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Assessment of the Potential Ecological Risk of Heavy Metals in the Farmland Soils in Yucheng City, Shandong
Province
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Abstract: Heavy metal pollutions in the soil of farmland are regarded as serious threats to rural environment in China. Human activities, such
as intensive livestock, sewage irrigation, large amounts of agrochemicals input and the rapid urbanization are proved to be the main sources of
the heavy metals. Yucheng City is located in Huang—Huai—Hai plain, the largest alluvial plain and important agricultural area in China. The
concentrations of Cr, Ni, Pb, As, Hg, Cd, Cu and Zn in the topsoil (0~20 cm) of the farmland in Yucheng City were analyzed, and their
relations with different human activities were discussed. The potential ecological risks of these heavy metals were assessed. Furthermore, the
heavy metal concentrations in wheat grown in the sampled soils were also collected and analyzed to compare those in soils. The results showed
that the concentrations of the eight heavy metals in all of the soil samples were far lower than those critical values of the National Soil Quality
Standard (Grade II) except Cd, while they were all higher than that of the backgrounds in the soils of the alluvial plain of the lower Yellow
River. The rapid urbanization, sewage irrigation and long—time typical manure usage were responsible for the high value of heavy metals in
soils. The potential ecological risks of Cr.Ni.Pb.As.Cu.Zn were at a lower level while that of Hg and Cd were at a higher level. The higher e—
cological risk of soil Cd was mainly derived from the rapid urbanization, intensive livestock and sewage irrigation. And that of soil Hg was lo—
cated in the suburb of Yucheng City and the area irrigated with sewage from Tuhai River. The potential ecological hazard index of the eight
heavy metals in soils followed the sequence as suburban farmland>farmland irrigated with sewage>farmland with typical manure used>farm—
land irrigated with groundwater>farmland irrigated with the Yellow River. Hg and Cd concentrations in some wheat samples were as high as or
even higher than that of critical values of the National Standard (GB2715—2005).
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Figure 1 Sketch map of sampling sites of topsoil in Yucheng farmland
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W EWRE R(E 3), RFEAZKE ) X%+ 5
Cr.Ni.Pb.Cd FEHE B EMEF (P<0.05), X Ui
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R2 FEAXBEFIXFEREALIRESESEEE (ng-kg)
Table 2 Range of heavy metal concentrations in soil derived from
different anthropogenic activities (mg-kg™)

LR (HEAR)

HEX SIEEX REX RS SEEGEAX
(29) (9) (5) (6) (7)

Cr 47.76~89.23 51.12~64.23 52.06~64.81 61.11~78.48 56.85~68.78
Ni 21.20~41.20 22.69~30.94 22.71~30.91 29.02~37.40 26.20~31.10
Pb 18.70~32.30 20.58~25.96 20.24~25.74 23.84~29.07 21.67~26.33
As 8.97~22.60 6.87~15.80 9.60~14.80 12.60~19.10 7.81~23.20
Hg 0.01~0.13 0.023~0.06 0.021~0.07 0.01~0.19 0.024~0.042
Cd 0.15~038 0.15~026 0.13~022 0.24~0.28 0.20~0.28
Cu 17.24~38.91 19.46~25.09 21.11~26.28 24.65~35.11 22.70~28.63
Zn 48.50~98.13 52.92~81.52 57.86~73.43 65.42~124.3 68.13~84.84

Rt

®1 BEHAKATRESESENRR ST (ng-kg)

Table 1 Descriptive statistics of heavy metal concentrations in soil of Yucheng City(mg-kg™)

Cr Ni Pb As Hg Cd Cu Zn

B/ME 4716 21.20 18.70 6.87 0.01 0.13 17.24 48.50

BKfE 89.23 41.20 32.30 23.20 0.19 0.38 38.91 124.30

BAREHIE 62.75 29.50 25.15 14.27 0.04 0.21 25.52 73.28

ESINEE 62.40 29.80 24.80 13.90 0.03 0.22 24.80 70.45

FRUERE 8.16 427 2.82 4.00 0.03 0.04 429 14.06
R+ X EH 53.6 24.9 144 12.9 0.02 0.09 21.4 65.1
TR R — 90 40 35 15 0.15 0.20 35 100
o £787-50 g 250 60 350 25 1.0 0.60 100 300
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Figure 2 The average concentration of Cr, Ni, Pb, As, Cu and Zn in soil derived from different anthropogenic activities
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Table 3 Differences of the average concentrations of heavy metals in soil derived from different anthropogenic activities (mg-kg™)

i Cr ¥fH ERBENE Ni {8 ERBEE Pb ¥{E ERBEE Cd ¥1E ERBENE
WHTARRX 66.79 a 32.00 a 26.48 a 0.25 a
EHX 64.23 b 30.23 b 25.78 b 0.38 b
HAHAE X 61.84 ¢ 29.14 c 24.61 c 0.23
5 HEEX 58.36 d 27.28 23.47 0.20 d
HEX 58.38 d 26.81 23.59 0.16 e

o FFIBUEAR R 8528 LSD £ & i 5 B (P<0.05),
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Table 4 Classification standard of potential ecological risk of heavy

metals in soil

WEADS BRETAES BEASKE  SEEEAS
W EFLE KRS YEE RERITEE SRR R
Ei<40 E=35°8 RI<150 E=35°8
40<Ei<80 sk 150=<RI<300 &g
80<Ei<160 R 300<RI<600 R
160<Ei<320 Fictd RI=600 Fictd
Ei=320 e

ZRETEE 43K E (Cr)1.78~3.33 E¢ (Ni)4.25~
8.27.E:(Pb)6.49~11.21 Ei (As)5.33~17.98 . E: (Hg)
14~380.E: (Cd)43.33~126.67 .E: (Cu)4.03~9.09.E:
(Zn)0.74~1.91, H 8 MELEMIBHELETREERE
HIMERE , HIBEAED A F BN E (Hg)>E (Cd)
>E:(As)> E:(Pb)>E:(Cu)>E (Ni)>E (Cr)>E:(Zn) B
I T G R HE RPN N B E e F R E
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FERVBTEAE S XS, Ti48.2% ) +3E Hg Bk B 408
AR S KUK K, 16.1% ) Hg 35 BI1R 58 A4 25 XU 7K
L, E B 5.4%K3) T R RTEFE A S XS K o 1
82.1% 1) Cd 53 B 5% 1) A= 25 XU K, 1.8%3k B 1R
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Figure 3 The average value of potential ecological hazard
coefficient of Hg and Cd and potential ecological risk index

derived from different anthropogenic activities
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Table 5 Descriptive statistics of potential ecological hazard coefficient( E! ) and potential ecological risk index(RI)

of heavy metals in farmland of Yucheng City

BH RI
Cr Ni Pb As Hg Cd Cu Zn
B/ME 1.78 4.25 6.49 5.33 14.00 43.33 4.03 0.74 108.44
B 333 8.27 1121 17.98 380.00 126.67 9.09 1.91 501.09
¥E 2.34 5.93 8.73 11.06 85.29 71.55 5.96 1.13 191.98
TR 0.31 0.86 0.98 3.10 60.05 13.87 1.00 0.22 64.50

Fo6 BT KAIRESEAREBEESEERBREBEESRRIELIE S H
Table 6 Frequencies of potential ecological hazard coefficient and potential ecological risk index in farmland of Yucheng City

BTUED

BEAESEEREE IR/ %

R R Cr Ni Pb As Hg cd Cu Zn R
SR 100 100 100 100 5.4 0 100 100 1.8
e 0 0 0 0 30.4 16.1 0 0 83.9
BiR 0 0 0 0 482 82.1 0 0 125
Ra% 0 0 0 0 16.1 1.8 0 0 1.8
g 0 0 0 0 54 0 0 0 1.8
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Figure 4 Kriging map of potential ecological hazard coefficient of Hg and Cd in farmland of Yucheng City
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