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Fr A ELAN A% = (B /MR A, 2013),

K 7= IR E A FER B X p e T M AU AR v i Ak
VE R RS AR A F A7 47 0 DL T (5K /N8 46
2011), {AMEE RSN, A FRAEACVE S5 DA Rl
PO RS2 WA kST s 43, BRI, iS4 AE A S5 R 1k
ERIAN R TE IR] — 45 11 F #FE 17 (0 E B4, 2016) .
Robertson 45 (1984) 7 i fim A1 2 il fb b BE 2R 48 B IR
g3 B I AR 4k B 1z 3% @I Bk B (Paracoccus
pantotropha), 7 fi b~ 5 S i £k 41 v Y BRI
FESFEUH LT A] SCBL R RS Ak R A k(SND) . H i, i
TR 5 IR A AU SR B A R ok 2, &
T A4 15 R 4N T B 7 (Pseudomonas) (Myahara
et al, 2012), L ¥ e (Halomonas alkaliphila) (#1353
45 2012) . #HOAFH R (Bacillus)(fi HH45, 2009) . A3
¥T 7 J& (Acinetobacter) (¥ T 1§ 55, 2011) Fl /= 5l i )&
(Alcaligenes) (431l 2245, 2012)% , HET, KZHWI5
B THTE S IR0 Ak =L SRR T 4 A 14 4 5 T 32 LA B i
AR (Ren et al, 2014; Z:Wt4: 2015; M KAE4E,
2016; f1/MEAE, 2013; BUERESE, 2016), fF S FRAE -
U S P A0 TR IO T S B T 7K 3R B A YT B R GE 1
o RT3 kSR SRR
R e A I B T N G 2 = = VA 3 e 1 [ =
(Verasper variegates) =i il # v, DARIT HAE T2 brA:
FEH B ERCR IR R AR i S RS

1 MR57FZE

1.1 SEIespR

3 MR 7 A A1 S8 SRS A A0 T 34 PR AR S 5 = O
e PR, BRI SR R TIRE . R BRER
Hfif i (Halomonas alkaliphila) X3 3% [ Wi 4 1L
WA AR X E BRI, FEATEN
42 mg/L IR, 24 hif, XFEA . TEANAR BRI
PR A B 051h 98.29% ., 99.07%7F1 96.48%(F1v
45 2012), AE HLME 25 f AT B (Bacillus hwajinpoensis)
SLWX , i 35 [ 7 & 117 21 5 i) 2 5 5 it 30 (X /K AR A%
24 h XPEUA A R 2RV R 1) 2 Bk 43l ik )
100%. 99.5%F/ 85.6%, £ 1%~8% NaCl 751 T 5k
A K (W ER 4R, 2016)

% A2 5 ¥ i 14 (Alteromonas macleodii) SLNX,
e H T & T 4L 5 J S R IR IR IR, 24 h X}
AR WA AR R 535115 %] 100%., 36.1%, 72h
ST RH TR AU 2 B Rk 5] 82.29%( 1 7 Lk #) ., T3
W A SLWX,, X {3 X3, NAGEE SLNX,,

(] 50F A2 B Pl 77 05 o BT AR A A PR R, R)
¥ 4 (98+6)g.

SO TR BERAS DUBUR BC A AR,
SR LB SR INGA B R A R AR
1.2 TWHE
121 F¥&itLbEagFsm SEUSTE T ) 5L
TEAE A BR S ISR E 42 R HEA T, IO AR — S0 [ B
B, 7EFRFM RS 10d J5, MRkt . A
57110 240 RHEATI5:, B HAS S 50 L 9k E
FRAA RO 30 L {4 EE /K A 10 B8 71 o 15 Bk A2
BEE 8 ANALERAL, DIASES I U B 0 Sk Xt BE AL, 4
A A 2N 1 R, WA GERA 34T,
SZESHINE], SR 5. 11, 17 KA LIk, HERLWRE
FEHI7E 1.3x10° CFU/mI, S8 3tpE4Tr 21.d,

SEER ], AR R AR, RE I RN TR IR K
RFRPRIREBARE , AR IE A, ME AT
7~-9mg/L. % H 09:00 £ M1k
122 KRERXE 5k £} 2 K 09:00 £ AT,
FH Y SI-556 2 Dy Rg /K 5t 43 A A e K BT pH L 7 A4
TE R . KA KR B350 )5, 78 b JeiE 2K i
10 cm bR AEKFE . {1 B O AL K AE 6000 r/min B
L 5min, HCEER ., 2B rhAe A R R E [ 5RO
WE B R 0 K A R AR (Mg v M DU R YE ) (GB
17378.4-2007), 2 A MM E R H IR R Ak,
TSR A A I 2 R FHERFR 25 2 A ot ik, TSR A
A 7 SR FH B0 IRk, A2 75 S i (COD) i i i
SR B o R B, B i A ALK (Total
organic carbon, TOC)53+#7{%(TOC-VCPH, TNM-1),,
1.3 HEAIE

FIH Excel BRI TECE AL, SO0 HHE T34
bR 22 (Mean+SD) Ko ; RH] SPSS 19 Fiit i ft:
XTEAREG AT, BEKT PRA 005, iRk
P 2% 0.01,

®1 ZHigt
Tab.1 The experimental design
el 16 HEHE WERHER

FIRZR
S - e r
Normal Bacillus Halomonas
Treatments h p . S Alteromonas
sdine hwajinpoensis alkaliphila "
macleodii (ml)
(ml) (ml) (ml)
CK 30
w 30
X 30
N 30
W+X 15 15
W+N 15 15
X+N 15 15
W+X+N 10 10 10




woor B

2 )R 39 %

2 HZREaMW
21 &@ApH, BR. BEMSEOEL

SCIGHHIE], pH. W4(DO). TR (T)FIER (945

Fr4% 20 2 18] G i 3% 22 5+ (P>0.05) . pH & 7.69+0.23,
DO 7(8.325+0.385) mg/L . T #4(21.95+0.55)C . S}
29.7+0.6., AW EAL TIEFHWHEN, WE
(58] B 2 SR A A . ELARHR AR o R (E IR 2,

*k2 ERNERE
Tab.2 The determined value of each parameter

BiH ltems i} ] Time/d MeantSD
1 3 5 7 9 11 13 15 17 19 21
pH 77 746 749 762 773 787 792 784 773 7.67 7.61 7.69+0.23
as i) DO(mg/L) 814 871 829 847 838 802 7.94 832 846 8.21 837 8.325+0.385
R T(C) 215 221 225 215 217 214 217 214 21.7 215 217 21.95+0.55
HE S 291 294 296 294 298 296 298 30.2 30.3 29.7 294 29.7+0.6

22 AEAEGHERREBRIR

Bifi 5 % 58 A 1) B4 S, 45 4 S R0k i S i i T o
ByRaF, E 1R, 85 KE 1 WINEE, & InE
S AR B TR B AT XTI, TS 79 K,
ST A R S N B AL B A R
(P<0.01), BiMA%E 5 REIMARAGHEBZ G, AR
LR B E . N 11 KITMR, 284 h e 4int
AN ERBCERIF G TR, (AR A AR BREE TRk
ARk, Hd, W+X+N A A8 e H e, 5%
S A AN R M 22 5 (P<0.01) , JUHTESS 17 K26
3 WM A, AEWENE TR, 25 21 KAt,
WH+X+NZH ., WH+X H, WHNH ., X+NZH., X H. W
H R NS A e L X IR 41 43 ) B AR 68.55%
(P<0.01) . 54.38%(P<0.01). 52.61%(P<0.01). 44.93%
(P<0.01) . 40.74%(P<0.01). 33.48%(P<0.01)F 26.16%(P<
0.01), it FH S5 77 il A~ S S s £ 40 v %o 2 R AR
B ERRAOR, Hrp, W+X+N 2 EBRROR R T, fE
W R A A AR K- o
--W -aN
—%—W+N—— W+X+N

X —a—W+X
—-X+N ——CK

BRWE
Concentration of
-1
N
ONAONXOR RO DS

ammonia-nitrogen/(mg-L

—

35 7 9 11 13 15 17 19 21
A 1] Time/d

K1 a2 A2

Fig.1 The variation of ammonia-nitrogen concentration

in different groups

23 ARAEAEHTHEREBRIE
ST IR, A% I B 2 5 0 R 4 A R AU 9 dl

FIIAL FRARHE , 2 11 RIFWRE A S hn,
Bl 2 R, 55 5 K5 LU S, e 2H i) I A iR &
W HR AR TR IR, 4 7~15 K, BREAEA (W 4.
X AN A28, BA WA 50 R4 A7 25 1
255¢(P<0.05), M55 17 K55 3 Yned J5 F4a, 45
Y3 50 R AR W 2 M 25 5 (P<0.05), TTREE 3 Bk
Y E 4B A B N SR . B4 19 KA, WH+X+N
H, WHX 2. WHN 4. X+N 2. X 4. WK N
2 VA R R R B 5 ) R A 25 Sk B e K AEL, A e Xt
M4 FE fIE 48.36%(P<0.01) . 41.25%(P<0.01) .
35.56%(P<0.01) . 25.429%(P<0.01) . 26.38%(P<0.01) .
29%(P<0.01)Fl 17.99%(P<0.01), ikl & 40w 7E
PREZE MR, XTSI A A R A RBREUR .

7
[ -=+W ——W+N
Mqa,g 6t X - X+N
% gg 5 =N
EES 4
gED
Z8E3
g
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Fig.2 The variation of nitrite-nitrogen concentration
in different groups

24 AEHEHWHRAERIR

FEAFEFEIA], 25 RS R UMk B2 1 A8 b 2 R 3
JeTtEJE T R A (] 3). 2 5 KA 1k
WG, & 7 KIFUR, B N 44N, S0 dmm 2k
JE ST R BEZE, 150 B i TR YRR 3 s Ak 1 1
Mo Hrr, W+X+N 4 s fefE i sar, 5 1~13 X
PR R B TR R B A R AE AR, 58 13 Rk
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S AR EE 0.51 mg/L . 55 21 KA, Xf BEZH A fi iR
RO IkF] 7.05 mg/L, 2N H Y5 xR AFE B
2251 (P<0.05) (K% N 4151), (HA e 4 0] 22 57 A i %
(P>0.05), %5 21 KA, WH+X+N, W+X, W+N, X+N,
X W K N4 il R AWk BE 43 00 be ok BE 20 R AR
58.38%. 31.66%. 53.04%. 53.20%. 50.97%. 42.61%
1 14.26%. USSR H IR AR A R4 H) 2R
ROR

THER AR
Concentration of
nitrate-nitrogen/(mg-L™)
O = N WA WA O

1 3 5 7

9 11 13 15 17 19 21
B8] Time/d

K3 SRR AR 21
Fig.3 The variation of nitrate-nitrogen concentration
in different groups

25 ARAEGHENIERBR

e 4 PR, 5 1~5 K, XF B2 545 e 4 =2 1)
EHEER, AMAERENE2ES(P>0.05), % 5 K% 1
WOMEJE ., 5 7 XIFhR, B N 418, %4l CoD
WAL TR, H¥ S5x A B LR
(P<0.05), 1t B I 5 57 fil§ £k — - 480 B Al b 4 B X
COD A —& MR ER . SEE ], WHX+N 4IX}
COD M LBRAC R IetE, SXMAfFAEN R EER
(P<0.01), W+X Ik, % 13 KHF, W+X+N 41,
WHX 20, WHN 21, X+N 21, X 40, W 44 % N 4
COD ¥ 5% f B2 1k B e K 22 508, 49 il 5 % FREH
WA 27.47%. 23.08%. 14.29%. 17.58%. 10.99%.
8.79%#01 3.30%. it HH 4 & 4l B 7E 2 BR T HL AR IR
XA DA —E LBRBOCR

26 AEAEGHEREBRIR

Bl ST, AR EIRESZE BT, Kl 5
JiR, B N AN, AN TR 4 S A B Y A% 0t
WRZH , AN SZ ], WHX+N 20 K WX 4 ) 5 A
e B 1 5 %) BRAE A 3 25 R (P<0.01), %5 15 K,
WAHX+N, W+X ., W+N, X+N, X, W K& N 45 5%
e PE 4 ) Fe X B ZH G 40.02%., 29.61% . 18.58%.
12.34%. 29.45%. 11.3%F1 2.65%. ZEHEM, 3 B
B T AE IR A PR T R R — R AR

- NN
“wm O W

WETREE
Concentration of
=

1 3 5 7 9 11 13 15 17 19 21
f}[E] Time/d
Kl 4 Kdfbrif/gnEt

Fig.4 Thevariation of chemical oxygen demand
in different groups

chemical oxygen demand/(mg-L™)
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Fig.5 Thevariation of total nitrogen concentration
in different groups
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27 AEXBAHEMEHNFTHER

SR, A FRPEAE A R B B 10 BB AR
21 K, XHH BT IS, Wk 3 i,
B BEAFTE R 0 4. 5 4 8, fATE %R 40%.,
50%7F1 40%, PFifiRI{51E 500 . ARk W 4. N
4. X+N 4 AT A, HARH T4 .
AN 3 #F S 77 A~ 5 S Al T 4 5 Xt 15 B A
% 05 M BORIE, IR 4 s K AR R B I T [
B B R A R

3 iTig

WFoR S R BN, 5 ARSI IR0 - S U b
A % FRZEAR L, WAHX+N ZHA 2 A . AR A .
SR A . BRI A7 A 1 BRI F oAb 4l
A o U T % P 2H 68.55% ., 48.36% ., 58.38% . 40.02%
B 27.47%, %4 G580 B ESE (2014 EM B 258
GERAR L, YR AR R BB R R T
11.63%#11 166.01%, 5K (2013)52 1 1 52 4 4
SAHLE, AR AN RBRFAR S T 3.16%, TR ixX SE1E
1R 52 A S 3 Ak I SRS i A 40 T TR R BE A A
FEAK IR R R R &, GEK. £ Fh OHLAEFE bt
AT HERFE ALK, e TR B K B ER, FEIR K
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Tab.3 The survival rate of V. variegatus in different experimental groups

I H CK W X N W+X W+N X+N W+X+N
Items 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
AR S AL
- 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Initial number
FE A H
ﬁ{a'ﬁg’& 4 5 4 10 9 10 10 10 10 8 9 10 10 10 10 10 10 10 9 10 10 10 10
Survival number
i 40 50 40 100 90 100 100 100 100 80 80 90 100 100 100 100 100 100 100 90 100 100 100 100

Survival rate(%)

FREE A 7= T HA ARG i N 5

3 ERANE X b 2= T S A — R BREH, AR
R EBRFRALN 27.47%, A I 4825 25(2016) A1) F 1l
200 TR R A Ak A0 B ) 52 A TR D A BB AL T K R AR
R, BT AT dEE, H 3 R X COD &%
BROCHEIBIDIRE, MIXT PGS IR EAE TS, A
TERTE A AR SN IR B ol I BRI A WL

A8 L E 2 ST T (SLWX o) FIRE TRk B0 1 (X 5) %
B TFEAR ) R BRI T 22 RSB B (SLNX ),
X5 3 RRYH TR TS T A0 B U R R 5 B 1 4
R—3, W, MR | ASFE R4 A X 2 A
WASFR A R A BB b2 T R A R BRAE A,
HEBRSCREAR—, BN, 3HEE AT 2
WA AU, JHET AL, A S E A2 RA
AREFEENEIFE R, (EEMRVE RSO A —,

3 WRAN B i R ZURUR A A LR, 3 kR4l
BRI E S A 7= e R B S AR AR o SRR 9 I R A TR
FARSAEHL , K% (2014) FI FH PCR 2 R M 3 BRlT
S JS A A 200 A HP 35 G T 38 D S R R 3 e I
FEHE ] (napA) , Z2HHH AT LIFI A napA i )5 iR & S8
FAEIEIIRE . Li 25:(2012)F1 H1HT IR LA (Pseudomonas
stutzeri) T13 Xof il R S5 30 I Jl 114 7RG 0, 465 1000 241) A i
o U 5 RO S D Y 30%LL b FI AT, B 20  fi k
HH AR 22 5 5% A Tt 4R S A 200 B 340 8 S A P st
RIITE , ARSI 28 P R A8 0 R A8 R 2= R i A
BRI 25 (R4, 2013; 25155, 2015; 2[5
45 2015), Ak, ASHFZE 3 BN BB A AR L
WAV AE, 3 RRANTE AL A ROER S SR R v RE Sy 3 #k
MEFTEIB AR AN, BAMER, F—4%F
FLE L o F AR, X R 56 3 R HEA T IR A
5T, TRIT 3 ARAN A AR AR S ALH], ORI LS IE .

4 458

3ARAN L TR R PR 5 v 3 BAT AL S i AR T

AT SZPE A W R D RE , (X 5 BT 8 B K 4% TR
PR EBRFCR AN —, Hrp, SLWX, HRRRUR RAE
HAERBORL T HRARE, Hr, SLWX+X3+SLNX;
2] A %o [ B 2 B R A K B AL R e A, Tl 3R A K
A 3 FhICHLA Y W B R AR AR, SLWX o+ X 2
BEAERCRIR Z o 3 FRAN B X 5 B AL A K TE /i F AR
M, i,

& % X #
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Purifying Effect of Three Heterotrophic Nitrification-Aerobic Denitrification
Bacteria Strains on the Farming Water of Verasper variegates
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Abstract High nitrogen concentration in intensive aquaculture systems has recently become a serious
problem to impact the survival of farmed animals and the marine environment. The newly found
heterotrophic nitrification-aerobic denitrification bacteria showed severa advantages in removing the
nitrogen in the waster waters. To investigate the purifying effect of three heterotrophic nitrification-
aerobic denitrification bacteria strains on waste water of Verasper variegates farming, 240 Verasper
variegates (98+6) g were divided into 8 groups randomly. Simultaneously, the various combinations of
Bacillus hwajinpoensis (SLWX5), Halomonas alkaliphila (X3), and Alteromonas macleodii (SLNX,) were
inoculated into the culture tanks respectively. Different inorganic nitrogen and organic matter of the
various combinations were determined. The results showed that the concentrations of ammonia-nitrogen,
nitrite-nitrogen, nitrate-nitrogen, total nitrogen, and chemica oxygen demand in the control group during
the whole experiment were from 0.21 mg/L to 15.94 mg/L, 0.08 mg/L to 5.68 mg/L, 1.10 mg/L to
7.05 mg/L, 1.74 mg/L to 38.86 mg/L, and 1.19 mg/L to 22.87 mg/L, respectively. The concentrations of
the indices in the trial groups were significantly lower than those of the control group. Among the trial
groups, the group SLWX,+X3+SLNX, showed the best purifying effect with the concentrations of
ammonia-nitrogen, nitrite-nitrogen, nitrate-nitrogen, total nitrogen and chemical oxygen demand 68.55%,
48.36%, 58.38%, 40.02%, and 27.47% lower than those in the control group, respectively. The group
SLWX,+X3 showed the second best purifying effect. All trial groups had significantly lower fish death at
the 21st day compared with the control group. The results indicated that these three heterotrophic
nitrification-aerobic denitrification bacteria strains can effectively improve the water quality through
nitrification and denitrification without adding carbon sources, and have no toxic or morbidity effect on
Verasper variegatus.

Key words Heterotrophic nitrification-aerobic denitrification bacteria strains; Purification effect;
Bacteria combinations; Verasper variegates
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