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Spatial Differentiation and Enrichment Mechanism of Selenium in Volcanic Island Soils —A

Case Study of Weizhou Island, Guangxi Province

WU Jianying', FU Wei'?", CAI Qian', ZHAO Qin', YU Yongshan', SHAO Ya', LUO Peng'?, QIN Jianxun*

(1 School of Earth Science, Guilin University of Technology, Guilin, Guangxi 541004, China; 2 Collaborative Innovation
Center for Exploration and Material Development of Guangxi Hidden Metal Deposits, Guilin University of Technology, Guilin,
Guangxi 541004, China; 3 Guangxi Zhuang Autonomous Region Department of Natural Resources, Nanning 530028, China;
4 Guangxi Institute of Geological Survey, Nanning 530023, China)

Abstract: In this paper, Weizhou Island in Beihai, Guangxi was selected as the study area to investigate the spatial distribution
of selenium (Se) in volcanic soil under subtropical environment and to explore its influencing mechanism. A total of 106 topsoil
samples and 16 parent material samples were collected with gridding design and the content and distribution of soil Se and their
relationships with parent materials and soil other properties were analyzed. The results showed that the total Se in the topsoils of
Weizhou Island ranged from 0.005 to 0.567 mg/kg with a mean of 0.287 mg/kg, and 70.87% of the total island area was covered
with Se-sufficient and Se-rich soils. The contents of Se various forms in the topsoils of Weizhou Island were as follows: residual
(78.06%) > organic compound (10.58%) > acid soluble (7.76%) > exchangeable (2.86%) > water soluble (0.74%). Total Se
content of the different parent rocks varied significantly, highest in volcaniclastic rocks, followed by basalt and beach sediments
with biological debris. The variation of total Se content in parent rocks and their corresponding soils were well matched, and Se
content in the soil weathered was highest in volcaniclastic rock, then followed by basalt and beach sediments with biological
debris. Soil Se enrichment of volcanic rocks was mainly attributed to the inheritance of the high background Se content of

volcanic rocks, and Se was easily absorbed by Fe,O;, Al,O; and OM (organic matter) in volcanic soils during epigenetic
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evolution. Se-rich soil formed by the weathering of volcanic rocks is of positive significance for the agricultural exploitation of

island land resources.

Key words: Island; Volcanic rock; Soil selenium; Enrichment mechanism
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Fig.l1 Geological sketch of study area and distribution of sampling points
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21 ENBITESWEZESRFEERBERES

WFFE DX S B AIE , f1 HSEbR S Y I
GSS-4 X HEATHH] . GSS-4 i E(E R 0.665
mg/kg, SHEFE(0.64 +0.18 mg/kg)FEAR—2, ]
RS e ST R bV T = o= R s i )
0.287 mg/kg, i E 5 AH L 1Y 5 {H5(0.290
mg/kg)?!!, 7R HE K 0.005 ~0.567 mg/kg; E5HRECH
40.07%, J& TS MR MERIES S0,
6 MG T2 BT 2R GR 1)

R EW, KA FEITR . B PE A
RALFEFE Slic R B REYIPY, A DX
FKX T EAN ST (R 1), K28
SiO, W&, N 290.0 ~ 908.0 g/kg, “EX(E N

*1

633.2 g/kg; ALO; B &N 4.0 ~ 164.8 g/kg, T3
{E R 94.3 g/kg, fUKT SiO,; Fe,O3 WIS &N 1.1 ~
144.4 g/kg, FHI{H N 83.4 g/kg; SiO,. ALO;. Fe,0;
(P35 B 2 R 810.9 g/kg, RUITFE X T2 )
FEPIRERREL R AERREL . BRAEEMR L) N CaO &
WO 1.7 ~382.1 g/lkg, ¥I{E R 47.3 g/kg; K,0. TiO,
Al P,Os F & B WAL T 20 g/kg. MFFRIXE)Z 1%
OM &l 2.7~31.5 g/kg, F¥I{E N 16.2 g/kg; pH
JEHIN 5.14 ~8.83, “FIE N 7.71, H6tE. WH5E
X 3 Saf JE M 1.61% ~ 58.96%,F-14 4 6.44%,
VLI 9 X 38 BAR 2 5 T 3 B0 ki KAt 72
HrpokilA X R Z N2 MRS ESAHL
T i B TS AR R B TR X R 2
g, RALRR B 20 T 5 A R S T TR P X 3R
B,

BNBRELRAME. EETEH. BUMERFRLSEB#HRMERE T

Table 1 Descriptive statistics of Se content, major elements, physicochemical properties and weathering parameters in topsoils of Weizhou
Island
Ei=tan KA X R R I FAE YT AR X R 2 4 WFFEIX R L
WoME BKRE P e AR BoME O RORE P ARz R P iR R
FE(%) RH(%) FE (%)
£ ffi(mg/kg)  0.021 0.567 0.295 0.107 36.34 0.005 0.220 0.066 0.063 90.77 0.287 0.115 40.07
Fe,O3(g/kg) 155 1444  92.1 254 27.61 1.1 108.2  38.0 36.4 95.91 83.4 34.1 40.89
ALOs(g/kg) 119 1648 1040 219 27.60 4.0 128.8  44.1 452 102.58 94.3 38.8 41.14
CaO(g/kg) 2.5 1043 26.6 26.8 100.83 1.7 382.1 142.6 1453 101.84 473 77.6 164.19
SiOx(g/kg)  336.6  820.6 6389  79.8 12.49 290.0 908.0 609.4 202.0 33.14 6332 108.4 17.12
TiO,(g/kg) 2.1 26.6 16.5 4.6 27.81 0.2 19.2 6.4 6.7 104.66 14.9 6.2 41.79
K,O(g/kg) 1.6 16.6 5.0 25 4935 0.6 4.8 2.0 1.3 62.90 45 26 56.64
P,0s(g/kg) 0.9 7.2 1.9 1.1 54.61 0.5 1.8 1.0 0.4 40.41 1.8 1.0 58.27
Saf(%) 1.61 2280 3.84 2.70 70.39 260 5896 19.57 17.15 87.61 6.44 9.35 145.24
pH 5.14 8.66 7.66 0.59 7.66 6.32 8.83 7.93 0.71 8.92 7.71 0.63 8.11
OM(g/kg) 2.7 31.5 16.9 6.1 36.07 3.6 16.3 9.4 43 45.45 16.2 06.5 39.85

R A 25 S5 U bR HE X AT X 3R 2 14
B A TR 4 SO Y, K S R o R Al
Bt = (<0.125 mg/kg) . WEAEHARG(0.125 ~ 0.175 mg/kg) .
JEA(0.175 ~ 0.40 mg/kg). & Aifi(0.40 ~ 3.0 mg/kg)Fll
fiti o 75 (>3.0 mg/kg)5 MEEH  MFEIX R ZE TR D
AT R E A O RE S A S8 PERN 15 M, itk
56.31% F1 14.56%, 43 A0 HIFRAK 5 T AFAR A GRAR -+
BAAEE R X 2N B A, 430l 11.65% il
17.48%(F 2). BMRFE K, TN 522 388 T 2 A
[ELiE:

kT B B I £ - ARG 2 () 3 A REAE R
AR S IR R RO B A (IDW) 1 7
FRE, A5 HAFFT X 4 4 4 s B A (1 2). P

2 BEANSRELEBEWMESEAFARFI@AL L
Table 2 Area percentages of different Se content levels in topsoil of
Weizhou Island
THEVEEE SR B (ng/kg) RN REAUED EAN A (%)
PR <0.125 fili e = 18 17.48
UL 0.125~0.175  WE 12 11.65
rh 4 0.175 ~ 0.40 LA 58 56.31
il 0.40 ~ 3.0 & i 15 14.56

FuR Ty =3.0 il v 2 0 0.00

2 R, TR A i L R S [ 22 e, R
PR b A s A A, AR S0 Ml XA R
0.40 mg/kg(& i T3 50E), 7T WL —4040 T RIFS K
LR i 2 DX 3 P T X
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Fig. 2 Distribution of Se content in topsoil of Weizhou Island

KT FE X )R L HERE A EI R 1 PRRE SR I 1

T, ARUEHI S 00, JEXE 52 132 3R S TR
WRAF TSI TIIR . R 2B i SR SR AR BT /i
T 22 - e A AT ALY, A 11
R 100.22%, BRI A AR . BFSEIX SRl
TSI IR, KT8 0.002 mg/kg,
A E R 0.74%; A S350 0.008 mg/kg,

dT AT T 2.86%; FRVA SRR R KAk E Ak
WESEA, R RRA ST 0.022 mg/kg, H4x
W Y 7.76%; APLEE ST 0.030 mg/kg,

AR B Y 10.58%; ARiE A0 0.222 mg/kg,
di el S ) 78.06%(F 3). (I & 36)2 -3 it
ARSI A AR . RIS AT 5262 - 1ERE i
TR W EEMAAEA, H A e 2
80%, AHLLEEE(10.58%) . PRIFZS(7.76%). A3
2(2.86%) . TKIEZS(0.74%) & b LR FEAR

x3 BNBRELEEHSWESE THEMmKe)R S EMAE S L

Table 3 Mean contents of various Se forms (mg/kg) and percentages of total Se in topsoils of Weizhou Island

PISTEE QRS PRI AL B BRI
M A% FEIE A FHE A% CFEE AAH®%) FHE H%)
0.002 0.74 0.008 2.86 0.022 7.76 0.030 10.58 0.222 78.06

22 BEEAEXTEREESER

YER EHE P AR Y B UR AR B8 AR
FEB R T IR KT 5 TR S Ak VR L i 2 gT A
N A B BT e P T B A S Y
FEFH P

BN B B 2 o KL B A, Rl kol 1
A /NI X R R, S0 A & A e 1
PETTRUI (R 1) o KR B AN [R5 2 A B X i X e
I A R T AT (R 4), 3 FRASIRIRE T A A
SEH R 0.136 mgkg, & T E A A E 24 (E (0.058
mg/kg)?, Herf LT Pl Sk 0.170 me/kg)> %
K7 (0.136 mg/kg)> & A= W i T8 v B DT AR 4 (0.044
mg/kg) o MHEAL - REERIIARTR, HRFIEIX 5 A

KONRJE A X IR DRI B A i s e LR A X
PEAT I 5 R G H(GR 4), KB DX - 3 4 i
W EA IR SR KL A 1 40 (0.304
mg/kg)>Z i 4 (0.224 mg/kg)> A= WywEE i
WEDTRY) - HE4:0(0.086 mg/kg), TN HHEES5H
N+ HE AN F AL BRI E A, BN LErh e
ARG P4 73 AT IR S T B B R B R AIE

TEIYH & & Al 3% B X B A0 Tk LA X, IE
PT3535 K LA TRl T 3R Ak R (A
& T G A Bl S ) R, IR T SN
- M 25 18] 43 A X B 22 53 1 FEAAK J5) - Sun ZEPTHAH
Vi HE TR AN 3 2ok R A R AR R 3R 2 L igErh
TG EE MY F 2R, ELBR ST VI BT 32 2] 1) 1T R

x4 BEMNBTREMKLEEREXEXREIEDHESE(ng/kg)

Table 4 Se contents in different parent rocks and corresponding weathered soils in Weizhou Island

AR AT e ]
T H b2 (me/kg) AR R (mg/kg) GEEY SEHE AR 2 (mg/kg) A5 i (mg/kg)
LKA 0.136 + 0.049 0.080 ~0.233  0.615 ~ 1.792(1.047) 0.224 £ 0.019 0.201 ~ 0.262
LR E A 0.170 + 0.021 0.072~0.262  0.551 ~2.018(1.312) 0.304 £ 0.011 0.103 ~ 0.567
T HE W B AR 0.044 + 0.025 0.003 ~0.089  0.020 ~ 0.683(0.339) 0.086 + 0.079 0.005 ~ 0.266
At 0.136 + 0.021 0.003 ~0.262  0.020 ~2.018(1.047) 0.287 £ 0.115 0.005 ~ 0.567

0 BHERRCONA AW R ST 4R (0.13 mg/kg) HLERY, 9N NMHE,

http://soils.issas.ac.cn



1314 +

e 553 %

= AEFRATTTFE R B 5 22 L3 h Al T R i 2
173 S e AN — M, 23R 2 A T 2R A9 2 2RI
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B C R 2 R AN A B BLGR , BT B - S P lioT
REEZ RN A R LY
2.3 NEBERTEREENS

T 0 R A o PR A B T e T U A
F Nt A K Z R & I, R I
G - EHEAR Sy e KL A BRI I, B AR AT
FRE AR, KRR RN TR B A EEORIR. +
S G B AR 25t 52 B A A S — RPN A
AR, Syt — PR R AL, AR At
BEASRBIRIATR], 735 A TR B R 0 T
MG R 3). 458KV, Johi b
HRF NI, SRS R EEIRTIEE, HK

0.69% 2.71%
7.65%

10.25%

78.71% 66.16%

(A)Kals WAk 15

Ll ARk A 398 rp 5 s 2 BT o 43 EE(78.71%) i T
AW DT KA 48 rp R v A BT o
53 H(66.16%). AAFBHMK R, BiE KALAEH T
AW T il ASREE h LLS I 2 LASRIE ST R e A7
FETT W ints b, MELLIE TR RS Mk, 22nt 5 4500
TFFEIT 954 M v il JE 285 st 2 B0 Do 4 il = 243 A 7
BRIt L, ARG RAET ARG . Kok
s WAL g rh 4l | IR & i 5 & T IESA
Z[A#E4T Pearson MSCHEHT, ZREH, RES
il 5 - 38 4l 52 A 3 TE AH DG (7=0.946, P<0.01),
Ui B - 8 v R i NG 1Y) i R A A S
VKRBT A X A 5 B AR 4k (R 5). PR X R Z +
A 23 (8] o3 A7 32 Bl ], ks Rl S e AR
E T HIEPETR AN, JE T TR
RAATE RS

1.69% 5629

9.84%

JK 8 A5

T oy e e A5
= mins

| RN
B st it 26
16.69%

(B) % A= Wy g e e OB KA L 15
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Fig.3 Content percentages of various Se forms in weathered soils of different orogenic parent rocks in Weizhou Island

F5 BEMBAXLERLTESWMREESHESESTE. BHERFTNULSEE Pearson X%
Table 5 Pearson’s correlation coefficients of total selenium and various forms of selenium with principal elements, physicochemical properties
and weathering parameters in Weizhou Island volcanic soil weathered with volcanic rocks

il Fe,0;  ALO; Ca0 Si0, TiO, K,0 P05 Saf pH oM

IS 0249  -0.090 -0.090 0.538"  —0.291  -0.043 -0.028 0.477"  -0.100 0.109  0.414"
Gt ST 0.455"  0.145 0.187 0.024 ~0.143 0.310°  -0.129  —0.041  -0.247 0.095 0.295
JR Vs A5 0.696"  0.336" 0.194  -0.164  —0.223 0214  0.628" -0.029 —0365" -0.060 —0.035

AHLEEAAN 0.749™  0.614™  0.609"  -0.242  -0.440"  0.641"  0.275 0.024  -0.642"  -0.324" 0.4747
Bl A5G 0.946" 04677 04327 0103 04147 04247 0.392° 0246  -0.568"  -0.205  0.393"

e 1 0.464™  0.402"  —0.184  -0.242" 04277 03007  0.244" 04307 0275 0316"

W %, MFRIRAHENES P<0.05 F1 P<0.01 B EKFE,

G A B, RS2 phy kLl 2 6 T Ok 1) - 3 Ay
T MAFTER RS, LIRS ol e e Al
AP TR R ECR S B TR X AR
EARTR, SRR R A AN F R R A &
AR B Kl e X A 4 s Ar it TR A
Z IR AE BT, 15 2ot mELA TR, A
AR TR A E £ Fe,05. OM FilfiE

BB (Saf) e R B DIGUAEE R® = 0.339),
ZMA TR F R A EREAE 05 WIH R 5L ¢ K
¥ Fe,05 FUAHTEAE R 0.010, OM M FEHER A 0,
Saf 4 0.042, ¥I/NT 0.05, BHZEIA B E .

Se=0.314 x Fe,05+0.351x0OM-0.248x Saf +0.085

- S I A ) S M ) RS TR R P
PRl A2 R AR PSR B0 B, TR 5 Ak o S A
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LK, T PR RUR R R I, AR T BRSOk
Az SR ZU AL o SR B A AL AR U 5 K Ll XUk
BB, RO E SR, IR E A
XL bR R AR AR B A R A,
BEFE, A TBFIEENIE T AT A B o Y5 JE
P B, RN, TSR BRI Kl
PR T A AN A RARIABT 6 5 Ll A s 2 KA AR
Pt SR A AL R B kAR AR AR ST &
BRI 5 KL X A A i R AR R AR
EMM R (=-0.430, P<0.01), $5RICE 54
PRI R A KACVE I I RREEEA TG R (6 5), KUk
JEE i B 1% ¥ % 9 PR R

TIPS KL X -3 Fe,05 Al ALOS Y75
Yy T A W S e WA A IX - 48 F R TIN5 2k
HEATERIE IR SR s 8 SR T3 GR 1), HHC
PRI, KA X BT ER 5 Fe,05 Z B AL
B 77 B i (r=0.464 , P<0.01)(£ 5), XZHT Fe,0,
TR A S5 RO S B B, X [ SR PR TP Al LA 1R
SER PO R O 17T 2 B T, LA 1A A2 30 8 5 B 1 o 24

S AT AE e 0 B L URGT RS RE Y T

£Y5 ALO; Z [l 24 B 35 1E AH 5C K & (r=0.402,
P<0.01)(FE 5), ALO; AR LU ik s 5 | ) Fl e 4
AR AWM TR, EIRE R LY E
B XA AR W B VE R o H ALO3 XM 4 52 B A 4n
Fe O3 R, ot A A YR A 5 0T 3 - A st
PR FRE R 2518, X AT REAE T ALOs XG4 I B 45
GyRESENT T oK o S5 TR S M BT 55, s X 3
TR T AN 32 R R A 2 A TN B
X R S A S Al £ (7=0.696, P<0.01)
il Fe,05(r=0.336, P<0.05)% 8 & 1EM & 5), M
P Vs 2G5t 2 - Al 5 () 24, [t g e Ak
AT 25 A AR R i AR AR . (S aHe B A0S
SERAF RIS, AR & IR IA A -4 pH A
OM FYFHICHE , 1 A I b 25 5 %) JAL PRI T 8 2 PR Vs A i
SZ AN I | JEREF A 20 o AR Kl
BRI FE e, R A ok A AR R LA L R
AR R W R R 32

B A B TR, KRR R s, A3 LT
P K LA KA 3 Tz 4R, A LA I oAb
T e SRR TR AL , (i - RN S AR R 2 A N LA
G ARRIMERS A A W, 2E— 2038 n - 5 X G 7 R B g
FIBOT RN K R - S EAT H B A ) T
FEDURR AL T S A A HLBT(OM) S :E (3R 1), BiF
FK KA KA BRI SRS OM & i 4k i 3

IEMEE=0.316, P<0.01)(F 5). MG kiliamX+
HE OM SioC & A G bk Ak 2 (3R 5), H+t
b OM SR (<30 g/kg), ULHITEBL= AL
T3, Fe,O5 BB R 5% XA & A2 AL AL 1) 2L
PRI ZE, ARSI EIE T RIS
B A 2 A RN Y FE EAEAEIE A, R LA A LT
IRARGE B BAAHERY, BENIEREHGILAE
fifi 5 47 (7=0.749, P<0.01). Fe,05(r=0.614, P<0.01).,
OM(r=0.474, P<0.01)¥JEM 5 FACCRERS), A
PGS 20 . Fe,O5 IR & 55 2 HiH 24,

T I 3 T R AR ALEI A S R ks R
AR FINAEAER, KA 3 ik . 48 Ak
AL =S MR FEE, RATEIMALEX
+ A4S TiOo,. K,0 1 P,Os HIEAHE, 5 pH
Al Si0, EHAHK K R (R 5), UL L SHCH T
R — B, AEAS I 1 5 4 38 5 i 1) o o
24 EWLEMNEBERERUARZNEN

KA RARTE I IR Y 2k L 338, A bRk R 1
1 0.84%, HAMREML AT, 78 TR
9% MIANF KIE WAL I 2 5 s ARl T 2P
B, LS A R A AT 447K T (0.4 mg/kg) R
1~ 2 MEOERPY i s i T A BB 1 L
A AVE A A, JOLEE IR X A R
0.472 mg/kg, FE—S I A S EW AP T =
3, W P kL A R AE 1 ~ 20 mg/kg 2
], A2 iR €0 1 A HLARR R, AR 9% & BRI
S A B A R A 1 5 BT AR 70.87%,
) 3 4 S AR, TR R Y, XOeEE
SR AN 5 R A AR (AR K AR FR AL T R AT
() = M GE IR P

3 #ie

TR I 2 22 - RS T H T A 9% e A1, A i
G 5 A S A 70% LA, BRI A
BRIZ LR R EEMAAEE, AP EE . R
VA ATACHAS | RS U BRAR . T 3
JZ AN T 2 A () A KL R B 2R DA
K, IR IT RN G B S R RO R R, SR
P S 2 [ 3 Af DXCHR 22 S B HEARAR J) o e Al - 4k
X EEMGT R IX, KA & e T4
PR AARIE, IR T PO R iR S
L B XA SR Al T 3R 0 AR R Tk
L o 5 S 3 i A R 28R BN S TR I Bk
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