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Abstract To understand the spatial distribution characteristics and potential ecological risk of heavy metals in soil of Baiyangdian Lake, 55 soil samples were collected and the
contents of eight heavy metals (Mn, Cr, Cu, Zn, As, Cd, Pb, and Ni) were detected. The spatial variation structure and distribution pattern were analyzed using
geostatistical methods ( Moran index and semi-variance model). The degree of heavy metal pollution and its risk were assessed using the geoaccumulation index (1) and
potential ecological risk index (E' and RT). The results showed that the average of @ (Mn), @(Cr), @(Cu), @(Zn), @(As), @(Cd), @(Pb), and @(Ni) were
467.75, 43.59, 28.57, 89.04, 12.32, 0.18, 19.26, and 30.56 mg-kg ™", respectively, all of which were lower than the screening values of soil pollution risk in
agricultural land. However, the contents of Cu, Zn, and Cd were significantly higher than their background values, with two highly variable elements of Cu (48.65% ) and
Cd (37.52% ). The Moran index indicated that Mn, Cu, Cd, and Pb showed weak spatial autocorrelation. Nugget coefficients of hoth of Cd and Pb shown by the semi-
variance model were 100%), suggesting random variation as a main spatial variation driven by anthropogenic factors. High values of soil heavy metals were mainly distributed in

the southwest of Baiyangdian Lake with a significant correlation between the heavy metals. The I of soil heavy metals from high to low was Cd > Cu>Zn >Ni > As >Pb >Mn

geo
>Cr. Cd pollution was the most common, in which 67.27% of the samples were lightly polluted. Ecological risk assessment revealed that the average £’ of Cd was 58. 81,
belonging to the middle ecological risk level, and the rest were at light ecological risk. As a whole, the RI of soil heavy metal pollution in Baiyangdian Lake was at a light
ecological risk level (87.81), with the highest contribution rate of Cd to RT (66.39% ). Thus, it is necessary to strengthen the control of soil heavy metal Cd pollution in
Baiyangdian Lake in the future.

Key words Baiyangdian Lake; heavy metal; geostatistics; spatial distribution; soil pollution; risk evaluation
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Table 1  Characteristics of heavy metal element content in soil of Baiyangdian Lake
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Table 2 Spatial autocorrelation analysis of soil heavy metals in Baiyangdian Lake

i H Mn Cr Cu As Cd Pb Ni
% 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Z 1.01 2.46 1.38 2.64 2.26 -0.42 0.18 2.81
P 0.31 0.01 0.17 0.01 0.02 0.68 0. 86 0. 00
— PRI 22 RO X S O R, IR R BOEHL | Cr F1 Zn RMERTAL Cu FI NI A A |

/Ti%%%ﬁﬁﬁra P2 SRR AL A S0
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‘4 .-“u | Table3 Theoretical modéls ard fitting pdrdmelers for heavy metals in soil of Baiyangdian Lake
agn ) Eibed T ReM(C)  BAICE LB RIC)/ (G +0) x100% ] MEFM(R)  HRIE(SS)
Mn 4 EEcpER 2.60E -03 1. 09E - 02 23.85 0.58 1. 62E - 04
Cr ./ 2R PEAR 6. 76E -03 1.32E -02 51.31 0.94 2.30E -06
Cu [y g i 1. 11E - 02 3.08E - 02 35.89 0.61 1.71E - 04
Zn LAY 7.09E -03 1. 42E - 02 49.99 0.85 7.53E -06
As FRORAT A 7.39E - 03 1.49E - 02 49. 66 0.79 1. 19E - 05
cd LR AR 1. 65E -01 1. 65E -01 100. 00 0.20 2.24E -02
Pb LR AT 1. 19E -03 1. 19E - 03 100. 00 0.04 5.29E - 07
Ni T A 7.79E - 03 1. 67E - 02 46.70 0.94 4.81E - 06
2.1.3 HEEIERSAE R [H 4 & i [ fient DL K 4 m T4 AR DAk, R AR
ST RN B M fz s i) SRR R X 4 A Y PRGBS S EUR L A E S B AR

SRR e AR R ] T PR vE

ERT RS lﬂﬁ%ﬁlﬁl(l’im) AfLIEH, Cd, As,
Zn. Cu 1 Pb 4 B2 ) oA A AR5 1) —

ok, mﬁl:}:%ﬁﬁfémémmﬁﬁéiﬁ X F s [i]
e Ay EE SR B A T LA A R TS e B2
Tl —Hb B . AR 0 v = g vh 4 e Y ek
AEEAT AL, T 20 4] W ok 2 3 XU AN Ry i
1 2R, 1 Cd, Pb, Cu F1 Zn 1
T B DX A A — B, FZORIE T Tl S, JuH R
MBI TEIN T, As WIE Z2 05 TR 5
FATCRE 404 YRR | PETE VY e X0 A K

2.1.4  FEEJEWAHXM BT

T IX N 138 5 4 )8 19 Pearson AHIEME T i
TN RSN 1 8 D EE 4 i =2 [ 30 2 A k2 TE AR G
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Fig. 2 Distribution map of heavy metals in soil of Baiyangdian Lake
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Table 4  Correlation coefficients for heavy metals in soil of Baiyangdian Lake

Mn Cr Cu As Cd Pb Ni
Mn 1
Cr 0.62 1
Cu 0.69 0.91 1
Zn 0.54 0.79 0.83 1 ==}
As 0.70 0. 84 0.88 0. 81 1 : : J L
cd 0.68 0.55 0.71 j = 0.52 0.62 | [T 1 jp—
Ph 0.74 0. 67 0.77 0.55 0.70 | 0.94 || 1 }.)"x
Ni 0.65 0.97 0.93 1 0.83 0.89 AO057 0. 69 L
D AR P <0. 001 g 1 1% .~ P
rir &8 FafrtETsRBRRERAS d
Pl Tabl; 5 Grades of Lyeo Ffoq,-ﬂéélvy metals in soil of B;iyaﬂ'gdian I:ake ﬂ.| "
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I Mo} [ @ “1.00 d55 W g0 0 0
Pegt 0 -8 55 ] 0 0 0
Cu -0.32 41 12 2 0
7n -0.45 46 9 0 0
As -0.78 54 1 0 0
cd 0.30 14 37 4 0
b -0.81 54 1 0 0
Ni -0.65 52 3 0 0
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Table 6  Evaluation of potential ecological risk for soil heavy metals in Baiyangdian Lake
- n , A -
T Ham g3 i FEIfE T T i e R TIHRA %
Mn 0.89 ~2.62 1.54 55 0 0 0 0 1.83
Cr 0.76 ~2.39 1.28 55 0 0 0 0 1.51
Cu 2.97 ~19.07 6.55 55 0 0 0 0 7.32
P Zn 0.64 ~1.87 1.14 55 0 0 0 0 1.34
' As 4.79 ~15.63 9.06 55 0 0 0 0 10.62
Cd 24.89 ~151.64  58.81 7 41 7 0 0 66.39
Pb 2.28 ~10.29 4.48 55 0 0 0 0 5.13
Ni 2.77~9.11 4.96 55 0 0 0 0 5.84
RI 46.08 ~205.28  87.81 52 3 0 0 0 100
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