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PERRHE HQ-C-01 M= EETRTIEMEMIEE"

oW, BRP%, R,
CEFIAR RS TR 5 (S O SR, T

RET
510642)

B . AENBRILIET, BT T R HQ-C-01 (Pichia anomala) X o 1 Jais e -3 (K16 54 L o m M &, (AR
WS T 50 SO AR IR . ARR Y, SO R S AR T HQ-C-01 AR RIEARDG, BEMRREANE N
2.09x10° CFU/g T-tIr, %3 50 me/kg 377 10 REFRHRIL 82.89%; AR EAEILT 106 CFU/g TN, FRAFE X7
T B AR R R S o e A o k2 S AR R VRN B B A R, B KR 600 g/kg I BEMRRCR IR, BEfRARIA 85.32%, I
MEKEART 200 g/kg I BRARR B2 . AEULETE 25°C ~ 35°C BRARTRXT 70 1 AR LA B0 IR 80 o ANT) - 338 pHL B % %
TR B A AR P AT e, (6 pH (Eh 7 I8, BRAREXT L8irh S0mg/kg 50 E R 10 RIFAIRZIE 85.62%, (AT & pH H T,
Rl A R AR 22 o B0 1 A RS T R D P 5 A — 8 (R ), R B v BT SR AR DT S A T i R AR O
T AR R AT DA FH T 2 i e o JBORT IR AR I e, (B R 2 TS

KA
FESES: X172

o [ 8, (Carbofuran) J&—Fhmsl. | itk R AY R
A, RN EEE T IRERR MR AR, T TR
o fide. ANEEL oK. KRG FITHBESEEY) . AR M B
IR A FH S B AR, AR 2% B R 1 45
Je R AR B T R RR FE Iy et o it H AR TN
SERVEYREE N RN, 7 o i 3 NS AN A=
FPAREER s [ R bR R i FR R R R IR )
W B ik B (MRL) 4 0.02 ~ 7.00 mg/kg, WK
K MRL /2 0.1 ng/LPle I H o 11 8k B O bk
il AR AN IREE, BUE IR EE v Y= Em N R kA o
Pl v R B, R ARA T N R K R
P EE L o M AEYE & — PR SR R BR B Ak
T Pis P i) J s M AR R A AR T R A
VIR IR AR B 2210 1 o [ Y R AR K F 5 3 22
SR AEIREE AR 24k B AR W) B At VAT RO IRE  I A Re E
OSSR 10, 1 S O T RS A o . AT
F8 LASE IG5 73 B 11 v v B SRR B HQ-C-01 Ry )
5, AERR BRI PO FIEAEE X e
T S G R e, [T T T R R R R 1
IR IR e, B A AR S P

JETTELG PERRTE HQ-C-01; AMMBSE,: IERIR; IR

N PP SR AR -
1 MREHZE

1.1 sy

L b SRAER AR K
b E AR 25 LI RE (0 ~15 em), 13 pH 1 5.7,
AP 36.934 ghkg, SN 0.649 g/kg, & P 0.936
g/kg, & K 19.841 g/kg, 57K 383.1 g/kg. T3id 5 mm
i, RAEAE CRENLRE L 0.1 kg, FHEMRE D, HAE
DVFRAL, DAYERK O FIE S R, e AL, LIt
Je B

1.1.2 W% B HQ-C-01 J& 5 B Rt
(Pichia anomala) H4ERS Ak K 2% A S e HEZ RS 21
RIERAT. 7E 48 h NXF 50 mg/L 75 /1 B4R R IA 5
95.2%. K> A3 BN HQ-C-01 RILAALRA N
SO A R ARG TR AL, e A R
4 100 200 300+ 400 500 mg/L . ¥ # k%1 ] NADY
Rt 26.8°C, 200 r/min 7% 3% 1597 26 B0 5 9
FREFRAE 4°C, 80001/s B0y, WO M I F i i £5. %
PIRDESE 2 . P AR h 2 1 3 T B A2 T B AR
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1.2 REAHE

1.2.1  L3Ed e [ SR IO HERAFRIL 2 g

FAET 50 ml BEE LA T, A 30ml EHRE, &
P72 S min, SR J5 208 PHE 5 2h, 6 000 1/s
By, WAE EEE Soml [, IR & ke
3 URPER N2 LR B0 . Sliek 75 RAXAE 50°C i
HRRBMIK 1 ~ 2 ml Bk, FHHTHEES: 3 IREER
BB, BB E Sml 28R, BEEEE
S5mle ] 10 ml 33 5 # N BER IS FLA% 0.45 pm AL
P&k, BB R R, DLAIIE .
EBGRAT(iE (HPLC) JI5E £t R0, RS04
HP-1100, taif k4 C18 [AHAE: (ODS Hypersil 5 um,
125 mm x4 mm), FECNHEEL, WY /K =
55/45 (v, KIPEAKSA 275 nm, 34 1 ml/min,
BEFERE10 plo AKIGAAT, W Iniafese e 45 R,
M RGN IR IRBE S BIh 5 ~ 400 mg/L 1, [A(ie
RAREIEF] 90% LA L, FEHUMA T 7iEnl {5
1.2.2 BMpax v | BRI R EUR
Z54% 10" mg/L 3R FERL A& VAT, LA 50 me/kg ifh
AT H IR 5. FRE AR LR AT S
TN R BE (B, A LR E R 0.47x107,
1.82x107.5.76x107.10.2x10".20.9x107.39.1x10" CFU/g
T, DR AR X, RN R EE 3 ANES . R
FF 3R 600 g/kg T 30°C ZEALEEFRA PR, 10
RIGHORE, R FH i 80BAH C a2l o8 v 7 5 i
1.2.3  RETHIURI LR 50 F Ja B At 11 5% 1 UE
B TP I8 LR 23 B INNAS R P 5 B g, AF L2k
4 104 50, 100. 200 mg/kg, VEZ), FRamiE kR +FE
HARRT G, b 10° CFU/g MR, AN
53 9 LAV IR [) 3R 52 TR AR 245 FLAN 422 a1 Ak B O 5o TR
FEAMEE 3 ANES, #Hl RS KER 600 gke, T
30°C AABRFRA TG SR, RIS LI K Y
1. 34 5 7+ 10 RIUFERH i 80R0RH ¢ i vk il e 1 43¢
N
1.2.4  FIESI/KEX v B 5 FH H i
BC B BE DA 400 mg/L 158 A gk, PRIBUGE T K+
(135°C FT#UKH 3h) 0.1kg, IIATE EAE 1%
T BKREE 50 mg/kg, TRA], HARKT, FREFIE
RIGHRH o IINTBERRIBERY, A LI b il e 5 5
10° CFU/g T+, A AIMAAFRR MK H K, Feaiitht
R, B M R, BLHEIKE R 1004 2004 300,
400, 600 g/kg. LLE/KEALT 50 ghkg 5t I1gab 2

R, BEANALEE 3 IRES, T 30°C AR FRAR T
I8, WRREL LHANEKS, 10 KJF KA m g
R E LI A R, VSRR g
NS Ain]os .

1.2.5 L8l B 6 o v B A 1) R FRELZS N
il S0mg/kg S H BUKIE THE 0.1kg, AR N
10° CFU/g [ 7, FH K 1R 7K R 3 + 825 K &= 600
g/kg, 3 RRAFAE 204 25, 30, 35, 40 'C EALIEFR4
R, DA 30°C B oAb s 0 L, feAMAbs 3
ANES, BERFRERNEKS, 595 10 KGR @i
ARSI v S i, JF TR B R I
JE P i

1.2.6 -3 pH X 78 F 4 A (10 5% PRI I
T8 50 mg/kg v BOK R T 0.1 kg, AT IE
pH 4 4.0.5.0.6.0.7.0.8.0.9.0. 10.0. /A 10°CFU/g
BV, LA pH 7.0 AR ALEE xR, K@K iR+
B KEA 600 gkg FEANALEE 3 ANES, SERFREAR
SRRy, T 30°C AAEEFRAH TR SE 10 K, SRl
AR LI b e B B R, VSRR e
BN ] g e

1.2.7 [ BO 3 E M 0 R Je T i AE 13
B RICR AR AR LA T FE 0.1 kg,
ANBFFRIL, (RERIRAE . WIG 3 5 ANGEE, AbEE 1 7
TAREFIIA T B A LS R 50 mg/kgs Ab3E 2 SATE
L RE i B, A BRIE A 10° CFU/gs AR 3 24
TEVE T BB 50 mg/kg B9 HREF A 10° CFU/g
BRIV ACBE 4 il AR R IR AL . AbBE 5 Al
AR KB K. AN 3 ANEE ., BERAFREA L
KO MR o AR 5 RR PR v v 3t
B, R BEE SN A 0.1 kg THOKE
IS B HIRE N 50 mg/kg. 5 K R RO
RO 5 AL PR 1 RIAR R 3 DL R B e T
i P B AN A ] 2
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2.1 KEBREEMENTABMERNZME

WE AR (B 1) BoR: ANFHERR R R B o
g v RS —E B AR, B AN
5.76x10" ~ 20.9x10" CFU/g T, 55 F bR
69.75% ~ 82.42%. “IRAAR B BRIy 39.1x107 1,
BRI, h 86.74%. Bt M a2 P2 (1) 184
KA AT o bR TR BRI, B
FHHR RO, v E BRI InRgg. JEn]
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Fig. 1 Effect of inoculation quantity of Fungi Stain HQ-C-01

on degradation of carbofuran

2.2 THEHBVRIREXNT AR
IR (B 2) Bos: B LA R AR R & B
W, ZFEEST 10 ~ 200 mg/kg ¥R FE AT B A B LT
(IR RS . PRI AT 10 mg/kg T8 FT AL 10 K BRfiRR
) 80.23%. BRARTERT 50 mg/kg 50778 10 K FARMRH 5t
i, ISF 87.42%. XKIER 100 mg/kg A1 200 mg/kg
T R 10 RBEMEZE 5k 78.35% F 75.36%. 1] LIF
HH B B HQ-C-01 ANMH R PR MUK BE M) ve B B, %
TRIE T 1 AR IR I B AR SR o 76 1 ~ 5 R 254k
AR TR B0 1 BB A R R e 22 R ORI TR
B, 27 ~ 10 RIS Ab3E 2 8] FRAR 5 25 B B4R /N o

100 |
80
S
B 60
=
= 10 mg/k
L —*— 10 mg/kg
E 40 —0— 50 mg/kg
S —4— 100 mg/kg
20 —&— 200 mg/kg
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Fig. 2 Effect of initial concentration of carbofuran on its degradation

2.3 TEESKENRTABMEENZME

WRIGLR (B 3) BoR, THEEE/KELE 100 ~ 600
g/kg (WS, Bl S 7K 118 0 B A g o) LR e
T IRl 2R R E S K 400 ~ 600 g/kg
Y0 PN o BB AR SR A e, g o T R R R
A 13.43 ~ 7.34 mglkg, FEMREXTEE PR A
73.15% ~ 85.32%. 4 HIEFIKEARE 100 g/kg B, 5
R RS R, AN 26.74%, 7K AR BFAR B
A KB BRI, 800 v B AR 25k B T AR
A LUE S K S0 B sOR s s ok . ARSE LA
USR] ) Bl 4 o i B @ BT Arthrobacter sp. #E4T 1 398R
B It A0 -3 K B <100 g/kg I B AR 2803 TH46 1]

AL (A8
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Fig. 3 Effect of soil moisture on degradation of carbofuran

2.4 TIEREN T ERERRG

LR (B 4 Bor, HFEREEY 30CH, +
e vl H N BRI 717 mg/kg, FEERIA
85.67%. £ 20°C Fl 40°C I 3 F i AE -8 1K) 5% B Tk 15
M 18.14 mg/kg A1 24.37 mg/kg, FEMEE 550 63.72%
A1 51.26%, & WAL it SO0 -1 498 v v vy jali 1) e
AT — SEARHEAE ] o 75 20°C ~ 30°C I AR 2 AN 184
K, 30°C ~40°CIulH N BFMRZ N IE. BEIIZ M BT
T R G NS RO, A R R 30°C At il
ALK 398 v o Rk R e A S A R U
2.5 11F pH 3w B B EBERIEZ I

LR (K 5) WoR, 76 pH b 7 BRI H
BRI E N 7.20 mg/kg, FERZRIA 85.62%. 1E pH i
Bl 6 ~ 8 IS i fiff By 438 b 5 | AR R 68.24% ~
75.07%. 1E pH 4 ~ 7 Ju [l P B AR R o 1 B B A
BHTE L, AE pH 7 ~ 10 G Py R A# 2 RE pH K7 i
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AT W2 (R o 3 B LSS R DR 7 pH B e FASUAIG
(R B A v AR A 2 2R, B At T 1) A i v B 3R
59, B BEMREE R FEZ BA0E] . Yan P E51e
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Fig. 4 Effect of temperature on degradation of carbofuran
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Fig. 5 Effect of soil pH on degradation of carbofuran

2.6 PEBREXNTIENMEMEEEHNEZRET AR
ELIEPRIBE R

WIGLER (£ 1D B~: £ Duncan Hi ENZEED

AT, 0T HE A 3 A A TR VR T S TR N A TR AT T A

AbER, RElE E AR, 5 HARAL B S ik W KT

IMAREE 1 FIAbHE 2 B R a3 W w0 A HE . i
W 5 7 JB I B A T A FE R L i A R 38—
. AbFE 1 IR BN 2.86x10* CFU/g W2 T
HoAb AT, R0 AP EL I B A 2, U0 T R
X IR R ORISR IR E R, A LR AL
MR MALEE 3 ELEECY 1.59x10° CFU/g, &KW
WA AT 90108 5 P, DY e B A, R v T kT
T R, A b b A R T ST B R
R AEEE 2 PR BRI R AL 4 2R
SR N e <D e i W 5 €a S 73 A T 58 N1
PO ANALEE 2 HOANTE BT AL AL TR KO, #
B 5 T SO0 A R I AR R /N o AR EE 3 (R4 i A i
Lo PR B 2 S 0 Wk, A B0 T RN B AT — e 1
M) o T A5 O1 5 I Ao ek of - 398 v B TR R AN R
SRV HIAE T o nT IUAS [ 25 7006) 3 Al 2R A s e A
Il o

2 HPLC 73Hr &I, 5 RJFA0EE 1 FIAbs 3 +4F
HHTE T A A 46.8 mg/kg A 12.4 mg/kg, 1K
BT SR 49.2 mg/kg. T BAEALTE 1. 3
FVK B 3P ) B A K 6.4% 75.2% Fl 1.5%.
ATLAEH, S5KBEAFIAEL, +3erh sl 2wk
SO A —E IR RRE R, AR . 7
358 A T g T DA S5 b 5 e R
MRS . 3X 5 Plangklang 25U IR ST 45 AR — K.

F1 TELELEPREDHE

Table 1  Soil microorganism quantity under different treatments

LbE B (10° CFU/) T (10° CFU/g)
1 286+0.13a 433+047¢
2 1.24+0.04 ¢ 432+054¢
3 1.39+0.07b 437+039b
4 1.13+0.10 ¢ 445+0.58a
5 (CK) 1.05+0.06 d 430+0.71 ¢

T R RSB G NG ST REA R R 4 DMRT {54056 2 57
BFE (p<0.05),

3 itit

Bff BRI R HQ-C-01 7ESRIG S MBIAAF T, AEIEIR
TP B L3R (vl g, fERERP RS 10° CFU/g I
Fefd oA, b s IR 50 mg/kg 10 K
Jii 8 B AR VAT TR B AR AE 338 P IR FE A 6.63 mg/kgs
P fiA 22 0 86.74%,  [AIWT B AR HQ-C-01 XK JE A 200
mg/kg b AR AT IR AP IO B AR 2, TR 22 20 25 1 B i
TR A2 vy AR P55 11 o B B e 2= s Lk
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O PRSI, B/KE 400 ~ 600 g/kg IR AT
Ao Bl b s E R, BEAE RN 73.15% ~
85.32%, LIEEAKIET 200 gkg B MBI %
Clotaire 25" FH S 0 M B A YAY 6 EAT - HEIR 56 1 b
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o BFMARTE HQ-C-01 i 33l BE 3G A5 B oy 1A ik
e JE 25°C ~ 35°CIulH N BRI by, B A
78.24% ~ 88.67% JuFE N 1IE pH XA AR w4
K, 75 pH6 ~ 8 i [l A B gt R Boe il sl R U, AE2R
A =y pH L3 b B A 1 AR K2 B, mTRE 2
OO E R A A RIS PR, AT AR
HEKs  wA EATH O% I R E BEE, T R
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TS, WBRw B O T A R, R
B E RS
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fil IR BE AR TG A/, I BAL G810 B v 7 T IR 9T 22
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WA, I AR 2R
W AR, X TR 7 ORI e K, I RFTE L
M ER Y HRYE, KB A5 A1
Kot A B I A S 2 i R ) P2 DR
Biefide DA HQ-C-01 X P i #1455 v 1) 5 AR 24 A7 SR Ut
PIRT S N TG 52 527 G IR 7 25 e BRI A
Mg, EEE, FERATRERIKE. fKkE. ©
HEl s pH LA E A s 4 A o X LU 55
Wi 26 8 T 1 P 5E 2 A R B8 B AL I (R B Al R o T
BEPE HQ-C-01 W PREE A A uk (R IE N B T, X PR ISEIE )W
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Bioremediation of Carbofuran-contaminated Soil by Degrading Fungi Stain HQ-C-01

YANG liu, CHEN Shao-hua, HU Mei-ying, HAO Wei-ning

(Key Laboratory of Natural Pesticide and Chemical Biology, Ministry of Education, South China Agricultural University, Guangzhou 510642, China)

Abstract: Under the lab simulated conditions, the bioremediation of Fungi Stain HQ-C-01 on carbofuran-contaminated soil and the factors
affecting the degradation capacity were studied, meanwhile the influences of carbofuran and Fungi Stain HQ-C-01 on soil microflora were also
investigated. The results showed that there was positive correlation between the degradation rate and the inoculation quantity. The degradation rate for
50 mg/kg carbofuran after 10 days was 82.89% with 2.09x10® CFU/g inoculation quantity. The degradation rate was low if the inoculation quantity
was less than 10° CFU/g. The effect of soil moisture on the degradation rate was obvious, the degradation rate was best (85.32%) when soil moisture
was 600 g/kg, but was lower when soil moisture lower than 200 g/kg. Fungi Stain HQ-C-01 had higher degradation rate when the temperature ranged
from 25°C to 35°C. Soil pH value influenced the degradation rate significantly, the degradation rate for 50 mg/kg carbofuran after 10 days reached
highest (85.629%) when soil pH value was about 7. Carbofuran has certain influence on soil microflora by intensively stimulating soil fungi, but the
application of Fungi Stain HQ-C-01 can remit the influence and thus can remediate the contaminated soil.

Key words: Carbofuran, Degrading stain HQ-C-01, Bioremediation, Environmental factor, Soil microorganism



