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Ecological Risk Assessment of Soil Heavy Metals for Different Types of Land Use

and Evaluation of Human Health

LI Chun-fang, CAO Jian-fei, LU Jian-shu, YAO Lei WU Quan-yuan " | & - | o
(College of Geography and Environment, Shandong Normal University, Ji'nan 250358 Chlnd)

Abstract: Surface soﬂs were collected froni five types of*land use in the northern pldln of"LongKou Gity 4nd the contents of fié hedvy
metals™(CGu, Pb, Zn Cd, and As) were determlned Basedr"on results from prehm]naly studies, on heavy metal pollution of 5011 the-
potentlal ecologltal risks/ caused by heavy met"als m l'ﬁl:s sﬁll and risks to human health were evalluated using the Hakanson potentla.l s
ecological risk dssesSme‘nt model after dd]ustlng the evaluatlon threshold and the hedl? assessmerit model after modlfymg pararheters.
The results shot that the contents of five heavy metals ingthe study area exceed the baekground valueI the potential ecologlcal risk of Cd
is high and complex, in irrigated land, or(’hcujd lind, | andibare land, it is mostly the second class risk, land urban industrial land and
mmu}g ldnd are dommated by severe risk.| The element As is equwdlent to the first‘two 1evels of each land class; the minor risk areas
of the| other threegtypes of heavy metals are larger than70%-= Thgft’omprehenswe ecological risk of the five elements is higher than the
threefleyelirisk in the field, except for the bare ground. Pe=area of four-level risk of urban industrial land and mining land is relatively
large. The five types of soil heavy metals in this area present noncarcinogenic and carcinogenic risks to human health. The element Ph
and heavy metal As, both entering the body by oral intake, pose a noncarcinogenic and carcinogenic risk to adults and children,
respectively.

Key words :land use type; heavy metal; ecological risk; health risk
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Table 1  Toxic response coefficient of heavy metals and the

background value of the soil environment/mg-kg !

EEJRILER Cu Pb Zn cd As
LRy 24.5 27.2  60.4  0.12 6.3
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2% & 3] Hakanson 1% 7F A= 25 XUBSE -4 45 SR 19
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Table 3  Health risk assessment of heavy metals with different exposures (RfD and SF)

RRIBR EER Cu Pb Zn cd As
ZIEA RiD 0. 038 3.5%x107° 0.3 0. 001 0.3%10°°
) SKF — — — 0.38 1.5
A RID 0. 038 0.525 x10 ° 0.3 0. 001 0.3 %1073
. SF — — — 0.38 3. 66
2 Mk i RID 0.012 0.352 x10 3 0.3 0. 001 0.3x10°3
SK — — — 6.1 1.5
=1
(2) D& A JLE . EDI = C><CF><EF><AF><ABS><
AT
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7 '.“u ¥ Table 4 Health risk pa;‘ameter% for heavy metals in soil
REE S8 ER ED  BW  ATEUE AT 5o IR-g FSPO  PIAF  PM,, IRh SA AF ABS
11 YL 365 30 70 365x70  365x30 100
! OJLE 365 10 16 365x70  365x10 200
18 A B 365 30 70 365x70 365 x30 0.5 0.75 0.3 15
. JL#E 365 10 16 365x70 365 x10 0.5 0.75 0.3 7.5
5 e i B 365 30 70 365x70 365 x30 4350 0.2 0.001
JL#E 365 10 16 365x70 365 x10 1600 0.2 0.001
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Table 5 Statistics of heavy metals in soil
F/ME RKRME TE HfH GRS el TES 5 FRE PE
EER /mg-kg ! /mg-kg ! /mg-kg ! /mg-kg ! /mg-kg ! /% /% (K-S #5%)
Cu 24.79 68. 64 30. 10 35.30 24.5 100 72.31 0.01
Pb 24.96 63.92 32.29 35.08 27.2 93.20 55.42 0. 00
Zn 47. 66 151.27 70.23 77.89 60. 4 95.90 38.50 0. 01
Cd 0. 049 1.07 0.16 0.20 0.12 94.70 32.82 0.72
As 3.635 13. 96 7.46 7.96 6. 30 94.70 26.73 0.32
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Fig. 2 Evaluation of the potential ecological risk of five types of heavy metals
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(98.62% ) > Zn (97.55% ) > Pb (96.45% ) > As
(34.62% ), Hhil:Zn(95.73% ) > Cu(95.68% ) >
Pb(92.48% ) > As(49.84% ), 3T Tl i Hs: Cu
(100%) = Zn (100% ) > Pb (98.53% ) > As
(60.35% ), KW F#:Zn(100% ) > Cu(84.09% )
> Pb (72.44%) > As (59.19% ), # Hb. Cu
(99.79% ) > 7Zn (98.07% ) > Pb (89.89% ) > As
(34.88% ). HTiX4 fhES)E HA —%M KM
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o7 LY 5 — G XU A G AR . T 15 Y A
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Table 6  Single-factor potential ecological risk grade area and ratio for soil heavy metals of five land use types
—2 —% =% U
HEE K - - - -
W/km®>  EHoH/% mR/km? O HASH/%  WEVKkm? BHOH/% EA/km? H 5t/ %
7K Be 113.75 98. 62 1.59 1.38 — — — —
SR 117. 60 95. 68 5.30 4.32 — — — —
Cu Wl Tk 14,77 100. 00 — — — — — —
Rt 1.94 84.09 0.37 15.91 — — — —
S 0.92 99. 79 0. 002 0.21 — — — —
KB HL 111.27 96. 45 4.08 3.55 — — — —
SR 113. 66 92. 48 9.24 7.52 — — — —
Pb IR Tl b 14.55 98.53 0.22 1.47 — — — —
FW b 1.67 72. 44 0.63 27.56 — — — —
B 0. 83 89. 89 0.09 10. 10 — — — —
K b 112.53 97.55 2.82 2.45 — — — —
SR 117. 66 95.73 5.24 4.27 — — — —
Zn WAL 14,77 100. 00 — — — — — —
Rt b 2.31 100. 00 — — — — — —
Bt 0.91 98. 07 0. 02 1.93 — — — -
KB 16. 56 14.35 84. 81 84. 81 13.72 (1189 0.26 'ro., 23
A 25.49 20.72 81.62 66.35 15.36 12.49 0.53 0.4
cd ST Tl M 0.37 37.15 4,09 27.25 7.31 =% | 49.51 2.98 20.20
KA 0.06 2.49 0. 15 6.42 1/40/ | 604456 0.70 0. 52
i 0. 14 14.67 0.78 85.32  4.72EZ05 051, — ¢ — &
F A
ket 39. 94 34062 | g5.4k 6538 + VvV . ] — —_ £
. wmE S 6l26 4984 | o664 50.16 Py 'V - =
SAs L FETal 8.91 60,350 / / _§,4§'5 39. 65 + —< — —
%b):ﬁ‘ﬁifg iy 1.36 45949 ¥ 7094 4 40. 81 /= i — T
L 0.32 | 34.88" [ 0.60 65.11 & i — .
— .I.-‘ “‘-‘ .-J ‘ S ‘._.ﬂ'
2 27 s MOMARADE RESRAAREL SRS AEAR S
f ' Pable 7 Co}hnp;ehensive potential-écological risk—l'é\;;zlf grea and ratio for soil heavy metals for five types of land use
ﬂﬁjﬁ ¥ 2 —% A = A =% A ST A
’ T/ km? B 43 L/ % T A/ km? B 43 L/ % T A/ km? B 43 L/ % TH A/ km? 543/ %
kit 1.16 1. 00 21.30 18.47 92. 89 80. 53 — —
BT 1.94 1.57 25.27 20. 56 87.13 70. 89 8.57 6.97
T Tl T 0.002 8 0.01 1.03 6.95 8. 00 54.17 5.74 38. 85
SR 0. 056 2.41 0. 040 1.72 1.42 61.34 0. 80 34.52
B 0.05 5.53 0.59 64. 61 0.28 29.85 — —

TERFEEW, 25 HI <1, B4 BAAIZ XX ARIES

NGy 4 FhE 45w 09 BAT00fdt R XURS: 36 %8 HQ /T

JEfRRR A B E AN B3 (B35 HQ < 1 1M 1, BAERUE R AR Cu, Zn, Cd Fl As X A i
Hi>1, REESREA—IEEUENE AL, B2 RAEWIFPARE. E8UEE SR LER A1

=

A AR XS X A B BA — 2 B, i,
R T S IXUBS: AN R RS S A 2 XA )

BB FEEC A 3. 95, Hordh Cu F1 Ph #2351 31 Bz X
e 0 1,19 F 1. 48, Ui IEBUE & 4 8 Xt

R T MAMULE R NGRS, 45 R JLZEAYRER KU 2202 X P & s g Y. &
8 FIrR. )8 Zn . Cd FI As XL A S50 £l FE 2% 5 XU 11

8, A HAT Ph o R 19 3E B0 g KR
B HL > 1, Forb 28 DA R BRI R S50 KUK T8 45
HQ 7 1.07 W RF 1, Kbz A E P EZRA

BE/NT 1, XPLEREREZ MmN, JLEAEZL D
BABE T ESE Cu BRI RESIEEOAR T 1. 16
TR K 97.5% , B4 & Pb Y B I0 XU 8 BN

B A R AR, 03 FhARBURRERIER T 1.25 TTERE 84.46% , W LIE 4 N ARUE K
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Fig. 5 Comprehensive potential ecological risk

grade for each land use type
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Table 8 Assessment of the health risks for adults and children under different exposure conditions

SH LA I A J kA A SRR

A JL# A JL# WA JL# A JL#

Cu 9.89E -02 1.16 5.31E-03 2.76E-02 8.64E-02 3.98E-03 1.91E-01 1.19

Pb 1.07 1.25 1.21E-01 9.34E-01 9.26E-03 4.27E-02 1.19 1.48
U Zn 2.76E-02 3.25E-01 4.69E-04 2.43E-03 2.42E-02 1.11E-03 5.22E-02 3.29E-01
Cd 2.08E-02 2.45E-01 3.54E-04 1.84E-03 1.82E-02 8.4E-04 3.94E-02 2.48E-01
As 2.82E-01 3.32E-01 4.79E-02 2.49E-01 2.47E-01 1.14E-02 5.75E-01  6.95E-01

5 Rl 4R AR B0 (R KU HI 2.04 3.95
E As 1.27E-03 1.49E-03 5.26E-05 2.73E-04 1.11E-05 5.12E-05 1.34E-03  2.83E-03
cd 7.92E-06 9.32E-05 1.34E-07 6.97E-07 1.12E-06 5.38E-06 9.17E-06  9.90E -05

3 FhEE 43 Jm B BUE XU TCR

1.34E -03 2.84E -03
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