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HN-AD (Acinetobacter
calcoaceticus)( , 2016)
(Pseudomonas aeruginosa) ( , 2015)
(Alcaligenes faecalis) ( ,2015) ,
(Avnimelech et al, 2012; , 2013)

(EPS) ,
(biofloc)(Avnimelech et al, 2012),
, HN-AD
(Litopenaeus
vannamer)
HN-AD  xtl,
1
1.1
2216E Sg/L, 1g/L,
0.01g/L, 1L, 25, pH 7.5
2216E : 2216E
15—20g/L
: (2015) , NH,CI
0.38¢g/L, 4.8g , KHPO, 1.2g,
MgSO047H,0 0.5g, 1L, 25, pH 7.5
: NH,Cl
NaNO,, NO, -N=120mg/L
: NH,CI
KNO3, NO3’-N=1OOmg/L
1.2

2216E
, (2013),

xtl

1.3 EHEE

1.3.1 2216E
24h

1.3.2 16S rRNA

DNA ,
PCR , 515F (5'-GTGCCAGCM
GCCGCGGTAA-3"), 907R (5'-CCGTCA
ATTCCTTTGAGTTT-3') PCR 30uL,

DNA 0.1pL, 0.6pL, dNTP

2uL, rTaq 0.2pL, 10xbuffer 3uL, ddH,0 23.5uL. PCR

1 94°C 3min; 94°C 30s, 55°C 30s
72°C 1min, 30 ,72C Smin
«C )
GenBank BLAST
95% s MEGAS5.0

Neighbor-Joining

>

1.3.3
(Buchanan et al, 1984)
(2001) ( ,2001) ,
1.4
1.4.1
50mg/L(
100mg/L)
, C/N=20 ;
( >14.5%) ,
0.25% 0.5% 1% 2% ; (
+ , : =1:1) 20 50 150
200mg/L, ,
C/N=20
2216E
, 30°C  160r/min 48h
ODgpo 0.5 , 2%
100mL S 250mL
, 30C  160r/min 48h
ODy0o
1.4.2 -
ODgoo 0.5 2% 150mL
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30°C 160r/min s 12h
ODsoo
1.4.3

10L
12L , 6 .3 .3
1 , (28+1)C
48h 2%

6h
(Floc volume, FV),

1.4.4
143 ,
10mg/L,
(40% )30mg/L, C/N=20
(FV),
7.5—17.17,

1.5 EERhAE

R = [1=(ct/ep)] * 100%

2

3g
pH

, R , CT (mg/L), ¢
(mg/L)
( ,2014) FV
30min pH pH (METTLER
TOLEDO FE20K)
(OLYMPUS IX53) 200
ODgoo (Thermo Scientific
5 Multiskan GO) 600nm

’ Excel(2010) SPSS 19.0

2

2.1
2.1.1 xtl 24h
1.5—2.0mm, , )
2.1.2 16S rRNA
PCR xtl 382bp  16S rRNA
( : FM992193.), NCBI BLAST

xtl Bacillus pumilus Bacillus

pH,

amyloliquefaciens Bacillus  subtilis Bacillus

licheniformis 99%, xtl

, 2008) (Bacillus sp.)

66
11

4
2
4
10
67

—1

( D , xtl (Bacillus

pumilus)

xt1

Bacillus pumilus strain L2 ecto 7 (FN555460.1)

Bacillus mojavensis strain p4_G01 (JQ830760.1)

Bacillus amyloliquefaciens strain TCCB001 (KC755040.1)
Bacillus sp. strain csj15 (KY970075.1)

Bacillus tequilensis strain CEES (LN827663.1)

Bacillus subtilis strain OUA50TAVKSP (KP013384.1)
Bacillus licheniformis strain N27-EC (KF768851.1)

Bacillus altitudinis strain MCC2727 (KP742971.1)

| Vibrio diazotrophicus (DQ068941.1)

1

xtl

99 yiprio diazotrophicus strain 4-Sj-4-4-4-M (KJ009527.1)

16S rRNA

Fig.1 Phylogenetic tree of strain xtl based on the sequence of 16S rRNA gene

2.1.3

) xtl

Bacillus pumilus ( , 2007)
, 16S rRNA
xtl (Bacillus

pumilus)



378 49

g

(o]

3

j=2)

E

k]

&

H

Z

g

R AERE  ITEBR=m ZBW®
3 xtl
Fig.3 Effect of carbon source on nitrogen removal reaction of

2 xtl (10><20) strain xtl

Fig.2 Morphology of the strain xt1 (10x20)
88.27% 90.50% 92.97%

T 1 EEE xtl £EBELSW 97.80%  ODggo 0.925
Tab.1 Physiological and biochemical characteristics of strain
xt1 1.034 1.103 1.314 ,
xtl 16 3
—~ — NH, N J
+ £ SNy ;
N % 100 oD, 12 5
B g
i z 75 0.8 =
- S .
Z 50 =
_ , 04 I
. % 25 "
0 % 0 g
0% + 0.25% 0.50% 1% 2%
1% +
. 4 xtl
3% * Fig.4 Effect of peptone on nitrogen removal reaction of strain
4°C — xtl
30C +
37°C 4 2.2.3 xtl 5
ey, e . xtl 4
R 84.15% 98.66%
2.2 31.47%  30.96%,; 32.09%
2.2.1 xtl 3 ) 63.50% 36.13% 32.06% , 140  200mg/L
xtl , 3.32 2.78mg/L
> ODgoo 0.359 0.531 0.363  0.320,
69.95% 95.56% 29.48%  13.41%;
49.50% 57.40% 32.36% 120
. = e NH, N la .
9.04 /0 N ?] 100} — Hgi-“ 4 D‘OD
: 2.87 278  2.32mg/L ! e ODiy, S
ODyoo 0.403 0.426 0.166  0.119, H 80 1’3
4 g 6o |, €
| > w0 &
R xt , Z | I
T 20} i
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2.2.2 xtl 4 z

xtl 20mg/L 50mg/L 140mg/L  200mg/L

5 xtl
Fig.5 Effect of inorganic nitrogen concentration on nitrogen

93.08% 93.14% 96.79%  96.23%; removal reaction of strain xtl
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2
2.2.4 xtl 6 , 48h 28.95mg/L,
xtl s 24h 0.34mg/L,
, 95.54mg/L 25.83mg/L,
120 1.0
2.90mg/(L h), R
84h, 5.58mg/L, 94.16% 100t {o.8
80+
ODg0 R 84h 0.689 5 fos
j=2) ©
5 g 60 8
=z 10.4
40t
100+
20l 10.2
80+
—_ 0 0
S, 60t 0 12 24 36 48 60 72 84
E t(h)
=z 40
20t 8 xtl
Fig.8 Process of nitrate denitrification of strain xtl1
0
2.2.7 xtl xtl
6 xtl ’
Fig.6 Process of heterotrophic nitrification of strain xt1 9 s
2.2.5 xtl 7 , i ’ 60h
xtl 120.09mg/L 82.28% ,
24h > ODeoo > 48h 73.15% :
24h ’ = 48h 75.60%
84h, ODggo 0.324,
100
62.93mg/L, 47.60%
> 80|
160 0.4 S
& -
120¢ {03 & 401 —— 1 SR
— ——2 ERREN
3 3 20 —— 3 ERRREN
£ 80r 025 1o
z ° 0—¢
0 12 24 36 48 60 72 84
0l 10.1 t(h)
0 9 xtl 3
0 Fig.9 The change of flocculation rate of strain xtl in 3 nitrogen
removal processes
7 xtl
Fig.7 Process of nitrite denitrification of strain xt1 2.2.8 xtl
xtl 10
2.2.6 xtl 8 , , xtl
xtl , 24h, , 12h
, , 24— , 30h,
48h 2.00mg/(L h), > 82.18%, 31.48%,
84h, 91.17%, ODggo 42h, >
0.862 s R , 0.17mg/L .
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Fig.10 The effect of adding strain xt1 on the removal of
nitrogen from aquaculture wastewater
CA. ; B.

11 xtl
Fig.11 The biofloc formed by adding strain xt1

2.2.9 xtl
12 ,
, 6—7d
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Fig.12 Effect of adding strain xtl on nitrogen removal from
nitrogen enriched aquaculture wastewater
CA. ; B.

13 xtl
Fig.13  The biofloc formed by adding strain xt1
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(Pseudomonas sp.) (Acinetobacter sp.)
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(Bacillus subtilis) (Yang et al, 2011)
(Bacillus amyloliquefaciens) ( ,
,2012) (Bacillus licheniformis) ( (AMO) (HAO)
, 2011) xtl, , NH',—
16S rRNA , NH,OH—NO ,—NO3;
, HN-AD , NH',—NH,0H—N,0
s N, (Richardson et al, 1998) , xtl
HN-AD , , y5 ( , 2016a) y6
( , 2017)
(2016a) HN-AD , xtl ,
y5 , xtl (NAP),
40% (2013) ,
Y1 ( , 2016)
, 13.92 , ) )
14.06% HN-AD  xtl , ,
, y5 ( , 2016a) Y-10( , 2016)
50mg/L 69.95%, YF-14 ( , 2011) , xtl
95.56% HN-AD y5 Y1, NH,-N NO,-N NO;-N ,
xtl s 82.28% 73.15% 75.60%
( , xtl
2011), , xtl ,
(Avnimelech et al, 1999; Hargreaves et al, 20006),
s xtl
(EPS)( , 2013), Lu
( , 2014), (2012) ,
, , (SBR) EPS ,
(2013) C/N 16, 0.41mg/(L d) 1.17
XS76 (2015)
, Zhao (2012)
(2007) LY C/N=20 (Marsupenaeus japonicus)
800mg/L 100% xtl
C/N ,
20, 0.25% 0.5% 1% 2% FV  0.7ml/L 0.1ml/L,
xtl (OD¢o0) 0.925 1.034 1.103 , 42h s
1.314, 0.403, 0.17mg/L , xtl
90%, 88% , xtl pH ,
20—200mg/L , pH ,
, xtl 4 FV 42mL/L,
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IDENTIFICATION AND NITROGEN REMOVAL CHARACTERISTICS OF
A HETEROTROPHIC NITRIFICATION-AEROBIC DENITRIFICATION
STRAIN XT1 WITH FLOCCULATION ABILITY ISOLATED FROM BIOFLOC

SHENG Jian-Hai, HAN Tao, WANG Ji-Teng, ZHENG Pu-Qiang, YAN Min, XU Han-Ying
(Fishery School of Zhejiang Ocean University, Zhoushan 316022, China)

Abstract A nitrogen removal strain xtl with flocculation ability was isolated from biofloc in aquaculture wastewater
of Litopenaeus vannamei. The results of molecular biological, physiological, and biochemical identification showed that
the strain xtl was Bacillus pumilus. On this basis, the nitrogen removal characteristics of this strain were studied. The
results show that the best carbon source of the strain xt1 was glucose. The removal rate of ammonia and nitrate was 95.56%
and 57.40% with glucose as substrate, and when sucrose was used as the carbon source, the removal rates of ammonia and
nitrate reached 69.95% and 49.50%, respectively. The strain could use organic nitrogen to accelerate the growth. When
0.25%, 0.5%, 1% and 2% peptone were added, ODg was increased to 0.925, 1.034, 1.103 and 1.314, respectively, in
which the removal rate of ammonia was more than 90%, the removal rate of nitrate was over 88%. The strain could adapt
to the concentration of 20—200mg/L inorganic nitrogen. The strain could use NH,-N, NO, -N or NOs-N as a sole nitrogen
source, and the removal efficiency reached 94.16%, 47.60% and 91.17% within 84h, respectively. Among them, the
nitrifying form of the strain was the conversion of ammonia into gaseous nitrogen. The form of nitrate denitrification was
converted to nitrate into nitrite, and then to gaseous nitrogen. In the process of heterotrophic nitrification-aerobic
denitrification, the strain xt1 showed flocculation characteristics, and the highest flocculation rate reached 82.28%, 73.15%,
and 75.60%, respectively. Besides, the addition of strain xtl in the wastewater could accelerate the formation of biofloc and
increase the rate of nitrogen removal. Therefore, strain xt1 can be used as an alternative strain for nitrogen removal from
aquaculture wastewater.

Key words flocculation; heterotrophic nitrification-aerobic denitrification; nitrogen removal; biofloc



