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Removal of nitrogen and sulfur odorous compounds and their precursors using

an electrolytic oxidation process
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Abstract

An electrolytic oxidation process was applied to remove odorous compounds from non—point odor sources including wastewater

pipelines and manholes. In this study, a distance between the anode and the cathode of the electrolytic process was varied as

a system operating parameters, and its effects on odor removal efficiencies and reaction characteristics were investigated. Odor

precursors such as sediment organic matters and reduced sulfur/nitrogen compounds were effectively oxidized in the electrolytic

process, and a change in oxidation—reduction potential (ORP) indicated that an stringent anaerobic condition shifted to a mild

anoxic condition rapidly. At an electrode distance of 1 cm and an

1 A, and the current density was 23.1 mA/ent. Under the condition,

applied voltage of 30 V, a system current was maintained at

the removal efficiency of hydrogen sulfide in gas phase was

found to be 100%, and 93% of ammonium ion was removed from the liquid phase during the 120 minute operating period. Moreover,

the sulfate ion (SO427) concentration increased about three times from its initial value due to the active oxidation. As the specific

power consumption (i.e.,

the energy input normalized by the effective volume) increased, the oxidation progressed rapidly, however,

the oxidation rate was varied depending on target compounds. Consequently, a threshold power consumption for each odorous

compound needs to be experimentally determined for an effective application of the electrolytic oxidation.
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LA B AR FAEE Y] g8Aol Hr ZAxEi lch
(Nielsen and Elle, 2000) Z18u} $-=o] 4l wlSof H

SAG P E7F AA AL 7)o Bl kst 84 Y= BEAFE 7JE f53tmel ogh v dito] Rivst
Z1Z=AE T AE A7 o= Qlek st & Al s (Guo, 2000), ool whel HF73-- Al B4 A
A, rito] Bl wiE -2 trd] A7 Ho] TA] X T YallE of7|g Wk opufe} QI shxle] Hotst 9l
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(Noyola et al, 2006; Devesa et al,, 2009) £3] A<1E
Wy o AT -9 wiAde ] AA] Gk AE W
F5F 270 mel @2 s Ak © 2 QkAIsh= BA4o]

qlom, 7V A} Wsteel ol e jEs) vl
7h FolAE Q1 Aol o WAL fus,

SEuetell A= 20054 WA o] R EEA o
AgAQl e ez skl 3lon, 33A
, A FHAAY, FAAE FRAY 5o Hedd
& (point source) FEI] o} WiEH-E A& 0= S
ke Sk SEATE 271 A GollA] &7 o= Ay
3= 1173 2.9 (non—point source) Fefe] HEFH A

5 SAAAE oFF Aol gk ek Al S
o] eh|=]X| oo}, e wWto] ALl Mg Aot
Fo] Yl wiE e BT 2AEE Uil T E 77
) ¥ A2 (sediment organic matters, SOMs) =
712 AESA Rl ot Ah RF W SRR
g FAE QlE, =3I S & A7 et
FAET o2k 2elA= o E frdshs 2RI
RHEl2AE 59 35714 (volatile fatty acids), S5
of, ol ALl 3w AA43}%E (reduced nitrogen
compounds) % 3l tholWEdbio| & o #9l%
33185 (reduced sulfur compounds)©] 2381 E)H,
1AV BHEC] ARE FalEel AdHE  fEsih
(Satoh et al, 2009) ZF%o] T3 Aol T5O=
S HAY sl =] g7] Fhte] ekslE7 | s, o] %
AZE F71E - & v Eso] A 7tk
TA] oFH 7} s obedto] Rk H). 53] £
RN ZAEES T2 o7 9 AHs 2271 545
B 7R 9715 ALl e A7l ofF go]
= 57| St

A7) A oF ] Heles T2 e FHe
AF HllE ot ARl 485 9lom, A =el 3k
A7) A G2 Tt grtder &
g5lehd Hele] A9 vhh =2 gHass 9 3o
L #E]o] ofggolut B ofF ol gk v A 84 Fol
o R A At A= @7 Afolls 2 Al
A A, A&5A He o oy, A2 28 7149 o
g2 59 EA1Ho] 9t} (Song, 2007; Van Groenestijn
and Kraakman, 2005) wj2bA] o2 AFge] desdel
of 28 7hssHAl Tk oA Ves vedd FH
o] 7| ZA = A8t ell= ofd] $AI7F Qlvk W
yF-azto] Ak gl =2 T}
o] glof Eejseta)/ LA g 7]e 2
9] Hgo] FA-stt AR 48 7
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2R vRedd HAR TeEeE iR A
(aeration) & E¢ 37143 e 741, AksFEAL A4
Ak 50 AbslA| Fof 4l B3 A AL Fo] Qlon, = ¢
gulsh FA1HE ] ofHE, 228 2 Z
A3 g Fol LA =il Sl
A7 A=A B of = R AOE
E2] @71/ Wkl 2gt gl Edo] 2 ¢jlo] =
2, o3 o3 W3E4 (odor precursors)S 2]
A1 A sl wetele} 3 4= Qltk ofF %
E S 715 Aa/3 AL seEde Ui
A& Bst AATE 7FssHAIRE Ao ARAlE A )
o] WME (KAl 204,720704) 2 Q- O] (A&
458,018714) & FVA 02 5 S48 o= dAxA o
2 0§ o] HH(EH, 2008). ATFE AlAe] tisiA= )
7 WNE oA AhdE TR wAste] ofH wiE &
28fehe WHES A4S 5 o), oFF] s ddFe
2 AZAZ|A Faka w3k ilE R 7R AE
A @714 mgEel o)al] A= HRH(methane) 2
7¥AA kel &gk s/ Ths Aol EAIR ot Stk
B Ao v AR Ure] A7|E Fg3e] z17)3ke
SO NHATELY ANHEAS Tl Aks A AT
A ARk E] S AIAELS PR 7| A Eo A
st AT-E FHEGIT) ArskdElRe] A dEE A
Szt 28l @dEo] AAE = 25 Abslel A=A Ay
Shz AtsiAlel 2dl] el 7H AkslE o] Fojzith
(Malik et al, 2001) Atshdz]a AA REg-2
Pkl SJal] f71E0] AbshE ], S=olA= e whgo)
HAE L A ARSI (OH )& Aol o=

pud
el
pas
s

oo oy = ¢

o] W& (Faraday s law) ol] wet Aol vlgste] Gzl
o} A Wl Giolo] EAsh AF- el E A
AzAko] WA} (Benjamin, 2005; Rudolf et al,
1995)

Anode : G~ + H,0 — HOCl + H" + 2

E' = —1.480 volt (1)

Cathode : 2H,0 + O,(aq) + 4e~ — 40H

E° = 0.444 volt 2
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£ AFeM = AR AP E]S (electrolytic oxidation)
A S A|zkolgalo], 47 AE(SOMs) &) 714 A&
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(garden compost)Z ©]&3sto] QT3]
el 10% (w/v) o] F-AES /84 AGS e9E
= Z9sto], 25°C ZolA AT A e 23ds)
of oF 3URF WAete] FAkA e (Atslgke 9] ORP
—250 WV oJsh of] =datA & & Atshde] sl el
AHE-8F3I T

w71 Adeel

o}a% A4 (100% 150X 160 m

mnm .
24L) &2 AFsiolod, 714 45 23 A3 sk
o &S 14 Li Asrsla, Wk W ARERF
(headspace) 9] 2715 1 L& 2AEIILE gz AR
Zrol = mass flow controllerZ o]&&}o] 37| (pure air)
= 0.5 L/min 202 FY3}om, dAlolM 7Aooz
WEE e oS A8t

Abebdee W ERE = Sl A

Table 1. Chemical properties of wastewater samples and synthetic wastewater

Synthetic wastewater used

Component Manhole Rain water collecting well . .
in_this study
Dissolved Oxygen (mg/L) 05 0.64 -
pH 6.81 6.78 7.1
COD (ppm) 417.9 889.1 479.4
SO/ (mg/L) 142 24 134
NOs™ (mg/L) 44 6.5 -
NHs" (mg/L) 19.8 17.2 48
supernatant ORP (mV) 62.6 33.2 -
sediment ORP (nV) -182.5 -240.8 =240 = 10
sediment porosity (-) 0.441 0.446 0.448 + 0.01
organic contents (%) 2.08 2.77 -

Mass Flow Controller

DC Power supply

Volt
meter

©
®

Ampere
meter

Air

Fig.1. Schematic of the electrolytic oxidation system.
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Fig. 2. Change of (a) temperature, (b) pH, (c) current, and (d) oxidation reduction potential (ORP) as a function of the distance

between the electrodes.
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Fig. 3. Change of (@ HS(g), (0) HsS (ag), (c) NHs" and (d) SO concentrations as a function of the distance between the

electrodes.
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