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Abstract

This study aims to develop a sulfur-using denitrification process which is possible a renovation to
advanced treatment plant submerging a simple module in activated sludge aeration tank. At first, the
impact factor of sulfur-using denitrification was appreciated by the batch test. Secondly, reflecting a
dissolved oxygen effect of sulfur-using denitrification that was confirmed by the batch test, in a continuous
nitrification/sulfur-using denitrification, high-rate nitrogen removal reaction was induced at optimum
condition controlling DO concentration according to phases. Also, inside and outside of sulfur-using
denitrification module was covered with microfilter and the module was considered as an altemative of
clarifier. Resutt of batch test for sulfur-using denitrification, NO,-N was lower for consumption of alkalinity
and sulfur than that of NO;-N. These results revealed the accordance of theoretical prediction. In
continuous nitrification/sulfur-using denitrification experiment, actual wastewater was used as a influent,
and influent nitrogen loading rates were increased 0.04, 0.07, 0.11, 0.14kg N/m3day by changing
hydraulic retention times. At this time, nitrogen loading rates of packed sulfur were increased 0.23, 0.46,
0.69, 0.93kg N/m>day. As a result, nitrification efficiency was about 100% and denitrification efficiency
was 93, 81, 79, 72%. Accordingly, nitrogen removal was a high-rate. Also the module of sulfur-using
denitrification covered with microfilter did not make a fouling phenomena according to increased flux. And
the module was achieved effluent suspended solids of below 10mg/L without a clarifier. In conclusion, it is
possible a renovation to advanced treatment plant submerging a simpte module packed sulfur in activated
sludge aeration tank of traditional facilities. And the plant used the module packed sulfur is expected as a
effective facilities of high-rate and the smallest.

Key words: denitrification, Submerged Module, DO concentration
FHO! 2ENS, XY 28 DOSE

*Corresponding author Tel: +82-32-860-7501, FAX: +82-32-863-4267, E-mail: hwangyw@inha.ackr (Hwang, Y.W.)

429



Journal of the Korean Society of Water and Wastewater

Vol. 21, No. 4, pp. 429-437, 2007 AA Y & 22 RES o] 83 Lol A LA
A AR Tbedh nage & 24 REd Afdehe
.M B Aeltt. ol & 93k Lab-scaled] 32 dg3} A%
A AEE Bt Aiksl 2 3ol & Pl Y3 9
dutH oz 71 e Yo e ZAR AE IRAAE goteln BaiErt] WE AaAA £5 8
33 A o R RFEEAEEeR IS ol s
o ok 22y ZEgdedA IHe 1B T @78 B3 o] Yk stA e Wel A
AA B4R 57 fiod FFLHt Ulﬂil% Az 7 AP ME ALAAEE] $5T LA A
HREo] Frde FAFHE AR de A% A2A e 2¥E AAstnat dgn, ole
olth. webx ZatE: e A 9le AR FH 31304 Ao 1 AHESHA 4 L7153
A Aelede 2] Al e ol 2k A wio WS s &89 £ 39S Ao sy
2 7 =S 7|E steAe] A FHEU A 9
o] A e 71E MY Azt AR R 1Y
o ek 2. AEEA o U
2 dArdiMe 71E A Y 2 E B3 nxEAE
WRleg 7]1E sFAgAd fid 3dd R8s 2.1, AEEX
F7F AAFogM nxAEr} vhee & 2l 33 T FE AN Fol g FA JdPAAE
< st stThEA R, 2004). & g3 33 Fsiy] 98l AHEE 43 AAE Fig. 19 Yl
< ERISEHEA AETA @ATH A AR o} 300mL &9 AHEetaIo] Folg WYES
AZ {718 Al & o] dstnz 32 ONHE 7+ 223Nzl 448hs 100mL $98 1z, NO;-N L&
T Th atre] A glo] vl A FFeR NO-NE e 948 200mL FY&5h. 94
T d 08 F, 20000 o] . 20000 & F 2002: e} E8]AQ] A4S Table 1o YehigloH, g4
Oh &, 2002: o] &, 2003: ©] %, 04)7F Aol Fe AAFE B8t 71E9 A+ (Koening} Liu,
ok £ dFdMe 3§ 2E IF «1 =& A%+ 1997; Koening®} Liu, 2001) o)} M 2A & &o} 4=H
AHL FA=A 718 steAgde] 2712 fdl 9 3~Smm A=Y AV E AMEEAT. & €3 MR
€% & 22 RS AAMA FEFECETH £ 9 AL /8 $AHT U™ ol & g wrgy)
A7 TS Mgt & 2 2 Wl - ¢ ZRE FEwol ALt B8, |4 g A
Fol & microfiterE AHE-8ke] 7]1FA] olate] 2SS W7l F A 94F {7 E HEE dAE)
FEE fFASHEARZ 920049 dFolA BT st A Eehxa AEe] /9 (open, closed)ol
membrane fouling A4l o ZAHES wiAlsdn @2 AEAANE FAHAT
o7t AFAAAE A% & v Tt vhdst AHA M e Holg Fo] 247 29mel L, § &
e}, Eo] 2em&E §ERT7} 18,502cm’el AF2HE o) uhg-
Bodgo 242 7E e A Yo tdsl & o) B 2d 252 I FEE AR
on 12 ZA g Fig. 2o et 9538 & &
------------------- 4 e Egtay Aoz FHE #E: ¥,
= w. wio Sealing - ol HFHAA i A 71eE £ F

i~ 30 mg N/L, 100mL

Elemenal Sulfur
attached S-using
denitrificans,

100 mL

Fig. 1. Experimental devices of impact factors for sulfur-using
denitrification.
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Table 1. Characteristics of the granular suifur used in the

experiment
Effective size Uniformity Porosity Packing density
(mm) coefficient (%) (kg - media/l)
3.36 1.25 35.0 1.1
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Fig. 2. Experimental apparatus of submerged MBR(Microfilter
Bioreactor) packed with granular sulfur (Unit: mm).
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Table 3. Characteristics of influent

ltem Influent Wastewater
pH 7.5~85
Alkalinity (mg/L) 150~280
BOD; (mg/L) 40~60
COD,, {mg/L) 80~150

TKN (mg/lL) 30~40
NH;-N (mg/L) 20~30
NO;-N (mg/L) <1

NO;-N (mg/L) -

SO;™ (mght) 100~500

Table 2. Experimental conditions for batch denitrification of NOz-N and NO;-N

Mode e acceptor Condition Solute Composition
| NOz-N open « 30mg/L. NOz-N 100mL + 0, 0.5, 1, 2, 3 times of theoretically required atkalinity
closed * 30mg/L NO5-N 100mL + 1 times of theoretically required alkalinity
i NO;-N open *30mg/L NO;-N 100mL + 0, 0.5, 1, 2, 3 times of theoretically required alkalinity
closed » 30mg/L NO3-N 100mL. + 1 times of theoreticafly required alkalinity
I 0, open o water 100mL + 16mgCaCO4/L

» water 100mL + 150mgCaCOy/L

*Theoretically required alkalinity ; Mode | (16 mg CaCO4/L), Mode [ (150mg CaCO4/L)
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Table 4. Nitrogen loading rate

Loading rate (kg N'm*-day)
Phase Operation day HRT {Hydraulic retention time, hr)
both tanks anoxic tank
Phase | 30 24 0.04 0.23
Phase [ 30 12 0.07 0.46
Phase I 20 8 0.11 0.69
Phase [V 20 6 0.14 0.93
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Table 5. Analytical Methods

ftem Analytical Methods

TKN Macro Kijeldahl Method of Standard Methods
NH;-N

COD, Dichromate Reflux Method of Standard Methods
BOD 5-day BOD Test of Standard Methods
Alkalinity  Titration Method of Standard Methods

DO DO meter (YSI Model 58)

pH pH meter (ORION 720A)

NO;-N lon Chromatography(Dionex, DX-500)

NO;-
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Table 6. Stoichiometry of sulfur-utilizing autotrophic denitrification by empirical formula including S element

e~ donor €~ acceptor Stoichiometry
S NO; 0.167S + 0.293NO; + 0.027CO, + 0.042H,0
— 0.027CH, 4300 533N0 18650.020 + 0-167S0,™ + 0.144N,, + 0.041H*
S NO; 0.167S + 0.140 NO; + 0.066CO, + 0.149H,0
— 0.066CH, 64300 533Ng 16650000 + 0.167S0;™ + 0.065N, + 0.192H*
S 0, 0.167S +0.190, + 0.007NO; + 0.045CO, + 0.199H,0
— 0.045CH, 64300 5230 16550.000 + 0.167S0;™ + 0.325H*
50 50
~—— () times(open) O 0.5 times{open} —.—? :%mez(opeﬂ; —0—(2)‘5 lim:S(OPC)")
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Fig. 3. Changes in NO,-N with various alkalinity.
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Fig. 4. Changes in alkalinity with various alkalinity.
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Fig. 5. Changes in NO;-N with various alkalinity.
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