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Selenium Uptake Characteristics of Reclaimed Soil- Crop from Mining WaSteland

and Its Antagonlstlc Effects on Heavy Metals

YIN Bing', WANG Jian- fei'*, SHI Shexg’ ;' BU- ’Zhong -yuan', HUO Tlanuman ; ZHAN‘G Shi-wen'* o
(1. School of Earth and; Environment, Anhul Umverﬁ’; of Seience and Tec hnology, Huainan 233‘001 China; 2. Collégeof Resource-’
and Envitonment, Anhlui Science and Te(‘hnology Unlvermty, ‘Chuzhou 233100, C-hlna} v .

Abstract: To fully exploit selenium-rich land fesourcesiand ensure crop safety, thé’ phendmenon of “double high” of Se and/hicavy

1
i’

metals in réclaimed $6il of mining wasteland was|studied. [Soil and maize samples collected from “point-to-point” were weighted by the
inverg?e digtance weighted (IDW) method; multible lir}dear regressio( MLR) , partial least squares regression (PLSR), random forest
regression (RFRY), and other methods were uSed to predjpz_sﬂléﬁ'ium uptake by maize in a sulfur mine reclamation area in southwest
China. Meanwhile, the antagonistic effects of selenium (.Se) on heavy metals (Hg, As, Cd, and Cr) were analyzed. The results
showed fhat the soil in the study area was rich in selenium resources. The average Se content in the soil reached 0. 83 mg-kg ™", which
was 2. 87 times that of the average Se content in Chinese soil. The Se content in maize grains ranged from 0.02 mg-kg™' to 0.16
mg-kg™'. According to correlation analysis and model prediction, the main influencing factors of selenium content in maize grains in
the study area were soil selenium, pH value, organic matter, and heavy metal As. Multivariate linear regression ( MLR) was the most
effective method for predicting selenium content in maize grains, and the determinant coefficient R* was 0.52. By comparing the
enrichment characteristics of maize to heavy metals (Hg, As, Cd, and Cr) under different concentration gradients of Se in the soil of
the study area, the results showed that Se had antagonistic effects on Hg, As, Cd, and Cr. The results can provide a basis for the
development of selenium-rich agriculture in similar mining wasteland reclamation in the future.

Key words:reclaimed soil; maize; selenium; enrichment characteristics; heavy metals; antagonistic effect
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Table 1  Content characteristics of main soil-crop indicators

Al £zt e/ ME RRME T bRt 5 55 R E % i W i

Se/mg-kg ! 0.22 1.68 0. 83 0.33 37.93 0. 67 0. 34

pH 3.47 8.19 6. 46 1.15 17. 80 -0.30 -0.47

B/ mg kg ™! 50. 80 220. 00 106. 66 39. 60 37.13 0.98 0.65

e FHHLF/ g kg ™! 1.43 12. 14 4.10 2.01 49.02 2.17 6.58

Cr/mg-kg ™' 95. 30 444. 00 170.79 76. 46 44.77 2.09 4.70

Cd/mg-kg ™! 0.09 2.46 0.77 0.51 66. 23 1.64 2.53

As/mg-kg ™! 4.19 32.90 15. 89 8.09 50.91 0.36 -0.90

Hg/mg-kg ™! 0.05 0.37 0.19 0.09 47.37 0.20 -1.12

Se/mg-kg ! 0.02 0.16 0. 06 0.03 50. 00 1.68 4.10

Cr/mg-kg ™! 0.08 1.91 0.18 0.29 161. 11 5.70 34.08

EKFR  Cd/mg-kg™! 0.003 9 0.705 3 0. 045 4 0.1200 300. 00 5.09 28.47

As/mg-kg ™! 0.01 0. 04 0. 02 0.01 25.00 1.79 5.05

Hg/mg-kg ™! 0.001 1 0.0019 0.001 4 0. 000 2 14.29 0.48 0.39

1) ERFPRIN T 428 Cd Rl Hg & AR, 3 i U B2 4 /g

21 AR BRI X A Se S T 0,22~ RHERIT ROR R i HEAT 'Jéﬂ*(%%-z GIES

1. 68 mg-kg ™' Z[H];pH {HA T 3. 47 ~8. 19 Z{i] , i
54% 1) L 3ERE A 2R PE (pH {H <6.5) ;4 FPEE 5
Fr ARSI X 5K, Cr Cd | As Fl He 75 52 (1)
FHIME S5 (170: 79 +76.46) (0. 77 + 0,519
(15,89 8. 09)%11(0 19 £0.09) mg-kg"! 2 il ’i@éﬁ
#4 T 50. 80 /92000 mg-kg”! ﬁﬁ)ﬁf{?l 13
~12/14 g-kg- 1ZlEﬂ Horb 3 pH '?/ﬁéﬂﬁit%%@ﬁ
HEBTHI L, A5 RBOHIXHR /N (CV = 1. §09% V8 52
%@U‘Hﬁiﬁam Yy 9 favE 2R Cd A AS (CY 79
66. 23%%1150 1% ) 4T A AR EEJE%!
Tﬁﬁ%x%‘?ﬁﬁ%ﬂﬁ&k A EER R Z Sl
Cd 450 %t 578 | ST KPR 34315 A o B
fE,Se AT 0.02 ~0. 16 mg-kg ™' Z[A] ;4 FhiE 4
J& & AL IE AR R8N, Cr Cd | As T Hg & FE 1Y
SEYE 4514 (0. 18 £0.29) . (0.0454 £0.1200) .
(0.02 +0.01) F1(0.001 4 +0.0002) mg-kg~". EK
FERL AR S R BORIX B /N J& He (CV =14.29% )
b F AR SRR bR R E R E 4R Cd A Cr(CV
47 300. 00% F1161. 11% ).

A TR SAR B8 HIOH S5 R A Y P A E R
fIE, M5 o3 A AN X FREE, 36 7 A2 T 08 B (kurtosis,
Ku ) FMf B ( skewness , Sk ) 4[] 25, 148 B 28 H5CFIM g Ji2
FBOAT DLSE A AR B o3 A IR A R PR | D 5
V£ DA % i~ 5 R 5 oy 5000 1) s R, O i
HEAR A RIE S IES i 225 LRI
PIREAS il 5 12 00 O 32 068 R 3 WA A 5000 Il A
TEAS A, b VR W R A e B2 {E 1. 68 U JiE (B
4. 10 FETRIEL LR 3 PR S0 A i AN AR e
2.2 TIEAEYIN S R A RRIE

HRAE SCHR [ 15,16 ] PR bR fE , A SCRHIF 9 IX.

3). Giitsh %%%Eﬁ Eﬁaﬁl:ii%ﬂlﬂﬁﬁ%/}?aém . i
%umﬁﬁii%%ﬁmﬂmtmﬂﬁ 5.13% A, 94, $7%, 3%
CE-F 3 ﬂﬁ@%aﬁmﬁqﬂﬂéﬁéﬁi%ﬁ%mﬁﬁ
+3E nwrﬁﬁﬁ Eﬁﬁliazﬂéﬁ*mﬁ %}JUL
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Table 2 Classification griteria and statistics

of selenium contents of soils

Y . % i
T ST U
<0.125 Bz e + e 0 0

0.125 ~0. 175 h% G - g 0 0
0.175~0.4 i SR 148 2 5.13
0.4~3.0 ] A 3 37 94. 87
=3.0 R 0 0
x3 EXWSESRIRERSET
Table 3  Classification criteria and statistics
of selenium contents of maize
TR . i LE B
P s wan f( ok
<0.025 = it J52 1oz 5 2 5.13
0. 025 ~0. 040 % WBTENIAR 10 25. 64
0. 040 ~0. 070 LRES SR 19 48.72
0.070 ~1.0 o] =2} 8 20. 51
=1.0 fops| i 2 0 0

T 5 DX KO v i A S b 18] A X 8
/I, 7 PR i Al XA OGS R X 4 R H
BB 3 A ¥, I BE B AL EE ¥ (inverse  distance
weighted , IDW ) 2 TAH I AU | DAAEAS 55 5 4
(B R] Y IR B D AR AT ISP 347 47 e
BIREAS B T A E RO, S 2 /). 538 v B 1
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