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Abstract: Heavy metal pollution of farmland soils in China has been identified as a threat to ecosystem safety and human health. A
total of 3 006 soil samples were analyzed from arable lands in five grain producing regions of China, which included data from published
studies from 2000 up to now. An additional 656 historical samples were derived from the 1980s by a digitizing grained point sites map
(Cd, Pb, As, Ni, Cu, Zn, Cr, and Hg) from the PRC Atlas of Soil Environmental Background Values. A GIS-based approach and
single factor index method were employed to identify the current status and spatial distribution of heavy metal (Cd, Pb, As, Ni, Cu,
Zn, Cr, and Hg) contamination in agricultural soils, and these were then compared with historical data to explore contamination trends
over time. Then, based on the /_, method and the effects of the surrounding environment on contamination rates, pollution sources were
analyzed. Results showed that 21.49% of the agricultural soil samples exceeded the environmental quality standard set by the Ministry
of Environmental Protection. The proportions of slight, moderate, and severe pollution were 13.97% , 2.50% , and 5.02% ,
respectively. Pollution is more extensive in the south compared with the north. Exceedance percentages in the Sichuan Basin (SC),
Yangize River Middle Plain and Jianghuai Plain ( CJ), Huang-Huai-Hai Plain (HHH), Songnen Plain (SN), and Sanjiang Plain
(SI), were 43.55% , 30.64% , 12.22% , 9.35% , and 1. 67% , respectively. The main pollutants were Cd, Ni, Cu, Zn, and Hg,
with exceedance percentages of 17.39% , 8.41% , 4.04% , 2.84% , and 2.56% , respectively. Since the 1980s, heavy metal
pollution has increased by 14.91% . The proportion of Cd, Ni, Cu, Zn, and Hg increased by 16.07% , 4.56% , 3.68% , 2.24% ,
and 1. 96% , respectively. Except for SJ, exceedance percentages in cultivated land increased significantly, while the exceedance
percentages of Cd, Ni, and Cu in the southern areas were higher than for the northern areas-although the growth rate of Hg and Cr in

the south was lower than that in the north. The main sources of Cd and Hg were anthropogenic pollution, while the other six heavy
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metals were from predominantly natural sources. However, about 20.00% of Pb, Zn, and Cu were affected by anthropogenic

activities. Mining, industry, and sewage water were the main sources of pollution. In addition to the larger impact of sewage irrigation

in the north, other sources of pollution showed greater influence in the south. Mining mainly caused pollution by Cd, Hg, Ni, Cr, and

Cu, while excessive levels of Cd, Ni, Cu, Zn, and Hg was the signature of industrial pollution. Irrigation with sewage effluent causes

excessive Cd, Ni, and Zn. Results from this study provide valuable information for agricultural soil management and food safety in

China.

Key words: heavy metals; spatial-temporal trends; cultivated soils; location environments; pollution source
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Table 1  Grading standards of heavy metal contents in soils/mg-kg ™'
IX.[i] cd Pb As Ni Cu Zn Cr Hg

1 0~0.016 0~10.0 0~2.4 0~5.6 0~6.0 0~25.0 0~17.2 0 ~0.009
2 0.016 ~0.024 10.0~13.5 2.4 ~3.5 5.6~9.0 6.0~8.8 25.0~34.7 17.2~23.8 0.009 ~0.012
3 0.024 ~0.046 13.5~18.5 3.5~6.2 9.0~17.0 8.8~14.9 34.7~50.9 23.8 ~40.2 0.012 ~0. 020
4 0.046 ~0.080 18.5~23.9 6.2~9.6 17.0 ~24.9 14.9 ~20.7 50.9 ~67.3 40.2 ~57.3 0. 020 ~0. 040
5 0.080 ~0.120  23.9~31.1 9.6 ~13.7 24.9 ~33.0 20.7 ~27.3 67.3 ~88.5 57.3~73.9 0. 040 ~0. 080
6 0.120 ~0.190  31.1~43.8 13.7 ~20.2 33.0~42.4 27.3 ~36.7 88.5~116.9 73.9~94.6 0. 080 ~0. 150
7 0.190 ~0.270  43.8 ~56.0 20.2~27.0 42.4 ~51.0 36.7~44.8 116.9~142.2 94.6~118.5  0.150 ~0. 220
8 0.270 ~2.000 56.0 ~300.0 27.0 ~50.0 >51.0 44.8 ~250.0 >142.2 >118.5 0.220 ~0. 500
9 >2.000 >300.0 >50.0 >250.0 >0. 500

Lo ELIRTE S0 8 SRR, R b R AR H0L )
Ui%ié%xﬁﬁﬂﬁﬂkﬁﬁhm%mﬁﬁ

R ek B TS G PRI ST R, AR
—logg C; &
Lo ZMSBQ

A, €2 LRI E SR & & (mg-kg ™),
B EHEBIARTE FH (mg kg™ ), 1.5 ZHE
H A AT 22 S RE S TR T R A L @W@%%
B 1 fEMOR, 15 480 %@ﬁbO%Ti%
$% E%EAW&&WTE%@?E%ﬁAM

1 P _"p -"'-_

1257%M%m% V),
wﬁﬁﬁﬁ@M%ﬁﬁﬁyﬁﬁﬁxé
fi ¢Euﬁi%ﬁﬁhm,ﬂﬁWﬁ%®%ﬁﬁ

ERA A RIELE, Jrut AR 8050 )

AP g i R A 05 e ST

SR (. R A R T 1
e ST X R ) EL 5 20 tH4E 80 AEARRAEAR
A9 50 km x50 km 4% % ; 3R (1dentity ) &1 5547 B
U B2 LS 000, 495 A LA IO (5 5037 7
R R 20 42 80 AT AN 2000 4F LA K 9 A4~ Bt

1) - S5 4 aSUL R AR I 23
1.3 BT

FIIH Origin 2017 3 F2E47 8 4 J@ % 5 46 A
M2 s SPSS 18.0 Ak {4 i 47 i 1 Ge 1t 43t
ArcGIS 10. 1 il P2 1) 3 A Pl B 2 HURS 190 53 A .

2 GR5HH [ Jﬁff

2.1 KRR R ﬂﬁ " 7

ﬁkﬁﬁi?tﬁﬁiﬁ@ﬂﬁu ESE
H21.49%), mTé@ﬁmw4MMMM¥W%¢
i%ié%ﬁﬂhgsw Wk g, Fortie
Ji#ﬁ\ﬁﬁm%ﬁ tmﬁﬂﬁB£W}
2W%ﬂjy% E%%U&im Cug Zn 1 He
W, FTRIE AN 17.39% | 8.41% . 4. 04% |
2%%%&%%,Emm%%wﬁﬁfOM%~
0.89% 2] (K 3).

MR EF X HERES G RE T, N
SATEBRR R (4 REL S ), DU 23 AN T Hp g
T b DX 1 Bk 1l A5 8 B R 40 K 43.55%
30.64% , fm T WEWE VI FABBCE I A =P J
B 12.22% . 9.35% F1 1. 67% . MNI59%5HFE, U

[l oA 4.

12.00 |
9.00 |
6.00 |
3.00
0.80%F
0.70
0.60
0.50
0.40
0.30
0.20

0.10
0

S

bR %

Lidl 2

TSR

Bl Ccd Bl ppb 0 As EEN
BN Zn BN Cr BN Hg s

- 1 [

B Cu

1A

TR

H3 BATFRSASRER%T

Fig. 3 Heavy metal pollution levels in soil samples from the main grain producing regions
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