to 60%, which could be reduced from 10.4x10" m' 1o 5.9x10° m™ with the control of in-
fluent suspended solid concentration. In summary, it was suggested that CFW could be used as an economical and effective carbon source
for membrane assisted biological N and P removal.

Key Words : MBR, Nutrient Removal, Fouling, Food Waste
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Table 1. Composition and concentration of the synthetic waste-

water
Constituents Reagent Concentration (mg/L)
COD CeH 1206 160
NH,-N (NH,)2804 40
T-P KH>PO4 4
pH ; 75 - 1.8
Alkalinity NaHCO3 200

Table 2. Characteristics of the sewage

Soid .~ COD N P

$S vSS * TCOD SCOD TKN NH.N NO»N T-P PO+-P
Conc. 160130 81 309 118 58 27 0 48 45
(mg/L)
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Table 3. Operating condition of the process

e | B | )
P1 0%
P2 24% 2 6 30
P3 4.8%
P4 1.0%
P5 0.5% 2 ¢ 3
P6 1.0% 5Q
P7 0.5% } d
P8 0.5% 3 3
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Table 4. Characteristics of CFW (Condensate of Food Waste)

TVFAs or
TCODc, SCODc, T-N NH4-N T-P P04-P SS ~@— NO;-N (An:Ox = 3 hr:5 hr)

as COD O~ NO;-N (An:Ox = 2 hr:6 hr)

—&— NO,-N (An-Ox = 3 hr-
(mg/L) | 12,000 | 11,250 | 51-639 [21-181]2-10] 1-9 |N.D.| 5,000 0} B v'syey i
¥ VFAs 24 - HAc (62%), HPr (7%), HBu (8%), HVa (23%)
) N.D.: Not Detected

20+

Conc. (mg/L})

Table 5. Treatment efficiency at various amount of external
carbon addition(3Q)

Operati
PErANE | 00D, [NHRN#NOGN|  Ortho-P ol
condition

HRT COD/N

External ratio Stage

xemna (hr) | In |Out|Re. | In [Out| Re.| In |Out|Re.

Carbon @
Ax Ox

0 % 160 |7.4195%] 40 36.6/ 9% | 4 12.3146%| 4.0 4

—8— PO,-P (An:Ox = 3 hr:5 hr}
—O— PO.P (An:Ox = 2 hr:6 hr)

24% 1.7195% 16.9,58% 2.0150%} 9.0

0, 0, 0, 0,
4.8% 743) 9.1 944(68)10.673A: 67) 0.5187%| 10.9

(()E ARBLUL XFT BE

Conc. {mg/L)

Lo

AES AAA b
AzA sl 9
4%, 4.8% (Fd8)HE
w8l T} Table 5 In Ax Ox out
g Reade Fo Stage
= o _ ()
Fig. 3. Typical profiles of NHs-N, NO,-N and POs-P of the
CFW applied BNR system (A =Nitrogen, B =Pho-
sphorus).
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Table 6. Treatment efficiency at various operating condition

(5Q)

Operating
condition
Phasel HRT OD./N
ratio
EC.| () | In |Out{Re. | In {Out| Re. | In |Out| Re.
Ax|Ox

COD¢: |[NH5-N+NO,-N|  Ortho-P

160 40 4
P4 |1.0% 0 91659 7153
b 13y 13 92/0(48)13965/0(5.7) 27153%! 6.7

160 40 4 |
PS5 |0.5% 8.5 |96% 150%| * 12.0162%] .
b 260 clagy B[ 0% 5.3 20]624] 57

160 | 40 4
P6 |1.0% 1/96° 71879 8859
b 205 21 [95%) 47 7 [87% | 08]85% 63

160 40 4
P7 [0.5% . 9 . 9 7879
(] 210)87 97/0(46)75 84/0(5.3)07 87%| 4.6

(O8]

160
P8 [0.5%] 3 7.119 7%JL)23449% 4 1.5|71%| 4.6

Table 7. Comparison of membrane fouling characteristics bet-
ween MBR fed with synthetic wastewater and dome-
stic sewage

) . Synthetic |Domestic sewage
Constituent unit
Wastewater | 30 day | 60 day
SSIN mg/L 0 260 80
EPS p mg/gVss 28.4 525 | 443
EPS ¢ mg/gVss 311 249 | 149
Rt 10” m" 6.4 104 | 59
Rm 10" m™ 0.2 0.2 02
Rp 107 m? 2.1 5.5 24
Re 10% m! 4.1 59 3.5
P‘gvlzlr‘;;e‘)ze um 1232 | 2042 | 2782
Hydrophobicity (SUVA) | m™mg” L | 0.017 0.019 | 0.025
Surface charge meq/gVSS | -0.4040 | -0.350 | -0.364

210) (5.3)
EC. g7aig

20

s No E.C
0.5% E.C.

Concentration (mg/L)
3 o

w

0
CoD T-N T-P

Fig. 5. Effluent COD, T-N, T-P concentrations treating sewage.
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