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Simultaneous Nitrification and Denitrification using Submerged MBR packed
with Granular Sulfur and Non-woven Fabric
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Abstract

This study was performed to evaluate SND(simultaneous nitrification and denitrification)efficiency, nitrogen removal efficiency
and filtration function of non—woven fabric by using submerging MBR packed with granular sulfur covered with non—woven fabric
filter. Synthetic wastewater was used as influent wastewater. Concentration of NHs"—N in influent was maintained about 40 mg/L
and the experiment was performed in four phases according to the flow rate. Nitrogen loading rate divided four phases ranging
from 0.04 kg NH,"—N/m°—day to 0.16 kg NHs*—N/m°—day. As a result, the maximum NHs*—N removal rate was accomplished
at 0.142 kg NH4+—N/m3—day in nitrogen loading of 0.147 kg NH4+—N/m3—day. Nitrification efficiency was higher than 95% in all
phases. NO3 —N loading rate was adjusted ranging from 0.22 kg NO; —N/m®—day to 0.89 kg NO;”—N/m3—day. The maximum
NOs =N removal rate was accomplished up to 0.71 kg NOs —N/m®~day in NOs —N loading of 0.89 kg NOs —N/m*~day. The
maximum NOsz —N removal efficiency was 95% in NOs —N loading of 0.22 kg NOs —N/m®—day. T—N removal rate was 90% and
concentration of T=N in effluent was 3.7 mg/L in T—N loading rate of 0.039 kg N/ms—day. In this study, TMP in reactor with
and without non—woven fabric filter were observed to define fouling of hollow—fiber membrane module. Reaching time to standard
washing pressure(22 cm Hg) of two reactors were 29 days with non—woven fabric But the reactor without non—woven fabric reached
standard washing pressure only after 4 days. Accordingly, non—woven fabric was demonstrated the superiority as a filtration ability.
With high nitrogen removal rate and decreasing of fouling of membrane, MBR packed with granular sulfur covered with non—woven

fabric filter submerging in activated sludge aeration tank can be used as an advanced treatment process.
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Aol AARE FdE fel F2E 9 uken] S
ol sh= 5o wAlFe] ok wbA f7lEe] 5%
o - o] A AAE 9T dijto R 3SR A®
ol-gsto] o 'hagle] Fjo] Ao fl= HHITEEY
He 1 5 otk
Fol§ FHIYE 2ol viAe F2 RS pH

DO ¥ Asi=4 Fol Sirk ol SdA] Hof 585 27|
98 A9 pHE Claus$t Kutzner (1985) 2] A8 o] A
7 5~8.0°2.% yepgtt =3t Justind Kelly (1978) = DO
F57F12 pmol/LYW T. denitrificans ] 52 A14=(Y) 7}
E]EHE}J— Huskgleh 71 9] ol g4 Asl =4 F
AAFsE HHEEQl NO™—N& 10 g/L, HE5AA 8 S0,°
5 g/l 1811 F7HI4E] NO; —N+& 0.2 g/Le] A%
oM Zet oA gt vebdvta BaE ek (Claus
<} Kutzner :1985).
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Fig. 1. Experimental apparatus of submerged MBR packed with
granular sulfur and non-woven fabric
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phaserttt QAT FFE FAh= A LAl o w ATelMe fFdFEA Sk 77N Ak

2 SAsg, = /\}%6}31 ow, 3152 /372 Table 1 YERHSITE
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u 152 AAo] PE(polyethylene), 2t W21 0.2 m?,
it Pore size: 0.4 pm¢l 38 BES AT
sk At S ellA AEE Wegstaat 201Ce] a2
A Adom Jaaiglon, FA Aakst g Al AiAA
= 9% 4] DO AAEE 71EATGE, 2004) =
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Table 1. Composition of the Wastewater.

Influent
ltem -
Synthetic wastewater

Temperature(C) 20~21
pH 77~85

SS (mg/L) <5
Alkalinity (mg/L) 470~500
BOD5 (mg/L) 80~90

Table 2. Summary of Experimental Conditions.
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of & A a&S gopr ] 3l A3t
7WA7IAA RS Agssich fdae
NH, =N st 248 A8k, 32 7t phase
HE 185, 37, 55 L/d ¥ 74 L/d Z2 Z7A71H 595k
Al 8 Fs) SRS 1910, o] uish ul-8-2 Table
zoﬂ xig] }oﬂr/}
3
A7} 100%A71 ot
dAYTE 714 ¢
CaCOy/g NH, =N 318 o] 43+ S joFebd Al a3t
A EE 4.57 g CaCOs/g NOs™—NZE AFg3to] oF 480
mg CaCOy/LY 42T 5 TRHANEE (NaHCO3) S AF

nage] GopRAle A 7

f3lo] Tl F]lch
222 BAuHH
£ AFofA 529 4999 2 554 4] Standard
Methods (APHA %, 1998) &} 229 T84 (37
5 2004) ol F=8lo] AAJEIAT) ZH7ke) A8 =S Table

3ol “gefsto] vEhASITh

Phase
1 2 3 4
Influent flow rate(L/d) 185 37 55.5 74
HRT(hr) 24 12 8 6
Loading Rate (kg N/m’~day) 0.04 0.08 0.12 0.16
Table 3. Analytical Methods
[tem Analytical Method Item Analytical Method
Dichromate Reflux Method of
pH pH meter (ORION 720A) COD¢r Standard Methods
DO DO meter (YSI Model 58) TKN Macro Kjeldahl Method of
SS A 9ol TANSH NH, =N Standard Methods
Alkalinity g/fgﬁggg method of Standard NO3; =N
o — IC hr h
50D 5—day BOD Test of Standard NO. ZfN € (fon Chromatography)
7 Methods SOy
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Table 491 phase ¥ ¢ = ol A4 NH, -N) 9
FES NH, =Ne| AlA| digt Avks Aejsto] e gl
ok #940] NH, -N9] 5125 30~40 mg/L == 4%
SHA A8l o, 5= B phaseollX] Ht 2 mg/L
olate] FiE frAIskith AAskES f ‘?J NH4 —N&}
ZF NH,"-N9| F=2 5 Al o, NH, -Ne| A4k
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NO; -Ne| #4175

al3itk. 72 A3} phase 10141 0.22 kg NO;™—N/m’—day ]
Tor‘ﬂ"t'ro}ﬂ ARrEom, AALEEE °F 0.21 kg
—N/m’—day® Wepgon, Hu A% f915
0}7P 0.89 kg NO3 —N/m’—day?! phase 441 F 0.71
kg NOs —N/m’—day 9] AAEHEES 9& 5 ALk ¢
&7 Faprt F71stel wheh AAf AAAAEES AskE S
t}. 1 A3} phase 1, 2, 3 & 4904 Z+2F 95%, 87%, 86%
9 80%2 ArAAaES YERIILE 7 phase
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£ UeRIT) +dx70] Mak= 7} Phase?] Z27]0l=
AR FAFE] Q& fE7¢ T-N %571 10.0
mg/Loldo® S oL P st xgiH e wt 10.0
mg/Lolate] F55 eIt 7} phase™ 252] H+t
T-N&E+= 22} 3.7 mg/L, 6.0 mg/L, 6.7 mg/L ¥ 9.0

mg/LE ZAEQ0H, o= 20123 Zeks Wi
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Fig. 2. Relationships between NOs -N loading rate and removal

NH,"—No] 5.5 %%@ TEZ 59 71 slel] Ak rate.
Table 4. Result of NHs~N Removal
Phase 1 Phase 2 Phase 3 Phase 4
Flow rate(L/d) 185 37 55 74
Conc.(mg/L) 36.8 375 370 36.8
Inf.(Avg.) N .
Load(kg NHs -N/m™-day) 0.036 0.073 0.110 0.147
Eff.(Avg.) Conc.(mg/L) 19 15 17 14
rate(kg NH; —N/m’~day) 0.035 0.070 0.106 0.142
Removal(Avg.)
Efficiency(%) %49 96.0 954 9.4
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Table 5. Result of NOs =N Removal.

Phase 1 Phase 2 Phase 3 Phase 4

Flow rate(L/d) 185 37 55 74

Load(Cylinder parkt?d WIﬂ;l granular sulfur) 02 045 068 0,89
(kg NOs -N/m"-day)
Inf.(Avg.) LoadWho o
oAl ole reactor,

(kg NOy -Nirey) 0.04 0.07 0.11 0.14

Eff.(Avg.) Conc.(mg/L) 17 46 50 72

Rate(Cylinder parked with granular sulfur)

(kg NOs_NiTP-coy) 021 0.39 0.57 071

R&T‘;‘;a' Efficiency(%) %.1 87.1 859 795
' Rate(Whole reactor)

(kg NOw_NiTP-iay) 003 0.06 0.09 0.11

Phase 1 Phase 2 Phase 3 Phase 4
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Fig. 3. Variation of T-N concentration
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NO3 —N(Discroll¥} Bisogni, 1978) < Aol 118 (Park
5, 2002) o]2AQl ¢AT T £RFS AAtste] Felgl
ok 480 mg CaCO4/L9] L& H7I8l3lom, oju &2+
oz IR EER (R 99%) = A3ttt f&
o] Hit dZelE FEE phase M2 717} 344 mg
CaCOs/L, 33.9 mg CaCOs/L, 47.4 mg CaCOy/L & 71.25
mg CaCOy/Lo= Z4=|gl=H), MR sty
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2% ARl vl3)] =A JERdTE A4 1
= %_LZ:_LQEE Z}z}e] phase°lA 12.6 g CaCOs/g N,
14.2 g CaCOs/g N, 14.2 g CaCOs/g N 4! 14.6 g CaCOs/g
NZ ARl e, o] ZE2 o4l T Y= AR
& 11.71 g CaCO3/g NRT} 2 o7 #aH e

g gdoM= Aol wet AlA" NOs™—Nel| vl
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o &3l A E FEAE B3l ArkE atolR AAdH]=
7.54 g SO.* /g NO3 —Ne|t},

\:]— AA| 4H]

NO; + 1.15+ 0.76 H,0+ 0.4CO,+ 0.08 NH," —

0.08C,H,O,N+ 0.5N,+1.150} +1.28H"  (3.1)

AF7IZE Eeke] BAato] 2(S0%) o AT FEAS
5+ AMFzES Fig. 40l YeRAQItE B phaseolld A4 =
AE SO,7 9] HE7} 375.8 mg/LE FEAS Bk 0] 23
ol AAgEel 233.4 mg/L Bk AthA o g =4 Jeptoh
o]} 72 Aole VA A V) Fe| EAsh=s ngd
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Fig. 4. Variation of sulfate at the reactor and theoretical sulfate
production
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o] Bt EHowo| o) %
SR R EEE
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P 25 el o4
38 selshad, 49

. RN H
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Fig. 5. Variation on pressure during operation time of MBR
with non-woven fabric filter
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Fig. 6. Variation on pressure during operation time of MBR
without non-woven fabric filter
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Fig. 7. MBR without non-woven fabric after 4 days of
operation
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