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Table 1 Basic pmperties of three kinds of soils

THEEREY B4 SE 14 R T (14
MEWEHR FH{A 296,12 321.11 410, 84
(pg/el i3S 84.15 56.37 78 09
2.49 2.58 3.41
BHEAM (%) iisle
L 0.98 0.98 1. 16
FHE 5,73 5,28 5. 80
PH[HJOJ
i 31 0 70 0 52 0. 38
F: EEARTLIRLE. BEWEWRUBEGHER b EE
HENRARES.
1.2 HmitE

HRETALE 6 mm i, Fid 2 mm 7, HE
MEHEYER BR.ATHNLRIDEGE, EFE
4 CHYFRERH, BEEAH.E30 CEAHBE
FH AT, 7 Laborette 27 BIBERE XA 5328 L4 4
J& . W Pulverisette 06102 & X 5§ 5F B% 28 B% i it
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0. 152 mm @ F¥ KIEEERBIES 3.
1.3 Biolog @iF

FH M T ¥ Biolog MT %, BI{5 it 49 MTS 3%,
HATHE T 15 e R A BT ) MEE. kiR
ENREBEETESEBRERFEFLIMHAHER
fEL | EE O — e R ER S I35 & 1L 3D ; Biolog
MEBE Y EMEYERFRATEE AFRKER
e @M MTS B8 DL (well), 53— EMRS
[BY 55 | BE 4R g %) BE IR SR A RTR 38 o, FL e R
M, e LA XEEE (optical density,
OD) MR T BEF R A MTRE, MR ED
FIRGEmRaa R, RS, B 10 g 81
ABEE 100 mL KEEEF AR 250 mL M- A
B, EFRIEGI L2 ETRES 10 min, B8 5 nl
AW MA 4S5 mL KEEETRKMIT 0 TR
BEZ0°HEE.ASFEC 10 min (1 500 r/min,
15 C, brake9), /nIHBTE MT8 A& T fL e f
150 pL FiEH, BHGHBE 25 CHMEMER
Fd1, 590 nm K, FEEE Crawley ~ VMAX B
BB 4+ R Microlog Rel 3.5 8- (@M
Hayword Biolog 2y 7] /) i 1 |l B 1 B8t 220
h OB FIR SR s .

1.4 THRESERESHEERRIE

FRBM T M BCR BB LTIy
HRE, 90, 11 mol /L BB ZEH 1 0.5 mol /L
MEBERAERASE pH v 2t EikEH kG
1.0 mol /L M8s & 7% & (W ALTHIE HNO: fl pH EE
D|E, FREREAAEAHERER BREPES
BEE %M ICP-AES %, H Cd# P
GFAAS HE , BEUI B A L1445 H 1-0ct-97 #6 1T
HEEHMH. UEMAXRELEEEE
(Macaulay ) 1+ #b ) B 0 % FF 52 B o

1.5 gL

AWM E T o h RS NAG ERAE
BY Genstat Rel 5.3 S iH¥0#5E 8 .
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Fig- |  Yanmance of AWCD with ume for three type soils
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RS H R B RN EE

2.2 TRMYESERISH

F BT 1-0ct-07 #6 R BIRHENL L 2. FE 2
AW, EERAOENTHESEBRANER R
HzW RUAMELRFATRERBEFE. T
EATE, ZEI P A EERIEREL (X
3V MAMRMK, FiF TS FEMT. SR T
#Ht, BT P Cu Pb. Zo HINi S BHE T
BEEAAES. BAtRAEL P iSRRI
AR LA 42 65, Ph R A BIETIEY 6 R
AE Zn AR 2B NS RMNNUARESEE.H
WABO L SEE RERY AR S0 148

., Cu.Pb.Zn 1 Ni BRi58 98% LI FMER B &
K, BRI N # Zo ik 99% LA EHIKSE B 1
et LA L . Cu  Pb, Zn FE Ni 3K 3 999 L E M &
B RBEHKF 7 PhH Zn MKF 99 9% 1 FHIK

%2 TiREHESESETENTEES (meg ke
Table 2 Juslity control for heavy metals in standard soil sample (mg/kg}

TE BRTRERTR Bl SHRIEHERLER SKEE
Cd 0.121 . 145 0,192 0 240 . 264 0. 230
Cu 13. 82 14. B6 16. 923 19. 00 20.04 17.07
M 9. 13 10.55 13.1% 15.83 17.15 1508
Ph 26,20 29.94 37.42 4490 4B pd 43,08
Zn  45.60 4928  56.64 6400 67.68  50.8%
£3) ZAITMHAHEERTRIR (mg/kg)
Table 3 Heavy metal contents (mg/kgl in three type soila
JLE i+ SE TH
Cd 0.41(0, 20) 0. 3400, 204  3400.09!
Cu 49.35(42.02) 32.23(26 03) 13.0814.97)
Ni 18.3106. 18) 21. 20010, 16]) 12.0512. 56}
Ph 180. 50(99. 79} 138. 190154, o6) 32 36011. BO)
Zn 11094453 29) 1. g4(68 31) 44, 40010, 28)

B SEMAH SRR,
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Fo BT, SR+ Cu Pb.Zn HI N CHH
BEHHE.
AESRBENESCR ARG SESHEN
B 3, AW 3R B TROE 7 A by 0 T 2 R A9
FHE BREADE TNSEARES, hE 3]
W, BHtEPARAKEEENESR IR SER
TREERATEN T B SE: TMARRRES
HELRTRSENZIHLL > AEL > KH
THEAHE, RBTHRT P A NEERTR
MR BHERTESM &, THEAHREOE
RPiMRE . BE2RUENEREL In AREE K
WHPhEEEAYENLP BREE,  BEGTH
fhEERILE: GNENLUESZRE N S8#EBIL; &
EEMLLZn AN K E, R P FRESELBH
XUl AR TE UK REECER: Cu MEES
AR CHEARX ! RERESH . In TEH
HRE, HATLRERms B MER: N E2H0
HBE.
HT#H—-FHET=H T BINWESRCEBE
RUeFEES, YESRLERMALEESREHTE
18,43 51 17 ( Principal component analysis, PCA}, AT
HESBEOMNEXERFBOBENL, BEWHT
REA TR REHEEER D20 SRR
F4 HRATR, 6 T FEEFHRFAHEC L3
7% . Hitix 6 M EBRFEEGHATRRUEY
SRS AR, BR4TL, WEHNT PC1,PC2
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Table 4 Pnncipal component analysis reaulis
for heavy metal chemical forme
THET PCI PC2 PC3 PC4 PC5 PCE
ﬁﬁ(:’?‘zﬁ 79.67 86.44 90.14 93,26 95.57 96 99
Cul -D 3 -0.13 -0.06 0,43 030 017
Cu2 -032 -0.37 003 033 002 -0.05
Cuj -0,25 -0.29 0.2} -022 054 0.14
Cud -0.13 -0.38 -0.3 011 -0.21 002
Nil -0.22 -0.08 007 -015 010 -0.73
Ni2 -0.1I -0.16 -0.05 -0,18 -0.06 -0 17
Ni3 -0.11 -0.20 -0.23 -0.4% -0z -0.05
Ni4 -0.09 -0.21 -0.12 -0 10 -6.17 -0.22
Phl -0.50 0.64 -0.32 008 -0.06 -0.11I
Pb2 -0.30 015 -0 I3 -0.14 0.00 0.0
Pb3 -0.23 0,07 -016 -0.32 0.26 0.33
Pha -0.15 -0.11 -019 -0 10 -0.04 -0 08
Znl -0.32 012 (.67 -0.02 -0.15 0.0
Zn2 -0.25 -0.07 024 001 -0.43 015
Znl -0.15 -0.07 0.18 -0.30 -0.25 0.32
Znd -0.0% 016 -0.12 006 -0.43 D.IB
AR EEE

wHL 1.45 -0 I3 -0.03 -0.04 001 0.0
AE+  -0.36 -0.03 003 -0.06 -0.09 -0.12
Bt -1.09 0.16 0.00 010 008 002
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Fig. 3 Chemical forms of heavy metals in three tipe soils
EREEEN 123 M ARUNTEERRFIER 1234 NERE. NARS REEEHE AENRES.

s m o b —— - - =


http://www.cqvip.com

Hsm

£ OO0 http://www.cqvip.com|

WITR % FE WA AR TR R E & RN LR I RS RR 463

WHHRE In, REIEWE Cu FIEHE NILFHH
A Cu. BBEHEREN: 2R+ | IS0
S ET ST L AR SR B9 SS Pb il 2
EXROFEMNLE, RKAEEE In. AEEMNF
RECHENE U TESRA+EX, MEH
ENFEREN W T AR LR E; fTRBE
MHEARNUANELBRTEYTEMX A TRMN L
B, M H LA E R AN Pb.Zn., Cu. Ni HIEHLEH Cu,
Ni MR M EHF TR,

2.3 T EE MR RITHESRIR D

Fipmm P AU EEIBOE 2
FAert+ 48, Wi H Biolog &R BERENMFER
E, BLEEEHATHTLIEPESRSRMH
REMmBHE ™+ Biolog FRAER? Nk, =41
BELRAFEENEIRTE FHIETELB
Biolog ¥t ¥ EMTEE(E )  MEPHERE S
SWAUESL, %ML Boleg BESHHETHE
F PClL §9iEw, MA R+ EEEE+ R ERn+ &
P PC1 HFEIfRM, W3R I W EMaahadRa

30
20 |
A,
o A, F vy ‘A A
A 5% A
S 00 : e SV
& 030 0.65 {8XJ O 1.0 Biolog
2.0 © X<
0]
30l ©
06
0
o4 |
% Xt
02 | A A
Cn.-:' 0.0 —XW?
0} a 085 L0  Biolog
£2 1 S 6
A7
04 |
X
0.6 |
x
08 L

H .4 PCl Mm M EBERNMEFT RSN P, AIR &
Wi 368 77+ 38 Biolog M EBEH FRHERE P TEM
B ; At PC3 .PCS #1 PC6 Bl F Af Biolog M # §2
SOTESRIFERIILEY, BHHEPHN
Biolog & R % BXA Zn F Cu MW . THME
Ni T EEWAE 59 Biolog &% . HEHE Cu i
=2k 138 Biolog AR 1A 3 6] 25 B A KRR R .

ARETHETLETESEARRE, FHEF
WAFESR Pb. Zn 1 Cu M B AT + S5 = 4
¥ Biolog AR A/E R W, FBE WY BRIBHHE
REREEE, HEERNHN, MEIHMEMEHEKE
- B g e kT L3R 4 Biolog 5 R ERWLL
B E SRR RN R,

S 3Tk -

[T] Gardand J L. Analvtical approaches to the rharaclenzation of
samples of microbial commumbies nsing patterns of potential C
source ulthizalion [J]. Seil Biol Biochem, 1996, 28: 213 ~ 221,

[2] Gadand J L, Mills A& L. Classificalion and characlensation of
beterotraphic nuicrobial communities on the basiz of patlems of

communily-level sole-carbun-senree ntilizalion [J1. Appl Eoviron

o Bt
X ®* HELt
06 | 4 BHL
oz | Xx X
& | X .9 :
o e
.20 .65 31 . Biolog
ha AR
A A
_llﬁ |
0.6
A
04
A
2 O AcmA
" ah  Haty ©
2 o0 Ry Ao
0.50 0.65 100 Riol
MR X %
-0.2 f ’ ’6( o
A X
04 } .
Q6 L

Ma FAREFREESREHTETEST Biolog ¥F9{EEAR

Fig. 4 Relations for prineipal eomponent acares of different heavy metal forms and Biolog mean values


http://www.cqvip.com

£ OO0 http://www.cqvip.com|

464 b - S 2001 %
Mierobiol, 1991, 5T, 2 35( ~ 2 354, [10] Wison M L, Bain D G, Duthie D M L. The sold clays of Great
[3] Zakh )i, Wilig M R, Moorthead I L. et o/ Funcuooenal diversusy Brugn: I Scotland [1]. MMay Mineral, 1984, (9: 709 ~ 736,
of microbsal rommunities: A quaniitalise appeoach [1] Soil Biol [11] Paterson E. Sanka M. Clark L. Urban sorls as pollutant amks: A
Biochem, 1994, 26: 1 101 ~1 108 case sludy from Aberdeen, Scotland [1]  Aggl Genchem, 1996,
[4] Wuensche )., Brueggemann L, Babel %. Delerrunation of subsirale [161 =21 129 <19
ubithzabun patleras of soil mictobial communies: An approach tn [12] Burkhardi €, inxam H. Hutrhinson T C. # ol impact of heavy
assesw populalion changes afier bydroearbon polluuon [J]. FEMS melels un the degradalive capabiliies of aoil Laclerial ommunilies
Microbwl Erol, 1995, 17: 295 - 303 [I] Buol Fertil Soil. 1993, 1&: 154 ~ 156
[5] Campbell © T, Gelder J ¥. Davideon M S, o1 vl Uue of scle [13] Camphell G T, Jones D. Effecis of heavy metals on forest and
carban source ultlvalion patterns te deleel chaoges in svil microhial processes and mycorrhizal funetioning [4]. Lepp N, Kichy K,
communilies affected by Cu. N1 and Zn [A]. Wilken R, Forlner Glimmerveen L. Heavy metals and Trees [17]. Fdinburgh: Insuule
I, Knochel A Heavy meials in the environment [C]  Edinburgh: of Chartered Foreslers, 1996 33 ~ 40
CEP Consullarus, 1995, 447 ~ 450, [t4] Raurel G, Topez-Sanchez J F. Sahnqudlo A, et ol Improsemen
[6] Chander K, Brockers P C. Effects of heavy melals from past ap- of the BCR three slep sequenual exlracinn precedure priot 1o the
plcalions of sewage sludge on mmerchial biomass and organie certification of new sediment and sl reference malenals (J] IFM
malter accumulation 10 u sandy leam and sty loam Uk snil [J]. Environ Munil. 1999, ti{l}: 57 - 61
Spil Biol Biochem, 1991, 23: 927 -~ 9372, [15] Zabinehs © A, Gannon | E. Effects of rerceational impacts on soal
[7] Bardget R D, Saggar 5. Ellects ol heavy melal conlamibalion on microbial communities [1]. Envicon Manag, 1997, 21127, 233 ~
the short lerm decompasition of labelled "G glurose in a pasture 238
soil [J]. Sail Biel Biochem. 1994, 26: 727 ~ 7331, [16] lin Z X. Hamsbo K. Ahlgren M. er 2l. The source and fale of Ph
[8] Kelly LL, Tate R L Effects of heavy melal contaninalion and in contamnaled soils al the udwm area of Falun in central sweden
remedianon on =0l micrebial communries m the ey of zine ). S¢i Towal Envnon, 1998, 209111: 47 ~ 5%,
smelter [J] ] Enviroo Qual, 1998, 27{3}: 609 -~ 617. [17] &&F. FlA]l BFHST. £ 9 -EWESKSPHEL R R
[9] Enoc 3, Paula L, Karel W. Delection of shifis in miembial com- [C]. dbat: #AF R . 1996, 168 ~ 194,

munity structure and diversily in sofl caused by copper voslami-
nation using amplrfied nbusomal DNA restniction analysra [1]
FEMS Microbiol Ecol, 1997, 23: 249 ~ 26t

Zhu Yong-guan Copper [A]. Chen Huai-man, et ol Heavy
Melal Pollutten in Sorl-Plant Syutem [C]. Beming: Scwence Preas,

t99a. 168 ~ 194 | in Chinesel,

Environmental effects of heavy metal accumulation in urban soils

by application of Biolog method

YANG Yuan-gen', E. Paterson®. C. Camphell*
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Chinese Acadermy af Srienres

Guiyang 530002, Clune; 2

The Marouley Land Use Resenrch rstatute

Abstract: Biolog method was applied for mierohial community and functional diversity studies in svils in and around

Aberdeen city. The results show that an ubvious shift in microbial communities and funelivnal diversities can be

ubserved in urban soils compared with rural soils under the press of heavy metal accumulation in urban envirenment,

which lead to much more microbial cunsumption of carbon sources and faster in consumption rates in urban soils

than that in rural soils, Urban soils possess high contents of heavy metals, and =oluble Ph, Zn, Cu and organic Ni,

Cu are the main factors to distinguish rural soils, as deduced from principal compunent analysis of heavy metal

chemical forms. Correlation analyses give the results that variance of Biolog couples with above chemical forms of

heavy metals; canonical variate loadings of Biolog dala release that the harmful effects of heavy metals on urban suil

microbial communibies are extended and unrecuverable.

Key words: urban suil; soil microorganism; Biolug; carbun sources
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