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Hle, TN 5100705 2. AR EHEREFAEI R AT, TR 28R 5260405 3. N EEAEYFHCARAE, 7 510663)

BN THARFERE K P m OB A TR R B R IR B 0O DB K H AR S T5 K R A — R LA B )
BB SR AL~ R R AL B Pk ZF2-3 , IR A8~ A AR BRAE AR5 58 168 rRNA SERUT 04T L R G0 R & B S FVRR AR 3 188 7 B
G3HT B8 H Bacillus subtiliso TE 53570 LhBT R B R BR 4N Ry i — ZUIR B9 TR K R R b, bR 223 X2 AR A8 R Y 23 B
O K 85.7% M 87.2% , H AT R b 7=, Vi £FIG KB, BRE ZF2-3 B 2 S o e VG2 A , Rl i /L Lo 150 i
Wk ZF2-3 o FH SRR I K 4R, 2 B0 TGV 2 UM B3 A R I ) /K 7™ 1 B /K T 2 SV S 3 R I BB 36 K b Tk ZF2-3 140
B A AL PRRCR , R AR U A R 43 B A 37.7% .67.4% 11 34.6% .30.4% , HLICH ] =4 BRL, WFFERIA, Hkk Z2F2-3 %t F7 51
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Isolation and identification of a heterotrophic nitrifying and aerobic denitrifying strain and its removal char-
acteristics of nitrogen in breeding wastewater

CHEN Meng'?, LI An—zhang'?, ZHANG Ming—xia', ZHU Hong—hui"

(1.Guangdong Institute of Microbiology, State Key Laboratory of Applied Microbiology Southern China, Guangdong Provincial Key Labora-
tory of Microbial Culture Collection and Application, Guangdong Microbial Culture Collection Center, Guangzhou 510070, China; 2.Guang-
dong Bowote Biological Technology Co., Ltd., Zhaoqing 526040, China; 3. Guangzhou Wangdao Biological Technology Co., Ltd., Guang-
zhou 510663, China)

Abstract: In order to obtain a highly efficient nitrogen—removing strain from sewage, an enrichment culture separation method was em-
ployed. A heterotrophic nitrifying and aerobic denitrifying bacterial strain ZF2-3 with high nitrogen removal efficiency was isolated from a
sewage sample collected from a naturally aerated pond of liquid swine manure. Strain ZF2-3 was identified as Bacillus subtilis based on
morphology, physiological and biochemical characteristics, 16S rRNA gene sequence identity, phylogenetic analysis, and specific amplifica-

tion fragment identification. In artificial wastewater media containing ammonium sulfate or sodium nitrate as sole nitrogen source, the re-

WAs A #:2019-01-28  FABHI:2019-03-11

EZRIN PR A (1991—) 3 RO Z N Wit 98 9220 B, NG FRBE K A= A B 518 S 5Y o E-mail: chenm0564335@163.com

HBEEE ARLEH E-mail :zhuhh@gdim.cn

BEEHE 2ER IR H (2018N003) 5 1 AR A REEBE H (2019GDASYL-0401002) 5 ) /R4 A SR} 4L 4091 F (2018A030313476) 3/ M 1l
BRITRLE 7 A % 51 (201806010065 )

Project supported: The Science and Technology Plan Project of Zhaoqing City (2018N003) ; GDAS’ Special Project of Science and Technology Develop-
ment (2019GDASYL-0401002) ; The Natural Science Foundation of Guangdong Province, China (2018A030313476) ; Pearl River S&T Nova
Program of Guangzhou (201806010065 )

http://'www.aed.org.cn



MR, 5 — RS IR AL A R T B ) 20 8 A SO IR AR R 5 BRI

202053 A

moval rates of ammonia nitrogen and nitrate nitrogen by strain ZF2-3 were 85.7% and 87.2%, respectively, and no intermediates were ac-

cumulated. According to the results of conditional optimization, the optimum carbon source for the removal of ammonia nitrogen was su-

crose. In aquaculture wastewater with relatively low concentration of ammonia nitrogen, the optimum carbon—nitrogen ratio was 15. Subse-

quently, strain ZF2-3 was used to denitrify breeding swine manure sewage with high ammonia nitrogen content, and exhibited a satisfactory

treatment effect, significantly reducing the concentration of ammonia nitrogen and total nitrogen in the sewage. The ammonia nitrogen and

total nitrogen concentrations were reduced by 37.7%, 67.4%, 34.6%, and 30.4%, respectively. Moreover, no intermediate accumulation was

detected during the treatment process. The results indicate that strain ZF2-3 has excellent application potential in denitrification of breed-

ing wastewater.

Keywords : Bacillus subtilis; heterotrophic nitrification; aerobic denitrification; cultivation sewage; nitrogen removal

H i, 3 B R A 1) MRS AY B 294k T 1) TG
K AR A 2255 A e A v AR AR T 7K 19 [+)
I, A R AR 22 PR AR [R) A AE S AE AL, FRBE IR K
A R ALY, Hom R R AR I DA B R A
Hu KA T OKJZ 5 RIS B SR KA EY)
FET MRS RGERA , AL 2 1 3 SRl 1
JRE PR i | 3 ™ B ) i 2 A RN B 4 )
B RGBT 1 B R AR A TR Y
KRz —

A P I AU R 22 5% R 8O e — s YA A
Bz N T AR AR K AL B S SRR AL - U SRR
AT R REXT AT HLECCHLZ A A7 e g Ak, LR
AR AALRE Sy, Al R B O A ™
L7/ SN RS 3 1SR PO VAR A =R IS E AN N
SR SR AR AR AR B AR FL T AR S AR A A -1 R
SR A T 52 B BOR 2 9 5GTE

FUAT, B A A3 2 20 B B0 S SR i A -4
i 16 B8 AL 45 AS B AT B8 (Acinetobacter sp.)”  ZE 77 B
(Alcaligenes faecalis)™ A5 50 14 ( Pseudomonas sp.)™
TN (Achromobacter sp.)[m] R RH (Zobellel-
la sp)"™ Zh 5 V0 55 QI (Serratia marcescens )" | 25 41
FFE (Bacillus sp.)"™'55 o IWEEAORE , 2417 [E Y S XS
S IR A~ S SR A TR AT 5 v Ak T e B B
(R ARl E 7t TINI TR SR SR EX0 DN =R VI T & o
A AL K A I R R AG 45 | T SR S /K (AR ) 52
PR FABFFE R AR B SF ST T — R SR AR
AR AR TE P AR SR B PR K A B R B T B Y
I ABCR ABA /D BT S AR S AR R . XA
WEAFUIE ST TR R 2 ST I HAINUPAO X B 875 7K
FNFRFE TG K A RO | 45 0% 0 7 B Ml i 70 % b 7K
R A AR I BRARAT B i8R, (B 3R AR
15 KA B G BB BRBCR A . A X T
AR BV E SRR, BT EEER R T
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Y5 e iy AT Bt BB B S5, BRI 5797
fird P~ S S At A 1 T T AR S K R 5 T 5 14 4 dE
AR ER IR R, IR A - R A R
PRV SE PR ARBTG5 K B AR PR FABIESE R AR R Bk PR,
LI I3 e 28OS AR i A S S P 2R ) 0
it e M RE , F H R T A S PR IR TR R K Ak PR A (1
JBd SRR, X T 0 SR SR AT R A S | R R [
A 2 RIS 2 4 B T B

AT A SR SR o B A B — AR B A
e U R BE 0 9 S 7 i A SR A B bR 223,
X HHEA T 034 KA AR AR A PSS T R AR A
FEE, TERAZ BRI T K IR A K M & B IR IR IR
K8 I, AL b SR R /K I 2 Ak PR (AL I3 2 E
DI PRI I 58 4 D RE TR PR o

| HREE

1.1 HEREREE
111 FEf R IR

R R 7KL ZE TR 3 2 00 A0 B U I 3K 5 R
BT ARE IR A 5 T AR BRI A R\ %
IKMFEHK — G HARME I . 24000, A i 2R
T 2 2R I 285 RIS Uk B2 40 531) Oy 481.83.15.37 .0
mg- L' #1578.55 mg- L',

1.1.2 35375t

(1) & 4 5 9% & . NH.Cl 0.4 g, NaNO, 0.25 g,
KH,PO, 2 g,MgS0,-7H,0 0.2 g,Na,CO; 0.4 g, 71 /KE
2541000 mL, 121 C KT 20 min.

() FAN T AKEEFR I T RN 2.5 ¢, K
BB R N 2.5 ¢, (NHL).S0s 0.66 g, K.HPO. 1 g,
KH,PO, 1 g,MgS0,-7H,0 0.2 g,pH 7.4, 78I /K ERE
1000 mL, 121 “CH ERBFK TR 20 min, YSINTCIR 38
JEE G 1% VIV) ZBEUEER 0.2%(VIV) BE
MERICER 0.2% (VIV) o EAWIER : D-HZEH6.9 ¢,
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D-HHH6.9 o, D-FLK¥ 6.9 g, BERR N 9.5 g, 90% AR
6.4 mL, H#&HE 7 ¢, LK 217 mL, H i 6.3 mL, ZEH
2 i1 4.8 ¢, K12 4.6 ¢, % T 500 mL /K H , 8 & pH
7.4,0.22 pm IEMSURBR TR . A4 R YR/
Vh 10 mg, " FR/VH9 100 mg, it 1% BE/Vb6 100 mg, ki
i Z/Vb1 200 mg, 402 200 mg, 17 2 £5 100 mg, Vb12
2 mg, #% % £/Vb2 20 mg, i ¢ R 20 mg, EDTA-Na
400 mg, 1 pH 2£.7.5,0.22 pm JEME T IERRTE . B85 M
HIOLRIRA W : ZnS0,- TH,0 0.1 g, MnCl-4H,0 0.4 g,
H;BO; 1.24 g, CoCl, - 2H,0 0.5 g, CuCl, - 2H,0 0.5 g,
NiSO.+6H,0 0.02 g, NaMoO,-2H,0 0.4 g,KI1 0.2 g, CaCl,
5 g,FeSO,-7H,0 1.1 g, EDTA-Na 10 g, % T 1000 mL
K, VR pH & 7.4,0.22 pum I8 R 0 5 BC %R A A
BT S MBEAE R 15 g- L'

() IHA RN TR KK 575 : F NaNO» U 2 A
B R L P i (NH.)2S0., oAt B 73 AR ], i 285 R B2
150 mg L™

(4)EFRNAHTNE (NA R FREL) AR 10 g, 4
W3 g, BN S ¢, % T 1000 mLIK , 8 pH £ 7.3, %
15 g L3R, 121 CCK B 20 min.
1.2 NBENERE
1.2.1 SEgeAY A

Fe B ZE VK H A HVE-50(Hirayama, HAS) , 4
TAER SW-CI-2FD (FRigr e 28, M) | B 4liZK L RM-
220 (Seinf , M) |, BB BE PCR X GSX1 (Eppendorf,
), B PKAL (75—, dbs0) , PHS-3C B pH i1 (& #E, I
V), /NI A VR S 0L 5424 (Eppendorf, 75 [ ) |
1% % VK 46 MDF-682 (Panasonic, H 4%) , A4 1k 15 35 44
LRH-250C#i AR o 3=, 1) , S 50/mT WG4 et e Tt
Ultrospec 6300 pro( GE Healthcare , 9 [ ) , #E i {54 &R
4 (BIO-RAD, 3£ ) , 2 i i85 DM6(Leica, f5[H ) .
1.2.2 e 7k

ARV B 7 SR A G e B 1 (H 535—
2009) ; Vi 285 Z80 M B I 2R ) 4— 24 FEOR B Ik e 43
FEET (GB 7493—1987) ; il 2 UMk B I 22 >R FH 45 4b
A3 v (HI/T 346—2007) 5 B0 5 0 7 SR FH sk
P S B R B fi - 52 AP 3 OB BT (H 636—2012)
1.3 EEEFREKRS S

10 mL 22K AE A, BT 250 mLA#EFE IR, A
90 mL JC A & AR FR 3E, T30 °C 180 remin ' FEIR
HAERIR 24 h A E AW K s R TR
(107~ 107) Ui Al TR A B AR F2 58 1,30 CHE R4
HiE R 2 B TRV . PREBUR AT , 4 2 )
— 272 —

ealifbn , e A NA AR 3R 56,30 °C . 180 remin™
Ri e EEUE R BB RS T Il B4k
J¥20%(VIV) ,~80 CIRA74 .
1.4 HMEE

(D) JEERYE NG5 BRI R IR A T NA
Mz - ,30 CHiF7 24 h 5 , WAL RVE RAAE s PRI TR
X AR T 22 PR e, WA OISR LA I A

(2) A BAE AL FE AR 50 - BRR 19 28 B AR (L RR ARG
W77 12 BRCIAZS 40 8 4 8 )RR IL A T R 48
Y T T T AR B A AL R AR A I () 6 bR
SRS B—F FLVE T G L A ATl R I sl A
Voges—Proskauer (V=P X%  JE #3 7K fiff 2 11 il B Ji
WAk 62 N 2t DRI 55

(3)16S rRNA &K 43+ % 7€ - R H] CTAB ™42
BT S 5 T R R 6 (R 2H DA, 2R JH 40 7 16S rRNA K&
514 27F (5" = AGAGTTTGATCCTGGCTCAG -
3" )Ml 1492R (5" ~-TACGACTTAACCCCAATCGC-3")
AT PCRYIG G R 8 )y 2 DL SCHR[23]. B3
PRk b T AR R R PR W . R
P45 P AE GenBank #l1 EzBioCloud 3E47 e X047, 3
6 B J PN AT 25 AP Y 16S rRNA BL K41, LA AR
¥k Aeribacillus sp. N.8(LT594972) Y 16S rRNA K& [H Jy
S8 R MEGA 6.0 5K R G R B

(4) W12 LU XF 25 B R bl B ZE 0T 1 ( Bacillus sub-
tilis) ,AH H T B. subtilis 5 i TE R 2F A 1# (B. amylo-
liquefaciens)ﬁ%?g%ﬁ AEPAE AR R 168 rRNA J
B 51 45 5 T JL 7 — 80, TR X 4y, L LA B.
subtilis Fe 5+ PES W FN B. amyloliquefaciens F¢ 5551 9
3R T PCRHE I %0 o R BRI A5 D Ak AR B A4 o)
HE T8 ¥k (B. amyloliquefaciens GDMCC 1.19, B. subtilis
ATCC 6633) BYFERI 41 DNA , #8351 P Flee 5k
519, 4T PCRY 1S, I8 =ik T K DS 57 -
1.5 Bk ZF2-3 BBt mas i
1.5.1 Bk ZF2-3 % 2 U 25 R0 B BR AR B ik

PR B R ZF2-3 2 2 AR A AR AR RE 77 2
(AR 140 mg- L7 A A E K R 150 mg- L),
30 °C . 180 v~ min fH i 7 K35 3% , M 4fs B Ak ZF2-3 7%
XA TR A KR 2 i TR A IR S 430
FHEFE0.8.12.24 .48 h 5 BUFE , ZER S ARG IR 3 43
BT HEFE0.12.24.36.48 .60 h J5 HUFE . — &R FF A
FH TR ODgoo (i, 55— B4 55 72 W2 o B 3, 8 i
I b 5 2R A A RN A A AR

PRI ZF2—3 19 O Dioo {5 20 TR ¥ 2 22 17 1) 56 R
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Table 1 Specific amplification primers and target fragment length of B. subtilis and B. amyloliquefaciens

HFRFA M The target strains 5149 Primers J¥%1 Sequences P44 R BE K ¥ Amplified fragment length/bp
i B 2 S 1A Bsu—man—1F>! 1E[1] 5’ -CAGGCTCACACTTTGTCTTG-3' 1287
B. subuilis Bsu-man—1R> JZ 115 ~TGAACACAGTCCTGGGTTAG-3
FRVER AT B L100% 1E 5" ~AAATCTGCCCGTATCGTCG-3" 736

B. amyloliquefaciens

R836™

JZ 11 5" -GCGTCACGGCGRATCTCAA-3’

SE T REVRTT ODAE N | BN 7 A B2, A
OD 1H., {1 Fl Ay 0.4~1.0, FH AR 1A B Uk A1 - A 125 % 55
AR R BE I BRI . ST ODeoo (55 41 RV FE 2
(] 1 OC 28 T 2, 75 31 OD B 5 20 T vk B 22 1] 56 R =
y=65.95x-7.65 (y J % H £, 10" mL - cfu™ ;5 4 OD H ;
R*=0.9914)
1.5.2 ASTRBS P56 TR Ak 223 it U1 BE A 52 1

A LA BE HERE  CIREN H R A RN |
TR R E— B ) S RO AR S R R
140 mg« L™, THE8AN [l Yt 0 4 I {6 445 Bl 20 LU [T e
J9 10, 115 CKEF 15 min J5 , B B Rk ZF2-3 1 1# 2 0)
A3 T 1% R R ARG R BRI R L 3 4
FA,30 °C 180 r-min ™ [HELFE K 77 48 h & , I
RINFR AW L, T4 3 il 2 RUBBR %
1.5.3 N[l & L B bR 2823 I UM e 5 e

DA 2 1 A M — ok 5 T ) 2 R R ARG R i R
W EE 140 mg - L™, Ji0 A IE £ 1) 4 280 40 8 05 A &L LE A
2.5.5.10.15.20.25.30, 115 CKH 15 min Ji7 , ¥ 5
PR ZF2-3 W TR IR A% 1% W3R iz A S 5,
Pl 7256 34~ &, 30 °C . 180 r- min™ fH I 8 R B 57
48 h i , 5 S R 5% B MR B, T 40 S8 L BB BR 2
1.6 Bk ZF2-3 FEFR5A & 7K S 12 R Y 7 F
1.6.1 TEHR ZF2-3 XK 77 F 58 K A E

PEROKEER A AT AR T MR D X b v 4
IR FRBE IR K IE o 2R, PR K R RN
354 mg- L7 iAW E 0.75 mg- L7, AS S A
KK

W KA FH A 2 WA T B AL 10, RN KRR . #%
1% FERIEFE A IR ZF2-3 2080, X B A ST G B
Ko BAMFRIAERL ., 30°C. 180 r-min, 155548 h
Ji MK AR A S A SR E AR
1.6.2 PEkE ZF2-3 X 2 AR i Ak A

BERFE A A BRI K I EOK  RE AR
i 43 3= AR RO A FRA R IR K it 28 38K — 9%
H SRR YE . 2okl 2K S b 2 A R B R
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475 mg- L™ WA BT R EE 4.93 mg- L7, BRI REIR
565 mg- L7, WAHZS A ALK H .

W 2SRRI A AR R T R AL 10,76 115 °C
KT 15 mine # 19% HER 2 AT IE Z2F2-3 20, % i
NIRRT HEK . B PE3 AN ,30 °C.180 1+
min™' 5577 48 h 5 K I 2 AR AU

2 #ER5VW®R

2.1 BHROBEEE
2.1.1 JEAS AL

A ST DL B R R ME— R T 2 K R 8 A
T E Mo Bk 15 3 — bR BE UM A 2F2-3. 78
NAFH b, bR ZF2-3 s RO 6 AN B 3R
T HELRE GO ANHEI 2% [ Y 55 o0 B A T
(E 1A 2)
2.1.2 A=A A A

PR ZF2-3 W AR B AE AR AR L 2. Z5 LRI,
LR PR B2 FUBE T Bl RS 2 R K A 2 R IR
PR R N A DRI VP SO0 B 2T 4 K
K K St R AL S I A e PR 5 S s R IR
FERRAR S 2 R N S L W A 2 W R T R B
Yo ZE b, BRR ZF2-3 A BAE AL AR 5 (IR S 20 1

| ¥R ZF2-3 MEERS
Figure 1 The colonial morphology of strain ZF2-3
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: 2 EMRZF2-3 £ AELIER
Table 2 Physiological and biochemical characteristics of

strain ZF2-3

Y EFEHR Identification indexs 45 Result

B2 FLbE T it +

AR +

AR +

’ R -

FrgEm A ] +

R SRR AT AL -

2 -3 B - '

Figure 2 Transmission electron microscopy of strain ZF2-3 BARRSE -

L] L7 S -

s TR I TS0 3R 4 T AR e R 3 e '

%@H%%Hﬁ@ﬁ%ﬁ@ﬁ%ﬁﬂi—ﬁo oY il +

2.1.3 16S rRNA JE R %5 R K +

i FH 38 JF 51 99 27F /1492R ¥ 14 16 kk ZF2-3 1 W1l Ak ¥

16S rRNA JE[H e A5 A BEK FE R 1419 bpo X% ¥ IR -

HI14E NCBI 1 EzBioCloud %4 122 HH #4740 B L HL X, 16 TR AR +
Hi [F) 8 P9 2 i1 16S vRNA L[5 F 41, % A MEGA tE  +UR I LRI

Note: + means positive ; — means negative.

2.1.4 KESPES 19 AR

6.0 KR RGUR TR . ANIE 3 Fr7R , IRtk ZF2-3 55

B. subtilis . B. amyloliquefaciens . B. siamensis % 1£ — 1>

3 b ARG R B siomensis RERTTR LBGRE T
A SR FRT I B0, 5 AR F 5 TR Pk 223 T Y5 T8 25 BH B S TR i 2

75| Bacillus subtilis subsp. inaquosorum KCTC 13429"(AMXN01000021)
7F2-3
Bacillus subtilis subsp. spizizenii NRRL B-23049"(CP002905)
Bacillus subtilis subsp. stercoris D7XPN1 T(JHCA01000027)
83 1L Bacillus subtilis subsp. subtilis NCIB 3610"( ABQL01000001)
Bacillus siamensis KCTC 13613"(AJVF01000043)
89 97 “ Bacillus amyloliquefaciens DSM 7"(FN597644 )
93 | Bacillus altitudinis 41KF2b"( ASJC01000029 )
Bacillus xiamenensis HYC—10"(AMSH01000114)
100 Bacillus pumilus strain GM3FR"(MKZN01000032)
Bacillus zhangzhouensis DW5-4"(JOTP01000061)
78 || Bacillus safensis FO-36b"(ASJD01000027)
Bacillus australimaris NH711"(JX680098 )
Bacillus paralicheniformis KJ-16"(KY694465)
Bacillus haynesii NRRL B-41327"(MRBL01000076 )

Bacillus glycinifermentans GO—13"(LECW01000063)
91 Bacillus sp.NSP9.1(AUQZ01000032)

Bacillus sonorensis NBRC 101234"( AYTN01000016)
Bacillus sonorensis strain NRRL B-23154"(NR025130)
Aeribacillus sp.N.8"(LT594972)

0.005

DL Kimura—2 B0 ARG B, LLARE: ( Neighbor=Joining, NJ )RR, bootstrap [ 1000 UAG B R FH F b2 4 {5 X [a)
The genetic distance is calculated by the Kimura—2 model , and the neighboring method (Neighbor—Joining,NJ) is used to establish the tree.

The bootstrap self-expanded 1000 times is to test the evolutionary tree topology confidence interval

3 BT 16S rRNA B E 75189 R G AL
Figure 3 Phylogenetic tree based on 165 rRNA gene sequences
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HEBR

MR R SR R TR 2 AT I 7E 16S rRNA
B RGO RN B AL R Jy TR R
MELAIX 53, R AS I ol PR S 1R 5 | ) B R A4
Bk it — 4 55 2 BBk 2F2-3, [l 4 CK O TEBEAR
PCR Z5 5, Marker [ L1 T 4351 2 2000, 1000, 750
500,200 bp A1 100 bp. & 4a "M B. amyloliquefaciens It
R eS| s 4508, nl LUR Y, FRUER AR B. amylo-
liquefaciens GDMCC 1.19 H B. amyloliquefaciens § 5%
PES I 145 8] — 454, i BE K/ 750 bp Marker
AT, WA B. amyloliquefaciens R AETEY 34 - Bt (736
bp) o XS REYIG AT LIS 2 H 09 1 B, 456 I
Xif BREAARAT BT An] S50 O 45 21, UL SR R 261
VoA I, LA bk 2F2-3 B 2 DNA 4, BL B,
amyloliquefaciens ¢ 5151 ¥ PCR ¥ 14 J5 JC 55417 , Uil
PR Pk ZF2-3 9F B. amyloliquefaciens .
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and B. subtilis

http://'www.aed.org.cn

2.2 EHRZF2-3 B R A ERA R
2.2.1 THAR ZF2-3 X2 A B B BR AR

ORI R ZF2-3 J& D2 A 0 ME— R ) 3 57 2
T A5 B Y {H 6 2 BB BR BE 1 FIRE P IR AN
B TEN— LR WE S BR800 FE R ZF2-3
J& L B I R] A 4fERS , 15 TR W) OD (E R KT i, 224 h
LAk AR W, ODME i sk 1.5 ey s K el fid
SRR N, NP IR 140 mg- L7, # 24 h )5
TREZE 20 mg- L, AR F5 5 85.7% ., TEULIILZ
AR R BDE A S ZUT A A R R ISR
PR JE UK o B ST S SR A A - SR A
TR xtl (9 5 FR A5 AL R E 5 TP A7 R 52 A= At
MTHE—A S (R BORE IS ] (84 ) PRSI, il 285 RUAT ok
550077 AR AR o 3R] RE Rt SR R A A - U A
A0 TR A [R) 25 il A0 S A ol it A S v ] ) = 47 e s
PR SE 4. 24 h G B R E M TRae, ma
RS R R o X L & R E— &R
B, B RR ZF2-3 AT Al K AR, JLT- A B R
5 PSR s L BN AR R iR A R
e BB BB, ik 3] 140 mg - L7, W 1F 200 52 X5 90 bR
AR U B IR, 290 50 mg - LR, 3 AT BE X g
RECRTHE T AR
2.2.2 TR ZF2-3 Xl 25 A A L R ASCR

PR 2823 2 D\ D20 AR ME— AU Y 35 77 i
Oy B AT RN B, o H b U N A BE 138 R E A T R
E—2B B0, WIE 6 BT , B PP R bk 2F2-3 )5 , Bl %
BF ] A HERS 35 9590 OD (E AR KT 48 55 , 22 48 h A2 A7 i
AR EW, OD A s o 1.3 647 s B gk #e b , L 12 h

-+ 2% Ammonia nitrogen
T 180+ = Al AS % Nitrite nitrogen 118
= 80T o fili &5 Nitrate nitrogen :
téo 160 + O~ OD{E OD value 11.6
140 14
E 0} 112 =
=
£ 100t 110 8
=
S 80f {08 &
g a
e 60T 106 S
é 40 + 10.4
20+ 10.2
i’;é oL p—R—— R &a—0
; 0 8 2 24 48
i i) Time/h

5 BRZM-3EKEESSRERKR L

Figure 5 Growth trend and ammonia nitrogen removal curve of

strain ZF2-3
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Figure 6 Growth trend and nitrate nitrogen removal curve of

strain ZF2-3
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Figure 9 Denitriding effect of strain ZF2-3 in aquaculture sewage
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