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Fig.1 Geographical location map of Anqgiu City
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Cr.Ni Cu.Zn 5%, FE& A0 i A EE 4 5 2
Jay LLZR JRpi a0 58 A, 4% B Ml JB A 7 512 2 2 )
R AL ) (DZ/T 0130—2006) 5K, i i 52
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P45 HE it AT D) HERA B ARG 5 2, DRI 8  Ar
MATEETE, 25 R BN, AREIE S ERT 85%,
T R RLTEEER
22 HEStHSHOEMIRESHE
2.2.1 BHEGIHAhrk

bR 3% 0 I W R Y b R 1 N G
RGN T . Z2o0si i R R W
& @ TCERIR M S ML Iz N T R KR
Y 4R 2ok IR A PR 38 H SR H 3 54
BT RGBS A3 M 7 ik R AT | X 26 7 1k i 45
AT AR IGUE ") LB A3 A [ N A 3
I8 3 L

EHEN MG A RZ LIRS B TR
BARSHGHA TR MG AT, BFE K E e IME
SPIE PE AR R RE(C,) W RS
Z IG5 MR FH SPSS20 HY Pearson AHICAH 74T .
F R o3 AT R A, FU B 4 R ST R 1Y R RES
U8, FIFH MapGIS B o B A4 (kA 723 (R] il /1, £
SEPNE LR AT R FE o SRR A R B - b R
s IRL 2R A S IE M AR A B S N RS K
P A LR RS
2.2.2  TEMARE

R SR EE o AR FH M 3 T G XU A 4
FRUEGIRAT) ) (GB 15618—2018) ™ (WL 1.2) ¥
L EHIX FJZ 1 Cd Hg . Pb As Cr Ni Cu.Zn 7%
HEZ AT, W45 O R R BT A, Ni
Cu  Zn FEASFRIE H T AU A8 4B, D) R FH XU i 1
{H.

F1 RS RS R E
Table 1 Risk screening values for soil contamination

of agricultural land

155 RS i e F/ 1076

WH  pH<55  5.5<pH<65  6.5<pH<7.5  pH>7.5
b 0.3 0.3 0.3 0.6
ES 1.3 1.8 2.4 3.4
it 40 40 30 25
i 70 90 120 170
#% 150 150 200 250
il 50 50 100 100
i 60 70 100 190
B 200 200 250 300

F2 RAMTESERNEGESE
Table 2 Risk control values for soil contamination

of agriculturalland

5 MU Pl 107

HH pH<5.5 5.5<pH<6.5 6.5<pH<7.5 pH>7.5
ki) 1.5 2 3 4
K 2.0 2.5 4 6
fif 200 150 120 100
i 400 500 700 1000
ki 800 850 1000 1300

2.2.3 WML

1) HHERET HIEAR PPN
PR IR 3 7R 1) - S BRI PR b sk {2 A5 4 )
Gy FEBRAE, Sl 204 T B b A HE IR BT M Bk Ak 4 25 2
R4, Frb.c, HHEh i SEERR SR S, 5
Yely @ FE A< M - 39 T5 Y KU 4 AR e (GB
15618—2018) 45 Hi B XS T BE(EL (2 1) 56, A5
Yely @ e A< M A 39 T5 Y KRS 45 AR e (GB
15618—2018) " 45 t iy KU A Hil(E (£ 2) o
*3 TERBEHIKUFER SRR

Table 3 Geochemical classification for soil environment
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R0 J5 ik CisS;

2) THERELES VR

TE B b - S PRI Bk AL~ 25 g R o3 Sk
TN BOCH T R LR SR AR ) T g bkl
1 B PREE S5 G R 22 B AR 2
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31 tESEETESENE

5 IX KJE 13 Cd \Hg \Pb As 55 8 P &)@
TCERIEARSE L S Yy 5o {85 T 4, Cd Hg,
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B i IS [ AR B b vy T b T - 4 el A
eI &, Ni B0 h + 38 Sl i, 2D i 3R
J2 T AR 1.38 £,

ot X %2 158 8 P 4 R oo & & | EI /N
TFHLIE (GB 15618—2018) H Ay i w18, K itk , BF 5%
X Cd Hg.As % 8 F i 4 Ja 15 4L Sk Bk, A~
WFRE RSP Cd P As  Cr & & i RE#B T
FUIEEHIE, Ni |, Cu, Zn 7 it 5 KA 88 I3 0
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Table 4  Statistical characteristic values of heavy metal element contents in surface soil

. . . DT 4

TLE RKME/107C FoME/1070 SFEIE/107° /1076 Prifi 2z C,/% {(1ES e J3E éﬁgﬁ
=4
Cd 5.96 0.01 0.12 0.11 0.12 94.90 1246.09 30.37 0.11
Hg 2.290 0.001 0.033 0.030 0.046 138.40 1310.1 31.29 0.03
Pb 1665.10 3.10 28.33 24.18 31.07 109.70 1004.05 25.27 22.90
As 223.00 0.01 7.79 7.70 4.02 51.60 861.03 17.84 7.80
Cr 2227.00 6.09 80.38 68.30 49.45 61.50 358.31 10.38 65.30
Ni 1084.00 2.94 37.21 29.70 31.27 84.00 137.57 7.02 26.90
Cu 288.00 3.63 25.19 23.10 11.10 44.10 43.32 3.76 21.20
Zn 1129.16 6.40 67.19 63.81 27.26 40.60 406.01 13.2 58.50

AR 5 AR T 4 JE T RAEAS ) 1 1 B EORn A8
SR, C, HBK, WTREZ AR T,
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J&Cd  Hg .Pb 28 5 R E 7 ik 5194.90% |
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A5, AT RERZ BRI B s,

i T LA 12 AR SR 43 A AN AR D JE AR B
INT 0 MR, RZ AR, Zhao Yongcunm] .Da-
vid PR FE ASREME TR, An SR A 32 2SR s A
(RS, B J5 2 70 AR ] )+ 398 0 2838 A IE 5 40 A
TH TG B3 e 2 A A AR TE A, Cd L As 55 8
FhEE 4 J& o0 R AW JE R BN IEAE, 20 i T8 &8 1E fw
(% 4),LHRE Cd Hg P ER K, W HEZ AR
MK,

32 ITEESERTRZTES WL

it MR X R 2 T S R TR & i
()23 () 43 AR FRAE , 3 ] MapGIS 6.7 84 #E4T 58 B 4
AT, SR X R )2 L3 E 48 T o i K
(E4), MWNEIHRRTLIE H DF9E X K2 14 Cd  Hg,
Pb As %5 8 PP E &R TR MMM ZE R E

Cd 7EVG R BB LL X 2R3 A 7= sl A 25 1 4%
YRR IIE B B A AR A DU (E X ol
Ivi) DU i 2 AT e e v (L XA 7 P 78 B AR T
RTS8k A1, Al e DX 52 bR 0 A

Hg 745 W4H B i B e S 4 S X AE N 1D

WA ARG T SR SE T kAR 2 1 7R 38
ARG b DX 5 I TR o3 A, At b X SR 0,
P A AR AE—VY B 3 i 0 i k78 B L —H
LEE—7 He &8Ik,

As 5 Pb Z3[A] 43 A A% Jm FUAEE LU BCAH L, R LN
IR A2 [ P4 g 32 i a2 0 1) R 32, 2 b PR 23 A
P X ARIE X ARFRN OB BRI T R 45
TH AR ZE, 5838 & 1k, S222 K G206 7 75 i %
i, A S221 PR —ARILTTE BT, 7E45 W )E
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TE VU R R R — A B B o A X A B
M E MG, o X 2 SR

Cr,Cu Ni Fll Zn %5 [H]) 5315 LA LU B ARAL, R B
Sk NG R 1) AR b0 3o D ) R 5, 7 VY R AR AE I 7
LR IR I AR e (B DX 7Y R A T 3
A7 AEAR AR & RO A3 A
33 EEERTEXRERNT
3.3.1  HHKAHT

FIIH SPSS20 B4, XA 5T X 10 194 3% )2 £
RS TR €d  Pb Hg  As Cr.Ni Cu.Zn #EFT4H
HorHr, FE s Uron, ELJRITE Cr Ni,CuZn Z
B 2L Cd Hg . Pb As 2 [8] S 4% 25 1E AH G, Ui Bl
Cr.Ni Cu Ml Zn }¢ Cd . Hg.Pb 1 As 7] GEHA A [A]
(R UR , 3% BT R 22 (8] (14 3% R AR U T LASE 3 32 A
3 RS 3 itk — 20 A7
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Table 5 Correlations matrix for the heavy metals in soil
JLR Cd Hg Pb As Cr Ni Cu Zn
Cd 1
Hg 0.087 " * 1
Pb 0.583" " 0.059* " 1
As 0.145" " 0.095** 0.175" " 1
Cr 0.053" " -0.035"" -0.090" * -0.067 " * 1
Ni 0.058* * -0.042" " -0.094" " -0.066 " * 0.910* * 1
Cu 0.187* " % 0.037* " 0.616" " 0.697 * * 1
Zn 0.571" " 0.036" " 0.295" " 0.067 " * 0.403* " 0.429* " 0.625" " 1

TE: <" 7R 0.01 BFEHAKT - -

T FRARARIKRB] B FEMAKT RN
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Fig.4 Spatial distribution of heavy metals in surface soil
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3.3.2  EWA AR

T E AR TR FEORIE TR B A
W3, R0 RN B 28 40 B 2 W 4 TR T Ok
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Bra R L3R 6  MRHEFRAAE(E T 1 50 ik 4 4 4
BT, SRR T 84.46% M JEA {5 8., Ul B i X 4
F R BT 4538 €d \Hg .Pb As .Cr Ni Cu.Zn 8
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Fig.5 Hierarchical cluster analysis of heavy
metal elements in surface soil
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7, BB 4 e R AR B E PR FL L,
EATEA RSN, WaSEa4 E&, Cr Ni,
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A H172.5%107° (112.56x107° 46.13x107° |
95.12x10°° A K I A KA AR A ik Ry
Cr &M 2.3~2.8 15, Ni &1 3.3~4.5 1%, Cu &
W 1.7~2.2 %, Zn SR 1.3~ 1.5 £ Bl 4+
FE T Cr NiLCu.Zn BYEZRIE, £)2
Cr.Ni,Cu,Zn F 2R W 4 B4 55 B AR RIER
Wi, AEASVER A IS, Zn 76 RS> F2 HP a8l i ,
IR B AR AR —A R & @G T g
AV AL, 3838 Kk, PRI Zn 7 [ 4R LT 5
AN AN T RIS SR

Cd .Pb 7E F2 1 7R A v i 284, DT RR 36 H
23.56% ; Hg 7E £ 843 F3 v 57 58 5 i 3107, BTk
BN 12.71% ; As 16 F 8 F4 v R 58w i 2 e,
TIRRR A 11.23% , [ As 76 T4 F3 w2k far
o TEAEAE Rl A 7= B T IR, S S A B 3
PN A R it T B, (H A A — 8 R b X 4
A BTG YL T RO B ok KUK, A S
LR, AL2E AR A LA L B AR 24 %6 1T fig AR
M 4 CARIEA PR 2 — ) BF ST X AR N S 5

*6 RETRESERTRRTFHRE

Table 6 Factors matrix of heavy metal elements in surface soil

S
JLE
F1 F2 F3 F4

Cd 0.409 0.775 -0.176 -0.133
Hg 0.011 0.218 0.825 -0.498
Pb 0.170 0.802 -0.191 -0.047
As 0.031 0.390 0.498 0.786
Cr 0.829 -0.385 0.054 0.036

Ni 0.861 -0.385 0.052 0.043
Cu 0.855 -0.116 0.076 0.050
Zn 0.777 0.362 -0.097 -0.082
FEIEME 2.961 1.884 1.017 0.090
5%/ % 37.02 23.56 12.71 11.23
TIHRR/ % 37.02 60.57 73.28 84.46
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Table 7 Soil heavy metal elementcontents in the different parent rocks 107¢
. AR
JLHR . — - ™
Tt TR K A N piAska)
Cd 0.12 0.12 0.12 0.14 0.11 0.11
Hg 0.034 0.024 0.03 0.0305 0.026 0.019
Pb 24.45 17.57 25.46 23.235 26.99 19.96
As 735 75 9.01 9.48 8.57 7.44
Cr 68.12 172.50 74.28 72.2 60.26 139.78
Ni 29.11 112.56 31.64 34.2 25.05 70.74
Cu 22.57 46.13 24.78 25.91 20.55 30.92
Zn 63.16 95.12 68.13 70.235 60.93 71.68
DX, M AR 7T Bl O BUR BR, O T R AR A ) (
— | SN N ;
K REHEFTLAE S5 R, PR 4 2 -t i B e S j
== — =4
Tt FHIE K2 2 Cd B9 & %, Hg Pb Fl As = {H IX. L AR a B
R BAESARL R ST, PT AE -5 WF 5 IX PN K ) 463 R 1R | gl

T A AR I T S EEMALD
A 2838 S5 B NG A G, 44, Hg P
F1 As 58 575 X 53X Le 42 @ V5 Yo HE R A b 2 (a1 7
EHREAXNICR, 5, VTR AR i —
o, IR 1, B A TR R A KA
As TN 9.48x107°, Pt B XA KILE
NKE AL A As B (43900 7.55%107° 5,75
107° .9.01x107° 8.57x107° [ 7.44x107%) AH H. W& & , V6
W PH e ¥ As R {EL DX AT BESZ H AR ML BT T 57 PR R S )
PR AT 93 X As 32 2R 7 R 52 76 Hb BT 75 5% Y
Hefih & T KNGS,

i b WP X e ) Cr Ni \Cu 3% H SRR 7Y
SN E R, Cd Hg \Pb 5 ARG, Zn
As FZVAE R IR R AE H BT SR B AL B & T A
34 TERBEZESEM

IR VP A v 1 b 5T 0 A R T R 1Y
b T ER L 22 R A 5 P R e A L S N H
ARG )M, R e LR E M ik, DL RS
JoiE AR FH b - 18 T Y XURS: 48 P A ofE (147 ) ) (GB
15618—2018 ) 1 iy i 12 {1 FN 45 I R 2 LA, X BF
X 13 Cd \Hg .Pb As % 8 P & @ ju K47
FEPRIREE B S R A3, T AE A - 2R A TR
FEX IR i, 25 LA 6, BF9E IX 3R )2 £ 1
LA R, To XU 5 FLUR R AU X, F2 247
A0 THFSE X PG R R, RURS T4
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Fig.6 Comprehensive geochemical evaluation map

of soil environment
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Geochemical characteristics and environmental assessment of
heavy metal elements in agricultural soil of Anqiu area, Shandong Province

ZHAO Xiu-Fang', ZHANG Yong-Shuai', FENG Ai-Ping', WANG Yi-Xuan®,
XIA Li-Xian', WANG Hong-Lei', DU Wei'

(1.The Seventh Geological and Mineral Exploration Institute, Linyi 276006, China ; 2. College of Horticulture, Nanjing Agricultural University, Nanjing
210095, China)
Abstract: In order to understand the status of soil heavy metal pollution in Anqiu Area, Shandong Province, 10 194 soil samples are
systematically collected,the contents of 8 heavy metal elements including Cd, Hg, Pb and As are tested and analyzed.The geochemical
distribution characteristics of heavy metal elements and their possible sources are discussed by using geostatistical and multivariate sta-
tistical methods.The results show that the average contents of Cd, Hg and As in the soil of the study area are similar to the background
values of Weifang soil, and the average contents of other elements are slightly higher than the soil background values of Weifang.The
average contents of the 8 heavy metal elements are all lower than risk screening values of standard. According to cluster analysis, eight
heavy metal elements are mainly divided into four categories.The first category is Cr, Ni, Cu and Zn, whose distributions are mainly af-
fected by natural factors such as the parent material of the soil, while Zn is also affected by human activities.The second category is Cd,
Pb and the third category is Hg. The distribution characteristics of these elements are greatly affected by human activities such as metal
smelting and processing, transportation, mining, etc.The fourth category is As, which is not only inherited from the the parent material
of the soil, but also affected by human activities. The soil environmental quality in the study area is evaluated by Soil Environmental
Quality Risk Control Standard for Soil Contamination of Agricultural Land ( GB 15618—2018) , the results show that the soil environ-
ment in the study area is mainly safe zone, risk-freeand. Point source pollution only exists in some places.

Key words: soil heavy metal elements; geochemical characteristics; environmental assessment; Anqiu city
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