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ABSTRACT

The effects of ammonia loading on nitrification, especially on nitrite build-up, in an
activated carbon fluidized bed reactor were investigated by increasing the ammonia
loading rate stepwise from 0.1 to 7.5 kg NHs~-N/m® - day. Although effluent nitrite
concentration and nitrification efficiency fluctuated at the loading rates above 1.8 kg
NHs-N/m’® - day. an average nitrification efficiency of 90% was achieved. Nitrite
build-up began at an ammonia loading rate of 1.8 kg NHs-N/m?® - day. at which the
free ammonia concentration was estimated to be above 1 mg/L. During the nitrite
build-up. the ratio of influent NH3-N concentration to the DO concentration of the
reactor liquor and the ratio of effluent NHs-N concentration to the DO concentration
of the reactor liquor was measured to be above 100 and 2. respectively. Considering
the advantages of nitritation/denitrification, a fluidized bed reactor could be an effec-
tive means for biological nitrification of wastewaters with high ammonia concentra-

tion.

Key Words : Activated Carbon. Ammonia Loading, Fluidized Bed Reactor, Nitrifica-
tion, Nitritation. Nitrite Build-up
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stoll M A5 oAy A4 vx R AMS A ge] AFIAAT HEF 90%9] Az
Agg vehiden, &2 ¢RYetd 249 57 1 mg/L ©13 22 FHHAD 1.8 ke
NHz-N/m® - daye] ¢2Uo} #3138 obaabyd o) £2 0] Alat=igict. oA Favt
ZAEQY 71T E U5 dRYoM AL w2 whgzule] £&34L ¥ 9 ¥t
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& A737] Y3t Amnant®} McCarty'oll ol
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9] o z2x o fHUEH, FEY AEY FEL
2 #7118 FatAMe] 6 € {7189 & A
7} 7bedty, B3, v 8 R HHANE FPE
< Wt o2} £eix] e feiide] glon,
Azzto] vf-2 ol A oz, Hee #
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@2 A%l $4ste FEEe) g7
F54 AEY YA Ee 2y, g4 5 4E
o] ALEE = sled, B g oA vla
o BFol Yorvz FFE YT oA L=Es A
32, 24F fAY /U1 FFAAN sHEE B
oflyz}, H|ZEHAo] AX W 4o v|PEL /A
g 4 sivke AHEol Ao

1980 Ui €0 Haxel FEER A=rtsd
A Rt g A7y gus] AP,
Kowalski® Lewandowski® oj & e] apzte) nA
4 AEEeR $4H+E pHY el 2%
glo] A2l Axt Hdl 0.042 kg NHz-N/m’ - day
2] ¢ ijol R3loME HFt DAHE o]F F

¥ oo Mo ¥ M

ZArs, ofAdst ofAg He &3

dgen, Knox”& 8L Y 9 Agaato
2 vgA A&+E Aesied o AL AAEE
7}z} 131 g N/kg VSS - day(at 13C) % 309 mg
N/m? - day(at 16T)E2 B1usdd. £% Suwa
59 gyeeATYoz YANSFE AP 2
2 Huj 0.21 kg TKN/m® - dayel 3704 g g
ANRE ©)8 4 ANeH, Guptast Sharma'’e
24§ H7E AGu4+E CSTRE Ma2j 23 4
W 0.52 kg TKN/m® - day®] %3tellA 96.6%¢)
ZAAs F8o] 9AXd Her Hustylt) Rogalla
s} Bourbigot'?E mldAz HL(AE)E o|&@
Biocarbon ¥ & o] 838l 3-8 A2 A7 ¢
2Yold Ak AALEO) 1 kg N/m®- daye] %3
7M€ 95% ©]44& YePRl e} o ol4be] Hato
Me zisle Hez wasgen, Dilon®
Thomas'> & 22 4oz Hd 0.58 kg N/m” -
day] ¥37Hx] 90% ©]3<] ¥rnuold A4 AA
&S Jeld ez ®Eqsgc}. a2l Cooper
¢} Williams™ & wido] Zafidl 548 248 2
3 ¢ 1.00 kg NH3-N/m® - day®] Raelxe o
Ryolyd Ax AAHAEEC] 88.8% A Eo|AAIT £
81 1.12 kg NHs-N/m® - days. Z7pA|%]e] whe}
AARE) 63.2%2 FE3] FA4F Ao B3l
Qen, Asano'¥& PVA B2 Wl o naAy
oY EE o1 8-3te] Al 2.7 kg N/m® - days] #3}
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vhez= R olad#o s AZAHUG. At
Zole ¥hgE wigo 28 EH 10cm Eold BF &
& AA&zn 1 e K2 5em FAY FETFE

(34 : Tmm 2 20mm)F 10cm #719] g
2(17 : 2.00~2.38mm)S AAAZT. WAHe)
5emgl E714E wigelA 15cm Aol HA3lste
A7]Te FEHFIVNE FEEHA ZVE HAEEL
o, Z7)4 Aol Som ol FETE UAA
Aot H49 AM=gE sl Aol 2 5em of=a

% ob AR vHE 9 55

09, 585
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}— Compressed
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a. Feeding pump f. Activated carbon bed
b. Recirculation pump  g. Diffuser
c. Flow meter h. Reactor
d. Distribution plate I. Water jacket
e. Glass bead layer j. Aeration chamber

Fig. 1. Schematic diagram of experimental
system.
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2.3. gdH=

B Ao e HHSE g Alzstd AR
S, Table 1ol YEhd vieh Zo] gigez
glucose, bacto-peptone, L2l sodium citrate®
ALg3lgln, A4YUE bacto-peptone, NH2CONHa
(urea), 281 NHiClolRew, d#elx EES
Aste] NaHCOs& Hrhetdct.

1 ¥ I9A 48cMe #4499 BOD: N P
9] ¥]go] 100 : 30 : 1°] =% BOD ¥%=+ 70
mg/L. ¢2UeH) F2 FE€ 21 mg/L. 283
T-P ¥5% 0.7 mg/LE &3, 4299 7|dsx
7y Zr2b 7 mg/L7F H1 =& NHCl2 26.8 mg/L.

Table 1. Composition of the synthetic waste-

water
Compound Concentration(mg/L)

Glucose 47.0
Bacto-peptone 52.0
NH4C] 26.75~1374.50
NH2CONH: 15.0
KoHPO4 1.24~31.87
KH2PO4 0.50~53.97
FeCls - 6H20 0.56
MgClp - 6H20 7.0
CaClg 7.31
Sodium citrate 4.76
NaHCO3 70.0~4500.0

Table 2. Conditions for experimental stages

NH2CONHze 15.0 mg/L, 28] 2 bacto-peptone
& 52.0 mg/LY 28 stdou II~VaA 48
A BOD ¥t LR Frirlde 2 #
el vad Hgeelyd NHCl 58 =32
on, ojw T-P =& HF3 F7HAAG. ¢4,
d2rjol ¥3 Frlo] et Mo dLEE F
g & {94l NaHCO:& #H7lsld @zelxg
B3t

2.4, oELd

Y& Table 20 MA|E uvie} o] 2A 5¢A
2 Uk AAsan. &, E71§ 4Asn BOD
Y5 E 0.2 kg/m’ - day® #281RM NH-N #
E 0.1 kg/m® - day® A% 194, 194 2
2 ZReA XTI E HAIEA] g2 22A, 2dAS
2e PN BOD ¥5& 0.3 ke/m’ - day2 %
7142} 394, BOD #3818 0.3 ke/m’ - day2 %
AsAA grUol 23E 0.1904 1.6 ke/m®-
day7tA F71A 7 49AH, 28lx g2yt B3
1.6 kg/m® - day°ld 7.5 ke/m" - day7tA] F7}A]
712 #7188 FUHA @2 5PAR HAsEN
dyol Hajo] @pE Wi AE L ofAMY &
429 23 F& A Y. HAFE 1Y =
o} Standard Methods®™ Ei 43 o d 2R EY
of £3lo] "Wag EME AAlstad. a8xn v
Z W9 DO ¥E+¥ DO probe(YSI 52 mode) &
w82 (Fig. 1ol h) We] 848 & ul2 9o 4
AAANA SRt

Exp. Stage | Aeration { BOD Load. (kg/m’® - day)

1 Yes 0.2
I No 0.2
m No 0.3

v Yes 0.3
\% Yes 0.0

NH; Load. (kg NHs-N/m® - day) | Exp. Period (day)
0.1 1~40
0.1 41~126
0.1 127~189
0.1~1.6 190~584
1.6~75 585~791
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E Ao Ahgd AT fdFe g2t F
T7F oF 22~1,790 NHy-N mg/Liew, 484
A zol ALRE FEE W FAY Ao FEIt
1.06~2.30 mg/Lellen} opaitd Aie AN
th 4870 Fote gryo} Rjo] wtE Ast
&9 MEE Fig. 20 Jdehlidle, Aats &
& HF oF 90%CIUT. 71A A A& L RE
429 NOz-N % NO3-N =& #9449 NHs-N
P22 UE & Eg B8 AEY WM F
Alg3 (simultaneous denitrification) 748 %=
A AA G 1 HE7F AEA] G Rz 7 s
A8t

Fig. 291 EA1€ uis}l o] A4 Axwtr] 0~200
g 7|zte] B A Age AYxvie] A
vl B AR RE IS 4§ DO FF T
o Z9<glo) slE Aoz BetsEn, 432~5064 T
9] 0.7~1.1 kg NHs-N/m® - day2l ¥t 2
213} 780 90% °)stE AsEded, o g+
o) AalE AT NH-N $#3157ie & DO ¥
£ free ammonia ¥59 371 ol I €A} 3
£ Aoz wadt 1.6 kg NHs-N/m® - day9] %
sholl A A2 H-go] 100% oldo Yeld A2
gRgd el NHy 33 82, o489 &3
Zo 1 99% E FE ot AT AAe ¢ F
2ich. 1.8 kg NHs-N/m® - day ©1¢9} ¢=ye}
HatoAe A G&o Bge] YA ed &
Lo AFo] HAAY ol FHEI, F 4=
ote] A, DO #F, |48 A-g Tol 2 €9
AL Aoz FHPE

Qe AFE v} o] Cooperst Williams &
2 #8549 gxyol R 1.12 kg NHz-N/
m? - dayE 7Vl ahe} Axs Age) FAH3 7
2% Aoz Bmagen Asano'E UIMES
PVASl maAZIC2H 2.7 kg N/m’ - day] 3}
M E Azt b Aoz Budied, & 4
Folle otdag A naPetd 7.5 kg NHe-N/
m® - day R&7kA BT 90% Axe] Aads) sbe

por

Experimental Stage
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Fig. 2. Effect of NHs-N loading on nitrifica-
tion efficiency.
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Fig. 3. Effect of ammonia loading rate on
free ammonia formation.
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Fig. 4. Effect of ammonia loading rate on
nitrite build-up.
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Fig. 5. Effect of influent NHa-N concentra-
tion/reactor DO concentration ratio
on nitrite build-up.
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Fig. 6. Effect of effluent NHs-N concentra-
tion/reactor DO concentration ratio
on nitrite build~up.
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Fig. 7. Nitrite build~up during the experi~
mental period.
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