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Abstract: In order to understand the spatial distribution and ecological risk assessment of heavy metal pollution in the soil of Limu
Mountain—Wanling Town, Qiongzhong, 2682 topsoil samples(0~20 cm) and 304 middle —soil layer samples( 80~ 100 cm) and subsoil
samples( 180~200 cm) were respectively collected to analyze for 8 heavy metal elements( Cu, Pb, Zn, Cr, Ni, Cd, As and Hg) .Based on
the metals” distribution, geoaccumulation index and potential ecological hazard index, multivariate statistics was conducted to evaluate the
potential ecological risks.Results show that the mean values of 8 heavy metal elements in topsoils are higher than the soil background
values of Hainan, showing different degree of accumulation effect. The accumulation of heavy metal in topsoils is associated with different
land—use types and various planting patterns. Vertically, the contents of Pb,Zn,Cu,Cr ,Ni decrease a little with depth, but contents of
Cd, As and Hg are characterized by surface accumulation.Pearson correlation analysis and factor analysis suggest that Cu, Cr and Ni in
the topsoils are mainly controlled by geological background, others are controlled by geological background and human activities. The

mean geoaccumulation indexes of other heavy metal elements except for Hg(0.08) are less than 0.The ecological risk assessment show
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that Cd and Hg are the main hazard elements, Cd is mainly of slight to medium hazard, Hg is of medium to strong risk, and the hazard

indexes of the other elements are all slight. The overall potential ecological hazard index of 96% of the soil is below medium hazard.

Key words: Qiongzhong; soil; heavy metals; pollution; assessment; ecological risks
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Table 1 The analytical methods and detection

limits for various indicators

EiELY AT TTEE AR (mg - kg ')

Cu ICP 0.5
Pb ICP-MS 2
Zn XRF 2
Cr XRF 2
Ni ICP-MS 0.3
Cd ICP-MS 0.02
As AFS 0.2
Hg AFS 0.0005
Zn XRF 2
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Fig. 1 Location of the study area and samples
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Table 4 Concentration distribution of heavy metals

in topsoil in the study area
mg/kg

FRfEB% Cu Pb Zn Cr Ni Cd  As Hg

/M 1573 6.62 296 1.15 0.020 0.5  0.005
BKRML 128 463 500 2110 488 152 105  0.172
I 9.93 334 60.1 499 13.4 0.063 3.30 0.035
A% 757 309 55.4 34.85 9.5 0.048 1.53  0.032
bRfEZ 816 16.4 269 82.1 16.8 0.295 6.41 0.017
AR R 0.822 0.490 0.449 1.64 1.25 4.66 1.94 0.478
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Table 5 Comparison of soil heavy metals

contents by different parent rocks

mg/kg
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[N A 91
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21.43 26.38 78.44106.9825.75 0.08 6.18 0.03
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ERAERA 1018 8.57 36.99 60.01 39.67 10.48 0.07 3.60 0.03
AURKAE 2 5.22 47.00 34.70 40.75 11.73 0.04 1.18 0.02
“HRAE 1 3.78 24.60 48.10 3.75 1.44 0.19 10.20 0.01
FHCHRRYA 66 7.65 44.99 60.25 31.14 8.31 0.07 8.29 0.04
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Fig. 2 Accumulation of heavy metals in different land use types



812

H B IR

GEOLOGICAL BULLETIN OF CHINA

2021 4

& & /(mg-kg™) & /(mg-kg™)
10 20 30 40 50 60 002 004 006 008 040  0.]2
% B I-\— e it {“‘. o4 ‘,e(‘-ﬁ.«_.,.,,..«“.,.l, - % B K(gg'(. «@({»{ (e RAMAEGHL Y Erim Snim b ot ot o = _,.I
A I.._ - +-m:\'(-((@;\"(((\((qu-'.--ly.c-«+-« - e -MI' iz F :,Kdg.v@m(.(...-,,..h.: o tiran -..I
% B I. e ot 4 .4((«( 5{{@( S At @t .| IR JE MM(« R e -I
Pb Cd
rh/(mg-kg™) #h/(mg-kg™)
50 100 150 0 10 20 30
* |<'¢"‘“"-' ﬁ@ﬂ&«*%ﬂi-{ . % 5 }-:(«Q e (0 Lt Jomir it mirman - -~-|-
2 }--.4(-«-.\-«;@.(«@« L -—-I 1 2 H ! T e Tt -I -
=S l"‘" it Sl i i —t ---:«I AYEE hf“ o O ] e -I
Zn Cu
& /(mg-kg™) i/ (mg-kg™)

0 20 40 60 80 100 120 0 10 20 30 40
C= kug' O B .| w | e k-«(«é[é(@ Gl A o1 = ma e = .| -
# 24 F(‘({%M«ﬁ({%m&n—w‘qw.q« —-— = =y -I . IR B k{,«’\%‘@(@ BYEING Wt { et venr w by o e .|

Cr Ni
& /(mg-kg™) & /(mg-kg™)
| 2 4 001 002 003  0.04 0.5
FE k‘“"’(@ . N 1 % F }""""""*"‘4@"&«{@ %gﬂ{ (e ke mtemnmun: .I
i 2 K« («(\‘Gr((wh--é--i.l—ru.-s'-—\ww -|x- o v eme o h 2 I.mg@(‘{f. : B .I L
As Hg

K 3

A [7) B 453 JaR I 28 T i) 0 A1 REAIE

Fig. 3 Distributions of different heavy metals in certical direction
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Table 6 Correlation between heavy metals

in topsoil and subsoil

TR Pb—B Pb—Z JLE Zn—B Zn—Z
Pb—Zz  0.78" " Zn=Z  0.74**

Pb—S  0.52**  0.62** Zn-S  0.63** 0.86

JLE Cd-B Cd—Z TR Cu-B Cu—2Z
Cd-Zz  0.29** Cu—Z 0.81"*

Cd-S  0.15**  0.93** Cu-S  0.66** 0.88**
JLE Cr-B Cr2Z JLE Ni—B Ni—Z
Cr—Z  0.73"* Ni-Z 0.80**

Cr=S  0.72**  087** Ni-S  0.74** 0.90*
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As—Z  (0.53** Hg-Z 055**

As=S  0.24%* 075" Hg—S 045" 0.72%*
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Table 7 Rotated matrix of factor analysis

%
TTH
1 2 3 4

Ni 0.93 -0.01 —0.04 —0.04

Cr 0.87 -0.07 -0.10 -0.05

Cu 0.76 0.06 0.19 0.15
cd 0.05 0.82 -0.06 -0.08

Pb -0.17 0.79 -0.01 0.08

Zn 0.49 0.61 0.27 0.07

Hg 0.01 -0.01 0.96 -0.02

As 0.03 0.01 -0.01 0.99
FRIEMH 2.55 1.66 1.03 1.00
FEHET 31.89 20.71 12.84 12.52
RET5 iR 31.89 52.61 65.44 77.96
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Table 8 The classification of heavy metals in soil based on the I,

Z R km?
Ha)E  RE0YE
Jois g Bl himge h-EyER E{GY E-REEG REEG
Cu —0.25 160.57 87.41 26.16 3.20 0.40 0.00 0.00
Pb —-0.23 194.08 80.29 3.06 0.27 0.04 0.00 0.00
Zn —0.28 184.53 89.47 3.71 0.02 0.00 0.00 0.00
Cr —0.29 165.71 78.08 27.28 4.57 1.38 0.49 0.21
Ni —0.18 158.19 81.15 31.70 5.03 1.43 0.20 0.03
Cd —0.26 176.85 87.56 12.74 0.54 0.02 0.00 0.02
As —0.08 180.65 50.77 22.75 12.93 7.95 2.21 0.47
Hg 0.08 123.08 140.37 13.18 1.11 0.00 0.00 0.00
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Table 9 Potential ecological risk coefficient for every heavy metal in soil
S AR km?
EEEER  TRE — - - -
/M EIN i LA + EE AR5 e
Cu 0.82 104.92 276.09 1.37 0.27 0 0
Pb 1.18 95.03 277.69 0.02 0.02 0 0
Zn 0.15 11.25 277.73 0 0 0 0
Ei Cr 0.22 153.34 276.83 0.58 0.32 0 0
Ni 0.79 337.02 274.44 3.05 0.15 0.06 0.03
Cd 14.63 11400.00 156.71 99.07 20.73 1.14 0.08
As 3.73 783.58 243.43 18.21 10.06 4.5 1.53
Hg 10.40 344.00 33.78 171.88 65.18 6.79 0.11
RI 36.06 11634.76 142.19 123.2 11.56 0.77 0.02
toxic elements(PTEs),associated risk exposure and source apportionment
4 4

() MHRXFEZ LD Cu Pb.Zn Cr Ni Cd,
As Hg /\FPE & @R HEY & Tl 5 L IEH 4
J&E Sl R A R R

(2)Bg Pb . Zn Fb, AS[a] L HoF FH2E R K A 2 7Y
X R T G R A AR B9 XS T BT
ARERE TR R F RN EE R AR RIRIED X
EEJRNEE, USRI A S B AR A 245 19 i
A RS ZR)E T S s S ny F 2R A

(3) R X EZ L Cu Cr Ni EEZ R

RN, AR 5 FhoC R B2 5w 5t M IR
A
w o

(4) H BFFE B R, 8 4@ oo 2 M B FE K
BIERR Heg 4b, /T 0(Hg X 0.08) , Sk S TC
V5 YIRS By, Jo T G B ST G T AR A AT X
BRI 80% LA F

(5) BB EN o, Cd 1 Hg i F e %
JCR,Cd UG - 45 6 3 o |, Hg DL A5 =58 X
Wk dE, HpmRAEEREY N REMA., R
529% ) 38 SV AE A A S F HR R TR G0N,
96% 1) T3 SR TR AE B FERRBAE T HLUT,
SVARAE S RS BN

BGRB8 BT A R T 69 BT ) Rt
FFERHALR BN ETENL,
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