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Source apportionment of lead pollution in soil based on the stable isotope and multi element characteristics. XIAO Wen-dan,
YE Xue-zhu', ZHANG Qi, ZHAO Shou-ping, CHEN De, HUANG Miao-jie, HU Jing, GAO Na (Institute of Quality and Standard
for Agro—products, Zhejiang Academy of Agricultural Sciences, State Key Laboratory for Quality and Safety of Agro-products, Key
Laboratory of Information Traceability for Agricultural Products, Ministry of Agriculture and Rural Affairs of China, Hangzhou
310021, China). China Environmental Science, 2021,41(5): 2319~2328

Abstract: Farmlands near electroplating factories and mining areas were selected as the research objects in this study, the single
factor index method and Nemero index method were used to evaluate the pollution status of soil heavy metals, and the source of
soil Pb was investigated based on the Pb stable isotope and multi element characteristics analysis combined with principal
component analysis and cluster analysis. The contribution rate of each pollution source was further quantitatively identified. The
results indicated that the farmland soil samples near the electroplating factories and mining areas were seriously polluted by
heavy metals, and the lead pollution in both areas reached the severe pollution degree. According to the Pb isotope ratios
(OPb*°Pb. 2°®Pb/%Pb) in samples from different pollution sources and the farmland soil, the contribution rates of each
pollution source were calculated by Isosource software. The results showed that the cumulative contribution rates of
electroplating waste effluents and solid waste to the Pb pollution in farmland soil nearby was 70.5%, the corresponding
contribution rate of ore and tailings piled up in mining area was 71.7%. To further identify the sources of lead pollution in soil,
the contents of 28 multi-element in samples from different pollution sources and the farmland soil were studied by principal
component analysis and cluster analysis. The results revealed that the multi-element composition of different sources was quite
different. The multi-element composition of farmland soil near electroplating factory had the highest similarity with
electroplating waste effluents and solid waste, and the multi-element composition of farmland soil near mining areas had the
highest similarity with the ore and tailings. Therefore, it could be concluded that the waste effluents and solid waste discharged
from the electroplating factory, and ore and tailings piled up in the mining area were the major sources of Pb pollution in
farmland soils nearby, respectively. Our analysis also suggested that source apportionment of Pb based on Pb stable isotope ratio
and multi-element composition combined with principal component analysis and cluster analysis had the high accuracy and
reliability.
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Table 1 Characteristics of heavy metal content in farmland soil near electroplating factory

IiH M iSON RSN PRt 2 1 5UE TR/ Sl HEEFR (%)
Pb(mg/kg) 48.48 766.04 435.82 122.54 29.76 14.64 78.96
Cd(mg/kg) 2.66 14.23 751 333 0.14 53.64 100.00
Cr(mg/kg) 152.63 1148.80 508.31 471.10 57.96 8.77 50.23
As(mg/kg) 10.74 38.96 19.51 13.19 5.87 332 12.51
Hg(mg/kg) 1.32 10.70 6.26 443 0.14 44.71 100.00
Cu(mg/kg) 93.27 836.12 381.60 350.55 20.85 18.30 69.35
Zn(mg/kg) 291.92 1251.19 1077.25 855.66 80.81 13.33 100.00

pH i 4.03 7.47 5.06 0.90 — — —

i “-7 FRRTCLI.

®2 RWIAMHERELTIREERE L EF pH EFFE

Table 2 Characteristics of heavy metal content in farmland soil near mining area

A R/ME EON ! FEIME brifEZE I SEEMEE R E FHEFREE(%)
Pb(mg/kg) 125.27 596.73 320.76 181.18 29.76 10.78 100.00
Cd(mg/kg) 0.43 3.83 2.07 1.50 0.14 14.79 100.00
Cr(mg/kg) 72.06 86.85 79.15 11.71 57.96 137 0
As(mg/kg) 9.05 69.82 33.54 24.04 5.87 5.71 61.22
Hg(mg/kg) 0.88 2.18 1.53 0.69 0.14 10.93 100.00
Cu(mg/kg) 31.36 160.81 56.07 24.86 20.85 2.69 15.26
Zn(mg/kg) 255.12 744.72 501.85 187.52 80.81 6.21 100.00

pH 18 4.27 6.13 5.07 0.75 — — —
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Ge I Mt & 3% Pb. Cd. As. Hg. Zn
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61.22%F115.26%. 13 Cr 0 & B R B bR H 21



T RE A 2 5 2 Jn R 1 3RS YR Ai AT 2323

FEEERMEMN 1.37 5.8 04 B3, vey
WML AR 3 HE 48 Pb. Cd. As. Hg. Zn i3
G ] AR A HELAR M 2 pH<6.5 BIHFHE -
15 KA T 100%, 27 pH<S.5 1y 66.7%,5.5<pH<6.5
7 33.3%. R M T 1A 1 B e v PR 3G 0, B A
YR
2.2 LIEESETG YN

KA CH3EREE R A& H M3 g XU
EFRAE) (GB 15618-2018)200%f 1 15 i 43 & ¥
P AT VR N BRIy Qe FR Ok B i BE ) I AR
H 11 Pb. Cd. Hg. Cu Ml Zn B0V Yeda %y

KT 3R ) P4 1 11 Pb. Cd. Hg.
Cu Al Zn V5 1R ™ &8 Ve 4 i & 3% Pb.
Cd. Hg HLIy5 Jda B3 KT 3, R e 3 M ix
K4 Pb. Cd. Hg V5 Y4 IR )™ 5 (K 3). 4R 4
DR - ¥ e Fig B0 ml 0 4 58y 4L 5% mi d oK 1) [
ER(ED 7SI e I NPT - Doase: JIEE<S-A Ti
DAL it K B P 4 20 25 6 ¥ e Fr H0E 0 i G
Y ATHE— VR R 3 n AL HA ) R
Iy W 30 A% P A 458 4 e Vg g ) N Mg B R FR AR
BIRTF 3.0, 30 W A Ml XA T 398 S AR L 1 4b
TG Y KR

®3 TEEERSRMEH

Table 3 Heavy metals pollution indices of soils
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Fig.1 Pb isotopic ratios of soils and potential pollution

sources near electroplating factory
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Table 4 Contribution rate of Pb pollution near electroplating

factory

B b 208pp/2*pp WTpp %P VG TTHR (%)
AN 2.070 0.819 46.2
TGk 2.039 0.825 24.3
DRI 2.020 0.840 15.1
KARER 1.889 0.786 4.6
ik 77E 1.930 0.848 3.5
FHEMEK 1.953 0.826 1.3
e 1.853 0.765 15
HHUE 1.872 0.857 29
AR JIE 1.796 0.743 0.6

it Pb [FfIRILE. WYZ R AN E £ 0
GEvh, a5 RABRYI L) IR I AN PR IR T s
AR RN, 3R GORIR 20 LS LOK BEE
DRSS N AR NV N T A AN P14
(3 2 5 Je A D BoAT E LB D BE K AL B bt
75 30 e A . L ABE A M Al B A A AL/ RIS LA
TS T L T4 HE ORI 5 e i R B2

B T A 7 S R v s A DR R [ A R ST ) R
B R CELTE I R AR K . BRVEIR K
PR H A 7K S5 ). 3K 6 vl B A v RO I v T O
Cu. Ni. Cr. Zn. Pb &8 MIHAMSA 80 HY
SR ) I 0 T R A A R S B L
B (PP ORI i/, 0 1 B P T R L
K 2 5 S B I G v Y ) R L
BE) I T A S R AR K A A RE UK F M
Jik, AT AT P 5 5 i U DR R T R FE A A
PRI LGN, 3R 2 P y5 G RIR 2 —. E A 0T
TR ML) G R S HE IS ORL A A2 5 3 i o )
35 Pb 7 B 0 5 B A 22 PO H TR AR B
0 T B B L AN ST ATl R P 1 B ) DT
BRZAL 7 3.5%.

x5 mBE MHILIRRISRREL TREM D IEEHE
Table 5 Rotating load of principal component of multi

elements in pollution source near electroplating factory

P ES%i
1 2 3
Ti 0.977 — —
Ba 0.946 — —
Se -0.928 — —
S -0.926 — —
Si 0.916 — —
\Y% 0.904 — —
Al 0.902 — —
K -0.879 — —
Fe 0.803 0.308 -0.359
P 0.713 0.399 0.358
Sr 0.647 0.372 —
Na -0.640 — —
Sn 0.317 0.927 —
Pb 0.367 0.883 —
Cr — 0.879 -0.421
Cu — 0.861 -0.457
Cd — 0.824 0.365
Zn — 0.797 0.555
Tl 0.379 -0.740 —
As 0.304 0.724 —
Co 0.490 0.719 0.340
Ni — 0.674 -0.640
Sb — 0.638 0.559
Ca 0.505 0.542 —
Hg — 0.687 0.696
Mg -0.538 — —
Mn — -0.346 0.424
J7 ZE TR ZE(%) 47.25 26.51 10.14
5 75 TR (%) 47.25 73.76 83.90

TE: =7 FORBATHE PR AR
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Fig.2 Cluster analysis of multi element composition in

pollution sources near electroplating factory
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Table 6 Contribution rate of Pb pollution near mining area

B 208pp2%pp 27pb/ 2P JGRTTRRR (%)
el 2.065 0.844 30.5
Y 2.082 0.839 41.2
BT 2.008 0.862 10.1
WEBEK 1.949 0.813 2.8
ot 1.892 0.783 22
HILE 1.878 0.863 3.8
AR 1.791 0.735 12
RAREA 1.893 0.782 4.0
BSLE7EN 1.927 0.852 42
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Table 7 Rotating load of principal component of multi

elements in soil and pollution source near mining area

P T
1 2 3
Sb 0.970 — —
Zn 0.967 — —
cd 0.965 — —
Co — 0.964 —
Se — 0.984 —
Na — 0.971 —
As 0.944 — —
Hg 0.932 — _
Sn 0.925 — —
Cu 0.914 — —
Pb 0.904 — —
Mo 0.857 — —
Ti — 0.608 -0.778
Al -0.753 0.516 —
Tl -0.753 0.614 —
Ca — 0.752 -0.573
S — -0.846 -0.384
Mn — 0.726 —
Fe 0.669 0.611 —
Ba — -0.659 -0.655
P — -0.755 0.615
Si -0.652 0.705 —
Ni -0.656 0.599 —
Sr 0.303 -0.423 -0.842
K -0.519 -0.624 0.546
Mg — 0.535 —
Cr -0.504 0.491 —
T3 ZETTRR (%) 57.36 21.11 8.01
BT E TR (%) 57.36 78.47 86.48
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pollution sources near mining area
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