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X HIEE K B9 COD (k22 A 2) . TOCCR A HLE) . TN CEE) R R4 & (81. 04+2. % . (8l.2+
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60.0) mg/L, 33T F T Tk & /K 89 18] 32 HE W bR #E (GB 27631 —2011) (COD<C400 mg/L), TN 4 (16. 6+0. 1)

mg/L, 35 8 H HEH AR #E (TN<<25 mg/L).,

25 UE — B W AL B S L COD (120,047, 0) mg/L,
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PR LM S 28 35 BT 7 552 30 25 R 5 114 e 2% 1
SR KR Sk T o R FH A B 7 A ik 23 B Atk B T A
b 75 K AL B 3 P T U8 5 I % K R KR B T
ST A Y5 K AL BE TR R R A R R K, KB
(121 °C, 30 min) J5 & M. K G W K K B H
COD 3 500.0~5 000.0 mg/L.TOC 330.0~600. 0
mg/L. TN 50. 0~ 80. 0 mg/L, TP 40. 0~ 100. 0
mg/L.pH 4.5~5.5, A5 EEREFRE RN
A AR R R R A
12 EMEE

DA AEARFR AR A9 2 . 20 B Y 5 22 QL (5
T V5 B SRR WL B AR A8 2 2% SCmR (8 J4& ik 1y Jr ik
11 2 BRSCHR 9]0 77 12 0 T8 R O 28 320 47 49 i /L B8
WEL

) MM TE R 16S rRNA K [ va B |5 51 I i K
RGERKB N, ¥ R R 3 95 2 0800, B0 0F
WS, R L 4 B DNA, KIE40 T 16S rD-
NA Hg 7 780 &t IF & 9, 51 5 508 1
W5l ¥ (5 -AAGGAGGTGATCCAGCC-3") ., J% Il
514 (5'-AGAGTTTGATCCTGCTCAG-3"), PCR
RBiRZ N 100 pL,PCR F2 ¥4 :94 °C,3 min 48
PE; 94 °C,30 s ZAE; 56 °C 1 min iE k; 72 C,
2 min¥Ef; 30 NEIH, 5 72 'C ZEMP 7 min,
PG W2 1.0 00 BB W BE 5 HR UK S 1, i 4 3
pMDI18-T # #&. /F AT % . I % 1k K I 47 &
DH5a, T #4& L #y38 H 51 9l & 16S rDNA JF
1) 0 AR R A = i R /S

B0 A5 2 5 45 5 5 NCBI Fp R BR 3 28 1F
17 Blast HCH 4 #T , [R] R 358 B — 26 5 4R 36 2 1) B ik
T AR . 50 [R1EPE B Bioedit 58 B, #F AL H
MAGE 4. 0 L& 4B i # # % (neighbor-joining)
P,
1.3 AEARBEEREIABEEKEDEBRHNI T

DATE pH T B A LML X B K 5 % i
TE 500 mL HEFE IR 2 A 100 mL @ HTE %K )85
HpHME=E 4.0.5.0,6.0,7.0,8.0,9.0,10. 0 f
11. 0,4 LM DL 5% fy#e & fin 25 © K B A i V8
AKH,30 °C 200 r/min ¥ 3% 72 h, ¥ 5 7E 12 000
r/min B0 5 min, B E COD, TOC, TN,
TP, DA [AIFE A #AE AN 2 3 AE vt B B A~ b 33 3

NEE,

2)ANTA] 6 BE R Ak LML X I R K 1 B i
7E 500 mL HEJE B 2 A 100 mL 4 10 & K , #735
HpHMEZE 7.0.% LM1 KL 5% M EIMAL X
TR R TR K B8 B R R BE 43 0l Dy 15,2530,
37.45 F1 50 °C,200 r/min FEIRF % 72 ho ke ST
12 000 r/min B> 5 min, B_EF M E COD,TOC,
TN.TP, DA[RIFE A BEAR S 32 B8 A fy it B8, 44> Ak 2
W3INTER,

3 ANTRI B R LM FA A 1 ol o X6 11 3 222 K 1Y)
fi# . 7 500 mL HEJEIR H1 4 A 100 mL A9 6l & K
P H pHMEZE 7.0,% LML L 1%.3%.5%.10%
F 15 %0 B $ R LI A B K B ARG I % K L 30 °C
200 r/min & T8 3% 72 h, BEATE 12 000 r/min
FE L 5 min, B E COD. TOC. TN, TP, LA
[ A Ak AN 422 1 R 6 R RS A PR 3 MR
14 BE&MTHEEE LM1 X & B & K8 B 7 th 2

FE 500 mL HEFEH A2 A 100 mL A9 KK
Wits pH R 7. 0, 85 B AR LML DL 5 %6 /) 4 A it i
A B K % K FF .30 °CL200 r/min £ T
JREEFE, B:FE 12 h BURE, B 5 12 000 r/min &5 .0
5 min, ] LM E COD. TOC, TN, TP, & A H
X R LR AL BR 3 AN EE
1.5 FHAF LM B IFEERBEKNRE
A 18

AP H KT 12 000 r/min &L 5 min, B 1
WA Ay 25 15 B vy i AL BROKFE . 7E 250 mL BEAR b i
A 100 mL W KEE, TE FedE W 25 F FH 1 mol/L
B HCLE BT pH 2 3.0, B Ay 8k e 1 ik
B E R 200 mg/L it E AL SR FLY % 20 mL/L,
W H TS AE DF-101S #9482 P X IR #4100 8 2
FHEEE 5 min J5. 3 000 r/min &0 10 min, ] FIE
F 1 mol/L i NaOH W75 pH 4 9. 0, X B} i i v
9 Fe® " 2377 A K i 2L BEDUUE , PR AT PR L B0 10
min, B35 WAE R R KR
1.6 EEHHNR A ERNEE

fii FH 2 A6 W] WL 4y O O BE 1 (UV-1750, SHI-
MADZU,Japan) f£ 600 nm #1 475 nm 4b 43 ] &
O 9B R A TR AR BRI L 0 B I AT T g ) T
& COD, J7 ¥ J& ] Hach DR 2800 43 )¢ % J¥ 3
(HACH,USA)7E 620 nm J K Ak #E17 COD #y il
E. BA ML HT L Multi N/C 3100 (Jena, Ger-
many) T TOC F1 TN A9 52 . R FH 6 1 i 32
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Table 1 The biochemical and physiological characteristics of strain LM1

i H Ttem 45 Result T H Item 45 Result i H Item 45 Result
VEH K fift _ V—P XK - 2 2R R -
Starch hydrolysis V—P test Maltose fermentation
O B K B B T 6 . A% B B
Gelatin hydrolysis Citrate utilization test Xylose fermentation
R 11K B WAL AR N FOkE B -
Casein hydrolysis Hydrogen sulphide test Raffinose fermentation
22 fik e 0 i GikaLiv-als i Ly ARl P e _
Catalase test Glucose fermentation Sorbitol fermentation
I i 5o B 20 A B i R B
Indol test Lactose fermentation Glycerol fermentation
20 B e -
Methyl red test Galactose fermentation

1)+ . BHME: Positive; — : BAM: I W Negative.
99| R. aetherivorans(AB546298)
R. rhodochrous(AF439261)
R. ruber DSM43338(NR_026185)
92! Rhodococcus sp. LM1

” _{713. zopfii DSM44108(NR_041775)
35 R. rhodnii DSM43959(X80623)

34 — R. pyridinivorans(AB506120)

98L R. gordoniae MTCC1534(AY233202)
R. phenolicus DSM44812T(AM933579)

99| R. triatomae(AJ854056)
R. corynebacterioides DSM20151(NR_041873)

65 R. equi ATCC33704(DQ150574)

93 L—R. opacus DNP14-9(AY027586)
00— R. wratislaviensis(AY785742)

80

86,

1
R. coprophilus(NR_029206)
65 R. erythropolis DSM43188T(X80618)

0.002

B2 ZE LMK 16SDNA RN RSKLE#H
Fig.2 The phylogenetic tree based on 16S rDNA sequence of Rhodococcus sp.LM1

2.2 H# LM1 16S rDNA 447 4 16S rDNA JE K IF MR . 75 NCBI f9 A% 1 IR 4 4
LI Rhodococcus sp. LM1 )5 DNA BN, FEP 34T Blast HeB o, 85 R £ LM1 5408k
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Ja B OR 22 B8 T ol B AR BLBE S8 3 97 06 DA b b R
R. ruber DSM43338 [#J 16S rDNA J¥ 51| A7 100 %
BIAH LM, M 5 R. rhodochrous M R. zopfii
DSM44108 2 T bk 9 AL BEE A ) 9904 .

WHL Rhodococcus J& " [R) P8 M 55 00 &8 Ak 3k 47 1L
B MERGERKEME 2, HE 2 T LAE . LMI
BB 16S rDNA J¥3 5 Rhodococcus J& HF 22
AR PR, S O E 0B T R R R.
ruber-" & F i R 05 O A B BAT R Tl
JEIK e T LT LT3R (R. erythropolis)H Z [a] ()
2SR,
23 A EK#E pH EX £ B RAZ I

HiE 3 AT WL, pH 6. 0~11. 0 41 F Btk LM1
o e ROR B RS E L Horp X pH {2 7.0 i, COD,
TOC.TN 1 TP [t R m., EHHELMHT . LM
XK A BASCRAR AT BE C 238 B T K. R
K E) H A OH - J2 8] 42 00 A= 9 0 A 7 2E 52
WE 5 SR T T A T i s Y 555 TR (B D L B
JI% 5y 388 3ok 20 B T 0 e B S HE AN EE R T2 5K
LIRS SN TR A R N O RE S N S a7 N e
B, UL R SRR B SR R pH 7. 0 A FT IR
KR hn pH {H.

—— LA E R COD A% TN
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Fig.3 Effect of initial pH of the liquor wastewater
on the biodegradation of LM1
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RN RIS NE SR i SO o e R AL R N N
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N (66. 640, 1) 00, FE BN N 1500 W [ 2

54. 48 Y0 . i 5 Hz B ik 1) 15 K AR W % IR K I B A
IR WA 24, FTREZ B F LM1 & 4 %
B AR R b, B 32 A D B B AR, 72 h S HEIE IR
PR SR AT DLk 45 i I TR AR MR B . P X 4 b i Ry
5%, COD 1 & fift b5 i o
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Fig.4 Effect of temperature on the biodegradation

of the liquor wastewater by LM1
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Fig.5 Effect of inoculum concentration on the

biodegradation of theliquor wastewater by LM1
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figt FsF I) 18 JE K A0 A W o I K ) AR it SR A T 4 R . A
12 h # 24 h,COD.TOC, TN Il TP 1P fift % ] i,
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Fig.6 Time curve of LM1 on the biodegradation

of the liquor wastewater
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5 85 1R I K A T 110 R T W A AR AR B AR A 37

LM X 7K 1Y B fife 5635 3 i R AE, COD (475, 3+
60.0).TOC (64.1414.0) . TN (16.6=+0. 1)l TP
(15.7+0. 1) mg/L. Z®E K LM1 Ab 3 i % /K F
A9 TN IR E] T Al Tl K (GB 27631 —2011)
() B HE bR ME (TN<C25 mg/L), COD #5fF [a] #%
HEWCbR #E (COD<C400 mg/L), AbFHw) ], LM1 #
AR A, 45 s R AR R BE B, X CONLP
R R fif R B A TR . S5 T TP 19 2 BRSO i, ]
Al A2 2 TR I N B R P T 3B SR RUIURL T B
2.7 ZFHk i | K R R R
St AP A COD iy (450, 0 +
50.0) mg/ L. UL 7K i A7 75 F8 43 ME 2B W) 1% file 10 A
ML) A TG — R AL B, Gk 2 B L 25 Ab
RS, B AR N 99. 8%, TP KA # Z: K. COD i
(120.047.0) mg/L, ik ) 17 4 HE A fE (COD<<
150 mg/L, TN<25 mg/L,TP<<1.0 mg/L),
®2 FWHANEURBER

Table 2 The Fenton oxidation tests

EERan AR BAIR BA BB BER
Parameters COD TOC TN TP Decolorization
LA B
PRBREE/ 100 01 3604 13.34
(mg/L) Residual 0.1 /
. 7.0 3.5 0.5
concentration
/Y 75.6+ 55.64+ 14.2+
3 R 5 55 07 ¢ 99 8
Removal rate 0.6 3.7 3.2

3 W #

A 36 RS I ol 5 K A 3 R A T Ul
B 1 R AE LA 5 10 R K AR Sy ik — i 5 A RE R
PEATAE R A . W MBS WS A 16S rDNA J¥
G R 43 AT, W25 45 8 LM S 2L BRI J& (Rhodo-
coccus sp.) o HRRFE A I R WY, K W) 4R pH AN
T EE E 135 52 W LML Y B i R0 452 b i B9 52 i
WZ ., A5 R R pHIE N 7.0, 5 R %
RIS A ML, (A5 Shen SFHY A5 A
B Rhodococcus sp. NJUST 16 H B N 5aiz 1y pH &
FELAN[R] T RE 2 T T R Y B B R Y 5 AR BT 5
e IE IR 30 C L Lu VT HARIE T 1 ARAR AR
FF R G % 1% T8 R. ruber L4 BY A [ IR B 30 ~
37 C AW il i o 506 7E Fe fE 25 4 T &b
U R H 7K TNLCOD 9 5% 4% W B 3k 21 HE BObr
28 5 A — 2D AR L K B A Rk B T gk
EEHEObR M. PR, P R K & T Bk LM 4b B
JE AT IR AL PR RAF R K TS, Ah, e
T Wy e ik 1 K 8 T A 27 O 125 00 A7 R B2 Ak B B sk

B T T SRR AR W R VR A T b B
P,

124 [ N ARk 20 BT B B A B R K R
FHAAG T AR BCR, BT L B AR
W i % W [ AIG € AN 42 55 COD 2 i R,
Jain 0 A 4 ol 75 K b B 09 35 15 T b A
By Hh 3 R R IE AT R SR S L A Ry B LR LB
REZFALFF B R ZE AT B BT T /K COD
FEE LR 05 55% ~68% Al 38% ~58%.,
AT BT FH A R A 2 43 B 1 T Al 5 K AL B
(AR A TRk » P 20 Bk AT A 19 0 K L T DR
WARAE A T AT L0 ER B AR R i 4
1K B R AL R A T IR B . S e aE T
3 A T R st 3 A v 1 AR 7 0 ok ) s TR R ) B
HLEE, JF6 LML B R 48 A B 2 B 2% 5 25 1 4 1k
R L S Tl R H

2 % x #
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Identification of a liquor wastewater-degrading
bacterium and its optimal conditions for degradation
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Abstract A bacterial strain LM1 which can aerobically degrade sorghum liquor wastewater was iso-
lated from the sewage water sample of a sorghum liquor manufacturer with dilution plate method. This
strain was identified as Rhodococcus sp. based on its morphological observation and 16S rDNA sequence
analysis. The characteristic of its liquor wastewater degradation was studied. The optimal conditions for
degrading sorghum liquor wastewater were pH 7. 0,temperature 30 “C with 5% inoculation amount. Un-
der these conditions, (81. 0 & 2.4) % reduction in chemical oxygen demand (COD),(81.2 &+ 4.1)% re-
duction in total organic carbon (TOC) and (66.640. 1) % reduction in total nitrogen (TN) ,and (72. 7+
0.2) % reduction in total phosphorus (TP) of the spent wash could be achieved within 72 h by Rhodo-
coccus sp. LM1. The value of COD and TN in effluent was (475. 3+ 60. 0) mg/L and (16. 6 +0.1)
mg/L,which were under the highest concentration of the second discharge standard(COD<C400 mg/L)
and the first discharge standard (TN<{25 mg/L) of water pollutants for fermentation alcohol and dis-
tilled spirits industry (GB 27631—2011) ,respectively. The effluent was further treated by Fenton oxida-
tion as the advanced treatment,and the concentrations of COD, TOC, TN, TP and de-colorization ratio
were (120.047.0) mg/L,(36.0+3.5) mg/L,0.1 mg/L,(13.3£0.5) mg/L and 99. 8% ,respectively,
fitting with the standard of discharging wastewater.

Key words liquor wastewater; degradation; Rhodococcus sp. ; chemical oxygen demand; Fenton

oxidation
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