KHEEREE TEYG L - 5 S - Original Paper - 109~ 113. 2009.

©A] 359

(20083 11€ 102 A

= A=
w3 A g B A g AT
H499 -4 5
*Zoga 37438t

F, 2009 29 259 A=)

Estimation of Kinetic Coefficient in Submerged Membrane Bioreactor for
Biological Nutrient Removal
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ABSTRACT :

This study was performed to investigate the characteristics of nutrient removal of municipal wastewater in membrane bio-

reactor system. Membrane bioreactor consists of four reactors such as the anaerobic, the stabilization, the anoxic and the submerged mem-
brane aerobic reactor with two internal recycles. The hydraulic retention time (HRT), sludge retention time (SRT) and flux were 6.2 h,
34.1 days and 19.6 L/m’/hr (LMH), respectively. The removal efficiency of CODc¢, SS, TN and TP were 94.3%, 99.9%, 69.4%, and 74.6%,
respectively. The estimated true biomass yield, specific denitrification rate (SDNR), specific nitrification rate (SNR), specific phosphorus
release rate (SPRR) and specific phosphorus uptake rate (SPUR) were 0.653 kgVSS/kgBOD/d, 0.044 mgNO;-N/mgVSS/d, 0.035 mgNHs-N/
mgVSS/d, 51.0 mgP/gVSS/d and 5.4 mgP/gVSS/d, respectively. The contents of nitrogen and phosphorus of biomass were 8.86% and

3.5% on an average.
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Fig. 1. Schematic diagram of submerged membrane bioreactor.

Table 1. Operating conditions in this study

Operating Conditions

Item
Range average

Filtration cycle Filtration 14 min. and backwash 30 sec.

94 PVDF (polyvinylidene fluoride)Z A
2R 142 F9, 30 dAHem A

& AT Membrane bioreactor®] +HZ7-S Table

CODG, BOD5, %A%, TKN, %9, NHsN, NOs-N, PO,-P,

SS, MLSS, MLVSS 52 T2 dFHA 8™ 4 Standard

A 42, ORP,

S-FE24, 9FEAIQf(trans-membrane  pressure, TMP), %
4 f& 52 ASVE ol&3ste HAIE S35

3. 4y % .z

>

3.1. Membrane bioreactor 74 % 2|54 &4
+9717F B A4 H CODe: ¥ BOD F=% 7t
7} 213.0 mg/lL 2 9129 e™ F&59 HF COD, %
BOD v=+ Z+Z¢ 102 mg/L ¥ 1.5 mg/LeZE HTAA
&8 47t 943% 2 97.8%ATHTable 2). 5 SSv ¥
T 0.1 mg/L °]o}i 0.04 pmo] #oHs 53 1FE
g2 ¢hgk SSOf Aoj7t 7tk g FHA
FQ F=v 27 8.0~76.0(H T 28.8) mg/L} 0.8~12.8
(B3 3.9) mg/lLolom &5 FHAe} R FEE
Z+zb 1.0~25.9(3 T 7.8) mg/L} 0.0~4.6(HT 0.9) mg/L
2 HF AAEL 47 69.4%9 74.6%Atk 47 F4
T T2 HA 14074 Do ovt =79 B NHeN
FTEE 09 mgLo 2 $8g Aksrt dojwth 2
ARl aFE9 &b FAA FHAe} T AA &
& Astasdo] HASATE 76.0 mg/Le] TEE FEA F
A FEFe] 24 FEV} 259 mg/lo|lon fEre
NH,-N =7} Al 120 mgLE sl 275 U4}
o] FZo gt o] e A= ATHET. o
o sk d7tElEst 571x9 pH B 2 72 190
mg/L, 6.59} 18 cair:} ol Wu 59 9sld 1% ¢
Yol g HE tidez Aikst w8 A3dolA pH 6.5
o]&}e] 7do}°ﬂ*1 ksl whg-o) Asjado]l BT AL
2 ®2ug vt Yok?

Table 2. Influent and effluent concentrations of membrane bio-

Filtration flux (L/m*/hr) 12.8~22.6 19.6 reactor system
HRT (hr) 3.0~9.1 6.2 ltem Influent Effluent
Anaerobic 2,400 ~ 8,600 5,100 range average range average

(l\r/rllz/sLs) Anoxic 5,400~ 13,000 10,000 CODc¢r (mg/L)  502~519.0  213.0 05~464 10.2
Aerobic 6,600~ 14,600 11,800 BODs (mg/L)  20.0~280.0 89.5 0.3~6.0 1.5
SRT (day) 17.6 ~59.6 34.1 SS (mg/L) 30.0~231.0 103.1 0.0~0.6 0.1
BOD/T-N ratio 2.0~12.6 3.8 T-N (mg/L) 8.0~76.0 28.8 1.0~259 7.8
BOD/T-P ratio 7.4~100.6 314 TKN (mg/L) 53~64.4 237 01~338 13
Backwash flux 29 L/m*hr (with filtrated effluent) NH4-N (mg/L) 34~559 19.4 0.0~12.0 0.8
maintenance cleaning Backwashing w.ith NaOCl1200 mg/L, T-P (mg/L) 08~1238 3.9 0.0~4.6 0.9
three times a week PO4-P (mg/L) 0.2~9.1 1.9 0.0~4.5 0.7
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Fig. 2. Profile of temperature and trans-membrane pressure.

Fig. 204 B0l TMPE 9%7] 0.05 kgflem’©]$]
on 29 97fY HoF A 0.16 kgfiem’ & Z7}3HATE ©]
£ 271 5o shd TMP F7He & 7ol b A
AT F7FF 9713 FAC mE AEHAREE <

gte o] Yglo g mEm ok B A7 17|zt
o] MEIFE(flux)S 12.8~22.6(F T 19.6) Lim*/hrg o

U= 3152 (permeability) = 90.5~390.5(F 203.0) LMH/
TMPo] 3T}

+F7IZF Bt FUlx, PEstx, FAAE H 57)x9
B ORPE 247} -137.3, -67.1, -101.8, @ +139.1 mVZE
EAEReH Hd DO= 242 0.1, 0.1, 0.1 2 1.9 mg/L
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O
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97178t COD:: B BOD®| -84 5-8te-2 747} 201~
1,826(3 1 763) gCODe/m’/d 2 81~2,092(F 763) gBOD/
m/dGer 718 AALFS 24zt 74~82.0(FHT 33.1) kg
COD¢/d®} 3.3~95.1(HT 15.2) kgBOD/AE HT A&
& 247} 94.3%9}F 97.8% M HFig. 3). T3, COD BOD
o FHF vAAES 27 1350 mgCOD/gVSS/de} 60.2
mgBOD/gVSS/dAt}.
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Fig. 3. Variation of CODc; removal efficiency.
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Fig. 4. The effects of SRT and temperature on the production

of biomass.

kgCODe, 2 0.45 kgVSS/kgBODI ). ©]& Fan 52 A
e gigez E43 AR 0.61 kgVSS/kgCOD <}t
ANE 5 <1842 042 kgVSS/kgCOD: ol Hlal Tha
Sikth? SRT 309 o8} L9z e) &ejA] Yatake
i 0.51 kgVSS/kgBOD (COD¢: 715 0.32 kgVSS/kgCOD)
gom 30~60U<l 7% HiF 0.40 kgVSS/kgBOD (CODc;
7% 0.19 kgVSS/kgCOD)C.E SRT7} Zojdd] uwg} &
YA AatEko] FASA 7ZAEI w3 B4 13°C 1
oA e] LA AYArEES 0.53 kgVSS/kgBOD (CODG 715
0.32 kgVSS/kgCOD)YS ow 13°C o] ZAdAE 043
kgVSS/kgBOD (COD( 713 0.24 kgVSS/kgCOD)IT). ol&
T2 A e Ah AALY] S wEt frlEe] &
Asks} wkgo) ehAddo g ARSH oz wAE AAkEFo]
23 Ao g FaE At

Fan 5%0] A|AIE n|AyE2] CODATIAS 2-g5t]
Y COD.Y ERAFAE HES A3, §9Y CODc 44.6
kgCODc/dZ UAE A4bel] 16.3 kgCOD/d, 24k} b
59 BAYUC R 12.7 kgCODe/d, AFa4 s} 13.9 kgCODc/d
vzt ARENoH HF {FEFS 1.8 kgCOD/d T

b

3.3. A4kst 2 g iksle o sk A4 AA
Membrane bioreactor WH3-FW¥ By NH,-N 5=+ 247}
5.5

4
7% 13.9 mg/L, HG3FE 5.6 mgl, FAkAZ
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Fig. 5. Proﬁles of ammonium and nitrate ion in the mem-
brane bioreactor.

2 R E7)FE 2.0 mgLIeH HiE NO»-N F=+= 7+
ZF 871Z 0.8 mg/L, FFE=E 3.1 mg/l, FAFAZE 2.5 mgL
1;_; E}H g]§7]z 6.1 mg/Loi qulxqo] A z.]]7q7} o]
FO] H thFig. 5).

Fig. 6= 971783t &2 48}&(specific denitrification
rate, SDNR)¥Z} Z4F8}-&(specific nitrification rate, SNR)<]
W32 YeRNITE SDNR-S 0.01~0.09(F 0.042) mgNO;-
N/mgVSS/dHem 42 13°C vl A= 0.036 mgNO;-N/
mg VSS/dOZ ¢F 143%9] && AsIE HHATh HES SNR
< 0.015~0.131(3 T 0.035) mgNH4-N/mgVSS/dhoH 4
2 13°C "]eto A 0.024 mgNHs;-N/mgVSS/dZ ¢F 31.4%
o] a&Asts Btk AR Ay 24 e &9
2] VSS7|FO 7 7.28~10.99(H 8.86) %It

3.4. 1 W= H AFE 9E <l A

Fig. 7%} Table 2914 X.%9], membrane bioreactor®] wh
SZ¥ POPO B v Z4Z d7)F 06~ 12.5(HT
4.5) mgL, 2FY3LE 0.1~-4.8(F 1.9) mg/L, FA4AZF 0.1~
473 1.9) mgL % Wﬂa}iﬂz 0.1~4.6(3 0.7)
mg/LE 37|ZANX 1 WET HEE s7|FA 9 <
FEto] &3] ot A% & AAJTE AT PO,-P
o HF EEE 1.9 mg/LoA 7% 1 Hit 4.5 mg/L
2 2l WEo] WS e #Y 2l FHE s7|xY W
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Fig. 6. The effect of temperature on SDNR and SNR.

T 4Q9 F7|FolH FAALZE FUHE 1Q9) EF
«ld M aate] o3 FAtazolMY 9 B FEe L
mg/LE Yolgt) o] wj QHYstEel FAtLFAM=
TEO Wt glorg Wxo 9 WE g FF AN
SR Tt 71xe FrdE 1.9 mgLe] POP=
FA 0.7 mgLE 2] FFo] LS.

Fr1zolA 1 WEF 2 Rz Y Q1 AFF
o 747} 0.1~4.1(3 3 1.5) kgP/dS} 0.1~3.0(3 0.98)
kgP/d$j o™ o] wZ 21 H|*=S(specific phosphate re-
lease rate, SPPR) 2 <1 H]AYFZ-&(specific phosphate up-
take rate, SPUR)S Ztzt HiF 44.0 mgP/gVSS/d 2 1.9
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Fig. 7. Profiles of phosphate ion in the membrane bioreactor.
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Fig. 8. The effects of temperature on SPPR and SPUR.
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1) COD¢,, BODs, SS, T-N, T-P9] =49 HAEEE
Z+7}+ 10.2 mg/L, 1.5 mg/L, 0.1 mg/L, 7.8 mg/L & 0.9 mg/L
olglor AHIAaEL 77 94.3%, 97.8%, 99.9%, 69.4%}
74.6%= AFAA HYEES 4S F IATh

2) éﬂw AAF A= 0.653 kgVSS/kgBOD/AF o™

F1EF 364%7F PIAEC R HEE Qo gAsls)
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3) SDNR ¥ SNRE 7}z} B4t 0.042 mgNOs-N/mgVSS/d
2 0.035 mgNH4-N/mgVSS/dHem 4= 13°C H]|Thol| A=
SDNR-2 ¢F 14.3%, SNR2 oF 31.4%2] E&A3E B
o &8 A4 FFS B 8.86% AT

4) SPPR % SPURS ZH7} ¥ 44.0 mgP/gvSS/d 2
1.9 mgP/gVSS/dRen $& Jécﬂl w2} SPPRE 7HA3}
fom SPURE F7etdith AR &£#A9 1 T2
H 3.5%A T}

7154

Flux; the quantity of material passing through a unit area
of membrane per unit time
Permeability; Ease of flow through membrane, represented

by flux:pressure ratio
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