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fR%0, JF FH SPSS 22. 0 AT B R O 22 0 i
(ANOVA) . F i 43 43 #r ( Principal Component

Analysis, PCA ) F1ER 25047 .
2 SR 50

2.1 EWiEtKERERER
SEue 9T R], AR R K IR PR AE (24,5 ~

29.5)°C ,pH HE3%7E 6.3 ~7.9,#b/F 1.4 ~ 1.8,
TDS HEF7E (2. 75 ~ 3. 48) o/ L, Bl J& 4k £ 78 170
mg/L L) | (# CaCO, if),TSS 4t F (0. 007 ~
0.017)¢/L,HRT ¥ 8.93 min, 4= ¥ &kt 2 1 1
550 m*/m’  JEEHETEH N 30. 6% , IE it i B
DO < 0.5 mg/L, {FE B DO >5.5 mg/L, £ 1}
A UE I I K A B

R1 EWIRHE KRR

Tab.1 Water treatment effect of moving bed biofilm reactor

0* TL A/ K (L) A/0 TZ #K/HK(EBRE)  0/A TZ #K/ K (LBR%)

R b

2 : .
Monitoring indexes O~ process input water/

effluent water( removal rate)

A/0 process input water/ 0/ A process input water/

effluent water( removal rate ) effluent water( removal rate )

TAN(mg/L)
NO, -N(mg/L)
NO, -N(mg/L)
PO,*-P(mg/L)

1.620/1.313(18.95% )

1.402/1.369(2.32% )
39.315/39.331 ( -0.04% )

6.141/6.120(0.34% )

2.029/1.618(20.23% )
1.288/1.267(1.60% )
50.909/50.505(0.79% )
9.066/9.041(0.27% )

4.625/4.211(8.96% )
1.148/1.294( —12.73% )
100. 822,/100. 398 (0. 42% )
24.828/24.962( -0.58% )
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T —BO IR AR R, 0° T2 —B Hdr i 0° T2 B A/0 L& — By Ik kHM
FAXTBAR . ST, SRV E Y BRI R A B IR A P HE A5 o

R2 ARIZTEREDIS 31 FERIERF AR
Tab.2 Coefficient of utilization of micro-organisms to 31 carbon sources in different process
TERHAEY) Micro-organisms

0’ T#1 0’ T#2 AOTE1 AMOTE2 O/ATEL O/ATE2
Ui Carbon source The first The second The first The second The first The second

section of section of section of section of section of section of

0% process 0% process A/O process A/O process O/A process 0/A process

RIS Carboxylic acids
Y-RETH v-Hydroxybutyric Acid
KB Ttaconic Acid
a—T iR a—Ketobutyric Acid
D-3ERR D-Malic Acid
KIS Pyruvic Acid Methyl Ester
EFHIRIE Amino acids
LR 14 L-Asparagine
LK IEN &R L-Phenylalanine
L% L-Arginine
L-#28 % L-Serine
L-7"& 8 L-Threonine
HEWL-SE Glyeyl-L-Glutamic Acid
BRAKMHAY) Carbohydrates
B-FE-D- %M B -Methyl-D-Glucoside
D-2FFUHHRM IR D-Galactonic Acid Lactone
D474 % D-Cellobiose
a-D-FH a-D-Lactose
i7REERIME i-Erythritol
o D%k 1-B58 o« -D-Glucose—1-Phosphate
D-A#E D-Xylose
D—H #&%% D-Mannitol
N-Z.BD—8%5ki I N-Acetyl-D-Glucosamine
D, Lo~ H it D, L-a ~Glycerol Phosphate
D--FL BB D-Galacturonic Acid
D% R D-Glucosaminic Acid
£ Polymer
a-FFME @ Cyclodextrin
JFFHE Glycogen
3740 Tween 40
3580 Tween 80
3RS Phenolic acids
2-FRFLIRER 2-Hydroxy Benzoic Acid  d
4-FBHIHFTR 4-Hydroxy Benzoic Acid  d

i h

J&2% Amines
FZJ% Phenylethylamine
E& Putrescine
| I s ek f AR, 20—, 2%~6%, 6%

Note:l _ Four types of cells represent the utilization of <2%, 2%4%, 4% 6% [

and >6% in turn
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Fig.3 Metabolic response of micro-organisms for six carbon sources in different process
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Fig.4 Metabolic response of micro-organisms for six carbon sources in different process (96h)

®3 FAEIZTIREHEEY 96 h B EIEE SHMEER

Tab.3 Micro-organism diversity indices of micro-organisms at 96 h in different process

FEZR Sample H D J U R

0 TZ—B 3.311 £0.004" 0.961 +0.000" 0.964 +0.001" 5.143 0. 143" 28.00 =1.000*
0 T2 B 3.335 +0.003* 0.962 +0.000* 0.971 £0.001% 5.612 +0.061° 29.00 +1.000°
AO T2 —B 3.316 £0.012° 0.961 +0.001" 0.966 +0.003" 5.305 +0.005® 28.67 +1.155°
A/0 T4 "B 3.324 +0.008" 0.961 +0.000" 0.968 =0.002" 4.804 0. 180 28.33 +£0.577°
O/A T —Et 3.349 £0.011° 0.963 +0.001° 0.975 0. 003" 4.821 +0.281% 28.67 =1.155°
O/A T B 3.329 +0.029* 0.962 +0.002* 0.969 +0. 008 4.720 £0.295¢ 29.00 +1.000°

RN B E AR F R R ZER B EH (P < 0.05), H'. Shannon-Wiener §4{; D. Simpson L EEE; J. Pielous Y588 U.

Mclntosh 5% ; R. F &= FEIE%L

Note : Different letters indicating significantly different between sampling sites using Duncan’ s multiple comparison ( P <0.05). H'. Shannon-

Wiener index; D. Simpson index; J. Pielous index; U. McIntosh index; R. Richness index

2.5 WMEYEEMNARENERS D
2.5.1  FRSTIHT T BIRFIEE 2 TRk R

XFRTA 120 P B A 408 b b 1 08 s sk
YA OD sy, W FH SPSS 22.0 347 3 4343 #
(96 h) ,FFEMFEMER T 1 B FM 55 4, Horz
DU I BT DTl R LR 4, R A i
JAY AT, BT 2 A FE RS 1 BT TR Ak B 58.
80% ,— MR FH AT A 3 B0 2 — 2 40 M T 80X
Begs Sy FEARIES  UCHETPIAS E R AT
fIEJFR 31 A8 2 (31 Fs U5 1 Biolog %4l ) F) 4
AE SR BURT A F2 o — 2 i S 3
X BERR I 1) 22 Sk

F4 HEEXT1 WEED REESRITRHEKZE(96 h)
Tab.4 Contribution rates and cumulative contribution

of principal components which greater than 1 (96 h)

D y TR ESIiE
S FHIE(E S N
Principal . Contribution Cumulative
Eigenvalues -
components rates contribution rate
1 10.20 32.89% 32.89%
2 8.03 25.91% 58.80%
3 6.21 20. 04% 78.84%
4 3.95 12.75% 91.58%
5 2.61 8.42% 100. 00%

2.5.2 RSN A OE R EOE

M 1 o A R 32.89% L 5 2
TS AR R 1 25.91% |, LLRT A 3 KA 1E
HARSEI EZOR I N 31 R IR AE B AN £ K5
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Fig.5 Correlation coefficients matrix of different carbon sources with the first two principal components(96 h)
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Analysis of carbon metabolism diversity characters of moving bed biofilm
reactor at different biodegradation process in recirculating aquaculture
systems using Biolog-ECO method

ZHU Yunhao'?, TAN Hongxin'*?, SUN Dachuan'*?, LUO Guozhi'**, WANG Jiao', LIU Ying'

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai Aquacultural
Engeering Research Center, Shanghat 201306, China; 3. Shanghai Ocean University Aquatic Animal Breeding Center,
Shanghai University Knowledge Service Platform ,Shanghai 201306, China)

Abstract; To learn the carbon metabolism of microbial communities of moving bed biofilm reactor which was
adjusted to different process in recirculating aquaculture systems, and find out if microorganism had a better
nitrification in moving bed biofilm reactor under the condition of energy conservation. Experiments changed
the moving bed biofilm reactor to different process which were O’ A/O and O/A, respectively. Then, using
Biolog-ECO method to analyse the characteristics of microorganism on the carbon source metabolism of moving
bed biofilm reactor. The results showed that, the second section of O° process was the best of AWCD of
microbial communities cultured in different process, then was the first section of A/O process, and the first
section of O/A process was the worst. The utilization degree of carbon sources of microbial communities in
different process show preference to amino acids and amines, the second section of O° process and the first
section of A/O process were higher than the other process. The first section of O/ A process was the highest in
micro-organism diversity indices, then were the second section of O” process and the second section of 0/A
process, and the first section of O° process was the lowest. The PCA ( principal component analysis) showed
that contribution of PC1 of the micro-organisms in different process was 32.89% ,PC2 was 25.91% ,and there
were 16 types of substrates in PC1 over 0.5 of load,and 14 in PC2. L.-Asparagine and L-Arginine of amino
acids, N-Acetyl-D-Glucosamine of carbohydrates, Tween 40 and Tween 80 of polymers, 4-Hydroxy Benzoic
Acid of phenolic acids and Phenylethylamine of amines were better utilized by micro-organisms. ~y-
Hydroxybutyric Acid of carboxylic acids, D, L-a-Glycerol Phosphate of carbohydrates and 2-Hydroxy Benzoic
Acid of phenolic acids were utilized worse. This experiment through changing the work conditions of moving
bed biofilm reactor to study its carbon metabolism of microbial communities, which can provide a basis for
further study of recirculating aquaculture system.

Key words: recirculating aquaculture system; moving bed biofilm reactor; Biolog-ECO method; microbial

communities ; carbon metabolism
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