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Experimental study on the combined treatment of

ammonia nitrogen wastewater by Chlorella and bacteria agent
ZHENG Simi, WEI Qun” ,MA Xiangmeng, CHEN Ruge, YUAN Sihan,
HUANG Yufei, LI Shuyuan
(School of Resources , Environment and Materials , Guangxi University , Nanning 530004 , China)

Abstract; The effects of light intensity, bacteria to algae ratio, and initial ammonia nitrogen
concentration on the removal of ammonia nitrogen were investigated in the Chlorella—bacteria agent sys-
tem. The parameters were optimized by response surface analysis. The pathway of NH,—N removal and
the mechanism of algae—bacteria symbiosis mechanism were discussed. The results showed that when
the light intensity was 4 000 lux,the bacteria—to—algae ratio was 3 : 1 and the initial ammonia concen-
tration was 50 mg - L', the ammonia removal (%) reached the highest (94.92% ). The factors ranked
from high influence to low influence on the removal of ammonia nitrogen was light intensity > initial am-
monia nitrogen concentration > bacteria to algae ratio. Under the optimal parameters of light intensity of
4 700 lux,bacteria algae ratio of 3 : 1 and initial ammonia nitrogen concentration of 50 mg + L', the
measured and predicted ammonia nitrogen removal (%) were 87.96% and 87.31% ,respectively. When
the ammonia nitrogen concentration was 50 mg + L', the microalgae and the bacteria contributed
75.86% and 17.50% of ammonia nitrogen removal, respectively. The bacteria maintained the pH
balance of the system and the EPS,as a key medium for the mutual beneficial symbiosis of algae and
bacteria , maintained the virtuous cycle of the system. The key bacteria genera which was mutually bene-
ficial symbiosis with microalgae could maintain relative stable in the system.
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Table 1 Simulated wastewater formula

% ik WHE/ (mg - L") G ik W/ (mg - L71)
1 kL 250 5 MgS0, - 7H,0 75
2 (NH,),50, P LT 6 FeSO, - 2H,0 31
3 KH, PO, 50 7 NaHCO, 50
4 NaCl 120 8 CaCl, - 2H,0 36

T o# (NHy) oSO, ZEA R AL HR o F AR ], o 50 mg » LU AR M 0.18 ¢+ L7, 100 mg « LT ARFEH K 0.36 g - L', 150 mg - 17!
ABRFHEN 0.54 ¢ - 171,300 mg - LT AREIAE R 1.1 g - 171,600 mg - L AbFIHE K 2.2 ¢ - L7

12 XEFHE

A 2B B — /N IR 2H ) 0 2 e vk B
K02 g L7 BEERRMSEMKIEN 02 - L7,
TR A A E 9 100 mg - L' HEEL N3 1 1
AT, 25 88 AN TR) G R it 3 0o 4 U K I Ak 2
R B G R 2 000,4 0006 000 lux; 75 9] 4h
ZAME R 100 mg - L™ 58 A 4 000 lux 5514
T, G [A) T B X S AR K AR BRAIOCR
W (g M3 1211 1,1:2.1:3,

FEIRE B — R A /N ERBELL A X B 7E 3 1 1
B HE L JGHRN 4 000 lux MISET  BFGE/NER S T
1A R AL SHUAS [R) 9] 0 2 28k B 1) 2 R S BRI, i
B A A Mk E A 50, 100, 150, 300, 600
mg - L7, BEEERNE 1 LOEFH 700 mL) 4k
TEHH 7R OIS AE T AL FRAR L R K 1R
EEHIAE(25+2) °C, B H B & 2 A& pH | 4%
&a,
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Table 2 Input table of optimum range values of each influencing factor for the response surface experiment

R % L) A HEEE 10 Bl e/ ME 0 [RHR R A
A D HR R lux Bl HELE 2 000 6 000
B WL / Bl L 1 3
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ED O Wi ORLEL @ S A NS (1= i S
(4 000 lux F1 6 000 lux) . JE3RJ 4 000 lux ZHXf
RAMWEBRBREG, SKNBEEATHESE
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Fig.1 Variation curves of ammonia nitrogen concentration under different light intensities and bacteria—to—algae ratios
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Fig.3 Response surface diagram and contour diagram of the influence of two different factors on
ammonia nitrogen removal ( %)
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Table 3 Variance analysis of response surface quadratic equation model for ammonia nitrogen removal ( %)

J5 2R R Fl 1 EE fapi FAH Pid L2
Model 2015.16 9 223.91 9.25 0.003 9 *
AR 562.80 1 562.80 23.24 0.001 9 *
B-TH# L 34.03 1 34.03 1.41 0.274 5 /
C-WIIR A A A SE 103.68 1 103.68 4.28 0.077 3 /
AB 8.70 1 8.70 0.36 0.567 7 /

AC 0.04 1 0.04 1.652E-003 0.969 7 /
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I AR Ty i By F At Pt B
BC 10.24 1 10.24 0.42 0.536 2 /
A? 1 287.63 1 1 287.63 53.18 0.000 2 *
B? 1.85 1 1.85 0.076 0.790 3 /
c? 22.03 1 22.03 0.91 0.371 9 /
Residual 169.48 7 24.21 / / /
Lack of Fit 102.50 3 34.17 2.04 0.250 8 /
Pure Error 66.98 4 16.75 / / /
Cor Total 2 184.64 16 / / / /
R*=0.922 4,R;,,=0.822 7
1. P<0.000 1, &R B ;P<0.05, %% 3, P>0.05, FmA B3
e Wl T RO B T IR AR N HCO; +H,0 ==H,C0,+0H" (3)
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{0 6.64% ; THEIR R it BRI AR R A iy i
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Fig.4 pH changes of the Chlorella—bacteria system

and single Chlorella
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Fig.5 Changes of ammonia nitrogen and nitrate nitrogen in L-EPS and T-EPS
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SEEHY . Shannon $ERUE # A, 56 W R 74 22 Bk Rhizobium PGS =i , PR A28 i A 4 T AR
155, 1M Simpson {HAEEGE K, RV 1Y Alpha 224 A RTE A R BT AR I B B i R i X e U
Pl 2220 A R R A B R TEALAE G 5, 7R X A BRI AE TIR R h K&
0.999, WAV 245 SR BRAR A AR AEA P 2R MRAE A B A TR 2T s A X o B 4
YIRESHN, W% 4. H Shannon F1 Simpson 5 %% fin, Porphyrobacter WAHXT = 09 ek /> v GE 2t F
AR, A I ] 0, ST AR R AR Y Alpha 22 ZHIE AR HAE S, & 5 M B ot
FEVERE I, TR B, BIEE-L R AR AL HE T ACRE 9 2B R 380 T IR s AR = BE R R R

PREFAER R  IEIIZAR R R EE L5 A AR E . R 5 1) 18] B 4% | Allorhizobium — Neorhizobium — Pa-

K 7(a) ME (Genus) K L BER K R AEE — rarhizobium— Rhizobium 1 Porphyrobacter Wi i J&
KR H-ERE BB A K5 A (AR = BE PR RS E , X AT RE i T EPS TEAK R
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Table 4 Analysis of microbial diversity in the Chlorella—bacteria system at different periods
AR P EEAREL )
I} [i] B
sobs shannon simpson ace chao
EEN 126 2.21 0.26 157.07 162.25 0.999
FEKR 100 2.72 111.53 110.11 0.999
ERSPN 95 2.52 118.63 102 0.999
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Fig.7 Genus level community structure and curve of DO chang of

the Chlorella—bacteria system in different periods
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