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 E.950 T EE EM B (CEMID) . B E S5 TR 3R (CAMI) | [ 5 16 EM—i5 475 U8 MM 3 B (CEAMI) X 22 Bk i 32 7 e K
HHABE I RBRBUR DA RO IR TR = E R AR o LA TG A 3 B RSBk (NM)FE At B R4 T 96 h Rk 2 N P 3L, 45
BBV ERTHEM T CEAMI.CAMI 1 CEMI (2% N I&(H (B m{H) 53318 91.16%.88.07%.80.45% , 2 P WEAH (= H ) 43318
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Analysis About Effect of Algae—bacteria Immobilized Treat Nitrogen and Phosphorus of Pearl Mussel Aqua-
culture Wastewater

70U Wan-sheng'?, LIU Liang—guo’, ZHANG Jing-lai, YIN Fu-shi®, WANG Wen-bin', YANG Pin—hong'
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Abstract ; Effects of EM bacteria—algae immobilized (CEMI ), Activated sludge bacteria —algae immobilized (CAMI) and EM —Activated
sludge—bacteria federation algae immobilized (CEAMI ) on the removal of nitrogen and phosphorus in pearl mussel aquaculture wastewater
were studied, as well as light intensity and temperature affected on the removal efficiency of nitrogen and phosphorus. Experiment with non—
embedded algae bacteria ball(NM) as the control group were conducted 96 hour successively. Results showed that CEAMI, CAMI and
CEMI's removal N peak (maximum value) were 91.16%, 88.07%, 80.45% in the design condition,and removal P peak (maximum value) were
84.67%, 76.28%, 77.81%. Removal N of CAMI reach peak after continuous treatment 56 hours ,but CAMI removal P peak, CEAMI and
CEMI's removal N, P peak were found after continuous treatment 64 hours; CEMI was in a low N, P removal rate in prior 40 hours, which was
the idiographic adaptation period. During this period CEMI, CEAMI and CAMI's removal N effects were significant differences. The study al—-
so indicated that light intensity and temperature were the important environmental factors which affect the N, P removal rate. CEAMI's N re—
moval rate went peak at 4 000 Ix of intensity , removal P peak and CAMI, CEMI's removal N, P peak were at 5 000 Ix; The optimum removal
N temperature of them was 25 °C, the optimum removal P temperature was 30 °C. The contribution rate of NM ball removal N, P were approxi—
mately 1.16%, 0.47%.

Keywords : immobilization of Chlorella pyrenoinoidosa and effective microorganisms; immobilization of Chlorella pyrenoinoidosa and activat—

ed sludge; immobilization of Chlorella pyrenoinoidosa and EM-activated sludge; rate of remove N and P
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¥ 14 [ 2 1k (Algae—bacteria Immobilization, ABI )
AR 20 HER R RARFTEAR, HTH
BABEMAEYKRE 5 T B8 Ao 2wy
] FR AR5 YR /A s T AR TS 7K A FRGIERAS 2 e
I ¥Z N R, Tam, Wong % Travieso i) F [ & {L 38
BIXE K ST IR 250, AR TR E L, B
2] R A 3 TR R S i R RO B 5 B A I
FEACE P SRR R Y 3 PSR T A 2R, b7
E S L i Gy CIVE T E 2 2 EN TS e =)
DRAMHSARIKE B T ESALBRETE 80%L)
b, BAFESAR EBRFELT 60%~70%X 0], H
20 t42 90 ALK, EM BFF RN TR . K=,
IMREEGE, I FRE K AR R AL ToRns R, o
R S0 A AR SR R RO Y T R
EM( Effective Microorganisms ) 3 F&{KFEFE /K /& NP Jii
BB, ALK T, ORI B , (H U {5 A EM
KT, H TN TP EERFBIET 65% . 72 B E L BEE
KRS, BT A AEE B RE BOT5 7K 4 A B8R
FTRETFIEIR R 5, B B AR SCER BRI B 3]
B/NKEES EM BB [ (R FRFE K , B
¥ EM B FIE M TS R HETIR A [ 8 A AL B A9 SCHR o
fief DL 3E o

ASCEAIRBBI, B/ DR S EM B /DK S
EHEETR. /NREES EM FIEMS TRIR A B A T 1E &
FRALER, R 3 FOAS [R]85 AL e B SR AL BRI BR A 57 7
oK, ZEEFTR XS FRFAIE K 1 NP B ZBRACR

1 #REFZE

L1 EWHLERRIESR

TS JE B W R T 5 KA B O R A3E , B2 DA
RUNERE AL BRI B A AT B AR B A
FIRHEE . 7E 10 L FTELAb PR FRFE R K H I AGE &
FHRHATIR S, ELET5 IR QN B30 min, 3
F/b 8 FIEWRUE E BURT TR S TR AR g R 5
AR ERE EM f g 3 A ROV R PR A H
PEAE, EM B ARIERAE Y R AL G AR . LR
B RR T B MR S RS, R R
Ok 3:2:2:2:1, ¥ EM BFPTE 25 CHRETHITE
P REEFE, B EM B2 K R 5:5:90 (K]
), B IS EHMEITRFTE 20 L AR AR 5~7d,
LA EM H5 3R pH<3.5, A AR @O B IR AL
EM WA SCI 3t F & A%/ N BRI (Chlorella
pyrenoinoidosa) , HERNH H ERFEEBERDUK A A Yy bt

FEPTEF P EESR AL , 355 AL A Kuhl 355550, ZET0RH
BRSSP 2 & 55 R 450 mL 4R
o O A SR 2 TS B AR IRE 25 °C L IRER
6 000 Ix, YGHEH 12:12 B A fb 35 3240 A T AR b 335
IR EERISE T HATY KRG
1.2 FFEEEKKEFERERUR A1

IKPESREE K B RS H SR £ BRI 5
FEH I KRS 0.45 wm BERRET 4 B g kb
B AEAREE I 3 WK, LS SE AR 2 (s )
FIR,JBEIKOK R 1, COD 5 R B AR BRARY: ; M
WRE R A EOEER; BRI E R R A k-
Mt D (GB 11894—1989 ) s B LA IEBERRAR 11
&, e R AR B (GB 11893—1989),

® 1 KF=FREEKKEIER
Table 1 The water ingredient of aquaculture wastewater
COD,/mg-L™* MhRE/NTU
438.81+14.30 16.64+2.37

TN/mg-L*
29.13+3.85

TP/mg-L*
3.57+0.66

TABMEHABAL XS R Kuhl 55352807
Bl , He AP R R UR h SR AR K R 2 BRI
PRERERAC, AFASIMEATER R BRIR
1.3 Fi&

1.3.1 BERBEET

R FH BE R TR A B 18 RE A 77 150 (Mix ~immo—
bilization, MI) . ARIEFALEEEIE, /NERBE TEHT5 TR K
EM TR & H B AR B (e BiDIR 5 o

(1) 2 e 75 VR B i (RI/NBRBE 5 5 e
1B & [ % Chlorella pyrenoinoidosa and Activated
sludge, CAMI) : 735 Bt — & R BR RO BRR A0 ML e 4 5
HEEE G VIR AR T AR L BR &, F 5 TR
6 K T B B ISR (2% 965 BETR B SA+8% 3R £ 4 F
PVA)RGIIS, LIRS W S BEBSIATR L 2%
REW; NSRRI —E8H LR RS, £ L8
Sk, STHETEA B B SBGH (2% CaCl+4.5%
HBO )W, R —E B A9 CAMI B35 [ < AL
BR, BEERTE CaCLIF P H#E 4 h R

(2)[E%EfL EM 35 (RI/NEREE S EM BiR &
%€ Chlorella pyrenoinoidosa and Effective Microorgan—
isms, CEMI) : FR—E (A TR B0 B A MR 48 S 2 R M
PRI EM ERE T SRR OTRG, R
(BB BRATECE E J5 T i — & o i) CEMI B3 [
TEAIEER, S AR

(3)/hER#EE EM-EMI5JRER G [ % (Chlorella
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pyrenoinoidosa and EM— Activated sludge, CEAMI ) ; 4G
H—E &K EM W 555 RS AR LGRS, e
WA EM-TEHISRIR G W . FHBOXIRSWS /)
BREEWR AT S R BNR A, IR (1R A
R 1 25 RS 1 28 S5 TP A — & B A9 CEMI 7 3 [
TEALIBER , B R o

(4)Jo A3 3 i Bk (No Mix and stratify immobiliza—
tion, NM ) : R ZBR AR A A8/ N R W 15 175 08 \EM
B, 2R | CaCl, FFRMATRLZE L, 1 4 %) B ZH
AF&HER,

DL b 4 PR I BR B A% 0 (4.00£0.29 )mm, ¥R
RS E
1.3.2 XJRRSCIR T ¥

4K 5m T8 02 m 3K 0.5 m, HJIE A IRAY
= NI BRI HUE T2 BTSSR S Bk i R 5
B , (BRI N 0.3 m, Fr FIMA CAMI BERL
BR \CEMI B BBk , CEAMI 3% T fi R Ko JC ¥ T e Bk
(NM), JEHFEZI N 10%, DL TCHE B B BR(NM) 2 H
4, >R A GE Rt sT (B mtar IEM A R A B AR
7, 85 XO-E27)/E K6, SL i (540421 )nm
SEHREREE 5 000 Ix YR EE 25 °C K F1 AT 0.1 mes (I
) 8 AT S Bk SRR T HEK T 0~20 em A1), S 1L
12:12 ZF F #E47R K AL EE 96 h, 4557 8 h BUREI 1
K TN F1 TP ¥R . IHSSEImERES RN £ NP
Bt 22 5 1 B2 M CR AT SPSS12.0 3 #r i, LA P<
0.05 HEBEMEZER),
1.3.3 JERRXf EERABERIZ o

U SE IR BT, KR 43 IR 1 S 2 0003 000,

4 000.5 000.6 000.7 000 Ix, & RN, HABIFBE T
PR 1.3.2, Ke8E8E3E 96 h, JU5E TN A TP kB, W
SE B REERFRRE 1.3.2,

1.3.4 {REXTEBRABEF M,

WA SEG TR B, R IR AR T R vk s il e
10.15.20.25.30.35.40 C, Hfh R &R 1.3.2, 3%
SE$E5F 96 h, JE TN F1 TP ¥R . WIRE ok M ah Rk
RIA 1.3.20

2 HFREWE

2.1 CAMI,CEMI.CEAMI & & NM 3f TN, TP §y %
F30ES

R BB AR LR EK A NP, A T
RGN ZFLARAE, 3K N P B SR T R WMt
TEAIEAPRIRTE, 5 R E A — R A TS SR
N.P %, 32 % CAMI 35 .CEMI 35 .CEAMI 3
B 5 NM BERXT BBk b S5 58 Kt BB R BRACR
A LB H, 7E403E 8 h J5§,CEAMI.CAMI ) TN %%
LAY K 30.14%.31.47%, T CEMI ) TN %%k
10.15%, SR E 255K ; 2403 40 h J5,CEA-
MI,CAMI 4 TN £ B #5333k 2] 73.74% .75.08% ,
CEMI () TN F2[38AY K 33.45%, Xf 8~40 h B Firif5
#) 3 HEIESA T FEA T Re%, 158 8] CAMI 5CEMI
BIEH Z M2 S B EH sig. i 0.008, CEAMI 5
CEMI ¥(#E4H 2 [R13¥(E 22 57 B & {Hsig. A 0.010,CAMI
5 CEAMI 3R 2 [0 {825 5 B #(4 sig. N 0.803,
Vi8] CAMI.CEMI,CEAMI J B 7E 1% &4 T %2 2k
IEFEFE BE K TN (A3 S F2 H ,CEMI 5 5 CAMI,

3 2 CAMI % H .CEMI S . CEAMI SR E K NM BBkt F ik a0 £ BR 3 R (%)
Table 2 Effects of algae—bacteria CAMI, CEMI, CEAMI and NM respectively on removing nitrogen or phosphorus(% )

CEAMI CAMI CEMI NM(ZH.)
por iy
TN TP TN TP TN TP TN TP
8 30.14£3.85  23.17+6.01 3147+476  27.15%7.32 10.15¢7.71 24.67+5.85 1.030.04 0.44£0.01
16 4357+045  30.14x3.85  47.97+831 32.54£1.05 1438+1.59  30.14:7.43 1.10£0.10 0.45:0.01
24 51.39+7.83 44381142  56.55:1.02  46.10:6.43 17.74+630  45.13:8.62 1.100.01 0.45+0.02
32 66.42£1.17 53112532 68.28+2.78  53.81:9.40 24344743  50.5529.77 1.1120.03 0.45£0.01
40 73.73x9.81  62.74+6.87 75084925 6576146 3345810  60.146.85 1.1420.04 0.46+0.04
48 86.11+837  71.55£1021  85.00£7.22  70.58+2.82  64.85:4.89  69.37:4.92 1.1420.04 0.46:0.01
56 89.74+14.85  79.431659  88.07£531  76.19:3.44 78461385  77.59:9.78 1.130.04 0.47+0.02
64 91.16£0.57  84.67+8.64  86.10:9.24  7628+7.10  80.45+7.76  77.81x1.42 1.1320.05 0.47£0.01
72 90.56+5.50  82.34:+12.85  84.47+4.62  74.98:639  7831s3.84  77.0427.61 1.1320.07 0.47£0.01
80 90.12+6.42  81.72+4.81 80.76+7.35  74.61%522  76.87+7.61 74.90+7.44 1.1420.11 0.47+0.02
88 87.91:6.57  80.94x11.02  77.65:5.17  72.84x7.54  76.01:9.42  74.00£2.58 1.1420.01 0.47£0.01
9% 87.48+4.88  80.1448.34 7639827  72.05:458  76.12:6.41 69.89+3.85 1.1420.04 0.47+0.03
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CEAMI FEX R EBRFCREA BEHER

24383 FR AL T 40~56 h B [E] Bz B, CEAMI 5
CAMI XJ & H £ BR 253 Bl 73.73% .75.08% + F+ 3]
89.74% .88.07%, i CEMI A EERFR M 33.45% T3
78.46%, FEIY 16 h FIALERETE] Y, CEMI ) N £BRR
B @bk, i IE e T CAEMI F1 CAMI, 11 B CE-
MI #8%f CEAMI.CAMI Ti 5, 7EX} TN LB
A—NERKB BRI, HAEZ 40 hy X R0 “1ENHH”
ARG H5RTHF LRGN G (SN R ET
REEAE T2 h SCIREER . FRAE TR N R AT B
FEh EM R & A — € L B LR T
P BE B = ) A s B AR B 7 I DR R TR A
BUAY 2 LR W 2SR A A AL T 7= A R B T, T FL
FRTA T Z SRR A AR B B P A ORI L
R , B MG FERTHH CEMI 358 25 N F2R/NREADE
GUHEMIER, BEE/NREEFDEE 4R B f3S i,
B B TR FNFLRR B B T 1R R ¥ , S BUE 40~56 h B
B2 N SARBESR B FF, TSRy b K A R 2= 1R
AT REDR A [ A S [

MFE 2 A IFEH,CAEMI 5 CEMI 7E4b 38 64 h
LA ENFRKRBFEARME, 2508 91.16% .80.45%,
CAMI 7E4b3H 56 h Z2 45 25 N #8353l 5 KAH 88.07%,
BEE AL FRET E A, = FH B N 2AH LA, 0 R
TREEE FTReRE TRAERITENGZ , MoE
BRAIET- IR R N TR . =% TN
R AR AKTE , CEAMI (£ N ZUR4FF CA-
MI, CAMI % N &R 4F CEMI, &P FEA T K%,
SEMBRAE NIRRT EEER,

M3 2 IRA[UIF H, CEAMI, CAMI 1 CEMI =%
8 h % P RAYHIH 23.17%.27.15%F1 24.67% , TEAL
¥ 56~64 h #[RIN, = F K% P RBIRRIREME, 5
Bk 84.67% .76.28%F1 77.81% , 5 FRBR N s iy 2%

ARl CAMI F1 CEMI i53| 3= P us(E i it A1 RY
FF CAEMI, 7E3/MbHdfEd, =F K% PRURT
BEHES. 5E NIBEMLL, CEMI iy P i ##3F
WA BB ENE”, X R S AE B e R R,
BRREE P HFEMEHE T, BT 3 e RIRE /N
RESELER, NEE P I BRPEAE B E
IV 2k <N

TR (ZH)NM (1 TN 5 TP i L BRZ 45510
1.14%55 0.46%, TiBATFEF]FH [ LB i 22 BRI BRI
FREFAEK NP B4, R0 T At
LI B S BRA B B R X TN TP R 5Tk
R 1.14%.0.46%
2.2 33+ CAMI.CEMI.CEAMI EE B NM XK &
B RN

R I3INAFENREETEIRIEFIE G K&
CAMI.CEMI.CEAMI 3 B & NM £p&4b 3 96 h J5
AR RRMELER

MR 3 FTLAE H, ZRE5R M 2 000 Ix 5 =
5000 Ix B, & 4b 3 64 h J§ CEAMI.CAMI F1 CEMI =
F ) TN LRRZSHIM 41.08%.32.33%.28.89% | F+
F| 90.11% .87.69% .81.64% ,TP % & Z& 45 B M
39.85% .37.12% .30.19% I F+ | 83.49% .76.51% .
77.24% , VLB E BRSR B R = R 2B 25 i
Fo F3IFBIEER,TE 2 000~5 000 Ix SE585E FEl A , fl
FORREGREERNGE, =FX TN TP f)F=BREBH AW
7} ,CEAMI 5 CAMI.CEMI 2 N SR AH B
EMER, T CAMI 5 CEMI (95 N AR TE R E M E
R, OELAPHRBLBERES . HABRLT
5000 Ix DA BB, =F AL NP ZAH EF, BMA
TR, U BATE [ e AL R A R P Y B PR Y R
R B — B A (I F )R], 38R A RE PR
NP RBRE, SR SR,

3 AENET CAMI EE CEMI & .CEAMI HE K NM Bk @B R ELRBR (%)
Table 3 Effects of algae —bacteria CAMI, CEMI, CEAMI and NM respectively on removing N and P in different light intensity conditions(%)

SR & 2 000 Ix 3 000 Ix 4 000 Ix 5 000 Ix 6 000 Ix 7 000 Ix
CEAMI TN Epr®R 41.08+4.82 78.04+3.75 91.41+1.57 90.11+8.42 90.815.41 89.17+0.59
TP R 39.85+3.31 61.07£1.22 70.91+1.96 83.49+5.54 83.47+9.57 83.44+3.25
CAMI TN FEpR 32.33+4.16 56.91+5.17 71.28+0.47 87.69+4.31 84.85+6.01 85.01+3.27
TP ERRR 37.1249.15 50.75+1.56 65.73+3.75 76.51x1.75 75.24+1.55 75.38+6.98
CEMI TN ZBRER 28.89+9.21 51.01%5.16 69.70+1.08 81.64+6.14 81.79+4.77 80.10+6.31
TP FRgE 30.19+0.50 58.46+3.58 61.97+2.74 77.26+1.62 76.78+0.48 76.43£1.11

NM(ZH.) TN ZBRE 1.140.59 1.14£1.05 1.15+0.57 1.14+0.88 1.14£1.12 1.15+0.97
TP 5 0.48+0.01 0.47+0.01 0.47+0.02 0.46:0.11 0.47+0.03 0.47+0.05
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CEAMI 7£ 4 000 1x &b 3= N 33K F I 91.41%, Ti &
P 4 83.49%7E5 000 Ix 4b %1%, CAMI 5 CEMI #)
22 NP IEEILE 5 000 Ix LbH B, TR 0T &0 N [
LB 2 NP S AF% R E7E 5 000~6 000 Ix X
b S B ST e o

Bk LE, AEDEHEERGTHE NPRHR
CEAMI 2358 F CAMI 5 CEMI, XfHEZH NM(Z:H )%
JEIR T TN 5 TP R BRE 518 1.15%5 0.46%,
T FH Ot 5 ) T A 43 S TR AR A NP R BRAE T I
AR
2.3 B EX CAMI.CEMI.CEAMI 2 H B NM B &
B0

RANAFREZFGTEIREREIGKET
CAMI.CEMI.CEAMI 5 & NM 96 h #p&2 b3 )5 2=
R BERMREKESER,

M 4 AT LIF 1, CEAMI,CAMI 1 CEMI 7E 4[]
BERMAET NP MERFEERMBER, HHEREHRE
S0 CEAMI,CAMI F1 CEMI =#%} N.P LR 5
FEH T, £ 4 B3R 2R CEAMI.CAMI #1 CEMI 7¢
25 CHEE N XA HEME, 258 91.10% .
88.09%.80.58%, T —# ) 3= P RIG(H (F i ) ¥7E 30
CHIR, 45K 85.10%.79.69% . 77.46% , i8] CEA-
MI.CAMI 1 CEMI {9 53E 95 N R BETE 25 CAE 4, T
iE & PIRELE 30 CAL . XATRE 5B RS
AERIEA R, /NBREE A il AR IR o 28~33 C1,
EM HEEAKIBEL T 20~25 C, /NKEEE P
B FRER T, B Z N B FEEEF, WS 8k
EFERHMRE R N PEERAER, KLREL
KB E TR BRI K B NP U T RE RS
WG, WNE4ERFTUFRS, HEEMRT 15 CHEF
35 CHY, =HEXTBIREFRFEEIK NP 1 LBRBHK
F 66%., XHRA NM(ZH)FEETH TN 5 TP K

EBRFRS AR 1.16%5 0.48% , 1 IR E B 4L X T0
AR PR R RCBR A NP RE S TC0 .

3 #ig

(DTRTESEIBITHERA T, i —R TR E R
RS TT , CEAMI B X 2 2R 75 15K N.P
)R BRACREREL 58 T CAMI F1 CEMI,

(2)FEFHET , CEMI F 40 h X N 53080
5 CEAMI 1 CAMI 1775 8 222 5 7% 40 h % CEMI
FIFFER BN o AR P A PR TC 3
MRS W BN R KL,

(3)FEHEaR & CEAMI,CAMI Al CEMI B Lk
HEEIREE T, Hh CEAMI A92 N & (B )7E
4000 Ix &b, 2 PIE{ETE 5000 Ix &b, CAMI 1 CEMI
#2: N P IE(EH7E 5 000 Ix 4b, 7E 2 000~5 000 Ix ¥
583 BBl 9, CEAMI 55 CAMI.CEMI {22 N # 5 # H
BEREWES EPUAETRELER,

(4)¥E B th 2 2 CEAMI ., CAMI #1 CEMI =%
Xf NP EBRMEEMERT, —&REE NEERN
25 CLEA, i % P IRETE 30 °C,

(5)%FHRZH NM(Z )9 TN 5 TP {2 BRE 50
bF 1.14%~1.16%5 0.46%~0.48% 2 |7 , F¢ HR B8 B 1
R AR X H 2R NP BB TER
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Table 4 Effects of algae —bacteria CAMI, CEMI, CEAMI and NM respectively on removing N and P in different temperature conditions(% )

5L 4t 15C 20 C 25 C 30 C 35%C 40 C

CEAMI TN Epr®R 60.24+4.17 75.84+10.40 91.10+2.55 87.79+1.87 61.91x1.25 40.34+7.14
TP % 58.11+4.22 76.52+1.15 83.14£0.77 85.10+7.14 60.40+7.71 41.41+2.34
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TP EBR3R 54.41+1.00 71.71£3.15 76.72+3.16 79.69+9.47 58.50+2.47 31.8243.47
CEMI TN ZBRER 41.035.89 72.54+10.04 80.58+2.11 80.06+9.25 65.07£1.47 33.41£11.64
TP EBxr3E 50.34+4.89 68.10+7.09 72.19+2.80 77.46+10.87 60.11x1.92 37.52+2.39

NM(ZH.) TN ZBRE 1.16+2.31 1.15+0.47 1.15+0.10 1.16+0.87 1.16+0.01 1.160.12

TP % 0.470.21 0.48+0.07 0.47+0.04 0.48+0.13 0.48+0.01 0.47+0.06
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