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Fig.1 Distribution map of sampling sites
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M8 AN, Tl 11 A4~ At 10 A~ SRAERT I A 2015
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(0 ~20em) IR G G A A EH4%, W PIL = )5,
HARXT SR A AR R G, 0 100 B s

ZHASEE EPA 15 XA 647 T8 £ ( USEPA
3052,1996) FI{XL #5431 ( USEPA 7470A,1994 ; USEPA
3052,1996) , R FHHLIEFE & 55 25 IR A G (1CP
- OES) & Cd As,Cu ,Ni Pb . Zn; R F¥ JE-FWR K
MSRASCIE Hg o 3802 W i 25 11 ) 525 B R Al
T3 i (GBWO7401 ) 047 B e 451, & 00 R 1 40 B
BRZELE 5% VAN .
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Py i h LR 4 5 Hakanson' ™) 382 H 38 3 Kf
HIEFE LRSS EEE S AR S5
B AS B — R RIS AL AR B FE R E(RD)
TP B o HitH I8
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ARy 4 8 vp H 4 8 W AR A B e B8 4K
CNEAEICE i LR (mg/kg) ;C, N E 4
J&ICE | ZHE, ISR i A 35
PR s e (A7) KA 8 2
(mg/kg) ;T HE AR i LRGN REGE N ES
JB i TRMBTEAESEE R, ESEEERECR
JH Hakanson #2119, HoH . Cd  As ,Cu Hg \Ni,Pb.Zn
Z512h 30.10.,5.40 5.5 117 A4 1T 4w Y
TR RS SEE R BCE) W] LTS YR B0 43 4 5
ARG AR T HE T 4 R MW 7E A4 58 F e 4k
(RI) A LRBR 5 GRG0 504 4 A5 (FR 1) .

1 WS RAR B  NRED S s B B I A A e R AL SE R B bR

Table 1  Classification criterion of single geneindex, complex pollution indices methods, potential ecological risk coefficients and risk indices
BRI YL A Sa T IR AL EEESEERE WS E Y Is
g 5 Yy . B E R
(P) (Py) - (ED) (RD) -
I P,<0.7 Py<0.7 di 4 <40 <150 B A
I 0.7<P;<1.0 0.7<Py<1.0 Al o4 40 ~ 80 150 ~300 R fEE
m 1.0<P,<2.0 1.0 <Py<2.0 Rim g 80 ~ 160 300 ~ 600 A S fEE
v 2.0<P;=<3.0 2.0<Py<3.0 g Y 160 ~320 > 600 oS faE
\Y P, >3.0 Py >3.0 TS YL >320 - WA A e
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SR SPSS 19. 0 GE iR 44 EA T HH 56 2 B0R0 32 1k
SY T s B 43 BT BT N #E EXCEL2007 H 5 Ji;
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WEE R 1,28 .72. 44 54. 62 .0. 27 . 68. 32,
72.2971 158. 42me/ke, [4: As Hil Cd, Hfth L ZF 1y
EHABLESHESME, HY 5 THEEEY R
{EH" B NiAb, 40 6 FhE AR n R IR R
FRRE S EE B4 5 T 60% , Je HiLL Ph B o .35, A 5]
T 95.34% ,UtEHFE NG B2 R, BRI — 2 R
JEB)E 4, As .Cd FI Pb 75 YL ] REH ™,

AR5 Z 00T AR AERCH B B R R, 7 S R R
KL F W+ TR 48 2 A 52 3 T 4008 shlss
Wilding''* 425 5 228053y 5 A5 5 (CV >0.36) .
AR 5(0.16 < CV <0.36) AKJEAZF(CV <0.16) ,
WH5E X NP4 B 28 T AR 5, o, As (948
S RBEA 293 M EL T IR T AR X
WP I i E AR AT ST X A Rl R
SR G RMAER R & T LR, X+
HETE 4 R A Z AN T W, LS [ 43 A7 22
SRR, K A A S g
3.2 WSS XA R A5 48 Ak AE

BFSE XA [ A P20 ) SR T 4 i e
B (P 2) &R 4 Jd e A TR+ R 5 R 59+
Herh B EAHZEEK . B Hg 4b,Cd (As Cu Ni Zn Pb
(R R R BAE R i ., L2 3 2 4 )
SR 13.6.12.2. 2.2 1.3 1.6 L% 2.22
FL A As REEASHETRMEMN 49.7 £5,Cd

#2 PR R

SRR ASHT SEN 33,3 5, B LR
TR SRR A G a1 A ™ G G Tl
T Cd FERE, P ERASETREN
8.6 4%, Hirp i T — RAVMERE | 5530 1) 13 Cd %
IR NS 75 BB 32, SA% 5 A2 iz i 1 0
T AR 52 VR R ACHE I 0 T e 7 5 R R
As Cd P& BN SEE R 1.4 51,3 £5, 1
R ICR V& RS S R, UEAD
o] AR 5 00 HE B s By AR IE A 2455t
PASASE T SeHE K RE E , 18 il 4 R & A — e
JER)E 4R, Cd As F I & BN S 1 FE 1. 49
£ (1. 08 4% s Ml b THE w5 5 0T, 2 N i Bl
M/ ) , 4 R P AR M S 1 Rl
3.3 WA LA IR e i B v E
IFFE XA ] - b R T2 B v - S BRI o 5 F- o
ZERMNK 3 PR, B 15 R85 (P) T A5 R K
B SRS T Erp AR IS Yol Cd > As >
Ni > Cu >7n >Pb >Hg, Hg AbT440R7, Cu Pb . Zn |
Ni AbTERBARS, Cd 1w R B de ey, ST 71500
5.07, 155t hy i HUCh As BRI 71543 3.25,
ANTA] R P2 B vh &% B 4 e 1 B R TS g
AR IR, Cd FERA™ b S Tolk F 75 e 138 5|
VGG, A 155350 50 13.59 8. 555 As 1
SR FH b A 4 v gk 3 H Y Qe o], A 2R A 4 1 oy
B 2 AR s Co R A I 3y E g e,
HoAth -3 0h 2 4 IR A 5 Ni 7ER AT F B 4 LA K T
M S PO R TG GUIRAS s Ph 7R F M 3
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WO R G Y, Hofl 3 0 Ts gy s He 7R & 288 e
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ANIBURE g < SR 3 > Tl Rl > B 4 > 5238 0
FH b > M, R F DA Tl A 2 V5 4, B
AZ I Iz iy PO R 75 e MR Al T2 4IRS

Table 2 Statistical characteristics of heavy metals of soil in the study area

G B PEER | | BRI pman 5% RS BB RME
(n=49) (mg/kg) (mg/kg) - (mg/kg) BHEHRE  f%(%) (mg/kg) (%)

Cd 0.03 ~10.00 1.28 1.76 0.30 4.27 60.43 0.20 71.73

As 5.39 ~1490.0 72.44 2.93 30.00 2.41 50.91 14.00 71.73

Cu 3.55 ~867.00 54.62 2.21 100. 00 0.54 6.12 27.0 60. 38

Hg 0.02~1.93 0.27 1.34 2.4 0.11 0 0.18 66. 04

Ni 2.96 ~340.00 68.32 1.14 100. 00 0.68 14.28 57.1 37.74

Pb 22.50 ~662.00 72.29 1.53 120. 00 0.60 14.28 27.0 95.34

Zn 19.70 ~612.00 158.42 0.79 250.00 0.63 20.41 95.0 64.15

T 25 1 SR K PR R A T 95 e B A 4 hR il (1X047) ) (GB15618—2018 ) KUK
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Fig.2 Heavy metals content characteristics in soil of different utilization type in the study area
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B RAR A A e FE Ry h G AR S fEE T As > #EHE > M, SR AT R A Tl FH MGk B ik AR S
Hg Ni Cu.Pb Fl Zn 3X 6 FEE 4@ 1Y £ 39{E 5500 I A A i P B AR R R AR S e

— 199 —



iy

52 1] HoOw

ek
http; // www. ykes. ac. cn

2019 4F

63 WFE XA LR Y b i AR B
Table 3 Pollution index evaluation of heavy metals in soil of

different utilization type in the study area

4 WESE XA LR R R ARG AR 2
Table 4  Correlation coefficient of heavy metals in the soil of

different utilization type in the study area

Jil
=
b

g TR RSN RE Tl
TER e e g Y gy R MM

13.59 1.49 8.55 0.40 5.07

v
—_
)
=}

Cd

E 407.80 44.78 256.45 12.13 152.04

P, 1.41  12.21 1.08 1.09 0.46 3.25

As El 1413 122.10 10.77 10.91 4.64 32.51
P, 0.31  2.16 0.60 0.49 0.16 0.74

Cu E 1.56 10.80 1.51 2.47 1.57 3.58
P, 0.12 0.10 0.41 0.22 0.02 0.17

He i 4.61  3.90 3.42 8.90 4.51 5.07
_ P, 0.50 1.29 1.14 1.21 0.18 0.86
N E 2.50 6.50 2.28 6.04 2.25 3.9
P, 0.40 222 0.18 0.38 0.34 0.70

Pb E 1.99  11.10 1.86 1.91 0.83 3.54
P, 0.53 1.60 0.44 0.71 0.33 0.72

Zn E 0.53 1.60 0.44 0.71 0.33 0.72
Py 1.24 1478 1.46 6.24 0.43 -
RI 64.38 563.84 65.05 287.38 21.38 -

TIEFE S B A T YRR (P ) NGRS S
EFEEC(RL) LB, SR FH L 4 875 Ye 5 ™ 5 TR AE
ASREERBE KR, W5 XA TR R, XN
W= 0 RIE S RRSE T a0 B[
VL RV IAZ R 5552 Wi 38 B i Sk M 138 U )
SETE A SRV YL 0 S IX T S
WA R, TG 8= A &4 Cd As Hg I Pb 5§
HEEEB L A RPE S 8 HE R TR
FA T X 4w S g, il S 5T
Sl BT E A A 2 AR K 2
STt FH 0 ST HE K E I LA B Kb 4 R R T R 5
SO XN 37 B — e B TS Y s 3CE B
FH bRy a2 i =g U A B B A, B B LA R,
FaeMa At BB R A Cd R Zn SIS LY,
i3 As (Cd Zn 5 4 )8 BB E RS BRI
ARHL TR B 5 4T, 32 R TR Sl A D Ok
PSR E RS .

3.4 WFSEXAS] MR IS8 |- B o A TR Iy A G
PE S 2053 5 B

XA 5% DX AN [R) R 2 70 + 4 o 4 g F kA 7
Pearson A G M43 A, 45 R an 3k 4 FioR. As - Cd,
Cu —Zn Hg — Ni il Cu — Zn . E1EAH ., KMO %3
KEIG(E M 0. 644, Bartlett FREER 51 P {E M 0. 000,
NTF R EPEKE 0.05, B AASH 5 o i i 1 A 1
K431 o

— 200 —

JLE  As Cd Cu Hg Ni Ph 7n
As |

Cd 0.393** 1

Cu 0.973* " 0.477** 1

Hg -0.039 0.535** 0.036 1

Ni 0.024 0.592** 0.135 0.349" 1

Pb 0.326*  0.419** 0.288* -0.005 0.121 1

Zn 0.424* " 0.734** 0.468** 0.280  0.514** 0.489** 1

T w x FRAIRRBIE 0. 01 KFERE, » FIRAIRARAE. 05K F

TR s F AN 5 s, g 7 s g
P a5 B AEA Tt 3 A o (RRIE(H :3. 31 +
1.65+0.89 =5.85) )2 Mt 83.58% ,7j 3 PE M E
SHAE T &I AEE(FS) . T
I3 1T TRk Ny 47.31% , As .Cd . Cu F1 Zn [y
K T2 40 5555 T 0. 700 .0. 876 0. 755 10. 847,
XEETOER A I BRI TR e R, A
AT A 5.2.6.4.2.0 LUK 1.8 5, Ry H 3=
2372 N3G SR, 5 ] BE 2 BN [ R U8 A 5
i, AKX 24 @ W EE, T Zn As Cd
FHEEB TR, BTk T R R K E
HECE 5 N 4 R E AR D 5w CR T
HEE ARG Y, R X P A A YR R R,
WERIA R As FI Cu HEA THEP I 8RR
DI RS 1 AR 70 LT R A0 b HE il 5 Ak
P S

5 TR AR

Table 5 Main calculation results of principal component
analysis
TiH R 1 ER 2 Fagr 3
FRAE (Y 3.31 1.65 0.89
TRk (% ) 47.31 23.53 12.74
ZRTTHRR (%) 47.31 70.84 83.58
As 0.700 -0.654 0.256
Cd 0.876 0.316 0.021
Cu 0.755 -0.561 0.314
Hg 0.387 0.648 0.385
Ni 0.552 0.582 0.002
Pb 0.559 -0.161 -0.732
Zn 0.847 0.145 -0.209

ERIr 2 B TTERR N 23. 53% , Hg F1 Ni (92545
53901749 0. 648 F1°0. 582, iRH LR 1Y & & 5 WM A
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Contaminant Assessment and Sources Analysis of Heavy Metals in Soils
from the Upper Reaches of the Wushui River

LUO Fei'?, BA Jun —jie'”* | SU Chun —tian"*, PAN Xiao — dong'>, YANG Yang'"
(1. Key Laboratory of Karst Dynamics, Ministry of Land and Resources; Institute of Karst Geology, Chinese
Academy of Geological Sciences, Guilin 541004, China;
2. International Karst Research Center, UNESCO, Guilin 541004, China)

HIGHLIGHTS

(1) The strong risk factors of heavy metals in different types of soils in the upper reaches of Wushui River Basin
were Cd and As.

(2) Heavy metals in the soil of mining land and industrial land constituted the main potential ecological hazards in
the study area.

(3) The strong risk factors of heavy metals in soil originated mainly from mining and industrial activities.

ABSTRACT

BACKGROUND: Eco - functional areas play an important role in soil and water conservation and biodiversity
conservation. The Wushui River is a watershed located in the Nanling ecological function area. However, study on
the content and potential ecological risk of heavy metals in the soil of the upstream area of the watershed is scarce.
OBJECTIVES; To investigate the degree of heavy metals pollution and the potential ecological risk of soils in the
upper reaches of the Wushui River.

METHODS ; The soil samples of five land utilization types in the upper reaches of the Wushui River Basin,
including mining, industrial, and cultivated land and forest, were collected to analyze the contents of seven heavy
metals Cd, As, Cu, Hg, Ni, Pb and Zn in the soil. The Nemerow comprehensive pollution index was used to
evaluate the degree of heavy metal pollution, and the Hakanson potential ecological risk index was used to evaluate
the potential ecological risk of heavy metals in soil. Principal component analysis was used to investigate the source
of heavy metal pollution.

RESULTS: The results show that the average concentrations of Cd, As, Cu, Hg, Ni, Pb and Zn in the upper
reaches of the Wushui River were 1.28, 72.44, 54.62, 0.27, 68.32, 72.29 and 158.42mg/kg, respectively,
which higher than the soil background values. The contents of the heavy metals, except mercury in mining land,
were higher than those in other types of soils. The single factor pollution index of heavy metals in the mean state
show that Cd and As were heavy pollution elements with factors of 5.07 and 3.25, respectively. In mining land,
the Cd single factor pollution index reached 13.59. Heavy metal pollution in mining land was the most serious,
followed by industrial land. Forest was in a safe state. Potential ecological hazard index evaluation results showed
that Cd reached a very strong ecological hazard and As was a strong ecological hazard in mining land. Mining land
and industrial land reached a strong ecological hazard, industrial land reached a moderate ecological hazard, and
other types of soils were slightly ecologically harmful. The results showed that As, Cd, Cu and Zn came from
industrial and mining activities, Ni and Hg mainly came from parent materials, and Pb came from transportation.

CONCLUSIONS : Heavy metal pollution of soil is relatively serious in the upstream area of the Wushui River

Basin. Cd and As are the main risk factors in the area, mainly deriving from mining and industrial activities.

KEY WORDS:; Wushui River Basin; different utilization types; soil heavy metal; contaminant assessment;

sources
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