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Fig. 1 Geographic location map (a). geological and geomorphic map (b) and distribution map of
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soil types in the northeast of Shayang County
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1—Quaternary Sunjiahe Formation; 2—Quaternary Baiyang Formation; 3 Silurian Xintan Formation; 4-—combined layer of Ordovician
Nanjinguan Formation, Honghuayuan Formation, Dawan Formation and Guniutan Formation; 5—Cambrian Loushanguan Formation; 6—
Cambrian Qinjiamiao Formation; 7-—combined layer of Cambrian Liujiapo Formation, Shipai Formation, Tianheban Formation and
Shilongdong Formation; 8 tectonic denudation hilly sub region; 9—weak erosion accumulation Gangbo plain area hillock plain subregion;
10—alluvial low plain subarea; 11-—subarea of lacustrine low plain; 12—light yellow brown soil Quaternary clay mud field; 13— yellow brown
soil Quaternary clay mud field; 14—sandy calcareous alluvial soil; 15—loamy calcareous alluvial soil; 16—Quaternary clay yellow brown soil;
17— limestone mountain yellow brown soil; 18 —rivers and waters; 19— typical vertical section; 20-—atmospheric dry and wet sedimentation

device; 21—township; 22—Shayang County
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Table 1 Methods of soil geochemical element/index analysis and detection limits
JLR /bR | MEER (mg/kg) VR IR izt BR (mg/kg) JLR/HRbR | MR (mg/ke) SH s | KR (mg/ke)
As 1 AFS 0.2 Pb 2 ICP-MS 0.2
B 1 ICP-MS 0. 81 S 30 XRF 15
Cd 0.03 ICP-MS 0.02 Se 0.01 AFS 0.01
Co 1 XRF 0.1 Sr 5 ICP-OES 2
Cr ) ICP-MS 1.5 \ 5 ICP-OES 2
Cu 1 XRF 0.1 Zn 4 ICP-MS 1
F 100 ISE 30 SiO, 0.1 XRF 0. 05
Ge 0.1 ICP-MS 0.05 Al O, 0.05 XRF 0.03
Hg 0. 0005 AFS 0. 0005 TFe, O, 0. 05 XRF 0.02
1 0.5 ICP-MS 0.2 MgO 0.05 ICP-OES 0.02
Mn 10 ICP-OES 5 CaO 0.05 ICP-OES 0.02
Mo 0.3 ICP-MS 0. 15 Na, O 0.1 ICP-OES 0.02
N 20 VOL 15 K,O 0. 05 XRF 0.03
Ni 2 ICP-OES 0.2 SOC 0.1 VOL 0.02
P 10 XRF 5 pH 0.01 ISE 0.01

 ICP-MS iy L JBOHE 4 45 89 TR B 3% vk s XRF 9 X B4R 98 6Otk vk s ISE & T 2 £ s 4l 15 5 ICP-OES Jy At 8R4 45 89 TR /L 7 & 996 %
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GEiT M AE 0 58 X RS2 Y 2856 143 )2 L ekt
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Table 2 Characteristic parameters of selenium content (mg/kg) in topsoil in the northeast of Shayang County
. . . 3 ) o 5 R BEFEIX VLU | PR A B
2 e e ¥ T 1 = = o e 2 5L T
TR | HAR | FECPEE e & RAH R/ME P i 22 %) e oy o
Se 2856 0. 26 0.53 0. 84 0. 05 0.09 32.97 0. 25 0. 30 0.29
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Fig. 2 Geochemical map of surface soil selenium (a) and geochemical grade map of surface soil selenium (b)

in the northeast of Shayang County
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Table 3 Characteristic parameters of selenium content (mg/kg) in topsoil of geomorphic units in the northeast of Shayang County

Hb 3 2T + R FEA KL PN fe/ME BECFHE i 22 R R
Ly AR L b g 16 0.77 0.14 0.38 0.16 42.11
I, g S LA R 1340 0. 62 0.05 0.23 0.06 26. 09
I, A+ 1387 0. 84 0.08 0.33 0.09 27.27
I, Wb A e 113 0. 45 0.17 0. 36 0.05 13. 89
x4 DHEEFIIDERELIEWESEE LK S (mg/kg)
Table 4 Classification of selenium content (mg/kg) in topsoil in the northeast of Shayang County
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Fig. 3 Comparison map of selenium content in surface soil or rock of underlying strata in maliangshan mineral development

area in the northeast of Shayang County (a) and its plane characteristic map (b)
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Fig. 4 Variation of Se and other elements in typical soil vertical profile (a~g) and variation of Cp0Ol element ratio in soil
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Table 5 Load coefficients of topsoil elements on principal factors in the northeast of Shayang County

_ FHF . FHF

JGE - - - - JLH - - - -

F1 F2 F3 F4 F1 F2 F3 F4
Ni 0. 964 —0.010 —0.134 0.043 I 0.311 —0.468 —0.482 0.052
Al O, 0.936 —0.104 —0.137 0.013 Sr 0.031 0.913 —0.263 —0.063
Cu 0.935 0.164 0.073 0.101 Na, O —0.114 0.918 —0.174 —0.131
A 0.952 0.185 —0.072 0. 002 CaO 0.313 0. 808 —0.194 0. 230
Cr 0. 867 —0.312 0.029 0.019 MgO 0. 641 0. 649 —0.131 0.193
TFe, O, 0. 920 —0. 257 —0. 141 0.058 pH 0.525 0.672 —0.374 0.031
Mo 0.801 0.414 —0.014 0.137 P 0.170 0. 629 0. 389 0.024
Zn 0. 808 0.419 0.001 0. 260 Cd 0. 330 0. 367 0.123 0.678
K,O 0. 841 0. 466 —0.047 —0.037 Pb —0.012 0.189 0.084 0.935
F 0. 839 0. 298 0. 090 0.021 SiO, —0.895 —0.297 0. 149 —0.127
Se 0.610 0. 564 0.314 0.085 B —0.158 —0.585 0. 295 —0.061
Ge 0. 647 0. 029 —0.147 —0.057 N 0.133 —0.131 0.924 —0.015
As 0.516 —0.688 —0.032 0. 267 SOC —0.022 —0.182 0.921 —0.005
Co 0. 650 —0.421 —0. 280 0.096 Hg —0. 145 —0.123 0.507 0. 224
Mn 0. 602 0.011 —0.552 0.134 S —0.071 —0.054 0. 458 0. 040
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Fig. 5 Distribution of topsoil element factor scores (a~d) in the northeast of Shayang County
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Fig. 6 Cluster analysis of selenium and other

elements in topsoil in the northeast of Shayang County
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T 1 DX [ 7E

2.3 FmMITEWMTESEHMEZSM
2.3.1 KEFENE

P 5 11, Bl Hb A= R R A 2 ) RS HE OEE i
1200 ¢ f, K 2 B i 28 b il iy & B AE 0. 1~10
ng/m’ (7 B R B i X, WA R R BRI AT Y
EHEPEE (Tan et al. ,2016) , A KR T8It
SRR R R, A RAFER AR
Rée 7K G B 9 DX A 5T R % o 1 ST, AE AR X Y
SIAE T 6 KA T M UTRE % B AR 4l 4 41 52 0 4K
PRI KRR TR DR AR B %, PR XK
ST U0 B AF Gl % B AR ARV Bl 0,071 ~0. 123
kg/(km® « a),FH{E 0. 095 kg/(km® « a); KB
DURE AR Gl i % R AF fk i Bl O 0,135 ~ 0.228
kg/(km® « a), FHIMH 0. 176 kg/(km” + a), BARK 5
R AR KA A Al K T R A=
M, b 2. 25 X 10° kg/km® &L AT L, KR
BRI R S N SR T I e o R Gl
0.00271 mg/kg(F 7), HAm /N T 58 X+ 5l or &
BE{H 0. 25 mg/kg(FE 2),

2.3.2 fE#

JE} rp IR 5 A B e R A, R G R 4R R AT IX

SAS SRR YU 25 PEASTR SRR B A IR R R

k6 DFEFLILBREIEWSHMTESIEMEXE
Table 6 Correlation between selenium and other elements in topsoil in the northeast of Shayang County
LR As B Cd Co Cr Cu F Ge Hg I
0. 060 —0.244" | 0.487" 0.102" 0. 345 0.680" 0.698" 0.326" —0.034 —0.153"
Mn Mo N Ni P Pb S Sr A\ Zn
Se 0.235" 0.752" 0.280"" 0.505" 0.583" —0.007 0.044" 0.418" 0.648" 0.729"
Al O, CaO TFe, O, K,O MgO Na, O Si0o, SOC pH
0.434" 0.611" 0.355" 0.759" 0.748" 0.396" —0.665" 0.164" 0.567""

T RIRTE 0. 01 7K COUID 2 35 AH G 5 * IR TE 0. 05 /K OO K 25 40 56

x7 DPHFEFEBRSFENESEMFANRE L ETS BRI
Table 7 Characteristics of selenium content brought into topsoil by atmospheric dry and wet deposition and fertilizer

in the northeast of Shayang County

5y = L Y f S|
i Kb KAk ST %Tit‘j;’;z ) ;fj:j;;)
EHEEE | AETUIMRE | SRR | ERURE | FEREE | ERiEE
Se kg/(km” « a) (kg/a) kg/(km” « a) (kg/a) kg/(km” « a) (kg/a) 0. 00271 0. 00003
0. 095 40. 850 0.176 75. 680 0.271 116. 530
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Table 9 Selenium content grade and selenium enrichment rate
of edible part of agricultural products in the northeast of

Shayang County

Fig. 7 Distribution map of selenium content in irrigation
. . K N PN = ESP/S
water in the northeast of Shayang County LAEY =18 | (=30 | (n=22) | (n=18> | (n=20)
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S VW AKCRT /N TFR H BR (<20. 075 pg/L) . B B | 64.58 | 36.67 | 86.36 | 44.44 | 10.00
x8 MMEKRFRWSEELX S HRAEE (mg/kg)
Table 8 Standard value for classification of selenium content (mg/kg) in grain and oil agricultural products
£ — % -t =% a2 B3
P il bl = il F 5 EE ] il &5 42— i
PR ifi (e =0. 200 0.150~0. 200 0.075~0. 150 0.040~0. 075 <<0. 040




CL s Ei
1680 http://www. geojournals. cn/dzxb/ch/index. aspx 2023 4f
1.20
(¢]
E} 1.00 4 °
KAl = 0.80 -+ 5]
Land use for mining A mi
DL B
Han R.ivelTﬁ alluvial zone EJ E%ﬁ ﬂK 0.60
P B X {nm
Upland hilly area (o)
Wl A E 0.40 -
Rivers and waters il % (¢}
& 0.20 A %
<
0.00 A ~
KiE AAE OKE O Ek o M

KRS/ RS

Rice with selenium/Se-enriched rice
N RN

Wheat with selenium/Se-enriched wheat

R PNCIE NG

Soybean with selenium/Se-enriched soybean
B SR T S

Rape with selenium/Se-enriched rape

j B ERSFEIERS
Corn with selenium/Se-enriched corn

B8 vbig B AR AL AR 7 i Gk 2 2 o A ]

Fig. 8 Grade distribution map of selenium content in

500 m0 12km
[ S —)

agricultural products in the northeast of Shayang County
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Source analysis and bioenrichment of selenium-rich soil in the Jianghan plain:
A case study from the northeast of Shayang County
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Abstract

Selenium is an essential trace element in human body and has important biological functions. In this
study, the contents of selenium in soil, atmospheric dry and wet deposition, irrigation water, fertilizer,
rock and staple crops (rice, wheat, soybean, rape and corn) in the northeast of Shayang County of the
Jianghan plain were determined. Through the spatial and vertical distribution characteristics of soil
selenium, by integrating factor analysis, cluster analysis, correlation analysis and contribution statistics of
related factors, the source of selenium in the rich soil is discussed, and the degree of bioenrichment of soil
selenium is analyzed. The results showed that the background value of selenium in the surface soil of the
study area is 0. 25 mg/kg, which is slightly lower than the background value in the Jianghan River basin
and the background value of soil (A layer) in China. The result of R-type factor analysis shows that factor
F1 reflects the characteristics of the original soil background, factor F2 reflects the basic characteristics of
soil parent material, factors F3 and F4 reflect the influence of human activities on the distribution
characteristics of soil elements. The spatial distribution characteristics of selenium and soil element
combination characteristics in the surface soil show that the surface soil selenium has strong spatial
autocorrelation and is greatly influenced by natural soil parent material. The high value of selenium is
mainly distributed in the alluvial zone of the Han River. The vertical profile of typical soil revealed that
there was some exogenous input in the soil high selenium area in the Han River alluvial zone. The surface
soil in the study area was obviously affected by human activities, but the contribution of atmospheric dry
and wet deposition, irrigation water and fertilizer were low. The selenium enrichment degree in the edible
parts of crops is as follows: soybean > wheat > rice = rape > corn, and some soybeans showed selenium
super enrichment. The distribution area of selenium-rich crops was consistent with that of selenium-rich

land, which had the potential of sustainable development and utilization.
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