Journal of the Korean Society of Water and Wastewater
Vol. 19, No. 2, pp. 200-208, 2005

NOIS =SR] o
193 2&. pp. 200-208. 2005

E 5%l MBRE2 0|8

o

st
=1

EEH=s2 158 MESH A M

High-Rate Biological Nitrogen Removal from Plating Wastewater using

Submerged MBR Packed with Granular Sulfur
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Abstract

In this study, a new submerged membrane bioreactor process packed with granular sulfur (MBR-GS) was
operated to identify the biological nitrogen removal behaviors with plating wastewater containing high-
strength NO5™ concentration. The continuous denitrification was carried out at 20°C with various nitrogen
loading rates using synthetic wastewater, which was composed of NO;™ and HCO;", but also actual plating
wastewater, which was collected from the effluent of the H metal plating company. As a result, highrate
denitrification in the range of 0.8kg NO3'»N/m3-day was accomplished at nitrogen loading rate of 0.9kg
NO,~N/m3- day using synthetic wastewater. Aiso, higher-rate denitrification with actual plating wastewater
was achieved up to 0.91kg NO;-N/m?- day at the loading rate of 1.11kg NO4~N/m? day. Additionally,
continuous filtration was possible during up to 30 days without chemical cleaning in the range of 20cmHg
of transmembrane pressure. On the basis of the proposed stoichiometry, SO, production could be
estimated efficiently, while observed alkalinity consumption was somewhat lower than theoretical value.
Consequently, a new process, MBR-GS is capable of high-rate autotrophic denitrification by compulsive flux
and expected to be utilized as an alternative of renovation techniques for nitrogen removal from not only
plating wastewater but also municipal wastewater with iow C/N ratio.
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1. M B meka, B ApeAE SS9 BOD7} v, A2
A2NOy) &7t 22 =5dFE EH*“’E 3 o
oy s4o FdgsE A Heidde & SRS 22 A o EeiE A3
718 ofet Aas) e AAM i Fod B FZ AAF HEe 34 (submerged membrane
. 2y LEuet 712 skExiEl Aol A 7b3 Beo]  bioreactor packed with granular sulfur; MBR-GS)S 7)
ol gHE EE BASTAYY A5, AT R et FEFS WE EPIY 22N 54E
Ve f71EY AAZ FHE Zlseid AA, e AHEBEuA sHTH B, AFESs € Al =29
AAEL 20~40% EFHetTH(F 5, 1999). &S  FE LA A¥E B3id, Hd A& AAE,
A 22Xy FHE 44T ALoE F&PAdde S0, Y, G A9F 5 AAFozH
o7 A4 AAE C/NuJL Eotol a8 As & AHAE3 7163 18§ A2AATH S Mistart &
= FElvet sk A4S dagd vE #7184
o] Aol B LA WY ZEA 2 A8 oy
o] B& AFolth 2. AEAx| I g
g x4 FRATEA ZEH oA H
W EAgte A 5 AAY Y8 SF AEd 2.1, 887 #4
MBAE FYSL JoH, o|ZRE 1FE AL £ dqtol ALEE AEFHOE NOy A|AE 9
FE(NOy)o| A€} ol2id =Fd s A Al MBR-GS Fig. 13} o] ofadz Aztd 3wy
A Z2A 2 ud)e] =gto g Qlate] whigd tig  whgR <t t3Ae] A8y Aolas AXsu A
F ALTAE FF 2005922 fod oA Hgo]l Tl FTAN ZES AXAA FHAg 43RS
oS A EFHA dRRe] S WA & AT MBR-GSY %ol 25cm, ¥
3ta 2lo] A4 AAE A% nrke] AAER| o ofe]  20cmoln, e HAG FFAIL BEY AL
ol Brh. old& f71E 5 ZeoA 3t A5 Samolth, FFAMY RELS whev)e] B4 2 e
Ao AA dete AN ZA = AR }*ahﬂi g 23 IAYez AFgssdon, A2 PE
< olgstozd fUE A E2ad =YYY  (polyethylene), o WAL 02m’ HF pore size:=
gdo] A5 grh(Batchelorgt Lawrence, 1989).  0.4umeo]ct, A3 dhie] 339 EAA FEH
THAXNE ol & =PI EWOﬂ ek ol A FRPZE HAsto] Flsten, = fouling A
(8 5. 2000; ©] 5, 2000; = &, 2002; Oh & Z golslr] YalA 23 RED FAHE A}
2002; o] &, 2003: ©] &, 2004)7 P‘ﬂ‘ﬂ‘o} X“?EEM olo ¢4 AAE FAsIHT AAFTANEA
g om, 343 Z1Est A EAANA
(Renovation) +¢e.2 x|zl 3 Z74E AAs) Vacuum
SIEMERE LR S e s - —r
TA ol FET (AR A AYTH, Feed v
2009). 02§ 3 37 B4 FHL AAY) v w ]
oot F7F X 2 gwugo] A AHE
A oy, FR8 REEe Azt flo] 150 it
712U mukd o &s e fluxy} AR oz WAy
ate] ALAARE ol SAVE Ut st o) ] | el
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50]’0]% Edojop o] o3t é‘ix‘”ﬂ%% o) 2 Fig.1. Schematic diagram of submerged membrane bioreactor
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packed with granular sulfur(MBR-GS).
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Table 1. Composition of synthetic and plating wastewater as

influent.
tems Synthetic Plating
wastewater wastewater
pH 7.7~85 8.1~84
Alkalinity (mg/L) 440~1,320 150~280
TSS (mg/L) <10
COD (mg/L) 350
BOD5 (mg/L) <10
NH,*-N (mg/L} - <1
NO;-N (mg/L) 100~300 360 ~ 390
NO,-N {mg/L) - -
TKN (mg/L) - <1
S04,% (mgiL) 10~ 20 12,000~ 14,000

U A4 e 71F9 A7 (Koenigs} Liu, 1997
Koenig9} Liu, 2001) i @A K&o] dZFH
P

3~6mme) A g3t

rlo

F2 NO;y 9 F8AHHCOy )R

Aot olsh fAME 43S AW B39

o

Table 2. Operating conditions of MBR-GS.

2 Fsp] da) npre] A2E T AT
+& AHgSATh AFHFE KNOE AL g3tol

NO;-N F=& 27| 100mg/Lo| A 2& 300mg/L7+

A FERHE FIATG Q710 GAWSA olE:

CgutE o g mRA e F
pS
[

AEZAE Rt oA eEd AF s Al
Aol AaldTFE n|Xe Aoz deiA gt wahA
=394 4§ 27149940 SHEHE Tl 9
o SREE ol 8alol TRAGY FHEL 2
o, Table 28} o] Azt FatE F7MA1719UA B
A AFE st 9, 43 AV ES BEE
ol ot AelE AAR FYste] FEAIFLH
olge] Feld Im'e] w9 A7t EHdhE H¥
o SLMH(L/m’ - hr)o]lch, %38 o} fouling g =
AT Ao B FA PR S
o nYEAE Ao AN oH, Ao
2emHgel £9eE 2ol IM B4& ol §3)

FdF 2 4259 AFE EA L Standard
Methods(APHA &, 1998)¢} =4 04 FA A8 (5
A, 2004)9 F3td AAA™. pHe pH
meter(Orion, Model 250A) 2, 4282 AW
ol gatgor, pH 43712 AR Fo =z ZH 33
k. NO;, NO,, SO7 59 gol& £ 0.1ym
membrane 8 o] 3 T Lol 2 F A Z
column(Transgenomic, ICSep ANSC)#} conductivity
detector (Waters, 432 Conductivity Detector) 7} -2+
Ion chromatography (Dionex, DX-500) 2 ¥ 3}4 ).
Ton chromatography ©] &2 1.7mM NaHCO;, ¢} 1.7

Items Synthetic wastewater  Plating wastewater
Phase | I i v v viooowvi v X X XX
Operating days 17 14 27 48 55 62 69 74 79 -84  -90  ~08
EBCT (hr) 8 8 8 8 8 8 8 8 8 8 8 8
Loading rat

oading refe 030 045 060 080 0057 0111 0168 0222 0333 0444 0666 1.11

(kg NO;-N/m*. day)

NO3-N (mglL) 10 150 200 80 19 37 56 74 111 148 222 370
Alkalinity (mg/L) 500 750 1000 1250 95 185 280 370 555 740 1,110 1,850
E2A54E%) - - - - 5 10 15 20 3 40 60 100
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Fig. 2. Changes in influent and effluent NO,-N concentration.
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Fig. 3. NO;-N loading rate and denitrification rate in MBR-GS.
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Fig. 4. Effects of loading rate on sulfur-utilizing denitrification rate in

MBR-GS and SPBR.
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Fig. 5. Changes in influent and effluent pH.
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Fig. 6. Changes in influent and effluent alkalinity. Fig. 7. Changes in influent and effluent SO,* concentration.
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UEF(NaOH) T A8 7] Wi SHIE vl & sefehe AL vl$- F280, 44 34 44 2
AEo]l BT e HAYoE o & AY &9 WMk & £go] A}
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5 6 5
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10~ 6 15
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7 AEF BB RN 241 2eiA) S9)
(Kim, 2003) & F7}ste] A sedet,
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+0.2989 H* (2)
A3} Q)25 H, AE ARASF7
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A A uAE ANl vl 0.6474 4
035272 Aitelez SE o] &3 NO;y ¢ gdvks
o Bhg WA HUFEAL ohdsh wol el 4

UL,

2 Ao
o
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