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Temporal and spatial characteristics and health risk assessments of heavy metal pollution in soils of Shenfu
irrigation area

AN Jing', GONG Xiao-shuang"? CHEN Hong-wei*, WEI Shu-he'

(1.Shenyang Institute of Applied Ecology, Chinese Academy of Sciences , Shenyang 110016, China; 2.College of Resource and Environment,
University of Chinese Academy of Sciences, Beijing 100049, China; 3.School of Life Science and Engineering, Shenyang University,
Shenyang 110044, China)

Abstract ; Shenfu irrigation area, a typical sewage irrigation area in Northeast China, was selected to study temporal and spatial characteris—
tics of heavy metal (Cd, Ph, Cu, and Zn ) pollution in soils and crops. Potential health risks of heavy metals in crops were also assessed. A
total of 28 soil samples were collected along the main irrigation ditches according to village boundaries. Mathematical statistic method and
spatial interpolation technology were used to study the spatial characteristics of heavy metals in the soils and crops. Nemero pollution index
and EPA human exposure potential health risk and potential ecological risk index were used to evaluate the potential health risks of heavy
metals in soils and agricultural products. Results showed that the mean concentrations of Cd, Pb, Cu, and Zn in the soil samples were 0.60,
38.76, 22.39 mg-kg™, and 57.64 mg- kg™, respectively. The concentrations of Cd exceeded the secondary grade of national soil environmen—
tal quality standard. Compared with the heavy metal concentrations in previous studies, the concentrations of Cu and Zn decreased signifi—
cantly, while those of Cd and Pb had no significant changes. The spatial distribution characteristics of the heavy metals were different among
Cu, Zn, Cd, and Pb. The soils in the Shenfu irrigation area was slightly polluted by heavy metals. The concentrations of Cd and Pb in corns
exceeded the limits of the national food safety, indicating heavy metal risks to the human’s health, especially Cd.

Keywords: Shenfu sewage irrigation area; soil heavy metal; spatial and temporal distribution; health risk
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Table 1 Physical and chemical properties of soils

n A HLEK Organic 4% Total 420 Total

TiH Tte
TUH Ttem P carbon/g kg nitrogen/g- kg™ phosphorus/g-kg™

i KAH Maximum 6.79 15.91 1.44 0.81
#¢/IME Minimum 5.89 8.45 0.88 0.45
SF-H4{H Mean  6.40 10.83 1.08 0.64

R2 TEMRFRECBEENTAERBIRE
Table 2 Analysis methods for total heavy metals in soils and

agricultural products

FmITR 1% A" i

Heavy metal Soils Agriculture products

Cd GB/T 17141—1997" GB/T 5009.15—2003""
Ph GB/T 17141—1997" GB/T 5009.12—2010"
Cu GB/T 17138—1997" GB/T 5009.13—2003"
Zn GB/T 17138—19971" GB/T 5009.14—2003!"

TERH AR b, B IR 25 B, IR 10%
ARE AR R TR SN, DAORIE AT FR0RG B R R 2
A ALK % B RSD o 1.73% ., 9256 it A% A

12 18 24 km
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Figure 1 Distribution of sampling points in Shenfu irrigation area
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Table 3 Potential ecological risk assessment index and grades

SRR 2531 A H R

Risk grade E RE Degree of ecological risk
A2 Ei<40 RI<150 LE
B % 40<E <80 150<RI<300 &g
C % 80<E <160 300<RI<600 5
D %% 160<E<320 RI>600 e
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Table 4 Content of heavy metals in Shenfu irrigation area

LiH Ttem Cd Pb Cu Zn
SEHE Mean/mg kg™ 0.60 38.76 22.39 57.64
¢ KAH Maximum/mg - kg™ 0.84 54.03 37.42 70.54
#/IME Minimum/mg - kg™ 0.38 2491 13.34 19.49
FrifEZE Standard deviation/mg kg™ 0.13 7.98 6.42 8.78
AAXFRHENR 2 Relative standard deviation/% 21.26 20.59 28.67 15.23
A Z 40 Coefficient of variation/% 20.82 20.59 28.69 15.23
R Skewness/mg-kg™! 0.11 0.07 1.01 -3.07
IFE Kurtosis/mg kg™ -0.55 -0.82 0.80 13.54
H 5t Background value/mg kg™ 0.05 10.22 9.87 28.18
T ZARE Secondary standard/mg kg™ 0.30 80 50 200
2001—2005"4F/mg kg™ 0.21~0.41 49.7~135 18.1~83.9 54.8~114
2006—2010%4F/mg - kg™ 0.081~0.956 31.1~86.9 22.1~40.8 —
2011—20144F/mg - kg™! 0.005~0.88 4.13~49.25 17.14~49.89 32.93~197.85
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B A T, 3 28 DI L 22 DOV R AL B AR FH ek
fity, B4 R P2 DA T L3 P AR A 5 ekt 2
bWz Ak . eAh, FE XA F -3 A Al At D7 Xt &
A T ERERAR 1o RE I Z X I T 2R DUREK A
E, T BUGsR 5 59 2 KRB DL R
FEMA R, KHSR )G, SRR 2 R A
AR X 4 SR P IR R B RS B A A Rk A Y
HAT—E BRI, e 56 Jm i 5k B vk bl
ZRAEAZAE
22 REEXRRETEESRENTESHEHE

TP E SR M SRR TS AR 3 (AR
A HEME Ty 20 BRI S ) A7 5%, i 55 HL T e A
[ AL PEBORIZS R A 56, R it b e
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Figure 2 Spatial distributions of heavy metals in soils in

Shenfu irrigation area
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Table 5 Indexes of environmental quality of heavy metals in soils

in Shenfu irrigation area

FATI5 Y448 8 Single pollution index LRI YRR
Comprehensive

i H Item
Cd Pb Cu Zn

pollution index

i [EI{H Range 1.28~2.80 0.31~0.68 0.26~0.75 0.10~0.35  0.96~2.11
SEHAME Mean 2,01 0.09 045 0.29 1.53

2.3.2 WA KBS

LR 15 YR Bk R WL Z R0 e iR
15 YLKV VA G F R R0 BN T 2 A
B4 A UMRIE R BT o 15 X 1 498 T 4w 15 YL i
TEAEBSCFERRBNZR 6 P, 4550380 Cd s fEE
BfeFHEBERNE, WEHDRD C HmETTY;
Pb Cu.Zn PSTEASGFREY R A 9, RS
Qo g —EERINE, HBENEERENT N
Cd>Pb>Cu>Zn, WRMNEEANXEEE , ZFE 480
REEASAEERECRIER 127.69, ULHIHFFEIX
I R T G AR R R G

F6MESERTEFEEENBEESREEY
Table 6 Potential ecological risk index of heavy metals in soil of

Shenfu irrigation area

TiH cd Pb Cu 7n
JEFEE Range 60.39~132.43 12.19~2643 6.76~18.95 0.69~2.50
HJ{f Mean 95.34 18.96 11.34 2.05
S5 A

C A A A

Hazard grade

2.3.3 A7 i B AR (g FE XU -

R ¥ oy AR A UEL VTR IR StV WS IN
A0 B AR , DRI BR 1 30 B 4 o 1 38 v 1 XU
N XA L FHI AR B R KU RO IS8R AN R 22
Mo RATETEHE X ASRE i , KA E oK H B 20k 5
F A7, HLAE SRR K, B ARSI 153 X I

T ROKRPR P R SR T, SRR T
s e THEX BRI Cd P B AR IR BN ™
&, WS 89.5% 1 100% ; Cu W bR
21.19%; Zn (35 B R M B ZARMERLE M FRME . 1F:
Yy R S AT R E R
T SIS R ] P S

RT ERFHPEESERE

Table 7 Concentrations of heavy metals in corn seeds

Wi H Item Cd Pb Cu Zn
i [E{H Range/mg-kg™ 0.07~1.09 0.31~4.48 0.82~15.32 16.54~45.24
SEH4I{H Mean/mg-kg?  0.20 2.42 4.01 25.31

bR PR A /mg - kg™

National limit

R Rate of

exceeding standard/%

0.1 0.2 10 50

89.5 100 21.1 0

K FZE 1 EPA Qg B0@ TN kx5 X
1 FH KA R XU S RIS B EA T T 1M, 25 SR
%8 AR, RN, KIS LE,Cd Cu,
Zn () HQ {EH¥/NF 1,000 Pb 1 HQ KT 1, i
FOBE B V5 X B R S A7 A6 HE P EE 4 o R () i XL
o (EAREREANE, LEEEE ERE I RN EER
TRAEAR FE AU Y R TN, 5 2 5 0G4 ™ i 4
A RS AT 98 4 R — 30, X5 )L A A By
AEFNATE 2 HEA O T AR S0 I SRAT I R 2 31
WA AR, 4B FLHEA 43 Hr , 4 iR 4 JE X AT
TEWRR A B AR L ZE 1 HI A4 5] 4.79 F15.29, %f
FAIGFEAAT 9 AL G HE A58 7.54
8.33, DL &N X LA AE th 2P E 4R
51 & A 7 it i o RS o

xS TRERBAHRESCENKRRZH(HQ)E

Table 8 H(Q values of heavy metals for different human groups

i H Ttem Cd Ph Cu Zn
AR (AR ) Adult(Suburb) — 0.37 3.39 0.56 0.47
BAEA R ) Adult(Village)  0.59 5.33 0.88 0.74
JLEE (BEE ) Children(Suburb) — 0.41 3.74 0.62 0.52
L (4 k] )Children(Village) — 0.64 5.89 0.98 0.82

3 #ig

(DILFEHEX L3 Cd\Pb Cu Zn FHER T
VLPHTT H AT el Cd P E RS TEE -
SRS R bR, R 3 R R OCR IR R
HEbR . 5 R SCHRARGE A5 RE T 15 AR IX L e
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