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Abstract

A pilot—scale biological aerated filter (BAF) was operated with an anaerobic, anoxic and oxic zone at 23 = 1 ° C. The influent

sCOD and total nitrogen concentrations in the feedwater were approximately 250 mg/L and 35 mg N/L, respectively. sCOD removal

at optimum hydraulic retention time (HRT) of 3 hours with recirculation rates of 100, 200 and 300% in the column was more than

96%. Total nitrogen removal was consistently above 80% for 4 and 6 hours HRT at 300% recirculation. For 3 hours HRT and

300% recirculation, total nitrogen removal was approximately 79%. Based on fitting results, the kinetic parameter values on

nitrification and denitrification show that as recirculation rates increased, the rate of ammonia and nitrate transformation increased.

The ammonium loading rates for maximum ammonium removed were 0.15 and 0.19 kg NHz—N/m*—day for 100% and 200%

recirculation, respectively. The experimental results demonstrated that the BAF can be operated at an HRT of 3 hours with 200

— 300% recirculation rates with more than 96 % removal of sCOD and ammonium, and at least 75% removal of total nitrogen.
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oA nitrosomonas\t nitrobacteriyS | Eol 23|
NO; ", NO3~ e 2 AF3bAl 71t} (Nitrification) . ©]F F-4F
2 (anoxic) FHIE A8k, HlA8=lAl 2ka Tl NO.-,
NO;~ 2 AAK8-A (electron acceptor) & A F8Fo] No &
Hz  2exA o AAE AASA # o
(Denitrification). & @At (nitrification) 2 243}
(denitrification) & REE3to] 7] AAE AASH He
o], dukd o 2 A& 7] (activated sludge treatment)
Aek = Sidol AAksl/Edsl 348 F7RM == 35
2NZ ¥ F7)/37)13E 9] BAE o3t AAaE Al
A3t} (Metcalf and Eddy, 2003).

A=A AaAA 349 e FHE fxE %5291
2d8A biofilters 2841711 WHo] Ath(Rogallar et al.,
1992; Boller and Gujer, 1994; Pujol et al., 1994;
Peladen et al., 1996; Ong et al., 2002; & &, 2004).
732 BAF HEg3 FahdelA skrrt =, whAl
£ 539 columns whet o] FshA frk w20 sheht
= AAe] S Abdete], 7] A (anaerobic) B -
2 (anoxic) HEIE FAIHA EH, o] 3 ellx Edsrt
o]FofItE HSt column FiHFAE ARAE FAAIA
column -5 57| AR FAIsH =W o] 3 elA
Axksl7) R Ec) sk E ) Ee w294
2 FARARZ (anoxic zone) & WA S Ho] 243
PF& 7F 5= QA E17] wiell Adebie] fETrellA] skt
o] TR WEEAIA Bd3kE fEs ¥, ole 5

ol A4 AAE YA I ot ot (Metcalf and
Eddy, 2003).

Y& X7] BAF RE&Z2E 9 columnulfel Fita/3
714EE FAlOl A7) wliell dRbAQl AEEA AAi
AA A2l nlsto] AFoiFom 2L FhE A
t}. (Rogalla et al., 1900; Chui et al., 1996; Sen and
Dentel., 1998). o9 BAF #h&-% 21 749] & thE o]3]
< B6AIRE olste] FR- Felsrd AlFAIRHhydraulic
retention time :HRT) oA % 243} 4 Aa3l7} 983
o]Fo]7th= Zo]th(Rogalla et al., 1900: Sanz et al.,
1996: Tay et al., 2003).

H|S F-2 7] BAFl| tigh 2He] MefdT7} 435
Auk & 9 Zlo] e d77F 2789 (Rogalla et al.,
1900: Sanz et al., 1996). wehr] 2 AF-ors Faka
(anoxic zone) 4 ¥7]|% (anaerobic zone) o= A7} &
HAE A8t a, 57)Z(aerobic zone) F-ioll= ZH2
719 gAE A L3to], 75 ARl A& AAE A
F7F A A 2A ATE TR gk vhefs 2z
A3 5559 NS (recirculation) Z28]a HRTe| w2
BAF9 &3 SA& gRlsith

2. 48 NE A WY

Fig. 13} 72o] Pilot—scale?] BAF= %.7|%(oxic zone),
7]% (anaerobic) ¥ FAkA (anoxic zone) & JA| 3THAIE
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Fig. 1. Flow diagram of BAF system with anaerobic, anoxic and oxic zones.
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A= Qlek E gkExe] A7 BH g v (wall— effect)
£ Haslep| flal 474 —% 104mm®= A8} 0 m Rhg-32]
Z o] (height) & 2.5m= AABIA L, 175mm HA 0% Al
g AF T (sampling port) & 137012 XIStk
HRgx0 a4l 4 BR3P 98 TR
Z}z}ol| Apg-gh
A (packing material)+= H+F 217 10mme] ZaE AFE3S)
R, T7)Fo= Ht A4 5mme] BHE ARSIt} 2t
mee] H ¥9ES 0.4310.02(D=10mm), 0.36*
0.01(D=5mm)°|¢lx, FHHL 0.62x10°m*/m’ (D=
10mm), 0.93x10°m*/m’(D=5mm) > gL},
BAF Wh-g-3eol] 288 tiid o2 kol 9 {7
Axe f7]EE 299 5 YA AL, HH-F FHlt
FollA AAa £ Aekste] FA: (anoxic) 2 74
(anaerobic) & A5kl oH, -2 HE oF 0.9m #|
Aol 2|75 AA|eto] REE2e] Sit-g 57] 4] (oxic
condition) A8} t}. A3} 0 2 BAF ¥H-5-x F gl

(anoxic zone), ¥7]% (anaerobic zone)

Table 1. Composition of synthetic wastewater

TE A A9 des R AR, 3RS
AA Mgz Hdes ol fEH L, A9 2ol uet A

> g

AIZE, 373 (oxic zone) AAZFS Oxla}
WHAE Aol @z
(ratio) = 1.5:2.5:45 X
(recycle pump)E o]&sle] WSz Auo
(effluent) 5= #2}5= A2 G2 U= FUAZE ©]

HU

W U W ELES 995 100%, 200%, 300%E
wAgehe A8e Aelitk, BAF whgze] 488 n)ag
Ak ey
9] e} 5l A

2, s e )20l AFH T BYSUAE
slo] Hhg-zoll A4313itk BAF WS-
Z71S Table 20 JeRISITH

Ingredient

Concentration (mg/L)

Calcium Chloride (CaClo)
Magnesium Sulfate (MgSQOs)
Ferric Chloride (FeCls)

Sodium Biphosphate (NaH>PO4)
Sodium Bicarbonate (NaHCO3)
Potassium Chloride (KClI)
Sodium Acetate (CH;COONa)
Nutrient Broth

Ammonium Chloride (NH4CI)
Isomil (baby liquid food)

40
6
4
31
100%
4
282 (COD = 220 mg/L)
15 (COD =10 mg/L)
95
22 mL in 400 L of wastewater (sCOD = 20 mg/L)

* Reported as mg CaCOg/L for alkalinity

Table 2. Experimental operating condition for biological aerated filters

%
O

Hl.
o
-
3
o

Parameter Value
Diameter of BAF 104 mm
Media Depth 25 m
Influent PO °—P 8 mg
Influent NH3—N 25 mg/L
Influent sCOD 250 mg/L
Influent Alkalinity 100 mg/L as CaCOs;
Influent Total Nitrogen 35 mg/L

Flow rates

Hydraulic Retention Times
Influent pH

Backwash Flow rate

Air Flow Rate
Temperature (Influent)

57, 75, 113, 151, 226 L/day
2,3, 4, 6 and 8 hr

7.0

3.33 L/min

2.5 L/min

23 +1°C
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Fig. 2. Ammonia and nitrate concentrations within the column without recirculation at
HRT of 8 hrs (Total depth of column =2.49 m, Distance between two sampling
ports 175 mm).

BAF Whe-Z+= UiF 88, 2924 F31%, HRT & A94%= Fig. 2o YeRdisich Fig. 29 @71%
A ZAS WAt F 6047 2519 o, “6‘% w4 (anaerobic zone) 9} FAFAZ% (anoxic zone) oA
= AA Agslre] AT AEHE BARY flste] 'k 9] wke- Ak FEol 7]Q1ske] Ak} (nitrification) 7} QJ%L
A, ZF FodT, oA S3HE, g o] XIEHESF 8] 218 ]A] Fste] dEYol w52 Bishy} gl vhd, &
Az3R A, 7 548 A1) E Table 10 YeRSITh 71Z(oxic zone) A= WHEA HARs7E zlgEo] of

30mg/Le] FE Uo7} oF 22mg/Le] NO3 —NZ A gte =

APE A F A @RS 9]”]3]‘5 sCODE A& e 4= Qirk S 4% 8mg/Le] YR Lok v
250mg/L, I & AL 35mg-N/LE FAI51] §4 AE Aol ot Argdoz AL RAo7 k)

AR e, g2 Yol fA]e] i Fit wEE RIS Fig. 2¢]4 ®ojxl ¥lg} o] wiiiakgo] gl 749+ ti
o} fdFetES 0.3~1.2m"/m%/hrE 283815, vhex o] b Yot Akl o 7 Wighy] = 21s gR1gk = glrh
A= 5714 (Desolved Oxygen: 5mg/L) & 43¢ ueba] BAF WhE-ZeollA] Ujiilkgo] gli= -9 NOs™ N9

7] f13te] 2500mL/min®] &7 FYA1A H8-& 2188} FETt SV E ARAoR e T-NO AAES Ko
9t} Hach TNTplus Low Range (0—300 mg/L)E ©o]& ==
sto] sSCODE 57831301, T4 4 <, ke, ¥Ry
o, NO,, 83 NOs ¢ % 342 Standard 32 W& dt&S S0 wE BAF EkS=2| HE
Methods (SAPHA, 2002)°l 38t 578312, pH, HRT (Hydraulic Retention Time) 8 ]101]*1 U vk
ORP, temperature, DO, £=4F(head losses) ¥ % L 100%, 200%, 300%= B35 =438 NH,", NO;
< ArREe® 43tk sCOD9] Wh$-% U X744 55 ¥31= Fig. 3o UeRjgl

th Bz 2§95 sCOD, NH, ', T-N9| 7] 5=

3. A &4 ¥ 247} 250mg/L, 25mg—N/L, 35mg—N/L ©]$It}. Fig. 3.
@@= ¥ FAkax 9 7% Abol ] Uit vk =

3.1 W& g9& 80| gle BAF UhSxo AS Sl =gk H ol Sl ARl BAe] SJEf A7]xe]

2 590 R U ko] 9l Aejell M, HRT — sCOD =7} 30% 7H 7h5)= 202 ek}, w3,
817k thsk ey ob(NHs—N) 9 NOs —N2| =% #3} Fig. 3. & R4 dHEYok= Ul w58 gl
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)

(@) sCOD, (b) ammonia and (c) nitrate concentration
within the column with 100 %, 200 % and 300 %
recirculation. (HRT = 8 hrs)

100% AAEE A o® RISk NOs & A5, <
o] Qli= BAF %A (Fig.2) §71/871ZdM e 574
2] QAR U - =8| EAISHE BAF 3 el Ul
W TR s8EE H@5el g8 #3713 (anoxic
zone) Aol ok 3~6 mg/L. EEZ Ho|1 gt} Edh
TH712E ByshiA @28k (denitrification) 7} 18 =
WA FE7F ARk ZlE g1 4 qlth

BAF WHg-222] Wl uE58 100%, 200%, 300%°1
&4 NOs —N9 55+ 212} 9.6mg—N/L, 5.4mg—N/L,
4.4mg—N/Lo|gith BAA o & U giEgo] S7Hr5
G2 HHEE|o] NOs™—N9| 571 A& 07 7HA5
T A gRlg g ok Ao g iy kg
NO; —N&J AAE2 ZF W& 100%, 200%, 300%° ut
2} 56, 75%, 80%% Z7}e¥lal, T-N9| AAES 7t vk
4 0%, 100%, 200%, 300%¢°1l w}e} 23*1.1, 68+2.1%,
711+1.8%, 83£1.4%% JerNSIT). mebA BAF w2
oA Utk mHE NO;™—N 58] e T-N & A
A&s SUAZTE U WSS mE sCOD, NH;—N,
NOs =N, T-N 9] AA&S Table. 3 o YeRAUTE

33 HRTol| w2 TN HMAHE 2I$t BAF BFS=2| HE

HRTE, Wy WHgol w2 TNS #1742 Fig 40 1
ERigith TN A AL HRT 6A17F, U3 wk-8 300%
S ALY w 7P =2 X1 821 1.1%E YERATE
T3 HRT 2A17HS #1918 HRT 3, 4, 6A17H off Ui wiss
£oll W& TN AAEL thgiolste] 2 HRT 8 Wi
W58 100% 4 W 64% 75, WF- ¥H5-& 200%Y W
75% ==, UIF- aksgo) 300%Y Wl 79% T2 FAlE)
At} HRT 24171 wii= AdolAe] S5k 7-9] 2 54|
Zro] el F A4 AAELS 63+2.8%= YEFTE
A A7} - WS 200%, 300%14 HRTS 4 34]
O SRS Wl 75% ©134e] TN AAES 9d& & e
Ao 7 FHAT) o]5 EYg TN AAEES i uks
o] Z7Fgel uhet Ael4ro] Fwrt oS & 5 U3
FHAR TNG] AAE HslA= 278 AFAIRES Ui
F85 AYshs Zo] Bad Row dukdc

BAFZ A olA ] A2l &g A2 HRT2] st
FekS W= Ao 72 A a1 ek Chui et al. (1996)>
HRT aol w2 TNO| A2 &8-S vlwst A-olA] Uiy
W glo] 6—24417H8] HRTE AFR-3F A3} TNS| A|A&
2 41-76%% Rasta Yot webA Chui et al. (1996)
Avte} B o] Anfs B B o] Ay 2 AlFA
ol tha =2 TN AlAES e

TR
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Table. 3 Change of liquid phase Removal efficiency(%) of SCOD, NH;, NO;  ,TN(HRT = 8 hrs)
recirculation sCOD Removal NHz—N Removal NOs —N Removal TN Removal
Efficiency(%) Efficiency(%) Efficiency(%) Efficiency(%)
0% 96*0.75 100%0.1 - 23+1.1
100% 97*0.75 100%0.1 56+2.1 68+2.1
200% 98+0.75 75 71+1.8
300% 98+0.75 80 83*+1.4
100 T
a0 -E
ot e S p——
i ‘/6- ------ ;- -
70 t ’," :'Jl* ______________ e . -
N At' ’/ ';' --‘*-—--
~ 60 1
S W/
= 50 I J
S ; /
.
5 40 “E ‘
Ll -
E 30 1
- ---¢---100% Qr
20 o ---8--- 200% Qr
10 ---A--- 300% Qr
O u T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9
HRT (hr)

Fig. 4. Effect of HRT and recirculation rate on total nitrogen (TN) removal in the column

3.4 BAFOIAM A &tst gl EFAISE kinetics

2A3}10] 739 AL (steady state) oA < £-9-5
E0HS 1 EEPd, BAF 9HF ol &Sk ezls)
g A 02 0.52F BES-(half order) &2 UERY 4=

=

St (Hultman et al., 1994).

ac _ 05

dt —kC M
sk v 2t

c»—G"=-05k0 @)

oA714 ¢, & 27] AAF(NO3) 9 #-9% % (mg—N/L)
= 9wl k+= 0.52F HES-(half order) 2] A&8H4] W3k
4 ([mg/L]1%/hr); 0= SAAFAZHhr) o]t} (2)AS th

A e,
00.57 61005: —05 kh/’U or [ﬁ] 0.5 (3)
G
=1- (LW
AN hi FAE YA o, v FelsE o

(m/hr), a& Tﬂ@f;ﬂ okgel wE REEo R A oH=
#k(k/2v)elek. [C/ C)1 ™ sk h/[G)) 5 ez vheh]
W 712717} agkel i, y AL 191 A (linear) &2 U}
el

% 9k
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& With 100% Q,
y=-1.89x + 1.0038 e With 200% Q,
R?=0.99 A With 300% Q,
T
~
\/
.
Tewg
—
T
T s
& .
< ", e
g ° o
& .
- S =-4.79x + 1.02
° R?=0.98
y=-9.45x + 1
R?=0.98
0.0 T T ; T . )
0.00 0.05 0.10 0.15 0.20 0.25 0.30
h/(Cg)*0.5
Fig. 5. Kinetic plot of experimental data on denitrification at HRT of 8 hours and 24 +
1°C with different recirculation ratios.
& With 100% Q.
16 e With 200% Q,
4. Y= 7.25% + 14,57 A With 300% Q,
L N R%=0.90
~ /
12 1 . % y=-8.66x +10.26
i R?=092
5 109
=) =-11.66x + 6.81
£ s R?=0.90
=
T 1
Z 6
4 &N "
¢
L
2 i,
0 T .| & T L 2 1
0.0 0.5 10 15 2.0
Time(hr)
Fig. 6. Kinetic plot of experimental data on nitrification at HRT of 8 hours and 24 +
1°C with different recirculation ratios.

Arksle] 79 P o] daidT-olA BAFS] AA &R ARYEE 5% (mg N/L), ki= 02HES- =84 Hgks
9 FEE %’ﬁ% T e e HEE kaks 03F (mg NH3—N/L—hr), t&= W-&AIZH his v|t]o]59] 54,
vk 0 7 YJeRtBoller and Gujer, 1986). 1 2] v Fashy B8 (m/hr) °]th
thest 7t 2127} 24+1°C, HRT 8417k] T3] 141 WHEgro] uh

A @248-E Fig. 5o vehlgla, FAksl&-& Fig.
C—Cy= —kt = —k b/ 4) 6o YERNSITh =3k 95% A 1*2«% orugol Ak

A71A Cor= =l EUES] F5(mg NL), Ci= AA

3} gl 2 slof| it AJEsHA] HE-g
). Fig. 5 9} Fig. 6 = X9 &

2 Table 4 °f YeR]
HH50] 300%Y
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Table 4. Estimation of overall ammonium and nitrate biotransformation rates in partially aerated BAF for hydraulic retention time of 8 hours

at 24 + 1 °C with different recirculation rates.

QOperation Anoxic zone Oxic zone
condition Half order Zero order
a(1/m)? k(lmg/L10.5/hr* R kimg NHe-N L hr')? R
100% Qr 1.89 = 0.11 227 + 0.13 0.99 725 + 113 0.90
200% Qr 479 £+ 054 862 + 0.97 0.98 866 + 1.13 0.92
300% Qr 945 = 0.79 2268 £ 1.19 0.98 1166 £ 2.23 0.90
%95% confidence interval
82 300 15
Anaerobic Anoxic Aerobic .
zone zone zone Anagrobic Anoxic Aerobic
g 200
12
100 ﬁ
78 - s
0 S 5 9
z 75 -
400 ¢ 2
[¢) s 6
74 £
-200 g
s 3
72 ——p | B0 © s, et
-4~ ORP . * e
¢ M
7 — — — 400 0 —
001 2 3 4 5 6 7 8 9 10 1 1213 14 0 1 2 3 4 5 6 7 8 9 10 11 12 13
Port number Port Number
(a) (b)

Fig. 7. (@) ORP and pH, and (b) nitrite changes under anaerobic, anoxic and oxic conditions within the column at 8 hours HRT with

100 % recirculation.

71 Adigks Ve, ow 2k (NOs) o 4=y
S(NH,5) 9] wgee 247b 22.68+1.19[mg/L]"/hr,
11.66£2.23mg NHs—N/L—hr ©|3lt}h. 5 BAFiRg-Zo]
A Uiakg-go] S7HE R UR ZAakd o] W
go] TV Zo® FRIFEQTh 1 o= fgo] T8k
Al =, 7172 W G v AELRe] ARG g0 St
StaL Ui kel whet s|Aulgo] S7lel] Wil AloR
Tt tH(Tschui et al., 1994; Peladen et al., 1996; Pujo
et all,, 2000). 3HA Z} L 5-ukEgol Tt dojl daked
(NO3") 9F R (NH, ") ©] W (Table 4)& BAF A
AE 93k ksl 9 2Askex AA] o5 A=
- T3k JRE A3t

35 BAFEFS =0l pH, ORP and nitrite2] 45}
HRTel o3l Wi RE58&0] 100%%Y %2 pH, ORP
9 nitrite] W3] digt AP A7}E Fig, 7ol Yepiglth

Ael A3} 57]Z)4 ORP+= 172mVE LERE O FAakAh
ZelAE —200~ —300mVE R, 371 Zelel At
2 A7 A EE Aoz ElE Gtk Tst pH ek
R, 5712 (oxic) ol AAtslrt ZdEo] o] & QlEl] i
U (NHy ) 9 559 271827 sl pH 7.9 oA
pH 7.3 =02 olst) #7|%(anaerobic) W FAkx
Z(anoxic) ollX= BASIE A%t OH & % 52 % pH
7.114 pH 7.9% FolA&= Z& el & 4 Qitk ki
£ NOy N9 551 mg N/L o|8tZ A&HUtt
(Fig. 7).

1e

A Aas Jeh)y] Y8l Z2ke] dEyol 9l TNH-s)
£ w2 A|AE Fig. 8 YERSIH. Fig. 8@ & w1
BAF Hh&-29] =y ol digh HAdl s (Maximum

\J
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Fig. 8. Effect of (a) ammonia and (b) TN removal.

elimination capacity)< W¥d<5& 100%Y 4<% 0.15
kg NH;—N/m’—day, W% #ks&0] 200%Y 7-$-oll=
0.19kg NH;—N/m’~—day, 0] 300%% %ol
= 0.21 kg NH;—N/m’—day?] 72102 vepgeh & A4
A7 (Fig. 8(0)) < 0.27 kg T—N/m —day -3l
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