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Abstract

This study was performed in the airlift bioreactor using the nitrifier
consortium entrapped in polyvinyl alcohol(PVA) for removing low
concentration total ammonia nitrogen(TAN).

As increasing the superficial air velocity, TAN removal rate and
removal efficiency increased gradually at the packing fraction of
10%(V/V) and 15%(V/V). And at the superficial air velocity of 0.83
cm/sec, TAN removal rate and removal efficiency in the conditions of
all packing fractions of 10, 15, and 20%(V/V), were 316.6+7.2 g/m’ - day
and 92.8+2.2%, respectively.

TAN removal rate was continuously increased with decreasing
hydraulic residence time(HRT) from 0.5 hr to 0.05 hr, whereas

TAN removal efficiency decreased with increasing HRT. So TAN

removal rates per packing fraction of 10, 15, and 20%(V/V), were 1007
g/m’ - day, 1199 g/m’ - day and 1352 g/m’ - day at HRT of 0.05 hr, and
the maximum TAN removal efficiencies were 93.1%, 94.1% and 96.3%

at HRT of 0.35 hr.



As the initial TAN concentration increased from 25 g/m’ to 10 g/m’,
TAN removal rate also increased from 155 g/m’- day to 630 g/m’ - day,
and removal efficiency maintained over 90%.

The optimum temperature for nitrification was about 30T at which
TAN removal efficiency was 95.5+1.5%. Nitrification was effectively
performed at low temperature of 10 T. At the pH range 7 to 9 in the
bioreactor, removal rate and removal efficiency were 310410 g/m’ - day
and 94+3%, respectively.

TAN removal rate followed both Monod kinetics and half order

kinetics in overall TAN concentration range, but the latter was easier to

apply for nitrification than the former.
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Advanced Treatment of Low Concentration Ammonia

Using the Immobilized Nitrifier Consortium

1

r

Object : to obtain the basic data to develop the continuous

TAN removal process of advanced treatment

Y

4

Packing

10, 15, 20%(V/V)

fraction

A 4

v

Superficial

air velocity

028 ~ 1.22
cmy/sec

HRT
0.05 ~ 05

Influent
TAN
concentration
25 ~ 10
g/m’

Temp. & pH
10 ~ 35 T

pH 5.6 ~
9.0

4

v

v

Removal efficiency(%) & removal rate(g/m3 - day)

A

y

The kinetics for

the TAN removal

- Monod kinetics

- Half order kinetics

Fig. 1. Flow diagram of the experiment.
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Table 1. Synthetic feedstock solution

Component Concentration (g/ m’) Function
NH,C1 95.48 N source
NaHCO3 681.73 Alkalinity control
NaHPOq4 30.55 P source
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12

11
1. Airlift bioreactor 7. Liquid outlet port
2, Water bath 8. Air inlet port
3. Baffle 9. Feeding tank
4. Screen 10. Peristaltic pump
5. Air distributor 11. Air pump
6. Liquid inlet port 12. Rotameter

Fig. 2. Schematic diagram for airlift bioreactor.
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Table 2. Composition of substrate nutrient

Component Concentration(g/m?)
NHCI(NH3-N) 19.39(5.0)
NaHCO; 138.44
Na,HPO; 6.20
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Fig. 3. The effect of superficial air velocity on total ammonia
nitrogen removal rate and total ammonia nitrogen removal

efficiency.
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Fig. 4. The effect of superficial air velocity on dissolved oxygen
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and total inorganic nitrogen concentration.

- 20 -



a3 A0 Hol AAsTe ANESS U A HH ¥ B Ase
0.83 cm/secz W] oo AFME FH F7) H5 083 cm/sec
2 +qstg

42. £ {H JFAR g2 FRYoly AL: AASA

884 HFALS g7 YoM FAIAF a3 E PVA beadst
dryoly Aol HEAIT BAC YoM FFL FE 2ot
ArH o A FAIZEe] TS Wg Azto] AAHd mel WEEE
o wolxA HAW wgETd golME wolAA "ok o2 st
AFAZ WE A8e Fae] ¥y W gRUoly F29 FE o
AAEES FolRy JU AAXTE 78 F UL BT o}, F
EES F7) A% AFAD
A7e AL 5 Uk

Fig. 6& 9Ruolyd Aae] ¥E7} 5 g/m’ d o F7 R4 4E80E

rl

i
e
L
A
2
o
Mo
o
b
(X
llo
of
gt
Ho
™
I

o it

7o AsATF TAHFH beadS 10, 15, 20%(V/V)E FIAA, FHEH
AFAZHL 005 01, 0175, 025 035 ¢ 05A7te.2 HIAHS W E=
Yol Aro AALE 2 AAEES Waks vehd Aeloh

=2 8ta A FAIZEo] 05X)7Hl A 0.05A7te 2 ool wet Z3& 10,
15, 20%(V/V)el 42Uoly Aiel AAKEE F7istgod, ¢ AR
AZE 005N ZNA FRE 10%(V/V)E 1007 g/m’ - day, 15%(V/V)E 1199
g/m’ - day, 0%(V/V)e 1352 g/m’-dayel AALEE dehildh ol
Tanaka {8]o] PEGE AHgslel A7d A=l 540 g/m’ - daye} Hlnlshe]
gdroly F4e AAEFs & Acg UEyT, Y PVA 13s=2

-21 -



1600 100

& Rem, rate (20% (V/V))
—O— Rem. efficiency (10% (V/V))

. A

1400 - %0
1200 - o

o r 80

B —&— Rem, rate (10%(V/V))
1000 - \ ¢ —&- Rem. rate (15% (V/V))

; 70

o/

TAN removal rate, g/m 3. day
g
TAN removal efficiency, %

—0— Rem. efficiency (15% (V/V)) [ 60
600 - -4 Rem. efficiency (20% (V/V))
- 50
400 -
200 - - 40
0 T T Al T T T T 30
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Hydraulic residence time, hr

Fig. 6. The effect of hydraulic residence time on total ammonia
nitrogen removal rate and removal efficiency.
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Fig. 8. The effect of influent total ammonia nitrogen concentration on
total aminonia nitrogen removal rate and removal efficiency.

- 26 -



=g f4 duUold Wae Frwsd BE AASEs AHAYS
JER T 2ok ole AA &gl RE FALAM 90% ol4g e
ozH gW TRY WMErE BT F359 duded Axrd FEit

5%

Fig. 9ol RojF%o] 1 g/m’ olste] A¥E2 fAHTR RIS o 2
of B2 AALTE ZE $20&d oM 139 A4 HefFn gtk
o]+ Timmons and Greiner[30]7} 25 g/m® o|3to) A AA%EEAE 131408
2 27 ge ARE BeFy o

a2dm H FRUL 25 g/m’ ooz FYFe FRUH Fh R
7 golqol weh gRuotd Aael AAZEr gty FQz ole
ABAT nASD bead R} WHAlold] FRUoky Aol FEATL
AX EAAG &9 72 st gEYol AAEZES F71E A=
Hstda AA 288 ZAadvtn At Rostron F[28]% &2 &S
Wl o
s B A7 4504 FE7 10 g/m’ olsle] A Eolw nysiw
AGH T L beadd) EW) Rolr] gk 316, 32|22 Ho} ¢ghri]o}
A Ao Ratgo] Frlslelx AT LASE bead W AzpA el
o FE3| AA7L 7hsstch wEbd AR ZE Y EEUH Ex
FeRANM AARE 0% o4 BES BAFI Utk ol AAH
oREe) greuoly HiE bead WHZ BAE 7] o] Mo bead XY
of BH gl AT o8 AAYLR bead W29 7|2
o] 42 Ao #orojdc) oje} Fo] X ¥ 1AHNYL AsAEE AF
g §AT £ e AHL AYDE Ar: gEUold Ha AFA A
A F L FE3) BT & Yoz L AAHEELEES HE £ Uk

rr

g

- 27 -



~
8

%‘ “ '// ™

-o 600— /

E 500 - A 4

o . e

o 400 - e

T /

- a '

© 300 - S u e

- e

g R

S 200 - 2

| v A y

Z | s o 10%(VV)

< 1 /‘,/ " 15%(V/V)
A 20%(V/IV)

0 T T T T T T T T

00 01 02 03 04 05 06 07 08 09 10
TAN concentration in the reactor, g/m’

Fig. 9. The effect of the TAN concentration in the reactor on total
ammonia nitrogen removal rate.

._28..



24 Rostron &[28]¢v} Suh FEIAMAY Ier duvoryd Hi A
A AdE 712 FaAgo] EREEZ AALE] P42E 1Y £% Ut

2 A7 AHESE AU gRUord 249 Fxyigtd wet &
W3l glo] 90% ol EES HojFi glon, z+ FA S ot 93+2%

o AAEES BT Yt

44, £x W3zd W2 W opy A4 AAEA

twjolel HESHH Helo] Slojd 25E vAE FA 2HI @
7} 9121 Strotmann and Windecker[17}= A3pA@el A7 *e A
e st ZAE e ez ol & et o 53] AHAE
o] =S Letetel AAF EAow <la A TA3E PVA beaddl
218 twjobs A Ao} dF 59 dFS dvstuA sk

Fig. 10& &3 AFAgte] 035A2te|n AspAlg 2AstE PVA
beadZ 10, 15, 20%(V/V)Z ZAAA, T71844 Eu-S 7Y 22§ 10,
15, 20, 25, 30, 2E]1 35CZE WHIAHES W FEYoY AL AASE
L AAELY wstE deEbR Fojo

ewsl gobdol o dmUel AAESEE 7 FAge] QolA &
et elen exdslel el 7 £18S waPL W 25TY
Ae RE 3844 32328 g/m’-dayd AALEE Ho|i low,
10CAME 15, 20%(V/V)e} FZF&A 2955 g/m’ - day?] AALEE,
10%(V/V)e] 27 &L 270 g/m’ - day?] Thd ¥ e vehdoen 25C
A 10CZ 257} Poldd ma} dRUoly s AALEE 87 ~ 164%9]

BoE YT o

- 29 -



- 80

TAN removal efficiency, %

- 70
200 - —e— Rem. rate (10%{V/V))
—a— Rem. rate (15%(V/V})
-4 Rem. rate (20%(V/V)) | 60
100 —C— Rem. efficiency (10%(V/V})

TAN removal rate, g/m?- day
g

- Rem. efficiency (15%(V/V}))

& Rem. efficiency (20%(V/V))
0 T T T T T T 50

5 10 15 20 25 30 35 40

Temperature, °C

Fig. 10. The effect of temperature on total ammonia nitrogen
removal rate and removal efficiency.
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Fig. 11. The effect of temperature on effluent total ammonia
nitrogen, nitrite nitrogen, nitrate nitrogen and total
inorganic nitrogen concentration.
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Fig. 13. The effect of pH on effluent total ammonia nitrogen,
nitrite nitrogen, nitrate nitrogen and total inorganic
nitrogen concentration.
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Fig. 14. The Lineweaver-Burk plot for the determination of
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experimental data and the regression result(b)
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Table 3 The result of Lineweaver-Burk plot.

Packing fraction 10%(V/V) {15%(V/V) | 20%(V/V)
Maximum TAN |gaced on the reactor| 2254.98 3644.64 3374.12
removal rate(Rmax),
g /m® - day Based on the bead & 192991 2894.87 | 3859.83
Half saturation constant(K.), g/m’ 3.02 4.28 2.48
Correlation coefficient(r’) 0.973 0.975 0.985

_39—



3859.83 g/m’-bead - day@ YElydth ol B AFo| AL 10%(V/V)] A
#7} FYF Avre GEUoM A4S FHE 12%(V/V)E A48t Monod
Ao A&3 Timmons and Greiner[30]9] 2] AAH% % 1968 g/m’-bead - day
o Hnge o vl AAE & F AN € A7 FAE 15%((V/V)el
A 289487 g/m’-bead - dayrs PEG pellete 2 ANE dAxg &
Tanaka £[8]9] 3600 g/m’-pellet - day¥t} ThA 2 g BAF7H 9o
o, $A& 20%(V/V)dlA de Hd AALT 385983 g/m’-bead -
day= Rostron %[28]¢] PVA beadE8 23%(V/V) 52§ AFEAHY
RAFy dok 2 ol
o Axdeg gy AF JFeg 7 AL dig A Hudu s
o F2E 10%o]A 2 Timmons and Greiner[30]+= Ho AAZE 236.16

i

214624 g/m’-bead - dayR Tt £ A3

g/m’ - day S, $3& 15%(V/V)ellA1e] Tanaka §[8]2 Hth AAEZE 540
g/m’ - dayg, 28]1 A& 23%(V/V)el Rostron F[28]& Hul AA&E&%E
700 g/m’ - day& RFozH B Ayl AfMT we g HeFAn
o] ZAnE PVA-beadE Z738 spliteylinder F7]544 HEu-$717}
At anAQl Ho g wexo] A
46.2. 1231 21o] 9|g gBold AL AASH LA

B Ao Monod 4o 93 AA&£TAE HEg AL AdHoZ
24 BEE F Jou R5¥HE IS $AS FRd EF XdEa
ol HL Fdysed ol EBHsth o9 ¢ Timmons and
Greiner[30]& 25 g/m’ o|3te] AEEolA 19 AA £r4L, 1 o4
o] FEIAME 0a4E =AToRHA B FHIAZ oY 13 24 B
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Aol M 0z L% FHAale]e] Mol 030—'?01] st 2 Bo| ErMsstdri21].
Nijoh[38]= AF ol d5ad4yd 427 F4E o83 A3 weo 3l

o] /27 £24E o|&¥ A AHAexs Helggo dia] & HEE -

Atk S 2 ol Fxe M e 03 =48 AAEHH-

2 A7 Axr: ¢REYoky A9 AALEI Hdlekd ZYdA
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F Atk X% AT vAE g Rl HA AA w3l U
A AAEE 71Fe AR FAH AA gEA gerng 1/23 245
HgAZ 5 Uk

Fig. 15% 1/23 £x49] £x445 37 A3 43357 &4 23
(@)9} MF3 A EHso 7§ £45E AMEstd dojd greyobd &
a2 ¥% el mg AALTe wste A% doldE wwmale] vehd
Ab)ol i1, Table 4+ 2 A7 Art FRYold i FHAd dg
1722 £x=49 34 24§ HoF2 U

228 10%, 15%, 20%(V/V)e] &£544 ke 22 560.32 (g/m’)* - day,
690.75 (g/m’)™ - day, 88695 (g/m)* -day@.om, AAATE 242+ 0931,
0.905, 0.9082 viebdc).

ol¢} o] B ATM FF A¥E gEUol Ad o thsiA
A8 delHe Z BiEE Aoz yehdozi 1/23 £xid digd
&2 A¥xs Wuk ojye}l Ho| Fdo] difME & BIE F e AL
Bojxar, Monod 4o HlE] AT FHZ AASEHE o€ F Us

Aoz Wesol Ad.
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Fig. 15. The regression for the determination of kinetics parameter of
half order reaction rate(a) and the relationship between the
experimental data and the regression result(b).
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Table 4 The result of the regression by half order reaction rate.

Packing fraction 10%(V/V) | 15%(V/V) 20%(V/V)
Rate constant(ki2),
205 560.32 690.75 886.95
(g/m7)"" - day
Correlation coefficient(r’) 0.931 0.905 0.908
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ASAF S PVAC] o8] TABAA 71044 AEer2 Avze o
ZUold A AA oM o] 3 A Y HYzAL FT o
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