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 OE:IHFFYBEHEKE—FELEGSEAMNT LEK, [B ] A TIRSBEAEEKY
A MERAR, FEAREABEARIERE 9. [5 5] KA 432 RBR MK FEAE A4 K 6
ZBAEMEBRBARANGERTRY 2B GEBEFHMNERERD, IoBRAKRGTESHE. &
& At b AFe 16S IRNA A B 5 7] BAT 947, #) R £ B & 5 3o Fuvh) B8 ik 4 R4 B B AR S R AR A 4
BoK e mAE S, [ R ) 6 Rk AF — MBS0 KRR A20, V2B T 3£ 01 B (Halomonas),
LABAG AN K 2k 5%, HEFEH 15%, pHAEL A 8.0, iBA A 30°C B, HAk A20 *F4EAF44
Bk F #9185 F £ & (chemical oxygen demand, CODcr)Z R E & 60%vA L; i@ idee 5 d k4L,

B Hk A20 M fRABIE 4 R K AR 5 4. pH 8.0, RE A 30.3°C, #AE 4 14.1%, £ CODer %
FRE A 65.4%. [48]1 5 B 2| —#h bt 3 UGB H 40 B K F A ) 6 @t 3 E Halomonas sp. A20,
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Isolation of the salt-tolerant bacterium Halomonas sp. A20
and its degradation of saccharin sodium wastewater

ZHOU Jia', CHEN Yan', QU Jianhang', WANG Yukun', LI Peilong', XU Weilong',
HUANG Yingjie', MAI Wenning*2

1 College of Biological Engineering, Henan University of Technology, Zhengzhou 450000, Henan, China
2 School of Ecology and Environment, Zhengzhou University, Zhengzhou 450000, Henan, China

Abstract: [Background] Saccharin sodium wastewater, one type of organic industrial wastewater with
high salt, is difficult to be treated. [Objective] To improve the biodegradation of this wastewater, it is in
urgent need to study the characteristics of the saccharin sodium wastewater degrading bacteria.
[Methods] A bacterial strain A20 capable of degrading saccharin sodium wastewater was isolated by
pure culture technology from the activated sludge in the multistage biological contact oxidation system.
It was identified based on morphological characteristics, physiological and biochemical properties, and
16S rRNA gene sequence analysis. The optimum conditions for strain A20 to degrade saccharin sodium
wastewater were investigated by single factor experiment and response surface method. [Results] The
strain A20 belonged to Halomonas. When the salinity of saccharin sodium wastewater in 5%, pH 8.0,
and the temperature of 30 °C, inoculum ratio at 15%, the chemical oxygen demand (CODcr) removal
efficiency was more than 60%. Through the optimization with response surface method, the optimum
conditions for Halomonas sp. A20 to degrade the saccharin sodium wastewater: pH 8.0, temperature of
30.3 °C, and inoculum ratio of 14.1%. Under this optimum condition, the CODcr removal efficiency was
65.4%. [Conclusion] The salt-tolerant strain A20 obtained in this study can efficiently degrade the
organic matter in saccharin sodium wastewater, which can provide excellent microbial strain resources

for the treatment of high-salt and high-concentration saccharin sodium wastewater.

Keywords: saccharin sodium wastewater; salinity; degrading bacteria; degradation characteristics; strain
resources
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I HICHLER S AR (510 g/L), B TIRK R
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O — BRI ER T WS-1, HAE 3%ERE
% R K 4k A 4 (chemical oxygen
demand, CODecr) ) Bk % (84.7%) 5 T X B4
(79.3%) . BRI 2 1O DA 310 B 24 10 K 4 3
e Ik L I A B — bk e R TR AR
W2 ({52 18% NaCl), W2 b3 5 Eh B 24 gk
if, CODer £BRF AL 73.0%. Piubeli MMM &
A 100 g/L NaCl 15535 2 7K v i it — Ak kB
M (Halomonas), HAE9545 3425 CODer 2=
BRI (A 20%38 /11 2 65%—80%). it £k 1 78 &
Kb R R E AR, TR
0 e B Ay A A0 Ak I R R K 1 O A R,
7 LI A oK B R R T T % it 5 BT A0 43 5 A 4
2PV (HE R i R B 2 R BERS Bh K
ALY WS R R DL RGE . DR, ARG
3 354 i R A2 0 D 22 2 A 0 4 i SR 4K s N 2 Ak
PEBIRS #H P2 7K 3R G0 0 36 1 15 e Hh 43 8 Hh — PR i
RN, B SR EEF 16S RNA H
K3 30 43 B R4 T P AR S, P B TR 3R S B0 A
M J7 T 925 7% % L R ARG A I K I R, DA
Ry A A BRI R i A2 7K B L TR R B U

I ARSI

1.1 ##
1.1.1 #mkiR

e QE RN RSP i LT e
HOKFREEINSR 1 PR TGRS TR AR e F
2 G W il AR AR SN g A BRSOk R e
IBETEG 45 R (3.5%Eh o) Akt 1 IR B
TG
1.1.2 FERTMUERIERE

DNA Marker, 4 TAY) TR E) B AH
FRAHE]; GoldView I BUAZFRYLRF RN AR, Jb
REKERH AR A ; Premix Taq B, T4
YITRCRE)VERA A . frifE COD M, 28

®1 PERBRWEKKER

Table 1  Quality of saccharin sodium wastewater
Item Result

CODcr (mg/L) 9 600.0—14 000.0

TN (mg/L) 168.0

TP (mg/L) 2.1

Salinity (%) 12.1-13.9

TOC (mg/L) 4515.0

NH,4"-N (mg/L) 77.8

CI” (mg/L) 46 085.0-63 526.4

pH 9.2-10.3

M A RS PR A W] 5 S5 a] WAt e it
At 5t Al AR A RS E A Al pH I, B
IR A AR A A R A W

TCHLER AR 2 31 B 8y B B bR 1 B
fif 1k RE

kiR EAM100g, FRF3.0g,
NaCl 5.0 g, 3§ 15.0 g, BERSEMEK 1 L, B
Fi4k pH 7.0-7.2, 7x10* Pa K 15 min, i@t
USRS SRR, B 3% I 10 18 HL A W S S B
RE T TR K o

A NEE AR E AR TR E
NI ST
1.2 7%
1.2.1 HHKBNSBESHIE

(1) ®Ifi: FREC10 g W& MV5 T 90 mL Jo
MR AR R 3, A 2.5 ¢ BYBSER(1x10° Pa
KH# 30 min), fE 30 °C. 150 r/min 51F F IR
g% 24 h, #E 1 ho W EZETFK 0.5 mL
F 4.5 mL #94EBEEEK(1x10° Pa K 30 min)
W, RRESEERR B 107107 R B . R
53 90 W IBOA [) e B2 1 T A8 0.1 mL IR AT T4
BEAMBEAR IR L, 75 28 °C X/ TR
2-3 d (B HBEBCE 3 PAT), DR AR
B 2R 1R AR5 73 A S 2s (R R R3S = X
R 2% 0 e B B B Rk A T Al Ak, JFARAE CAiTE
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BRSO RAE D) A ORIV R %
FE T A A A A U R 2R
TR ACORE BRS 40 1% 7K Y 4 R B (HY/T 51—1999)7)
M 138.7 g/L 43l #i BE 2 10, 30, 50, 70, 100
130 g/L, HIERA435100 1%, 3%. 5%.
7% 10%F1 13%, K b 7 i 15 2] i 40 11 43 ol 2
FlvF AN TR 2 OSSR e R 97 38 1, 30 °C
RN RFE 3 d, BHEERAER LRI BX
AR AEB

(2) K. PRBCGE ) AR R T, S
RN T2 B S L R R 5, 30 °C.
120 r/min }55% 24 h, %85 5 000 r/min Z5.0»
5 min, {4 B, FIHCWEZERKREE
B3, IERAEACK . ODgo [E T 2
0.5, 43FHERIF] 7x10* Pa K 15 min AWK
K H (R4 5%), 30 °C. 120 r/min ¥& %55
3% 18 h, R UE 8 000 r/min &5.0> 5 min, ME
FIEW T CODer B, 5 AN [a] B AR X WA 1%
IK A BT e ) R AR OR o
122 HENRZLESH

S Vi A ) 1Y) 200 R A T 0 5 A 5 % DNA
ik, RAEEAGIY 1492R (5'-CTACGG
CTACCTTGTTACGA-3")Fl 27F (5'-GAGAGTT
TGATCCTGGCTCAG-3")%f H: 16S rRNA & [H]
#EAT PCR 34181 o PCR ¥y ik =4k T.4E
Y TR ()R RA R AT, 9F S
GenBank 0¥ 2 B E 45 ¢ 517 BLAST
EE X
1.2.3 TEEMOEKFAERTERR

(1) A phZe i e o PRI 15 21 A20
W T4 WE B A RRIARE R, 30 °C.
120 r/min Z50F F 85980 AR MRS IR IE1E N
25 FRERR, DL 2 o [a] B S 2 H ODgoo (L, 2%
il A K 2

(2) HNFELE . PRBGER A20 W& T4

U 2R LIRS 3% 36, 30 °C L 120 r/min 1%
7% 18 h, #RJ5 5 000 r/min B.[> 5 min, {34 |
W, FIFHTCHZERK R EEE 3 K, JFET
ODgyo THZE 0.5, /- HI4EFE] 7x10* Pa KH
15 min AUBRS 4N R K, 30 °C. 150 r/min 1533
10 d, 8 000 r/min &.[> 5 min, JE FFRH
CODecr 1H, 435175 SWAE 81 1% K hAS [F] 90 4 £
gy BRI pHL TR . AR IR S 4 1R X
PR A20 L BRHERS 1% K h CODer B 521

B R SRR IR B R

R0 2 4 IR TG TR 2 AR AR B A 1 K
HER S DR B 13.9%F6 B2 3%, 5%. 7%.
10%F1 13%; HFhiE: 4 ik ODgoo 164 0.5 1)
A20 AL 1%, 5%, 10%. 15%F120%
R AR TR A K s pH {E: 43000
PG AN K pH [ETT 2 5.0. 6.0, 7.0,
8.0 Al 9.0; WAL : ¥ Bk KB AE 20,
25, 30, 35 140 °C %M M IRGH AR BRI -
FEARAE B A 4 R 0.1% i 3 4 0 . i
B VER FNELEE

(3) M O TG 1B

EFREZRBLER, ®IF=HE =KF
4 W] J7 T i 36 (Design Expert 7.0 3 F), 43512
TR A20 MR . BERE AN K Y pH R .
B SRR A HAE XTI R A20 BRI 4% 7K
CODcr {HIFMW(£ 2), PIKEHLRF 17
¥, RSN EGEE 3 AFAT). AR

£2 WEESHEENREAFE

Table 2 Factors and coding level of response
surface analysis

g HER Zihh 7K F- Coding level
Code  Factor -1 0 +1

A pH 7.0 8.0 9.0

B Temperature (°C) 25 30 35

C Inoculation volume (%) 10 15 20
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il RS AR A20 ZEBRBERE A K CODer
EEATIOAL, W A

2 BREM

2.1 EFk A20 B9 B TFix

I & 15 75 4 R M A FRBEORS B R 7K 1) 22 2
AP i A AL R G R TE TS Ve T AR AR 18 bR
T, ki, A 6 PRAMTE (A6, A20.
A26. A29. A31 Fl A32)AETE 7% M LI F Eh /iy
i e IR B AR RAF(ER 3).

TEHC IR 6 bk G 4 b SRS B4 K K vh 85
F2 5 d, WE IR % K CODer By 2B
B, GERRWIE 1), M THAME, FEik

*3 WMEHRENVIG
Table 3 Primary screening of salt-tolerant bacteria

Classification Strain  Salinity of the screening medium
1% 3% 5% 7% 10% 13%

1 A6 +++ -+ A - —

2 A20 i i

3 A26 -+ A+ -

4 A29 R o I e s o S

5 A31 FHt A A A o+ +

6 A32 +++
W = AER; + PEAK 0 BRI e
KR4

Note: —: No growth; +: A small amount of growth; ++:

General growth; +++: Good growth.

(o)
(=]

N
(=)
T

[\®)
(e}
T

CODcr removal efficiency (%)

(=]

A6 A20 A26

A29 A3l A32

1 E0HH 6 BRE X HERE N E K CODer EXFRE
Figure 1 CODcr removal efficiency in saccharin
sodium wastewater by the six re-screened strains.

A20 XTHERTEM K i) CODer 22 B3 AH X 45
L T HAEE K AR R, R, A
IS BRI bR A20 1R R 5 SEBF R4 .
22 THEIE A20 S RAEEE (LY
R A20 fER B EA K REET
28°CHigR2-3dJm, WIKEEE ., A@, Wik
BERR, R 3 mm, F2RGAAM:,
Hofth Az PEA LR PET LR 4,
2.3 B A20 O RGNS
Bk A20 ) 16S rRNA JEHFHIKE N
1 441 bp. 7E GenBank HUEAT [a] Y514 20 #r
(BLAST #kf4), K F neighbor-joining :(MEGA
B ERE R A20 MRGEKER, 45 REY]
(K 2),1ZW ¥k 5 Halomonas zhaodongensis HJ4H
UL R i% 99.65%, 15 HAERG A B W EoRS

T4 EKA20 EEEEE WY

Table 4 Main physiological and biochemical
characteristics of strain A20

Experimental items A20

Gram staining -
Spore staining -
Hydrogen peroxidase
Oxidase

Gelatin liquefaction test -
Starch hydrolysis test +
Methyl Red test -
V-P test -
Hydrogen sulfide gas production test +
Indole test -
Nitrate reduction test +
Carbon source utilization

Glucose

Lactose

Sucrose

Galactose -
Citrate

Propionate

W o+ B - BIfE

Note: +: Positive; —: Negative.
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56

0.010

& 2 Btk A20 T 16S rRNA EEFFHENRSGEELBER

g6~ Halomonas sp. A20 (MG594825)
Halomonas zhaodongensis NEAU-ST10-25" (JQ762286)
Halomonas hydrothermalis Slthf2" (AF212218)
Halomonas lutescens Q1U" (KP259554)
Halomonas johnsoniae T68687" (AM941399)
Halomonas meridiana DSM 54257 (AJ306891)
Halomonas nanhaiensis YIM M 130597 (JX870002)
Halomonas gomseomensis M12" (AM229314)
Halomonas vilamensis SV325" (EU557315)
Halomonas montanilacus PYCTWT (MH071180)
Halomonas kenyensis AIR-2" (AY962237)
61| —————— Halomonas nitrilicus ANL-alpha CH3" (EU447162)
Halomonas ventosae Al12" (AY268080)
Carnomonas nigrifaciens CTCBS1" (Y13299)

S NER 16S rRNA LEFHIHE

GenBank H %555 40 AL EE R IR bootstrap 1B ; hr R /R HEALIE 2

Figure 2 Phylogenetic tree of strain A20 based on 16S rRNA gene sequence. Parentheses indicate the login
number of 16S rRNA gene sequence in GenBank; The value at the branch represents the bootstrap value; The

ruler represents the evolutionary distance.

KRR, AWM A20 MOTETE B
A PR AE AR T 16S rRNA - BE R ¥ 41 e X 2%
R, KEFE A20 N Halomonas J& o
2.4 Tk A20 FIEKER

FR A20 B ITZ(E 3) s, HEAkE
KALE, 10h#E AFREOH, 4E5F12h, T22h)5
PEAFR I, A A X A (10 h).
2.5 IO XTERK A20 B9 CODer B EM
E_;ur]

B B8 Hﬁi%ikﬁﬁmﬂﬁﬁ,%
m%mmm&% A S M AR S sh A= 4
Eﬁk%&oﬁﬂF¢Aﬂ§E o ol A 4 A it
ZIM, SRR KA BRROR 5 A A
TR 1 A2 5 @&ﬁ SIA B AL, B
U, B, PR TR R R A20

FBRMAE B K Hh CODer 52 .

HE 4 vl YRR KER R 3%
iF, Bk A20 i CODer 228 Fc i, M 58.1%.
W2 R 3 in, L CODer 255 R E Wil .

0 5 10 15 20 25 30 35
t (h)

3 EFR A20 WEKHEIZ
Figure 3  Growth curve of strain A20.
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W D
S (==}
T T

N
S

3}
(==}
T

CODcr removal efficiency (%)
= =

(==}
T

£ (d)

B4 FLOXEH A20 B CODer XFREHIFM
Figure 4 Effect of salinity on CODcr removal
efficiency of strain A20.

MERIY N S%, B ER VR (14 [R) e X B A A
K AP0 S ma A5/, CODer 2 bR 11
TR RN K, T2 TR T N R R PR K PR
MR MEENN R 7%—13%0F, % CODer 2 %5
MR, JLHIETE 13%E60F, CODer Z[5%
R 20%LA T o 33X AT RS R R 3 bk T AR AR A%
Miif 3% — 7 Y0 A b 43, AR SRR 4 % K b R
Srid BT 13%), 2@t sl w e R
gt K Wl 7 50 % A W 1 A i st A R R
A o P BRS04 7K b T SR A= s S B R )
D, WUEMITEAS RIREE T A A7, HARSHK
RN, XF CODcr ZEBRFRS = H:—E i,
I, SRH 5%ER 7 RIS AN KA T Ja St oe
2.6 EMEXEH A20 B CODer EBRER
A

B A T e 5 i PR 7K Ah B AICARE 1) R
N2, e fp o] I — e FE R Esmib A Al
TSP R BRRCR . W 5 R, SRR
F 1% 15%Z 0], Bl EF a3, 15k
A20 FPERASENE KR CODer 25 [ 3t 3% Wi 1
e MHEREN 15%H0F, CODer 2B % i
i, B 63.6%. MIEFEN 20%HH), CODer
FeBRR R L T R, X AT e -5 RS A K

00 ——1%

3%} (98] £ W [o))
[} (=} (=} [} S
T T T T

CODcr removal efficiency (%)
=

[}
T

(e}
—
[\
w
~H
W
[o)}
3
[ese)

t(d)

5 EMEITEK A20 B9 CODer EPRER SN
Figure 5 Effect of inoculation volume on CODcr
removal efficiency of strain A20.

W BR P SR RN A A O, Iz AR
Yt Z 3 E X R AR R, A
o B AT OBERS B P2 K o BT G A AR
o 7E—EVLH N A20 B R,
CODer KB EBk R, Hefhitia id ds BBl s
Spe MmN . BRI, ASSCI H E AR A20 i
FEHERI & 15%.
2.7 pH {EXTE#k A20 B9 CODer ERREH
A

fAEYITEE B pH YL A fEEAT IE %
WA R ARG B, I A RO AR I K s
Yr. IWEL 6 RTLUE Y, YWk pH i
TR 5.0 B, BERE A20 XHZEKH A CODer
EBRREEARCNT 40%). 4 pH {HTE 7.0-8.0
N, Hkk A20 B CODer £ FHEE, N
65.1%. £ LTk, #E#: pH 8.0 WiAE A% K it
L
2.8 EEXE A20 B9 CODer B EM
=AU

TR 0 1 A B e LA B AN T il 1Y
WAL, R A5 RN 2 R AR T B A 0E A IR
W& 7 fiR, 7E20-40 °C R ETE RN, ZE bk
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1 2.9 BESER A20 B9 CODer XBEE
or A

W
S
T

B A 2 A 02
BRI T, LI 2 T 3 7 0
B ORBIEARIE R WK 5
FE 13.9% (1), FIFZEIREACK 3R 70 B
B SR ALIAAINE . W . IERERTLE Y
SN, R TR S EOUR 1 CODer fii 77
e TE—E M2 5 (K 8). AN IR 2 HEM

ot e T S T Y BUIF AN BERE SERR ) CODer (i, BBk A20 2R

HIRS B K A 2 ST 0 CODer (AT RS ,
B6 pHEXIEIK A20 8 CODer RIREMBM  prosesyy sp00. S oM BB AT EIRTER T,
ootoney of st g, O COPETTEMOYEL kS By A 5 TR CODer (HEEE, %
R AL 33% 2 A7, MR TIPSR K 1 A

[\ (% +
S o S
T T

—
[}
T

CODcr removal efficiency (%)

S
T

70 r o, Y 2y N Yizan = =3
[ 20 B SIS B R B 82 5
& 60 —A— o N Yl 7y y
e W . ES ISR, S B
50 e PEAKAS B 19 R A
el BI5E W1, 16 0%-24% NaCl Yk BTG IE, 35
é 307 AR & (Halomonas)BERE AT AR K B0, etk
: 201 NaCl¥ N T 1%-4%"2Y, Fol A KEEA T
s 1r 25-30 °C21 e pH HAT 7.0-9.024, ]
o R wIBE . ek . BEWTRIZLBEVE BRI, T
0 1 2 3 4 5 6 7
d
HD 12000 —=— Glucose
. . , —e— Starch
B 7 RBEXTEIGE A20 89 CODer EBEMHM 3 1) g00 —+— Sucrose
Figure 7 Effect of temperature on CODcr removal £ ~ v Lactose
efficicency of strain A20. § 8000
% CODer I LBRA T 1k 40% ) 1, Horbr, iz § 6000
- B 3
N30 °C B, BkE A20 M9 LBRREE, 5 4000f
65.1%. MILIEA 20 °CRY, Hitk A20 XIHIEREHY O > 000l

JEIKH) CODer ZBRFHAL(40% A7), XAl R
B 2 ph T TR eI T 2 0 R ‘@
ZE R, B A20 £F 25-35 °C WIIEE L

R LIE, RIbE A20 £ HIEEOE g o pemsta A20 8 CODer XB R

o . 4 2 2 B A yE
AL XA 018 I e A AR B, e PR L Figure 8 Effect of carbon sources on CODecr
A 30 °C, removal efficiency of strain A20.
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SR X R R R SR A ) SR TR AR A20 7
AbFRER E R 5% I MRS B K I, f B
M 15%, fi& pH (EIEFIN 7.0-8.0, feid i
h 30 °C, FEAMINEERE R xRS #h% /K T CODer
KBRS

2.10 MR EAMLER A20 BY CODer %

GRS
HT B R SE IR A5 R al J, X RR A20 A9
CODcr 2 BRAGEMAEIR A 3 4> [H Z 2L

pHE AR, BEEBGX 3 4 2K PE—25 351 7 by
% . #d Box-Behnken iXIG#L &, 157
CODcr ERFR(XT pH (H(A4). WHEB)FIHER
HO)X 3 ANEEM R L0 E H
Y=65.98-0.254+0.73B-2.48C—~0.494B—2.96 AC+
1.01BC—14.374>-5.79B>-9.25C*,

T AR R AT A, RS gE R
B, 2R i PER S P=0.000 7<0.01, —

x5 EHA20 RIS ENFESHR
Table 5 Analysis of variance of regression equation
of A20 strain

HIR oA AmE HJy FE P

Source Sum of df Mean  F value P value
squares square

Models 1600.52 9 177.84 16.080 0.000 7

A-pH 0.49 1 0.49 0.044 0.8395

B-T 4.27 1 4.27 0.390 0.5539

C-inoculum 49.23 1 49.23 4450 0.0728

volume

AB 0.98 1 0.98 0.088 0.7750

AC 35.15 1 35.15  3.180 0.1178

BC 4.07 1 4.07 0.370 0.563 2

A2 870.02 1 870.02 78.690 <0.000 1

B? 141.16 1 141.16 12.770 0.009 1

c 360.16 1 360.16 32.570 0.000 7

Residual ~ 77.40 7 11.06

Lack of fit 77.40 3 25.80

Pure error 0.000 4 0.000

Cor total 1677.92 16
. P<0.01 Wi ; P<0.05 NI
Note: P<0.01 is extremely significant, P<0.05 is significant.

KRG ZEFREE, BASRIFHEL,
DA Sfe 10000 5 D51 25 %oF T AR A20 B WA 2 7K
CODcr fH MW . 3 PR ZEXT CODer £BREK
M FARIR R« e pp > >pH .

Kl 9A il 9B MRS A K ThiE If pH {H 1
AR B X TR MR A20 BB B4 K CODer
HRY5ZM, CODer ZBRZEREHE pH E A K
AR LIE . 2 pHAE K 8.0, TN
30 °C B, PR A20 ZBRBIFEE4E 7K CODer {8
BRI, 51K 9A Fil 9B 45254, & 9C
1 9D H Bl MRS R K TP IR pH (BB BE
A20 HEFPE RSN, LA E 9E il OF W Bl #
PR A20 422 R0 FNEE FRIEEE GBS N, CODer 2Bk
AR P N S DN

M 7 TR ASS TR U0, WS 40 KRS 1R
. BEFRIRERE R A20 FRE 550 8.0\
30.3 °C Fll 14.1%HF, FEkR A20 PG G4 & 7K H
CODcr MR m N 66.1%, ZSLHKE, 78
A FE 451 R 52 bR CODer B3R K 65.4%,
L WAE i, X IR R A §R S
3 9tk

BERE SN K AU A = W B A LY, T
HEA SRR, 20K b B ok T
RKRMBPREL . HET, ZE KR F 2R )
BERNAL 2, (AAL PR ALAS B, T L
WHERE . SWLIEAHEL, AW A mak.
LU AR SR 05 o A 5T R AR W 2 il 4
b 75 Ak PHOBERS 15 16 % 7K (CODer 3 952 mg/L),
4 HRT & 48 h Hf, CODcr EBREREE, N
86.0% 5 SR JH DR AU ik A Ak B A 44 A 7= PR
7K(CODer<3 500 mg/L), CODcr £RZTE 80.0%
PLEPT r“ﬁﬁj\ﬂﬁﬂﬁ}}dﬁiﬁﬂ%k%‘?&%ﬂ%ﬂ%
(87 mg/L), EFRRAUHA 42.4%%; KT xubd:
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Figure 9 Contour and response surface of removal efficiency of chemical oxygen demand (CODcr) of A20

strain affected by the temperature and pH (A and B), inoculum volume and pH (C and D), inoculum volume
and temperature (E and F).
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BRACH, IR A FH P 5 106 1 A BEOMERS M
K, HikKESMET 3.0%0, CODer Fl
NH, -N B35 518 84.7%H1 92.7%, 4k )
FA 2 9015 W 2 i S A S 7 i Ak BEUBRORS 1 52 K
MK ER AL 4.5%KF, AT R R BRIZ R K
A HLIS YY), CODer #1 NH,-N E[RR&0%
SAE R 91.5%H 927%™, Z RGN HITE
WXt I N A B AR E Ia A TR RE A4S T 2O B
YER, iE—20 R F e 7 B R b T b B
DR A Y R R, SRR,
1 J& (Halomonas) B & F 58 h 1 43 09 14 /0 2% 7
BEY, TESS THBE KRR, W
U, HAA VLY A RS B RE S it 52 MRS B
KR ER A I & AR L W B, T LAfE
DASE IR BRSS9 7K A T 02 B A 4 8 i
TE R I 1 A WLARGE o 8 T RBGX SE 29
AR, AR AR 3R R AL BB A
BRI K I 22 A P B SR Ak R G 3 1 T e
TR 18 RN, LI, A6. A26,
A29. A31., A20. A32 X 6 KRNI RENS LIRS
B K Ry W — R R R AT A R A, P T B
A20 XF 5%ER 7 BBERE G IR K CODer Z:Bi K
ARy, T H AR H AR R LA R 5
B AR . BRE BN K R4 A1 pH B
B5 37 I B AN IR R R A20 R % KL
Rgszm, HAPEE A20 X 5%Eh 0 iRk 4l
JEKH CODer £BRFRTE 60%L) Iy HE—Aid
Mg o7 THT VL A e ppi . pHHEL . MR 3 MR
R HABEAE X R A20 2 B8RS 40 % K b
CODcr W52, 4 pH {HA 8.0, N
30.3 °C, fEMRN 14.1%00F, ERk A20 XF 5%
RO AN K T CODer 25 Bk Hdp i ik 2
65.4%, JprnEh . e FEARORS B K i Ab B4R
BET 0 R A P g U8

BT AR AR o8 IR . Ehakih . R

SEDOERIE TR A B ik HH A TR ER PR RS 2R K NaCl
WS, M ER TR 3 R LT R TR (20-50 /L)
i £5 P (50-200 /L) FH#K i i £5 74 (200-300 g/L)
XK, MAESE 43 125 07 128 i WA B %2 7K o
i TR R PR A20 S b BT ER R A ML RIAG SR . R
I & J& (Halomonas) GE W% 7= 4 35 i & 4N 2 %
BT, GnpaEmERE , DAHRHUE AR E . Fh R
AMEA B B PR IS Y RE T, AT TE R B
RO R R AR A, T H R R T, H
A LA R P P RE S, i HLRERS
LR BRBED Y, BARE A KBTI T X
PR TR & (Halomonas) 1) 57 B AL €, HEE
AT ) 6 P TRT 3% A R M I 7K I 9 i A
DL o AHIFZE O B 1 B AR A20 HA DLSEPR
R ER | R COD Vi BE PMRG 4 1% 7K hy i — 6 ot
HEAT AR AR, T L RR A8 A 0% e WA A 12 7K
AP RS BT, RIS A AT A
SERR N FME AR AR . AR — TR A20
f) CODer £ BRFCRART Lk /A= ik, HAT
A HA A S E R E A4S, [H
I3 T R AL AR G IR kR RO R
SR PTEE  ShE ) RE i R G I T Ak 4R
FHOR SRR A7, AR K 1 b 3
B, LR LT, BRENE K EA KRERR
Yy, 5 R R (Halomonas) B 8 53 5 fil
KR IIEE, KR A20 BEUSKEHIRG B K Hh )
A FH W) T S AR B F R BT, T R
R IE K ) CODer fH, 1 H HA % & iy i
IREE MR EE N M, FE S . R A
B K B FoAth 52 4 P oK v A 4 sk 2L A BF oY S
I FHHE

4 G

(1) AW 5T AL IR AG 410 102 K 79 22 9 A 9
B AL R GG TS Je b s e 2] 18 FRAH
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W, WA, Wik A20 X 5%
WA 60 1 7K R A sl R A i, AR X B iR A20 1Y)
TEARSHE . AR R S @S R S
KBTI 45 L R R A20 J& 58 B 1 )
(Halomonas)

(2) SRR K AR 5%, B R
15%, pHAE M 8.0, IEE A 30 °CH}, Hkk A20
SIS B % 7K H ) CODer 22 % 7E 60%LA | .

(3) ARk mn EEEE, TR A20 B AERE
fift 25 pH 8.0, WREEN 303 °C, #EFhEN
14.1%. TEMRAET, TR A20 SPRPREEEK I
CODcr 2PN 65.4%, Btk A20 NURER LS
R RV B TR BEORG B E AKAE S ME — A K iR A T
PhH, M EAES AN . SRR K, ]
VER— Pk R AT R BRI G IR A 7 AR
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