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Mg T g R, FeeX b E4S R & &
T, B ARSI AL, X IR 2R
M= RASEN (Khan et al., 2008; Panetal.,
2011; Gilbert et al., 2012 ), # ILAYTTFR] S8+
BWE S m G, s AR R, &
AHGE R, R X ECH: i 41557 2] 4 F i
(As), # (Cd), # (zZn), 4 (Pb) A4 (Cu)
LRRFEE RIS (Jung, 2008; HA%E, 2014),
R, WFFE X 3 & 4 e 15 RO 3 AR 25
AR BT i

AR FAEY, IR Y% 3R B AR () M
DR RAER, IF HARLE A S R G A5 A s e 1
i REEEEEM WAk, it SR A EAE
H, TEE 255 i 8 4 & 25 1% ( Belimov et
al., 2009 ), T HIEPRUEYIRIEZHE, Bt
K, USRS SIERS, 5 i Yl 21
R R . EEMFESS (Khan et al.,
2010; Zhangetal., 2015 ),

TR E ROk B R, HEERUEY)
G PE B 0 - S Y RS 77 ( Burns et al., 2013 ),
b B AR AR Y IR 2R A . RIS R Ay
AT g Wy fire 25 r A AN S 0 o A vl o A
AER, IR A A K AR e B )
(Zhang et al., 2015), Kb, 3RS I HE
PG IR A FE AR, RIS AT DL ke 4= 3 v i £k
HEWIREEARAS (Chung et al., 2015 ), ZEARZFIE 4
JE G YA OGN IR D, DR B TR S A
HACERME: (Jyotetal., 2015; Tejadaetal., 2008 ),

S E AR A3 e 4 T TS e X A
Z2 RN 1 SRS ) s e O A BT, (R
TRER THEEEN TG AR, w2
A AR5 S, 05, (B R
KA FIEE, gy IR ok 15, Jol
S A JE TG Y O O B IR A B A SRR Y A
R (BEESE, 2013), HL, ARUFFREE T LH0H
B () 3RS, i IR Y TR R
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DI SRS T o0 Hr, S AR5 R,
J G Y B . AR P A S B R
SRR AN IS S

1 MRS5F*®

1.1 RESHH

Wb T T2 s, o= IR . T
LB bR e LR & 2 2w 11, Wk
RIHIR, S PR TR . ZA LA 1958 4F
TR AL, 3 2002 4FFFRIEEE (R4S, 2011 ),
AT AT R, 12 X 3R 552 3 TR K5
Wi, 4@ iT YRR AN RAMAR], i aanTs g h
FEE (MPE R, 2007 ),

K H GPS JENL, FEMGF 111 BFFT 48 R BB R 7
KEE, FERE 1 km BEE 1 ASREES, FIFHNAE 5 cm
) PVC 4, RH 5 SIRAHRERZ T (0~20
cm ) BEAS, BEAFREARIIAL 2 1y, 433 T H 48,
— I AR EANE R EERE, 53— VE AR B
ERE S T RES I, KRS T ESE M
HALME I (BRI )R, 2005 ),

1.2 E£EM pHWNE

KAR9FER ] HNO; Al H,0, Wit s, FIRT
WS AR E As, Cu, Zn, Pb 1 Cd &
B FREL 20 g H4E, A S0 mL 570K, R
2], WhE 2~3h, FH pH I L3 pH.

1.3 TEBEEETRENFX

TIRE SR IS PN R R A TR EGA (P
FCHFD 2B 15 Y5805 ( P, ) ( Brady et al., 2014;
Islam et al., 2015 ),

1.3.1 #ERFiE0E

BT RO AR

P:=C/S; (1)

A, PREETSE | R EIREG G
B4R i BSehri Al (mgkg!); ST SR
i PPN ARER (mgkg” ) (GB 15618—1995 ),
1.32 RMEFEAFTEIBICE

JeMEP LA s YA BT AR

PGS + (€IS, 02 (2)

K, (C/S)max & T 3ET5 Y5 K0 0 e RAH
(CiSy)ave &= 1 IET5 Y48 T 391
1.4 BEEFEANE

HR i O 9 7 v D0 TR e Tl 0t S
I35 71 (Jyotetal., 2015 ), JIRMEE . B MR EEFI I
935 7153 I 1 kg HETE 1 h A B NH;-N 95T
. 1 kg THETE 1 h NAE R p-il2E2R 1 (p-NP)
P . 1 kg B3EAE 1 d ARG = 2R L DO U 5K
k¥ (TPF) BYFi RN

1.5 DNA $2E{#1 PCR

0.2 g Ry tAE, 14 DNA $2EGA7H &
( BT fife HIEFES T DNA, 514 GC-Fung
( 5°-GC-clamp-CATTCCCCGTTACCCGTTG-3* ) Al
NS1 ( 5’-GTAGTCATATGCTTGTCTC-3* ) 4 B I
18S tDNA, ¥'# BN 550 bp (May et al.,
2000 ) . 5l ¥ 357F-GC  ( 5°-GC-clamp-
CCTACGGGAGGCAGCAG-3’ ) Ml 518R ( 5-
ATTACCGCGGCTGCTGG-3" ) ¥ 144 16S rDNA
By Vy AJARIX, P A B 250 bp (Yu et al.,
2004 ), FIEEREHL KA 56 PCR P25 FH T DGGE 43#7
1.6 DGGE %#f

B2 10 uL 18S rDNA PCR #J7=#i#t17 DGGE 43
Mro RFAETEREEE N 20%~40% . HEE N 6% 3N
ISR RIS , 78 1XTAE 2 150 V Fl1 60 C 4k
LYk 8 ho HX 10 uL 16S rDNA PCR 7= ¥i#4T
DGGE 7#Hr. RAVEVERREE R 35%~55% ., W N
8% MR EE R (fL2EAE TR 100%IRE 7
mol-L™ Fl 40% ( V/V) BIPRIEIERNE ), 76 I1XTAE %%
W 150 VAT 60 CAA T HLIK S ho UK TS,
KRR Y, JF H A H Bio-Rad 2 Al Y
Gel-Doc2000 #EE G R GG

YR LUK S0 00 2 R B AR 2 4k, 15
FURARIERE, ARSI, - Hree s YR
RERIARIPE (Nicol etal., 2003 ), R4 HL Ik &l
i SR B RS IR (KE ), XH4SHE
i PIE IR ERR B (1), 92 (E) MER
FE(S) datrit ot (ZFHeHess, 2009 ), HAK
(=RESII R

H'=-} p;In p=-Y(N/N) In(N;N) (3)

E=H'/Hnax =H'/InS (4)

Hip, py SRR S B — AR 1 S B %R T
A2 B TP T S B R, N i DGGE Kl —
VKB AR, NS | REEE; S
SRR S T A A B H AL
1.7 FRITHEGE

FHPPAR T FEC T 1308 SRl | ik . £
DRI AR B TR AN RO R ., o BIBC ) 2F A 8
FE R . WIR— S8R | IR IR MAZ 25
TG TSRS . B . BB (B
A 20115 XBIE, 2012), 4% 309 40 M
LA (CFU) R,
1.8 MBS

H Origin 8.0 THHA-FBMEMIREZE , H R Lt
BOERME, BEKEH P<0.05, JH SPSS VE R /R 7R
A58 DGGE K3 K A Quantity one 4% 45
AFE BRI ECE | SRS B TR R AT
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2 #HREVHE
2.1 HiEMR

AT IERES T As. Cd. Zn. Pb Fl Cu &
RPN . 4 IR Th 45 &R I FR DR A8 550r
CEA TR RS R R 2R . BRI R RS
B BRI EUNTT . P<IFORTETE; P>130R
Sy, P EMOK, ORI E, R (ST)
HSF IR PAEAR/NT L, ULEH S1HsFh &8 i &
PRSI, RKZi5g. HE3 M EmT,
Pb MY FHEESTEIE B VSR, UAIETE Pb
V5, +HRE2 (S2) W As. Cd Al Cu & &EiEbs, +
FE3 (S3) FIt#E4 (S4) o As, Cd. Zn F1 Cu #P
bR ZERTT IR EOER T KRR .
0.7<PS1FINEWRI; P>3FoRHI5H4 (HI/T 167
—2004 ), HFEIRIZES T5 YA BUE AN IR
/N, HO0.T1. DOHEEES KR, JEe bk
TR E R TCTS YR IR, S2. S3IT S4MLES
SYFEHEIFE3 L L, U IR S Y

F1 ANMTEHENEBEUERMEESE

Table 1 Physicochemical properties and heavy metal content of

four soil samples

X Factor S1 S2 S3 S4

pH 6.47+0.12 6.74+0.17 7.66+0.13 7.39+0.08
w(As)(mgkg") 33.84231  53.53£4.36  51.114439  36.95:3.22
w(Cd)/(mgkg!) 0.18£0.13  1.53£0.13  3.37£021  3.46£0.15

w(Zn)/(mg-kg") 100.71+16.32 234.69+£20.51 391.68+26.82 428.01+20.16

w(Pb)/(mgkg") 42.94£12.36 104.51+13.54 100.7228.73 170.90+15.90

w(Cu)/(mgkg") 27.04+21.68 130.13+33.21 351.37+36.74 130.83+24.31
n=3, GRFIRA VI EEARELE

n=3, the result is expressed as mean + standard deviation

x2 4MTEEEHMERERY

Table 2 Environmental quality index of heavy metals in 4 soil samples

1ji H Project S1 S2 S3 S4
pH 6.47 6.74 7.66 7.39
Pas 0.85 1.78 2.04 1.23
Pcq 0.60 5.1 5.62 11.53
Pz, 0.50 0.94 1.31 1.71
Ppy 0.17 0.35 0.29 0.57
Pcy 0.54 1.30 3.51 1.31
P, 0.71 3.85 4.37 8.47

22 +IEMEEAH

S E  SONET A R ) 6 BB Y i)
N, REERARIE . &8 BT A fkeETE e 2
w2 Y152 N I i 1 I w43 Rl ] 5970 e w22 RS2
5. WAty . IR AR A —E R
Mo ASHHSE AT 1 SR B St | A il AR R it 11
677, X =3 W T &t SRR 148 HR (Jyot et
al., 2015), WREKMEIRZE, &SSP N R
% (Upadhyay, 2012). BEE2AEGTEBERREREIR A

HEAEM, B8 3R e WA P Ak K
( Nannipieri et al., 2011 ), PRI, JIRMEGRIGERR I =2
e RIS T . ARG E R T4, Eikt
BANEL, FOARERS SFWRAER, Bl rig
J1 2 IR i M R A AR R Y EE AR A

3 FPEETE S0 45 RN 3 s, S4 1 3 Fh
RS Sy 550, 1L S4 MZEATE Yede it i i o
FH B2 JR B 56 2 ik — 20 3 i o 4 Ja vk 38 A il 1
THPIMERR, 5RINE 4 FR, BrERETFI S
FiFETE 715 Cd. Zn F1 Pb B BE A% b 2 R OGO
%, 5§ Cu kB RAMIEKCER, HILEYW, HA
P AR AT LA T Cd Zn Bl Pb {5 Q4457157
JORAEE AN As e BRI 855 ARG OC R
5 4 Uk P VA R B A DG

®3 TEERPNEESN

Table 3 Enzyme activities of soil samples

St

Soil enzyme St 52 53 S4
JIRA/(mg-kg'h")  14.66£1.00 24.66+1.50 12.88+1.37 5.58+1.30
Urease
IR (mgkg " h) 332.66+£12.24 222.61+17.40 75.75+12.18 40.51£9.30
Phosphatase
WS (mgkg'-d")  2.70£0.10  1.04£0.12  0.78+0.11 0.38+0.13
Dehydrogenase

n=3, HRFIRAVIELARERE

n=3, the result is expressed as mean + standard deviation

x4 TEBEHNNESERENERFEXEST
Table 4 Pearson correlation coefficient of enzyme activity and heavy

metal concentrations

+ 3% Soil enzyme As Cd Zn Pb Cu
JIREE Urease 0.602" -0.542 -0.540 -0.441 -0.096

W§RAE Phosphatase  -0.213  -0.980" -0.983" -0.816" -0.651"

Jii £ Dehydrogenase  -0.444 -0.907" -0.915"" -0.871"" -0.580"
#P<0.05, **P<0.01

*The mean difference was significant at 0.05 level; ** The mean

difference was extremely significant at 0.01 level

2.3 MEMSHEMY

DGGE ] LI X ZAFEA R S AE Wi VE 2
FEHEAT 00T I8 1a 52 4 S HRE4HTE 16S rDNA 1Y
V3 A S XM DGGE ik El, Bl 1b Jt ik
IR, B 1c ZRI TR EIN RGM A
Kl 1c B/n T 4 A H3ErEA b N BEE AR
ALUL S1 WA AEE S HE 3 MERZERREK, S2
1S3 AN BEE M R, ZE5 RS LG ATs
YRBURIAG 25 A —2, S1 W PAERUDN, S4 1
PAERK, X—45REW, B8RS ETT YR
X 20 B A 7 2 A B R

35 W TS FEA AN RS 2480 ST I
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Fig. 1 DGGE profiles of bacterial 16S rDNA (a) and quantitative

figure(b); clustering figure of bacteria in samples (c)

R5 HBHANMEESHENN

Table 5 Bacterial diversity analysis of samples

Sample Shannon-Wiener Evenness Richness
A TR L) FErBE
S1 3.208 6 0.996 8 25
S2 3.2083 0.996 7 25
S3 3.1986 0.993 7 25
S4 3.023 8 0.993 2 21

F8 R 25, FA 5% Shannon-Wiener )4 3.208 6.,
S4 MFERIEE . F&EE (Richness ) FI¥L)HE
( Evenness ) #B&Akny, JLHZEFEFE, [y 21,
VAR &R IR IR, 5HEAM Y FEE T
TR, FEANEREE Z R

4 D EHEREARH EE 18S tDNA ¥ =i
DGGE HIKE ULIE 2a, & 2b by k&, Kl
2¢ HREEHRIMRGERE . NRGEME 2¢
AlAES, S2 A1 S3 R EEBEEAI E R, N
69%, S1 HELRRHEVE 5 HA 3 A Y LA VS 22
SRR, X—45REM, BERBEZE TESEN

T P LU LIPS P ST
CO LALDI ENoEL P R TG ) P &

B R R Mo 3o o4 v Loha s O

L QGBI PN ES s s s s s

J )
iR R ol
A S S )
SRl o oo

S2 S3 §4 Sl
CJ
s1
0.54 =
0.58
S3
0. 69
s2

2 EH 18srDNA i PCR 74 DGGE Mk (a ) fnELE (b );
HmEEERNREE (c)
Fig.2 DGGE profiles of fungal 18S rDNA (a) and quantitative figure(b);

clustering figure of fungal in samples (c)

HH R0

6 N T A FEAR T B R 2. BdE
R, M SI 3| S4, BEEHEESIRNEEATTYE
BB K, FARTEECRN £ YR N, £
H PR 2R N SAmAHLL, M ST 2] S4,
VISR S, nRERREE TR E SN As
YLFRBOU R, 1 AL B RN R Lo o) Ah—
il Z T4 Jm I B AR E S, 4 DEEARYRAASL
H B SRR &R T AMb . Bdis s, M St

®6 BHmHEHESHMENMN

Table 6 Fungal diversity analysis of samples

Sample Shannon-Wiener Evenness Richness
A AR [ FrE
S1 32643 0.959 8 30
S2 3.2385 09719 28
S3 3.1197 0.969 2 25
S4 3.050 3 0.959 8 24
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F| S4, HEHEMYIRESES0 30, 28, 25
124, MANEERETE IR EE B0 25, 25,
25 1 21, UiBAEREBEE Y 2R RO N B
T HYRE R AR S DR, HEEREY
PP 6 B AR AL A S TN . MERE AR5 (2003 ) 45
W T E BTG Y IR, R )
L EA R REYECE MR, R W T
YERT; x4 O AUER e, 18 R
RSN > E R . TRBETAE (2010) DR T HAER
Cd 15 4% 5 H IR RUE M REE g, 258 BIR,
AR Cd A RBURRTE A A B> 2 TR > LR .
WA (2012) VAT B B4 mTs Y 3N
W5, F B AR 4 Ja e B e 2 REE Y
UM FLREX R, AR5 Y0 e i
A YRR IR BRI AU C 2R, T AT 32 1 b
A, MR PEERRER LOLAVER

AEY EZ NN . R . R
PURSE, PR Sk ) 3 v DU AT B e
YT, E— 0 IR A S
7N, HIEPAOANE . B . R R
AOBCRERIA R T 1x107~1x10° CFU g™, Horr, 4074
Bk, EEECEIED TR S4 BEA R ] B
AEY EEER N, X5 EEA TS YR BOE VAN 115
TSYFRE LS RAST & ST B sS4, AIREFRANE
A5 B 1 4 R T YRR R iz R,
ARG TR LR B . B A R B A B AR Al A R
Bk 54, X 3 BME BRI Z (Rl AE 1L,
WIF RS HEREE R 25 R —2, RN,
— i, SR Ay B IR O A R LR AR
P, HASEPFEESEOR T By, ik, X
T 52 (%) 5 1/ RE VB sz Wil 2 0 22 P 1) S B
FEARRA; B—T5 1, 77X g — AN AR PR,
SEEAGESE, HUGZMEHaNaIuksy,
WEHHIR | SRR 2R 5 4% (Fortin et al.,
2004 ), +IERAEYEZESEERARER, 1B
HERZEMZW, MRS (2012) BIBFRES
W W FRYIE SRS YA BN RS, AR &

x7 LTEERPEZMEZMEVHEE

Table 7 Numbers of prokaryotic and eukaryotic microorganisms in soil

samples. Values are mean of three replicates £ SD
10%cfu-g™!

fE AP Microbial species Sl S2 S3 S4
120402 63+1.1 5104 0.71x0.4
0.42+0.7 2.80+0.7 2.70£1.5 0.04+0.7
1 Mold 1.29£1.0 1.66£0.3 1.33£0.3 0.01+0.5
T Yeast 3.9+0.2 0.49+1.5 3.5+1.1 0.73+1.1
n=3, GRITRNTIELIRIERE

n=3, the result is expressed as mean + standard deviation

4 Bacteria
T Actinomycetes

4 B R P S B A W 2 AR R T BN R S = AR
MR BALR e 2R, (B, TR Ts ZAEVERE
W FRAE A R R RIS s ARa e v, i T
T BURIE A YR bR 2 — (PSS, 1997 ).
3 it

AR SCAY AT T B A SRR AS b i B W
VKL REVER T IEREHE 1. 45BN, MWEEAR S1 3|
S4, HEEELSBLA TSR, AN B R
TR ZREMEY TR, HE R & AL T4
B, SRR B 2 A o R T AT B S T
JibE# Cd.Zn F Pb ¥ 3 %) 7= i B . R R, BRI,
Tl it R it S ] AR A T+ 38 4 )8 Cd. Zn
1 Pb 5 IIERHE IR Z — o BRI, FIHRE
YIBEIE Z R RAER X 4 Jm V5 Y IR BE I
B HA—E WA, (B R — B RAW 5 .
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The Impact of Heavy Metal Contamination on Soil Microbial Diversity and
Enzyme Activities in A Copper Mine

ZHANG Xueqing, ZHANG Qin, CHENG Yuanyuan', JIA Rong"

School of Life Sciences, Anhui University, Hefei 230601, China

Abstract: Contamination of heavy metals results in deterioration of soil health, which can be assessed by the diversity of microbial
community and the activity of soil enzymes. In this study, four soil samples were collected from a copper mine in Tongling City of
China, and were further analyzed for evaluating the contamination of five metals (arsenic, cadmium, zinc, lead and copper), the
diversity of bacteria and fungi as well as the activity of soil enzymes. Our results indicated that: (1) the comprehensive pollution
index was 0.71, 3.85, 4.37 and 8.47 for sample 1 to 4 (S1~S4), respectively, indicating that S1 was uncontaminated while S2, S3 and
S4 were contaminated to different extent; cadmium was the main metal while no lead was detected in four samples; (2) the activity of
urease, phosphatase and dehydrogenase decreased with the increase of the comprehensive pollution index of four samples; the
activity of phosphatase and dehydrogenase was negatively correlated to the concentration of cadmium, zinc and lead, while the
urease activity showed no significant correlation with these metals; (3) the diversity of bacteria and fungi decreased with the increase
of the comprehensive pollution index, and the change of fungi abundance was more obvious than that of bacteria. This study will
contribute to the bioremediation of heavy metal contamination in mining areas.
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