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Hile A SC 5 B 38 /N ER 8 (Chlorella vulgaris) il
ZEAFF 1R (Bacillus spp.) WA AEY), WF5E H— A
A DA R G5 A3 i A Ui S A N [ 28T Y 4
AR O, HE O O AL 7K 5 5 e K A
(NH;-N) . IE@SFREE(POL-P) . B (Tp) AL
S (CODMn) I L BRACR . B FE e K FRTH R /K
15 YR LB AR, S SEBr g FH2E e B

1 HRET®

L1 e

1.1.1 EMAEMREENH & 50
INERE FR R R R 2 T 2 B S P R A S e s R
P 2 13RI IR, (R T A 2E AT I Vi
B R AT RObR 7 B P 5 1 P S 0 3 4 1k,
Saline Lactose Broth (SLB)}5 725k (% 1 L Ailig /K,

SNE S g/L, AN 10 g/L, pH 7.8~8.0)55 3%,
ERE TAEG T, H/hsksi AL m T
K Z AR 2 Jy g kb, SRATCR A5
HOJEE THEECEERA D ARE 33C+0.5C,
FEHEFE 3000 Ix, JGRELL 12 0 12)iELeH 55 7 d, &
(4000 r/min, 4°C, 10 min)¥k 45 &5 H . @R T/EG
HORE 2R AT T 4 R 2 5 KA SLB 3532 3 HE R R
b O R A S T R R R G R
160 r/h, L 30°C+0.57C), ZEH 16 h J5E.LO
(4000 r/min, 4°C, 10 min)£5 H .
1.1.2 @KFEREKES LT EH TG
TR FEFE PR L, AR FE /K 32285 4 Wy 21 e ol
BEALLHE K SR A R K, IC il 4 A 40l 35 4 e /K &85
KB, BB ERAFH, BARA R & &
W& 1.

x1 BKSRYSEMERTEI L

Tab.1 Comparison of pollutant content and national standards in wastewater

) RPN (mg/L)  KEEIERIE (mg/l)  KREHFER/% SRR (mgL)  BRR%
contaminant contaminant dosage determined concentration sterilization national standard exceeding
concentration after sterilization loss rate value standard rate
A M NH,Cl 3.0 50 0.02%°1 7400
WEAR — (4N NaH,PO, 1.5 60 0.10121 500
% B glucose 200.0 200.0 0 3.0077 6567

1.1.3 EERBKAEEPKEIE Bk TR
PR, I 38 /N ER SR 4R WS TS KA 6%
VFEERR IR 1 - 1AL Y ARG, TE AN 3%
T B R AN N ER B R AW, AR
0.1 mol/L ) CaCl, %K TH 20 cm 4, AR
A B I ER, B 200 mL IRA R AT 21 T
AEER . ICERTEVKAS & 10 h ABfLJS, 106 A 0
vEHIEARENE, TR, AN 4 mm, KN
— S B ER (R 29 0.018 mL), JHE N, P i
KGRV AT S50, ek 20 it 11 2 Je 3
B 5 152 5 40 M) bR 5 N 9% 10° cells/mL, ]
FH 9x10° 40 /S BR F 7 o

PR REER: ZEFOAT B T A ik TR e e ek . A
A BEER H ZE LR TR % B (ODgoo) 4 0.183,
1.1.4 FEFRMEMLEIEE  NH-NRAHEH %
SRR, PO -P R IR A B 0 OB B 12, TR
FH B BR B0 R AL ¥, CODwy SR JH B8P 75 4 1R 1

BT, /INER SRR 3Rk BOR A i 3 e st
FE 2 FE (ODggo) i E MM T 5 . F ODgoo 1555 25
FOFF R AN AR K i IEER LA 1 0 1L /mL) Y B i
A 3% AT R A VR 08 1 i PR ot R o
B0 A A K

JIt AR A 55 R 28 75K 1 5 (LDZM-60L- 1T,
), TERDE KR IR A (MGC-100, iR —
{6 Blue Pard), & =$% K (ZQP-75D, KHFEI
%t Labortary), ##5 T/E 5 (SW-CJ-1FD, #¥, 75
ML), SE FHE SR T s F AR R Al e
FH/K M Spring-S60i+PALL 4l 7k 22 58 4% .
1.2 EWHE

FE 500 mL 1 = Bei s e JC R K
FREE/K 300 mL, N3 2 fros, DAJCH R/KAEXT
R, e A 225 785 R 11 5 285 1 P — i e A i I
Bl o PRIE I B2 285 R [ 2 5 AT /N BRBEA) s 200 i
WP R — 3, A ZEAFF Y ODeoo fHARTF—
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Tab. 2 Experimental treatment of artificial marine aquaculture wastewater after adding single
or symbiotic microalgae-bacteria system under free or immobilization state

B VFZS free state [# 7€ 2% immobilized state

]

abbreviation

SOBLES)

treatment group

JNERFE/(cells/mL) 2 FFT B /ODsgoo

BRI BB ER A

Chlorellavulgaris  Bacillus spp. microalgae-pellets bacteria-pellets
FE7K artificial wastewater AWW
BIFEA/NEREE C.ovulgarisin free state FC 1.5x10°
[& %€ 25 /NER 3 C. vulgaris in immobilized state IC 500
EIF A ZEAUFT A Bacillus spp. in free state FB 0.065
& 72 2 ZE /T 5§ Bacillus spp. in immobilized state 1B 100
W LA B RS coexistence in free state Co-F 1.5x10° 0.065
WA AL [ E A coexistence in immobilized state Co-1 500 100

TE: RPITERE VAR, T HSCR AR, SRBERE L 5 0 1 (BENEER « TEIRER); SEACER N 2N N 9x10° Al /e ek, %

FUAT B EER ODigoo fE A 0.183.

Note: All the concentrations in the table are the initial concentration; based on the results of preliminary experiments, the ratio of microal-

gae-pellets: bacteria-pellets was maintained at 5 : 1; the cell density in microalgae-pellet is 9x10° cells/colloidal pellets; the ODggo value of

bacteria pellets was 0.183.

], HAEEER 3 K. A BRTEC IR E N
660 pmol/(m*s), JERELL 12 h : 12 h GRS 3%
TGRSR TR, BREDIM 3 LR IEE .
FER T CO, Fl Oy SLHNHFEE 8 K, B 24 h A
S 5 AT RCER AT 5 A 0 BRI s s
AN MIEC NG, B 20 mL BAK B OEE . HS
W5 CODp, A Tp 512, 42 0.45 pum JE IS I8 5 I
5E /K HT NHL-N, PO;-P 9 h,
1.3 HESH

SCUS R A Microsoft Office Excel™Ab
B LY EbR fE IR (SE) &R, ] SPSS Statis-
tics 17.0 Xf/k# ' CODy,, NHi-N, PO; -P Fl Tp
ST B K U7 2250 T (one-way  ANOVA), 2
S N P<0.05. SLEAEEIRH] Originlab
Origin Pro 8.0™, J15 4N 8 $8 bR 1) LB %, 2
BRR TR A T frs:

R - S, .S

A, R (i=PO;-P, NHi-N, Tp 5, CODy,) /2518
FERM LR, S BB M EARNPIATE; S &7E
Fsf 1)t B % iz A i B D {1 o

2 ZERE5SWH

2.1 BARFERAKPNKEABEKRER
WA 1 FraR, Ui B 2SR [ 235 20 i X A AL

x100% (1)

K 3T L I )4, 3R 3129 100 h, H—/NER
IC 1 FC TE25 75 KA 8 43 ik 5] 0.24 g/L Fl
0.53 g/L, W] HIHF 25 25 /)N 3k 8 20 M A 4 o v T [
ER, W-EIE RS Co-l Ml Co-F R
o R IR, Co-F 4B T 5 (0.73 g/L)& T FC
(0.52 g/L), HEKFE L 0.10 g/(L-d), ULRAWFER
BF, w-HLAERG /IR KER TR —M
#o {0 Co-I Al IC 4t 1 22 5 A 1 2 (P>0.05),
A9k 0.21 g/L 1 0.24 o/L, Ui E IR, %

0.8
2 71 w3%sE
T o6 N
= —— BN FC
B o5l EEAEIC
g T o WEESBERALAE Co-F
~ 04F —o—[HEARBEEILAE Co-l
=03
i
& 02
S 01
0 24 48 72 96 120 144 168
H5f B /h time
P i o A [ A ) B — /BRI L R

TEREAUIRE K IR B R 7K rp AR AR 0
(FC, IC, Co-F, Co-1 73U EA AL T 5K, IR 2)
Fig. 1 Cell growth of monoculture Chlorella vulgaris
and C. vulgaris -Bacillus spp. symbiosis in free
and immobilized state in simulated aquaculture wastewater
(Symbol “FC, IC, Co-F, Co-I” indicates different
treatments as shown in Tab. 2)



%5 6 3]

T % TR B — R 3Rl RGN K SR 5 R K 1A 1129

FOAF B X /NER P40 i AE K i OB AR R . X
PO T AR B, U A A AT /NER RN R K R A T
BIRY B sSHMAIFL 2R, Co-F FEMHLL IR FE 2
K H/NEREE AR R R K
2.2 E-EEKFEEEKD NH-N B EBRHR
HY ] 2 AR, BRLEE L PR LA S e A i B
(IR Z P55 24 h, 48 h, 72 h, 96 h, 144 h 1192 h
) NH;-N ¥ ¥ B (R F5 0 h (P<0.05), H¥E
% 48~96 h iK | Fe L5k 4 1 (P<0.05). 48 h N FC,
IC, FB, IB, Co-F, Co-I #1 NH;-N ¥ ¥ i KT
AWW 4 (P<0.05), H:r FB, IC Fl Co-I £bH )&
7K HNH, -N 230 [ 2 454 /K (/T 0.10 mg/L),
FR B85350 0.01 mg/L, 0.04 mg/L #10.08 mg/L.
XFH 72 h IR R BRR, 1C(100%) ) 2 Bk Fm &
T FC(98.71%), — % /K NH,-N &b F 25 A i
F(P>0.05), mETAL JLFFrA fAb B Al ik 2
NH;-N f5E4E %, {H Co-1 X E/KH NH4-N K
FALBOR IR, 24 h B ZSBRACR B 2 F HAb b
F(P<0.05), 48 h N ZBERiEF] 94.78%.,

—— /K AWW - WA FC
—— [FEESHIC —o— BN FB
>z 18 o [ EAWEILE Co-l —o WRAMEIE Co-F
5 1.6 F = EESHEIB
141
12
1.0

oo
N oo

KA/ (mg/L) concentration of
S o
o b »

1 1 1 1

]
120 144 168 192 216
H5} 6] /h time

1
0 24 48 72 96

&2 B A A 5 A Y B — /N R A BT A RS
XIS K F7 58 BB /K NH,-N ) 25 5%
(AWW, FC, IC, FB, 1B, Co-F il Co-I 435Il
RFARFAL T, I 2)

Fig.2 Removal of NH;-N from simulated aquaculture
wastewater by monoculture of Chlorella vulgaris and symbiosis
systems of C. vulgaris -Bacillus spp. in free
and immobilized state
(Symbol “AWW, FC, IC, FB, IB, Co-F and Co-I” indicates
different treatments as shown in Tab. 2)

2.3 E-EXEBAKFEREKF PHER

2.3.1 Ekd POy -P BIERRIFR XHEKT

PO; -P WY& Won (& 3), B abFRTESS 24 h,
48 h, 72 h #1 96 h [ POy -P ¥k J& B E(R TP LAk
J¥(P<0.05), UiBAFGRSEIZS L EK T PO -P B3
REEALG o % B [ 2 B 8] PO AS [R] AR BE G POZ P )52 1,
AbFRA FE KR 34 B IR T AWW 41 (P<0.05), it
BB SC B R T, B AR AR AT A A IR R K
i PO; -P ¥4, 24 h 1, PO; -P %% H &5 5%
HE P B Co-F>FC>Co-I>IC>IB>FB, H ' FC,
Co-F Fl Co-1 4b BN PO; -P W JE [ K =
0.02 mg/L, ikE|HE (HEKFERKHERZ R ) —
HArifE(<0.1 mg/L), 48 h N, FTA 43 PO; -P 5%
R FEIR T, RBRAERE] 98% M UL I,
F 0] L Co-F Ab PSR A X e flE, 1 fb iRk 2|
UL 100%, W T rapeab B, o TR A B, Xt
FEPR R BENDIRZS, B 5% POS -P (9 L BRSICR A
ROE T e, PIRRE T By s — ek xd B K
H1 POy -P WELREREXER, L —HEKRHM
BW-WIE RIS LR E TEER, B
ZF AR E(P>0.05), Frf4bHH, 1B Al FB (AR
F AL ROR i, AT/ ER BEAE BADLTRE K IR 5 2 7K
HiXt POL-P B MSCRICR AR G AR, B Mok
RPN P LR MK CO,, i EH
VERHAL A B IR R 0,08,

—— K AWW - JFEAB FC
—a— [EEAWE IC -o- JEBASTH FB

0.7 —e— BEESMEILLE Col o WEAWHE L Co-F
—=— [EESH 1B

TEB§EREL/(mg/L) concentration of PO} -P

1 1 1 1

1 1
0 12 24 36 48 60 72 84 96 108
Fis} [B]/h time

-0.1 1 1 1

P 3 e B A I A Y B — /BRI - L A R A
XL K SR K Th POG -P 1Bk
Fig. 3 Removal of PO} -P from simulated aquaculture
wastewater by monoculture of Chlorella vulgaris and

symbiosis systems of C. vulgaris-Bacillus spp.
in free and immobilized state
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232 EBAPATyHERER WE 4008, Fif
AR FRZE X R AK T ¥R B 24 2 ARG BA BRI R 1C
FIFC X} Tp KPR F 2 JA B (P>0.05), LRFEY
K 80%L AT . THRTIAZR FB Fl IB X Tp 1 2ER
BN 56.57%F1 76.49%, H—# A4z REE Co-F
Hl Co-1 HIZEBRFE AR 75.77%H1 89.89%, 434
FRET 19.92%FH1 14.12%, 5% 2% 5(P<0.05).
96 h L), BT FB (0.19 mg/L), FrA 4b3 Tpifk i
PInTFEEE 0.10 mg/L LA, AT L3 T 8 i i1
A RGN RAK T T 45 2 BRACR X4 LT A b 3,
Co-1 X} /K Tp bR R I A, ZALPETER]T 24 h
Rk B AR 7% B 5(0.07 mg/L), R 90%.

— Bk AWW —— B ABE FC
09 - FEEARHIC —o- B AE FB

—o— [EEAEREILE Co-l o WEASEEREILA: Co-F
—= [FEAH B

J&H%/(mg/L) concentration of Tp
S o o o o o o
[\S) w S (%) (=)} \]- oo

T

it
-

(=]

0 24 48 72 96 120 144 168 192 216
A [E]/h time

P4 30 g 25 I 2 /BRI S 2R R 5
XA K TR A K T Tp 1Y 5B

Fig. 4 Removal of Tp from simulated aquaculture wastewater
by monoculture of Chlorella vulgaris and symbiosis systems of
C. vulgaris-Bacillus spp. in free and immobilized state

2.4 EB-EXEKFEEKF COD HEK

WE s R, 48 h N, [E 2 S % IC, i 1B
¥ I [ 2 Co-1 X B /KH CODwm, 225 %4351
H 39.49%, 35.77%FH1 39.09%, TiFE A FC,
PATH FB M- 2 Co-F £BRR351K 39.69%,
71.40%F1 57.56%, W ANFE SN EKH CODy,
() 22 BRABCR T4 X LT AR, ZERAT R Y &
FRASCR B350 T/ 3K (P<0.05), HE SR —
B PO e, KRR miAE] 80.26%, T
F AL A 96 h A K T CODwy B F IR IR,
S W T A PR AR N 8 55, CODw, {HJC
B3, FB. FC. Co-F % CODw, &b

=, KB EURHET b FB>Co-F>FC, 1fi IB,
Co-1 Fl IC RN, H=B 2R A B #H
(P>0.05).

— /K AWW - WHEABFC

s — FEREIC —o— BT FB

240 —o BEEBWRILL: Col —o- WEB S BRI Co-F
O = [EESH 1B

4 —2. T

: 2004 n=3; x=SE

e

s

g 160

Q

=l

S 120

é’ 80
B 40
[
EIH" 0 1 1 1 1 1 1 1 1 1
S 0 24 48 72 96 120 144 168 192 216

Fs}[B]/h time

s it i 25 0 I A/ D B R - AR R
X BLALL I K 3756 FE /K Y CODwy 1 22 BR

Fig. 5 Removal of CODy, in simulated aquaculture

wastewater by monoculture of Chlorella vulgaris and

symbiosis systems of C. vulgaris-Bacillus spp.
in free and immobilized state

3 itig

3.0 BHESEEESM/MCEMAEERKBZN
ARSI 6 25 SR 2 B A8 A A2 1) AN [ 52 1) 986 40
S &, B/ NEREEFIR BN AT, Wsiaa
e 1t b L AR A, R G i R Sy £ M
sz ke Py 10 95 400 i 285 S TR O, R 40 B BRI
BRUAR, SeEPE b K B TEIX )20,
BE2s A P R 6 d MRTSTAS AR, 7E
e ] A B2 35 SR, T S S/ NER B A K R
B I T e /N EREE, B T X BUER G
(20 d), REEIEASCT H, AR S50 T 5 5C H FRAH K
Vdk, SEG R (6 d), ARV EA T,
X LA S B L — 35 R TR 2l A R, A
WA G KRR, IS SR AR T K P B ST
SERRTR, e ZE AT 1 (Bacillus subtilis) e SE 5
HIA(S d) AR 8K 1 4% /N ER 3 (Chlorella pyreno-
idosa)4: K, HUETEGEEFRH, X/ hBREEm K
FUA W2 B E o A S 300 5 S S0 g R R
T E A0 A, R0 S P R I g 4 B2,
ZEHUAT B /N ERBE R A P [FAVE T, i b 2R 4
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T % TR B — R 3Rl RGN K SR 5 R K 1A 1131

FFER e K i MLRE B Y, SR/ NER A 1R
$At CO,, RN /INER BE R L) O, P2 A 5A
LY 2ot bh, AR S /INER 88 40 i B 2R A X O
N T RE SR PR Ry 355 75 T 0 0 A 3 0 R /K b A
BRG] . AR, b= SRR S
BOR TR, 520 HOG A R AR BALRE, S
WM A A K5 AP FRIEKIRBE R KW UR P
W BE AR A 25 R, /N BR O 40 B A K0S PR IR,
AR fp A K N
3.2 Bk FEHEREKS NH-N LR

H T 328 1T B B NH-N VR R A i S 3 1R
M), T NO3-N 158 12 Bk J57 il NO,-N Fik Ji
i NHZ-N 7 BER A, BT AR 2 5o e HO
SEEEXT NHa-N B W R A T H AT 25 1 R
BT ARSLuh st R, B—WIART, FES
FAMT NHi-N BBk, 1Heah 5 A e 208
ORI FE 4518 201, FEREADLEN Y 2K, 11 22 257N
BROEE X NH -N 5 AL R Lt i B 25 3 & i
22.49%, 2 UOVH] FH/INER A6 3 T 75 A Ab B A
WAFR TR ES . X AR r A A B, [H
ERM-E I £ Co-1 X R /K NHA-N 1k ik
FE ST, TTRE fr A s [ A A VA R R gk ke 3 i
HAEFEFEMRILE 7R, HE5EKPH NH-N
PEAT Ak 27 58 W ol W8 o A Je Bk = i B, i s
35 R ST PN S AT Ik 4 R R R
SR INER 3, 18UE S (Spirulina sp.), A4
A LA SR Al 4 T AL BERE 7K NH,-N 45 SR 2510,
EA M-I A RGN NHI-N (10 E RS s
A%, Shen ZEMHRE U AIFFE T /INak 5 R0 B {15 B0 i
(Pseudomonas puti da) e & 77 2% Al & 12 2540 B T
15K IR, XF b — b B, L[ e b b BEAE
Bk NHy-N J5 [ 7 S 30R . IR, 38 A Y
PR A 500 B2 /K o NH;-N 5922 %, Ghulam %5+
) AT 5 2 P i 2850 {1 B L T R 3] 7 5 /N R
FR BN 244 5547 A F R /K NHZ-N #9255
3.3 BAKFEEEKF PHER

Ui B A o P A P — 9, PR — R T R
RGN K FRF KT PO -P B2 R
TEAFBR(EFRR 98% A7) FKAUME5 R AE Wang
SRS b B, A/ INER S R S e

FALBREE/K 22 h )5, /KT PO -P 2R ikF
100%, Goncalves ZEUSIHIFST - %k B0/ INER 3 TR
SR M TS e A IE AT 58 A R BRAE TR B K Y
PO; -P. [AIMN, A SCHOLE LI A — K E A W-H
R Z P F X PO-P 2 SRR SR T 14
ER, XATRE S AT PRI Az B 1 2 1k 2k
. R E . EEANEEE . pH R E SRR
IR O O W B SRR T, e B
WA PO -P DISZHE A B an e A= KA,
7 [ 22 AL 2R AR X G R AR AT A A 32 (R BHAS, 7F—
EFRE FFRH T E . EXHREKH PO -P AR,

FRAA B Tl — T e A= I TR Ak A R E
B Wy, 5 — v U3 e W R AR R R A A 4
Fim B ARSI SRR, XA A
ARG, FES T BEBRBCRIL T
A, Hrp e - I R R RACR R, H
WAdE, RBRREmE . BEi-—m I E Rgx) B
K Tp B EBRAPE AN, —RRERA 5
M. BETs R 6e )T, R ZERAT B RN ER R
PRI A o BRI ZEFRAT TR AE A K A v ) ] LR
TR TR il <5, 3k 6 i A il T 3 o K A FH o3
KATFYIR, B 2 A% Bl nT LAGE 1 40 i 5 5 8 7N
TS, INER A AR, 40 4 i AR KB
T WL AN53-WA 4, T A B A AR 3 26 45 WA 4 1 [
BSAH N HB = A CO,, TeLE:, VAR AT, it
T AR P 7 A i A 100
3.4 BIKFEHEEKF CODy, HIER

X AR S5 B A7 AL B, U B S R — 2R AT R
X CODwm, AL PR T Af o 3X 7T BE S i T 2R AT
WEBNMR, WHEAETR. SO, JEME.
fe Wit . A ALRG . P4 R0 . Wi G, R
DO mE R KR R ALY . AR, 2
L Bk s BL 2 A DT AR K
H CODw, . LR R YT CODw, I EBRR R
T RS, WREH TASLEFGHE K
ANIEAT ML M BE 3k = (R R B 200 mg/L), ZF
LT TR A= R B B PR, o — e X RIS ) 7 R )
FEA TS, SEUNEREE A K2 BRI oz
MRk FR5E K H POL -P W BARGEAR T /2 595
H PO -P HHt 5 /L), Bl FER, TGP K P



1132

Hh K R

%26 &

SAFBRE T /NERPEA A, T B0 A A K R
REZRT,

AR SR T AT AL B CODwn EBRFN 20%~80%,
K M T, WAL an s, 535 ML
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Purification of mariculture wastewater by utilizing single and sym-
biotic systems of microalgae-bacteria treatment technology

MA Ruiyang', GE Chengjun', WANG Jun?, ZHANG Gang', YANG Qijun', WANG Qiuyin', CHEN Yijun', GUO
Xiaodong', PENG Licheng'

1. College of Ecology and Environment, Hainan University, Haikou 570228, China;
2. College of Oceanography, Hainan University, Haikou 570228, China

Abstract: To explore an efficient and feasible treatment technology of mariculture wastewater, with a win-win
strategy of achieving the remediation of mariculture wastewater, and also accumulating microalgae biomass, this
study investigated two modes of aquaculture wastewater bioremediation (i.e., free-state mode and immobilized
mode) with monoculture and symbiotic systems of the microalgae Chlorella vulgaris and bacteria Bacillus spp.
The cell growth and removal of wastewater nutrients, such as ammonium (NH;-N), phosphate (POif-P), total
phosphate (Tp), and chemistry oxygen demand (CODy,) were tested. Under the free—state mode, microal-
gae-bacteria symbiosis significantly increased the dry cell weight of C. vulgaris and promoted the removal of
PO; -P and CODy;, Under immobilized conditions, the co-immobilization of C. vulgaris and Bacillus spp. en-
hanced the removal efficiency of NHI—N, POif—P, and Tp as compared with that of the monoculture treatment in
the same mode, and both nutrient uptake capabilities of microalgae and bacteria were mutually enhanced. Overall,
the highest removal efficiency of NH;-N, POif—P, Tp, and CODy, of 96.57%, 98.62%, 89.89%, and 39.09%, re-
spectively, was achieved under the bioremediation of co-immobilization of C. vulgaris and Bacillus spp. The con-
centration of NHI—N and POif—P in effluent reached the national second-level standards of “Water Quality Stan-
dards for Fisheries” and “Drainage Standard for Sea Water Mariculture,” whereas the value of CODy, met the
second-level of "Integrated Wastewater Discharge Standard." These results showed that the monitored effluent
indexes met the national seawater quality standards and the concept of combining mariculture wastewater treat-
ment with the microalgae-bacteria symbiosis is feasible under indoor laboratory conditions. It also showed that
higher purification efficiency can be achieved by co-immobilized microalgae-bacteria symbiosis. In the future, the
selection of immobilized materials, the tolerance of microalgae-bacteria symbiosis to high salinity in seawater, and
the separation methods of microorganisms from the effluent should be investigated.

Key words: Chlorella vulgaris; Bacillus spp.; algae-bacteria symbiosis; marine aquaculture wastewater
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