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Sources analysis and ecological risk assessment of soil heavy metals and
metalloids in Yao'an area of central Yunnan

CHENG Yanxun'?, ZHAO Mengsheng'?, ZHANG Ya'?, XU Lei'?, XU Jie',
HUANG Jiazhong'’, YANG Minglong"’, TU Chunlin"**, LI Yiying"’

(1. Kunming General Survey of Natural Resources Center of China Geological Survey, Kunming 650100, China; 2. Technology
Innovation Center for Natural Ecosystem Carbon Sink, Ministry of Natural Resources, Kunming 650100, China; 3. Innovation
Base for Eco-geological Evolution, Protection and Restoration of Southwest Mountainous Areas, Geological Society of China,

Kunming 650100, China)

Abstract: A suite of 428 surface soil samples were collected in the Yao'an area of central Yunnan area to evaluate the pollution
characteristics, sources, and ecological risks associated with the heavy metals and metalloids such as As, Cd, Cr, Cu, Hg, Ni, Pb and
Zn. The concentrations and spatial distribution characteristics of these heavy metal elements are illustrated through statistical data

analysis and geochemical maps. The sources of heavy metals and metalloids were explored using correlation analysis, principal
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component analysis, and cluster analysis methods. The degree of heavy metal pollution and potential ecological risks were evaluated
by the geo-accumulation index method, the enrichment factor method, and the potential ecological risk index method. The results
show that As, Cu, Pb and Zn are influenced by the natural background and mineral mining. Cr and Ni mainly reflect soil parent
materials; Cd enrichment is associated with mineral mining and agricultural fertilizer use. Hg is affected by surrounding factory
emissions and coal combustion. The analysis of the Geo-accumulation Index and Enrichment Factor showed that the pollution degree
in the study area was generally not high; however, there was local enrichment of the heavy metals such as Cd and Hg. The potential
ecological risk index method also showed that Cd and Hg are the most important risk elements in the study area, but they are mainly
mild and moderate ecological hazards. The distribution area of strong ecological hazards is small, and the overall ecological risk in

the study area is low and controllable. Our study provides a current assessment of soil heavy metal and metalloid pollution in the

study area that can be used to guide future land-using plan in central Yunnan.

Key words: soil; heavy metal and metalloid; source analysis; risk assessment; central Yunnan
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Fig. 1 The geological map of Yao'an area
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Table 2 Enrichment factor and contamination grades

7 EF{H BAEGOEE
I <0 AR ACREE S
il 1~2 BMEEEMET)
I 2~5 R E S EE Y
Y 5~20 ©EE R EITYY)
\% 20~ 40 TR R R G
VI >40 % 5 B R (BUIRTT 4Y)

Table1 Geo-accumulation index and contamination
grades
S5 2 L. fH BT QR E
I <0 PR HEE D)
11 0~1 BACE £ ME )
il 1~2 R W R (TS BY)
\Y 2~3 S SO
V 3~4 R R GRIT Y
VI 4~5 B AR (R iE Te)
VI >5 e 55 B (B 505 G)

x3 E (X)) eREHNESARAEMBELETSRR
ik
Table 3 Potential ecological risk coefficient and its indices

of the heavy metals and metalloids
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Table 4 Statistics of heavy metal and metalloid concentration in soils
i B As Cd Cr Cu Hg Ni Pb Zn Fe
V18 /mg-kg ! 1153 031 99.53 3450  0.04  43.50 41.53 84.92 5.69
/M /mg-kg ! 3.11 0.06 47.20 8.06 0.01 10.80 12.20 22.00 1.85
25% 8.90 0.19 9130 2793  0.03 3873 24.80 71.80 5.26
H A5 50% 10.60  0.24 99.85 33.15 0.03 4395 27.25 81.60 5.80
75% 12.80  0.31 107.00  39.10  0.05  48.60 31.20 92.25 6.29
B K fE /mgkg ™ 38.10 1420 187.00 148.00 045  78.10  1819.00 268.00 8.11
b v 2 /mgkg ! 4.66 0.74 14.62 11.89  0.04 9.24 96.78 26.51 0.86
TRARK 0.40 2.39 0.15 0.34 0.86 0.21 233 0.31 0.15
i J% 2.01 16.59 0.23 3.61 731  —0.12 15.28 3.08 —1.08
Ui 630  299.40  3.96 26.14  72.85  1.44 270.50 16.83 2.55
A LEE R Emgke ' 184 0.22 65.2 46.3 0.06 425 40.6 89.7 5.22
& LT S H /mgkg ' 112 0.10 61 22.6 0.07 26.9 26 74.2 2.94
30 0.3 150 50 0.5 60 70 200 pH<S55
e . 30 0.3 150 50 0.5 70 90 200  5.5<pH<6.5
£ IR 5 e 1 /me ke 25 0.3 200 100 0.6 100 120 250  6.5<pH<7.5
20 0.6 250 100 1 190 170 300 pH>7.5
BB 2 /% 117 2336 0.47 3.50 0 0.93 491 0.93

T Fedr & A7 9 %,
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Fig.2 Spatial distribution of the heavy metals and metalloids in soils
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ZBC R EAS AN, Cu, As, Pb ¥ R B AR R 1M
As\Cu Pb Fl Zn 7E JE& & DX B AH X 38 R 3 B L

2 N Rt 22 i gl — % e A R, HEWTIX 4 R
()& JEE%%E@GE/}? WA AR, 455 HIT
A 23 (8] A PRI S 0 B 25 W, F1L 3222

Z BT 5 50 7RI F

5 R (F2) 5 22 5Tl Oy 22.48%, i farf
iﬁamﬂ’]i(*) J& A Cr 1 Ni, 23514 0.859. 0.790,
HATTE R Cu I /NE g, HoAtb ot Z 35 6 far
#o Cr. Ni 285 R EEAK HA RUIR M IEZS 40, H
AT RERZ AN ZE0G shRg M4/, 2832 i+ HE 5 [ 28K
FEBYSEMR o i 7 B 5 2 (2018) B AF 53t 28 B AR+
BEFJ& B3 Cr, Ni RZORTE . ik F2 %47
H AR R RZA, 5245 T Al A B TR T T 5

9 = F AT (F3) 5 22 5Tl R 12.37%, 2 farf

BERNECSEE N Cd, Bl 0.956, A TR
BRI/ . Cd W7AR S R BN = AR S HOAR R

TEAS A, HH R A N 2800 3l DR R, 3R
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XHEYEE S B R AT T R B S R Cd Y

E A AR IR AR BRI %ﬁﬁﬁECd
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Table 5 Correlation analysis of heavy metals and metalloids in soils

JTLE As Cd Cr Cu Hg Ni Pb Zn Fe,0, MgO
As 1 0.103" 0.079 0.408” 0.339" 0.164" 0.475" 0.607" 0.283" —0.067
cd 1 —0.029  0.165" 0.089 0.03 0.032 02067  —0.002 0.001
Cr 1 0252”7  —0.120" 0.783" —0.054 0.092 0.653" 0.368"
Cu 1 0.123° 0.374" 0.529" 0.477" 0.459" 0.311"
Hg 1 —0.048 02457  0.280" 0.028 —0.111°
Ni 1 0.014 0.335" 0.760" 0.651"
Pb 1 0.564" 0.093 —0.070
Zn 1 0.451" 02717

v *RINP<0.05, **FKIRP<0.01,
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Table 6 Principal component analysis of the heavy metal and metalloid concentrations in soils

E %)

H (B &R | 3 3 1 Ay i 3L [E

As 0.748 —0.241 —0.102 0.138 0.648

Cd 0.231 —0.115 0.956 —0.070 0.985

Cr 0.336 0.859 —0.026 0.165 0.878

Cu 0.760 0.091 0.002 —0.330 0.695

Hg 0.376 — 0.444 0.001 0.747 0.896

Ni 0.504 0.790 0.024 0.152 0.902

Pb 0.699 —0.372 —0.252 —0.324 0.796

Zn 0.831 —0.147 0.031 —0.027 0.715
WIUR R AEE 2.880 1.798 0.989 0.847
T7 % TUER B /% 36.00 22.48 12.37 10.59
B 7 ZE TR /% 36.00 58.48 70.85 81.44

5 As. Cu., Zn FBH 1 0 3 5 A 2COC R R i =
A A BAT — i B 0 R IR, TR AR — R
(F1) FHA — & (0.231) WM T Cd nTRESZ
BT PEIF R, F3E5E(2014) X AERLE (25)
4 8 AT K BRI it B A . A AILAE B v i BF
Horbr Cd /Y& 4, Bk FLAE (2020) X4 I 43 8 1
7T % B 43 Cd ZoRIE T AR AL = ki | Ak
I . DR 5T IX N BEAE T it IE R LA HILE
A REFBEAE A =, 1 /D5 DX A AR 254 A
AN B F3 FRELZ A= FF R AR 1 3l i 3 ]
A

5500 3 R4 (F4) 7 22 STk R 10.59%, %% faf
BEE R4 E N He, 241 h 0.747, HApm R
TR/, 5 Cd —HE, Hg o8 & 28 S5 BN IR
MIEZS A3, AR AT RESZ 2] T AMB S A 5200 -

I He /9 FZBATA 205 R IR, 85 Tl HE

IR R e 2 T2 BRI, 38 1T BB VR T R A UTRE (A
J5. 4 2008) . Madrid 45 (2002) () BF 58 45 1 &% Hg
FERE ., R 25 2 S8 Hg 9755, 1 Cd 5
Hg AN E A MM, H F4 v Cd Ofr 50N, it
F4 £ Z52 TG sh AR R SR BE A 52 .
513 REHH

XA X ) 8 Bl (2R) & JE o F AT
R, L5 )2 RIERPIR E AT B T 1T
R ARG, AT A RUR ST 1588 (38 4 @ n ok IR
(Zheng et al., 2008) o A< SCR FH2H W) 34 45 1 5 12,
B U S EMm, ARIEFRERE 15~20 K3
W 8 PR (Z8) & JEITER 0l 4 28, A R an
K 3 frac. 5—25k As, Cu, Pb il Zn, 58 2Kk

PearsonfH ¢
0 5 10 15 20 25

Pb —

Hg

Cd

B3 T|PE (X)) eRNARGRESF
Fig.3 Hierarchical clustering of the heavy metals and

metalloids in soils

Cr FI Ni, 55 =250 Hg, B IUZEN Cd, I Hras
R FE RS T —3
52 E () &RBRSHEEETN
521 M ERIEH SN

D= A DI SRR N S E AT
B8 AP () &R nH REE G A Rk 7
Jin, AT LAAS Y 8 FhoTE I, HEF M: Cr(0.009)>Cd
(—0.431)>Ni(—0.589)>Zn(—0.719)> Pb(—0.958)
> Cu(—1.074)>Hg(—1.313)>As(—1.356) ., [% Cr
JLRAN, HAh Tt KR TCI5 Y. BmAR Cr Xk E 4E
15 YL AR B R R A0S g, (R L S HJER SR T 0,
FEA A HTCT5 B . BT 99% SRAE ST As,
BT 98% R AF ALY Cu, T 96% KA 4 1Y He.



180

DURRS S e (1)

Rt 98% KA A Ni, I 92% KAF £ HY Pb., #A
it 95% KA S Zn A TG E 4 Hg. Pb. Zn, Cd f7
TE 2.570%~ 19.392% B R FF 25 TR Bl s 46
Hg. Pb. Cd 77-7E 0.467%~3.505% HYRFE s kb
B, X EWIZ M X Hg, Pb, Cd JLHRALE A=,
AN S s LR B, Horh Cd A Pb AR
ZH N Po A 0.467% (R FE S AFAE TR TS Y,
0.234% M R A S AFTE R TS 445 Cd A 0.234%
) SR AR 1 A B 5 e A S 5
522 EBEEREHHM

VA= r 8 IR SUE AR N R EHEAT
A, %83 Fe fEMh ot b FEE S, TEHREE A Y)
WAL B LA W 0 FH A G X o i, ek By
R, Bk Fe JTRAE WRUETT R ST T3
EAERE X8 A E (Z8) 4 )R 0w 5 R E(EF) i
TP M B, e T SR 3k 8 Fiow, ml U5 iy 8 Fh
LR B LG RBEEHET N Cr(1.416)>Cd(1.330)
>Ni(0.937)>Pb(0.935)>Zn(0.871)>Cu(0.684)
>Hg(0.660)>As(0.581), Cr, Cd 8~ 5l & 4L,

J &, J@E2is g . Hrp Cr 1 98.832% HUFE £
b TR 05 Ye IR 2, B EF fx RAE M 2.613, Cd It
FA 3.271% HEACA T EEE, B 50A 0.467% 1)
R 3 W AR S5 . NiL Pb. Zn. Cu, Hg.
As SRR AT EE, N TR, BIi5Y., HHp
Ni. Pb, Cu. Hg. As A 0.234%~ 1.402% Y FE 15 K
H 4, Pb. Hg 40l 0.234%. 0.467% A
h R E L v UL, B XK B Cd. Cr 7l
BAESN, HAROTRI TR AR, (HR i X AE e E ()
E oI ) o =R NG AN R N TG S
fRFEICHE N Cd., Hg. Pb,
523 AKX A ARG

TEECC B ATTRBHEESEERER
RN 9 FiR, AT LIS H 3 (38) &8 e
A 25 G R HEF M. Cd(42.24)>Hg(27.94)>As
(6.27)>Ni(5.12)>Pb(5.11)>Cu(3.73)>Cr(3.05)>
Zn(0.95), JGZE As. Cu. Pb, Ni, Cr, Zn fE#F5T X
WA EEY/NT 40, FIXEEE R & BT E
ERAL TR AR S ERE, B RS AESAEE

x7 IRE (X sEARMEREBEEFEAIHIER

Table 7  Class distribution of L., for heavy metals and metalloids in soils
o oo 1,.,<0 0</,.,<1 1</,,,<2 2</,0,<3 3<l,.,<4 4</,.,<5 5<l o
AT TR % e Bl Bl el HBl%e  Hefil%
As —3.150~0.465 —1.356 99.065 0.935 0 0 0 0 0
Cd —2.459~5.427 —0.431 79.206 19.392 0.690 0.234 0 0.234 0.234
Cr —1.051~0.935 0.009 44.159 55.841 0 0 0 0 0
Cu —3.107~1.092 —1.074 98.598 1.168 0.234 0 0 0 0
Hg —3.170~2.322 —1.313 96.496 2.570 0.467 0.467 0 0 0
Ni —2.561~0.293 —0.589 98.364 1.636 0 0 0 0 0
Pb —2.320~4.901 —0.958 92.757 3.037 3.505 0 0.467 0.234 0
Zn —2.613~0.994  —0.719 95.794 4.206 0 0 0 0 0
x=8 LTIRE () eRAESEREFRITEN
Table 8 Class distribution of enrichment factors for heavy metals and metalloids in soils

. EF EF <1 I<EF <2 2<EF <5 5<EF <20 20< EF <40 40<EF

R AT F M EE 451 /% EE f511/% EE 451 /% EE 451 /% EE 4511 /% EE 4511/%
As 0.176~2.803 0.581 93.458 6.308 0.234 0 0 0
Cd 0.253~56.722 1.330 48.832 46.963 3.271 0.467 0 0.467
Cr 1.003~2.613 1.416 0 98.832 1.168 0 0 0
Cu 0.326~3.299 0.684 96.495 3.038 0.467 0 0 0
Hg 0.130~11.757 0.660 91.122 7.009 1.402 0.467 0 0
Ni 0.539~1.674 0.937 75.935 24.065 0 0 0 0
Pb 0.389~36.259 0.935 87.383 11.448 0.935 0.234 0 0
Zn 0.516~3.930 0.871 89.720 10.280 0 0 0 0
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Table 9 Class distribution of potential ecological risk coefficient of heavy metals and metalloids in soils
. E; EL <40 40< EL <80 80< EL <160 160<EL <320 320< EL
R T VEE B Wbl L% e 1% B %
As 1.69~20.71 6.27 100 0 0 0 0
Cd 8.18~1936.36 42.24 72.43 25.93 0.70 0.47 0.47
Cr 1.45~5.74 3.05 100 0 0 0 0
Cu 0.87~15.98 3.73 100 0 0 0 0
Hg 6.67~300.00 27.94 91.59 7.01 0.93 0.47 0
Ni 1.27~9.19 5.12 100 0 0 0 0
Pb 1.50~224.01 5.11 99.30 0.47 0 0.23 0
Zn 0.25~2.99 0.95 100 0 0 0 0

PR ZEA K, BARITE He WIS EIE/NTF 40,
EJEHAE “rpE” “aR” “IRER” ESfEEFR
A A, i RV 7.01%. 0.93%. 0.47%.
+HErp cd WAESfEFERR, “PE” ANEEN
FESR L MR 25.93%, “HR7 “ARBRT iR
A S T RE B B o SR 0.7%. 0.47%.
0.47%, HAGKIE R 42.24, Sy “rhEE” WHEAEDS
fo EA, Hlg a1k 1936.36, &0 &% 1
T AE A A 1 R B ) STk R AN BT 4 B, mT A H:
HEF M : Cd(44.74%)>Hg(29.60%)> As(6.64%) >Ni
(5.421%)>Pb(5.417%)>Cu(3.95%)>Cr(3.23%)
>7Zn(1.00%), 5% U R WA DG EREHT —
. Cd, Hg liFhC &5 LIS SRS EN
TR Z AL R T 74.34%, BB Cd 1 Hg £ HF
8 XK EE AR TCE .

WFGY X - e (2) 4 Jm A A8 XU 98 25025 ] 43
MK s s, 2 (R SRS A AN AE
FRE G AT RN 10 Uros . WFFEIX 94.86% MAE
AN E ARG E, 3.74% WIRES N TR A A E
s A 2 A AR B AR S 3 AR A, 4 iR
0.93% F1 0.47%, FZE AR ZHE 50 1
X HIIE H & AR BB X, 23 A H AN, Al BLAF5E X
DAY Jed 38 i DX 4 40 oMb 2R . ARl it S A TN 3 3 %
Sl s T — R s Y AR, B
DX A= 285 XU ARG, RS AT 42

%@

(DWFFEIX N Cd. Cr. Ni F1 Pb 4 & &5
ERMARZETHE SAEM 141, 1.53, 1.02 1 1.02
%, As. Cd. Cr, Cu, Ni, Pb Fl Zn i & HF ¥ {E 2
4 E R 2+ S EA 1.03, 3.10, 1.63, 1.53,

H 5

1.62, 1.60 £ 1.14 4% . 5 - HEFRES i A FH 3 1 15

6

Cr(3.23%) Zn(1.00%)
Cu(3.95%

Pb(5.42%)

Ni(5.42%)

‘!EM'.;

Hg(29.60%)

Cd(44.74%)

B4 E (¥ eRAZENBEESRETMETIEE
Fig. 4 Contribution characteristics of heavy metals and

metalloids to potential ecological risk

64.6—74.2

313- 646

Es5 MIRXEI|ME (X) eBEENKEHN=E
kit

Fig. 5 Spatial distribution of the potential ecological risk
indices for the heavy metals and metalloids in soils of the

study area
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Table 10 Class distribution of potential ecological risk index of heavy metals and metalloids in soils

RI RI<150 150<RI<300 300<RI<600 600<RI
AT A EE41/% EE 451 /% EE41/% EE451/%
31.34~2002.53 95.00 94.86 3.74 0.93 0.47

JEICE TR He WA BARSE, HE 6 FiocZ HbriE
FERUIN, M Cd AR R R . PFREIX 4 (28)
G Ja 173 [A)AR S DA rh s AR S oy 32, 3 S et
Al B2 NI sl R .

()N HZTCEE o M i 8T T8 (2 4
JE BT As, Cu, Pb Hl Zn %2 BRI 555 7 IF
KAL) Cr, Ni FEORIE T 5+ £1 5T 1M Cd 52
W7 FF R AR B 1 52 AR, Hg W37 Ji 3 T
LA KRB BRI )5 )

(3)iz i BRUE B0k . WA R Bk, 45 R 3%k
B, B9 XT38 0 e R ks A v, (L ¥4 HlL X A
EEC)EEBITRMIG Y E &, (AERITER K Cd.
Hg, DE XL 2 AE7E Cd TR IR B 4E .

(W58 X+ HErEE Sk Fab T “RRE” ITE
AR . e RS fEERBL TS fb
FW] Cd 1 Hg S 5% X fe 2 A R LR, (H L
CREEETORN T ASfEERE, w7 M IR
SR A SSEE AN . X R IT R BN
WA X FEE B IR R TE B A Tl T
SR, JCHE IR Sh . B AN E XX
il e gL b iA TAE, Bk 3 (2R) & Jmi5 4
B N EE AT HE
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