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Microorganism remediation of Hg, Pb and Cr contaminated soil

Liu Li’
(1. Institute of Edible Fungi, Yunnan Agricultural University , Kunming 650201, China; 2. Puer Dian
Hongjun Biotechnology Technology Development Co. Ltd. , Puer 665000, China; 3. Puer Institute of Pu-Erh Tea, Puer 665000, China)

Li Mengjie'> Wang Cuiling' Li Rongchun' Hong Junyan® Yan Liang’ Zhuang Li’

Abstract

Cr) contaminated soil by using cottonseed-hulls and corn stalks as solid fermentation substrates. Through the growth and

The strain GGHNO8-116 of Schizophyllum commune was applied to remedy heavy metal (Hg, Pb and

penetration of fungal hyphae in the soil, the contents of exchangeable heavy metal ions,and the fungal ability for accumu-
lating these ions in contaminated soil were studied. Furthermore, by applying the solid fermentation substrates on contami-
nated soil in pots which planted carrots, the contents of Hg, Pb and Cr ions in soil and the quality and yield of carrot
roots were observed. The results showed that the strain could penetrate into soil to 5 em deep, and produce fruit bodies.
The pH of treated soil was lower than the control, but with no significant differences. The contents of exchangeable Hg
and Cr ions decreased significantly, but the contents of Pb had no significant differences compared to the control. Except
Hg, the amounts of exchangeable Pb and Cr ions in the fungal fruit bodies were in excess of the specified standards GB
7096-2003 and GB 2762-2005. After the solid fermentation treatment, the contents of exchangeable Hg, Pb and Cr ions in
soil significantly decreased; the Hg and Pb ions were not detected in the carrot roots and stalks, and the Cr contents in
carrot were corresponded with the specified standard GB 2762-2005. Therefore, the strain GGHNO8-116 and its solid fer-
mentation products is able to remedy the Hg, Pb and Cr contaminated soil.

Key words Schizophyllum commune ; heavy metals; solid fermentation materials; microbial bioremediation
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[ 4 & e 1 SR AR RF I 30% , FORFE 50% , %%
Bk 18% A1 1% B 1% , &K 55% ,pH AR
1.3 SR

Bl R R A mm R R R Y, KA R
BERO0~20 em, FIEAEB L EEKATE L 2 mm 5
%M. L5 pH {H6.85, KEE7%M 0.08 mg/kg,
By BN 9.7 me/kg, 4% 17.3 mg/kg.

R oK IR (KRR, B S o b Al

BT SH N R o AR R A R A
GBSV EAN/ T U
1.4 EWigit

FEL MK 22 cm, 587 cm, 5 11 cm B ES
frrm 5 em VAR, 72 121°CF & R K 2 h,

1.1

B H G BRI Bk GGHNO8-116 ,25C $5 3%, fi i 22 K
TR RIS 7 AR & T el 2 T g BB 435 R 3.5
4.0.4.5.5.0 f15.5 cm (Y5 B & 42 )@ 1 48 (S fb oK
3 mg/kg, AR 45 1 000 mg/ke, T 4% % 41 600 mg/
kg) , BE B &L DU ) 24 2B €0 405K A 8, Bl 1k - S0 1A
PEREA R AL 3 RE R, XA (CK1) ik Ay
[ A IR A B o 4 S R R T B B ALY

1A F i )2 58 A8 4 28 8 4 8 i it
B AR+ A T ST A, K S M P 4

D55 2 4 FR R EERC 5 R IS B A% R (17
em x25 cm RNIHELS) K55, Fr A 22 KW A% )5 F 1A
B EZE R 1 em® ZAME R, &4 M0, &
PR %) TS G A3 43 53] 2R - ST200 g/kg, S2 300 g/kg,
S3 500 g/kg, BN 3 WREHE . B UKL 1 E
5 % Wk e BR 5T, SR JE R I ALK <3 mg/kg, B
FR%T:1 000 mg/kg, 5 5% R 11 : 600 mg/kg, 7 /K &
WH 60% , B AR 8 ki, th Wi BA W 3 ke &
K4 NHREWRAE b, RE AN o8 1%
pH A, S8 e 50k By #5 &r i,  8 MARZE 7= 18 AR
ZEHROR HY VBS I B, X IR (CK2) S T AR el 5
B EEE SR L
1.5 MEFHZE

+ 48 pH fH (/K Lt 2.5: 1) R MR B
EN S A AS Y SR 0.1 mol/L CaCl, ik
ERVE MR I (AAS B ) T A e AR R
ZEHF] 0.1 mol/L NH,OAC, £ HUINf [E] 60 min, + &
12100, MR F SR B 8 b b B R (GB/T
5009. 172003 ) , 4% ( GB 5009. 12-2010) , 4% ( GB/T
5009.123-2003) ,
1.6 #EaE

s 2 5 OoR D Excel2003, 4 3t 4r #1 R H
SPSS13.0 HEp [ R 5 22 73 M ik (ANOVA) |, F 8 &
FEVEIEAT 225 b, AR TR P A R ) R BN R G B
Z 5 MR R A B 25 (P <0.05),

2 BR59M

2.1 FHaFETERE
2.1.1 B2t FEERMAflTFEids P g pH
18 64 % A

LG R KB, Bk GGHNO8-116 1 24 fig % i
TG FAE R 5 om B EREN S em RZHT, £
e PR, MEEREES. S om B, HE
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YRR, L RGN T L1k
HELEERN3.54.04.55.0Ff15.5 em &b
b1 A S I SE B9 b pH {4 5K 6. 65,
6.65.6.64 6.64.6.75, 1 1t CK1(6.82) WA T
W, JEUPR AT BE R th T 1 22 78 90 35 T MR 5 AR P R
—BE U AR AR P Y BOE pH (H R R, B R T
4 ol 30 X6 - S 03 A 0 o B 4 g R - S A
Al RS, OR R AL B> ] 5 CKL 2% R

NTE N
2.1.2 HRIEH SR TRIBER AL Y
Yo

o B PRI S " GBS LT
Prag s e 25 6 s B (/ALK 3 me/kg, A R 4%
1 000 mg/kg, F 4% B H 600 mg/kg) Z 0] If A& 45
wRR, LR, X HE (CKL) 45 b 52 38
HABRAERT 22 K 5T Bl 5, Hb A T B iR
BORL 23 RITIH AR E . 1 M AJE,CKL 5
PRGN 1.73 mg/kg, QUMM 57.7% ;
BCHASH B RO 776 mg/kg, N IR INE Y T7. 6% ;
SR N 428 mg/kg, HERINEM) T1.3% o X Fh
UMl LA B A —EN S EE
J& [ AL B BE 1, B AT RE R b R R A R R T
W AR A B
2.1.3 H2FHEEFRBER A BT nA

RIGREW 1IN AELHERN3.5.4.0,
4.5.5.0 F15.5 em W, 52450k B & EAH L CK AR
N RN R SR R 5 5 70.5% .79.6% o
X ] R SR T 22 A5 o 15 S AR P i T B A 4%
PSSR VB I U A T, B O TR 22 A D N
HARMEGEE FAa e BmENR (MT) 8UHAb 6
JRAAE AT, WA A T R B X T
A Wy o0 52 4 2 T 4 4 [ E B — 5 I R

F1 FELEINTEALZHRSRBNEHZ MW

Table 1 Effect of different treatment on extractable

Hg,Pb and Cr in soil

WL A He St Ph St Cr
(cm) (mg/kg) (mg/ke) (mg/ke)
CK1 1.73 £0.025a 776 £0.577a 428 +2.081a
3.5 0.51 £0.006 ¢ 773 £4.041a 89.8 +0.551bc
4.0 0.51¢ 775 £1.732a 87.6 £0.651be
4.5 0.52¢ 775a 87.6 +£0.643bc
5.0 0.52¢ 775 £1.732a 87.4 £0.367c¢
5.5 0.58 +£0.02b 775a 96.3 +3.391b

2.1.4 FERFRBEEE

HEEEHN3.54.04.5F15.0 cm iF,4 44
Hirh SRR R R 1 T GB 7096-2003 (12 I TE
AR ) MR ER A 630% S L) b 4% S R
T GB 2762-2005 (& &t 5 YWy IR ) MLAE 340% K
PLE AU k& & A5G I Iz i T GB 7096-2003
(EMHE AR E (WK 1) o dt il i, % w
PR SRR S S B A AR W AR ROR
ERIK1.9% BB KRG ERN2.6% (#+
BN 4.5 em B, TR S R 2.3 me/kg/ 1 IR
TS HL 25 4% 87. 6 mg/kg) , T X 52 4 25 5K 19 6T 4R fiE
FIAGE, e R E RN 0.78% (FLWEHN 3.5 em,
4.0 cm [, TR FR &/ 0. 004 me/kg/ + 328
#75K0.51 mg/kg) o i T T SRR R 22 452
B ORI R SR R E WA, BT LS R B AR A
Ji PRI ] 2 TR 22 0BT VB B I P B SR B A Tk
7K 2 BUE FHAH X 0558 o

—_
[=}
d

—— S Hg
10 | —— ISP
—— FHASCr

A&
L o ¢+ ¢ 1+ o
35 4.0 45 5.0
5 B (cm)
FLL O FoefioR B RS & &
Contents of Hg, Pb and Cr in fruiting body

RYBEEEEFEE (mgkg)

Fig. 1

2.2 H5BE6fABEFUNESEE
2.2.1 A AL pH AWM ¥k
4ANHJE,WESREY, 50 pH HREE &
Bk 3 2 0m N R (DL 2) ,83 5 CK2 /LK,
BE T 5.4% o 7T RE 2 WA O s, — J7 T TR 22
TESF % T 0k 7 vh o WA ) — 28 pH (B 0y ) T,
T3 — 07 e K ERHE 5 A8 S T A HLE, A ALK
TE Al T b A3 il AP 53— 5 %) A AL IR RS 7 TR B
fff pH {5 FRe ™,
2.2.2 AAMAMNEIEIBESETLEN Y A
44 HE eSS R (W3R 2) W 2 K E K
KRBT W) 85185 e i 35 RSSOk Y BRI
H(WFE2),SHMARYE CK2 ML, 7F S1.,S2 F1 S3
REFR A IR BE T 92.7% , 93.2% H193.8% , 3¢t
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Fig.2 Effect of different treatments on soil pH

SHYS CK2 A, 78 S1.S2 Fi S3 Ab B 2350 N T
79.5% 80. 1% .80.3% , x4 5 CK2 ML, 1E
S, .S,.S, abHt 5 N RE T 80.0% .82.3% 83.3% .
Horpr CK2 rrsg e 5 A FAR A EE CKL g A7 224, {EL R
JEARTR, i Ul WA Y B e ) AR E

R2 AREILLGIRBERN T ERXRER AR ZIE
Table 2 Effect of different ratios solid fermentation materials

on extractable Hg, Pb and Cr in soil (mg/kg)

b 7 A Hg R Pb 4 Cr
CK 1.73 £0.031a 815 £4.619a 408 +3.005a
Sl 0.127 £0.002b 167 +4.041b 81.7 £0.404b
S2 0.118 £0.001b 162b 72 £1.323¢
S3 0.107 £0.003b 160 +£2.000b 68 +1.039¢

2.2.3 LABAANY MEEFER B0 Y

AT R B R S HE EaR R AG R
N, 7E S1.S2.S3 Kb B i) 8 AR 2K rp B R A ) F
R VETE R, S E WA S GB 2762-2005 (£ 4
TS YRR ) o X HRZE R 35 rh BROR A5 5 ML A, 4
B I E bR E(WER ) .
®3 MEMREPRBBNSE
Table 3 Contents of Hg, Pb and Cr

in carrots roots (mg/kg)

dib 28 £ i %
CK  0.003+0.017a  0.250 £0.017a 0.883 +0.005a

S1 0b 0b 0.040b
S2 0b 0b 0.038 +0.003b
S3 0b 0b 0.040 £0.001b

2.2.4 AAMEAMNPY L FEHY W

GER KWL, 0 M4l p S R
264 g; A BE ST R | RS- 27 B 368 g5 4 B S2
I X 384 g A B S3 Rl b P

=i 388 g, USINAIR] Lo ) %) & TR X B B R
PPEMKA REEER, LG R EEEWA
J7 T A2 o HE 2 rp R 4 R 6T R W e Ak I
REE AW UL g T8 D AR K AR AT, A
WA T E N AR ZE R R S R S
oy a7 RS A AL S &, LN,
P K &
2.3 AR1I1EAR2ZEHEES

LE BT T LA L A o
J& T R o, X OR B E e E A E s EAE
L G R e A R, Hrp  r % 1 54
PR 22 P ARG R R IBR o 72 d,4 S A
Ja PR A Ab B e e S T A m I e, S5 R R L &
A P ) A A 25 S N B I U B TR bR AT - g b 4
ERER 3 -V S NI P UIY i

FER2EWN EFEESRE T ELWLE KB
WEAGBE G, SR B B ENEE TR, K
W ER 2 v 3 A PR 22 7F 1 RIS 0 e K BR
58 d, X R & BRI AN, 5+
911 2 fik v AR K, TR 22 A - S AR TR SRR 46

WHRZELEEN, TE2EHBEX K.
B RE R IR TR 1, X Ul W AR R
YRR LA B G OR VBT VB TS Y - BE T, R A 2
XPE S A B B EER

(DR EREN, ZHKRELIKEFEEE
EESE SRS, PR AOR AR
R T BRI AR A 32 R Y R AR R
LA,

(DN R2LHEREY EFEESE AW
H5E®rEYEASBER, LR RS R S
SRR ELB S b Y 39.3% K L)
A D R A R B R VR, AR A
F| GB 2762-2005 Fa B3k , CK B SR A A B g 4F
B B R R AR o

B)YZAULE 2 AR5, FH 2 MM
GGHNOS-116 F& ¥k, LARRFF7C L KA S5 4l % 577 9
o ER R B8 5 20K B s Y+ R SR
{14 07 FHHE T AR, AR B 32 R AU mT A3k iy Al 1
FYEEMAIRE R, MARBEESBIE R 0L
B W0E T AR B T
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