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The use of immobilized microorganism reactor—integrated constructed wetland (IMR-ICW ) system for rural
comprehensive wastewater treatment

MAN Ying', TAO Ran'%, YANG Yang"*, WAN Xiang', GUO Jing—jing'

(1.Research Center of Hydrobiology, College of Life Science and Technology, Jinan University, Guangzhou 510632, China; 2. Engineering
Research Center of Tropic and Subtropic Aquatic Ecological Engineering, Ministry of Education, Guangzhou 510632, China )

Abstract: Combined with integrated constructed wetlands(ICW ), an immobilized microorganism reactor(IMR ) that contained a broad spec—
trum and highly efficient degradation bacteria Lysinibacillus sp. FS1(CCTCC M 2013561 ) were used to treat rural comprehensive wastewa—
ter in industrial cluster towns. The results showed that the immobilized microorganism reactor—integrated constructed wetland (IMR-ICW )
system had high removal efficiencies of chemistry oxygen demand (COD ), total nitrogen( TN ), ammonium nitrogen(NH;-N ), total phospho—
rous(TP) as well as total suspended solids (TSS ), with average removal rates of 71.5%, 59.5%, 56.9%, 46.0% and 82.9%, respectively.
Meanwhile, the effluent quality of COD and TSS met the first class A criteria of Discharge Standard of Pollutants for Municipal Wastewater
Treatment Plant (GB18918—2002 ). Furthermore, the results of GC—MS indicated that the removal rates for ten of main organic pollutants
in comprehensive wastewater were over 50% by the IMR, and it reached 81.2% and 95.6% for toxic organic compounds 3, 4-dichlorophenol

and phenylacetate especially. The detoxification and harm—reduction abilities of IMR could relieve the ecological pressure on constructed

Wi HEE.2016-12-16

PEBEAT - E(1991—), &, IR RRFH B L 52 A, NN TR PR M E I Y . E-mail :ying 055@163.com

*BIS1EE . 4 E-mail:yangyang@scies.org

BB : HEPHCSAETRITRVE (2012BAI21B07 ) s |7 A5 I HEIRHS I & L 35158 4: 5 H (2015020235008 )

Project supported: The National Key Technology Research and Development Program of the Ministry of Science and Technology of China(2012BAJ21B07);
Special—funds Project for Applied Science and Technology of Guangdong Province(2015B020235008 )



1004

YIEINCR RS Y £ 36 5% 5 H

wetlands, which significantly increased the removal efficiencies of COD(P<0.01), TN(P<0.01) and NH;~N(P<0.05) in the combined pro—

cess.

Keywords: integrated industrial wastewater; degradation bacteria; immobilized microorganism reactor (IMR ); constructed wetland; toxic or—

ganic compounds
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Figure 1 Structure scheme of immobilized microorganism reactor
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Figure 2 Treatment process and photos of wastewater
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Figure 3 Removal efficiency of CODy, in the treatment system
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Table 1 Comparison of removal efficiency in different stages of the treatment system
- N TR H 1ICW (n=3) I8 78 AR A 0 S0 35— N\ T3 IMR-ICW (n=7)
AR Bl /mg L K (i mg - L PEIEGREL PR mg- L K /mg- 1 VL BRAI%
CODy, 136.7~180.8 68.1+5.5 55.4+4.0%* 120.2~300.3 49.5+7.7 71.5+7.4%%*
TN 45.63~67.17 37.69+£10.13 33.7+9.9%%* 51.96~74.78 26.17£5.58 59.5£7.9%%*
NH;-N 41.27~57.92 33.37x11.44 37.0+£12.6* 47.74~62.08 24.51+5.44 56.9+8.2%
TP 3.03~5.00 3.06+0.39 35.7£3.0 3.87~5.39 2.36+0.60 46.0£10.0
TSS 46.47~76.44 12.67+8.30 79.9+12.6 30.77~92.00 7.92+4.80 82.9+10.9

T 2% FORA R4 2 E] 22 57 4835 (P<0.05) 5 % FR/RAN R b3 0] 2% 54 . 3 (P<0.01)

Note; *Indicates significant differences among treatments(P<0.05 ) ; ** Indicates significant differences among treatments(P<0.01).
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Figure 5 Removal efficiency of NH;—-N in the treatment system
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Figure 6 Removal efficiency of TP in the treatment system
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Figure 7 Removal efficiency of TSS in the treatment system
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Table 2 Removal loading of the treatment system
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TSS 119.93+50.22 -8.43+38.06 19.35+7.81 16.42+7.98

AN T b A BT % /K BF NH-N kK £ far 3.0~
19.9 g-m?-d”", ABFFEH A TIRHIFEK NH-N £ faf
20.55+1.78 g-m2-d #5 i , X U RURCR 1 N — E
S, Harada 55RO 58 38 B IR - /KPR TR b Ak
PRI IE WA K, S5 R R BBHL R G4 COD
TN NHs-N 35 LB 7 £ 43 514245 .0.90.,0.38 g+m™2-
d?o MR A ZE H O T b A 25 Bk G A 45 1 o
2.2 EENREY R RS IE R
2.2.1 BEFEAPIHIA B

KR FE LB A TRl R v [ AR A P S g sk
K, FIF GC-MS 43 HriR A5 /K G Bl o 2 32 2

BT e BN A K 5 R0 7 7K A 3 (R
8)FILAE H , HEAK Fp A 22 AN B i i, T b 385
15K HAE 55.70 min =47 HBLBA S 00 7= i | e fr 4K
S A AR B R AR, Bie P2 SR i KRR
LAY 2 2% AV ME LTS 2 5 AR
G, WK 9 Fros, CREAETI32.15 min b FIE R
3,4- AR, H % 481.2% ;68.88 min Ab ik
N LERFER BRI, 7Tk 95.6% . i3 i5 7K
Ab PR TR AL (FR 3) W LAE H BROR B R Ry
56.38 min &k, HA 10 4> 8 =Wy i 2 B R HRAE
50%LA 1o 83X EK HE B RS AT T LA

1008195 54.88 56.37 e
100 K 32.15 ] ) 4.23e7
o 52.70 23 71 .46
= 6.13 8.88 1379 1722 22.66 123.96 2844 34.11 3761 139.42 :
0 T T - T T T T T T T T T T T T T T T T T T T T T / .
1me/min
160319-6 10 15 20 25 30 35 40 45 50 55 60 65 Jime/mir
TIC
1007 th
s * 5459 5638 o888, T2
1508 9.64 1181 14.60 19.77 22.67. 23.89 28,41 33053409 39414, 45 4604 10237145
07
10 15 20 25 30 35 40 45 50 55 60 65 70 Time/min
B 8 GC-MS WEE KRN EEFREEE
Figure 8 Total ion current chromatogram of GC—MS for the determination of the wastewater
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Figure 9 MS chromatogram and identification results
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Table 3 The peak area of sewage water

LSTIpA

GC {5 FA ] 8] /min Tk HK BRI %
23.96 3126 117 1 035 236 66.8
28.43 577 126 276 868 52.0
32.15 6 941 854 1 304 656 81.2
34.10 677 520 288 092 574
39.42 1552 198 603 744 61.1
44.83 1 028 201 391 288 61.9
49.86 1223 037 548 256 55.1
56.38 4210 548 2 842 424 324
63.22 1 430 808 611 091 57.2
66.89 1384 498 656 570 52.5
68.88 1130 577 49 061 95.6
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