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Simultaneous Nitrification and Denitrification by Catching Bed Biofilm Reactor
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Abstract Catching bed biofilm reactor combined with traditional biofilm process as a novel treatment was developed. The performance of the
reactor for nitrogen removal was investigated. Steady removal effect with 81.7% of average COD removal rate was achieved in various hydraulic
retention time HRT . Even when hydraulic retention time HRT was only at 3.90 h with average NH, -N volumetric loading of 0.47
kg/ m* d and TN of 0.59 kg/ m* d 92.7% of average NH, -N removal rate and 67.5% of average TN removal rate were achieved. In
the experiment dissolved oxygen DO was the most crucial factor for removal rates of TN and pH was a crucial factor for removal rates of
NH; -N TN. The optimal condition was with DO 0.1-2.0 mg/L and pH of 7.0-7.5. Mechanisms of TN removal via simultaneous nitrification
and denitrification in the experiment were analyzed.
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Fig.1 Schematic diagram of catching bed biofilm reactor
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Table 2 Influent quality and operational characteristics in each test stage
| Il Il [V V Vi
HRT/h 9.12 7.59 6.03 5.00 3.90 2.94
COD/mg L~! 251 ~ 452 296 ~ 418 242 ~ 496 270 ~ 443 234 ~ 375 224 ~ 279
NHy -N/mg L~ 53~93 83~ 104 80 ~ 105 78 ~ 100 65~91 68 ~ 94
TN/mg 17! — 91 ~ 107 97~ 121 83 ~ 108 85~ 111 92~ 115
1.4 . COD 224 ~ 496 mg/L
pH pHTESTEr 10BNC  pH .DO 6~ 135 mg/L 81.7%
HANNA HI2400 DO .NO; -N COD 1 0.85 kg/ m* d
v TKN KDY-9820 I 2.08 kg/ m* d HRT
_NH; -N NO; -N COD . BX
MLSS SS
B TKN 4d 1 MLSS 1770 mg/L
2d 1 . 4240 mg/L 0.1
5 ~0.35 kg/ kg d COD
2.1  COD 2.2 NH/-N

HRT CoD 2 HRT  NH;-N



136 31
A Bk O HK DCODER% 0.8
0.7 L y=0.768 7x + 0.025 6 :
) P R=08970 | o °
. 8 o 06 |
&0 ,@. E !
ﬁ & g oosp "%
2 i = ,
A a &® 04 ]
Q 8 & 1
© s 031 :
& i Z. .
100 02 i
EATI I/ Z :
0.1 1
| | : |
2 COD 0 0 0.2 04 0.6 0.8
Fig.2  COD removal under different HRT NH,*-N£&BL 1 i /kg-(m*-d) !
NH; -N 53~ 105 mg/.  HRT 4 NHJ-N
912 h NH -N 0.20 ke/ m* d Fig.4 Relationship between NH;" -N loading rate
) ! ] 8 and removal loading rate
NH, -N 10.37 mg/L
85.59%
HRT 3.90 h NH, -N DO 4.5 mg/L
0.46 kg/ m* d NH, -N 5.50 959%
mg/L 92.74% . DO 4.5 mg/L . TN 83 ~121 mg/L
HRT 2.94 h NH, -N HRT TN 5
0.65 kg/ m* d NH; -N 20.00 HRT 7.59 h 0.31 kg/ m* d
mg/L 74 .75% . HRT TN 65.4 mg/L 32.1% .
HRT 6.03 h TN
A K O HiZk O EpgE 154 d
140 DO 4.5 mg/L 2.0 mg/L
- 120 TN
a2 RS
£ 100 P TN 80%
™~ *
=S & HRT 5.00h 3.90h N
T : 0.47 kg/ m* d  0.59 kg/ m* d
Z 20 (& oo ' TN 28.8 mg/l. 31.5 mg/L
% ° 150 70.4% 67.5%.
AT T)/d /
3 NH{ -N
Fig.3 NH, -N removal under different HRT HRT = 2.94 N 0.81
keg/ m* d N 34.6 mg/L
NI N 4 65.2%
R*=0.8970 NH; -N
COD
<0.5 kg/ m* d ™
NH, -N NH," -N > 0.5 0.53 kg/ m* d
kg/ m* d .
0.49 kg/ m* d 2.4 DO NH;-N TN
0.1 DO
keg/ m* d o DO NH/-N TN
2.3 TN 6 2



137

—A— K O HK O L%
il il N OV v
160 - 90
¥ b
. o 475
T o120 A@g o .
8 " 4] 2
= hganle g %”AA R 3
{%( 80 AL L0 A 45%
& i
= 40—D|§‘ DOOEPD I:\:po %% o@ 000«305
[:pn an [m] Dlo% b o | - 15
0
50 100 150 200 250
ZEATHT A/
5 TN

Fig.5 TN removal under different HRT

DO 0.1~7.5 mg/L DO
NH; -N ™
DO 0.1~2.0 mg/L ™
69.6% DO>2.0 mg/l. TN
36.0% . DO > 2.0
mg/L
DO 0.1~2.0 mg/L
0"8 838 Sboo © ®°%
80 o &80 ‘5)0 o ogm °
)
o\\° 60 BD?E% o 0 OD
o m o o
S wl o o @
o AH o .
0F opg o® 0 o
o
0 | | |

0 1.0 20 30

40 50 6.0 70 8.0

DO/mg-L!

6 DO NH{f-N

Fig.6 Relationship between NH;" -N

2.5 pH NH,-N TN
pH NH;-N TN
16 . pH
NH,/-N TN 7
2 pH 6.0~8.8
pH 7.5~8.8 NH, -N
64.0% pH 6.20 ~ 7.50
NH; -N NH, -N
86.4% . pH 6.1~
7.5 P pH
6.5~7.0 TN 35.89%
pH 7.0~7.7 TN
70.2% pH 7.7~8.4

TN
TN removal efficiency and DO

TN 35.53% .
pH 6.5~7.0
NO, -N  NO;j -
TN pH
7.7~8.4
NH, -N
NO; -N  NOj -
TN
pH 7.0~7.5

EBRE /%

pH{E

7 pH NH{-N 1IN

Fig.7 Relationship between NH;" -N

DO

DO

Bio-fix

NO; -N
N,. DO

TN removal efficiency and pH

DO

NH; -N

NO; -N  NO; -

< 2.0 m/L



138

31

DO DO
DO
SND
Oz
e l co
NH3/NTT,' .I"«IOQ,'0 QNOS_O o 2
~ Q,
b 0 o €0
4R ANH R o
\\ o — OCrg
A R I Org
£ At e}
PR —
i
B, N
I o N2
Org THLH 0

NO; +0.50,—NO;
NH; +1.50,~N0; +2H* + H,0
NO; +5H* + Org —>0.5N, + 2H,0 + OH"
8

Fig.8 Nitrogen removal principles of biofilm and the carrier
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