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Tab. 2 Classification of heavy metals potential ecological risks in soil
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i 1 A ML WF ST X pH IS B 6.3~7.7 ZJal L SEHME R 7.1, BAR Rk Horb 2 SRR pH<
6.5,25 FES pH AT 6.5~7.5,4 NFES pH>7.5. 2 HEA MR i & B 1E 7.70~65.96 g « kg ' Z[A],F
W{EHR 30.36 g+ kg .

2 3 AL ST XN 3 B4 & Ph.Cd Al Zn Y BR & 4 B Y8 B 23 5 17.60~778.00 mg + kg ',
0.15~32.00 mg » kg ' Ml 48.50~2 446.00 mg * kg ', HE AR FHEH /5N 164.23 mg « kg ' .4.01 mg *
kg 'F1421.08 mg + kg 'L B T E K 1 T GbRE A AR R S ST R B L Pb.Cd Zn 3 Ff T FE AR
BE RSB B B S 32,26 %6,96.77 Yo R 45.16 % 5 14 As BB AR BE A M bR . (H R S0 AR R IA
2T 16.13%0. 4 X+ 4 Cu Ni F1 Hg JBi ik & 2 9 B AR H{E 5390k 22.02 mg » kg™ '.23.39 mg « kg™ ' il
0.09 mg « kg ', IR A M E K I RARUE. 2 B BT SUE 5L AR R A A L A Y X A
# Pb.Cd.Zn.As Al Hg Y- {E 20 5 T35 5EA 2.87.15.71.,3.49.,0.37 F1 0.87 £ , A7 A [ B2 B 19 &
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Tab. 3 Descriptive statistics of heavy metal content in soil in the study area

it H Pb Cd Cu Zn Ni As Hg

W/ (mg » kg™ 1) 17.60~778.00 0.15~32.00 13.80~36.80 48.50~2 446.00 12.00~37.40 3.16~153.00 0.02~0.40
FXEME/ (mg » kg D 164.23 4.01 22.02 421.08 23.39 22.03 0.09
PRifE2E/ (mg + kg™ 1) 207.84 6.38 6.12 551.23 6.21 28.21 0.08
CV/% 126.56 159.13 27.81 130.91 26.57 128.06 90.21
it £ 2.62 12.45 0.12 6.97 —0.34 16.08 4.94
g 7 1.90 3.31 0.75 2.58 0.51 3.70 2.12
ZHA LT RMAE/ (mg - kgD 42.42 0.24 47.20 93.76 43.61 16.04 0.05
H R YR/ (mg » kg™ D) 120.00 0.30 100.00 250.00 100.00 30.00 2.40
BB R o/ % 32.26 96.77 0.00 45.16 0.00 16.13 0.00
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PRFC RBNEERREEN. B, HIEpH AT 6.5~7.5 ZEWELIE Zn & TERLD T pH KT 7.5
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23 HRXIFEELETEREMBN
2.3.1 5T IX L HETE 4 AH S b

AHIEAE S BT 0] LUK B AT AN 7T R Z BIAAAE — 8 AR AN S8 @8 2 I AH SE E &R Ll B L B Rl T
B2 IH) AR M BT 2 1)L R RSt VR A T B R KT R A Y X R A R 4 R 1 A G A BT 46
RO Hg 5H A 6 TR AYAHCE RN i 2, 38 W] I ELA A0 7] 350 B0k I8 1 ol gt 8. £ Ni iy
Pb.Cd.Cu.Zn . Hg M EHEI AR E M Pb 5 Cd.Cu.Zn.As ¥WAFAE B ZF M IEMH KM, Zn 5 Pb.Cd &
FHIEM L. As 5 Pb.Cu.Zn Ni & 3 IEAHC, e 13 Pb.Cd.Cu.Zn Ml As X JLFPIC K 7] GE B2 A H [H)
BRI RIE. R 4 B Pb 5 Zn.Cd 5 Zn Z [ M HH O R B0 035 #) 0.907 F1 0.926, % W] Zn 5 Pb.Cd 7 fig
LA AH TR] 0 F T

*4 HRARRATHEESERBHEXHIT

Tab. 4 Correlation analysis of total heavy metals in farmland soils in the study area

Ha R Pb Cd Cu Ni Zn As Hg
Pb 1.000
Cd 0.768 "~ 1.000
Cu 0.407 " 0.061 1.000
Ni 0.271 0.121 0.258 1.000
Zn 0.907 "~ 0.926 " 0.303 0.265 1.000
As 0.612" " 0.313 0.534" " 0.422" 0.607 " * 1.000
Hg 0.106 0.097 0.179 —0.113 0.083 0.149 1.000

T x RIRTE 0.05 /KPR 36 S ARG, « % RIRTE 0.01 K OO A 58 ) o 35 AH G

2.3.2 FSEIX I 48 E oA

F U 43 AT (PCA) 2 ) FH A G 1 5 10 17 Ak O 412 BRU5E 6 2508 v BE0se i 15 5 - 48 78 6 P 78 199 SR I L AT
F WA DA 4 T 14 SR ECBR 5 BRI SR FH R 0 A 6 BE 9 X - 4 OR R R AT A 58 I Y IX R
FH - 38 T 4 Ja s AT DX A3 AT, SR FH O 2 e R e DXL -0k R AT DR T e AR BE AT TR 43 BT I, R 5T IX R
L1 HERE S5 AT KMO I Bartlett BRIE K 5, 45 2R 878 KMO {H 4 0.48, Bartlett BRIEAG 56 {1 h 182.582
(df=21,p<C0.001) , YL K F 73 Br & A 8. 2 740 i 5 42 IR 3 > ERUT R IEE B R T 1, efe nn s
FEEUE 3 A T ag BRSO 220 83.273% (36 5) A KTk AR, B R .

Wi 5 e DRl A 4 A i A3 A 45 SRR B (3R 5) LT 3 AN AR T 7 FhOT R TR A R R B O
i Pb.Cd. Zn fEH T 1 35970 5 m B 1E 4, 5Tk R 39.867 Y0, HOoP Y EHI & T = M A 335 50l , T i
A B RE S AR TS [ AR BE 0 A ARG 0, HLZE S RAE T oS Sk 50 Ah B3R 4 DY AHSC A BT AT, BF Y
X+ EF 4R Pb 5 Cd.Zn Z [ ¥ HA W0 EA M, RN 3 FiE &8 o R A —@ M RNEME, HAEY
oS5 H E L ORI A) BB N RTE SN TR S s, PR, PR 1 B S — i N Sk SR R B AT X
PLF RBE B R 300 87 77 F SR 0 3k R v R A I 7K 7 A 0 i B A7 ) R T 340 1o S i BB v i AR R
HER . PESEA LGP,

Bl 7 2 i Cu NiLAs ¥ 5 m a6, STk E K 27.497 %, A4 X 38 4 )8 Cu A1 Ni ERE R T
A T S A E R A AR AR R R R, W 2 AR R DG L BT 2 R A S R AE
oS MBS, EE AR N A AR R AR L As SERER S T o m A ST S L%
T E 3 T Gobr e AR 5 RECEOK, UL LA S A T R R S ) A A BRI A 05 A, As ANHE
ERT 2 EAREMEA, BERF 1 EA —E 8 E -=0.411D), [[iF As 5 Cu.Ni 4 )  # 191E
ARG ZR o HY AR, As ] BEAFEXUE R I, HORASZ 3 H AR I R IS0 i e — e R B2 3 A iR sl iy
SR 3K AT RE S BT SE IXCOR 2 BOR AR R B A A BR 0T ] i e I B8 B B A A A AR AR R N R R
FE P S ECT Mot AR R 0 A OR ri 2R, Cu A NG A AT RE B T B R H AR R LT
As FZORIFET AR KR 5 A 0 3h & i 2t [F 4 H.

K 3 B He A8 ML 2 A7, STEkRN 15,908 %, P EMH B E T oA 1 5E, H Heg iR
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FECH 90.21 % AR IR S R E 7 5 A S A G B BT X R R 2 HOCR YRR XA
NACH  JLF- B A R8T W 8 & A i WF 58 DX AT 2 LA A A 1L T 2R R0 48 Ja 1 R 006 2l b 9K 77 A R 5 ok IR
T8RRI A= o R AL T X DX R A S Y g A A SR R AN AR e AR e T i S
ATy LA HE R 2 rh S Hg JT3R KM RLOR R 245 10 I IR J i i 38 A B b, DA K SR & Hig W 7K il ik
T AL HEWE (579 Hg 76 3 b AN BF Rt #:0 He 19 RAUVRA AR IR T DL L T ARl AR 7= 1 3.

Zi b AR o3 AT (PCA) S5 R TT AL 7~ 1 107 22 STk &l 39.867 %0, I 1~ 2 WY 5 22 Tk R
27.497 Y5 W2 3 i T IR T 3 B STk A Rt DT IX S R Cd L Zn Ph A% A6 2 A b S ER 1Y
S 2 die A S 24 R b 098 PR B8 B ) R R 0 DY 13X 5 B R R BOE AN 45 2R (1, Cd > Zn >
IBEOPb)fﬂi%qﬂ%Eé}fEﬁéﬁkf@*ﬁ‘%%?ﬁ%(%@ 3 (aCd>aZn>aPb>a As™>aCu=aNi=a Hg) AR —FL.

x5 MRARTEEESREEIRSHW

Tab. 5 Principal component analysis of soil heavy metals in study area

. Jike P A5 $ i R e e AR ¥ R
1 2 3 1 2 3

Pb 0.931 —0.158 —0.004 0.864 0.377 0.052
Cd 0.789 —0.567 —0.024 0.971 —0.041 0.016
Cu 0.516 0.641 0.224 0.070 0.807 0.267
Ni 0.423 0.506 —0.502 0.097 0.679 —0.465
Zn 0.949 —0.296 —0.049 0.957 0.273 0.006
As 0.765 0.414 0.019 0.411 0.763 0.074
Hg 0.168 0.082 0.894 0.057 0.118 0.904
PR G 3.447 1.278 1.104 2.791 1.925 1.114
FE/% 49.238 18.259 15.776 39.867 27.497 15.908
B2/ % 49.238 67.497 83.273 39.867 67.364 83.273
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Tab. 6 Characteristics of heavy metal content in agricultural products in the study area

PMFAR

A7 P 2 Pb Cd Cu Zn Ni As Hg
G/ (mg « kg™H 0.58 0.10 1.37 9.42 0.41 0.00 0.00
brifE2s/(mg « kg™ 1) 0.17 0.19 1.19 4.45 0.15 0.00 0.00
R BRRE Y 100.00 16.67 0.00 0.00 91.67 0.00 0.00
WA /(mg+ kg™ D) 0.54 0.09 1.46 6.06 0.30 0.02 0.00
PrUEZ/(mg « kg™ D) 0.22 0.04 0.80 3.50 0.11 0.02 0.00
FALERR R/ % 100.00 33.33 0.00 0.00 16.67 0.00 0.00
MBS/ (mg - kg™ 1) 1.02 0.34 0.66 13.37 0.21 0.05 0.00
PrUEZ/(mg » kg™ D) 0.17 0.04 0.02 2.06 0.01 0.01 0.00
SRR/ % 100.00 66.67 0.00 0.00 0.00 0.00 0.00

3 &

R IX L E 48 Cd.Zn Pb. As SRR 518 96.77% .45.16 %6 .32.26 %6 .16.13 %, iX 4 Fh & @ 1€
AR Ry PR TR AR S BRI Y HR B0 RN A 25 A5 YRR O PR rT L Cd R T E IS Y, Zn 3k
PN L DL EFE P ik B T i 28R B, AF 98 X R AR Oy VS s VA A A S E R B AN A
Cd [ 75 16 35 T2 BE R A i, W 7 A 25 18 35 0 3 ) o 5 b o 32 B3 4500 /R L Cd 75 Y B o P 5 R A T 4 /i
WFoE X L3P 4 Cu A Ni B2 5+ BRI SUSF A AR R B2 IA ; As 52 HAR IR 5 A0 1% gl i 2L [R)
20 Ph Cd Zn EERIE T T & = A W75 4y s He B 2ORIE T T A AR 7= i 58 XA ™ dh i A2 AE AN TF)
FEEE Y #E 4 )8 Pb.Cd Al Ni @Az, b Pb A5 % &k 100%.
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The heavy metals pollution assessment of farmland soil around the lead-zinc
mine and characteristics of agricultural product pollution

Zhang Li"?, Cai Shengyao', Zhou Yang', Shen Xinyu', Miao Yuan'?, Su Peng', Wang Songting'

(1. School of Life Sciences, Henan University, Kaifeng 475004, China; 2. Xiaoqinling Ecological Restoration Field Scientific

Observation and Research Station of Yellow River Basin, Sanmenxia 472000, China)

Abstract: In order to investigate the heavy metals pollution status of farmland soil and its environmental risk in a lead-
zinc mine in Yunnan, the mass contents of seven heavy metal elements(Pb, Cd, Cu, Ni, Zn, As, Hg) in farmland soil and
their corresponding heavy metal contents in agricultural products in the region were determined. The pollution index method,
potential ecological hazard index(RI) and geological accumulation index(I,.,) were used to evaluate the degree of heavy metals
pollution and potential pollution risk, and the principal component analysis (PCA) and positive definite matrix factorization
(PMF) models were used to quantitatively analyze the sources of heavy metals. The results showed that the mean values of Pb,
Cd, Zn, As and Hg contents in the study area were higher than the background values of soils in Yunnan Province, while the
mean contents of Cu and Ni were lower than the background values, and the exceedance rates of Cd, Zn, Pb and As at the
points were 96.77% , 45.16% , 32.26% and 16.13% , respectively. The index method showed that Cd belonged to heavy pollu-
tion, Pb was in the alert level, and the overall pollution level was heavy; the potential ecological hazard index method indicated
that the ecological hazard level of Cd was extremely strong, and the overall potential ecological hazards reached the level of
strong pollution; and the ground cumulative indexes of Cd, Zn, and Pb were greater than 0, with Cd being the most seriously
polluted and Pb and Zn the next most seriously polluted. Source analysis shows that Cu and Ni mainly come from natural fac-
tors such as soil-forming parent material; Pb, Cd and Zn mainly come from industrial and mining activities; As is affected by
both natural factors and anthropogenic activities; and Hg mainly comes from industrial and agricultural production. The excee-
ding rate of Pb in agricultural products is as high as 100% , which is the most serious. Yunnan should enchance the standardiza-
tion and management of industrial and mining activities in order to reduce the impact on the ecological environment and food

safety.

Keywords: farmland soil; heavy metals; pollution assessment; source analysis
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