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Ak GA7F FRAD(@FFE 32%) AE0I3 vHST7|(BAF)E o]&8to] Yol AAwFE AE e ), S8y
AFAITHHRT) 2 F7]5ke] W7} of2ak F4 o mx|= &l disid az3ieit). dRuolyd 3 =g 2 A%
318 AHGE 1.6 kgNH; -N/m-d W2]9] 24 Fak2 BAFl 333108 o, ol 240 AAES Z7 )% &
7holl nlglsll o) obaAt 282 7|5 ool HRTS F&S WSkt 0.23417F2] HRTAM (T H AFAIRE 715+
0.7A171= 023, 0.45, 0.56 cm/s® 37| AEEE Z7IA74, SR Uold Ask AASS 22 73, 90, 2% Z7)e}
RO} ofdAt ZAH](NO,-N/NO-N)E= 0.92, 0.82, 0.48% A=} 7HA4313th wbd o]l HRT 09417, 37] A&H%
0.34~0.45 cm/s H9loM = SRU oM Ha AAE 89%, oFdAL F4H] 0.13 Y92 oAl F288o] 325 7ha
a3iTh. 371 K52 034 cm/s, HRT 1.423FelA = Ruod s AlAE-2] 34 free ammonia(FA, NHy-N) &
S7b dsaelan, o] F oF sodell HA oAk FAH|= 0.95 o d7kA] HAF FVERITE # el HRT 0.234]
ZrlM 9] FA 55 9 7] Z710] HRT 0.9A17F 2310l Hls] ofaAl &4 t] He]d5ell HRT 0.23A13FeA] €]
opbElit HAgol ¥ A YRt Wb FA $=, 7] 231 9le= HRT, A4 78t 2xdol whzh BAFelA opdit
2 go] FS Wit} Wb FA 57} vl =A(FA 5~15 mgN/L) G415 A0 23 2400 Aaglo)
oAt FAo] FYatA dolwkom o] = dEUoMd Ha A Eo] FHAEitt.

Abstract — In a biological aerated filter (BAF) packed with ceramic media (void fraction of BAF=0.32), nitrite accu-
mulation was studied with the variation of hydraulic retention time (HRT) and superficial air velocity. Synthetic ammo-
nium wastewater and petrochemical wastewater were fed at a constant load of 1.6 kgNH,"-N/m3-d. Ammonium removal
rate was mainly affected by the superficial air velocity in BAF, but nitrite ratio(NO,-N/NO,-N) in the effluent was
dependent on both HRT and superficial air velocity. For a fixed HRT of 0.23 hr (corresponding to the empty bed contact
time of 0.7 hr) ammonium removal rate was 73/90/92 % and nitrite ratio was 0.92/0.82/0.48 at the superficial air velocity
of 0.23/0.45/0.56 cm/s, respectively. When HRT is increased to 0.9 hr with superficial air velocity ranging from 0.34 to
0.45 cm/s, the ammonium removal rate was 89% on average. However nitrite ratio decreased significantly down to
0.13. When HRT was further increased to 1.4 hr, ammonium removal rate decreased, thereby resulting in the free ammo-
nia (NH;-N, FA) build-up and nitrite ratio gradually increased (>0.95). Although aeration rate and FA concentration at
HRT of 0.23 hr were unfavorable for nitrite accumulation compared with those at HRT of 0.9 hr, nitrite ratio at HRT of 0.23
hr was higher. Taken together, HRT and nitrogen load were found to be critical, in addition to FA concentration and aer-
ation condition, for nitrite accumulation in the BAF tested in the present study.
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9] Qb gt ohjel 2 A Fal, W S| A 5]
A= Sk gk, AAkslel| o] Z7] ofux] Bl gl F Q3 {7]
£ 08-S d7ep] flet AAd o s AaPd AANO-NE
o] ¢bd Ak} obd oFdAMd A (NO,-N) F2of] djgt A7}
FAsITH6-9]. oFAMY A Aal] F42 gty o} Abglate] e
Hujslstar opdAl Alslate] S AT ZH ZFsdt), o] 3
9 3714 Aaksl QAo oF 25%2) Abk QTS 7HaA 5

Qlar, ek P FQsk ehae] kS oF 40%7H4] 7HAaAl
I Qo] HE TY AA FEIF 22TE AANS g = Qo

ol A& fEsl] S8t A7 T free ammonia(FA, NH;-
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2 Abko] gk x1steo] Ao w2 HE o] gl w8
AbAnslel| A obdAl Abs) B3-S AlstslE = ATt glaEs ot
[1, 10].
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Fig. 1. Schematic diagram of the upflow BAF experimental set-up.
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Table 1. Experimental conditions of Biological Aerated Filter

Superficial HRT Influent NH,-N
Phase (day) air velocity(cm/s) (h) (mg N/L)
A (1-30) 023
023 50
B (31-52)
045
C (53-77)
09 200
D (78-94)
E (95-114) 034 300
F (115-205) 1.4 270-310
G (207-244) 300
0.56
H (245-313) 023 50
@ 9e] BAFE] $40 2% askd oI, Shivlol
ol 2selA7k 2139 o] 31391%1e] 941 oItk o}
= O 16 keNim dayel A AREA FA18 Aol 7122

fol 1

A FAL, TSt w5 0“3\4 |55 274810] BAFA ]
84 AFFARTo] s
AerE T ZLToP E%‘M Fduaeke] Aolx) 9l A
Abske Hdi}oﬂ uhE oAt 54 548 vlastast gk 24 7]
b 2] BAF SAIH2 3~49) 1HA ] 712 of 23 gEe] A
7] 8l & Qlekel ejaf AAsiglom, 1708A= BAF the] &

15 2% A g Alolg) wkg7] el FAH R 7]
A2 3] A F Q% SAskt

2-2. Hi= Y EAMEA

Aol AR Flrs 27 E APl Alxst w9t

C A3iel slake] &g euxollM f7levt Azes] A2
o% HuA= Yoy AaE ¥Fhe WRTE 247 o848
o}, 349 dl5= (NHY),S80,5 5+ AAY 0 & 3kal ¢ NH, NG 7.13 ¢
CaCO,2] HI& NaHCO,Z 20] pH 24 @ Fr]ekagd o g o]
g3}, v Y47 = MgS0,7H,0 50 mg/L, CaCl,2H,0 50 mg/L,
KH,PO, 50 mg/L, yeast extract 50 mg/L, MnSO,H,O 1 mg/L, FeSO,-TH,0
2 mg/l, NaHCO; 7.14 g(CaCO; 71¥)/g NH,N= F35+3 ).
C A 318t gl Aeldelr ] W5 233 CODer 30~50 mg/L,
NH,N 270~310 mgN/L %t}

#H42] #2412 standard method®ll e} AA|SF O Al 5=
0.45 um2] GF/C filter? o1¥}3F & F-243199c}17]. Yy old A
2~ Nesslerization ¥ (425 nm)ell 2J3)] 2418131 L oFdAgd A
2, ALV Aae o] AZ0HE 13 (Metrohm, Basic I0)% -
2313}, oFdA] A= X3 Diazotization B 7|HEe] F-A
kit(Hach Laboratory method 8507)% ©|-2-5lo] sl AT}, vk
571 U] S=Aka(YSI 55), 212, pHi= 7|4 0% S5t}

3. 21 ¥ 0F
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Afsket deAelde) v SeAE BAFOl AF § oF 22
01—1:!140} UL/Hﬂﬂ_,_oﬂ x%.o_}\]?h:} 50 mgN/L-/] 5]-/\4 7‘15\_4%]—’,\——A
0.5~1.6 kgN/m*d ¥-8}=2 F53I911 Z7|53e 7] A&E 7|Fo08
0.5 cm/sec OI’WEEE $A3I). Fig. 2= ]9} 28 ¢Hy 3kl BAF
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Fig. 2. Time courses of the nitrogen concentrations in a biological aer-
ated filter. Detailed experimental conditions of aeration and
hydraulic retention time are give in Table 1 (solid line: influent
NH,-N; @: effluent NH,-N; ll: NO,-N; []: NO;-N).

DA SHPAAFE ] Aot} olF Table 19] A 241 =
23k o] F7)g 9] wlaee] dx T EE WA 2408
9, A Bl dAsiglom g Ax w57 27182 BAF U]
9 Tal‘m* AFFAIZHHRT) 5ofu7l #tk. HRTE= SAIS2]

Vg FAE A T $5E 32%F TR ﬂl*PH‘”B} F gt
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Al A}, Fig. 24 % Table 19149] Z20] w2} 77FE R datas 3%
Aatsleh. 22 g1 79 sl sl 2h wlasRd 50 mgN/L
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mgN/LE S7FI9l 0B % BAF W9l etuobd AAe] ke

i)
=R )

ol
J

N

W ki S

= NkE 0 2 Ak BTk, AAsh ol A3 ERE BlAE FA
s QHTUoM AANHN) B9} vlalsie e, wapd E
219 FA F717H o1 A2t S71akA B 991 9] s
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1704 A5l A data’t F43] WgHElE S0] Aot &
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A S Q= o)t} 12t 170 AE ) Zof| 73
? EelA7F FEsle] o S, AEE o] wAle] #EE Sl
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Al FAdE BE] Xz QS HoiFi= Aol
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S 50| F7FE T7MIEE vl oA askEAE 2] A% A
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Az Hah= A el A3 Y5817 whitel oM Hao)
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Lk 2t o], FU3E F71%F sjoll] Zbzte] HRT R ghiyo}
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7} H 2 0.5 o4& Kol HRT 0.23 hr =449 %A, B, H
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o] 73 Aoch. A Hate] wlolx] ARt 1.6 kgNH, “N/m'd
o] 91 A7} 0.56 em/s, 0.23 hr HRTOAE= 0.71 kg-N/m*d2] o}
Ard A9} 076 kg Nm*d2] Aabd A4z A8Eglom,
0.45 cmy/s, HRT 0.9 hrollA3= 0.24 kg-N/m*-d9] o}bdAby 49}
1.24 kg-N/m*-d2] A Ahg dgke]s R 07 Allec) olzgt
BAFY] f255 §4 Wkg7lolM 24 H2jd 3¢ obdad A4
o] o] W5 2 Aaldo] & ¢ 7] wiel HRT7F &
Z4, F4ue A4 st v 21o] fElsit
2 ATE TUE Ah el BAFE #-H8Iglo N R FYet
F71% spollA ol Al7Eo] Hlssairhd AETRe] A4 4]
H

o
e
F
i
4
X

L
k1
N
ol
o
-
N
o,
ol
2
ihd

o)
A
o
2
ol
o
38
=
1
rh
ol
)
e

(o3
2L
N

[}
1 Fo AYas A MRS AAHcE & gl AY
A FFEe] BAFSITH: A 58 aelehd o4 Wt Ao 9%
tha @bl o], AR ke 2dds] 2] 9l
o|F HolaL Qltk. 5, 71:58] F7|% el &gk 84k Ag F
off &5t opdak Ake} AsTke 2= HRT 0.23 hrollA] opdAat %2
H7} 5] vehs Q1S Adrdsbrlol wgdsith vk oo w
A~B T71olA obnd Aart FAE= o7t obAl Akt
BAF &1l Pdsteh=tl] A 773t o] 2] st 7I7ke 23
slo] 4d A= TR dg7] wiiteletar Azt i Qo 1
2t BAF 1579 YoM A4 557F 5 mgN/L el = ol
G- 9, ol HAPFAQ A5 Al 4 A FERTE @
ale] Ytk e aesha A4t dio] & gtk ofusid, w4
A ge Es A A= opdAt Alslte] EAo] e =
oF oA AATL g Uhe Eellr] AEE]7] wlitolh B
Fig. 2014 F~G 1lellA Ao Alg opzal Alslato]l H 7k
o] 2k olde] 717k wtell 23] S5 F deels, H 73t
oA obdAk FAnI7E 0.5 WIe] &2 AAE Tk A AZsin o
S T8t} oithd H 73elMe 27195 94 7R F M =
£ 0.56 envsE FAI8IS7] wiEell, oAl F48 frash= QIAR]
L AT 7P 8 WIS Zlolth Fig. 404 tjod A
ao] AAEC] A2 F71"t vlEA oR SUkshs As B &
A R SRS & Atk Wb sde dA Fal
FYUBAY BlZzg 715 shellA] FA w7F W2 H| s Bl of
ZAE FA7E O oAl olfis, Y AAY FE AbR Igh
28] AFARHHRT)S] 2oz Bzet 4= Qlrt,

HRT o] 5 o] §3to] o}dal %4& FLdhs Al AHOR

RS

rr

>




AEola} Wg7IeIA Selsk ARA

30~35°C JL9] Loflx oAt Alglate] A H57) kot
Abshatel H]8) glth= A& ©]438H= SHARON A|2~glo] 9t}
[18]. SHARON A|AEl2 CSTR FE|ZA] #< 9l &2{%]S] HRT
= - B 541810 oFAAt AksltS wash-out AJAA] oAl &
A& Fioshs golARh, 2 ] BAF: BAIE o] 43t 117
23 AEE HEg710)| PR o} Al Abskt £EiAE AU O F wash-

BAFS] 4 F2A91 AG, BHAb] oshis Akk 1 4o)
ARG A 5o ol AR U] REEo] gli= opAT Ak
ol i 9 Akksl F8] 5T 5 Q9] vhizolekn 42

AR ARA BB B T A E 53
39 hgkont, o] A% w159 HRT) mie} okl Akskgo) et

Ao B} 4 el FA7A] AAlEl, A A a8
AAE 25 wedthd 715 3 onuod dAal] AAES
A FAIEFA ofdAl A0S ST Aol felsitt. diE
So] 37] AEE 023 em/s, HRT 0.23 hr 27104 oAk &2H)
7} 7V =N FRUol AAEe] 73%E Skl FEY o} A
AEE Z7MN17] A8l F71%8 0.56 em/s71A] S7HA1719 oA
A FAW7Y sk dlo] UGt whdel F71%E 045 em/s
HER A8k obdAl SAME T A oA bR
Yol AAES A HA4T 5= UGt o]9h 22 At 377k
Ao A3 9 gl whet gkl = QLo PR BAFE &850

S T8k A, thekst e 2700 BAFE

S,

3-3. Free ammonia AoH0| 2|8+ OFRIA ZIA =X

Fig. 2014 A58 F53E F p3rellA] ot 480 A3t
dsehe olfrE AAME] EAERT) Sl8) E~G el $d3ke]
NH,N A|AE, opdil F41], 7] AHE, FA 555 Alsto
Fig. 5o YFERJEQIT} E 77142 FA F5= thAlZ 1~4 mgN/L
W% on kol AL 75-95% ML oA ZAu] =
FEle A ofuAnE ARl wi} A} sk A3 Kolal
ATF. o1F F 7RIelA= FRujot A7 &0l 80% olske sk
A FA E5E 4 mgN/L o2 ars=E vERar Qlek. ok &
A F 7 20 8 2] b Ak st 150 o] el
0.9~0.95 gT=0] 32 &S HERARLOT], Wb F RtellA of
Aak FARL AAEE ol B R0 FAVE 9FS vIHSS
o Atk E 73l 8j3)] F 71tellA] obdAat FA 0] Aedt ol
fe e T 7 AER A7 S Qlvk 3 WA, F el
A o]k Aflst Aul Foll R o} Ak} AsiEo] oy
¥ o] Q& 7Fs ol o2 Qlal hEof AlskEo] Zhashd
A FA &7} 4551l FAS] A et Qls) opdil Akshto] A
3l wrowiA BAF W okl Alshte] nlgo] AA8] ZhAals 7t
57301 Atk F WAlE, gyl Aksl AslEdo] EFFEEA
oo} Zgle] E el AR o] kR o} Akskeo] 1haet
A FA 557t A FA1E7] ARk, A~D FtellA= A A
SREA] kg opAAl Abslto] E~F TRtellA] oF 38 o)idel AA
A3l qroraA BAF W€ AEellA] HAak 1 vldo] ZAaE S
7Fs/dolek. F 77ke] Aol vlwsnd A2 0% E 5-1tellA

) Z7)eel W obdt 54 B4 205

E F G 20
0.6 °

2 i
5 >
NG £
Z <
) w
S

>

(&

c

(i3]
i3] ko)
5 g
© ]
3 £
g =z
=z

L
T
-4
1 1 i L 1 L 00
100 150 200 250
Time (day)

Fig. 5. Variation of nitrification characteristics in a BAF under the
hydraulic retention time of 1.4 hr (solid line: SAV(superficial
air velocity); @: FA(free ammonia); [J: NH,~-N removal effi-
ciency; H: nitrite ratio).
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