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HILE . 2M(Seow) MR LRSI (Sepioa) F i o &5 IE/N: HFTTIX R T Seow FIETE 0.013 ~ 14.5 mg/kg, H{EH 0.510 mg/kg,
86.1% MY TIEAEMIN & HE T 0.175 me/kg, RUIFFFRIXER IR T EWIAKT; 21 Sevioa i THE K 0.046 mg/kg, KL, 5
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Effect of Pedogenic Rock on Soil Selenium and Its Bioavailability in High Geological

Background Area

LIU Yonglin'?, WU Mei'?, LIU Rui"?, LI Jun'?, LIU Shuling'?, LIU Shuangyan'*

(1 Key Laboratory of GIS Application Research, Chongqing Normal University, Chongging 401331, China; 2 School of
Geography and Tourism, Chongqing Normal University, Chongqing 401331, China)

Abstract: Chengkou County, located in the junction of Qinling geosyncline and Yangtze Plate, is chosen as a study area, 115
topsoil samples were collected, and soil pH, organic matter (SOM), major elements, total selenium (Se) in soil (Sey,) and
phosphate extracted Se (Sey;o,) wWere determined. Results show that the concentration of Sey, is from 0.013 to 14.5 mg/kg with a
median of 0.510 mg/kg, and the concentration of Se;y, in 86.1% of samples is higher than 0.175 mg/kg, indicating a Se-enriched
level. However, the median concentration of Sey;,, is 0.046 mg/kg. Generally, the concentrations of Sey, and Sey;,, are the
highest in the north region of Wuping Fault, and the concentrations of Sey, and Sey;,, are increased with the increase of the
stratum age, indicating that the pedogenic rock controls the spatial distributions of Se, and Sep;,,. This study proves the
concentrations of Se,, and Sey,,, in topsoil varies greatly, even in the high geological background area, and the spatial difference
is not only controlled by the pedogenic rock, but is also affected by other soil-forming factors.

Key words: High geological background area; Selenium; Bioavailability; Soil; Wuping Fault
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X ARG 50T 32, e P g by i o L
i, P, X3 (a] [ AR B ER S S 3 . B AR
A FRIZIE—R B, )2 R R T 2R
HoAth st X, 38 P 15 g B AR A R 1 23 [B) o A
Fg i PR W] X 75 2B i oE

R, AR S B BROAC L g R A Tk T LA
FFEIX, it R 2 T R A R 2B A 5T, #fE
- SR R A A S B B A3 AR AR ST - AR
KA YA R S 2 B R, LAB R T =
e X A A e A A R 23 ) SR LR, Rk
P PRI ORI P A R R B L PSR

1 #REFE

1.1 HAREXHEFR

B B FE KT ARILE (R 1A), Hikb KL
M, R LA, AEYIREKE 1 261 mm,
AERIR 13.8°C o SN g 2 2%, SR B IR
Tt , PEAbImA% . Mk T [, BFSE IX AL T RIS
AR B L 33 oy R 1 PP B 5 5, I L TR
ZLFD) RPN TE FRLITH 5 X BT 2L (K] 1B) . R G FIT
FEREIEER AR M EA (R 1B). & H 0 R@Qb) A
AR BE TN WA UK L ABRS , 3 T
CLWrea? UL s FfE R (N A s . s
RIS BERK TR RRE, 40 A T W LG Ak DIEE
IR TR 5 e TUA S F B3R -R PR (Z2) 3 i AEF ST X
AeHB s FER R (€) F LM TEMFFE X pgE AL &8, 2

(A)  106°E  107°E 108°E  109°E  110°E (B)

PR KA FI A = Je B O R o E; B R (0)
IR BRI VU FUR LU SRR
PP Be . SUA RN, K &R (P)
FENRBAIR IS R L SR aMHEA A
= KA BRA I

1.2 HmRESSH

PFORRIERS, ks - 5 HE XN, R 1 - 20
TTHL A, AEHL)ZE R R 2 10 m AR EE 114
RA IERES, SRAEREEN 0 ~ 20 em. WF5E X IR
115 PRIE T, B RIERERY 1.0 kg, TR
GPS SO HE R ENI (B 1B), [RIFHFEANIC SR AE s AH
KB FEFRARDE o PR AR AR e AR S0 Y
42, ARSI ERENNT, a1 YRR S
Y, W 2.0 mm fLARGRE, HT pH W ; SiHeb
VFid 2.0 mm FLAGG 35, BFESL 0.15 mm FLAET
FTIE H A b2 280 HIEAPLBI(SOM) & &
R P B R e ke U, R =i s
HFEITE(Ca0 . MO, Na,0 ., K,0. Al,O; Fll Fe,0;)
8 FH A R B 4F B TR R G S (L ICP-OES)
E 3 T IERI(Seqow) & i S & A IR OO BE
T (HF-AFS)I A 5 32 (1) 24 0 %008 FH il R 6 4
HUR 2S5 (Sepion) /8, 2R 0.1 mol/L KH,PO,-
K,HPO, 2 #2191 3] HF-AFS % .
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Fig. 1 Location(A)and geologic background(B)of study area
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1.3 #HELIE

T+ FRAL IR RECBA) T RAE KA FE
FEUO BAAE#UIN, 67 ] b L bk v ik 20
AR, BAEBEAR, FBHWE R B Tibkia bkss . I
HHEAL R
Ca0 + MgO + Na,0+K,0

AlO,

BTt R R AR & SEOIARRT A IE
A3 o ARWEFT R FH Spearman 32543 H1 S 5] AH G
% Mann-Whitney U F1 Kruskal-Wallis E6 56240

BA =

(a2 RePE . R SPSS 20.0. Excel 2016, CorelDRAW
X7 F1 OriginLab 2016 #4748+ ALzl SCH R
H7 O RH S A e 2 22 SR AE P<0.05 /K-

2 ZEREHSWH

2.1 REIPUZESHSEITFE

WFFEIX 1 pH 7E 4.70 ~ 8.16, ¥{H 7.15, P{A
7.26(3% 1) MARAEES U B EAE, PIRTIXER
Ty d3(6.5 ~ 7.5). WIS IX K1 SOM & &7 1.97
~ 162 g/kg, BERIPEIIHN 27.7 g/kg I 24.9 gkg.

x1 MRRRLIAFSEMGEIHFE

Table 1  Statistics characteristics for chemical parameters of topsoils

S8 e/ ME STPN] ¥iE il i 22 i BE CV(%)

pH 4.70 8.16 7.15 7.26 0.54 -1.59 7.55
SOM(g/kg) 1.97 162 27.7 24.9 18.9 3.61 68.4
K,O(g/kg) 6.43 47.1 24.6 23.9 0.62 0.34 25.2
CaO(g/kg) 2.60 433 32.4 12.2 5.69 422 176
ALOs(g/kg) 20.0 181 130 131 2.30 -0.93 17.8
MgO(g/kg) 8.71 94.3 19.9 17.2 1.26 3.85 63.4
Fe,05(g/kg) 7.01 80.7 50.9 50.0 1.12 0.05 22.0
Na,O(g/kg) 1.65 25.7 10.1 9.20 0.45 0.94 44.0
BA 0.52 41.6 1.57 0.83 3.94 9.39 250
Seio(mg/kg) 0.013 145 1.20 0.510 2.11 4.44 176
Sepioa(mg/kg) 0.010 1.079 0.070 0.046 0.11 7.36 156
Sebioa/Seiora(%) 0.50 41.9 10.6 8.75 7.33 1.56 69.0

TE: Sewow RN LIEAMN, Seyion RN LIRS, Sepioa/Seow F78 1 EAEYIAT RLASHN b7 S L] o

R IX K+ Sewm & 0.013 ~ 14.5 mg/kg, FI{E A
H {43514 1.20 mg/kg F10.510 mg/kg(F 1), Tan 257
WG Seww 7 5K 1 AN 55 G 53 R B Z (Sewow<
0.125 mg/kg) . #1%5(0.125 mg/kg < Seyw< 0.175 mg/kg) .
FF25(0.175 < Sew<0.40 mg/kg) . i il (0.40 < Seyu<
3.0 mg/kg)FHid Tl (Seiow =3.0 mg/kg)o BFFEIX AR
HAREL N 9.6%. 4.3%. 28.7%. 50.4% Al
7.0%, FEIAMFFE X BT B IR A

7T X+ Sepioa 71 0.010 ~ 1.079 mg/kg, ¥
fEFNE 735108 0.070 mg/kg F1 0.046 mg/kg(F 1).
I Sepioa/Seron A 0.50% ~ 41.9%, AEFIPES>
A 10.6% Fl 8.75%. WFIEIX R LM Sewm« Sebioa
PLIZ Sepioa/ Sl 285+ R EL(CVY TN 176% . 156%
1 69.0%(% 1), FHX 3 MNSEE MM AEA]
22 RIFWEREEMEREZTEDH

K 2 BoR, WMOEBREDLILEL Sepa ZHE T
0.40 mg/kg, FLUCH 5 PEKTRL(F2) R KT 24 2 8]
XE L Seww T EINE R o SIFWTRL IR X 3 1
Seoal T AR AR o WFFE X £ 1 Sepion A B H B

WIS Seow FHBLY S [A] S AR, T 22 52 B R BB 1Y
KRS o (HARER F S PRRTR LI X Seio, 2 T AH
X

LG WXL AT (B 1B) Al A, PR
DAAGH DX 22 i Lty A AR AT 22 175 PR DL R
Hu X 2 e TP A AR R SR A R T E T X R
1 Sewow IS, MR PR EY A RE, AL
ZET AR, 32 B HAD R A+ H R A5
23 AEARTBENRIAEREENEREESR

ARG, BB R R 0 Y iy 2k
PRUTL b, R E R TR A H R TS
Hem R A AR 25 5+ . & Kruskal-Wallis #550
(P=0.000<0.01), ARXAFMZEZ L EFHEL
Seow o 12 HHE H K E)/MEF i Nhy(1.557 mg/kg).
7(1.123 mg/kg). €,(0.961 mg/kg) . T,d-j(0.573 mg/kg).
0(0.375 mg/kg) . Tj(0.372 mg/kg) . Qb,1(0.291 mg/kg) .
€,(0.283 mg/kg). S(0.273 mg/ke)Fl T,d(0.074 mg/kg)
(F 3A), SR 2P R E I+ Seww

CR i
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Fig. 2 Spatial distributions of Seiwi (A) and Sepios (B) in topsoil
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Fig. 3 Concentrations of Ser (A), Sepioa (B) and Sepioa/Serora (C) in topsoils from different strata

W7 XA )2 2 B R B IE L Sevion
RN EREE#FE R (Kuskal-Wallis ¥ %,
P=0.003<0.05, [ 3B), T,d-j(0.075 mg/kg) .Nhy(0.075 mg/kg)
H1 Z(0.063 mg/kg)h)Z A F MR L Sevion o 5 HEH
i, HWCH €,(0.055 mg/kg). Tij(0.050 mg/kg)F
€5(0.043 mg/kg), MHAHE FEKFIEL Sepion
wHE/NT 0.040 mgkg, % Kruskal-Wallis £ %
(P=0.000<0.05), /[ b 5t i AR M2 B R B R £ £
Sepioa/Seiora HA BEMZER(E 3C), FIH T1d(20.6%) .
S(13.3%) Ml Tj(13.3%) M2 LR B ME &K,
Nhy(2.74%) . €1(5.61%)F1 Z(6.52%)H1)Z I & By
TEAR . X HERL Sew R EBUARRINF, RIZ
+ Seal ErEEOE H Sebioaﬁﬁtt'fyﬂﬁ{&(l’_—o.774,
P<0.01, % 2), BbEriEE, H LR E 50
A=A ROPETG  HORRAI

3 ihie

3.1 mEiEENRIMmEEEMBERIERM
SRR, 2B ERERERL Sew % i
M (B 3A). BIABIFER], KEEREOS R K

b A BREEETUE . AR 1t A
T e (5120 B AR SN RIS T B P 4R PH R A
A, F5 H el 19 (Sewow>0.4 mg/kg) YA ] 15 5
MerrsEatar . JERAD . VAR LC RG2S R
(SR R AT — S FEHBTR S AT |, R Xk e
WA b b DX 5 5 G 225 B )i g Z 0 g DX 21
UL 2 1 e AL, O R b 2 1 2 R A
], 3t FEFFE X F % HZ T % Y S0 2 A
XTI (B 2A L 3A). FFE X E + Sejor T ALK X I
FEEA T AR UOR )R 2 o 35 SCk
[12-13], IS DX A0 L4 T 285 43 SR PR A R ) b S A s
FATT, R EL T2 L P e 28 0 b X 0 3 £ 24
T P e o 2 DX ) iy s A DX v A AR 2
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Table 2 Correlation among Se parameters and other properties of topsoil
pH SOM K,0 Ca0 AlLO; MgO Fe,0; Na,O BA Setotl Sebion

SOM -0.028

K,0 0.115 0.065"

Ca0 0.304™  0.230"  0.096

AlO; -0.091  —0.007 0.726"  —0.138

MgO 0.157" 0.118 0405 0.716"  0.182

Fe,0; 0.079  -0.006 0523  -0.002  0.674" 0.138

Na,O —0.291" -0.014" -0.418" -0.344" -0.146 -0.406" -0.173"

BA 0.269" 0215 —0.047 0.869" 04017 0.666"  -0.194" -0.158"

Seotal -0.252"  0.306™ 0348  0.030  -0.341" -0.186"  -0.156 0.285™ 0.116

Sebioa -0.070  0.490" -0.250"  0.214° -0.253"  0.022 -0.226" 0.083 0234 0.789”

Sevioa/Sewo  0.3027  —0.084  0.336" 0.111 0.287" 0312 0.036 -0.406™ 0.040  -0.774" -0.305"

e %, A PIFRTE P<0.05. P<0.01 K W AH X,

AR TFERL Seww T ESHIZNRNETI LR,
I, Sepion T HIF AR ML Z AT REMA L, WE
M IRIZ AR (B 3B). RN A FEAER L Sepion
R ERERE . AR ER K+ Sepo &
5 A U A G
32 T pH. BVRMRXAMKBRBEIRLIFAR

HAEMBRER T

R W B U ) 1R AN ) s w2 = 9.0 o w411
i AR ST o T w2 S R DT e o
RS . WAL R S W . pH J2
B R AR E T —, OO S i A
TR AR 0 5 M0 4 4 22 Bl e s 202223290 pH il
a4 ] A ST ) WA 25 R B i (R 25 ) 398 vp
Tt & SRR o BRPEARAFE T, 8l L Al Rk by
F5 L pH MBI, W) R A A B
W AT R R 32 o AT R ER 5 T W BRI a5 4R, Rk
SRR . I, — Mt , RS
AR, PR, MRS AL, (AR
RS TR Mg A . s XE+ pH 5
Seiom F I B FE A (= —0.252, P<0.01), i —
H Ul RS TR EM TR . AR IX %+ pH
5 Sepioa T i EA B E A (= ~0.070, P>0.05),
M5 Sepioa/Seror 2 .35 IEAH X (=0.302, P<0.01), £
— B AR T O A RIS TR L
A1, Sevion/Serorar UL AT S B+ IEAT A= ) 51 (1) B 2L 2
£, Sebioa/Seiom T Seww T R L (=-0.774,
P<0.01), 5 Xu ZUIFsrab R —8, RUREE 1+
Seior T EIG T, Sepioa PR AR FRE. ATHEREE N
FRPE T8 Sewo LA, (HANAITE SIPEREAL, F2L
EI%ETXE’\] Sebioa %i*ﬁX¢?F§o

- HEAT BTG A AT A RN R e Ak B AT R
W, REFHTER, M Etyw®, 5F
YA LT, S EGE R RE s R0 B
— 7, LRSS A A0l 757 LA 2 ik ok 7 v 1) 7K
Vo AR ]SS S AL, T R R 3 Sevioa
FHROKERO R 2 BoR, MRXKANE SRS
Seiai(7=0.306, P<0.05) . Sepioa(r=0.490, P<0.05) i &
B ZEIEAHXE 105 Sepion/Serow Jo 0 EHH I (=-0.084,
P>0.05), XK IHFIEIXAG BTG G & A )
A REA W R

BR/ER AL & A IE L R AR T, 5
W BT Ak 5 T IR 2 0 4% A i AR R
I, B4R ALY g A R L A B TR ], O
11T R AV - ST 1) A A R 26 2 R, Sevion T
5 ALO;(= —0.253, P<0.05)Fl Fe,05(r= —0.226,
P<0.05) % i 2 WA A OC, A5 8] T RHIE.,

Rk b R BT A — e R L S X
Bk w e B IX XA IR 2R B 0.52 ~
41.6, HEF PSR 1.57 A1 0.83, FKIHBFFIX +
RS DR 7255 . HeAh, BF5E X 3 XL iR 5
5 Sepioa T i 12 I FE IEAHIC K R (=0.234, P<0.05),
F Bt A AR Ik 55 , T A BG4 A A R R
Ko XEATABRITEE SRR, B9 X £ e XAk i
WHRE5FRL pH 2 B EIEMHX LR (=0.269, P<0.01),
FEA 1 XA ZR i 4 3R 1 pH I (Rl 52 M 3
A S AR A R
33 MIRRLTEMBFEFLI=

AU L3 Seo BB 1), TRXETE
il = 39, A 93] DX 35 Sy o AR oL A - 9 {EL R B
GERAPAEH, M T Seow P, T Sevio
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RO 35 o 5 5% DX R o 2 5 B LA A 0 4 52 i) 839

B T B S e M XA - SRR B YR L IF AT IX R
Sepioa THH 0.046 mg/kg, H &5 Bl A 8.75%, =
FHWIVTAK 5 B Tl X (Sepioa=0.033 mg/kg)! VI H 2 i
- SR ) A AT P (Sepioa=0.02 mg/kg) , {HIE /N T
I e 2 45 B LG e i DX ) AT - ST 14 A A )
(Sepioa=0.27 mg/kg) o X FEHMFFE X+ Seror 1 Sebion
TR ER.

BT AL 1T 5, B TS X Ak i 22 0 i Al
STk A A HE X, M sl AR SR E, T
L — B AL VG 2 R R ] 1 D 4 B A T 25 1 4 48 (&
1B), X 5T X PR ARTREZL, 113 e )
Ak, WRE IR E A%, AR KR 1261 mm,
AR 13.8°C, ARARIN A KL 850 mm . BENN Y
WY, SREIR AR, S oK sk, B+
JEEe, H AR E R 5 (BA nedian=0.83), A
I, HHER TR S 52 B R AR Xk
— IR T et Seqor 1 T BEA HiLZ AR (14 18 T 1
Ko WAh, WFFEIX R BB Pk iR 5E , £ERE
SRR, TS R T R H AR ST, Witle
B 3k B TT e 48, Wl 2 5 3 - AT 17 T R AR
TR

Witz Ab , B FE Rk 20 AR A AR R AR S
BT MR CR, (L E AR AR
EELIRICED Y XIS X A S IR A I &
R TP HAT AR R, MR E LTS
JEE RS, HERESETEREAELSREZ
P, DA IX - HE T 4 I A 2R A Rk T R AR

B2, WFIEIX T & SRR, A LA L
A OB 17K H RN+ JZ 00 Q7F i 14
B0 P ) R A TR 5 1 - 4 4 e A A s A 3
o AN XS, A LU OSBRI, b
ISR, MY AR RISt IR,
PR e RS, B Ik K B3R e s @ nTad 241415 4 4
pH Z 55 5 tp P3R5 (6.0<pH<7.5), LA N + 3 1)
A WA s, (BT B Ak £ 5 R (pH<S5.5) it B
(pH>8.0),

4 e

DFFFEIXFE + Sew S HTE 0.013 ~ 14.5 mg/kg,
HiE 0.510 me/kg, 86.1% )+ HERE 5L A B i T
0.175 mg/kg., FWIFFIIX % 14 bk T RIAKF . BF
XL Sy FTHTE 0.010 ~ 1.079 mg/kg, Tl
0.046 mg/kg,

2RI b, S EPRT A LAAE M IX 3R 1 Seqo AT Sepioa

EEEE, 1H Seyioq i (B 2 2 IR HY SUIR I3 A1

T XAFIHZE A BEIERL Sewm M Sepioa
SREABEES, B SR L EE R
13 Seioal FI Sevion 5 EAH o 1B Sepioa 11 Seiowar HEH
EIHZECEE, H ERE W Seyio, 1 H K
1%, X BRI I IX B A B e 38 i e HAE A 5k
PEAE R S B

)FETRFFE X I MRS A 2, U 9T IX
FETF 2 - 3ERR G5 RIS, 1 2% K H 3 AR B, i
WA IERRR IR ST, LA B4R A S 04 m] R

S Z 3k
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