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Sawdust-induced Microbial Bioremediation of Fluoranthene and Pyrene Contaminated Soils
CHEN Xiaofang, GAO Juan®
(Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008)

Abstract: By means of microcosm experiments, we investigated the effects of sawdust on the remediation of fluoranthene and
Pyrene contaminated soil together with Mycobacterium flavescens (MC). The effects of sawdust size, added amount and origin
sources on the remediation of fluoranthene contaminated soil with MC were investigated. The results showed that: sawdust could
improve the remediation efficiency of MC on soils, including yellow-brown soil, black soil and red soil. The microbial
communities of black soil and fluvo aquic soil had a good degradation effect on fluoranthene, and the low pH of red soil led to the
addition of degradation bacteria MC could not degrade fluoranthene well.

Key words: Persistent organic pollutants; Fluoranthene; Sawdust; Bioremediation; Soil type
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AP A PO E AR R, B, Rk Rk
MV B RT LASRE R o PR AR M s LR ik
AAE W W A 883 o H K BRI ST R A R —
R EUR A AT , T R — R AR AR
R, HYBAL Y A RE S 2R T iR R
Gt APPSR 5 MORFIZEES 8 | 3 Rl [R) B A
RHRFRAREEAR , 5% PAHs V55 Lo im A B K
AE 7532 5 28 BURRRL R (Mycobacterium flavescens , MC)
Kt PAHs LTS QYI0RE ) o AT 545 R T T8
SR A Y R A 1B PAHS 153 I

1 #MRERE

1.1

HERR R R T MC ok [ 35 [ B Bl OR8¢ o
(American Type Culture Collection), %5k ATCC
70003311, MBS 22 40 I 7Y I8 B 04 KR B e
JEE 73 B I — R e 0 o SR I, AR A ME— B
FIRRUR, JFREHS I RO B

R 3 PR A (saw dust, SDYHIRTRE, KA
/NN U O N TN N S S 2 I
PO, WHE. BREE. R E . . REAEGIVE; A

PEARZ TR . AR RS AE A B o
SRS EUR SIHLGTER A JEADRL , Bk T A = i A
AR 2E .t T 3 FOARB T Z 0, 8R4
KEHIERAR, 22BN 1. 3 PR AL
e MARHEEAR . AHLR 716.92 g/kg, 2A. 3.24 g/kg;
FERoR . AHLT 518.66 gkg, A 2.16 ghkg; M
PEA . AHLE 542.70 gkg, &R 2.31 gkgo A5,
FH TR IR BRI S8 S S8R A, AR LU
WL, I AR 6T 25 R R ST, G ER AR
P GE B R 0.1%. 0.5%. 1.0% F1 2.0%)FI4EA
RiF2(10 H . 20 HF1 60 H). #EARAR S LLT ikt
TTOTE, BAEWS . EAEHIR YL T IE, 7EAIH
10, 20 F1 60 HFLARMIHFHE1 7k

B S Bh R HERY, S5 RO R L SRR
VB | VIVG LTI | AR WA R 2%
KRG, HEEARIRAME BT L2 1. 763X 5 Ry
AAGI 2 AT By AR A HEI 10 mg/kg
B¢ AT 10 mg/kg BIEET S Fh 3, I8 380K
BRI XA T BRI L A A
I EREE W S AW i it o (TESR AR TS m Ee 451 7y
RIS, 5 Y BURIEE 0 v B I 55

F1 TIEEARBAMER

Table I Physicochemical properties of tested soil

WiH TR Bt AR i+ KA+

PR L RIS VLV 0 TR LLIZR 10 48 W 3%

Ji b b B+ MR+ it b B+ WEbIE+

pH 5.29 5.78 4.91 8.24 6.82
EC(m$S/cm) 0.06 0.09 0.05 0.13 0.12

B HL (g/kg) 21.88 54.71 10.11 8.04 33.43

2R (g/kg) 1.08 2.58 0.73 0.56 2.03

2 (g/kg) 0.70 1.00 0.62 1.09 0.55

IR 75 (g/kg) 0.73 0.44 0.79 45.55 5.01

R 2L 2 ~0.05 mm 197.0 197.2 141.2 628.4 79.6
(g/ke) 0.05 ~ 0.002 mm 506.6 4172 530.8 318.2 658.0
<0.002 mm 296.4 385.6 328.0 53.4 262.4

1.2 TESEREDRERIRE

il 28 A AT MIC 1 PRV - B S 30 = DR A7 MC
AP 2 50 ml LB 35 FR B (B Pk 10 g . NaCl 10 g,
FERHRIY) 5 g MKZE 1 L, pH 7.2), B TIEER
D IRER(28°C . 150 t/min) 53R 1d; SRIGTE 4°C .
10 000 r/min 25/ F#5.0> 10 min, F£%E FIEW, 310
BLDEA 30 ml JCREAEBEER 7K (0.9% EALENETR),
FEA), TEMIE A0 R B0 10 min, 225 B, it
2 3, TG Az AR A VR B B Y B B OD

{8} 1.0(7F 600 nm AL 52 {E)

TRARFEIE LS . R E AL, 55O
CK: T 250 ml = finA 100 ml JTCHLERIE A,
IEMATG Yo BRIEE , w2 EHR 6 mg/L; @
MC: T 250 ml =FfTANA 100 ml TEAHLER ISR,
FEIMATE Ry A, (RN 6 mg/L, #f
A 1 ml MC AW T I IE TR, SCfE
T TAES PoEat, RO BEMEm T, THREEA
PR IR RS R 75 45(28°C . 150 r/min) 1 E5 3%, 7
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BT 0, 4 F0 8 dBUREE .

TR R SR 7F 20 ml RS BB b
A 10 g5+, FETEMAT KRGS, H—
FE N LI RR AR AR 5 1 ml IR RERS R BT
GHAEBSERE RS, SR AN MC
P AR o 7R R L B S KR 2 20%, FHE O
JEEHERL D, T 25°CRE &M M. TR
RRgefs, BERIKIEAY R g KE, 43 F 0. 15
F130 d #EATHUREIN A2 o

CTAREPRA A 10 . ] — g S LR S P A n
/b 1 mol/L NaOH, FH 28 1/ T A T arE Sk
Oy SR BRI 65% o KR HS )+ 35 e
F 25°C T EREEFR. BRI pH, s
pH WA ZEFFHE, Wi 1 mol/L HCI F1 1 mol/L
NaOH #HA7H7Y7, HE I pH BT IrmfaE i,
1.3 11 PAHs MEFH %

FE T EE RN B PR R B R IR S L Bk
THRICEEL, RIGFREL 1 g HREINA 5 ml IFEC B+
M1 1, VIMIRGW, WIERSE, #&% 1h, #E
— B, BORBOR LRI 0.22 pm A HLIER S
TARESE, AL,

FE i e RN UM B AR . GC7890B-5977A
S BT AL (H AR B Al s g A
SH-Rxi-5SiIMS(30 mx0.25 mmx0.25 pm)E40:; 1E
Ct. WNEIXA HPLC . @il skfh. dbeemiEE
250°C, HE# 1 ml/min; JEFEE 1 ul; 2L 5
1 PR THE, 60°CA#F 1 min, L 10°C/min J+ZE 280
C, PRFF 5 min, BT 249 (Scan); FHE
TI0H, 45~400 m/z, ELJE; B5T71LAER 70 eV;
BRI 200°C; MEATFEE 150°C; H#HRE
250°C; ¥#AAER 5 min,

1.4 HELIE

& ] Microsoft Excel 2013, SPSS 20.0 £ Origin
2019 FRASATEE AN B2 E AR R 5 25
BT (one-way ANOVA)TE A 2 45 4b 1 2 ] Y 2 5 I 2
P, #8J5 H Ducan i%iF17T 2 5 K 50 (P<0.05)

2 GRS

2.1 MEBRERERRSYE

MC TR BURIEE R PR AR T ST AN D2
H A MC A B FEIE YR N PAHS P, Jf:
TRITHN FH T D #E% h PAHs 2R 7122021, e H
I, WA R SR IR MC TR (28 C g
TR RESR 8 d; BEHUN 160 /ming R R BUE

£ 5 ODgoo M 1.0 7247 1%EH] MC 7 1ml T 100 ml
ToHLER R SRS, R B MC WAE 8 d P2 Bl b
fREEBR@® d N 100% LBR) XTI LBRE® d
14.21%) P (& 1),

=)
N
24l
gid —a— CK-2¢ B
'_%‘ 3 —o— CK-if
%% P v— MC-1£
#

1 L

0 1 1

0 2 6 8

4
B 1] (d)
1 KEMEEAE MC B3R & DR

Fig. 1 Degradation of fluoranthene and pyrene in MC culture
medium

22 BARAMERMNEDEMUBLEELREMN

A

M5 TPk s BRI AR g ok
(K 2A), Br2E L FE 145, 24k 3 i 2¢ BFE 20%
BESAMT 30 d NARSHE 2R, BAEARL
Berh o R R BR RN o, R e R
Kb, 15 d J5 £ 89.92% + 0.37%; il +rha¢ B7E
15 d B R 22142 (22.48% + 3.96%) XU A, 1 154d
JEREMEINEE, 2 30 d BFJERFEHR 95.16% + 0.82%;
] 2 Aot 1 R 21 48 v 98 B R BR R AE 30 d B
34.45% + 7.71%, VLA PR - 58 ik = A A0 98
WA T o FE2C ORI EE L[] 2 AR A S AR S TP s i MC
B, B3 15 dJF, R MC #bE R EIE b HE
B8 B AR (57.40% + 4.71%), [AASTE 254 i
MR (E 2B). I, JEEs ioe Blis e 15
POES 2SO E N

MEESE A FEAE) TN MC BRI AR (FAR
RF 20 BB, 28 B SRIOR B i — 2D BEAK, 1 524
BERGINEN 0.1% F1 0.5% FXF 3¢ B R0UR L
1.0% F1 2.0% M@ 8% Hrph Yimay
0.5% I, Ao B i E AL, M HEEn4e
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Fig. 2 The changes of fluoranthene concentrations in soils(A)and the effects of sawdust addition ratio on the degradation of fluoranthene and
pyrene(B)

JL¥5(8.76 CFU/g + 0.36 CFU/g), #2251 % 4
(5.37 CFU/g + 0.42 CFU/g)FI H s MC B 1) 44
oA W % %0 (5.83 CFU/g + 0.29 CFU/g)iY 1.5 %,
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RSN T UE D B AVE 7% X SHTHI A s 45 3
AHATE, A A B A o] DAAE 2E A 398 o i 95 A v (R
RN . Idiomarina F1 Phenylobacterium VL J
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PEHEAIhTE Y £ 3 PAHSs AR

Kl 3A R T AR A 5 YL e ie i
25 d JEREBRGCR, SRR, FiARRAEN 20 HRPG
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Fig. 3 Effects of sawdust size and types on degradation effect of fluoranthene in soil
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WA, XA IR o T EHAS ] SRR R AR
ARG RE AT —LE RS KR AR PAHs MIGUZE RS, M
XSRS X PAHs (R RE ) AN [FL AT g 2
UL AR AL R PAHs BORAFEIIER, 1 Al
NSRS R rh 2 B I B (A Candida sp. SDFI
Penicillium sp. SDF4 ., Cladosporium sp. SDF7) 14 &
(4n Actinobacterium sp. SDB1 . Micrococcus luteus
SDB2 . Rhodococcus opacus SDB4)ERAE F=BRrAH 24 kb 141]
B FERIE 7588 .
2.4 TEERFNFRIRMBLEEXRAZ M
PTG T CGEAR . B Wt KREL
FNLTIE)LE S O HEAL 3 v S 7R A () A D 6 2 BR % T
HIRCR (B 2A), & 2B FIE 3 (IR 45 R s, K
FIESINAT LA AL MC TR RS 2 B B AR v A o s
Peo RTHAD 4 Fp 45, KWEERE 9o, Bt
e, ZSEXIRARER . A MC AR BSES I MC+5E

ARAL R I R BR SRR —2L, 15 d B R BR
B 82.28% + 1.14%, 30 d BB E R 89.28% =+
0.77%, Hrf, 15 d BH528 XA B L, MC 4k
AT MCHEAR AL BEY Rl 3 AR B, (R b
A I TC2E 55 30 d B 525 PO A BRAH L, MC Al
MCHHEAR AL A B fie 25 R AR B B, H MC+Hi
AL BRI B — AR B MC b FA B35 (12.5%) (e HEAE
F ., ULBATE S A P A A Ak 2 BR 2K A B R
Mo a2 AXTIEEER AR INA MC HHRZEAR, 15 d
Je T IR PR 2B B, AT RE A R R - A e ]
DARE AT Gy R A E eV, OF BB E P L
T (54.71 glkg)B i, A PIRERE R R, R
TS YL E R B, HUANG Z5PUR9 898 & 31,
MAFERFE 21 d S5 DK 5. 30 Il 70 mg/kg FAEE R R
St4r, HEERE 5 58 g U UL B (nid A)
JEMBE MR IEA KR

of (A) B L . CK of B)#lL o (C)/KkFEL
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Fig.4 Remediation effects of sawdust on fluoranthene contaminated soils
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I MC+E R b B Y+ 458 b R JBRAE 15 d R 30 d
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Fig. 5 Remediation effects of red earths before and after pH
adjustment
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