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Abstract: [Objective] Recently, the development and utilization of natural selenium—rich land resources have attracted increasing

attention. However, the genesis of selenium—rich soil in plain areas far from parent rocks is still unclear. This paper aims to take the
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Lixiahe area in Hai'an as an example to explore the distribution characteristics and genesis of selenium—rich soil in plain areas, thereby
guiding the development and utilization of selenium—rich land resources. [Methods] The paper systematically collated geochemical
data from 1800 groups of surface soil samples and 1000 groups of soil profile samples in the study area, and combined with previous
research data, conducted a comprehensive analysis and study of the data. The grain size characteristics of sediments were used to infer
the depositional environment of the parent material. [Results] The selenium (Se) content in the surface soil of agricultural land in the
study area reaches up to 0.63 mg/kg, and the area of the enrichment zone (= 0.3 mg/kg) is 66 km’. In the vertical soil profile, the
average Se contentinploughlayer(0~20cm), ploughpan (20~40cm), subsoil (50~80 cm ), subsoil (80~100cm ) and deep soil (150~180cm)
were 0.23 mg/kg, 0.18 mg/kg, 0.13 mg/kg, 0.12 mg/kg, and 0.11 mg/kg, respectively, showing a very obvious surface accumulation; the
selenium content in surface soil was highly positively correlated with the parent material layer, with a correlation coefficient between
0.6 and 0.8 (P<0.01). There was a highly significant negative correlation between ground elevation and soil Se content, with a
correlation coefficient of —0.6 (P<0.01), indicating that the higher the terrain, the lower the soil Se content; soil organic matter (SOM)
was significantly positively correlated with Se, playing an important role in the adsorption and fixation of selenium during soil
formation. [Conclusions] The parent material layer was mainly controlled by the ancient lagoon—sand dam sedimentary system. The
selenium—rich soil in the area was mainly formed by the supergene enrichment of the parent material developed in the ancient lagoon
facies. The lagoon facies sedimentary environment controls the selenium enrichment boundary of the soil. Based on multiple linear
regression analysis, the controlling factors of soil selenium enrichment were revealed. Among them, SOM played a decisive role in the
enrichment of Se in this area, and the contribution rate to soil Se enrichment was 70%.

Key words: selenium-rich soil; soil organic matter (SOM); lagoon; Lixia river; genesis; Hai 'an, Jiangsu Province

Highlights: Compared with the soil selenium content in the North Jiangsu area Plain, the soil selenium content at the edge of the
ancient lagoon in Lixiahe is more enriched. Organic matter plays an important role in the adsorption and fixation of selenium during the
soil formation process. Organic matter is an important indicator for evaluating selenium-rich land in plain areas, which helps to evaluate

whether the soil selenium has a stable source.
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Fig. 1

Location of study area and sampling points
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Table 2 Characteristics of soil selenium and its main physicochemical indicators
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Table 3 Soil selenium classification standard

Bhn = B AR R W

Se/(mg'kg™)  <0.125 0.125~0.175 0.175~03 03~3 >3

46, A FNAR B A DR YR, LR R E ALK
2, AR LA X E 5 S, QWRE L
27 90% 1Y DX IAb T30 2% — BRAI L, AR 2R B AR/ N
(22 LR e b A el ) B 3124 20 km?® 4 F 2 A 25
JiE 2 A X LR YR, B0 B e EEck —
PI—5 BR— I X . QALR 2l & £ X 3
KZE 40 km* (2 54X 10%), EAIX Z) 200 km? (%
di 41X 50% ), SRA L X R IR . %2 H1E Se &
X (= 0.3 mg/kg) L) 66.25 km?, FEE 434 T
HREL R X A X IR A IX 70%, %% — Bk
il 11X, 3 225347 T P 30 e V1 D AR RV T S A
JCEBHE A VRS8OI AR S5 5 43 X &
F(E 2), B X - S s B 2 i) o AR, e
RERKE—REZLEREETHE . WP L
B, RXARZEL—RLZE, £)200 1 Se & it
BRI A SIPE, SR IR AR X & 4R, F AR
syt
22 HEERINAIRNE

iR E R UL IR . IR s . K Bh T 4%
| Wz B B LR A E IS S (Mclaren et al.,
1985; Gao et al., 2019; #5455, 2020), W] ) BT
SR IR g 24 PE B FTRE 2 (Liu, et al., 2006), Y540
& (Mz) 38R T DU RLAR AR R 43 A 1) RO T, K
AN T BRI Y B g SOGE S TR R B R
ERT LA B i B 2 A TR
22,1 IR

P BE A3 M 25 L, W 9 XU - 2 S )2k
FRAE N 3 fis, REAHE T . OWF5E XA F 5
TR IR i 2, AE BT AE B A DU
O35, UURBIREL BE R AE B R 26 BA ol V8 T — A S 5T
BUKR, Z 8RR 3 25 7 . BERE AR
FRIE R4 7%, BT 0T A7 A DR 40 1% 95 18 AH 37T
Ty, v B B A RS0 53-8, R AR & 5 3%
SERE, VGO DI R A A JE A B . QFE VR X
LR IR S 4 TR I X (2 4), ~F- kAR 6.88 ~9.23
@, BI{E K 8.14 @, P 7E SR | AR /ME— 11 8 @
(94 3.906 um) DL (W A0ki 4 B i B X . ARz CR

<2 pm, ®=9) F i — A 20% UL B, FH N
34.5%; ¥k (2~20 um, Fife 5.75 ~9 @) & 30%~
51.29%, V31 44%; WK (20~2000 pum, kife
—1~5.75 @) & 9.28%~39.13%, 1K 21.5%, %
X1k SOM Fr s AHXT T, — A 10%0 LA L, JmlIX.
WA F] 20%0. Se FiEly 0.06~0.23 mg/kg, “F¥H
0.14 mg/kg, A X3RN 7t f5e m TR AT . QIR
Z ARSI T 433, R WOF- R4S Ry 4.56~7.36 @,
KR A B 200 2.1%, Se & F44 8 0.1 mg/kg.
FE R AR AR Y47 O D 30003 B v 101 S RS Vg
VD P SR X R T SR X B RAR Dy 5~6 @,
KR o KT 2%, bk & i — KT 50%, 1% IX
B, SOM & &Ik, — M 7E 3% /247, Se I & AE
0.06 mg/kg Ze4i . @X] IR )2 AR + 2R R,
IR AR , (AT Y hr B W AR, Tk A%
8 D LA AN 5 43 A DX 2R U /)N s WA 320 1877 1
KNG, HA Pa L ER ) ) — B C RO
Yy TS, 4 R S — At B 5 b ER R g A W
3 El. LIRRRIE SR R, B VT T R, TR
RARF, XN Z KT, VT ST 30 v AL B 52 0
U R Y R 5
222 FHRERBERIS R

Z: R[] B ] 358 53 2 o (Rl R 1) 31 2 5 22
B145,1998; 558 T4, 2019), W98 X IR )2 + 42k
UGN 4 fizs, SER5IH 4 Fl 30500 kG £ | kG
+ . WD A AR T A, H R i 4
W ANF B A TR S, R B8 AT
BRI X, Wb g - 4 X3 40 A, 1P
35 b F 2 A T R U0 T RN AR R B Y T i
SR ST X g R L Rl D s S b i 5, IR 2
SR AR R X PN RSB I A 220 . 9 X RS
XA 5 R, 290404 3 FTURRAR: TEIAE . mhan—
T AR AR I

F)Z 13 Se HHEX(=0.3 mg/kg) EES T
T AR S IR I — R L AR DTRRY) |, TCie
T S LS DX I S AR AV T S DX A A IR 2+
SEARIE L4 Se (195 4, RIS BLR Al i X g 7 X
R)Z LM RIE N Se e £, Hik, £)Z LI Se
(1) &% 48 5 IR I AR DR RE B %% AR OG, o d i A AR
BT X N 14 Se & AR SR, — B FaEHl T
Se (& B0l . TR0 X AR . ALFRIF R H
+ 4 Se %, KU 14 Se W EELZHMHE R



178 H 48 IR GEOLOGICAL BULLETIN OF CHINA 2025 4
N 0 24 — N 0 24 —
w WXE =—— — WHH AL | [WHKE =— — i Rk
S T —H R EX S T — B R
M— P X M— P X
11—t T 5 X : T3P X
2 i ) 5 1
e o B
; 4
XY
LILImE
1 Se/(mge<kg1) “; 4 Se/(mgekg-l) . 4 Se/(mgekg1)
| >03 MEEKR | >03 mEER ) s | W >03 WEER
[710.175~03 2 o 1 0.175~0.3 2Hf o« [10.175~03 2
L [0.125~0.175 4% e, [10.125~0.175 i#1% ‘o [110.125~0.175 4%
(a) &J2+(0~20cm) 7] <0.125 Bz (b) A2 (20~40cm) (1] <0.125 B2 (c) >4 J2(50~80cm) [ <0.125 BRZ
N 0 24 — YAl N 0 24 — T
WXE == — WS R | |WKE =— — MR
S I — BRI R EX S - T —H R X
PR IX M— P X
T J5 X [T 5 X
; A 1S
(1 X unii | v, . 101
R sl
af \ = :\'WF""’,”
ymﬂ2¥ ﬁ&%ﬁq
| Se/(mgekg-D) A Se/(mgekgD
i | >03 miE K ) £ | >03 WiEsEX
S [0.175~0.3 &l S 171 0.175~0.3 /2Ll
y SR [710.125~0.175 4% L [70.125~0.175 5%
(d) J&EJE(80~100cm) 1 <0.125 BiZ (e) YR+ JZ(150~180cm) [ <0125 Bz

K 2

I Se S HERAL AT SR IE]

Fig. 2 Geochemical distribution maps of soil selenium
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Table 4 Characteristics of particle size parameters of each sedimentary unit in the study area
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—0.6(p<<0.01, n=200) 2= A7, Hb A= + 58 Se % ik
I, RZIRER, AL S5 XS Se 0 E A EE Y
., QHFEEFEE % )2 SOM &l i B i %
B G AH S, A R BE-0.5(p<0.01, n=200) %47,
H R = 1 SOM & f BAIK, 3R BA M B 4% 14 X
SOM LA & Fm ., @RS 2Kk
Mz KRR E R, 15 80 cm MY L #F 88, 2155
B A, 76 80 cm LA R HJ2, MK R E N —0.3~
—0.4(p<<0.01, n=200), 2% B HWIE S5 A% Rl 42 o = A
T —E M2, S A 3 Ayl SAERAL Y D3R, AR

R o

ZE LT, B SRS X Se (R A 55
B S AR S, ()PS0 SOML KKK I3 i) 5 ik
233 HIERAIRAR

ot 5L Ty TN S i A S EE %
4, 2015; BRERT-45, 2018; 568 €4, 2019), BF5T
X + 3 Se i 5 EEIILIEIR LA VLT (SOM) |
pH {H. Kiki(Clay) . #hi(Silt) . #5Fi(Sand) & -F
Kt (Mz) ) DG R BN 7 s .

AraE R F . OF 5T X 4 & w55
ML (SOM) =4 B EIEA R, R 42 BUKE . L+
2R LE EE A+ E(0~180 em) I R E5r
2k 0.46., 0.82, 0.83, 0.86. 0.87. 0.86(p<<0.01). i
EEBNERIEZUTH LR, &2 e2ls
SOM 4% 8 2 TEAH G, 8 WA U8 b A% b A7 LS00
MG ELAG — 2 P R A R [T 5 A FH (S4B, 20185 S
8, 2022), AlREAE LUE G 4 G 1 IE S A IR+
e E ROk, SOM XT38 Se 1 & SR T2 PR 1)
ER . AR LB, & w5 HHea pLR
JC A A AE S (BRI IR AE, 2012; JEHEAE, 2014) .
FASAEQOL)WFFEINA, FEARRIEE TR, A AL &
W, Se S, @QF L2, BREE
Se i pH A H 8L M AN, Hith 123
HELE A, BR-0 )2 DR REE R
T2 e A B R B 5 H-0.64, —0.55, —0.65,
—0.64. —0.70 (p<0.01), AWFFEFRM, T4 pH {EX}
G 11 5 i) 2 B 5 ) R 38 AR A R, S A
A EPEAR K (A%, 2014) , HUAHFFEINA,
pH {HY Se & &A —& M TS, pH Al LU i 52
M) - 398 i B T 25 R 285, A0 - AT Y A B e AL
e 77, BRI RZ I 148 Se i (FHH S, 2013; X7k
WA, 2018) ASCHXEH/RHBHTELEEY
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Table 5 Relationship between Se content in surface soil

and Se content in lower soil

BR)Z D)2 Kt2 w12
+)Z/cm
(20~40) (50~80) (80~100) (150~180)
R " " " .
0.79 0.71 0.65 0.60
(0~20)

TE: "FIRTEO.O UK (UL ) 1 58 25 AR 5

pH A —E AR, MRZILTFEAXR, B 12
TR BT, AR . WX BT

K6 WXk
Fig. 6 Surface elevation map (NHD-85)of the research area

1=0.7636x+1.7044
1=0.56, n=200

0 1 1 1 1 1
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TE KA /m

K7 bR -TKAHERAH D &R
Fig. 7 Correlation between surface elevation and

groundwater depth

P E—om v R, SOM 5 pH A I E 11)
FAHSE, T SOM 5 Se 4t A —E M IEA &M, PR
JE M Se &5 pH EMUHIE, TR AT REZAE
SOM E & IX, B Se &R m{EIX, H 4152 SOM
(A EE R pH B A XTHAIG, B A AH D& B e e Hh
BT —EM R, @S Se 5 -5 i B
A SENE, 5 KK (Clay) 26 R 7R 1)2 (80~100
cm) FIE 12 (150~180 em ) H B H A58 5 15 A0 G, AH
KRB H 0.47 F10.55 (p<<0.01), HAthZ 744 K
SAH s SRR A SR I A G SRR A
I, 7R 12 (50~80 cm) | JiK +)2(80~100 cm) |, ¥
1 J2(150~180 cm)3 N2 ML H AF—3RAHIC; 51
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®6 MERSEESEEN Se.SOM. kI, Mz tH% R
( 1=200)
Table 6 Correlation coefficient between surface elevation
and Se, SOM, Clay, Mz of each layer

+ZE/em
Wi H
0~20  20~40  50~80  80~100 150~180
HiEERE-Se  —0.600" —0.646" —0.590" -0.621" —0.577"
L FFE-SOM  —0.401" —0.519" —0.488" —0.492" —0.539"
WEFFE-Clay  —0.116 —0.101 —0.247" -0246" -0.318"
HWEEFE-Mz  -0.178"  -0.164" -0.296" -0.281" -0.405"

TE: **3RIRAE0.01 ZKF- OB ) | .35 AH G *FIRTE 0.05 7K (XL
) bR FEARRCFR)

x7 EXESe 2251 EFERNERMNEXEH
Table 7 Correlation coefficient between total soil Se

content and main physicochemical properties

TEem AR pH ORBEL BPRL AP PR

0~20 046"  —-0.04 020" 023" -023" 0.15
20~40  0.82" -0.64" 0.16" 031" -039" 028"
50~80 0.83" -0.55" 026" 034" -0.52" 0.39"

80~100 0.86™ —0.65" 047" 0.15 —0.62" 0.54"

150~180 0.877 —0.64" 0.55" 0277 -0.67" 0.65"

0~180 0.86" -0.70" 036" 030" -0.29" 0.11°

KPR IEARDG, Hoh 7E)IK 1) (80~100 cm) TR
)2 (150~180 cm) 5w AHSC, HiAth 247 5 55 405G .
MR, ER )2 HHE, + 38 405 T AT 5 A A
bk, BRRI AR R Se & . MTERZE L

HE, 2 A 7 R v IR FRAE R, )2 - T
ES5%)ZE B B AL, 3 RS0 Se
R — R 2
234 XEmEEIREHREE

WS DX i - b TR A R s il T - 490 g ) ey
ARV L, HOE AR BT AT ) AR A P E
YER . W5 X b A RS 10 Gk K i se Ak, AR
HEAL DR YL B An, A AL & B, A0k o
K £ & g, A LSRR, 0 30t 1 A
—EMEEMEEMEH. L, FEMERITTRTHE
TERR, B0 13 Se B ifi 2k, Se JLR A ML X
BT RS, T A A X R SOM 5 i = i b X
SOM Xt Se A I (14 W B HI RN 361 22 R H, fili g e LA
JE 58 T 4 W A A AR A b [ T ok, JE )
LT B ER A E SOM & & Bk T T, 7 SOM
IBER T, Se TR M EZAKRETE .

R BEFE X SOM Xf -3 Se & 4 Y il 72
B, AR RAH 2 e b [ £ R 4387 T SOM X
Se B AEMPEGIEH . BT RY], pHRIX 5 145
Se & AR S+ (LR T4 55 SOM., pH. i
25, 3O A SRR (Clay) . B3Rz (Silt) | kL
(Sand) S-F-¥pkide (Mz), T EA —E MR sk, 4
WEHE Mz (R FTHAE R . DASRAS ) 884 5 A+
JZ 1000 MREAEE A FEh, 3023 6B e, AR5 LA
+1% Se MINAE &, LA SOM. pH., Mz & {78+, N
Z It AR, 1 3 Se 5 H i K 7194k
PEREAY (5 8)

X8 2XE (0~ 180cm) Se §E L uOAZk $4&EH

Table 8 Multiple regression linear model for Se content in the entire soil layer (0~180 cm)

¥ TS 7572 (n=1000) R p TR IRARE F
SOM lg Se,,,= 0.480 g SOM - 1.298 0.747 <0.01 1.225 322.52
BT pH g Se,,,;= - 3.96 Ig pH +2.703 0.456 <0.01 1.075 84.22
Mz Ig Se,,;= 0.682 1g Mz — 1.391 0.046 <0.01 0.477 17.53
SOM+pH lg Se,,,;= 0.449 1g SOM — 0.443 Ig pH — 0.873 0.764 <0.01 1.203 163.50
IWUSER
SOM-+Mz Ig Se,,;= 0.476 1g SOM +0.157 IgMz - 1.419 0.765 <0.01 1.238 162.79
) lg Se,,,= 0.436 1g SOM + 0.213 Ig Mz
=AT SOM+Mz+pH ' 0.779 <0.01 1.220 110.87

~0.561 1g pH — 0.922

TE: 30, Se,,, A 3ESe s i (H07 mg/kg) ; SOMN T A LT 1 (AL %0 )5 Mz~ FRPRIAR (B @) o RZN BIJAZ4TH [ AS AR X IA
AR AR RERE, MO IR BE, Y 0~ 15 p oy B IKF, p < 0.05 A BEYE, p < 0.0 N R ENE, p>0.05 W BEA BENE; TRIE- RIS Y6AE
A RIS R, A E0~4Z 18], £ A BCli S s FE AL B AL A B 9 2205 AL 1 R BE RS EUARL 7Ep < 0.01 N HAEBOR R BRI R 8122 78 5L
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(D435 I T SOM., pH., Mz HEAR, R
3R 0.747. 0.456 F1 0.046(p<0.01), 5] SOM,
pH. Mz H.[R X} + 3 Se MFEHIRE B 50510 74.7% .
45.6% F1 4.6%.

(2) I T8 X - 58301 pH 5 SOM 24k i 3
FAH K, ELIF T X 4 56 — A 858 LA P —sim i 1 +
K EK, pH FREARK RN EEZ SOM FHE
T, R, AR pH BT XF 4 Se 942 il A2
i 45.6%, (H I AR 58 4 PR R B 114 52 ) 5 1ol
Se IESE. NILAHI5] A SOM + pH, SOM + Mz it
ABEAL, 2 AR R? 43052k 0.764 1 0.765(p<
0.01), FHARUH F T Xt -8 Se B4 il #4391 0
76.4% F1 76.5%, FEx SOM B[R 1 AY 45 oK ),
pH Fl Mz X} Se B TTHREE 53514 1.5% F1 1.8%.

(3) 4 [FBF S| A SOM + pH + Mz = FHF, #
B R H 0.779(p<0.01), UtHH iR 3 A 4ahRxT 11
Se [ HIFEE R 77.9%. T 13 Se Ayfathil, T4
% SOM 5, SOM X + 52 Se iy 45 il #2 i
H 74.7%:

(4) PR BIRIFE T IR ARE A AE 0~4 Z[0], WA
As g Z [AIFF G v, FAEYRTF 10 HAR/NG p (H
BWE EH A F AR R AR e R E

(5) R B UEZ BRI R B, A SC 1800 32
R R BEECT 100 AN s A7 S B X = F
Ig Se,,,= 0.436 1g SOM + 0.213 1g Mz — 0.561 1g pH —
0.922 FRRIATIAE, BILLSZIAG SOM, Mz, pH {H
X BRI RN ER R, 45t iZ s 14 Se %
BN, 5 AR AT X b, Goit g Ak 9 f
7N, B e KA 22 0.13 mg/kg, Fx KA 2
2978 30%, AR 22 L XHESF- 3208 17.2%, SR T

F9 1iE Se XMESEBFTMERESIT
Table 9 Deviation between measured soil Se values and

model predictions

w2 SEE/ Rtk

HiH i} ) S MR ZE%
(mg'kg!) (mgkg’) (mgkgh)
BRI 2 0.07 0.22 0.29 31.8
R i 22 -0.13 0.44 0.31 -29.5
¥fH ~0.001 0.24 0.23 -1.1
A X EIE 0.035 0.24 0.23 17.2

T 2 i 22 =T — S X i 2= Ak i 2/ 5000

IR BE R ]

3 45 i

(1) YT 95 22 LR 9] 3 X 4 397 HH B0 T 58 37 )
FAEE BN, B EX EEHMm T IR A TUREE
X221, & E AL 66 km?, Se i fm & ik
0.63 mg/kg.

(2) B DX i 1 B JB 050 AR 3R 8 3 A2 -1
AR Z 5101, A BERRAE T 40 0 I I AR L I8 59 -0 30
T PEAH  BDIUAH , S Y A AP IEE DX ARG A X
8 Z KA HUT &, I T A A, A LA
LFREM L EEMN, ZR)ZC A EM
FRifE

(3) 3l SR B AL, OB 54 +
A6 5 b S5 357 AR S T R O, AR SR I BT
Se FIA LT & i . M BAERAIG . T3 b g, £+
Herp Se Py, BRI B 6] T 4%
MG & B 190 B, A AL G A EL A B ) I B A
EVE .

(4) B DX 5 i+ 82 R & Tl U A Y Bk T
SR WAL, B 2R R TR A (63 i)
A, A AL R THFFEIX Se By & SR 2] T ok @ Ak
FH, X A S ) ST Rk 70% . KN HLEE &,
A A R R VR, B R R Y B R
HER

Bt TAEPIRET RN B EFRCERE
IR ER B A FI—EARG KA L FFF
BERGEBCIRT, A—IF R TR R,
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