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Fig.1 Spatial distribution of the main Se-enriched soil in Jiangsu Province and studied area location
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Table 1 Geochemical parameters of elements of selenium-enriched soil in Lixiahe area

B Y. Y. ¥ G X S K K. L G, GRHES ML SIS
min max g mina maxa a B syl Rl

Se 0.26 0.7 0.30 0.16 0.30 1179 0.26 0.35 0.29 0.09 0.20 0.21 0.34
OM 1.46 10. 84 4.33 0.24 4.20 1268 1.95 6.54 4.25 0.22 2.28 1.88 1.89
N 404 5035 2335 0.23 2274 1275 1142 3474 2314 0.20 1431 1252 978
P 359 3688 1024 0.32 983 1219 474 1466 962 0.21 703 791 983
K 1.43 2.54 1.99 0.08 1.98 1236 1.68 2.32 2.00 0. 06 1.91 1.82 1.35
Ca 0.61 3.77 0.98 0.43 0.92 1052 0.61 1.03 0.82 0.10 1.33 2.13 4.97
Mg 0.58 1. 60 1.01 0.15 1.00 1160 0.78 1.18 0.98 0.08 0.97 1.01 1.53
Fe 1.93 5.47 3.48 0.14 3.44 1201 2.58 4.39 3.48 0.10 3.57 3.35 3.19
Mn 216 2944 493 0.29 478 1194 264 667 465 0.17 583 629 645
Mo 0.19 17. 40 0.77 1.25 0. 64 1094 0.26 0. 86 0.56 0.22 0.48 0.55 60
B 26.3 145.0  57.0 0.15 56.0 1158 47.0 70.0 58.0 0.08 57 56 0.82
F 265 986 603 0.16 595 1249 403 799 599 0.14 573 546 660
Cl 37.4 1031 138 0.58 122 1180 37 227 118 0.37 100 209 -
As 3.29 17.50 7.81 0.22 7.62 1223 4.45 10.90 7.69 0.17 8.7 9.4 12.91
Cd 0.11 0.59 0.23 0.32 0.22 1173 0.12 0.30 0.21 0.18 0.133 0. 151 0.21
Hg 0.037 0.440 0.095 0.39 0. 089 1197 0.037 0.140 0.086 0.26 0.062 0.082 0.038
Sbh 0.38 15.70 0.86 0.54 0.83 1180 0. 46 1.14 0.80 0.17 0.83 0.96 -
Cu 11.3 354.0 31.0 0.38 30.0 1156 19.0 41.2 30.0 0.15 27 26 24
Pb 18.4 48.2 28.0 0.14 28.0 1233 20.0 35.6 28.0 0.11 25.9 26.8 23
Zn 55.2 368.0 97.0 0.23 95.0 1134 67.0 116.0 92.0 0.11 74 73 72
Cr 54.2 210.0 87.0 0.16 86.0 1217 66.0 106.0 86.0 0.09 81 76 66
Ni 16.5 445.0  37.0 0.39 36.0 1213 25.0 48.6 37.0 0.13 34.6 32.9 32
Co 6.21 21.20 14.00 0.15 14.00 1189 10.00  17.50  14.00 0.11 13.6 13.7 13
A% 48.2 142.0 95.0 0.15 94.0 1272 62.0 128.0 95.0 0.14 92 88 -

CEC 86 333 199 0.20 195 1289 105 290 198 0.19 - - -
pH 4.46 8.47 6.54 0.13 6.49 1311 4.63 8.47 6.54 0.13 7.19 7.33 8.51

TE N NFESR S OM K Ca Mg Fe & B N %, CEC & B304 mmol/kg, pH JCRA; X, N/ ME, X, MK, X WERFHIHE,
Cy WS FEBX, NIUTHIE, S, WIESS S SR X X X, Cy, SR IES A I B/ ME BRI ARSI AE 5
FB AW LB AT - ST B R 5] W L XS A - b PR R R A A R AR S 5 - N e
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Fig.2 Variation of Se and other elements in typical soil sedimentary profile in the Lixiahe Se-rich area
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Table 2 Correlation coefficients of elements content in the Se-enriched soils in Lixiahe area
izt Se pH CEC OM N K Ca Mg Fe F cd Cu Pb Zn Ni Co
Se 1.0™"
Mo 0.34""
pH -0.35""1.0""
CEC 0.66""-0.46"*1.0""

OM  0.74"7"-0.49"70.62"" 1.0" "

N  0.73"7-0.45"70.59""0.94"" 1.0"~

p 0.02" 0.00" -0.31"70.21°"0.24" "

K 0.55""-0.17"70.65""0.38""0.41"" 1.0" "

Ca -0.23770.68""-0.45"%0.36"=0.33"=0.02" " 1.0" "

Mg 0.25°70.37"70.22"" 0.04" 0.10""0.71°°0.58" " 1.0" "

Fe 0.58"7-0.18770.72"70.40""0.44"°0.93" " -0.00"0.74" " 1.0~
Mn 0.08""0.18"70.06" "-0.08" "-0.05"0.22" " 0.26" 0.35"“0.35" "

Fo0.53""-0.23770.63""0.41"70.44"70.79" " -0.05"0.59" " 0.84" " 1.0" "

Cl 0.23""-0.18"0.09 * %0.39" *0.40" “0.06" " -0.01" 0.02" 0.07°*0.15" "
As  0.1570.08"70.12""0.06" “0.10"“0.38"" 0.05" 0.36"“0.37°70.26" "
Cd 0.49"70.12"70.17°70.39"70.44" " 0.45"* 0.28" 0.55°°0.48°0.39" " 1.0" "
Hg 0.05" -0.14"70.01" " 0.20"“0.19" *~0. 15" =0.17" =0.18* =0. 10" =0.07 " "0.06 * *
Sb 0.42""-0.11"70.30" " 0.29"0.30"*0.33"* -0.020.28""0.40"“0.39" " 0.36" "~
Cu 0.57""-0.17770.60""0.46""0.46" “0.69" " -0.02"0.52" “0.75"“0.65""0.46" " 1.0™ "
Pb 0.57""-0.22"70.41""0.53""0.54"*0.51" " -0.05"0.36"“0.55" 0.46" “0.55" " 0.52"" 1.0" "
Zn  0.55"7"-0.11770.43"70.45""0.47"70.56" " 0.05" 0.49""0.66" “0.53"0.60""0.59" “0.60" " 1.0" "
Cr 0.16""-0.03"0.14"70.08""0.08" “0.11"* 0.03" 0.11"°0.24"“0.15°70.16""0.19" “0.13"70.52" "
Ni  0.54""-0.18"70.66" " 0.41*"0.41"°0.76" * -0.050.56"*0.81°*0.68"“0.37"0.95"“0.46"0.57"" 1.0" "
Co 0.55""-0.14"70.69" " 0.35"70.39"%0.92"" 0.01" 0.74""0.97" " 0.82"0.46""0.72"°0.50" “0.60" “0.79" " 1.0™ "
A% 0.52" " -0.050.48"70.36""0.37""0.66"" 0.12" 0.64" “0.76"0.58" " 0.52" " 0.59"“0.61"70.64""0.63""0.72" "
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Fig.3 Dendrogram of Se and other elements or geochemical

indicators of Se-rich soil in the Lixiahe area
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FH5r 2(PC2) Wl 2 TTHRFE R 13. 459% , H
H1,OM CEC N 7€ PC2 b BA 5w 10 B T s, 4y
k0. 871.0. 758 .0. 874, Mt Se Y K T 3 1 Hy
0.621, PC2 /& 6 4~ W4+ Se B F 3 A fix i
0 HHAC R M 7 48047 342 OM,CEC FI N,
AT DA T Sl 42 o) 244 AT - S ) S e R
T, B PC2 SEFR AR T HLR ) A A SR )

x3 BETAMXEWRETRERM S ER

Table 3 Rotated component matrix of elements distribution in Se-rich soil from the Lixiahe area

15kxR PC1 PC2 PC3 PC4 PC5 PC6
Se 0. 506 0.621 0.251 -0.153 -0.238 -0.126
oM 0.142 0.871 0.208 -0.249 -0.113 0. 009
pH -0.080 -0.214 -0.193 0. 862 0.025 -0.002
CEC 0.414 0.758 0. 149 -0. 067 -0.091 -0.152
N 0. 100 0.874 0.175 -0.205 -0.097 0.058
p -0. 464 0. 464 0.010 0.003 0. 082 0.524
K 0. 947 0.027 0.019 -0.150 -0.013 -0.003
Ca -0.355 -0.077 -0.152 0.774 -0.079 0.115
Mg 0.826 -0.061 -0.049 0.364 -0.025 0.105
Fe 0. 960 0.048 0.154 -0. 097 0. 069 -0.025
Mn 0.389 -0. 106 0.226 0.520 0.365 0.177
Mo 0.164 0. 141 0.216 -0. 166 0. 094 0.541
B -0.150 -0.111 0. 049 0.088 0. 840 -0. 064
F 0.575 0.129 0.003 -0.239 0. 620 0. 000
cl -0.245 -0. 136 -0. 145 0. 050 0.238 0. 648
cd 0.186 0.598 0.302 0. 050 -0.026 0.424
As -0.058 -0.171 0.723 -0.213 -0.018 0.248
Hg -0.413 0.182 0.559 0.032 0.137 -0.185
Sh 0.267 0.143 0.685 -0.170 0.123 0.042
Cu 0.778 0.311 0.244 -0.071 -0.009 0.104
Pb 0.392 0.135 0.763 -0.163 -0. 166 -0.049
Zn 0.354 0.298 0.380 -0.024 0.043 0.493
Cr 0.730 0.105 0.230 -0.048 0. 100 -0.228
Ni 0.951 0. 096 0.152 -0.096 -0.014 -0. 094
Co 0.959 0.032 0.082 -0.078 0. 092 -0.032
v 0. 837 -0.016 0.259 -0. 068 -0. 157 -0. 068
FRAE(E 9.042 3.499 2.178 2.135 1.502 1.290
77 22 BTHR ./ % 34.775 13. 459 8.377 8.213 5.776 4.960
BB £ 50k % % 34.775 48.235 56.611 64. 824 70. 600 75. 560
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Elemental geochemical characteristics and genetic mechanisms of
Se-rich soils in the Lixiahe area in Jiangsu Province

LIAO Qi-Lin"*, HUANG Shun-Sheng'?*, XU Wei-Wei'**, CUI Xiao-Dan"?,
JIN Yang'?, LIU Ling"?, WANG Yuan-Yuan'?, LI Wen-Bo'*>, ZHOU Qiang'’
(1. Technology Innovation Center for Ecological Monitoring & Restoration Project on Land ( Arable) , Ministry of Natural Resources, Nanjing 210018,
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Abstract; Based on relevant eco-geochemical survey data collected fromthe Lixiahe plain area in Jiangsu Province, this study systemati-
cally explored the geochemical characteristics of elements in Se-rich soils and the genetic mechanism through elemental distribution con-
trast, correlation analysis, R-type cluster analysis, and principal component analysis. This study can be referenced for the rational pro-
duction and utilization of Se-rich land resources of the Quaternary sedimentary type. Key findings are as follows: (1) Se-rich soilsin the
Lixiahe area are typical Quaternary sediments, and the closed lagoon facies sedimentary environment characterized by rich organic mat-
ter and slightly reducing conditions plays a foundational role in the formation of local Se-rich soils; (2) Typical element association, Se-
OM-N-K-Fe-Co, in Se-rich soils is primarily located within a depth of 30 ¢cm from the surface, with Se content ranging mostly from 0.3
%107 10 0. 4x107° in a uniform distribution; (3) Significant positive correlations between Se and some other elements can be observed
in the soils, with the correlation coefficients (r)between Se and OM,and Se and CEC being 0. 74 and 0. 66, respectively. In contrast,
Se exhibits a significant negative correlation with pH, with a correlation coefficient of —=0.35; (4) The formation of Se-rich soilsmight
have experienced three Se enrichment stages: the initial enrichment in soil parent materials, the re-enrichment during soil formation,
and the supergene enrichment after soil formation, accompanied by interference from non-lagoon facies sediments ( such as marine sedi-
ments). Organic matter adsorption, colloid adsorption, and biogeochemistry constitute the main causes of Se enrichment in the soils;
(5) The Se-rich soils are also relatively enriched in heavy metal elements like Cu, Pb, Zn, Ni, Co, and V, which are within the na-
tional limit standards.
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