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1 MRlEFE
1.1 ¥MREEE
111 E¥ER ARSLECSRH PU MBS EMAE

KA WuE KL, BEE R 0.024 g/em’, LFEMH K
266 m*/m>,

1.1.2 B SRACEERIIT A 3 BRI 4 5N
ALY AT | AR IR B B R R SR )
AEHEME 25 70 41 1 (Bacillus hwajinpoensis) SLWX, |
IR Bl £k 201 7 (Halomonas alkaliphila) X5 #1727 X
A2 F5 B4 i T (Alteromonas macleodii) SLNX,, #H4
FAAIA W, X, N,

1.1.3 FERK LRAHFEEKEA S S
gV AR A PR S ] R SE BT A0 B UK 57 B 2R 1] 1Y
TR AL [0 HE o SR 2 (0] K 32 B ALAS Sy (150+
10) g/f8, FRIUHHE N (15+0.5) kg/m’, KIFSH
pH } 7.65+0.31, K 29.540.4, &E, FE5H
BAMER . TAHRA . RA . BA . Seif
COD 414 BE 43514 0.29 mg/L . 0.095 mg/L .
0.67 mg/L, 2.86 mg/L. 0.03 mg/L il 1.92 mg/L.
BOK ] R 47 7:30,
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WK BB HE TR HEAR P BE T 2, /K I 3 3 o 9]
TR S K TS DA i, RS R i A
BEAA, PEHIKR A i e Wk
KGAESER PR 5 BT RS, BTN 1.
2.3, 4.5 Ho1 S AXEAS, R HKERE
DT AE R 2~5 SO SRR RS, WS 3 AR
RANE AT AR, Horp 2 5 RGNk R
10° CFU/mL ) WHN 44 3 SRGEEMIKE N
10° CFU/mL 1) WAN+X 2145, 4 5 RS e ph vk 2 hy
10* CFU/mL B WAN+X 414, 55 R mk g Jy
10° CFU/mL () WAN+X 4145 W shFR5E K Sci2a
W 2RS4 10° CFU/mML 5 10° CFU/mL
) WHN+X 414, XHIR4UR A A REEME . B4
ARG 3 AT

12 FHik

121 BMy XEFR K RAET-80 CkMM
PR BEAT I AL S, PRI TR V5 4 AP B 200 mL
2216E Wik g, ¥i57 36 h 5, % 2%LLHi#%
B AR E] 500 mL SRS F7 3 R 4k sk 9 K B
Iro GifE, HATE.OWAE, HO0.9% 4K E
=J5, MEH ODgoo H -
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THRWAKE . BRI, ¥ FIRVR R B R4S
SEU R G5 N AR A R R R AL, (RIS
20 mg/L AYRRIE (I ZIHH AT 10 mg/L 5 R IR (i R
EHUCT L HER ] 4 RGBT B pH N 7.55+
0.31, ¥ H(26.1£0.7) ‘C, DO>8 mg/L., |4 6
K 1 oK, HoK2Z 5 FHI I SR . A
o & 3 RE L 8:00 NAEE RS BUKEEN &
NH;-N. NO;-N. NO;3-N, CODy, #5450 24 NO5-N
e BE R 2 R0 BUERT, TA RS .

1.2.3 #IEFBEREKGERRFR HBFERZIUE,
HET & RSoK, EHRN S0 L ##55EK, 524 h
£ NH;-N, NO,-N., NO3;-N Fl CODy, #6545, &
2L S d.

124 RHFERKSERRAR  HBRAGE,
HET & RGEMIK, 7758 8 K B BRAR R0 /N FL 3%
A, B2 Y ORI T A0 B AR SR T g
Ui i, K 45 B IRl I AE 300~330 s, 4 24 h 41
K F1 R K TBOKFER & NH4-N. NO,-N
I NO5-N ¥R, Sgwik 24T 21 do

1.25 KESHRBIBLIERE KIEHEROKE
TN B IR WIS )(GB 17378.4-2007); NH, -N
NOz-N. NO;-N. CODwy FIE 73 51l 5% IR R
AL BRSO O | BRI R
A AR FR AT R (TP) AR L (TN (4 U
& f#i FH B A BLEK (total organic carbon, TOC)Z3HT{Y
(TOC-VCPH, TNM-1), It4h, pH, DO, 5 FG
&R YSI-556 Z TfigsK B4 Gl 5 .

AR HR A Excel 3F#E1T, SC8%4E
ARG 3N PATHE B 8 hn1fE 25 (X £SD) KR
K SPSS19 SEit ik x B E S i, B
KR 0.05, B ZE KSR 0.01,

2 HRE5SH

21 HBRHBE&RZKRTL

211 NH;-NIREZTWK HREPH, £588041H
TR 20 mg/L GREREANE N AR ZUE, (75 NHa-N
W S0 v TR IR W 1R, &SI 1
WA Z )5, NHi-N S 8RR, il
A& RGBT R BRI NHS-N, {32 BREK
AR, HpWERSHN =ZHAE 5 5REN
NHy-N KPR et . ROR Ak, UIpIdG s

W E 0 22 B R B R0 X 25 BRSO R i B o 5
1 YAoK, EWRE=RHASH 5 5 RG(WHN+
X641)%F NHy-N LR K, WAlH27.3%; £k
WK Ja, 525X NH,-N (%) 22 5ol B i e
B4 WHOKIG 3 d, AR NH-N VR B %
% 0.03 mg/L LT, FIHEERALT, Frb A ik
P, XA AEE H TR KA P A A R A 2 1+
EAWE, SIBIMEMAAEER LR, FHIRm
PRI ZE A W OB B R AR KOS 5, B 2L
P AR B 7E R AT 13 d NHy-N B
JERPIRIE TS, X NHy-N EBRICRAE,
5 2 WK, R NHZ-N F R B W T . Bl
B+ E UE R ZZO /R, 7E80RE R A
Koo 5531 K, XML NH,-N B[4 %= 0.01 mg/L,
FWHEBEA R, Bk L, SRACEERE A [ AR
RS ] A 46 8 3~5 d
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FifJE]/d time
—— CK —# W+N5 —e— W+N+X5
—— WHN+X4 —8- WHN+X6
P 1 B 4% B Ak 38 2 /K A SR B 1) A2 A
CK: FISREEMEXTRAL; W: FEHMEZE AT B SLWX,;
X: WSS Xa; N: 22 RS H R SLNX,.
By 4 R R E J 10° CFU/mL;
5 %R 10° CFU/mL; 6 %/~ 10° CFU/mL.

Fig. 1 Changes of ammonia-nitrogen concentration in water
of different biofilter treatments during biofilm formation
CK: control group (natural biofilm); W: Bacillus hwajinpoensis
SLWX;,; X: Halomonas alkaliphile X;; N: Alteromonas
macleodii SLNX,. Number 4 denotes bacterium

concentration of 10* CFU/mL; 5 denotes 10° CFU/mL;
6 denotes 10° CFU/mL.
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W Je Z BAREE A T NP R, 57 3 Yk
J&, 4% R NO,-N L Bl =i, BliJe 2 T REEH,
HARA TR NOS-N i 421 78 il s vk R R,
WE/NMER BZE IR TR, 55 28 X, &£ 508AH
NO>-N ¥ i ' B B e AR, 22 BH 2B W) JE o o
1o HARFERON BRZ, B /K IS, NO,-N iR 2 4R
2/NETHE, E# 28 dJEA TR TR,

20
1.8
1.6
14
1.2
1.0
0.8
0.6
04r
021

WARFRAME/(mg/L)
concentration of nitrite-nitrogen
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[} iE]/d time
—o— CK —& W+N5 —e— W+N+X5
—&— WiN+X4 =5 W+N+X6

P2 PR A RS Ak 2R K 1 SV i o RV JEE 7 2B 4k
CK: HRHERCXT HALL; W: 46 BEMEZE AT 3 SLWXo;
X: PEEERSRMITE X N 22 AR T SLNX..
B 4 FORBEIRAE N 10° CFU/mL;

5 %8 10° CFU/mL; 6 %/~ 10° CFU/mL.

Fig. 2 Changes of nitrite-nitrogen concentration in water of
different biofilter treatments during biofilm formation
CK: control group (natural biofilm); W: Bacillus
hwajinpoensis SLWX,; X: Halomonas alkaliphile X3;

N: Alteromonas macleodii SLNX,. Number 4 denotes bacterium
concentration of 10* CFU/mL; 5 denotes 10° CFU/mL;

6 denotes 10° CFU/mL.
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R, FIBE AT Z AT R EH, Kk
HEATEEAEAE T o 5 16 IR, NO3-N ¥R J& sk 144
i, SEERA Y 5 5 RS NOs-N W IR &= T H:
RGN R, X R 3 AR AN AT AR AR,
¥ NO,-N 4t A NOs-N., %31 K, 5 5R4 53
5 R 58 NO3-N YR BEA IR/, 1] BEJ2 U i ps itk
157 SRS ARAE T, PR B4 1 T o 4 5 i s £ -
S AR, T G e R

22 FREFERKLELER
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K H R IAETC B 3 P22 5 (P>0.05), W 4
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fieffE]/d time
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Bl 3 R A M Ak B 7K R i PR L ke B 1 AR Ak
CK: FSRHIENT IR, W: B HuME 2E AT 8 SLWXo;
X: FETEER B TA X5 N & KA BT SLNX,.

ey 4 FORERHE A 10° CFU/mML;
5 %78 10° CFU/mL; 6 %7~ 10° CFU/mL.

Fig. 3 Changes of nitrate-nitrogen concentration in water of
different biofilter treatments during biofilm formation
CK: control group (natural biofilm); W: Bacillus hwajinpoensis
SLWX,; X: Halomonas alkaliphile X3; N: Alteromonas
macleodii SLNX,. Number 4 denotes bacterium concentration
of 10* CFU/mL; 5 denotes 10° CFU/mL;
6 denotes 10° CFU/mL.
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A 1E)/d time
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K4 BHEBRGAN A F L 555 R K 2 AR B AR 1k
CK: HARHEMEXT IR, W JEHEME 2 A AT B SLWXo;
X: FEOHER PR Xa; N: 22 RSB B 1 SLNX,.
B 4 FORHEWKIE S 101 CFU/mL;
5 %R 10° CFU/mL; 6 %7~ 10° CFU/mL.
Fig. 4 Changes of ammonia-nitrogen concentration in static
waste water treated by different biofilter systems
CK: control group (natural biofilm); W: Bacillus hwajinpoensis
SLWX,; X: Halomonas alkaliphile X5; N: Alteromonas
macleodii SLNX,. Number 4 denotes bacterium concentration

of 10* CFU/mL; 5 denotes 10° CFU/mL;
6 denotes 10° CFU/mL.
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S RGN NHy-N (L BRR 00 92.2% ., 94.7% .
84.8%.95.8%, i 15 X% HEZH N 69.8%.48 hif, 4%
SEHG LT NH-N 1225830 99.8 %, 1 xf fR4
95.5%, VLHAVSINAY 3 BRI 65 Ab- 47 S il A 4
FRETIER | AR R BRKAR A, HA s 5 4
Rt o

222 ARIAAI NO-NEBRE WK SR,
24 h i}, XTHRZ] NO>-N HH B B4, FLERIA
48.2%, 1SS A4 AR M B, ULEH 3 PR X
T AH R B A BRI LBRVEA, 24 h i), 2~5 5 RS0
XF NO3-N 19 £ BRZ 53504 14.11%.51.6%.29.1% .
82.0%, 48 h 4351124 98.3%.100% .98.0% .100%
Hrp 5 5 AU Bl A IR RGEXT NOS-N 1 2%
BN 66.7%:

0.14
0.12
2 0.10%
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AR AR/ (mg/L)
concentration of nitrite-nitrogen

1 2 3 4 5
i [a]/d time
—o— CK & W+N5 —— W+N+X5
—— W+N+X4 8- WHN+X6
Bl 5 AHEERGA IR #IEFRE R K
P A PR 2 B Y 22k
CK: HRHERCXT HALL; W: 46 BEME2E AT 3 SLWXo;
X: PEUEER PRI Xa N 22 AR LT SLNX..
BeF 4 FOREWHSE N 10* CFU/mL;
5 7% 10° CFU/mL; 6 %7K 10° CFU/mL.
Fig. 5 Changes of nitrite-nitrogen concentration in static
waste water treated by different biofilter systems
CK: control group (natural biofilm); W: Bacillus hwajinpoensis
SLWX,; X: Halomonas alkaliphile X;; N: Alteromonas
macleodii SLNX,. Number 4 denotes bacterium concentration

of 10* CFU/mL; 5 denotes 10° CFU/mL;
6 denotes 10° CFU/mL.

223 AEAEFNO-NEBRBR WK 6 iR,
HTHAASCE0 40 1Y NOs-N B R EPL, 72 h J5 NOs-N
WP TP LARRAG, 1% BR4] NO5-N ¥ — B S 454k
IR, £ 954 NOs-N 5 %) 4] NOs-N f77F
25 57 (P<0.05) , SEHR T4 5 RIS, KR

MR A E R F] 1.24 mg/L, Misekd 2~5 5
ARG IR AW EE 45100 0.98 mg/L. 0.90 mg/L.
0.99 mg/L . 0.85 mg/L, 439l ELXFHRZAAIR T 20.37% .
27.39%. 19.61%. 30.94%, FWHLIZH 4 HHaRm
F1R) S S P 40 TR R A ok i PR SRR A T S AR A
FH, M4
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K6 AT R GEAL B A 1 T 5 R K AN R 8k P2 Y 28 1k
CK: [ AREEBON EA; W fEH M ZE AT T SLWX,;
X: WG Xa; N 22 RS U SLNX,.
Br 4 FORBRORE A 10° CFU/mL;
528 10° CFU/mL; 6 2/~ 10° CFU/mL.

Fig. 6 Changes of water nitrate-nitrogen concentration in
static waste water treated by different biofilter systems
CK: control group (natural biofilm); W: Bacillus hwajinpoensis
SLWX,; X: Halomonas alkaliphile X3; N: Alteromonas
macleodii SLNX,. Number 4 denotes bacterium concentration
of 10* CFU/mL; 5 denotes 10° CFU/mL;

6 denotes 10° CFU/mL.
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ok Dy
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-

s

S FARAT HE R IHLRA ALK, 1 RE Ik
GAE R, Hoh SR E S HA G B R AR
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Bt 5 S U0 I ] RS, 45 2H i 1k R R K Ak 25
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Hf1E]/d time
—— CK & W+N5 —— W+N+X5
—a— WHN+X4 —5- W+N+X6

K7 S HERE R G AR B 1 R A R K SRR I 2 Ak

CK: FI SRR IR, W B HERE 2E AP 18 SLWX:;

X: FERRAR S Xa; N: 2 [RACH i I SLNX,.

B 4 FORBEIRAE N 10° CFU/mL;
5 %8 10° CFU/mL; 6 %/~ 10° CFU/mL.
Fig. 7 Changes of total nitrogen concentration in static
waste water treated by different biofilter systems

CK: control group (natural biofilm); W: Bacillus hwajinpoensis
SLWX,; X: Halomonas alkaliphile X3; N: Alteromonas macleo-

dii SLNX,. Number 4 denotes bacterium concentration of
10* CFU/mL; 5 denotes 10° CFU/mL; 6 denotes 10° CFU/mL.

—
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of chemical oxygen demand

A Y4 FE/(mg/L) concentration

01 2 3 4 5

fifE]/d time
—o— CK & W+N5 —— W+N+X5
—— WHN+X4 —5- W+N+X6
K8 ASHEMERGAL B 1L IR R KA DL Y 281k
CK: FSRHENREXS IR ; W FE M 27T 7 SLWXo;
X: WEHRER ML Xa; N: 2 RS HUE A SLNX.,.
BT 4 FORHWKIE A 10 CFU/mL;

5 %R 10° CFU/mL; 6 %R 10° CFU/mL.

Fig. 8 Changes of chemical oxygen demand concentration in
static waste water treated by different biofilter systems
CK: control group (natural biofilm); W: Bacillus hwajinpoensis
SLWX,; X: Halomonas alkaliphile X3; N: Alteromonas

macleodii SLNX,. Number 4 denotes bacterium concentration
of 10* CFU/mL; 5 denotes 10° CFU/mL; 6 denotes 10° CFU/mL.

A (COD)REH R RS 1~2 K, £5%
44 COD Wk B s FEAIG, S5 8 122, 1Mk 4L Xt
COD 1 R i i BE AR X RS . 5 #14h COD ¥R A
b, SEER5E 5 K, 4 HIREAK T 78.57% . 85%.
93.48%. 75%. 97.58%. HHH 5 HEBRAR R
U VB 3 R I R TR I A ] s AT 2 BR K AR RS A
HHLA

23 HEMiRBEMRFEREKFEELER
231 IFTNHI-NEZEEBRPR WE9Fiwm, 21d
it K S g 0 R, E K s AR B BT R, R AR
(0.28+0.02) mg/L. /K& AWK T AT A FIE
PR IR R 455 . sl 9 PR, it i
AR AL RN R G0 0 K S AR AR T H AR
RGiM, [, RN 10° CFU/ML FE AT &
i K @A HREIRT 10° CFU/mL &S50, SEEeH
6], HA A EBRHN 19.96%~31.60% . 12.77%~
18.78%H1 4.09%~10.15% . 3%/l ¢ & > 10° CFU/mL
R AW RGN R LIRS AE, HKIRE—
HART 0.22 mg/L, MIRALT ASAFEREA . Sk
T, 21 d SCEHIE], SR A EE MR A L PR AR
B, JE BT RE I O L AN B AR T, Sk
BRECRFS A TR UERIT AL S gl k1 o ik A=
Wy BT Ak ) 1 5 S R R BRACR A, BT
WM, B kAP AL
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Purification effect of a simulated biofilter augmented with efficient
nitr ogen-removing bacteria on waste water from mariculture
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Abstract: Purification of discharged aquaculture waste water and nitrogen removal have become essential prac-
tices as environment protection policies impose increasingly strict waste water discharge restrictions. To improve
the purification efficiency of maricultural waste water, we studied the purification effect of biofilters augmented
by different compositions of 3 nitrogen-removing bacteria strains on static and flowing maricultural waste water.
Firstly, different compositions of 3 nitrogen-removing bacteria strains, Bacillus hwajinpoensis SLWX,,
Halomonas alkaliphila X3, and Alteromonas macleodii SLNX,, which can remove ammonia, nitrite and organic
matters in the marine environment were used to strengthen biofilm formation and to purify static waste water, and
the best combination was selected according to its removal efficiency of inorganic nitrogen, TN, and CODy,,, for
the treatment of flowing waste water. The continuous removal of NH;-N, NO5-N, and NO;-N from flowing
discharged aquaculture waste water was compared with that of naturally formed biofilters. Static waste water
treatment results showed that the concentration of NO3-N increased then decreased and that the removal efficiency
of inorganic nitrogen and organic matter from the waste water in trial groups was better than that in the control
group. Among the treatments, the group of highly concentrated SLWX,+X3+SLNX, had the best purification effect
on all indexes for waste water, and the removal rates of NH;-N, NO,-N, CODy;,, and TN were 100%, 100%,
80.7%, and 59.5%, respectively, after 48 h. In the control group, they were 95.5%, 50.52%, 38.1%, and 13.44%,
respectively, and the concentrations of NO;3-N kept increasing. The results showed that enhanced biofilm
formation by nitrogen-removal bacteria can significantly improve the purification efficiency of biofilters and
effectively reduce the concentration of nitrogen and organic matter in waste water from mariculture. The results of
the experiment on purification of continuously flowing waste water showed that the concentration of NHj-N,
NO;-N, and NO;-N in the effluent of the experimental groups and the control group was lower than that in the
influent. Furthermore, these measurements from the bacteria-augmented biofilm group were lower than those from the
natural biofilm and the removal efficiency of inorganic nitrogen in the 10° CFU/mL experimental group was the
highest, with the maximum removal rates of 31.6%, 11.33%, and 15.6%, respectively. This was followed by the
10° CFU/mL test group, and the concentration of inorganic nitrogen in the effluent could be maintained at low
levels for over 21 days, suggesting that the continuous removal effect of the enhanced biofilm was better than that of
the natural biofilm. The results of this study provided a theoretical and technical basis for the application of
nitrogen-removing bacteria in the purification of waste water from mariculture.

Key words: waste water from mariculture; nitrogen-removal bacteria; biofilter; bioaugmentation; simultaneous
nitrification and denitrification
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