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Distribution and Risk Assessment of Soil Heavy Metals in the North Suburb of Shijiazhuang City

YAO Na', PENG Kun—guo', LIU Zu-gen', LI Hui-min', HU Lin-kai', HOU Hong*

(1.Jiangxi Academy of Environmental Sciences, Nanchang 330029, China; 2.State Key Laboratory of Environmental Criteria and Risk Assess—
ment, Chinese Research Academy of Environmental Sciences, Beijing 100012, China )

Abstract : This study focused on the distribution and risk assessment of soil heavy metals in the north suburb of Shijiazhuang city. Total con—
centrations of Pb, Cr, As, Cd, Ni, Zn and Cu in 28 soil samples randomly collected were analyzed. Single pollution index, Nemerow pollution
index, Hakanson potential ecological risk index and technical guidelines for risk assessment of contaminated sites etc, were used to assess e—
cological and human health risk of heavy metals. Average contents of some metals investigated were higher than the soil background values
of both Hebei Province and China. Contents of soil Pb, Cd and Cu were 1.5~2.5 times of the soil background values, and those of Cr, Ni and
Zn were 1.0~1.5 folds of the soil background values, showing anthropogenic contamination of these metals. The single pollution index of
heavy metals in the soils was in order of Cu>Ni>Cd>Zn>Cr>Pb>As. The Nemerow pollution index was 0.738 in the whole area, implying
that the soil in this area was clean. However, the average potential ecological risk was 90.53, which indicated slightly ecological hazard; the
risk was in order of Cd>Pb>Cu>As>Cr>Ni>Zn. The cancer risk of exposure was ranked as Cr>As>Ni>Cd, and the non—cancer risk of expo—
sure as Cr>As>Ni>Cu>Cd>Zn. Therefore, Cr and As were the most potentially harmful metals among heavy metals investigated, and their
concentrations in soil were higher than the US EPA soil management standards of 10E-06 and 1, respectively. In conclusion, heavy metals
have certain potential ecological risks in the north suburb soils of Shijiazhuang and it is therefore necessary to prevent the soils from further
pollution by heavy metals in this region.
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Figure 1 Soil sampling sites in the studied area
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Table 1 Parameters and recommended values of health risk assessment model

e e N B olb /A I
SRS SRR Hp N i YN e ACe 3l
C 4R mg kg W
ED SRR JE A 24.0 6.00 25.0 — S0
EF R d-a’! 350 350 250 — =y
OSIR HEA L mg-d 100 200 100 — S0
Ev FI Rz It = W 1.00 1.00 1.00 1.00 S0
SAF R T TR SER LG o 0.200 0.200 0.200 0.200 S0
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Figure 2 Loading of two principal components of soil heavy metals
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Table 2 Toxicity factors of pollutants

Py IR

Z R ABUERPR I /mg kg ' - d PR ABURRERIN F/mg kg -4 RAREMBUERPR A /mg-kg - d™ BRI

1 As 1.50E+00 1.51E+01 1.50E+00 S
2 Cd I 1.47E+01 G S0
3 Cr* T 4.20E+01 T ol
4 Ni I 9.10E-01 I S
TEASCLL G S HE L Cr (S BT XU
*® 3 AREXIFEECERSFHIREL
Table 3 Characteristics of heavy metal concentrations in soils
— HpJm it /mg kg™
Pb Cr As Cd Ni Zn Cu
N1 189 115 17.9 0.280 60.6 197 169
e/ ME 34.5 75.8 4.22 0.050 0 34.6 58.8 20.4
S 56.3 98.3 6.48 0.170 44.7 81.4 41.7
b2 28.5 9.73 2.51 0.080 0 8.48 27.1 32.0
AR 5 250 % 50.7 9.90 38.7 47.1 18.9 334 76.8
LA TS SeE™ 215 68.3 13.6 0.090 0 34.1 78.4 21.8
L[ sE 26.0 61.0 11.2 0.097 0 26.9 72.4 22.6




Bk 8, 5 A A AR R AT AE B KA

317

o HIEFRA Cu A1 Zn A REA FHRLAITS Y A2 A
U5, Ph A1 Cd AT BEAT AL 5 Yl g 45 ANk 5T, Ni
F1 Cr FEWIAS F U 8 AR, HAR R R
/N, TTREAZ A SRR R IS IR
22 TEEERETEEM

5T X 133 pH {EAE 6.5~7.5 Z[a], At FH{+
BREIREE T AR ) AR E R P AR BT 12 X 5K, 7
FhE 42 J@ (Pb.Cr.As.Cd Ni.Zn Fl Cu) ) BT I5 YL dg
B, S5 R, e T4 R () PRI YR ORI
J¥ 4 Cu>Ni>Cd>Zn>Cr>Pb>As, MG YRR & (K
3), A0 144 F1 244 507 Z B ERE Cu V54, X5 R AT
ST RS KA FR A 5, %A Cr.Co,
Ni 1 Cu (4 @ 4% B W2 i L h B 4 J@ 1) 20k
Y U814 2# 3# A4 6 18# 19# 20# Fl 28# 25|
BRPE Ni Y59, M4 5 80020 Bl AR A0S Sk vl 1, Ni
2 IR BT PR R S A R0 HoAth A R 5

AR 5 Ye i Bk RS A 1 I R i 5 e i
JE RS T R TS Yt - SRR T R 15
), {HR A 25 T8 I R & TS Y E Y B 3 1 22

B, HUBE R T Y R T B TS Y 1 AR
fiE o A S AR 15 P8 BOkE (B 4), N2 48
Bl m i 14#, HAE R 1.30, JB TRRI5Y; 1# .24,
34 44 5% O6H# 184 19# 20# 22# 23# 24# 25# I 28#
B FEEE 0.701~0.908 22 [, J& T4 2k 5 Hofth
PG Y REYN G4 o FEAFITIX - R BT it I AR
TS YLAEHCH 0.738 , 72 B X I, - 498 1T/ 07 o 45 15 L )
PR (F 4)EE R TR Cu Fl Ni 235 4 8 KU
FEEH) BB TR -, IS Y RSN 24.1%F
21.0% , Kk 2 Cd, 2 15.0% , Hofth i YL i 15 e 4344
YT 15.0%. SAEA SRS PENHE i, A
BG YAE BT B S A T R B S Y e VR
%4 FRRIEELEAIEESLIEN

Table 4 Nemerow pollution index of heavy metals in soils

1549 Cd Cr Pb Cu Zn Ni As
VYRR 0762 0535 0465 123 0.603  1.07  0.440
IR % 150 10.5 9.10 24.1 11.8 21.0 8.62

TE AR =CGLRTS Y i NG 2 15 QeS8 5045 R T Qe i P A
BHEYARE 2 F)x100%

[ Ocd Ncr [Opb  WCu Kzn [N BAs
5 —
N
4
3 e —
= ISISES . ONNOHON
o3 T = N N SIS
5 Eﬁﬁl—lﬁﬁﬁﬁ< SIS miSISISISISE | ISISISES
=EEEEEEEPLCELE EE clil
piiy. SHHUWLEEEEEBE WS
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
RAE R
B3 7THMIREEEATUTEIEH
Figure 3 Single pollution index of seven heavy metals in soils
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Figure 4 Nemerow pollution index of heavy metals in each soil sample
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Table 5 Potential ecological risk of heavy metals in soils

H A AR T (B )

ETRe) SRR E(RD) KUK 54K
Cd Cr Pb Cu Zn Ni As
1 30.0 3.22 11.1 6.12 0.810 3.55 5.27 60.1 R4
2 21.3 2.92 8.19 8.26 0.960 3.51 4.97 50.1 R4
3 26.0 322 10.8 4.68 0.820 3.17 4.26 529 L4
4 20.8 2.76 16.7 5.25 1.06 3.13 5.97 55.5 IG5
5 16.0 2.62 10.4 5.21 0.850 2.74 3.75 41.5 R4
6 25.8 2.92 15.9 5.18 0.930 3.17 3.82 57.6 R4
7 28.7 2.62 12.8 7.32 1.05 2.30 3.40 58.2 R4
8 28.7 291 16.1 7.78 0.920 2.38 3.38 62.1 R4
9 30.7 2.87 12.1 6.01 1.53 2.19 3.49 58.8 R4
10 61.3 2.69 12.5 5.85 1.24 2.10 4.79 90.5 R4
11 69.3 222 8.88 6.51 0.920 242 4.74 95.0 IR4E
12 67.3 291 13.1 6.15 0.700 1.80 3.10 95.1 45
13 14.7 2.96 10.3 5.83 0.790 2.03 3.68 403 R4
14 59.7 2.76 18.4 38.8 2.51 2.05 132 137 g
15 82.0 3.05 44.0 7.98 0.910 2.19 6.06 146 g
16 73.0 3.19 9.14 8.67 0.760 2.48 4.70 102 IR4E
17 83.7 3.37 10.2 9.79 0.940 2.48 5.15 116 R4
18 71.7 3.31 9.23 8.53 1.11 3.18 4.83 102 s
19 76.7 2.52 9.93 8.53 1.06 3.33 3.55 106 R4
20 61.3 2.77 9.67 9.40 1.26 3.27 5.17 92.9 L4
21 63.3 231 134 6.06 0.750 2.08 3.38 91.3 R4
22 84.3 2.93 9.30 7.55 0.920 2.62 5.17 113 4
23 84.7 2.61 14.5 22.5 1.34 2.26 4.28 132 R4
24 91.7 2.72 12.5 25.2 1.19 2.56 4.29 140 H g
25 73.3 3.02 14.4 7.89 0.900 2.58 4.94 107 R4
26 86.3 3.19 144 7.89 0.930 2.50 3.68 119 g
27 68.0 3.16 11.0 9.40 0.970 2.51 4.93 100 R4
28 83.7 2.86 8.02 9.31 0.910 3.10 5.53 113 R4
MY 56.6 2.88 13.1 9.56 1.04 2.63 4.77 90.5 s
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Table 6 Carcinogenic risks of heavy metals under different

exposure pathways

PR - SO A
TER g WO o i vemmA ATt

Cr 9745 £ 0.00E+00 0.00E+00 4.13E-05 4.13E-05
Tl Jz HAth, 0.00E+00 0.00E+00 2.14E-05 2.14E-05
As  6.67 i€ 1.56E-05 2.50E-08 1.01E-06 1.66E-05
[k K HoAth 4.30E-06 6.68E-10 5.24E-07 4.83E-06
cd 019 £ 0.00E+00 0.00E+00 2.81E-08 2.81E-08
Tl 2 HoAh 0.00E+00 0.00E+00 1.45E-08 1.45E-08
Ni  41.28 £ 0.00E+00 0.00E+00 3.78E-07 3.78E-07
Tl K HoAth 0.00E+00 0.00E+00 1.96E-07 1.96E-07

2.4.2 JEHUE AR RS ER

W78 X A3 6 FhAESURYIE R 1 | R fih A
W W A TR A S P i XU 5 SR e 7 B, th 3R]
A, ORTE] 4 JE X AR B 9 A B KNI R Cr>
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AEE0E RS 4351k 2.79 Al 1.64, B - E 208 KUK 3
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Table 7 Non-carcinogenic risks of heavy metals under different
exposure pathways

e N e SO :

mg: LA BRI PR At
Cr 9745 £ 1.97E+00 1.92E-01 6.30E-01 2.79E+00
Tolv K HoAts 2.00E-01 1.51E-04 2.54E-01 4.54E-01
As  6.67 fig 1.35E+00 3.28E-03 2.88E-01 1.64E+00
Tolk Al 1.37E-01 2.58E-06 1.16E-01 2.53E-01
cd  0.19 fE€  1.15E-02 1.12E-03 1.23E-02 2.49E-02
Tl e Hofth 1.17E-03 8.82E-07 4.95E-03 6.12E-03
Ni 4128 % 9.61E-03 2.37E-01 3.82E-04 2.47E-01
Tolv K HoAls 9.76E-04 1.86E-04 1.54E-04 1.32E-03
Zn 8554  fFE  1.73E-02 421E-05 0.00E+00 1.73E-02
Tolk Al 1.75E-03 3.31E-08 0.00E+00 1.75E-03
Cu 4787 fE€  7.24E-02 1.77E-04 0.00E+00 7.26E-02
Tolk %3 7.36E-03 1.39E-07 0.00E+00 7.36E-03
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