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Abstract : The effects of the compounds and concentrations of nitrogenous electron acceptor, the ratio of electron donor/electron
acceptor (C/N), and the complexity of electron donor on the emission of N>O during wastewater denitrification were quantita-

tively investigated in this study. The higher NO; and NO, concentrations, the more N,O emission was observed. NO,

strong effect on N>O emission as it emitted more N>O than NO; . 50 mg/L of NO, -N gave the highest conversion (9.3%) and
yield (9.8%) of N,O while NO; -N (50 mg/L) gave 5.6% conversion and 11.0% yield. Lower C/N ratio decreases nitrogen
removal efficiency, but it increases the conversion of N>O because of the incomplete denitrification by the limited organic carbon.
When real domestic wastewater is used as the electron donor of the denitrification, N,O emission is reduced to 1/10 of the
emission when single carbon (acetate) is used. It is thought that multiple carbon source utilizes many denitrification pathways and

it seems to be helpful for the reduction of N,O emission.

Keywords : Nitrous oxide (N>O), Denitrification, Acetate, C/N, Nitrite, Nitrate
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Table 1. Operation cycle and condition of the denitrifying SBR for
the growth of denitrifying sludge

Operation cycle (min) Operation condition
(lfe’;i’l’i‘rll;) 325(320) DO 0 mg/L
Aeration 0 MLSS 1,700 mg/L

Settling 25 SRT 35 days

Draw 10 HRT 33.75 hr

Total 360 Temp. 2427 C

2 =74 AHE-E SBR2 0] 40 cm, A7 20 cmE F
Hul7} 11 Lo AA working volume2 9 L2l ¥Ed 9 o}
ﬂ% 2= Azt ok 3 Haee FYFolA ¥ 5

o2 3=, H2d g v S =0l &
—‘T‘— =23 wj&= %k SBR Z} cycle & FUA/FEEH = F
1= 1.6 Lol Ym A= ¥hg7] Wel Z73teh. SBRY| 3t
cycle> 6A17H360+%) 0] ™ 32542 4‘}+ 717k Soll 32047k
HeE s 2583 A AX 3 1027 A 2)H Hes
S2bo] w2 wrEEh SBRY #H4 §9l, St
174, W% 59 43} pH Alo}= LabView= Olﬂ%P
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2 Table 13} Zth SBR %1 F<F pH7}F 7~8 Afo] o A]
E]E=E NaHCO;, HCIZ F7}slo] 243514t &2 SBR
S NO, -N7} 240 mg/L, acetate”} 380 mg/Lo]1l n]gF4 =
o] ok 22 A HaE o8-St g SYAE MY
3l tHMgSO;s - H,0, 32 mg/L; KCl, 45 mg/L; NaHPO;, -
12H,0, 186 mg/L; CaCl, * 2H,0, 45 mg/L; KH,POs, 70 mg/L;
FeCl; - 6H,0, 6 mg/L).
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Figure 1. Schematic experimental set-up of the denitrification batch
reactor for the emission of N,O.

©& N0y -N2| %7} 50, 100, 200, 500 mg/Ll Z 7o) A &
22U R acetateS T THEl 217} 132, 263, 527, 1,317 mg/L
2 FYgste] Agstct Al HAl= AAPORE NO, -N7F 50
mg/L¢l Arefoll A EFAYQ] acetateS o| 2 =& ko] 50%
(40 mg/L), 100% (79 mg/L), 200% (158 mg/L)= &7 ¢35}
F& o] ALAAELET N,O 2y EAo] 3] A&sta
th upR|ero 2 Eatetalo] 23tE AA| steE sk
A sho] ghalof it 2 545 Hlawskith 1444
A2E AZ 349 CODE= KMnO, 7|3 110 mg/L& z+z}
25 mg/L3l NO, -N¢} NO; -N& &As}7]of FHe 7=
ZgFstar 9ith olu) vj& &= gas= bubble flow meter2
oS =23} gas chromatography 2 N,OS E-A]5}%ich
WA m S F7]H oz YFste] &S sl &
2 3| EAIF L 717 2-33]H AlXFlgon 1 BRFHS Aut

A FeE BAA R E 045 um?} 0.2 um syringe filterE ©]-&
3t o7}k & NO, , NO; += eluentZ 0.5 M Na,CO; + 0.5
M NaHCO; & o]-&3}o] S-0]2 ZF(AS14, Dionex, USA)9]
A] ion chromatography (DX 500, Dionex, USA)= E-A3} ¢t
NH; -N& eluent® 10 mN H,SO4 + 9% acetonitrile2 ©]-8&38}
o] oFo]2 AF(CS15, Dionex, USA)OJ| 4] ion chromatography
(ICS-1500, Dionex, USA)Z2 EA5lct vH3-7] U2 MLSS
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oA 158 52t 33tste] &7g64irt N;O= HP-FFTP column
1} electron capture detector (ECD)E ©]-835}9] gas chromato-
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AE-3} 1 ovene 50 C, injector 100 C, detector 250 C o A]
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Figure 2(a)~(d)= A2 YPo =z AEEH NO, -N9 HX(50,
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100, 200, 500 mg/L)°] w2 NO 24y = Yehd Aojtt.
oluff Zt AlF o)A acetate= B A o) EQ3TF FeFol WA =9
Hoth TN BE ALAGEL &7 otd BES7] 1Y
Ao dFgez #AHAEY ole 24 45 3l N0 &
o2 wghE Ao HlEgS &o|5HA 45t Hlasty| ¢

Frolth. = oj= A4 4BEO| Hwko] 20 mgo|d HHSY] F=
= Bo7} 400 mLo| 22 50 mg/L7} E ).

Figure 2(a)o|A] 7] NO, -N2 5 mgo| A 2A|7Fo] XL
A 4 mge@ ofzt BastAI Al W47k flEEA o
25 mgo.2 o] Z7kabelnt 2] AHE A NO, N
Zrstol ©o] AZRA SAZ Fols 6 mg A FHele
t}. o]ufl acetate= A T2 79 mg/L7} FYUEAT) Acetate
o 2l Aage] B Lo va che B2 GEps
Hl o] acetate”} HA] Axof - Flof] B ¥Rl o]
E+= wjEo]t}(data not shown). NO, -No|] &2 27| 25 mg
oA &2 F 6 mgO 2 FAdH= B¢ NH NI} NO; -N&
712] WAYBEA] orob NO; 29] ZAksh} NH, 029 ¢
Aojux) ee o & Utk

NONE Aagdi Sate FUsEA e 27] 247
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Figure 2(b)= ZAY S Z 100 mg/L NO, -N (40 mg)E F
J3te] &t Ag Avtolck NO, -N&= Z7]of 50.4 mgo]il,
HEAOR 106 mgoR Fasieleh U4 ol ofs) 27]
2A17F 5ok HiEH NoO-N2 0.9 mgo|om oF sraglo]
=R Uolvt Faol Al 21 mgo] N.ONo| ulE
=9tk NO, -Noj A N,O-NO 22| H3hg-2 52%0]11, N,O-N
o] 4282 55%, 2E Ao NO, -No| A ALE 96%=
Urepste.

Figure 2(c)= A4¢0 2 200 mg/L NO, N (80 mg)E 29
gk Zlojm NO, -N&= & Z7]9] 91.9 mgo|¢laL, ¥h-3- $-of
419 mgo® Fastglont o4 AW B FALE B
2 Holglth. NH,/ N} NO; -N& A¢] #3l7} ¢1gich N,O-N
< acetates TY3t7] o] Hol= WAL H o3l oF 1.3 mg
A MiEE U o]% EEo A oF 2.9 mgo] N,O-No| uj&
=S th NO; -NojJA| N;O-NO. &2 HASHE|= H]E&-2 4.1%0°] 1,
NO-N9O| &2 6.6%, T=UE NO» -NO| A AAES 63%=
ol Aol wlstol WA vEbth

Figure 2(d)= 500 mg/L NO, -N& F]3}o] Ag3t Aujo]
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Figure 2. Nitrogen profiles of the denitrification batch reactor with different concentrations of NO, -N ((a): 50 mg/L, (b): 100 mg/L,(c): 200
mg/L, (d): 500 mg/L) as the electron acceptor(4p: NHy -N, ll: NO, -N, A:NO; -N, O: N,O-N, | :NO, -N injection).
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7} =917] gl o g ®eolth NO, = HNO,9} pHol| ulet 33
o7 Z75te HNO,7F A4kst 2 g3 wA o] A& F
Ao Z AdHA 011:} . AXE BA oA E 219]F 02 NO,
< 10 mg/L FAHA} ﬁ**PMﬂ whe} 4~8H) N,O HjEo] &
7Fsto] NoO Hijl&©] NO, ©f ®1 1. AA sk 28l
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Figure 3. N,O production profiles with different concentrations of
the NO, -N and acetate as the electron donor(£4: N;O-N
accumulation (mg), l: N,O conversion (%), []: N,O
yield(%)).
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Figure 4. Nitrogen profiles of the denitrification batch reactor with different concentrations of NOs -N ((a): 50 mg/L, (b): 100 mg/L, (c): 200
mg/L, (d): 500 mg/L) as the electron acceptor(4p: NH, -N, ll: NO, -N, A:NO; -N, O: N;O-N, | : NO; -N injection).
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Figure 5. N;O production profiles of the wastewater with different
concentrations of the NO; -N and acetate as the electron
donor(: N>O-N accumulation (mg), ll: N>O-N con-
version (%), L1: N>O-N yield (%)).
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Figure 6. N>O production profiles of the wastewater in denitrifi-
cation with different C/N ratios with acetate as the
electron donor and NO, as the electron acceptor(“4:
N;O-N accumulation (mg), ll: N>O-N conversion (%),
N: N removal (%)).
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