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Abstract: This study took soil of four different land use types in Puning City as the research object, and potential ecological
risk and health risks of Hg, Cd, As, Cu, Pb, Ni, Zn and Cr were studied by potential ecological risk index, health risk assess-
ment, and Kriging interpolation. The results indicated that the contents of Hg, Cd, As, Cu, Pb, Ni, Zn and Cr in the topsoil
were 0.104, 0.051, 5.49, 9.05, 42.5, 11.5, 56.6 and 25.6 mg/kg, respectively, among which the contents of Hg, Cd, Pb, Ni and
Zn had exceeded the soil background values of Guangdong Province. The variation range of the comprehensive potential eco-
logical risk index (RI) in the research area was 34.06~1 299.33, with an average of 179.08, indicating that the whole area has
an ecological risk of moderate intensity. R/ of different land use types was ranked as construction land > cultivated land > for-

est land > orchard land, and Hg and Cd were the two contributing factors with the highest potential ecological risk. The high
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ecological risk areas of Hg, Cd and Cu were mainly distributed in the north and middle of the study area, while the high eco-

logical risk areas of As were mainly distributed in the middle of the study area and the southern farm area. The total index of

non—carcinogenic risk in the study area was less than 1, so there was no non—carcinogenic health risk. The HI of the four land

use types was expressed as construction land > forest land >orchard land > cultivated land, and As, Pb and Cr were the three

contributing factors with the highest risk of non—carcinogenic effects in various land use types. CR of As for children and

adults is greater than the soil treatment standard recommended (10™°) by US EPA, while CR of Cd and Cr was less than 10™°.

The TCR of the four land use types was shown as construction land > forest land > orchard land > cultivated land, and As was

also the most important carcinogenic risk factor for each land use type.

Key words: different land use types; heavy metal; ecological risk; health risk; Puning City
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Fig.1 Land use types in the study area
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Table 1 The classification standard for ecological risk assessment
of heavy metals in soil
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Table 4 Statistics of heavy metals in soil

AFRRR )RE LR

(mg/kg)

T W wl Rk r 0 L L
Hg 0.03~0.755 0.104  0.279 268.27 0.055 0.065
Cd 0.01~0.67  0.051  0.297 582.35 0.041 0.097
As  0.875~81.60 549  0.323 5.89 6.8 11.00
Cu 1.1~177.1 9.05  0.257 2.84 10.5 23.00
Pb 12.0~199.8 42,5 0.173 0.41 29.8 27.00
Ni  6.072~33.756 11.5 1.119 9.73 9.6 27.00
Zn 18.8~372.1  56.6  0.162 0.29 36.3 74.00
Cr 5.4~157.8 256  0.227 0.89 35.6 61.00
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Table 5 Soil ecological risk assessment results of different land use types
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As Cd Cr Hg Cu Zn Pb Ni
FHME 1045 36.89 1.27 55.0 416 141 8.62 5.80 123.60
[7el iy KA 76.4 15293 421 25513  14.86 272  19.06 113 536.61
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222 IBTEA SRS S AT RHE

BT AR Hakanson ¥ 78 A2 28 KBS AN 43 G bR
e, PE 8 B 4 Jm B R -V AR AR AR XU, IR
38 e B AR S A5 SR P B . DEE
AT ESRESEBORE |, BF 5T DX R AR A 28 XU 3
A A T2 fOR A i B AR S XU, /D i R R

PO P 25 o T € R I RO L Y RSP YL £
R A= 25 RS SR Ok B, ST IX N He A Cd AT 5 9t
AN, As FlCufg 3 A AR, H4x ) Pb Ni . Zn
Cr AR R R U — 55490, 7tk R
Hg .Cd.As.Cu 4 P 4 J& 1) A= XU 43 A [ (&1 3) o
Hg.Cd.Cu 3 5 & J& 09 25 A KBS 20 A R iR 3 ol —



£128H WS, %

ET T EESEM AR S8R

207

S Y (R S 3 (R R S e s S e T T DTN
X, T B2y 254 BRIl i) Tl Pel X EEAA T
IZ X EZIX He . Cd A=A AU = B R L 1% X Cu 1Y
A 25 AU H R v L D R D) 5 4 A 2% 1 A8 3 1)
As A 75 XU v L IX. 32 B A AE AR 5 IX H B Tl ool

o A& WUK(Cd) N
- —_ S (I )
AR 145 )
S 3 (\ !M
/. _ :
\ e 4 \\f \
¢ .
0 10 20km ,
)

L v IX., W5 DT rhocs B As i A9 L DS Al g
SRV RIS, 1 750 3 DX o A 35 KA 3, 9] 4
RIFAY Bl bk 5% RE LR o d
R B TR e PR A IX A A 2 KU H 300 v 1L 1) e

4 & KUK (Cu) N
oy ST A ﬁ{ :
19 ) Jﬁgﬂ S
~ s |
. 2. 2
5.4 — .
0 10 R 20 km
[ |

B3 W 5T X A A RURS: 43 A o Il

Fig.3 Distribution characteristics of ecological risk in study area
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As Pb . Cr 1 1Y TTHR 253901 R 40% . 30% . 20% A A7, H
= H TR Z ML 05%, AT WL, +EE 48 As,
Pb . Cr &5t R FH S A A o XU fe K 1) 3 4> Bk
K7
2.3.2  BURMAER RIS

MG 2= 2 Fn 3R 3 £ d , # I X (3) ~(8) A1 (11) ~
(12) 3 531545 20 A [] 4 H A A 28 R A AL 22
PR B R 422 fl R I 2 A1 A's \Cd, Cr B33 350955
AU 6 55 (CR) FNEU fl B XUBS: S 45 8 (TCR) |, 45
W8, AR W58 X BRI LY TCR 34K
T US EPA #4711 - HEVAHARME (107°) , HAS A
A 4 35 As X R LE#E A K F 107, 1] Cd Al Cr 1Y
CRW/NTF 10", UL As F4 20 KU 2 38 1) 45 5 7K
LR G REM ., NRERIREAEE R IX As FlCd
(1) CR Y5 28 TV AS Bz R b >IF IR A, Cr A5 &
PG A — P R RS . MR R R AR E
4 bt b B FH 2T B TCR 3¢ 80 A #8158 FH b > b > il
H>HEH, N5 Yk E AN E SR 1 CRIA N
As>Cd>Cr, JLEAB A As (1) CR X TCR 1) STHR 1
KF95%, 0T LA As 245 4= R AU i R 22 10 850
AR R o
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Table 6 Exposure pathways and non—carcinogenic risks of soil heavy metals in different land use types (adults)
EEJEICE RBRERRE As cd Cr Hg Cu Zn Pb HI
Z0 1.25x107  2.67x10”°  3.99x10° 1.33x10"  1.16x10™"  9.05x10”°  7.77x10”  2.95x10™
b Btk 3.49x10"  3.04x10”°  2.28x10 - 1.32x10°  1.03x10°  8.82x10™  1.25x107 9 86x10°
I 4.5%10°  3.93x10”  6.17X10°  6.55%107"  2.67x10°  1.33x10"  7.63x10°  4.21x10 ’
HQ 1.29x107  5.71x10°  6.33x10™ 1.33x10™  1.19x10™"  9.15x10”  8.66x10™  3.08x10™"
Z0 1.68x107%  4.26X107° 5.4x107 3.28x10"  1.86X10™"  1.47x10™"  6.4x107  3.34x10™
T Btk 4.68x10"  4.86x10”  3.08x10 - 2.12x10°  1.03x10°  7.27x107"  1.41x107 3.41x10°
% 6.04x10°  6.27x107  8.33x107 1.61x107  4.29x10°  1.33x10™"  6.28X10°  4.77x10™ ’
HQ 1.73x107  9.12x107  8.56x10™  3.28x10™"  1.92x10™"  1.48x10" 7.13x10”  3.48x10™
2N 1.10X10%  4.22x10”  4.69x10™  3.15%10"  1.54x10™"  1.09x10"  6.21x107  2.87x10™
o Btk 3.08x10"  4.81x10”  2.68x107 - 1.76x10™°  1.25%10°  7.05x10™"  1.21x107 9 66x10°
% 3.97x10°  6.21x10”  7.25X107 1.55x107  3.55x10°  1.61x10°  6.1x107 4.1x107™ ’
HQ 1.13x107  9.03x107°  7.44x10”°  3.15x10"  1.59x10™ L.1x10™"  6.92x10™  2.99x10™*
2 1.4x107  3.36x107°  4.57x107 1.59x10"  1.48x10™"  1.06x10™"  6.9x10°  3.23x10™
e Btk 3.9x10™ 3.84x107°  2.61x10° - 1.69x10°  1.21x10°  7.83x10™"  1.36X107 3.01x10°
% 5x10™ 4.96X10”  7.06X10”  7.82x10"  3.41x10°  1.56x10°  6.77x10°  4.61x10” ’
HQ 1.44x107 7.2x107 7.18x107° 1.59x10™"  1.53x10™"  1.07x10™"  7.69x10”  3.37x10™
R7 ARIHFAALETEESENRTBEZERIEBIERRREITMN (JLE)
Table 7 Exposure pathways and non—carcinogenic risks of soil heavy metals in different land use types (child)
IR S S 57 o As Cd Cr Hg Cu Zn Pb Ni HI
EZn) 3.7x107 7.86X107 1.18x107 3.93x10™ 3.4x10™ 2.67x10"  2.29x10*  8.68x10™
_ Btk 516x10"  4.5x107 337107 - 1.95x10°  1.53x10°  1.3x10°  1.84x10°7 _
i A 6.65X10™ 5.8x10™ 9.1x107 5.03X10°  3.94x10™ 5.9x10™ 1.13x10°  6.22x10™ 820"
HQ 3.75x107 1.24x10™ 1.53x107* 3.93x10"  3.46x10"  2.69x10™  2.42x10™  8.86x10™
g2y 4.96x107 1.26x10™ 1.59x107 9.68x10™ 547x107"  4.34x107 1.89x107  9.83x10™"
A Bk 6.92x10™ 7.19x10° 4.55%x10™ - 3.13x10°  2.48x10°  1.07x10°  2.08x107 0.80x10°
RF- 17 8.92x107° 9.25x10™ 1.23x10™ 1.24x107  6.33x10°  9.59x10™°  9.28x10°  7.04x10™ .
HQ 5.03x10 8.45x107 2.06X10™ 9.68x10™ 5.56X107"  4.37x10™ 2.0x107 1.0x10™
g2y 3.26x107 1.24x10™ 1.38x107 9.29x10™  4.53x10™  3.22x10"  1.83x10™  8.47x10™
F ik 4.56x10™ 7.12x107 3.96x10™ - 2.59x10°  1.84x107°  1.04x10™  1.79x107 )
bt I 5.87x10™° 9.16x10™" 1.07x10™ 1.19x107° 5.24x10°  7.15x10°  9.0x10™ 6.06x10™" Tab0”
HQ 3.31x107 1.95x10™ 1.79x107 9.29x10™ 4.61x10"  3.24x10"  1.93x107  8.65X10™
g2y 4.14x107* 1.03x10™ 1.35x107 4.7x10™ 4.75x10™ 3.9x10™ 2.03x107  9.52x10™
s Fe Ik 5.78x10™ 4.09x107 3.86x10™ - 1.92x107°  1.54x10°  1.16x107°  2.02x107 8.77x10°
12//3 7.44%107° 5.67x107° 1.04x10™ 6.0x10™" 4.16x10°  2.14x10™ 1.0x10° 6.82x10™" .
HQ 4.2x107 1.44%10™ 1.75x107 4.7x10™ 4.81x107"  3.92x10™"  2.15x10®  9.72x10™
3 & TR AR A XS A KA 24> BTk IR

(1) W58 X % )2 £ Hg .Cd . As .Cu.Pb.Ni Zn,
Cr & & 73 % & 0.104.0.051 . 5.49.9.05,42.5. 11.5.,
56.6.25.6 mg/kg, 1 He .Cd . Pb \Ni.Zn 45 1 48
TTARAEFAE, 40 E FERY 1.89.1.24,1.43,
1.20.1.56 1%

(2) 7 T 2 A T A A SRS B RIS AL TG B
34.06~1 299.33, Y{H Jy 179.08,, 13 BIWF 5% X H AT v 45
SR RV TR AR SRR , 28 I TR A B XU T8 45 R Ry 2
P FH o> HF b >R > el s, He . Cd S 4% 4 Hiu i) FH 28 A

(3)Hg .Cd.Cu 3 F 8 4 J& 1) A= 25 KBS i L IX. 32
B AT ST XA AT b X, As (8 A 28 XU =
DX = A AE T B X

(4) W% X 8 Ff 8 45 J i A LZE 1Y HQ A HT Y
INT L AN AR S0 g B XURSE , 4 F = iR 2SR
HI IR Ry 315 FH o>k kb > el o> #ff b, As \Pb  Cr /245
o 1 )2EESIVE | €y 8 S ap N R R it S

(5) 4% = Hiu I FH 2 70 4 48 As X JLEE ALY CR
KT US EPA #7210 + 3G FEAR#E(10°) ,Cd AT Cr i)
CR/NT 107, AFh 1= Mo A FH A B TCR 3R I Ry ik
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Table 8 Exposure pathways of heavy metals in soils with different land use types and risk assessment of cancer
HEJEILR RERIEE [l H I Bt fizsii
ZH 1.64%x107 2.2x107° 1.45x107° 1.84x107
Bk 4.58x10™ 6.14x10™ 4.04x10™ 5.13x10™
As 21/3 2.43%x10™" 3.26x10™" 2.15x10™ 2.73x107"
CR 1.65%107 2.21x10° 1.46x107 1.85%107
2 4.74x107 7.56x107° 7.49%x10°" 5.98x10°"
Btk 5.41x10™ 8.64x107™" 8.55x10™" 6.83x107"
N « Il 2.06X10™" 3.29x10™" 3.26x107" 2.6x10™"
CR 4.75%107" 7.57x107° 7.5x107° 5.99x10°"
211 - - - -
Cr KR - - - -
I 2.16x10™ 2.92x107™ 2.54x107 2.47x107
CR 2.16x107" 2.92x107" 2.54x107" 2.47x107"
TCR 1.72x107 2.31x107 1.56x107 1.93x107
2N 4.86x107 6.52x107 4.29x107 5.42x107°
Btk 6.76x10™ 9.08x10™ 5.97x10™ 7.57x10™
As 521/3 3.35x10™" 4.49x10™ 2.96x10™ 3.75x107"
CR 5.54x107° 7.43x107° 4.89x107 6.18x10°
2 1.4x10™ 2.24x107 2.22X107™ 1.77x107°
Btk 8.0x10™ 1.28x107 1.26x107 1.04x107
JLE « LR 2.83%10™" 4.52%107" 4.47%107™" 3.57x107"
CR 1.48x10™ 2.37x107° 2.35x107 1.87x10™
8| - - - -
Cr HEIE - - - -
15213 2.97x10™ 4.01x10™ 3.49x107™ 3.4x107
CR 2.97x107 4.01x107" 3.49x107" 3.4x107°
TCR 5.72x107 7.71x107 5.16x107° 6.4%x107°
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