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Enrichment Factors of Soil-Se in the Farmland in Shizuishan City, Ningxia®
WANG Ying'?, LIU Hai-yan® , WANG Ze-jing’ ™ , ZHANG Xiao-dong?, WANG Deng-hong® | 4+ | rar

o

(1. School of Earth Science and Resources , China University/of Geoseiér_lce, Beijing 100083, China; 2. Ningﬁﬁa listitute-of Elementary Geological Survey,YiT;chu@uﬁS‘.O_Qﬂ‘,
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China; 3. Institute of Mine.r.af Resources, Chinese Académy of GeologicalSciences, Beijing 100037, Ching) ¥ L -

Abstracf; Shizuishan is'al typical exhausted resources-based gity in"i.he nol"ﬁle}'-r‘ffe;rea of the Ningxia Hui aut0ﬁ8m0us fegion in ChinagiIn order to develop the planting .indus:t_l;y-
of selenium|( Se) -ich fli_g[icllﬂtural products and promote gre‘gn_ ;md § slainaﬂ;)- urban development and transformation invesligé#ionsrlon the quality of Se-ri¢h land-were ca;';ie_d.-"
out in Shizuishan Ci.ty-‘, where 7 399 surface soil (0-26 cm)Jga(nples of fal‘f;ﬂaf;ds', 30 atmospheric precipiltzfiim}samples: and-’i]ine parent rocks were colleted. By means‘-of
semi variogtam model construction by GS ™, Kriging interpolation in Arcgls and statistics via SPSS, such as goirelation analysis and mean-value analysis, the content ,spatial
distribiition ,-and entichment factors of Se-soil were analyzegl'j Furthen, thefenrichment characteristics of soil Se in alkaline conditions were summarized. The results indicated
that @(iSe) ilxl“. surface soil Was (0.26 £0.12) mg-kg™" | and its sf)alial distribution was highly auto-correlated. The variation in Sefcontent was related to natural factors.
Along Helan Mountaizi the contentf of Se in the surface soil-was compﬁfalivc}y']filg_b,erfﬁan that where coal mines were located. The parent rock was the principal factor that
controlfedéthe/énrichment of soil Se. The physical and chemical propertie&® of soil such as organic material, pH, and iron and manganese oxides had crucial effects on the
enrichment0f soil Se in a surficial environment. Compared to a strong alkaline environment, alkaline conditions were beneficial for the enrichment of Se in the surface soil.

Key words: soil-Se; characteristics; enrichment factors; alkaline soil; Shizuishan City
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Table 1  Analyzed items and its testing method
and detection limits of samples
HH R 284! T KR
HA IR
Se)/mg-kg ! o AFS 0.01
w(Se)/mg kg KT
o(AHLTE) /% T VOL 0.02
©(Mn)/mg-kg ! ICP-OES 5
o(As)/mg-kg ! AFS 0.2
ke ! . - ICP-OE! 1.5
wolC/meke” gy OO
w(Ni)/mg-kg ™! ICP-OES 0.2
(Cu)/mg-kg ™! ICP-MS 0.1
pH ISE 0.01
w(TFe,05)/% 35 ICP-OES  0.02
0(S)/mg-kg ! HFIR 15
0(Cd)/mg-kg™! ICP-MS  0.02
ke ! . - AF .
o(Hg)/meke™ g ey 5 0.0005
o(Pb)/mg-kg™! 1CP-MS 0.02
©(Zn)/mg-kg ! ICP-MS 1

1) AFS: JEF50E T ISE: B TPk iRIE; VOL. Ahbik.
ICP-OFES; UG 4585 TR E 7 R S1O63%; HFIR: w kb0 4t

GBWO7442 $ il 48 5 i) v 2
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Table 2 Main physical and chemical parameters in the surface soil in study area(n =7 399)
p: -
5 FHED it 2 i R FA PR e
pH 8.56 — 7.65 ~10.39 0.04 — 8
w(HHUR) /% 1.51 0.67 0.06 ~9.06 0.44 0.74 —
(TFe,0,)/% 4.21 0.73 0.03 ~6.51 0.17 3.35 4.2
(Mn)/mg-kg ™" 800.72 124. 98 4.69 ~2725.8 0.16 472.53 569
(S)/mg kg 918.46 2424.75 34.58 ~28 922 2.64 267.66 245
w(As)/mg-kg ™! 12.18 10.68 3.15 ~893.90 0.88 9.46 9
(Cd)/mg-kg ™" 0.19 0.06 0.04 ~0.70 0.31 0.13 0.137
(Cr)/mg-kg™" 60.91 11.73 2.86 ~92.48 0.19 54.13 53
w(Hg)/mg-kg ™! 0.032 0.024 0.002 ~1.029 0.77 0.024 0.026
(Ni)/mg-kg ™! 29.85 6.39 8.87 ~46.70 0.21 23.25 24
(Pb)/mg-kg ™" 21.62 3.50 11.44 ~84.01 0.16 18.28 22
(Cu)/mg-kg ™" 22.65 4.91 7.44 ~49.08 0.21 17.60 20
w(Zn)/mg-kg™" 65.81 14.19 0.91 ~138.60 0.22 48.83 66
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Table-3  Content of Se in surface soils of different g otypefl

\

fmat S e FEA

Wﬁ%/mg-kg‘fll ’ V’ﬁmg/mé-_kg*ll AR

[ Jroi/mea

0.11 l'f ﬁ;o.?zdéy*

0.13 0.02 ~ .29 .49, 9
0.12 0.02~1. 049 & &
0.12 /ﬁ'ﬁ . 3.1‘%'%1. Lgfh k‘}
0.17 ' o0 4 0.06~1 0.63
0.15 0.13 ~0. 0.38
0.05 0.09 ~0.33 0.29
0.12 0.02 ~1.80 0. 46
F4 FHAMNAAXLIERE Se =
Table 4 Content of Se in surface soils of different use conditions
A A 2 FE AL S/ mg kg ! FrifE2/mg-kg ! AR F/ mg kg ™! AR R
Bt 6252 0.26 0.11 0.02~1.8 0. 44
it 286 0.28 0.16 0.02~1.2 0.56
e 861 0.25 0.13 0.02~1.24 0.52
WX 7399 0.26 0.12 0.02 ~1.80 0. 46

P LR, B RUMRHE, | R b IO e 2 2 R (P
>0.05) , X 5 PR N B4 By pkdth b Se -1 5
ERTE AR S N UEE 7 N R
2.2.4 I Se WIESHFIE
XA TR E R AP Se B ES
THRI(FES5), Se MMRAATE A DL AR i S A LA
(CSRANUERE I RES A AMA) S F | 754 Se
o7 Y E I8 84. 3%, AR 45 A A N L EAL K
2.4% I A Se TG HILA Se FEHFATAHIC
PEOHTAHH (B 6) , 4 Se S SRS | sRAHLLS
G AR E S MY G Se R & EA
X% BEE RIS WAL A SIS IREE A7 Se

£S5 LTEFTRAMES Se FBES Se FEHHELY /%
Table 5 Proportion of different morphologicals

in the total Se of soil-Se/%

B FEIE ez BME ROKE
IR 5. 40 2.20 3.40 12.50
B 5.30 1.60 3.70 9.70
WRIREL B 2.60 0.70 1.90 4.60
B ES 2.40 0. 60 1. 60 4.20
JERHRAE A 11.20 3.90 1.60 15. 40
AL A 23.00 6. 00 12.70 29. 80
FRIEDS 50. 10 8.20 42.00 69. 60

1) TEW K Se BIEASHT, 135 Se 14> Se 0%, Fm LM £ FIERS
Se Z Fll
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Table 6 Content of Se and other characters of rock samples
FE i 2 )2 Foyids o(Se)/mg-kg!
1 KRR R (PUh) KAV, f YeibA 0.535
2 ARFEKIFEA(C,P 1) B T RS B 0T 1.594
3 AWBARIFH(C,P ) U WA FIRR T DU 0. 587
4 iR KL (C,P L) 2 0.737
5 ARFRFIRELL(Cyy) BUR | Wb R 5T 5 1.62
6 ARFETHA(Cyy) JEL IR S T 1.439
7 BORFFIRIEA(Cyy) PiEegilt; Sigaly 0.953
8 FARRFEAL(C,yj) BTG TN A 2.055
9 FIRFIFLAH (C,j) P LR 1.209
EHE 1.192
RIZ LV EHE 0.26
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2.3.2 SN Se A + ) A YR SCER (27,28 14550, HL T KRS AR Se
(D RATRICFEY) A Se EMMERLAIE  SEIE TR . JOEA AR 5L, HEAE L)
e, R Se ULREBEA 1R Se N —FER  JREMJESEE S N, P HIAT Se BLHLIL N I,
BT AR R, R E R E AR XWX 4 N R4 P A S B AR
W D Se BRI SRR LB EIE BN K BB K FBEAL XS Se #Y &
FRSG , MEPRA 2 WU B IR TR % e X 2 AR STk
B Se UEZORIF M — L T RAMGMI, BFE 2.3.3 RHELERR
FRAMERCZSRIE | b A Tl A B LA R AR 70 (1) BBE(pH)  pH il F ] Se 5 - HEd 43
BAF R R FBORR T UM T Se' ™2 BEWT B (9 B 0 it W FF JH 3 1 522 000 Se 119 JE 25 1 4L
RIZLHEE Se. £IME B KREET B0, 4F 2L M BF9CIX pH > 8.5 BUSRBRTERE i 17 60. 18%,
B TAERE K 2 W UREIRAL T SRy pH 5 Se At R EF LM GAIDCL R =0.1375,P <
AT, R T UIREY R A TTRE S Se (T 0.05, 8 7(a) ], BRIEBSR X R ZE Se B A M 1E
FORIE. WX KT T U T Se MIERE S5 . XA AR K 7tk L3 rh, Se 22 IR 5 ¥
Gt (R 7) 8], RATUET o (Se) FHMHA  TKMMRR LA, SrEBER Se AL R HIE1E
0.7 mg-kg ™, A AGE i 0.074 mg- (m®-a) ', BE AR, Se GRS, N L AR £h A6 ALY P J2 5
NG T AT GO B R K B X 22 T WO ) Bk i, U [ 22 ) 5 3%
WEIFAEFSE X+ 4 Se TSR A0 EHATHRA . Se S RETEBIIE BRI AR, 33 15398 8% %) A

%7 WREASTREMD Se MELBHEE (n=20) P BB - B S b P 9 4
Table 7 Content of Se and heavy metals in‘ihe atmosﬁhcric %* Hﬁ i | " = -_.a"""
_ dry dfipp'gilion of research area(ﬂlﬂ = 30? : |,- .-. A Xd‘ﬁﬂ:% ]Z j:"f% LI pH.-':“g, 5 ﬂfj] E]Ii mﬁ‘r@ ﬂ%ﬂﬁ}ﬁ ‘ri
o ) i T R e RRAETE g FE) IR
o(Se) Or1al 197 070 T 03 n “(-).'33,;“ %ﬁ%*gwﬁﬁﬂjﬁj?%ﬁm%% : ﬁﬁ‘f@iﬁ%}q‘}i
o(dr) (5740 -62.86 3041 | 054 0.3 APE AT W RS2 (F =119. 82, P <0.05) ; gl
GTCd) 4036 22,47 0.80 04l | osi | LR A PLT TR, 0, . Mn il Se £ iﬁjﬁ}i%}ﬁ

e Tl 5 e (AT kst s, WOtEA(ET
wMg) [ 0.0120.12 0.05 0.03 05 WA pH SN Se 9 HREALIG0H | Se 75 13 9 1T
PR 10 fd 139 Se $4L, Se 97 B pH Tt
(2)MEBRAGIE B AL S B PR ERERRS I T7(a) 7 ()T ()] XY
VI 2, OUR AR LA KB, S G JRUBRATE T (R A A ).
*8 AEpHETRETZENWENER

Table 8 Physical and chemical properties in surface soil under different pH values

N o ML) w(TFe,0;) w(Mn) w(Se)
A1 =] H w(’ﬁﬁ[‘ 2Y3

HH e p /% /% /mg-kg ™! /mg-kg !
T pH<8.5 2 946 8.34 £0.12 1. 81 +0.61 4.47 £0.52 642. 63 £100. 19 0.29 +0.13
SR E pH>8.5 4453 8.77 £0.27 1.31 +0. 63 4.04 £0.79 573.20 = 131. 60 0.24 £0. 10

()FHLBT AALBE S IR R AR Se 76 7, DU, SEML TTPURN) T AR SR A R B A A L
IR RAVURA S SAAYEE, R BUBTEE R I X Se RO IRZFTRE )R, R Se
BTN Se HLAT 3R B0 W JF 5 [ 2 VR FH L Se fEfE OB A 25 I8 A — 220203409 L s A 4%
B IR AL MMRRRZHIE o (AL M WA VR S R, Se T RB [ 7
JE) M (1.51 £0.77)%, 5 Se SRR B FHFLIEIE  (d).7(HMT(g)]. HEHEWIFRIX Se LA DM 4h
L[ R =0.408,P <0.05, K 7(d) ],Se &r=bis  R(RS5 FE 6) B, AP Se 4 Se & EIHMHEN
AR S R AT AN X AT Rt FA LRI 34.2%, ERIIRZEE 475 Se M AHLEEAE Se H4
MBS T, AYURA S SARANI SRR, I Se & 2 M 8 B 3 1E M K (Rigmuss = 044,
SRR i B, IR T Se MU RE A AR R pusas =0.51,P <0.01) 3 A HE— A A
B s PR TR XA AL 2 X e a2 e LR Se AOAR B3 FEL AR VE .
KPP RLR G Se 125 TR A Se. X 5T ) BRER ALY TR BHr LT, Se &
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®9 AKLMRKRETIER Se SELETER Pearson HXRE"
Table 9  Pearson’s correlation coefficient of Se and heavy metals in surface soil in Shizuishan City
Se Cd Hg Pb Zn Cr Ni
As 0. 060 **
Cd 0.403 ™
Hg 0.270 ** 0.430 ™
Pb 0.583 ™ 0.714 0.397 "
Zn 0.559 ** 0.765 ™ 0.411* 0.829™
Cr 0.525* 0.716 ™ 0.372* 0.787 ™ 0.920 ™"
Ni 0.423 ™ 0.758 ** 0.368 ** 0.823 ™ 0.875™ 0. 898 **
Cu 0.421 ™ 0.768 ™ 0.392 " 0.836™ 0. 896 ™ 0.895 " 0.962 **
1) ** FRIRTE 0. 01 G (W) A 2
L3 Se X4 IR MASHBOVATT. (4] BT, WA, AU, . BARABUETE M),
jl:;i: ﬂﬁﬁmmﬂi 2019.
3 & (5] Edk, BT, XUNUR, %, RHTE 54 i, b
ﬁiﬂﬁ}&m@z [ ] MRS, 2021, 28(3) : 412-423.
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