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Abstract

The algal-bacterial symbiotic system has been studied and applied in the field of wastewater
treatment, but it is not clear how the relationship between the algae and bacteria changes in this
process. In this paper, the algal-bacterial symbiotic system was constructed with Chlorella vulgaris
and Bacillus subtilis. The influence of the quantity and order of algae and bacteria to the change of
bacteria and algae were studied, to match the effect of pollutant removal. The experimental re-
sults indicated that the algae-bacteria ratio and initial concentration have significant effects on the
growth of algae-bacteria. The removal rates of COD, ammonia nitrogen and total phosphorus were
99.2%, 92.2% and 73.1%, respectively, when fixed algal-bacterial symbiotic system were formed
(bacteria 0.5 g/L, algae 0.125 g/L).
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1. 51§

BEE 2T AL AR R, & & BB E IR Tl AR iET K KEHE KK, SEUKIEELL.
el R B AR T VE 0 R 2 B/ AR B U, B T A A KT Gt aT i — AN ORI
K, IR ZHEFR M I RGIETS KA BT TS JTE R, R W EEAE Zi5 4Kk, 1T LA B RT5 7K
AN AR SR, KA BSOS K 7K SRR HE[2] [3] [4] [5].

DA WL BB 5 T WA RGN S B N TI5 R LR ORI . PSSR I, X R
HEAT B 8 AL B AT B im0 G I 2 BR AR (2] B P S5 1 R R S A R 4 1 e AR U LU S AU L 4y il
N 5:1 F135:1 [6]. Lee et al WFFETEH, # R GOGRE LA 60 h:12 h I 0 $2 B3 4 2 B 08 4]

SRIM, WEFEH B 2 15 KA B RO 3R, XT3N 5 /K A B 2 v B 3 o6 R L H D IR
W9t AR S A BETR A SRl B MES KRR MM RGBS R )
REMIRR, RITMEEAESTRRM AN BB S thAh, KZEWF A E I E V5 KA H
VRIS YE[4] 7180 V5K R BRG] [8]s ARG /KAL) AE KB BEANR, A5 7E /D 53 1k

R, A SC BT SR A R T, R BT 90 o AR /N BRISE RN )2 B 195 7K A 3 A5
RS AT IR R B E M R P BE R A, IR AR BRI L . FEnaE . #5526 048
SRR, TR DG AR AR A S H TG KA B R RS, DU B G RS K AL B R AT A

2. MN57E
2.1. WEHH

L3 NERBE(Chlorella vulgaris)W T B B2 BE lGOUK ALV FE BT, H BG11 8572 oM, 18
25°C £ 1°C, J458 2000 lux, JGIEEHL 12 hi12 h AT T IEFR. RERGER RS X, Rior 288 E B T
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Kl B 2F A IR (Bacillus subtilis) VT 5 MV AE 90 B Fh 580 38 .00 (CICC),  FE TR R R AT
WA, 1R 37CR R IR 280 E B Tl .

N VH B S bR 7K AT BEAELE A S P00 U e 285 R ) FH0,  ARE R B BCS K, ETOR 28 K
TN C6H,,06+ NH,4CI KH,PO, MgSO,-7H,0- NaCl. FeSO,. ZnSO, K A5 ¥, HsKF COD = 400 mg/L -
NH,-N =40 mg/L. TP =8 mg/L.

2.2. REWFHE

2.2.1. FENE
TRIG P AE T E . B 20 mL /AR C e RIRRE 1 50 mL &0, 3500 r/min £
NEL 10 min, FER EEBRUGE 10SCTHEHHT 4 h, WETEG D). SMFEREHENES, HHER
FHME .
W/ E(gL) = (W, - W) [V (1)

X, W N LHTEOE E () W AT IR E () V APTBUKFERFR(L).

2.2.2. BIEBEE/IERBIETS E

B ABIRAE =R, 3500 r/min 2500 F &0 10 min, FEBR BIEWR, A EE PR, BOMIK, BREM
JiF A B (R T ALEL o dd e TH R — e PR AR ISR A IR R R, 5 TR K TR 1) 4% (W/V) I S5 BR AN V5 T
BISNRE, T 2% (WIVIREWR: A 12 S8k BEHE TS 2% (W/V)I) CaCl, IR, iES:
BidE 2 h, BUHJEH 288 /KR 1 h g, i E AR 208 4 mm [ 2 b/ Ek.

2.23. EEXAMRIAR

AR UR T BN B B W NKEE, 25108 0,125, 0.5 g/L ()1 0.03. 0.125 g/L (G%). [Fttik:
T P B R A S TR R

IR EERC R A E T 200 mL AFCS K, 7£25°C £ 1°C, J83ER 2000 lux, JEREEEA 12 hil2 h
(R RE R SRR 7R, B H R & 38— IR E 1 7 K, B H e B DK TR 48 b 2 v A R A

TEH SN 7 0 B i AR KAB L I, RIS WIS N R B, [AIRR 1 KRG BN (BE) - W58 1
B[] 5 A /N BRI A A S A PR MR I 5 ) TR SR B e A, B — B B /N ERION 1.5% AT FRAM AL AR VL)
s B0, R B ERE AR RETER, I E R .

2.3. MEFHZE

A R FH N AR AR o e BV [T i , iR P A IR e o Y e BE VR [910 3E , COD R FH AR 1R
PRV AR B CUE I E (e 4, DR200/890). R T THECR PG 80%, BT HeR A Bk THEGE[10].
3. ZR5VR
3.1. EEXMHE RGP EESHEKELNR

BT AN R T R ARAL R 1] 1 B e L 1(a) AT AR Y, FESEAR AT 46 3 38 /N ER 5 oA )
MO, EEAM A BCRAERT TR 0~2 RN 2 ETHES; HEaRTR 2 d Jast ARE ], A2 AT
TR RIS IS4 3 A% 8 A I TR SE A 3 do T2 AR K HE N AR E W1, e e A K B TR
VAR BCR T AR TRV DR B F AT B R A R G h, BRSO B R MERFAE 3 % 10°AY/mL
K, o TR A AR (2.5 ¢ 10°/N/mL). iS5 HER T, R 2 FR B I A B A K R
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INIMAB %, 38 20 F0E SRR (RER G, ARoe AN B (8 o« I BRI Tl B 2 R T BT PRIV IR 8 1)
KA —E RREHEA

P 1(b) Al 5 2 FRAT R R AR A TS 00 o B4l KRG B 2 AT TR AR RS 77 1 d UG RBCRE O, 3EAS E 1)
J5(6.1 x 10" CFU/mML)BEEI FFAAFET:, 35375 P 2 3.0 x 107 CFU/mL. 24 [ il B 25 AT B o 45 i /s
EREERT (% 0.03 g/L), AMEECEA AN IR NG ERM S E KT, KR HEMHEIN S . Hk
SIS N 0.5 /L i, 4HE A IR HIIE KO 2 d, JEEATEOU K], FR7R58 5 d k%)
BKAH, 2358 7.5 x 107 CFU/mL, 2574 574 [F] I JAAR 10 2 1%

AL R BRI R G T B IX AH BE AEKAA R, E BRI R IR SRR A A R AR K, T
P& i s (B A R 1 S AR K AR e . X AT R R, WD B BN N AN Rl S T LR ) 3
ARG, e/ NEREE I XA, B AT B R R IO E SRR I SE G . NI G IR, SRR F
AL RIS IR R P, SR A K

BUFLRM, ERETGK] IR R NEREE, AR (R B, BRE R
(ISR IZHT FRAK[ 1] LR S ARG RA B 2007 SR R 0] B8 B TS R R4 1 5 0 /N BR
FIAE R ABCEE AR REEBETHEFRAZ, AMEA EEIREIERER . AR A 3R R
RGP ME—TE A, /NEREEN I R I R AR, IR A AR K IR . X3RS RS B R
RN 5T B PR AR I 1
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Figure 1. Influence of algae and bacteria on the number of symbiotic bacteria and algae
L OREXNHEEERET LRI

3.2. FRIEFEMENERE KT

R R A RGP B L S e LR AR G R . RGBS N, AR FEPHOGRE R T B 4H M G 5 5 78
UL, Stumm FEH, EIEAI T RILA CroeHas30110N16P> WFEESRADG A RN AR 1 . 284U
(), AEEZF A B0 TR CsHy0oN, HeE s M=t 2 Fros[12]. WiELAE RS T O, L
BB, BE RSN O, W B4 R A, B 1 i~ E S 2 R A EMSE. I
RIS R G IR TEEELL Y 3.53:1. A WHFT R R A ZF fOAT 1 5 8l N BRI SR L 3:1 1, X COD.
A LR REM[13], SIHESGRMII. & O B MR ER R, ASCRHBEBEL 4:1 34T

.
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106CO, +16NO; + HPO?™ +122H,0+18H" — C,, H,,0, ,N, P +1380, @)
NH, +0, +6[CH,0] - C;H,0,N + CO, +4H,0 3)
FEMCBE LU R, AN [F) 4000 B0t R i A A RS2 e an 19 2 B o TR e IR FE RN (T = 0.5 g/L

B =0.125g/L), WEFCEERKEY, RUEHIRIA 3.0 x 10" ANEANH/mL; 1A 5 2E AT 3 76 R 56 )
PN AN LE ST RO K 30T, 159755 6 d MR IR A B 9.0 x 107 CFU/mL. T 24 T M0 FE AR DU 35 B b i (B =
0.125 g/L # =0.03 g/L), B AR AER N B IR LA LERFAERT LG IR, KRB BRI KR .
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Figure 2. Influence of different initial inoculation quantity on the number of bacteria and algae in symbiotic system

2. TEIEIRMEX A RGP EIEHE AT

33. R FEEEKE R

TEH7 388 /N BR VB B B 2F A AT B RS 7R 1 d S RN BR BT, 25 SR ket T 9 AR A AR T R
PP R 8 /NBR R 4] 3(a) B . (R /ANEREERE IR 1 d S, 0 BN P AELA (R B (R L
FAUAFIE(BEIRE N 0.5 g/L F10.03 g/L). HEafidfE ok il, EEER 2~3 RPE LIS, FEani
SEAE 2.0 x 10°Ay/mL A1 1.8 x 10° Ay/mL. 1 47 1 [ HOm, Hs s Hm ke 78 2.8 x 108 4/mL
Fei o GEIEFRBA, A E AT B RS0 IR ATL R 538 /N BR 3 AR KRR I R A A R o B AR A B 4R
SPGB A RO BB R A DA e, AR AR KA B — e BRI R E ], Hax N
FREEVEN, SRomEE SRR AR

PRI o Rl B 2F AT B A S e (] 3(b) BT e AR ZEAUAT IR 8595 1 d JE4800 0.5 g/L 5 id /N ek
W, MEEEE 0~5 RE LTS, $EH 1.4 x 10° CFU/mL #K % 7.0 x 107 CFU/mL. &I, 4
B 1 d Ja BRI B 8 /N ERBE(0.03 /L), 4B B /F 0~2 K2 ETHEas, G fRFrfase, g h 1.4 x 10°
CFU/mL K% 4 x 10° CFU/mL, K AIE . AT RSN, GER SNy Ale, S5 75 X $o
AR IG KT B T, ERG S BT AR R AR AT MK 3 [ B 5 o 98 2

GAEUL RS RTTLIE Y, SRR T2 RS R AL, BRI BON A ] A A K
FERUR, (AHRAHESMCTRERMA, X S5EELENIEGC. Tk, MEaT AL Co,,
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Figure 3. Influence of inoculation sequence on the number of bacteria and algae
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Figure 4. Comparative effect of suspension and immobilized bacteria-algae system on pollutant removal
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