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Simultaneously Removal of COD, Nitrogen and Phosphorus from Wastewater by

Coupling Treatment System with Immobilized Algae-Bacteria

DENG Xu, WEI Bin, HU Zhang-li

(College of Life Sciences, Shenzhen University, Shenzhen 518060, China)

Abstract: A coupling treatment system was developed by employing immobilized Chlamydomonas reinhardii and activated sludge to
simultaneously remove COD , nitrogen and phosphorus from wastewater. The amount of wastewater treated by the system was 6 m’ per
day, and hydraulic retention time was 12 h. For activated sludge section, as stirring rate of anaerobic tank was 15 rmin~' and DO
value of aerobic tank was 5 mg-L ™", COD decreased from about 150 mg+L 'to 50 mg-L™" and NH, -N from 20-30 mg-L 'to 0.5
mg-L ™", whereas TP only dropped from 2-3 mg-L™" to 1.0 mg-L™"'. For immobilized C. reinhardti section, the suitable conditions
were; DO 5 mg-L™", illumination intensity 2 000 lx, the loading ratio of immobilization pellets 20% , respectively. Under the
appropriate conditions of the coupling treatment system, COD, NH,” -N and TP of the effluent were about 15 mg-L ™", 0.5 mg-L "' and
0.5 mg-L~", respectively. During 2 months period of continuous treatment, COD, NH, -N and TP of the effluent kept fairly constant,
showing the stability of the coupling wastewater treatment system.
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Fig. 1 Schematic diagram of continuous wastewater treatment system with immobilized algae-bacteria cells



8 COD 2313
1.2.4 mg-L7", COD
COD DBR200 2(a) R
, N DO 3 mg-L' | 15
mg-L™", 40% ; DO 5
mg-L7" 0.5
2 g -1
mg- L , 98%
2.1 (DO 7 mg-L°")
COoD 150 mg-L "™ , , 5
COD 50 mg-L~'
. @) 4 () TP
a) NH,"-N : ——— . P
25.0 | - ~ 20 L \/'/ u T
D /\ S \~-/'/. -
2 200t 26l — o—o—o—"
= F /
150 F O™ T o = 12L
@ g \D\D/D\D/D ﬁ /A
=z . ~
Z 10} —u— bk B ool
= —o— A (DO=3 mgL™") =l
Z —o— A (DO=5mgL™")
5.0+ —— K (DO=7 mgL™) 04+
0L o—g—o—t—o—gp-g a-g-a-g-a , , o . . . . .
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10
td td
2 DO
Fig.2  Effect of DO on removal of NH,” -N and TP by active sludge
I mg-L~ '
[ 2(b)]. :
s DO 2.2.1
7 mg-L~", 1 2 000 Ix
mg-L~' , 60% . . 3 )
2 , 1.2 mg-L~' ,DO 3 mg-L°'
25% s
[4] 0.9 mg-L~' ; DO 5 mg-L™"
COD COD 50 mg-L_l
12+ ~ g
’ .‘/ .\l——l/.\-—-—././. -
’ 1.0 - O
[13~15] - o— o n/':'/ ~o g
’ 3 o] \/ T
#\z
ﬁ 0.6 |
’ —0 — O"O’O\
, g 04} O/O\O Va ﬁof)
—m— jK
2.2 o2 L —o— #ik (DO=3mgL™)
—o— ik (DO=5mgL™")
—2— ik (DO=7 mg.L)
’ 0 0 2 4 6 8 10 12 14 16
[9] ) td

3 DO
Fig.3 Effect of DO on removal of TP by immobilized C. reinhardti



2314 32
0.5 mg-L™' , 20% 0.5 mg-L"'
70%.D0 7 mg-L"" 5 mg-L"" , 70% . 30%
, DO 5 mg-L~' 20% ,
: .20%
1.4
2.2.2 o
12 | \-\/'\_
’ ™ 10 - \‘:‘/ / /D\
: T N
2 B 08
, 2 , g 06 |
[9] % . % —O—_, o/o\o
! St O——0o—"
- 04 |- 8\A/A\A/A\ /A\
, 2 000 Ix — ik
on |~ HiK %)
4000 1x 2 = [ —o— ik (20%)
—a— K (30%)
(4.2 % 2 2 6 3 10
, #d
0.5 mg-L"™" ,2 000 Ix s
Fig.5 Effect of the ratio of immobilized pellets on removal of
2 000 Ix, TP by immobilized C. reinhardii
2.3
2.3.1
-~
Lo | \/A—l/.\-\/ w‘.
T—l 0.8 ' . '
&0 Q A A ’
g
B 061 \XZQ\
= R e
£ 76&7/ 8,12 24h 3
02 [ MK
T —o— 7K CEREE 2 000 1x)
—o— ik (ERREE4 000 1x) , 5
L e N RN VR mg-L", 2000 Ix,
e 20%. 6 10 d
4 , 11 ~
Fig. 4 Effect of illumination intensity on removal 15d ,
of TP by immobilized C. reinhardti 12 h 24 h 2
2.2.3 ) 8 h
, 0.75 mg-L™",
mL 2 . 8 h
10° "
,12 h
5 5% .20% 30% 3 2.3.2
5% ’
: 0.9 2008 8~10 2
mg-L "' , , 6 m’, 12 h,

15 r-min "'

’



8 COD 2315
18 DO 5 mg-L7", 2 000
Kk TP: 2~3 mgL™! Ix, 20% . 7
15 L O WSis Ltk
BARLHK 2 :
Tl ,COD 15.0.5
0
-1
§ 0.5 mg-L , 4 s
09 -
flﬁ (GB 8978-1996) 4
“éi 0s | Y (GB/T 18919-2002)
. CcoD
03 |
I , v
0
8 12 24 o
PR 80% ,
b
6 [16~18]
Fig. 6  Effect of hydraulic rentention time on removal of TP ’
200 25
50 ' A @CcoD 5 F ."/\. a)) NH{*-NFITP
i 0.9 & K\
6ok N \ /\ T, 0} /k.\ j\ \fv:ﬁ" 20
T —
2140 b \ - T
£ 120 /\/ /\ \/ £ s K (NH 1is
= P L - (NH,*-N) 5 g
% 100 —=— ik ® o ik (NHy*N) §
1 —o— WEEBIEER A K g 10 L —o— itk (TP) 4 1.0 o
w 80f —o- BARGK Hzﬁ —o— ik (TP) T
8 60 - 0 (/ oy /oo\f \o, + O\&U&O‘O@/O\O,o.o P P00 &
S 4wl \\J £ st 000, 0000 0] 05
20 - /AAA_A,AA B NN NV NV
0 S 0 po-0;0-0-0-000-0G-0-0,0-0-0-0-0,0-0-0-0-0;0-0-0-0-0,0-001
0 5 10 15 20 25 30 35 40 45 50 55 60 0 5 10 15 20:25 30 35 40 45 50 55 60
#d #d
7
Fig.7  Stability of wastewater treatment of immobilized algae-bacteria system
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