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SEFUAT R (Virgibacillus sp. ). WA J1 AT J2 ZE 4L CM Bi e 5 A3 B AE K A0 1R 30°C ,pH 4 7. 0, NaCl (¥ B2 i [l
H5~50 gL' XFERERNE K A B ) e AR A 25 88 < TR 30°C , pH 2l 7.0, NaCl ¥R 30 gL~ 2R J1 F1 12
¥ 2: LIRFR L BR &5 TERE A E A AN 10% B, ST ERAR R K H COD 12k R 5 .
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Screening of Epoxy-degrading Halophiles and Their Application in High-salt

Wastewater Treatment

WANG Jin, XU Zhen, PENG Shu-chuan, XIA Ming-shan, YUE Zheng-bo, CHEN Tian-hu
(School of Resources and Environmental Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: In this study, two halophilic bacteria were isolated from activated sludge in the epoxy wastewater treatment system. The
strains were identified, and the growth and degradation characteristics were investigated. Strain J1 and J2 was identified respectively by
morphological observation and 16S rDNA sequence alignment analysis. It was found that both strains belong to the Bacillus genus
( Bacillus sp. ) and branch Bacillus ( Virgibacillus sp. ). The optimized growth condition of strain J1 and J2 in the high salt CM culture
medium was as follows: solution temperature 30°C , pH 7.0 and 5-50 g-L~" of NaCl. Furthermore, the best degradation condition of
the organic epoxy wastewater was: temperature 30°C , pH 7.0 and NaCl concentration 30 g+L~'. When the volume ratio of bacterial
suspension mixture of J1 and J2 was 2: 1 and the inoculum size of the composite strains was 10% , the highest COD removal efficiency

was achieved in the epoxy wastewater treatment.

Key words : halophiles; screening; epoxy; high-salt wastewater; identification
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RFIFEHL (sludge volume index, SVI) ¥ | K
H: Ak 7 48 12 ( biochemical oxygen demand, BOD,) .
B IFPEEAR (suspended solid, SS) F &, M H M =k
78R TCER P A B B L AR ER PR Sy e Eh PR A
FEA RS I RO A R K AR A Ak B g
AR & PR A AL BT AR AR T —
SERYER MR, 7E A AR U E AR PR B ER ) | R |
K M ER AN R R W b Tz AR A T A R AR
JEE B4k ARV R AL 3 g okl R R A 1
FETE N e 3R K () A AL BRER AL T ORAIE. PR okt ok
— 5 BB EERG IR 1T LA 2 ) 5 28K 5 YW FR AT, B
TP RE BA TR = 1 L MR e 0, RO $R mi AR ik
PRACR 5 T H5 38 38 A Yy 2 BRE AR L O 1 2 1Y
I TR X B2 1 7 A A AR e 1 3 I D B
BT/ L0ES s i 1) 2L T RN IS I A UL [ PO}
o BRI KA T A A5 W A B ) DGR M R AE T RE
0 108 0 R R T8 A L) BAT — T e it S8R R g R
WL E BT Lk, A SCRE A 21 SR AR 1 8 8 5 1Y 4
EIEHE AR

ARWFFE IR SRR K A=A A B R G A T TS
Y o3 B O ) VB R A, X R AT TR o 2 Mk
KR PERERT 5%, [ i i Ak 45 & A AL AL B T
20 0 R g SR T B B A LA B R e AT
AR AL B,

1 #RE5FE

1.1 I5UkE

BT BUE A TABR A A5 KA T A
it
1.2 53
1.2.1 EAERFRHE

T &£ EAAEY, RHEREEA R
ARSI AN S o L7 BEER 10 g- L7 &k
1.3 g-L7' ,pH{H 6.8 ~7.2.
1.2.2  PERETRER SR

I CM AR TR SRR 7.5 g- L7 WD)
FH10 g L7 MR =48 3 g- L™, MgSO, - 7H,0 20
g-L7",KCl2 g-L™",FeSO, -7H,0 0.05 g-L™", NaCl
MRART RN, pH 7.0. FH§ NaOH F1 H,S0, 875 1
FRHE pH A 7.0 25 Aa; [ R 8% % 0 3 iE B
2 g-L7"; 7E 121.5°C , KA 20 min J5 85 H.
1.2.3  FRE IR )2 AR KR

R CM 5L AR 7.5 g- L' BEBEF 10
g L7 FPBERR =N 3 g- L' ,MgSO,-7H,020 g-L ™",

KCl2 g, FeSO, -7H,0 0.05 g-L~',NaCl 50 g-L~",
pH 7.0.

TCHLER MS 5374, NH,C1 0.5 g-L.~", K,HPO,
0.5 g-L™", KH,PO, 0.5 g-L™", MgSO, - 7H,0 0.2
g-L7",CaCl, 0.1 g-L™" NaCl 30 g-L°', f{H It &
(mg-L™") 1 mL; FeCl, - 6H,0; CuSO, - 5H,0;
H,BO,; MnCl-4H,0; ZnSO,-7H,0; NiSO,. COD %y
1 g+ L™ BRI R E 7K1 000 mL. pH 7. 0.

DI b3 3R B 9T 121°C 35 K 14 30 min J5
% H.
1.3 FEERRER Sy Sl

BOGHESIRRES 1 mL, IS 100 mL & EH 37
Ferp F30°C,140 remin ' FERRTFE 2 d; RS
mL FEWE T 100 mL & CM MRS 5T 53 d
Fi& 5% $5Fh i 7 B 00 i 1 v Eh CM VR A 3 9
o IR A AR R R R T ) NaCl VR 2 7. 5% , fix
Ja B WA 107 1077, 1077 107, 1077,
10 ~° 328 A% B 5 R DAV, TG TR B8R R 4 BB 0. 2
mL AN [0 B R BE RN IR 0 T 7. 5% =i 8k CM K
FEI L BB R IR T 37T CHIRE 740, B R 2
SEACK H PR T UL B T

TE T A AR A LR B — T VR E— 2D X TR
TR B PRI — TRV $Mh TR 85 R 5 5L
R LT P B (A A2 5 18—, L B A i A B A8 3
— 5, IR R sy, M EEEE, KNS
TR AFMATE S IR D 5%, B A8 st I5 20 T
RHE S FREE AR AR ORI T 4°C UKAE 5 H.
1.4 FEbREE
1.4.1 4ifiiss

i 280 17 7 A A BRI 2 PR Y 8 )5 R T e
WS R T R TS K, e T I 4 b B
J& , 125 Sirion 200 FE-SEM fH0E 25 W22,
1.4.2 45 16S DNA PRIk R 50 % B

X HE AR R AR TP 0 0O B R SRk R B UNIQ-
10 FEUAH TR LK 2H DNA B a0 & ( i 2E T0) X
FER TR  BE TS DNA B4l & &, 3R
41 16S tDNA 1 @ JH 5l ¥ ¥27 (5'-
AGAGTTTGATCCTGGCTCAG- 3') F1 R1492 ( 5'-
ACGGTTACCTTGTTACGACTT-3") #47 PCR ¥ 4.
PCR % 50 pL /& & : DNA Bt 1 wL, 51944 1
pL,d NTP mix 1 pL,10 x PCR buffer 2. 5 L, Taq Hif§
0.25 pL, it dd H,0 %] 50 wL. ¥ HFEF.98°C 5
min; 95°C 35 s; 55°C 35 s; 72°C 1 min 30 s, #4735
MG 72°C 8 min. § 3G W 1% W B ARHEGE L
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B 2% 34 3%

HLOUER (FE 1), 885 R AR 2 e Tl it & (-7
AT SEAT IR, . REIAS Y 16S rDNA T 51 4
A NCBI GenBank %4 %2, #£47 BLAST X}, FH]
Bootstrap 7 ( # & {8 7 1000 ) #4174 %, F MEGA
4.1 B Kimura 2-parameter #5551 £ 3272 7 &
GiRBEM.

1.5 SLmirit

1.5.1 VEWIREE . pH ., NaCl ¥ B X 1 ik A K2 1)
A

T FE I« )45 CM R4 3E 77 2 (NaCl ¥R FEE 50
g L") WS A 5% R TR 1 )2, T
20, 25,30, 35,40 F145°C T 160 r-min "' ZKIATE IR
PRGHTR 24 h e, AR A 55 32 306 0 2 Ho il
B HEEFRM Dy -

pH 5200 DK PIZE CM YRR 35 372 3519 pH 4331 4]
W H4.5.5.5,.6.5,7.5, 8.5 F9.5, K5 EFH
Hh & B B 5% R R R J1 A J2,30°C K 160
remin " KVEEIRARG 5 R 24 h, BURE LA BB 10 85
FRIFANE RS HOD 2 KGRI Dy -

NaCl ¥ B 5200« 43 51 BC i 95 2 A /) 46 B2 79 CM
WA TR 5L T pH R 7.5, [ R & R B 5% 1Y
PR J1 AN J2, 76 30°C F 160 remin ™' /KI5 Ik 7 45
77 24 h, DLAR BT 1955 35 2R o 2 Lo TR B Y
D6OO'

1.5.2 AWRIREE . pH, NaCl ¥ B X B Ak AL B % 7K
BRI R

SIS mL 7E R ER CM G FRIE 3% 24 b Y
PR J1 A )2, TR EAEI A E] 100 mL COD ¥ B
M1 g LT AR IR K, O pH HoA
7.5,NaCl ¥ B 30 ¢-L°', T A E T, 160
remin T KRR RS B9 48 b e, BLODE LG
B COD "™ H31H5 cOD E£FR3R; @4l iF
pHE}4.5.5.5.6.5,.7.5,.8.5,9.5Ff110.5,H
BB S5 s B3l A 15 NaCl ¥R 5
~60 gL~ [R5 0 S
1.5.3 BBk I A2 ANEEA I CoD £ FRrFE
14 5 W]

PRI J1 A2 FEARRIA BT b (1:0, 301,
2001, 1:1, 1:2, 1:3F10: 1) IRAE)E, % 5% W&
T B 6 MS YRR 85 37 L b (NaCl ¥ B R 30
gL 7)), oA [ I R R S
1.5.4 RAEMEINEXT COD FBRFR MM

A3 TR A 2 B R TR TR AN [ 458 o 6
A B B MS WK B SR 5L b (NaCl ¥ 2 30

g L1 HE [l BE S S
2 HFR5IHE

2.1 WEERRRIVYIIL B

Wt E AR 5o PRIBCR TRV, IS 5] 5 bk
WEER TR . DA IE AR i AR R B X e AT AT BR
AR B PR K 5 A e PR B9 DU a2, K FE Y COD S 1
g L7 GALANH B 35 ¢- L7 SRR 1 R,
oS PRI £R R 7 v HL ARk RE A AP 1Y 2 BRERAE

R1 AEEHRIN GRS EKBERELEN
Table 1  Degradation ability of the epoxy resin
wastewater by different strains

=) N ) 3 J4 5 MR
COD Efr®R/% 48.8 44.2 38.8 39.5 19.1 17.4

2.2 FEERTARRMIEA SRR

REERTR 1 TS IE AN EDE , BitE 6, B,
WA G RESE TSN T ~2 mm; TR R J2 SR
B, 2L 6, 13, W% R/ 2 ~3 mm.

e ARG DN AR B R AR 01 R0 02 AR A Y
TORLFRAR. 22 QY )5, Bk W EA5 2 J1 )2 18
AL B R 21 RDRE BR J1 AT 02 A 22 IR B
B OBERR J1 A2 B R20 000435 4 i H 5 R
A ntE 1 (a) FE 1(b) FR.

2.3 TEHARAY PCR ¥ ig4E R

PCR 3% 7= Wy (1 A5 DU 285 S an 1l 2 fr 7R (M,
Marker, 1. 9" 3405 d0 1,2 9 3G FE a0 11, 3. 97 G FF
). HAP R, T MERR J1 B9 16S vDNA AY$ 38 7=
Yy, Fean ARSI RS J2 19 16S tDNA 9"
Ry, B 2 ALY A B 29 1 500 bp
Lt

KU 20 1 51 M 28 PCR F R J T4 19 1 g
R J1 A2 (19 16S tRNA FE[H | [8]i PCR 474474
JE EATIN R 38 Ak T A P45 5, 20 A5 s g
A J1 T J2 19 16S rRNA KA 52541 41 426 bp il
1448 bp, # Bt J1 F1 J2 19 16S rDNA 5 %1 78
GenBank "' fE BLAST L Xf ( B # JU A1 J2 7E
GenBank H1 [ QuerylD A0 508 1el 121285 F el |
26883). ZrHIEEHC S FEFE J1 A J2 /4 16S DNA J§
S EEPE IS 2 99% LA L #4751 16S rDNA #4# &
GLRBW, K 3 PR,

M3 (a) FIE 3 (b) 35l af LIE Y w1 5
Bacillus megaterium ( B217; DQ289999 ) 1£ [7] — /3
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(a) Wik

(b) FikkI2

Bl 1 EHRJTNE 2 RBRERR

Fig. 1 Scanning electron microscope (SEM) images of strain J1 and strain J2

1 2 3 M

B2 PCREF-YEKEIKES
Fig. 2 Agarosegel electrophoresis of PCR amplified 16S rDNA

SC b HEEBRR J1 8 1 MR AR I 4078 ( Bacillus
sp. ) ; BER J2 SHCEAFTEE (Virgibacillus sp. ) %
ASTARRA R IR Rk 99% LA I 256 TR AR I AR 3 A=
LA Ry 7 4 e 45 21 bk 02 IR T BCF fAT R
(Virgibacillus sp. ).
2.4 FEERTA A S RE AR PR ER I A KRR ST
2.4.1 IR BE R

AR W oxof A Uk 1) 3 AT — 5 3 L 3 A
SRR A P PR Rl A TR L T 89 AN ) | T

Bacillus sp. PT204

Bacillus megaterium

—————  Bacillus sp.

b———— Bacillus sp.
F———— Bacillus sp. CCBAU
————— Bacillus sp. CCBAU
— lclj21285
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