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Table 1 Statistical result of soil environmental quality assessment in urban ecosystem of Jinan City

. T 213 IS
mAKm® A% TEV/Km® A%
fif 364.2033 91.05 34.7627 8.69
M 205.0009 51.25 188.1123 47.03
i 314.9917 78.75 76.8357 19.21
R 261.8531 65.46 131.7136 32.93
A 387.2866 96.82 12.1289 3.03
o 339.877 84.97 60.123 15.03
s 319.2113 79.8 80.7233 20.18
B 339.945 84.99 57.0361 1426
ity 220.0622 55.02 167.4144 41.85

T 45 FEITIK - 3
mAKm®  TH/%  TRVKkmE T4 %
1.034 0.26 0 0
4.6427 1.16 2.2441 0.56
5.1666 1.29 3.006 0.75
4.4355 1.08 19978 0.5
0.5845 0.15 0 0
0 0 0 0
0.0654 0.02 0 0
2.0659 0.52 0.953 0.24
11.4724 2.87 1.051 0.26
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Fig.1 Grading plot of soil comprehensive environmental quality in urban ecosystem of Jinan City

MR IR A KR e 5 LR E SR
TR F A MG EE R (R ) T LA LR
ESEE S Co TRV R MM (=-0532,p<
0.05), 5 Ni % & 2 U] i 7 A ¢ (r=—0.518,p<0.05),
5 Pb & 8 W3 UM (=-0.553,p<0.05) , T 5 H
P NN T (DS SN

TIEELABMES co FEE L F ML=
—-0.633,p<0.01), 5 Mo & & 2 & 3 1 A K (r=
—0.516,p<0.05), M5 HMITTR AR BRI BA KR,

BATENYEES Co TEZ2ERFEAMC(=
—0.521,p<0.05) , M5 HABTTR AR BRI WAL KR,

P EEREY EamuoRis ol BRI+

*2 FEiEmmE

KRYESLIREERTES

S LR, I BRI ETT R T AR 32k
FEMEIEIAR, AMESEITRS LY EE
AHOCHEAR I, AT RS2 By T 8 42 J8 J0 R Mk B A 3k 3
—E AP ] AR A AN AE PR R AN B it A |
G ET PR, S 56 UE 25 5 2 o R AR 0 AN T i
TAFNEWES AT, BEREM T A%
FEMIEAFRE T, 40 JNPOO6 A B B 2 I A T i
%malﬁﬁﬁﬁﬁgmﬁﬁ%*ﬁﬁﬁwoﬁ?
_mm%#i%, 1 ] B SRR 2 AR TR
PR EGFE X e T B O o [ R T AR AR
BT C/N, 1 55 JE AR 0T A% O o T A T S
AR YRR, AT DU BT ) B B, TNPO16

ERIHEXME

Table 2 Correlation coefficients (r) between number of animal population and heavy metal
content in Jinan City

b2t HE cd Co Cr Cu Hg
0239 -0.532% 0.379 0.002 -0.081

SRS
S -0.078 0.161
YY)

-0.047 -0.321 0.337

Mn Mo Ni Pb v Zn
-0.288 0.114 -0.518* 0.082 -0.418 -0.202
-0.066 -0.633** -0.489 0.288
-0.259 0.087 0.324 -0.353 -0.202

-0.516% 0.191 -0.553* 0.129 -0.249

-0.308  0.234 -0.521%*

W FRAE 0.05 KF EREMI, =« FRA 0.01 KT L BEHE,
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Table 3 Changes in number of soil microorganisms of different physiological
groups in Jinan City (10° number g™ soil dw)

s Mm HE R&E BEE
JINPOO1 11.00 0.03 540 420
INP006 93.33 0.06 27.50 25.43
INPO11 9.67 0.00 8.80 2.50
INPO16 2.67 0.00 6.77 0.10
INPO21 27.33 0.04 8.03 6.80
INP026 3.33 0.06 9.30 9.80
INPO31 18.33 0.02 16.80 747
INP036 8.83 0.03 10.73 10.43
INPO41 72.00 0.09 9.93 16.83
INP046 53.33 0.05 15.47 14.57
INPO51 4433 0.03 11.00 10.40
INPO56 14.67 0.01 7.65 15.77
INPO61 25.00 0.03 18.30 11.45
INP066 37.67 0.02 12.60 0.85
INPO71 37.67 0.03 21.70 15.85
INPO76 32.00 0.02 8.53 4.50

A AL e YRR
950.00 0.01 2.50 0.10
45.00 0.45 25.00 1.10
40.00 0.01 0.95 0.00
45.00 0.03 0.45 0.03
1150.00 0.45 45.00 0.25
45.00 0.25 9.50 0.05
45.00 0.95 4.50 0.45
200.00 0.00 25.00 0.03
250.00 0.03 1.50 0.03
95.00 0.08 9.50 0.03
65.00 0.10 2.50 0.00
40.00 0.10 2.50 0.02
95.00 0.05 15.00 0.03

11000.00 0.00 0.95 0.03
150.00 0.08 4.50 0.15
20.00 0.01 4.50 0.00
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Table 4 Correlation coefficients (r) between number of soil microorganisms of
different physiological groups and soil chemical properties in Jinan City

(A STre S ] HE JkgkE RBEE O HWE M RS LT HER IR

As 0.14 0.23 0.12 0.18 -0.06 0.24 0.19 0.61*
B -0.11 -0.16 0.21 0.13 -0.03 -0.20 0.08 -0.15
Cd 0.66* 0.43 0.56* 0.58* -0.02 022 0.25 0.78*
Co -0.10 0.18 0.16 -0.11 -0.03 0.47 0.04 -0.04
Cr 0.25 0.18 0.29 0.24 -0.09 0.09 0.08 0.60*
Cu 0.07 -0.09 0.05 -0.08 -0.08 0.25 0.34 0.37
F 0.38 0.36 0.12 0.31 -0.10 -0.26 -0.31 -0.05
Hg -0.21 -0.36 -0.17 -0.27 -0.08 -0.14 -0.14 -0.10
Mn 0.14 0.49 0.03 0.13 -0.08 0.36 -0.35 -0.01
Mo 0.21 -0.05 0.02 -0.11 0.09 0.03 0.24 0.35
Ni -0.10 0.00 0.39 -0.02 -0.06 0.31 0.19 0.13
P 0.24 -0.10 0.26 0.09 0.01 0.12 028 0.50
Pb 0.12 -0.05 0.03 -0.07 -0.01 0.13 023 0.36
v -0.04 0.07 0.20 -0.01 -0.08 0.61* -0.12 0.16
Zn 0.19 -0.10 0.09 -0.18 0.53* 0.08 0.02 0.19
Se 0.07 -0.07 -0.02 -0.03 -0.02 -0.04 0.25 0.26
N 0.57* 0.14 0.65* 0.51* 0.07 0.06 0.19 0.60*
S -0.03 0.07 -0.21 -0.13 -0.05 -0.07 -0.07 0.16
SiO2 0.05 0.13 -0.20 -0.08 -0.18 0.34 -0.11 0.06
AlOs -0.10 -0.04 -0.28 -0.27 -0.07 0.39 -0.24 -0.20
TFe205 0.06 0.25 0.01 0.01 -0.09 0.55* -0.26 0.02
MgO -0.08 -0.09 0.32 0.14 0.13 -0.25 0.06 0.02
CaO -0.11 -0.17 0.14 0.05 0.13 -0.41 0.15 -0.11
Na;O 0.21 0.16 0.06 0.14 -0.14 0.14 0.25 0.48
K20 0.14 0.08 0.04 -0.06 0.05 0.32 -0.36 0.06

o FRAE 0.01 KT BB FERL,

5 fE. B8 . FANTIREYIRRIERR

Table 5 Mean values of bio—parameters of soil in Jinan, Yutai, and Shouguang

e} iy %6

2k hutht 67.69 96.38 136.19
LSRR 12853 10187 8906

AN SR 3069791 452869985 180940479

L S 3376 55790 124448

B2 PR 41.54 21.62 8.44

B2 I 43.64 23.88 12.87

HA 16.66 2271 1529
2% PG BH P T/ 2 G 1.33 091 0.65
YU/ LA 7.03 2.08 1.57

T U FE SR A N=48, 10 B AL N=155, 7 6AE LB N=144,
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Table 6 Correlation analysis of biological parameters and geochemical element content of soil

AAK A B Correlation  As cd Cr Cu
2l -014 017  -0.14 021
A -0.03 -0.05 034*  -0.11
] 025 007 002 012
B 004 015  -022 001
e 003 021  -0.14  0.06
PN -0.06 0.19  -0.09 0
AL 0.18 0 -0.09  0.06
i 025  0.12 0.03 0.22
RABE 018 013 -0.12 0.6
YL -0.14  0.28 023  -0.02
Shannon £ & Jif 015  0.09 0.11 0.11
Shannon 5% 0.24 0.1 0.03 0.1
Shannon %] % 015 -0.15 -003 -0.13
Simpson 154 002 001  -005  0.12
Mclntosh 744 -028 0.1 0.1 -0.21
Mclntosh %] i -0.11 -0.14 -002 -0.13
AWCD {H 007  0.16 0.16  -0.07
Gini %4 -026 -0.06 001  -0.18
W22 B T 005 -0.07 012  -0.08
W -001 -0.19 -006  -0.15
B 0.34*  0.05 0.01 0.13
FRPE T/ T 0.13  0.26 0.56%  0.24
i NESTA-N:| 0.15  -0.21 0 -0.12
R TR 0.14  0.03 0.02 0.03
Margalef 01 0.6 0.13 0.17
Simpson TH%L -0.12 0.1 0.12  -0.01
Shannon-wiener $&%{ 0.12 0.1 -0.05 0.09
SEARLE -022 -0.01 001  -0.11

Hg Mn Ni Pb Zn
-0.22 0 0.31% -0.34 -0.24
0.02 -0.14 -0.28 -0.01 -0.1
-0.03 0.19 0.16 -0.01 0.06
-0.14 0.18 0.04 -0.06 -0.05
-0.08 0.17 0.02 -0.04 0.01
-0.04 0.06 -0.07 -0.06 -0.03
-0.07 0.14 0.09 -0.06 0.1
-0.08 0.16 0.14 -0.03 0.17
-0.1 0.19 0.03 -0.1 -0.06
-0.06 -0.15 -0.14 -0.02 0.01
0.14 0.1 -0.29 0.19 0.07
0.03 0.28 -0.09 0.14 -0.04
-0.07 -0.07 0.31% -0.1 -0.23
-0.04 0.07 0.09 0.28 0.05
0.15 -0.46*  -0.61% -0.03 0.04
-0.06 -0.02 0.31 -0.08 -0.25
-0.32% 0.09 -0.2 -0.02 -0.22
-0.03 -0.3 0.07 -0.21 0.04
0.01 -0.06 -0.12 -0.01 -0.12
-0.09 -0.1 -0.14 -0.03 -0.2
-0.09 0.31%* 0.13 -0.02 -0.09
0.57* -0.01 -0.15 0.17 0.33*

0 -0.3 -0.26 0 -0.03
-0.1 0.07 -0.03 -0.09 -0.09
0.15 0.13 -0.07 0.21 0.16
0.25 -0.09 -0.25 0.11 0.17
-0.05 0.18 0.06 0.1 0
0.17 -0.19 -0.23 0.06 0.1

T % FORTE 0.05 KTV EREH I (p<0 .05), A8 E N=42
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Soil contamination by heavy metals in Jinan City and its biological
characteristics

WANG Cun—long', DONG Zhi—cheng’, XIA Xue—qi’,
GUO Wei—hua', JJANG Wen—hui', JT Shun—le'

(1. Shandong Institute of Geological Survey, Jinan 250013, Shandong, China; 2. Institute of Geography & Planning, Ludong University,
Yantai 264025, Shandong, China;3. School of Earth Sciences and Resources, China University of Geosciences, Beijing 100083, China;
4. College of Life Science, Shandong University, Jinan 250100, Shandong, China)

Abstract: The contamination characteristics of heavy metals in urban and rural soil of Jinan City were investigated
in this paper, and the results show that heavy metal contamination not only causes deterioration of ecological
environment but also reduces soil biodiversity and activity. Meanwhile, the correlation between the number of
animal population and the heavy metal content was analyzed statistically, and the results indicate that there is
significantly negative correlation either between the number of soil protozoa and the concentration of Co and Ni
or between soil nematode amount and Cu and Mo content. So does the correlation between drought — tolerant
animal amount and Cu content. On the one hand, these data imply that heavy metals can cause damage to soil
biodiversity; on the other hand, the conclusion can be reached that soil nematodes are of pollution —tolerant
species while drought — tolerant animals are not. It is thus believed that the density ratio between them can
indicate the contamination degree of soil heavy metals. Moreover, sensitive biological indicators of heavy metals
were detected by analyzing the correlation between geological element concentrations and biological parameters of
soil. For example, soil nematode is a biological indicator of Pb contamination, and PLFA (epiphyte) can indicate
As pollution. The authors hold that using soil organisms as indicators of heavy metal contamination has wide
application prospect.

Key words:soil heavy metal pollution;biodiversity ;sensitive biological indicator;soil pollution remediation;Jinan

City
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