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Fig.1 Sampling points for maize and its root soil in the study area
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Tab.1 Characteristic parameters for element content in maize root soil and seed in the study area

A TR L L AL
TR TR RUME RO PR b ERRE RO GME RO T bk AR R
As 30.720 3.190 8.145 9.062 4.372 0.482 0.134 0.030 0.048 0.061 0.027 0.445
B 62.700 16.010 34.185 35.005 12.916 0.369 6.449 0.683 1.478 1.741 1.009 0.579
Cd 0.260 0.030 0.110 0.105 0.050 0.475 0.023 0.004 0.007 0.008 0.003 0.433
Cr 276.400 23.400 69.100 74.684  38.484 0.515 0.975 0.395 0.786 0.782 0.088 0.112
Cu 48. 100 8.100 23.950 24.880 9.370 0.377 3.429 1.188 1.800 1.922 0.487 0.253
F 1 033.100 298.500 514.550 522.510 154.680 0.296 0.923 0.673 0.772 0.778 0.070 0.090
Ge 1.780 0.830 1.285 1.323 0.245 0.185 0.016 0.002 0.007 0.007 0.003 0.396
Hg 152.850 17.270 40.035 45.863 25.769 0.562 6.882 3.626 5.039 5.093 0.735 0.144
1 4.900 0.510 1.375 1.592 0.830 0.521 0.121 0.010 0.022 0.033 0.028 0.863
Mo 2.380 0.570 0.865 0.902 0.292 0.324 0.446 0.034 0.103 0.138 0.095 0.687
Ni 91.200 9.200 26.850  31.030 15.519 0.500 1.726 0.374 0.780 0.838 0.254 0.303
Pb 96.100 13.300 26.900 28.798 12.633 0.439 0.233 0.030 0.072 0.081 0.031 0.388
Se 0.410 0.090 0.160 0.171 0.056 0.329 0.063 0.018 0.031 0.030 0.008 0.276
Zn 103.600 17.500 58.650  56.000 19.255 0.344 28.507 9.572 17.490 17.883 4.045 0.226

i
LR E R BO LR AR A P 1
SERPERIES P Zo R SR R

: Hg P70 10 70 HABTT RS0 10 0 A8 RECHTC A
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Tab.2 Enrichment coefficient of heavy metal elements and

trace elements in maize seed in the study area

EHJRILE  As Cd Cr Cu Hg Ni Pb  7Zn
BAERBU% 0.84 9.69 1.23 8.94 13.75 3.22 0.31 38.07
fotE B F Ge I Mo  Se

EHEAK/ % 5.55 0.16 0.56 2.63 15.97 19.13

H Zn B RBURK(38.07% ), F (15 5 R Eum/ b
(0.16% ). BxT Zn &£ REKT 20% 41, B 1. Mo
SEEEZMENT 1% ~20% 2], NI TEEER
BUNT 1% o BEEAIE# R B0 T FORFF 52N £ 8 i
ICER HIRE T2 PRI
FoRAFELEAEE TR MR ITTR N E £ R
]S 0 2 — AR A OG (3 3) o ARAE TR AT v
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Tab.3 Correlation statistics for enrichment coefficients of heavy metal elements and trace elements in maize seed in the

study area

JTR As B Cd Cr Cu F Ge Hg I Mo Ni Pb Se
B 0.375"* 1.000 — — — — — — — — — — —
Cd 0.500** — 1.000 — — — — — — — — — —
Cr 0.438"" 0.407** 0.473** 1.000 — — — — — — — — —
Cu 0.359" 0.480"" 0.610"* 0.757** 1.000 — — — — — — — —
F 0.586"" — 0.712** 0.516"* 0.622* " 1.000 — — — — — — —
Ge — 0.359* 0.317* 0.678** 0.561** 0.334* 1.000 — — — — — —
Hg 0.452** 0.374* " 0.474* " — 0.422** 0.387** 0.380" " 1.000 — — — — —
I 0.443"" — — — — 0.328" — — 1.000 — — — —
Ni 0.564"* 0.414* " 0.688"* 0.728** 0.781*" 0.854"* 0.470" * 0.368" * 0.331 " — 1.000 — —
Pb — 0.500** 0.339" 0.535"* 0.446"* 0.312* 0.501"* — — 0.314* 0.368** 1.000 —
Se 0.483"" 0.513"" — 0.400"* 0.346" 0.411"" 0.350" 0.493"* — — 0.399** 0.302* 1.000
Zn 0.539"" 0.553*°* 0.573"* 0.805"* 0.840** 0.572"* 0.703** 0.500" * — — 0.679** 0.514"* 0.399* "
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Tab.4 Correlation statistics between element content in maize seed and element content in root soil in the study area

KT R
As B Cr F 1 Ni Ge
As -0.327" -0.351° — ~0.338" ~0.385"° — -
Ni — -0.363"* 0.451"* — _ 0,364 * -
> — ~ -0.326" - — — ~0.303"
W o x PFORTE0.01 KO E BB o« "FIRTE0.05 KV F MG, “— HARBIN B EAKT, K,
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Tab.5 Correlation statistics among element content in maize seed in the study area

JTR B Cr Cu F Ge Mo Pb
Cu — 0.385" " 1.000 — — — —
Ge — — 0.328 " -0.353" 1.000 — —
Mo — — — — 0.358" 1.000 —
Ni — — — — — -0.450"* —
Pb 0.357 " — 0.318" — — — 1.000
Zn — — 0.510" " — 0.480 " " 0.398" " 0.341"
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Fig.2 Occurrence forms proportion of heavy metal

elements in the root soil of the study area
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Fig.3 Distribution of heavy metal element content in maize in the study area
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Tab.6 Maize safety evaluation standard

As/ Pb/ Cd/ Cr/ Hg/

. % — v
TR L1076 %1075 x10-6 x10-6 x10-¢ 2 2P
ok 0.5 0.2 0.1 1  0.02 Z%Hk30]
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Study on the interaction between heavy metal elements and other elements and
bioavailability in the soil — maize system in Eastern Yinan of
Shandong Province

KANG Pengyu', ZHANG Yong', XIAO Bingjian'*”, LIANG Cheng', JIAO Yongxin', WANG Kaikai'
(1. No.7 Geological and Mineral Exploration Institute, Shandong Linyi 276006, China; 2. Shandong Key Laboratory of
Diamond Metallogenesis and Exploration, Shandong Linyt 276006, China; 3. Academician Workstation of
“Shandong Diamond Metallogenesis and Exploration” , Shandong Linyi 276006, China)

Abstract; In the background of high levels of heavy metal elements in Eastern Yinan, the authors collected 50
maize seed and root soil samples to investigate the interaction and bioavailability of heavy metal elements and trace
elements closely related to human health in the soil — maize system. The content and enrichment characteristics of
heavy metal elements and trace elements in the samples were statistically analyzed, and the interrelationship a-
mong the elements in maize seed and the root soil was explored through content analysis. The distribution patterns
of heavy metal elements in maize roots, stems, leaves, seeds, and root soil were summarized and the safety of
maize seeds was evaluated, by analyzing the content of heavy metal elements in corn roots, stems, leaves, seeds,
and the forms of heavy metal elements in root soil. The results show that a significant difference of element content
exists between maize root soil and maize seeds, and the enrichment coefficients of elements in maize seeds show
significant — extremely significant positive correlation. As, Ni, Se in maize seeds have an antagonistic effect on
the element content in the soil, while there is a synergistic effect among the elements in maize seeds. Cu, Zn,
Cd, and Hg are mainly enriched in leaves, while heavy metals Cr, Pb, Ni, and As are mainly enriched in roots.
All the samples meet the relevant standards of green and pollution — free except one maize seed sample, indicating
the good safety level of maize seeds in the study area. This study could provide geological support for high — quali-
ty agricultural development and comprehensive soil pollution control.

Keywords: soil — maize system; heavy metal; interaction; bioavailability; Yinan of Shandong Province
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