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Abstract: Determination of chemical elements was performed in urban and suburban areas of Zibo City. For this purpose, the
statistical principles, univariate and multivariate Nemerow comprehensive index, Hakanson potential ecological risk methods were
applied in order to assess the geochemical characteristics of these elements, soil environment quality, potential ecological risks, and

their impact on environment and crops. The investigation reveals that the values of Hg, Cd, S, Pb, Se, OrgC and some other

WhE B 2016—07-05; BB HH#A . 2017-10-23
EE&IE . FEHFE A R R A5 H (12120114062901) %8
BN AT, B, 1977 554 At g T AR, 225 S A b R AN R Al 2 e 15 AR S ST TAF ; E-mail : daijierai@126.com.,

http://geochina.cgs.gov.cn H1E LT, 2018, 45(3)



618 i 5] b J 20184F

components at the surface soil are significantly higher than those in deep soil, that there exists poor correlation of elements and
index between surface and deep soil, and surface soil samples, affected by different degrees of human activities, are obviously
alkaline. Furthermore, single pollutant evaluation shows various degrees of contamination of Cd, Cu, Hg, Ni, and Zn in soil, in
which the pollution area of Cd is the biggest, accounting for 5.11% of the whole city, and the comprehensive pollutant evaluation of
overall soil is effective, which reveals that 9.84% of the soil samples have been contaminated, and its formation may be associated
with industrial production and human activities. Heavy metals Hg, Cd seem to be the highest potential ecological risk elements, and
local area has reached strong or extreme potential ecological risk level, whereas the comprehensive potential ecological risk
evaluation is overall medium, with the mild, moderate, strong and extreme harm area accounting for 29.32%, 55.02%, 12.85%,
2.81%, respectively. From the spatial distribution, strong and extreme potential ecological risk areas coincide types of industrial
space layout; furthermore, the values of Cd, Pb, Zn, Hg and other heavy metals of the crop samples exceed the standard limits in

different degrees, which suggests that the soil and agricultural products should be monitored and evaluated cooperatively to prevent

heavy metal pollution and aggravate human health.
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Fig.1 The sampling sites of soil and crops in Zibo City
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Table 1 Geochemical parameter statistics of background and baseline values of soil in Zibo

V2 - HE(100~130 cm)

)24 1 46(0~20 cm)

" » ey K
B jena mmive aRENC RRN wRive ansy VAR BE AR oy
A JZ1% A 1%
As 36 9.67 0.158 246 871 0.190 8.6 112 090 0389
cd 35 0.107 0.209 230 0.208 0,615 0.132 0,097 194 0065
Co 36 129 0.175 229 121 0.224 1.9 127 094 0534
Cr 33 67.8 0.072 220 70.1 0316 62 61 103 0491
Cu 36 260 0.173 234 286 0.361 226 226 110 0492
F 36 531 0.095 238 574 0.363 551 478 108 0439
He 35 0.025 0.548 226 0.058 1.621 0.031 0.065 232 0020
Mn 36 615 0214 238 592 0.192 576 583 096 0520
Ni 36 315 0.220 218 295 0.326 271 269 094 0391
Pb 35 224 0.219 226 350 0.498 26 2 156 0.140
Ti 36 3751 0.092 241 3807 0.129 3704 3800 101 0555
v 36 793 0.125 240 785 0.159 756 824 099 0624
Zn 36 624 0.137 228 84.7 0.499 633 742 136 0346
Se 35 0.13 0.440 242 0.38 0.601 0.18 0.29 202 0013
al 35 95.7 0.298 224 104.9 1.364 66.8 684 110 0411
Br 36 5.54 0.345 246 6.13 0.345 399 54 111 0370
I 36 221 0225 242 241 0.383 1.96 176 109 0565
S 34 216 0.405 228 397 1.002 211 - 1.84 0.250
Ca0 36 493 0.523 237 5.80 0.901 136 215 118 0360
Na;0 36 1.60 0.110 237 1.49 0219 204 137 093 059
K,0 36 2.18 0.072 239 213 0.131 247 224 098 0646
MgO 36 165 0.133 240 161 0.570 1.5 129 098 0533
$i0, 36 587 0.051 236 6138 0.134 63.29 . 105 0497
ALO; 36 13.12 0.120 240 12,67 0.124 12.96 12.51 097 0445
TFe,0; 36 455 0.124 244 458 0.140 431 42 101 0617
OrgC 35 0.40 0.538 232 139 0.717 0.79 18 348 0211
pH 36 8.09 0.021 237 858 0.040 11 67 106 0215

T 2 LIRUA R B0 37, 2 TR AR B8 249, SR ATHLAR 5 1D

FE IR R A 5 R A
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RERE;C.G.Co NESBITR I EEL L TR
RS o BRI, ZEAS [R] Y pH DXTR], 73531 2K FHAS ) Bg
HEMH.

K G B 25 G 18 B0k AT 27 PR T i O
i, Hat A AR

F2 METRELEPTRAEMEXRY

Table 2 Correlation coefficients of the element content in surface soils of Zibo

e As Cd Cr Cu Hg Ni Pb Zn Se S
As 1

cd 0.126% 1

Cr -0.079 0.094 1

Cu 0.004  0.196%*  0.090 1

Hg 0.057  0273% 0015 0.103% 1

Ni 0041 0.113%  0.194%* 0.042 0.044 1

Pb 0.220%%  0.723%%  0.039 0204%%  0219%%  0.117* 1

Zn 20005 0.715%  0.158%%  0203%%  0233%%  0116%  0.542%* 1

Se 0.079  0.695%% 0024 0.095 0.285%%  0.185%  (0.635%*  0497%* 1

S -0.106%  0.468%*  -0.043 0.149%%  0211%% 0081  0435%%  0472%%  0714%* 1

T+ ORASE RBAE 0.01 K L B35, * RS MR 0.05 /KK 2% .
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% 4 Hakanson BELELBERERHXIS
Table 4 The Hakanson evaluation criteria of the potential
ecological risk

R3 TEFRITN D RIRE E, V5 R R RI fe H G
Table 3 The grading standards of soil environmental <40 AP A o <150 A A fo
quality 40~80  PEAAfEE  150~300 L ASEE
gGaiRE 110 10<U<20  20<1 I>30 80~160  #/EAfEE  300~600  H/EAfEE
TGS A A lEES GG 160~320  fREREASEH
o " ’ ’ ) - =600 {RHREAEE
TR 14 11 % nZ g =320 HSREASEE
RS MEBETIRESRERERELZRERBE DL (%)
Table 5 Pollution grade area percentages of heavy metals in soils of Zibo
S5 As cd Cr Cu Hg Ni Pb Zn Lty
IR GED 99.21 52.76 90.94 81.1 9134 8937 5551  69.69 38.98
AR E 50D 0.79 4213 9.06 18.5 7.87 6.3 4449 2953 5118
281 (7599 4.72 0.39 0.79 433 0.79 9.45
F ML CGEEGE 0.39 0.39
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Fig.2 The soil comprehensive environmental quality classification of Zibo

T HEE S R P ITR NG AW EA S G F IR
TSR (F6) R LIRS ERE
HeP | 5 B N K B /MK YK o Hg > Cd > Pb >
Cu>As>Zn>Cr>Ni, HH' As.Cr.Cu.Ni.Pb.Znf&
FIGBURRALI/ N T 40, AR A S G F R ML 151
W A A G F BRI & Hg Fl Cd, f& 5%k
A5 Ak 3 FEL 43 1) A 22.40 ~ 2387.20.,20.75 ~ 335.89, J&)
P L A 5 AR A T DX SR B TR TR AR G AR B
Bk R SR E L T8 BUE LTl 65.97 ~
2548.68,

M Hg  Cd B Zi A5 W 7E A2 25 AU 8 B0 % 70 A7
(3T LA Y Heg i e b S fa E Mok, S faF
PR P AR B AR SR L ASER Y A B
5.22% .34.14% .45.38% .10.44% .4.82% , B fA hy rpr 45
EARMEE; Cd A @l EESaENE, Hhk
ol A 5 AR5 BRI T 43 HE A 12 20.08%
57.03%.17.67% .4.42%.0.80%, 454 H4 @1
BeFACE AR RI & R h 4 g AR
SR 2 HE 2 R 29.32% | 55.02% | 12.85%
2.81%, Hzs [a] 534 ULIE 4.

*o6 TEEGEBEESEEITMFEESIT

Table 6 The characteristic values of the potential ecological risk evaluation of soil heavy metals

JCH As Cd Cr Cu Hg Ni Pb 7n RI
FeME 4340 2075 036 250 2240 030 397 078 6597
B 1830 33589 642 2488 238720 565 2783 743 254868

WfE 909 6759 225 589 13669 204 895 155 23404

T pE 9.00 5467 209 538 8800 190 741 130 179.77
Pffifwz 173 4156 071 213 22156 067 446 077 24137
fEFERRE R PSR B P B B B T
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Fig.4 The comprehensive potential ecological risk classification of heavy metals of soils in Zibo
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Table 7 The average concentrations and comparison with standards of heavy metals in wheat in different environment-

damaged areas

. WHE A S
. WM
TR g0 TEEEAL 12D SROPEAH 12 ) TRHRORE AL 12 )
FHERN0C AR B CTHEEN0C B BRR% THERN0C B BER%
Cr 1 045 0.48 1 833 0.56 3 25.00
cd 0.1 0.041 1 8.33 0.048 2 16.67 0.165 3 25.00
Pb 02 0.12 1 833 0.17 3 25.00 0.19 5 41.67
Zn 50 321 1 833 35.67 2 16.67 3824 3 25.00
As 0.1 0.022 0.027 0 0.00 0.028
Hg 0.02 0.003 1 8.33 0.005 2 16.67 0.009 4 3333
Cu 10 4.65 537 0 0.00 5.96

0 E A BAERRE GB2762—2005(h4E A R ALANE TA:#K, 2005).
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