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Bioaugmentation with Immobilized Genetically Engineered Microorganism (GEM)/

CAS Process for Treatment of Atrazine Wastewater

WEI Min-jie; WANG Huis LIU Chun, NING Da-liang
(Department of Environmental Science and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Bioaugmentation with immobilized genetically engineered microorganism ( GEM)/ conventional activated sludge ( CAS) process for
treatment of atrazine wastewater was investigated and effects of hydraulic retention time (HRT) on treatment efficiency, activities of GEM were
discussed. The results showed that when HRT was 4-24 h, significant removal of atrazine was obtained in the process with bioaugmentation.
When the HRT was 24 h; the first stage of the process got best treatment effect: average atrazine removal rate was 96.64% and average
atrazine concentration in effluent was 0.56 mg/L. When HRT was changed to 12 h, 8 h or 4 h, the removal rate was 88.59% > 89.79% and
88.61% respectively. The average removal of COD in 4 runs was 72.76%, 64.59% , 66.16% and 65.84% respectively. Significant loss of
GEMs was not observed but strong growth activities, formation of biofilm and zoogloea on the surface of immobile particles were observed via
scanning electron microscope (SEM) . The mechanical stability of the particles remained unchanged after nearly two-month operation.
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Fig.1 Schematic diagram of experimental reactor
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Table 1 ~ Operation parameters for the reactor

I H Run-1 Run-2 Run-3 Run-4
HRTC I & A0 525D /h 24 12 8 4
HRTGHE P75 g Bt ) /h 16 8 16 8
R v S 38 1k ZK R B /mge 1.7 17.55 15.77 17.27 16.33
BT i e P A U /mge (Led) ™' 17.55 31.54 51.81  97.98
COD Py BRI AT /g (Led) ! 0.3 0.68 0.30 0.68
IEATI ) /d 29 24 29 21

M LB K5 97 P B (% 25 pg/mL S %5 %, 50
pg/mLE N B FO PR, A E] 300 mL WAART
FRIEPFCRAT 1 LB, 7E 379C 5 120 ~ 140 1/minf%
TN ISR 2210 000 t/minS L 10 min WCEE BRI,
SR K B (R AR B R /K R 2 UK, WOk 4t ., o1 ok vt
A H

PRV S 2 T R = B S AR R B AT
A5 B % B (mg/mL) 5 660 nm P AT (1) 6% B btk
B RGN E 660 nm WA N 176 % FEAE, 1
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Fig.2  Atrazine removal effect of the two-stage

bioreacter 1 (stage A)
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Fig.3  Atrazine removal effect of the two-stage

bioreactor 2 (stage A)
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Table 2 Atrazine removal effect of two-stage bioreactor at various HRT

RRCkS A BCEY A BCF A BUEBRE ABEBRE A B B By

JE3 R fiif LRt d N A bt 2% HK AR EE 7Rk

/mge(Led) ! /mg*(Led) ™! 1% 1% 1% /mge1! /mgeL~!
Run-1 17.55 16.19 96.64 84.35 ~ 100 3.59 0.56 0.21
Run-2 31.54 27.72 88.59 69.83 ~ 100 10.89 1.91 1.05
Run-3 51.81 45.97 89.79 69.43 ~ 100 7.70 1.80 1.29
Run-4 97.98 86.67 88.61 80.89 ~ 94.18 4.89 1.88 0.87

T3Ab, IS R EE R K A AN R S AT R Bl IR 3.

Ao G5 R 4, v UG H R A 18 K S e (038 0, H:
T2 A BOGBTRE S i 1R 25 ok 4 47 1 B 2 386, e
K2 B F ik 2 100,70 mg/(Led) .
2.2 COD M ZBRIFIVG VAL

Wi 2Rz v R e R R T AT PT E S R PR Ve
PRSI, TS COD (1) 5B Rk, ok T 2% 4%
Ii] 7 A O R 24 0] AR 9 T K TR Ak BRI ARG T
AV 0 5 Al 3 5 ) ) B, A W T coD F 2 R K

Wi 5 18 6 FEE 3 s, 4 AMBYBLH K cob -
BIE S 2 64.79.70.76+65.96 F1 79.36 mg/L, FH 1Y
1) coD V35 % B Z 5 gll & 72.76% - 64.59% «
66.16%~65.84% » V2% LI T X COD F iy 2% 25 Bk
e, WA UL T AR B I BN I8 A R M 1 75 Ve X
FEZRAT COD FY 2B . 5 7 T PR e A vy 3t 25 ok e AR AL
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Fig.4 Effect of increased atrazine loading on removal Fig.5 COD removal effect of the two-stage bioreactor 1
loading of the two-stage bioreactor (stage A)
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Table 3 COD removal effect of the two-stage bioreactor at various HRT
RRCkS Rl S SRR MERE A B B By
JE3 R A i A7 4 FNES A it 2% HK AR B K 5
/mge(Led) ! /mg*(Led) ™! 1% 1% 1% /mge1,"! /mgeL~!
Run-1 369.34 272.16 72.76 53.33~85.93 2.80 163.94 64.79
Run-2 654.12 441.84 64.59 30.65 ~ 85.50 14.30 147.48 70.76
Run-3 305.55 221.52 66.16 69.58 ~78.09 6.34 185.67 65.96
Run-4 684.20 446.09 65.84 57.40 ~73.68 5.80 167.32 79.36
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Fig.7 Change of GEM density in the bioreacter
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Fig.8 Scanning electron micrograph of the immobilized particles
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