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Spatial Characteristics and Environmental Risk of Heavy Metals in Typical Gold

Mining Area of Shandong Province

WANG Fei', WU Quan-yuan'", LU Jian-shu'®, DONG Yu-long", CAO Wen-tao', KANG Ri-fei', CAO Jian-
fei'

(1. College of Geography and Environment, Shandong Normal University, Ji’nan 250014, China; 2. Geological Environmental
Monitoring Station of Shandong Province, Ji’'nan 250014, China)

Abstract: In order to reveal the influence of anthropogenic factors on soil environment quality, a total of seventy-seven samples in
topsoils were collected from Jiaojia gold mining area in Shandong province and were determined for Cu, Pb, Zn, Cr contents. Spatial
structure, spatial distributions of concentrations and risk probability of heavy metals were analyzed using spatial statistic analysis. The
average concentrations of Cu, Pb, Zn and Cr were 19.41 mg-kg™', 27.32 mg-kg™', 49.81 mg-kg™' and 39.27 mg-kg™',
respectively. Pb, Zn and Cr were distributed normally and Cu was distributed normally after logarithm transformation. Semivariance
analysis demostrated that Pb could be fitted to exponential model, and Cu, Zn and Cr were fit for spherical model. Nugget coefficents
of Cu and Pb were between 0. 25 and 0. 75, which illustrated middle spatial autocorrelation; Zn and Cr showed the structural variation
with nugget values below 0. 25. Cu and Pb in the topsoils were distributed dispersedly due to effects of some human factors, whereas
contents of Zn and Cr indicated relatively regular distributions and were mainly affected by natural factors. Spatial distributions of the 4
heavy metals were approximately consisitent and the high value areas appeared in the gold mines band. The result of hot spot analysis
and indicator kriging interpolation revealed that the relatively high risk areas were located in Jincheng town, the boundary zone of
Xinzhuang town and Canzhuang town, while the safe zone was situated in south part of the study area. Pb had higher probability
exceeding the threshold and the middle or high environmental risk areas of Pb were distributed widely, which should be paid more
attentions.

Key words : heavy metals in soils; spatial variability; hotspot analysis; indicator kriging; environmental risk
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Fig. 1 Location of the study area and the sampling sites
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1.3.2 gtk
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BONT R 2058 s A28 s e A7 i, ¥
5 B AR T By b g i ik, AT LA 4
S A A [A) 1 S VR AR S 5 46 7 vl LR O AR
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SRR e v L EOR B AT & IS A,
F] FH Kolmogorov-Smirnov ( K-S ) A8 56 725 K6 46 ZC 4 %) 1E
BRI

DO AR LA K Pearson 0T 5 25 M1 4544 70 B
TE GS +9. 0( Gamma Inc. ) 58 Al ; B 4 Jm & 25 8]
SV . HE AT I T KR B A 4 5 B ArcGIS
10.2 ( Esri Inc. ) " ) Hb 45 31 5 B ( Geostatistial
Analyst) SZFH.

2 ZR5iTie

2.1 HIEESE S BRI

TR SR SRS (E 1) £,
Zn, Pb 1 Cr fF& IE50 41 B Pb 1 Cr (19 K-S 655
B EPERZE R AEIE WA B, R R Cr, R B IR
3.3;Cu MR IE & 40 A, 4 X% B0 4 (logarithm
transformation ) J& Asymp. Sig. 4 0. 253 , ik £ 1E &5 43
kR, MEHE A B N IES i B, UER B
VE R EHE I 5 B AR 48 5 4 6 1 25 43 A 1 D)t
FUSE X, R Cu, Pb, Zn Fl Cr & HSEH1{E
A3 19,41, 27.32 ., 49. 81 F139.27 mg-kg™'. K&
Pb 4b, HorE 4 a8 & i P E B TR X AR
SAE, R A AL, Ph MR E &, E4LJE Cr Al Zn
o AE 0 43 A B K, X N A 22 3K #1134, 23
mg-kg ™' F180. 5 mg-kg ™", AN b i 25 L FE B M
H AR B HORE B 5 Cu AT P A 1 B0 ) 43 A
FAXT 55

F1 TEESEIEMRELEITHN /mg-kg™!

Table 1  Descriptive statistical analysis of heavy metal contents in soils /mg-kg~

1

Wa RO RUME b B bEE R ez g SRS
Cu 55.5 7.1 48.4 19. 41 8.41 24.5 5.20 1.93 0.01
Pb 50.3 17.1 33.2 27.32° 5.18 27.2 4.75 1.39 0.13
Zn 100. 3 19.8 80.5 49.81° 13.13 60. 4 2.71 0.77 0.49
Cr 153. 4 18.8 134.6 39.27" 18.32 55.8 18. 88 3.30 0.14

1) a RFJUAFIE, b REHATHE

Pearson M (£ 2) R BH, Cu., Pb, Zn F
Cr ZI¥IAFAE 0. 01 35 PEoKF- 1 A JE G & Pb-
Zn . Pb-Cu AR T 0. 5, RIAEGR AN,
Chen %) | fif S 451 RIS 451 4524 & 5% M)
R B =3 R G AR B, AR I TT RE A 2L ) ) ok
PR H IR T2l X Tk i& 355, Cr 5 Pb, Cu B0
FHK B Zn BAHSCRBCE S (r=0.61) , W1
A Al RSz AR R =4 A5 S IR G A R (R 1)
AL, Cr F1 Zn B)FEEART A AT 5HE, 2 AR

T4/ Bortivka 2512 | X 42 BTSSR
W] Cr H1 Zn SZHUBTH S, JB T A SRR

®2 TEELEMAXMESHY

Table 2 Correlation analyisis between heavy metals

Cu Pb Zn Cr
Cu 1
Ph 0.552** 1
Zn 0.450" " 0.528* " 1
Cr 0.338"" 0.348* " 0.611*" 1

1) = * /8FAE 0. 01 ACETF B
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AR IR R (NCHHER) WEM. %4 C,/(C, +C)
<0.25 W, A8 5 DA A AR 5 0y 3=, A i A 5 81
()25 [B) A AHDE ; 4 ER T 0. 25 1/ 0. 75 B, 48
O AR S ] FAE O 2 R 8L > 0.75 B, LA
BEHLAS S 3, AR B 25 ) AR e s ) Thi AR
FE(Range) 7~ T 785 A0 R T, 28 (8] [ AH
R FHS P, B 7 A0 A3 BBl O, A8 A 28 (8] 3 AH G
P R Z R,

ARWFFE S TR A S T T
e, AR E REC(RY) S KFNBR 25 775 FL(RSS)
e/ TN 5 BRI A 2 ) AR SRR, 2 25 bR
BRI A 25 R (3R 3) nTA, T A AR Y 3
RSS #/NH R* 155 0. 8 LA b, SR HAR ; Cu, Zn Al
Cr fFE BB, Pb AT 45 45 BB AL ; Cu F1 Ph 1Y
Hedr 28U T 0.25 F10.75 Z 6], KT N h SR i
()25 () A ARG, KB v ez 2 AR A IR 1Y)
MCEAEH ;Zn F1 Cr AYHR4G RE/NVT 0. 25, LIS
PEAS A o 3 UL PR T R AE B S Az
WAERZR (AN -2 B2 MR &) 50, X 5
Pearson FHEPE M 45 IR — 2. KB ABRNT
8 050 ~19 260 m Z [A] , K T~ 5 b fe KR A 1Y [6] B
2284 m, UL A i 28 7E 25 ] A8 S5 30 [ Y B8 )
W H 43 R Y ELSE AR SR AE Y L Ph R R AR, W
FER R RE EAFAE2S (8] A AH S, Hk A Cu, Cr,
Zn, J& T 8 RUEE 22 18] F AH .

®3 IESEEFFERPERERUSER

Table 3 Fitting results of semivariance models of heavy metals in soils

iH PR AR WEME(C,) FEBMHE(C, +C) BEFRE[(C,+C)/C,] e R i 28 Kl A/ m

g Cu Spherical 0.076 0.153 0.497 0.849 0.001 20 13 450

lgPh  Exponential 0.017 0. 042 0.394 0.946 0. 000 02 19260

Ig Zn Spherical 0.017 0. 085 0.204 0.831 0. 001 00 8 050

lg Cr Spherical 0.010 0.173 0.059 0.953 0.001 45 9050
2.3 hHEHE SR AR R M.

R RSB AAIERE 2 s, Cu F
Pb S BPRAY A5 (8] 0 A FRAE , Zn AN Cr S R BN 5%
R AR S S B0 5. P SR A0 X 8
T AR PR ; (A X U7 T RIS IX g
i PR B TP R A A b X Cu 25 (] 43
A5 Ph AR —F, (0 Cu JCRIERIFHLACAT
FEI X, H SR I 2 i H, X FEH Cu
JCRZS AR EE I A 6. Zn A Cr &2 /M
A B, A AR DX S 1) A 00 328 K ) A
BEARAE e (i XA T A 3R - PR AR S A R A8
Ly AR XA T2 AL S 058 X A 7.

Cu, Pb, Zn Fl Cr & it F AR5 S (B 1Y X3,
i AR 5300 o ATF 5 DX R T AR Y 82% | 50% . 96% FlI
91% , & it BVAREAR. — M (i X I F A58 X
B4 A 0 2%y DX I, T A S AN A5 31 2R e
FroBig DX o DU AR 4 0 0 4 00 DX Bl o 4 )
. X5 Rashed ' | kT4 mE#E
LT T 25 R — 2, W LR & 0T R AR K
1B 35 W) HE RO 1= 39850 A B 8 A A A — E Y

2.4 TEEHESE SRS

Cu, Pb., Zn Fl Cr B4 J5) Moran’s 1 850435k
0.06.,0.17,0.24 F10. 18, ¥ Bl N4 B 1 =5 [H] B
2, BUAHRUE (s (B fE =S ] g T &b )
. AL TT A, 53 0% 77 AR L
AMELSESEDN G GItEHITITE, SR TA
[ EEACE T i 5% 7 (B 3). E4
e i P DXy - S R 5 A 5 ) AT DX, A
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Fig. 2 Spatial distributions of heavy metals in soils
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Fig. 3 Sptial distributions of hotspots and risk probability of heavy metal contamination in soil
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