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FEE: 0 T MR AE IR R 78 B KK AL 3B 3 A2 WP A A B B AR A R R R, N T 4R v AN B R
FH K A IR 28 DLE NOg-N & f# fik ) Fn ik NO,-N R 2 & s IR (b (L4 4r, AR T 2
B.WZE., WA, EE. CERAIE TR 6 A EUR BT BB A (CIN) AT B A W A A L
TR ARRING . RIBENFERE R, YUBEE . EAESE LY Ay ma IR B, 5
i NO,-N B EHALBWE, HE Tk 124 mg/l; YL EY A s IER, NO-N
RRERK, HEmtAH 1.3 mg/ll, REFLERET, 1 FHIF KL CIN 778 & K # NH -N
FHEFLEFZR, HEAELN NH,-N =% E 514 98.2%, T FH 5 Tt 4 (P<0.05); LA
LB Ao dmac iR B CIN 4 30 1B, &6 WA R K AN TN, NH,-N #1 NO3-N % Ik £ 47
%k 93.3%. 98.9%71 91.8%, 4 3 i T at B 41 (P<0.05), 4 &% JE 4N kg IR B9 52 M A 2
MERE, ARNTEBENEAEAENRAE KNI BIE, ABEE CIN h 311, BRI
FEMNLFILAE CODw, B EABAS, ETWEHAMEEM, Wi, SwBRLME K
FREpH M, ZAE LS G AR pH B4R £ 7.2~7.8, R KW, HIFRTA K AKX &L
AR R AR BT BB R A LA CIN R R E R E W AKTR, BEEMHAKE.
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KELEIEN, TR IR K P ALY 21U
—SERRIE | A SIS A DL . TR
AR AL AL B R R IR AR AR K S A, 3X
S LA R St it e (b I 0BT 75 i B A,
HUEYI R RCRIE AR AR 20 RS g T
AN TRt 15 K Ttk 2R HE %ok A2 G TR IR T 60 B 1 52 i
DI REGH 2k 1 22 0% . S, 38 e 38 M
IRSRHH IR /K B 7K A AR ¢
L AR i
1.1 EFEREEK

2 i 4k w 4R 35 3% 3 ¥)(denitrifying medium,
DM): Na,HPO, 1.6 g/L, KH,PO, 1.0 g/L, KNO; 0.72
g/lL, LM&%Eh 2.04 g/L, WATRHEN 4.23 g/L, K,SO,
0.06 g/L, MgCl,-2H,0 0.1 g/L, CaCl,-2H,0 0.025
g/L, EDTA-Na, 0.015 g/L, MnSO, 0.001 g/L, Fe-
S0,4-7H,0 0.0015 g/L, D-Biotin 0.016 g/L, 7&4#/K 1
L, pH 7.0~7.5,

N T KR KNO; 0.72 g/L, KH,PO, 0.023 g/L,
K,SO, 0.01 g/L, MgCl,-2H,0 0.01 g/L, CaCl,-2H,0

0.003 g/L, NaHCO; 0.063 g/L, FeSO,4-7H,0 0.0015
o/L, BESJSMARK 1L, pH 7.0~7.5,
12 EAHMNEE

M T AE R K AL BT v, B — TR R Y A= A7 g
TEZE | AR A TE 4, BRI Sk &
AR ST o DRI AT A S 3 Ao 2 A ) 1 P R 4
T — R AR RS, DRI Rrg &
KR B AR

AR HI T KA B RN LR 1, PRI
FKAT R B TR 2 B A Y, AT 19 s
ZEAOFT B 7 B R 2K A AN PR S g = 4R
HE, BT RAP RIS E AR LRGeS, W TRES
TR YDA o ASTA] B % T B (ODgoo 15 0.8~1.0)
A HCL mLEERFRLL) RN T 50 mL S fiffb s S
FRHET, ERIRIEFRA IR 24 h(32 C, 160
r/min). 8 000 r/min Z.C> 10 min WCAEEE K, FH 0.9%
AR K AP 2K, SRR &eniR G
#x(Vortex Genius 3, 1KA)#E %) (ODggo 7E 0.8~1.0)
Ve E A TR RER S 0,

x1 MEEAEMNEMER

Tab. 1 Information about the multiple bacteria used in the study
AR A S AP F 2 T HE KRR
denitrifier the dissimilation type of metabolism removal type of nitrogen
PR FHeb R AR NOz-N. NO,-N
Enterobacter aerogenes facultative anaerobic type
IKFF I etk R4 Y NOz-N
Aquabacterium sp. facultative anaerobic type
#1458 Flavobacterium sp. 48 %Y aerobic type TN. NO,-N

ZEFAT A Bacillus sp.

1471 aerobic type

NOs-N. NH,"-N

1.3 EYREEERRE

TE2EAT SR 2T 2 2844 (30 mmx30 mmx30 mm,
FLA% 1~3 mm)i 4 L 3R A0 N T A — 7 1 1 S A
b LRGSR I (AR B OB A B, $h— e it
A TR BRI, 56 % TR iR AR A 3 1) S A A
FHZEHY, (AR AT (B i SR (2 h — ()
BR), BEFRIEE A 30 °C, HEMEIMIE A & B0 s il
fbE IR AL, DA T R AR B0, HEBE A
Frgk 4 Rz AL,
14 SEYEAEBENRE

FH 1 5% (Hitachi S3400, Japan) W24k #1m
G A R iy, b By i R P

FEMTE 2.5% I EE W 4 Ciltk, % T4
BRI FRFE A . 2SI E W, 0.1 mol/L (kR

ZEPh R (pH 7.0) AR & 3 YK, AFIK 15 min; Ji 1%
BRI ERESY 1~2 hy Bl ER, 0.4
mol/L HIWEERZE MR (pH 7.0)EBERESS 3 IR, FEIK
15 min; F30%. 50%. 70 %. 80 %. 90 %. 95 %
1 100 Yoifk Ji 11 2L BV ROVHAE S EA TRB FE MK,
P BE AL PR 15 min; FH S BES BEIR S R TR &
W (VIV=11) A0 BEAE by 30 min, T 20 i 1R S 1 g
ALFRAE S 1~2 hy IR TR, BERR, WSS

15 KEREMFEER

KT WS I 4 B AL 4G KR (WT) . pH. DO,

CODw, . BB HLHK(TOC) . TN TP NH,;-N .NO3-N .
NO,-N %, ELURMIE )5 4 F P WT ., DO R A fE
A EUL(YSI55, USA); pH & Mettler Toledo
FiveEasy; CODw, >k & 46 IR £ 45 %07k (GB
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11892-89); TOC K HLEA HLik 73 Hr{X (Element Li-
quicIT, Germany); TN SR B o G BB V5 i 55 ob
I (GB 11894-89); TP KR #7066
JF1:(GB 11893-89); NH,*-N. NOz-N. NO,-N ¥
4 A 8l i) W Ak 2% 43 B 42 (SmartChem 200,

France),
1.6 ®WiER C/IN BI¥0E
CWE. N EE . EANE . RERE . CREVANN

AR AR BRIE S CIN(L -1, 3:1, 5:1,
7:1,9:1,11:1, 15:1 F1 20 : 1, & H)X

G EPERER R o I8 LA T AL K
x5 (KNO; S ME—ZUK, #I1iR NOg-N ¥R JE K
100 mg/L), BEIEEELL TOC i, #e AR CIN [ %
JK AR IR L e B I i (181 1) 4 52 5 R 1%
R (ARFR L) I 400 mL BERUE K, BEAIaR
TR, A 3ANER, RFHHEFEB2 ¢, 160
r/min), 4r%I7E 0. 12, 24 36. 48 F1 72 h BUkE, 7
R 5B 5 1) ODgoo(24 ODgoo fELA T 0.8 B, 4T
AR, IR 0.1~0.8, R, ), #EHK

300 F
g L
S 240 |
£ I y=4681.20x+2.47
8o 150| R?=0.9997
® E "
& -
:5 120
=60 - $=2626.40x-3.45

P R=09965
0 1 2 1

BRIRARE /%

carbon concentration

160 -

2
S
T

=252.41x-0.89

R2 0.9994

BATHUBRHREE /(mg/L)
TOC
=

i |
0.00 001 002 0.03 004 005 0.06

40
y=166.96x-0.86
2 R’=0.9989
0 L 3 L n 1
0.0 0.1 0 3 0. 4 0.5
il £/ (mg/L)

carbon concentration

FE 5 B0 (8000 r/min, 10 min), B b i O
NO3-N il NO,-N ¥ i . fieJr Pk th &2 & RIS
JE7K NO3™-N A fE 1 IRl B NO, -N R R 4 4%
PF T BIRR IR S &L
1.7 #iEK CIN ETF
VI TE Y 3 ki K CIN By JLa I,

HREFE 5 5 7K 1 NOg™-N A (36 2), BEInAH LY bk
8] 1) i R Ak o 55 S I 1 R AR 4 3 90l i (R L)
A 8 L FREEE K, SEE Ak J5 0 B2,
BV 3T, A 2 /NI A B A T A B R
KIFERIAE 30 C, SLRrek 3 A, N T IRIEA
YIRS A A 7 A A R AL 25, 7E 350 0 ) A A
JEKH NOg-N MM, T3 1. 10 R¥&4 b3
21 CIN WS IIAE . Ak 6 . S50 1~9 d S BBt
I, 10~17 d BB I, WHEORE, HAE i 2.0 (8
000 r/min, 10 min), ¥ & Wl & CODw,. TN,
NH,"-N. NOz-N F1 NO,-N f¥e . I )5 i ik !

ZEUE A R AN AR DR, DL AR R 1 A 5% BE K Y
KA FEASCAR

250 -

200 |

150 ,-430.72¢-0.04
- R=0.9998

X
Ho Vy=364.5x+0.07

R*=0.9998

SAT LR FE /(mg /L)
TOC

50

% o1 02 03 04 05
IR B / (mg /L)

carbon concentration

m LB
Ethanol

—a— H=FE
Glycerol

— o %W
Glucose

o HEHE

Sucrose

—a— LR
Sodium acetate

A TR

Sodium potassium tartrate

1 HRERESSANBRERRX AR

Fig.1 Relation between carbon concentration and total organic carbon concentration
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%2 HIERFERAOKEHERKEET 15 spiE

Tab.2 The water characteristics of enclosed

recirculating aquaculture wastewater Gt M Kdie A BEAE Origin 8.0 Al SPSS1

KA bR R 8.0 #MF FiFAT, AN[FIALIRIN A48 bRa S T ]

paraﬁte's 71“;1‘3925 £ 725407 (One-way ANOVA), %5 #E47 LSD(L)

WT/C 26..21_12..06 Al Duncan(D) & Hodz.

DO/(mg/L) 4.65+1.74 2 4k

TN/(mg/L) 12.08+1.71

TP/(mglL) 10.56+2.03 21 #iER CIN B#0%
CODy/(mg/L) 24.57+3.87 525 VARELE LA R B0 Ry M — 205 AN () sk D
NH,"™-N/(mg/L) 4.340.51 S CIN T RARKIERIE 2 k. WERTLLE H,
NOs-N/(mg/L) 6.3520.45 AFEERIR T R G R KB 429 6 h AR
NO -Ntmg/) 0.45+0.06 SEE, T AR K, 7 24 hin kS A K

T REK A 1 2011 4K 4 J1 26 H & 2011 4K 5 J] 10 H [A] W7 e, = ot S

U 7Y]o 1 H E‘ C/N/X\ —F, HX‘ @Q_ %ﬂ l:l7'é
B, B BCIRE TR B T 3 A A7 KRR R P b Eﬂ;ﬁﬂ? UG CIN KT, f TT FIIS
Notes: The data was collected from 2011-04-26—2011-05-10 with %ﬁ%’ mﬁ%ﬁﬁ?ﬁjﬂﬁfﬁﬁﬂﬁ(lﬁ&%ﬂ N (@Eﬂ&%ﬁ%!"]),
I nterruption, All analytical value are reported as an average of E%Tﬁﬁ E@%ﬁﬁz%%ﬁ{ﬁc #%%‘J%LJ?@E@Q@%W

three independent measurements. 1/Ejilﬁi")%/ﬁ i} (C/N % 20 1), %ﬂzﬁ 24 h B

Ling
=
T

—o— lf 2B 20F —o- H=RE
® ey l Ethanol - = l Glycerol
sl =3 S =

0 ——11: e E e e
B 210 : R0k X
8 X
£ )
£05 L
g E 0.5 .
c = . - -
0.0 6 12 24 36 48 72 0.9 6 12 24 36 48 72
fHE] /h time B /b time
20 —o— ikl 2.0k —a—QK HERE
=~ I 1% | Glucose _ | —2%i | Sucrose
g —w 5" . ] ——3:1
glor =4 s 15 ==fi
- T -t
g‘gl.o S 1.0+ 2
[*] 1>
s | g I
€05 g 0.5
I <
: " PP B = 3
0% 6 12 24 36 48 7 0.9 6 12 24 36 48 72
if[E] /h time WtEl/h time
2.0 12
| | —o-CK WA R
= Sodium acetate  — - :] | Sodium potassium tartrate
Eisf l E09F 1
" g i
LA ;‘S I :
§ 21.0F e 0.6
8 =3
g | 2
S05F é 0.3
- ™ . [ - i 0
0076 12 24 36 48 72 0007 =6 12 24 36 48 7

I8 /h time fff]/h time
2 FE#ER CIN THIE A% K ihik
Fig.2 Growth of the multiple bacteria under different carbons and C/N
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Tab. 3 The effect of different carbons and C/N on removal rate of NO;-N in 24 h %
WIS R carbon source
= p— .

o LB i it e o
ethanol glycerol glucose socrose sodium acetate sium tartrate
0-1 2.28+4.08 10.65+6.83 1.21+0.95 7.08+2.45 8.28+3.45 6.27+2.11
1:1 28.55+1.99 17.35%2.62 7.45%2.15 10.54+0.80 13.29+1.29 5.99+1.32
3:1 65.82+6.34° 40.51+1.38* 37.15+3.51% 28.71+3.44 36.06+5.06 22.95+2.14
5.1 100.00° 74.52+1.74° 67.86+1.40°" 62.35+2.00 52.55+0.87 21.48+0.86
7.1 100.00°" 100.00°¢ 100.00°¢ 87.62+0.87 59.85+0.87 36.97+£3.11
9.1 100.00 100.00 100.00 100.00£0.20 71.27+0.80 40.11+2.65
11 -1 100.00 100.00 100.00 99.78+0.42 95.35+0.20 48.34+0.35
151 100.00 100.00 100.00 98.07+3.22 100.00 55.54+1.04
20 -1 100.00 100.00 100.00 100.00+0.64 100.00 59.49+1.98

T ARVNG FRFRR 25 B3 (P< 0.05), BUREIREL “FHCFIME « brifE2E(SD)” Fos.

Notes: Letters indicate the differences between groups; results are presented as the mean =+ standard deviation (SD).

ODgoo 1H 2 A 0.9 Z2A7, T LA S EEAE Ak I (C/N
20 1), #1A 24 h I ODego fE 1% 1.5,

H & 2 AT, A TWRELE 24 h PR B A KA e
W, WL 24 h RS TEEEAT NOs-N 1L BRE K
NO,-N W R Ve R ife 5. & 3 JAImlf i
K CIN X5 4 HREEBR NOg-N BE S p9mi . &
3 HLIEH, BAWEEXT NOs-N iIEBRRE CIN
B LR Bl CIN HIRIIE N, 454k
FRZA ) NO3-N KBRFEAWIT & . A S i
HF, AP AG NOs-N ZEBRFn] LI ZmS AT 24
PLZEEERAMINGRIE . CIN=5 1 I, & A HRExT
NO5-N 2[5k 100%; 4 LIP3 e B 4k o1
TR H CIN R 20 & 1, EAREEST NOs-N /Y

ZBRARW A 59.5%, WK 3T LIE L O/ W=
P A 20 R A VR s, B A 7R A1 A CIN 2% 4
T EAEREMBUWAEAE&EMN NO; -N %

% 4 R A WRAEARFRIRIE & CIN 240 T
NO,-N FH &, 4 LU A7 R B 4N A A in e VR it
NO,-N MR H LT NE; LI OB RSN IR
BF, NOo-N [ Rt st A3 0.1 mo/L; 1fif DA
R MR, NO,£-N [ B AT 12.4
mo/L(F 4). AT UL, 4 DABE2RY) 5 R AN IR s, 4
AR R NO,-N LR AR

PL 24 h B 5 A BT BOUR K HA B
NOy-N F&fRRE ST, [RIIE NO, =N R B i /R

T4 24hA, EAEHEIRRER CIN ZHTH NO,-NFHEE

Tab. 4 The accumulation of NO,-N under different carbon sources and C/N ratio in 24 h mg/L
TR Carbon source
R H ——
R . e R P 7 R B
CIN ratio s =R e HEBR ok sodium potassium
ethanol glycerol glucose socrose sodium acetate tartrate
0:-1 0 0 0 0 0 0
1:1 0 0.47+0.46 0 3.56+0.14 0 0
3.1 0.09+0.02 1.20+0.64 0 12.37+0.40 0 0
5.1 0 1.32+0.42 3.68+0.87 11.09+1.00 0.99+0.55 0
7.1 0 0 0 6.96+0.61 2.75+0.15 0
9:1 0 0 0 0 8.15+0.11 0
1 :1 0 0 0 0 3.68+0.15 0
15 .1 0 0 0 0 0 0
20 -1 0 0 0 0 0 0

T BRESRLL BECEIAME £ dRifE2E(SD)” R

Notes: Results are presented as the mean = standard deviation (SD).
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BOM, A BRI CIN XSG R IR 37 A8 7K 32 ) 1885

e S5, WA 2 . 9 WA A X 3
PRV . 243X 3FRRIAMI CIN N 7 - 1F19 & 10,
BEIEI NOg-N RBRFIF B E 2R, LR C/N
N7 1, BRI AR AN T RS R A
A CE BN TR K, KR BLAT 4 B, 13
AR LE SR AT B AT P AR K R AT (A TR 3
SRR FEGE P KK AR H Y U | B R A R T A A
AR FFLA Y GEEUT 30 1.5 0 1 X ish C/N, LI
b 5 B RRIR S 00 A 3R 3 A CIN Hh i
20 AR S CIN,
2.2 WiEK CIN WER

R A C/NF CODw, X2 R WM Hrhn 5
i B2 R 415 B (CODwn) i H AF Ry K AR 52 388 i 1 A AL
YA JCHL TS YRR B SR B A6 bR . . TEAN [R] AR JE
FICINZMET, ERIE KRR CODw,, #BTT LIS
FUFARLA B AL (B 3). TERTEBE T BB 1A,
FH T8 A 32 4% LU B TS Il fe, CODwin 7E 55 1 4
FhE, HAESS 3 RET, £ AbFHL 1) CODw e C i
EART XA

BORB C/N S EASAHBAMRNHR  1E
YR RE R, SR AN B AR IR AR A H A,
NOx-N 1ENHL T34k, el )5l (nitrate re-
ductase, NR) &5 — R 51 (1AL T B NOy -N i85
R IS DL S T = FE R A S I, AR
PEFRFAIE K NOg-N v 82 e L3S JinAH I e
P, BRI CIN W54 B E I AR 1Y

30 Phase | Phase I1
- ¥
= L
= 40 ¢ Ethanol
E L
& £30
a
o .
55 I
B 20
e 7
2 3 5 7 9 10 11 13 15 17
IBFfa] /d time
50
Phase | Phase 11
. =
Glycerol
40F

FERRRER S B (mg/ L)

7 9 10 11 13 15 17
Hsf ] /d time

100 Phase [ Phase 11
80 kb
Glucose

R R B (mg /L)
CODyy,
.
he

if{a] /d time
[ Control C/N=3:1
CIN=5:1 @ C/N=T:1
3 BRIER CIN % CODw, KB RSN
LR FIRIRMER s W RAEH N, RNFFRFRRES B¥

(P<0.05), AArT-EHIY % A B35 2% 5 (P>0.05).
Fig.3 The effect of carbons and C/N on
removal rate of CODy,

Bars indicate S.D. Letters indicate the differences between groups
within same sampling date. Means not sharing a common letter are
significantly different (P<0.05), Non-labeled columns mean no
difference at the significance level of P>0.05.

[
i Ir

A, | EE . MRS
13 15 17

M 4), W 4 TR, YRR NOs-N
W RS TR, W E IR TE 2.5 mo/L, bk
FHAT 60.0 %; FXFHb, AEHELIAY NOs-N I S bk
WO, MR T 6 B 2H (P<0.05) . 24 LA 2B R AN
TR, A CIN 1 NOg-N 3 ICE #25F,
IS5 A AL FRZH ) NOg -N R EAE 0.9
mo/L, EBEFRIL 93.2% 44 Y LA —EESMIN Ak
JEH CIN=5: 15, C/IN 5 NOy-N F 5% 2 A TG ik

8 Phase | Phase 11
7t LI
| Ethanol

i %/ (mg/L)

] 3 05 7 9

Phase 11

=R
Glycerol

=

A\

LR A/ (mg/L)

=

—
=

7 9 11
il /d time
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100 Phase | Phase II 3 e
80 il s -
g o Glucose FEFRFE P K AL BE T2 LB ALY A2 77 P )
E z 7 —_
=~ i LB
1-4%?%4(} 100 Ethanol
‘@ | ‘u
% 2 s Esof
E e gg
| 5 7 9 11 13 15 17 "B 60
fif ] /d time
[ Control EZZZZ4 c/N=3:1 wl
Y o/N=5:1 28 Cc/N=7:1
Bl 4 BRK C/N3F NOs-N ERBIRHIFN NH;-N NO:-N NON
RAFORBRER: ;R N, AR TR %S B E e TR
(P<0.05), AAnT-EERAH A B3 2 5 (P>0.05), R
Fig.4 The effect of carbons and C/N on
removal rate of NO3-N 100 1 =R
Bars indicate S.D. Letters indicate the differences between groups Glycerol
within same sampling date. Means not sharing a common letter are
significantly different (P<0.05), Non-labeled columns mean no e 2gol
difference at the significance level of P>0.05. 5{:2
&3
ERE: LIRS SRR IR, RE CIN HE 6ol
NOs-N LBR3Z AIfA7E 325 57:(P<0.05), C/N 43
B 311,50 LAI7 LA, HIRIAY NOs-N £FR 40
g 85.4 %, 87.8 % 93.2 %, i, NO;-N {15 74 | & A | 7
N Mn N NO;-N -
HH CIN —E [ IERDE. Pl
ﬁ&/‘lﬁﬁ& C/IN Bt ggﬁﬁ%ﬂ(qjﬂ/‘]/fjjz% water quality indices
PLNH,™-N F1 NOg-N S (3 2), i T[RRI K
CIN %} NH,-N LBp%IF TR E 25, HALHEEH 100
1 NH S -N 2 BRIk 98.2 %(K 5), b
NO3-N B = AR A A B I G A 14 07 1B 18 4 SE80
SR I CIN 4 1) NOg-N J2pR it 72 X :
S PSR AT LA VR R R G 4k 34 260
NO5-N 22 R34 1 #th i T B (18] 5).. [ LA
FE R AR IR, AR CIN X4 NOg-N ZBR=If 40

T EER, H NOs-N EBRFHFEIE 92.3 %; 4
PATA =W A AMIneR IR L C/IN=5 @ 18}, A[EAY C/IN
X} NOg-N ZBRFFF I E 25 KLU A R b oh
TR, AREA CIN X NOs-N EBRFAA7E B &
#£5(P<0.05), C/N } 7 :1 i}, NOg-N EBHE K
93.5 %. Htal, BArEsEelia, LI AN
SMINBRIERS, FFE ) CIN =T L BEFIN =%, 4%
B2 IEAMIBRIE A S FAPE 2B S N R, %I
B AR Ry 52 VA RE G AL SR BRI K (R AN IRBUR , AH IV 1)
CIN }3:1,

TN

AKITHERR

water quality indices

[ Control 222 C/N=3:1
N C/N=5:1Z24 c/N=T:1

5 iRK CIN 5&KEIEREREZER
RBEMERTW
e 28 FORIRME R ; A [R)/INE FREFROR 22 57 i ¥ (P<0.05), KARF
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Fig. 5 Analysis of significant differences between
carbons and C/N within removal rate of

water quality indices
Bars indicate S.D. Letters indicate the differences between groups.
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Means not sharing a lower case letter are significantly different
(P<0.05), Non-labeled columns mean no difference at the signi-
ficance level of P>0.05, Means not sharing a capital letter are
highly significantly different (P<0.01).
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WRIERE, 2 d I CODwn M 80.2 mg/L PRiE % % 13.6
mg/L, KT XTBE4(20.2 mg/L).
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Fig.6 SEM photos of carrier surface
in the process of training bio-film

34 SMMERIESEHEETH pH EEL
YRR R, FRAEEE KA NOs-N Fl

NO,-N 7E TG E B A A T 8 A ik )5 R AR,
2 B AT LU TR A RO SRR
NOx+ (2x-1)H(H Tt iA—A HL4)

—1/2Ny+ (X-1)H,0+OH" 1)
AR AT, SR B 27 A —E I, 24
)5 1.0 g NOg-N i, 2 7=/EAH24F 3.6 g CaCO; 11
B, AT LRGSR AR I R pH (AR
RIS R HEE T LA OB RIEET, ZEARF CIN 4%
PN pH (AR 7). BE RIS T, KK

S 36 &
8.5
I Phase | B Phase 11
—CO— Control
8.0 _ao con=31
| —— O/N=S:1
7.5
=
[
7.0
6.5 |- Y.
Ethanol
ol o v oo )
1 2 3 5 T 9 11 13 15 17

I 8]/ d time

7 ELLZEEARIR. AFE C/NT pH EREZL
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Effects of carbon source and C/N ratio on treatment of
aquaculture wastewater by multiple microorganisms

QIAN Wei, LU Kai-hong *, ZHENG Zhong-ming, WU Hua-wen, SHAO Lu-lu, CHEN Hui-huang
(Key Laboratory of Applied Marine Biotechnology, Ministry of Education, Ningbo University, Ningbo 315211, China)

Abstract: To address the problem of insufficient carbon source in the biological denitrification of aqua-
culture wastewater, and improve the efficiency of biological denitrification, this study tested the effects of
six carbon sources and different C/N ratios, using the removal rate of ammonium nitrogen and accumula-
tion rate of nitrite as indicators. Preliminary screening results of carbon sources showed that when glucose
and glycerol were used as the carbon sources, there was clear nitrite accumulation, which was up to 12.4
mg/L. When alcohols were used as the carbon source, the highest accumulation of nitrite was only 1.3
mg/L. Rescreening results of carbon sources showed that different carbon sources and C/N ratios did not
significantly impact the removal rate of ammonium nitrogen, which was up to 98.2 % in the treatment
groups, significantly higher than that in the control group (P<0.05). When ethanol was used as the carbon
source and C/N ratio was 3:1, the removal rate of total nitrogen, ammonia nitrogen and nitrate were espe-
cially high, up to 93.3 %, 98.9 % and 91.8 %, respectively, significantly higher than that in the control
group (P<0.05). Considering the practicality and economy of extra carbon sources, choosing ethanol as
additional carbon of purifying aquaculture wastewater by multiple microorganisms, and relative C/N ratio
was 3:1. Although the extra carbon could substantially increase the concentration of CODyy,, but it may be
rapidly degraded by multiple microorganisms within a short time. In addition, the extra carbon could im-
prove the stability of pH value of aquaculture wastewater to be kept between 7.2-7.8. The results of the
present study suggest that the extra carbon source could significantly improve water quality and biological
nitrogen removal efficiency during wastewater purification process in recirculating aquaculture systems.
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