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Biological Nitrification in the Fluidized Bed Reactor
with Amberlite IRA-938 as a Support Medium

Jun KAWAMURA?*, Teruyuki UMITA*, Tatsuo OMURA*
Jiro AIZAWA* and Masao ONUMA*

% Iwate University, 4-3-5, Ueda, Morioka, Iwate 020 Japan

Abstract
A fluidized bed reactor with Amberlite IRA-938 as a support medium was employed for
accomplishing the high efficient biological nitrification. Effects of the hydraulic retention time
(HRT) and the influent glucose concentration on the efficiency of the biological nitrification

were investigated.

More than 90% of influent NH,-N was nitrified even at a HRT of 0.5h. The maximum
nitrification rate in this study was 1300mg-Ne/~!'ed™!, which was much greater than that
obtained in activated sludge process. This high nitrification rate was attributed to the macro-
porus characteristics of Amberlite because Amberlite could maintain a large number of nitrify-
ing bacteria in its inside. Results of batch experiments on the nitrification rate indicated that the
oxidation of NH,-N proceeded in the outer region of the Amberlite and that of NO,-N did in the

inner region.

In both experiments with influent glucose concentrations of 10mg-/~* at a HRT of 0.5h and
20mge-/~* at a HRT of 2h, more than 909 of influent NH,-N was nitrified. Therefore, this type
of fluidized bed reactor could be applied to the advanced treatment of sewage.

Key words: biological nitrification, fluidized bed reactor, Amberlite IRA-938, hydraulic

retention time, specific nitrification rate
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A.P : air pump

C.T : constant water tank
C.W : constant water column
D : diffusor

F : flow meter

L : solid-liquid separator
S.T : substrate tank

S.P : substrate pump

W.P : water pump

Fig.2 Fluidized bed reactor
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Table 1 Composition of synthetic substrate

%

(NH,).SO, 0.1415¢

(30mg as N)
NaCl 0.085g
K,HPO, 0.283g
MgSO0,-7H,0 0.085¢g
FeSO,+7H,0 0.0085¢
Tap Water 1.0/
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Fig.3 Variations of effluent NH,-N, NO,-N and
NO;-N concentrations in the case of no addi-
tion of glucose in the effluent
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Fig.4 Variations of effluent NH,-N, NO,-N and
NOs-N concentrations in the case of addition of
glucose (10 mg+/~') in the influent
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Table 2
trations at steady state in the case of no
addition of glucose in the influent

Effluent NH,-N, NO,-N and NO;-N concen-

concentrations in the unknown N
HRT effluent (mg+ /%) conc. in the
(h) effluent
NH,-N | NO,-N | NO,-N (mg-17%)
10 0.16 0.02 27.58 2.24
5 0.13 0.04 27.45 2.38
4 0.18 0.04 26.66 3.12
2 0.20 0.18 26.73 2.89
1 0.16 0.63 27.76 1.45
0.5 2.53 1.66 23.23 2.58
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Table 3 Effluent NH,-N, NO,-N and NO;-N concentrations at steady state in the
case of addition of glucose in the influent

Vol.14 No.3(1991)

HRT influent concentrations in the effluent (mg</~') | unhnown N conc.
(h) Glucose conc. in the effluent
(mge{Y) Glucose | NH,-N | NO,-N | NO,-N (mg-{7Y)
6 0.00 0.23 0.03 24.77 4.97
3 0.00 0.44 0.03 24.57 4.06
2 10 0.09 0.38 0.05 24.71 4.86
1 0.07 0.66 0.11 24.18 5.05
0.5 2.45 0.81 0.55 22.66 5.98
0.61 0.24 0.05 21.20 8.51
2 20 1.51 0.50 0.17 21.22 8.11
0.5 3.84 23.62 1.13 2.68 2.57
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Table4 Characteristics of nitrifying bacteria

Nitrosomonas sp.

Nitrobacter sp.

Cell shape

Cell size

Motile

Cell weight (gecell-1)

Gram test

Specific Growth Rate (day~1)
Estimated Generation Time (hr)
Autotroph

Dissoleved Oxygen Requirement

Yield (g-VSSeg~1<N-1)

Half-Saturation Coefficient(D0)(mg/1)
Half-Saturation Coefficient(substrate)(mg/1)
Optimam pH

Optimam Temperature (°C)

Ovoid to rod-shaped
1X1.5um
May or may or not be
(1.2~5.0)X10-13
Negative
0.46~2.2
8~36
Obligate
Strict Aerobe
0.03~0.13
0.3~1.3
0.06~5.6
8.0~8.5
28~36

Ovoid to rod-shaped
0.5X1.0um
May or may or not be
Negative
0.28~1.44
12~59
Facultative
Strict Aerobe
0.02~0.08
0.25~1.3
0.06~8.4
7.0~7.5
28~36
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Fig. 6 Number of nitrifying bacteria attaching to the
Amberlite at steady state in the case of addi-
tion of glucose (10 mg-/~*) in the influent

DN THEMEBESR L CHBRERO S & bigmL,
HRT #3%0.5h OFFIZ I3, FEREEEEA 1 m/ 24D 108
DI —5—, HBEBL0°DF —F— Lo, b
DfE i HRT #510h OEFD10MEIZ b 72> T 3, BIIC
b7 X 5 WEETH B 7 > N—F 4 b iE Macro-
porus XME 2> TH Y, HRT #30.5h ATz W
THITEREEIS & 7283 2 WReED B> TW3 b 0
LRbhb, £/, HRT 282 h OE 2R CREBEER
OB BHEHBEH I D SV EWIERE RS2, B
HEE ORI, MBE LIRSV EREIA T
209, F7, KREEMC L 2ERKREY AT AT,
RATAF B L CKICHEN I B THEEEEE O 5 550
BE XD, BRSNS & OIE G
BATBNTHEBEOHREN LI NTWE, LrLi
5, REBRERIZIINS OME LHITE > T3,
AT OREE S HRTO.5h D4, RS
HED10 D4 —5—, MWBEHSI0C0F—5—Th
D, HEMEBESHEKPCSRCEENATEY, B
BES L UOEBE D7 VN —5 4 e 2 (58
DHES—H TR WH EBbN 5,

Fig. 6 CEEBF CHEKY (Vv a—REE10mg-

Vol.14 No.3(1991)

——

WS O~ @ ©
DISSOLVED OXYGEN (mg/1)

4
E\ 4
B ias
= no addition addition of
% of glucose glucose (10mg/1) J
a 30t 7
3] N77M77:% %
= 25f T
3]
& 20f
=
5 L
g 15
= 10}
3
g of -
13
a 0
= 105 4 2 105 6 3 2 105
HYDRAURIC RETENTION TIME (hr)
effluent NH4-N concentration
B effluent NO-N concentration
D effluent NO3-N concentration
unknown nitrogen concentration
‘ dissolved oxygen concentration

Fig.7 Nitrogen balance and effluent dissolved oxy-
gen concentration at steady state

[7Y) BRINU 72354 0% HRT CTEFRERICE T 5
LEE, —AGHE, BEEOHSEREE R T, I va—
AETORA T H480mge [~ Lod ' LA E V> 72 0,
ZOBE HRALESE HRT 2 < & 2 12> CHE
LTw3, L L, ~BMliEs & CHER I HRT 28 1
h ZF CIRIEF—EDEEZRL TS, k722 DEERIC
BLTHEBIIS WIEICHEE, —BHE, REEOIE
W otz, EHEBRIC L 2W|EP» TR V—yay
U IARBOTREEOAPHEEL D DELF
ELTWR L b TV AHFRICBWTIE, XY —
N7y TRRCEEY RS 2 R WEE TRAMEE 2
BB S THOEREIT> D TZORRICL S
bOErHEEIND, £72, HRT 536 ~ 1 h ¥ TI3R4E
HORPHEMBE LD S s TBD, Y
EEML 2 WEE L RBEOERB R >N %55, HRT
230.5h TRHEDFRE 2> THY, HpOMBER O
MbEITBICR>TWwWBE I ICR6NS, ZHITHK
T2EICENETIEIFE—ETHo e~ RlIEB LV
BrE B 0% HRT $30.5h 2 B W TAIHEML Tw
3, INIEBEEDARIIKE % B I
METH 2 —RWES X OREREOBENEE %
v, ZHIZE->7TNH-N - NO,-N - NO;-N & »
SHLIBRD X3 s, —BHEIC L 2EED
D AAB L VREEIC X BERS ANDBRTTOFE
WEBbDEBbhs,

3.1.4 BRNX

—59



196 il

Fig. T e BEHMERM L &M (7 v a—210mg.
=) OFEDH HRT OEFEREBICB T 2 2RI L
RIGHENOBEEBRREBEER2RT, Zhick3 LB
A R IINL 72 B ERINE OB W5 1%
¢, HRT »%0.5h TI3#16.0mg- 272 5 72, & OIEIX
[ U HRTO0.5h TEEEOADEE 2 AWIHEGED 2
EEE > TWwb, £z, BEWERERML 725800
LWiGE L VIEEBREEDETSA 5N 5%, Mk
RS EEEHN 2L, —BHESMFTELTWE L
S I DIEEBRRIEE DZE 3 OB E
DBERME LEZ o, BEERCIHEERSIEET
HHREFPEFEL LT R BR s TebDEE XS
ns,

3.2 [EHEER

FIHE NH,-N 38 & ' NO,-N £ C (mgel™") &#
PRENTARE Y D OFTEAEELEE v (mgN-h™tem/™!
-media) & DBIRE, HEZOZE Db O LEEEHE
BELUSBCREBIC L TR D T FER % Fig. 8 IKRT, 2h
IZ & Y vl Michaelis-Menten R 12 k> TE & 1,
Hanes-Woolf 7w F3 XD
NH,-N ot

HEZD X DS

v(mgNH.:-N-h™-m/™-media) Z%%
kBRI s

»(mgNH-N-h"'-m/~-media) = 0.149C

2.234+C
NOz’N 0)%@
HEZDF  DBEE

0.713C

v(mgNO,;-N-h™'-m/ '-media) =11.780+ C

HEEEBIRL IS5 E

»(mgNO,-N-h'-m/~"-media) = -:164C

5.399+ C ‘
ELTRLE 2, BINFEEROMEIZYE OBEEIIC
Lo THEIN W9, KEETH S /z Michaelis
EHOMEIZEEEBIE L IS0 FBHEEZDE £ T
Bilzdbo X /&y, —h, RAEEEHERE
OEIFHEDOMER E R L Tz FPFFETH W /A2 A
FURHRIIETH Y, EEELTODNO,-N & 3HE
SEIRZTER| BN 312 b b 57, Michaelis
EHBDOET X NO,-N OBLicBWTHEHETHY, H#H
EEWELBERZI TEVWEAED1/2DfEE
Bote O L IFHEERNEAD NO,-N OIEEH
NO,-N OB LEfR e KX L EEEEE5 2 Tnwb I L%
RTHDTHY, NH,-N 23KE L THbans D
WXL, NO,-N O bixiHED & h NETHEITL T

60—

1.0f =

L 4 1
0 10 20 30

NITROGEN CONCENTRATION (mg/l)

NITROGEN OXIDATION RATE (mg-N/hr ml-media)

Amber]i te(IRA-938)
@ | unbroken
O | broken
A | unbroken
A | broken

NH4-N oxidation

NO2-N oxidation

Fig.8 Effects of NH,-N and NO,-N concentrations
on the nitrogen oxidation rate
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Fig.9 SEM of Amberlite IRA-938 in the fluidized bed
reactor (HRT=0.5h) in the case of no addition
of glucose
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Fig.10 SEM of Amberlite IRA-938 in the fluidized
bed reactor (HRT =2.0h) in the case of addi-
tion of glucose
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