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Imp:ict of Newly Build Lead-Acid Battery Agglomeration Area on the
Surrounding Soil Environment: A Study Based on the Spatial Characteristics of

Heavy Metals

DING Ya-li'"?, LIAO Min"*", FANG Zhi-ping'”*, CHEN Shu-sen'”, ZHANG Yun’, GUO Jia-wen'”, LANG
Yu-qi'?

(1. College of Environmental and Resource Sciences, Zhejiang University, Hangzhou 310058, China; 2. Zhejiang Provincial Key
Laboratory of Agricultural Resources and Environment, Hangzhou 310058, China; 3. Environmental Monitoring Station of Changxing
County, Zhejiang Province, Huzhou 313100, China)

Abstract: To determine whether the newly built lead-acid battery agglomeration area in a town in northern Zhejiang had an impact on
the surrounding soil environment after seven years of operation, 76 samples of surface soil around the lead-acid battery concentration
area were collected, and the contents of Hg, As, Cu, Zn, Pb, Cd, Ni, and Cr in the soil were determined. Based on the spatial
distance of the agglomeration area and 50, 450, and 850 m from the agglomeration area boundary, the soil environmental quality was
evaluated using the single factor index, Nemerow comprehensive pollution index, and potential ecological risk index methods. The
spatial distribution characteristics of the heavy metals were analyzed using the geostatistical method, and the sources of heavy metals
affecting the soil environment were determined by correlation analysis. The results showed that the average contents of Hg, Zn, and Pb
in eight heavy metals were higher than their corresponding background values at all spatial scales. The average Cd content in spatial
scales other than the agglomeration area was larger than its background value. Only As at 50 m was greater than its background value,

whereas the average content of other elements at all spatial distances was lower than their corresponding background values. The spatial
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variability was high for Hg and Cd but not obvious for other elements. This implies that the influence of regional activities was
concentrated mainly on Hg and Cd; the content of both increased with distance from the agglomeration area. Hg and Cd exceeded the
risk screening values and were distributed mainly at 450 m and 850 mj; 33.33% and 38. 89% Hg points and 27. 78% and 55. 56% Cd
points were observed at these distances, respectively. The spatial distribution characteristics of Hg and Cd were consistent with their
contents; only Zn and Pb had scattered points that exceeded the risk screening values and generally no obvious spatial distribution
characteristics. According to the risk analysis of soil comprehensive pollution caused by the eight heavy metals, Cd was the main source
of soil comprehensive pollution risk at a contribution rate of 36. 73% , which caused the soil at 850 m to be in a state of alert. Soil
ecological risk at a medium level occurred mainly at 450 m and 850 m outside the agglomeration area from Hg and Cd. The contribution
rates to the soil quality at these distances were 46.30% and 39.37% for Hg and 38.98% and 49.30% for Cd, respectively. This
indicates that regional activities caused Hg and Cd to be the main elements affecting soil quality in the study area. The results of
geostatistics and multivariate statistical analysis showed that Hg and Cd were diffused inward from the periphery of the agglomeration
area on the axis of the local main wind direction ( northeast-southwest) , and the main sources of both were coal-burning activities of
enterprises in the periphery of the agglomeration area. In summary, the newly build lead-acid battery agglomeration area has not
significantly affected the accumulation of heavy metals in the agglomeration area and in the surrounding soil after seven years of
operation.

Key words :lead-acid battery agglomeration area; soil heavy metals; pollution assessment; spatial distribution; source analysis
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Table 2 Descriptive statistics of average heavy metal content in soil at different spatial distances
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Ni 25.52 18.24 21.49 22.63 13. 69 31.8 70
Cr 28.02 31.24 21.53 22.48 17.85 74.9 150
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W i e (A Sy R 4 RV B, T YA A A DR 07 30 (P s o, BRI 5 384 n 43 331 Ry
T 8 M E 4 Jm U R AEM ST XA [R] A B XU i 3.85% . 21.43% . 27.78% #155.56% , H KA Hg
A, SR 2. e MELAEICR F1Cd S AU ﬁﬁﬁ%ﬁﬁﬁﬁ%ﬁ%ﬁﬁﬂi

A He, Zn, Pb Al Cd A77E 7 H XUSS 07 128 (B 551
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B, #E—2B U T X N S P Y Hg A
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Wl Hg F1 Cd b, Ui Hg 1 Cd AT HALC R
Xif - S A TR R A S KU ek, HLH KU 7F 850
m Ab T 450 m &b, 3 FR 4 WA, K EEE

JCEM P, M E L) 8 FouZR ZE G 15 Y XU 15 4
(P ) A TREC(RY) #55 H5 B 2 0] o A
FAE—2, BV He Fil Cd FEE 11 AR 2 2 E T &
Wk, M oT R CH B AR . BT Cd XF
850 m Ak 4 HE V5 Y KBS 1 A K5 G (TR R A
36.73% ) , dEMIHIZANAY 3825515 Ye s Bk 212
AL, EERIX D450 m A1 850 m Ab+ 3L rp 45
AN, X5 EY RL 435024 58.01 1 69.98, Hrp
Hg. Cd 7£ 450 m H1850 m 4ZbX} RI A4 BTkR 4350 N
46.30% . 39.37% F138.98% . 49.30% , HAhItE
DUBRRIITE 6% LIF, i — L3R WIS i ff 53 IX. 1 5%
J Y EEE SRR He A Cd, H 3252 i X 4 3=
B AGAERE R X AD 450 m F1 850 m 4b.

#3 THESESRRRSE

Table 3  Risk characteristics of heavy metal pollution in-soil

b S = : L e
el DXy 50, .m 4b 450 m Ak 157850 m 4t

Hg 0. 14 014 0.67 4 0.69

As 0.16 . 0,19 0.12 £0.12

Cu jo.81 | 027 0.36 \‘.-*" 0.46'

Zn fost 7 oles 0.56 | | 54t

Ph [ 0,437 L 0.44 0.63 040

cd ¥ o378 | w068 0.75 s -

Ni /0.360 0.2 0.31 F =032

Cr Joogho |y - “0.21 0.14 s 015

Py, £0. 46 0 0.53 0.62 0. 88

F4 TEBERESRBEHE

Table 4  Ecological risk characteristics of heavy metals in soil

b a— b
7l XN 50 m Ab 450 m 4k 850 m 4t
Hg 5.54 5.57 26. 86 27.55
As 1.62 1.85 1.21 1.18
Cu 1.54 1.36 1.81 2.31
Zn 0.57 0. 66 0.56 0.54
Pb 2.17 2.21 3.14 1.98
cd 11. 00 19.43 22.61 34.50
Ni 1.82 1.30 1.54 1.62
Cr 0.37 0.42 0.29 0.30
RI 24.63 32.80 58.01 69. 98
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ROl T RAPIRES, 39875 Y XU A A SR
Wr F 1 1) AR S 08, U A 5 R Y A 2R IX O R0t
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Table 5 Theoretical model and related paramelets for semi-variance function of heavy metals( Hg and Cd)in soil

e B BEHER(C) A +0) A5 /m Co/(Cy+C) R RSS
Hg Ei g1 0.21 0.53 1123 0.40 0.96 7.42F -04
Cd EiER 0.043 0.14 833.11 0.30 0.87 9.89E -04
HIZE 5 A, 3 G Jm Hg Ml Cd RYBEIEAE  2.3.2  Hg Ml Cd BYZSIRI S0 Ai ks Ja 5 TR

RIS N RO R, o2 REYTE 0.8 DL L,
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P L £ 1 SRR 22 () Y e K IR B 2428 3800m),
VLA G R AR BRI B R AR, e WS i
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