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Recycled nacked—bed reactor for efficient denitrification
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Recycled packed-bed reactor emploring immobilized microorganism was suggested in this paper for efficient denitrification. In
the batch reactor, the effects of initial oxidation-reduction potential and nitrate concentration on denitrification were
investigated. As the initial oxidation-reduction potential was decresed to -70 mV from +40 mV, the removal rate of nitrate
was increased to 3.33 from 1.25 mg NOs-N/min under the experimental conditions. As the initial nitrate-N concentraion was
increased to 200 mg/l, the removal rate of nitrate was proportional to the concentration of nitrate. When the concentration of
nitrate-N was 400 mg/min, nitrite was detected, and when the initial nitrate-N concentration was reached at 1,000 mg/l, it
took longer time for the complete nitrate removal. In order to decrease the initial oxidation-reduction potential and the
nitrate-N concentration in the feed stream, the effluent was recycled to the influent stream in the packed-bed reactor. In the
case of recycling, the initial oxidation-reduction potential was decreased to 30 mV from 150 mV, and the initial nitrate
concentration could be decreased to 85 from 120 mg NO3;-N/I. As the result of recycling, the removal rate of nitrate was
increased to 91.7% from 49.2%.
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Table 1. Composition of the synthetic wastewater in batch reactor and

packed-bed reactor

Components Concentration (mg/l)
NaHCO; 250
K>HPO, 27
KH,PO4 345

CaClz . 2H20 10

MgSO, - TH,0 50
MnCl, - 4H,0 5
ZIlSOa - 7Hzo 5
FeSO, - TH,O 50

Wgrle) HA3 #F A4, 22T Aedol Yb ALE
d5 A4 3o $52 A7 A7) Qe A ZA A
28 AASNYSH, FHAGA WEolo) H2E pH meters)
ORP meterE ol&3te} AAlztoz We7] Yol Ae)g o}
stk 22ln, QAN 2 mA AFE RS 1587
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Figure 1. Schematic diagram of packed-bed reactor system (recycle system).
@ packed-bed reactor; @ ORP/pH meter; (3) ORP probe; @ pH probe;
® monitor; ©) feeding water; ) pump; @ nitrogen purging; @ sampling port
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Table 2. Effects of the initial ORP on nitrate and nitrite removal in
baich reactor - Initial concentration of nitrate-N is 100 mg/l and initial
pH is 7.0

ot \ Maximum concentraion
Initial ORP Removal time .
of detected nitrite

(mV) (min)

Removal rate
(NO3-N mg/min)

(NO; N mgll)

+40 80 66 125
20 35 23 286
.50 35 0 2.86
-70 30 0 333

3R HSI(0ANY x7| FMYELS 5xo FE

NAE FAE o8 A &N 27 AdAL
Tt 2 fsd WAe 9% 4RI Y5t Table 3
Mgt Zo] FHEA whgV|dME x7] AWEAL FEE

50 mg/lo] A 1,000 mg/l7hA] ASAIA Hgket.

Table 3. Effects of the initial nitrate concentration on nitrate and nitrite
removal in batch reactor - Initial ORP is -50 mV and initial pH is 7.0

Maximum concentraion

Initial nitrate .
Removal time .
of detected nitrite

: Removal rate
concentration

NO;N mgl) ™M (NOyN mgpy  (NOs-N mefmin)
50 25 0 2.00
100 35 0 2.86
200 60 0 333
400 120 15 333
1,000 320 380 313

=

WAL FE7 200 g oIS WZA e sl
A 27 A99AzY ¥571 SR Be AagAs
SAAAN Aele AL F7EIEARL AAFY 24 &
5+ 2.0 mg/minol]A 3.33 mg/min® Z F7}8HS & £ AN
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Figure 2. Initial nitrate effect on deniwification in batch reactor - initial
nitrate-N concentration is 1,000 mgfl and pH s 7.0: (W) NOsN; (&)
NO;-N; (@) ORP.

Fig 294 Ry wisl ol 2yl AAddLe ¥&E7}
1,000 mglo2 H& AL nitated] TP T YAHE
nitrite”} nigite reductases} A 1zto] wEA Fgol ¥
A, BE4 7] UelA 380 mgnx FES HE
& ¢ & 9499 S o3t HEFHHA &dH FYof
E HAFSAr 27Es, BYE e NADHY] 98X
TEol X Ay 2208 5454 ddd N2 A43e
olE-HEH 2¥EY nitrate ZAGAME nitrated] BYE
218 nitrate reductase?] /o] oA Hit olw} AlgHE
HA7E 22 nitrate reductaseo] SeRA £ AMEEIEE
nitrite reductase 2 ] 2 W) A7} ol 2T O R nitrite
reductase®] Tgo} WolxjA) oy niwites] FHHol FrIetA|
HTH15). &, whe 27]olE nitated] FYoR A3ty 3
B4 gkgohgel 3384 RN 142 mVAR) Al
nirite7} EAH 7] ANRASPAA oA BRI 8]
Z7v8he 12.8 mVe) oj=g o, HHEHUD nirited] FYH
FAo) A HAE o] BAEE ¥ 5 A0

olge duel ol 27 AMERAY vUt viny @
£ 200 mg/AAE nitited] FAGIol AMgALY AA &
E7h ZEAw, AQAAL BRI 400 mglo R 718}
W ALY AA ol @] QAT nitrited] FH
of A7yl AlRELE, ALY BT 1,000 myls] o=
W AiddRe AA =7t 3Aad Bsh ohvzl, wud
B ool niite7} EFo] HAE A AARS € =
gk adzg FydEse 2439 AAE HSHA nitite
reductase®] A3l §lo] ZFUAEEAY AARE &AL ¥
£ URE, 27 AadEAY FEE 200 mgloldlE 73
Bz Ao Fasith

SO

%

N

157

HTEA HIS7l0A AMNEL HH 28 YHE UM A
=g

8 wrgvlode) Ang nige s F3FEA §-§7)9
el HAAAL: AA AFE 434E9ch Table 2044 25
B Ay o] 27 NS84 ANT) FE4E 93 540 F
Aette 29E dgen, A dgridM g8 wke
o] geid Fol f&49 4Elgddde 4YSY daEd
el disiy A3 Bl fEe] 2ol JSgRN9E
wa7l al F25e 9RE F94E A& 24
w2 wherle) F442 Fig 13 #Zghov, A vsridd
A g 4AEAE FE5 Aedele] 48 939
. &4 #HE 27 ol £EE 4 mymino]9iT, wE)Y
R 100 miejgled, »R& A7RE 258 o3k

. Norecycie Recycl ]
r(—~———~'~——-«v~» =2 —

— .

o

£ )

£

gLt

o

Z 8

g eof

8

g 40 +

2 a0t

O

L& JEPN R —

USROS SRS § E i
20 % 612 18 24 30 36 42 48 54 60 66 72 78 B4 90

JURSEU N S /. < ~IU. S,

8)
154%
1w}t
S
£ sof
g or
Q
-50 } ‘
~1ooym
{
P N B
0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90
Time (h)

Figare 3. Time course of nittate reduction and ORP change in
packed-bed reactor - with recycle at 24 hours:

(A): (WD input nitraie-N, (@) ouipwt nitrate-N

(B): (A) raw ORP, (M) input (recycled + raw) ORP, (@) ouiput ORP
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