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heavy metal contents in urban soil, Liaoyang City. Geological Bulletin of China,2021,40(10):1680-1687

Abstract: The contents and pollution degree of As, Cd, Cr, Cu, Hg, Ni, Pb, Zn and other elements in surface soil samples of Liaoyang
urban greenbelt were comprehensively analyzed by pollution load index method and ecological risk index method. The results show that,
except As, the concentrations of other seven heavy metal elements in soil is higher than the national background value, of which Hg, Cd
are the main pollution elements, and the degree of their contamination has reached heavy and moderate respectively. The trace elements
of Zn, Pb, Cu, Cr and Ni are in slight pollution, while As is basically free of contamination.The evaluation of the ecological risk shows
that Hg and Cd elements are the main ecological risk factors, and Hg and Cd belong to strong and medium ecological risk respectively.
In general, Liaoyang City has slight heavy metal element pollution with medium potential ecological risk. The soil ecological
environment in the new city is better than that in the old one, and it is recommended to further play the role of dredging function of the
new city to relieve the urban pressure.
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Fig. 1
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Geological map of the study area
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Table 1 Cartogram of the ratio of soil background in the

Liaohe River Basin to the national soil abundance

LR e

JLE B B K1{H
/(mg-kg) /(mg-kg")
Hg 0.03 0.04 0.83
cd 0.13 0.09 1.43
Zn 54.00 68.00 0.79
Pb 24.00 23.00 1.03
Cu 18.70 24.00 0.78
Cr 60.00 65.00 0.92
Ni 23.05 26.00 0.89
As 6.72 10.00 0.67

TE : KA P2 8 i R bl S He L

2 FRARES T

21 HHEEE

IR R A X T AL 2 R 100 km®, SR BESE FE 2N
10 P/ km®® A BRE 5 I8 B 32 130 B Bk b1
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2.2 K
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FIARDCI Al 27 ) A FEYE (12 250 000) ) , Cr,Cu ,Pb
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FHET 55 (AFS) 73087, Ni Fl Zn U] F ik
A SR B TR 6 TE 2 (ICP-OES) ,Cd JTTHR KM
HL SRR 5 25 B IR BEVE (ICP-MS) 4T (£ 2)
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Table 2 Analysis methods and detection limits of soil elements
TTH VRiIWIRiS KB/ (mg - kg™)
As JRF20EIEE (AFS) 0.5
Cd H A B 45 S T IR 1 (ICP—-MS) 0.02
Cr X LY (XRF) 1.8
Cu X ST ERE T (XRF) 0.9
Hg JRFDEIEREEE (AFS) 0.0003
Ni - HUBHR A 3 R A 6% (ICP-OES) 1.5
Pb X LY (XRF) 1

Zn  HUBHRES S8 TR R S TR (1ICP-OES) 0.3

M TR 25 28 H 4 B T R, 2 W it [F] PR T
SyMT R A AT SRR 25 SR WOR, B e R ik
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Table 3 Classification standard of potential ecological

RI=Y B =Y (T xCF) =
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risk index for heavy metal pollution
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80<E; <160 300 < RI<600 oo e (I
160 < E; <320 RAEEHE (V)

RIZ600
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Cu(1.25)>Cr (1.01) >Pb (0.89) >Zn (0.65) >
Ni(0.36) >As(0.24) , Hirf Ni Fll As TR AR R
BN, JE T REE AR R Sl 3 2 Fhos 3R 7R A (]
oA 2SR BB BORE /)N, 82 3 T 0
WEEG RN, N mig s, xRz g
Hg Cd,Cu.Cr .Pb,Zn FFICE M F REH K, Ui
LSS HCR AR S AR B K TR 25 0] o A A AR 25
5o TEHEATEE et A i, a0 SR AR S R At K
B, B2 R BE T REN IR, DO A Bk, DFIE X
#2414 Hg . Cd.Cu ., Cr.Pb . Zn FILE MR R
BAERT 0.5, AR N IRMEIE iUt H 4, 3R W]
ANETESC X ki R 2 L " A T
BRI,
42 TEBERETLEMDHIFME

MRS e AT R AR AR MR 2 - e 8 FhE 4
JEILE Y CF{H:Hg(4)>Cd(2.22) >Zn(1.59) >
Pb(1.57) >Cu(1.38) >Cr(1.29) >Ni(1.11) >As
(0.95), #RE/R He oiRIB THETGYL,Cd ItRE
TS Y Zn Pb Cu . Cr Ni LR TG YL,
As TTRJE THATIEY,

TEWFFE XY 966 DAE s, CF HIA B IV 4411
As TCRFESAEE D B 1 A4, B 0.1% 5 Hg
JCE MR EANBURZE N 343 4, i HE 35.51% , Wk
5fi7n, Cd,Cr,Cu ,Ni,Pb ,Zn iX 6 MITHR CF{H
KBV RS RADE R 151 4 36 4~ .22 4.7
A~ .23 4~ 57 A5 CEAEIR B ML) As TTRFE S
B/ Boe 1A, b 0.1% ;Cd TCR RS A

R4 THETSITAREERENR
Table 4 Comparison of background values between

Liaoyang City and Liaohe River Basin

T LAY 5%

JLHE B AR FE ~ KA{&
/(mg - kg™) /(mg - kg™)
Hg 0.14 246% 0.03 4.67
cd 0.18 135% 0.13 1.38
Zn 101.96 65% 54.00 1.89
Pb 34.39 89% 24.00 1.43
Cu 31.16 125% 18.70 1.67
Cr 72.34 101% 60.00 1.21
Ni 28.23 36% 23.05 1.22
As 9.46 24% 6.72 1.4

T s KB 235 b AL i s S U
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78.78% .65.32% .63.87% Fl 63.46% , CF {HikF|1
) As TCEFEEBUIRZ F 622 1>, (5 1 64.39% |, 15 YL F
JEREE, Hoh Hg M1 Cd R EEMISRITE (K 5)

HR A 246 B0, AR B X 4 4
JE 1 1 S BORITG YRR (R 6) . 8 FhEE & JE T
RYRFEREE G Y, Ho He 15 YRR, MEA R
830 4, BT i L9l g 82.18% , 2 g —rh Y5 g b S
Yo R VS YL SR— M Y M EE S YT
i AT K 33.86% (27.23% (14.06% 4.65% \1.68% Fil
0.69% . As HFREESA 344 4~ B0 HLI ol 34.06% , 32
BORERE— G Yy Cd MAREE S 360 A4, BF
Lk 2] 35.64% , F 8RB —rh B YL rrh TS
e 43 30% Fi1 4.95% ; Cr BBARFE A 146 4, 00
Lk B 14.46% , FE R E— BTG4 ; Cu iR
FERUA 515 A, It i W filik 2] 50.99% , F 28 &
JE—rp R Ts e M B TS gy, 4 i H 46, 04% A
4.46% s Ni #AREE S 125 4, BT 5 Ll 12.38%
BRE—ETG YL P BAME A 340 4 BTN T
B 32.67% , AR E—H BEI5 Y N 3 Zn #BARAE S
A 606 1, B 5 Ho M) R 60.30% , 58 B —rp B 5 e Al
HEETS Y T LU A3 90 R 50.69% 1 7.82%
43 TESEREEEXKEN

XL BHY T S M 966 K2 RS E 4R T
RERIEHAT RN He TR B TR S L E,
Cd iRJE ThaAESAaE , AR R TRMAES
fEE, WAL SN, As .Cr,Cu . Ni . Pb  Zn K
BRI AE A R A G TR S Cu AT P

x5 WHREAETFRRHES G DERBLLG
Table 5 Proportion of samples with different pollution
levels in the study area to the total samples
%

TS FREES REEEY hEEEY BmETGR
TR E DR
(D) () (1) (V)
As 64.39 35.40 0.10 0.10
cd 11.28 48.65 24.43 15.63
Cr 45.45 48.14 2.69 3.73
- 25.78 65.32 6.63 2.28
Hg 13.46 32.30 18.74 35.51
Ni 34.89 63.46 0.93 0.72
Pb 7.87 78.78 10.97 2.38
Zn 18.43 63.87 11.80 5.90
PLI 13.66 74.22 9.73 2.38

U+ CF T4 B 15 44K 50 PLI R 15 e S 4 5

JUE B RR A S EF MRS A 1A, I e
B 0.10% ; T3 He 0 2 1098 16 A= 25 XS A2 3
T e, I8 BIAR B IR 5 AURS: B4 R 5088000 10k 153 A4S
F188 A, B 5 L4301 A 15.84% A1 9.11% 3 Hilk &
Cd, 15 FIAR 3 FAR 58 XU B AE A5 E0 530 ok 21 A~ 5
A R 2.17% F100.52% , Hi L AEHE K Hg A1 Cd
TLENFEABKNEEF(£7).

5 W8

51 IPHMTLRERSBEESKE

WG 1 (B (3R 6) 40T, WFoE X 43 i 4 g 35 e
FEh Hg oo, U b Lol =ik 82.18% , Hiflh 7 Ff
HEEITR FENRES YA TG, X Hg ot
RIGY N T AT AL,

R PLIE (3£ 5) 2001, W58 IX e B V5 G 1 X
5 e 74.22% R EETS YL X [ 9.73% , FE LTS

F6 IMATLIESSEMRITEY
Table 6 Accumulation index of heavy metals in soil in Liaoyang City
Hi BFE %L Ly, <O 0<l,, <1 1<l,, <2 2<l,,<3  3<l,, <4 4<l,, <5 Loy ™5
5 YR Jois g RE—EEEY hEEEY PE—RIGY WRIEY SR EIS Y T E S
As 666 342 2 0 0 0 0
Cd 650 303 50 5 0 1 1
Cr 864 105 20 16 5 0 0
FE Cu 495 465 45 3 1 1 0
Hg 180 342 275 142 47 17 7
Ni 885 118 5 2 0 0 0
Pb 680 311 18 0 0 1 0
Zn 401 512 79 15 3 0 0

VE ¢ L, T4 R A
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Table 7 Proportion ofsamples with different e ILZ,?’:. 98’ 1?6"’.E. —
ecological risk levels to total samples 19 ‘ S e %*m S
% 34" ) A
— _ _ N Qgﬁifﬁl\
B s B ARSRAE ReRZE S Vi WU A\ VU
Wihehs Sed Sed BeF BEE BEF 0 (\Nx NG b ]
() () () (V) (V) AR EARaS
As 100 0 0 0 0 O O e
Cd 31.78 4545 20.08 217  0.52
Cr 100 0 0 0 0
Cu 99.79  0.10 0 0.10 0
Ei Hg 13.46 3230 2930  15.84  9.11
Ni 100 0 0 0 0
Pb 99.90 0 0 0.10 0
Zn 100 0 0 0 0
RI 31.68 4172 19.15  7.45

VB, S R AR T 5 RIS 2 4 TR WA
2 RIS
YelXd 5 2.38% . X3RN, 8 R E 4 )R
JUR W PLI B BE N 1.45, )8 TR TS
Y=l O Hg F Cd 1R E G YA
T oy B R e E R AN
3AVEEFN 2.04 45 15 Qe A8 8 = . mTABE
FINN, RJE T IE Hg Cd 159 LK HT
Tl A= AR TR AT g ARl
Tt A A N0 227 I A X PE R R IH
WX, N VB E R S s e AL
A R AT A AR
BHIRE | Tl AR 7= ik R HE T, 2 R Y A
JEA A AT e S8 TR B IX B He  Cd
15,

WFFE XA [AIRE i 35 48 PLI(HAS

] s \
|| war<e |7
e
| xTmks o | ;

9 : i,lﬂiﬂﬂi%

. L
y

©
COamEA AR

] oA (T 2) S, e DXk = 24 F
PEAE Tl X BfFT, PLIAE KT 3, 35 3 & B
1Y, LS A B G X AR A
FEl7E 2~3 Z[a]; PLI R X 20 T KF
TR, FEATC 5 G,

PG RIEXTIL BH 430 4 SR fh o0 7 A5 1, 30
PR T 26 )2 + 8 T 4 8 B A0 T 7 fE 16 15 80 RTAY
SEXIME R 298.07, J8 T H 5 A B AL FE KT
Horp g nm A 08 KBS 7 19.15% , 1R 58 XU
7.45% ; FIRE &R RIZS M FRAEDLIE 3, A
HORT DU R A e KURSE X A T P R
Tl X, e S 5 X A TR I R R

500m 0 1 2km
(it L [ L

K2 ICBHTR)Z L3 i w15 YA (PLI) A
Fig. 2 Heavy metal pollution grade of surface

soil in Liaoyang City
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Fig. 3 Potential ecological risk grade of
surface soil in Liaoyang City
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