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i FEEFIE BHTT X, X Y i 2 32 B Ok 5t
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HHAR EHR, WAERAERR AKRR . _ER,
HAER=ER FER AR NIER LR IS
R, XML E N £, R LT M, XK
A+ W AR AR A E L 2010
AEZ H AR XS R Ah 27 8] A iR SR 1 BH T 4
S EAL TR B = —3E K B B AL
THEE—5 A, &S Ee T8 2K AU
B AL T A Z KO 3% BT A R
PRI B B B R B R, R A X R
FRPRORHLIC R A K A2 R S B ) S Y |
4

2 MREINE

2.1 HEmRESLE

2018 ~2020 4EFEFI| EL A UE FH—4 BH B /)N 5
— 7 A o LR T K e X S SR A I
1:577 4 b 5 i Mo BR Ak 22 BT, 9 B R 2 i AR 770
km?, $2 R EIBE 25 G BL RS A1 15 17 b 98 A a5, 7
A PR AR R s 5 A B2 1 PR R R B b
T g B b [ 5 ) S B BT AL S R 2 R,
BI TSRS 4 DTS, TR TR TR
—RAI B B R SRS 20 ~30 m, SRFEAT IR
BEORFEMRE] 20 em WA, ETFHARE, &
FZSII B —4 20 em WA+ 07, AR LB S
BRI A A, BRSSP B | TR
A kP BRI S22 )G AR R R

FEdS o WCAIEAE & N L FR Ok,
PIAE A 5 s, A GPS e 5% A~ Rk
SRR T RERRE S B AT AL M S A B A+
ST | A HEEAY b A FHBOIR BT S A
PRALRR FE A EA T TR IR .+ JE o 5 o i AN
F 1.5 kg, HRE ST IS0 6 %, 7R B ik SR KL
T, ERERY R AT 20 HALRE i, 0 e
TR AR S IR ST AR, B 300 g IR A
PREIE IR, HEAT SE 00 5 A A, R R AR
1:5T7 )2 1580 5 982 1 RN 7.8 Hi/km,
HApEERE 158 14, 5L 2. 7%,
2.2 tEEAMRNE

IR LSBT E TAEAEARAC A (B T 2 s
MR LIS E e, 148 pH B ( 1Kk 1:2.5)
SR B TR B I I, A6 HH B Ry 0. 1545 HILSE
BORAA =L KB R 0. 1%, 4HrilE irf +
SRR A i AR SRR S A O Mk
BE 162 A~ ke i HEA T 8 S50 S =2 e 39 A4
b4 2 ST o e e 1T 77 T w3 A X T £
7R BRI 0,500 0 g KTt 200 H 5 Y 1 HERE
i, ZVRAE PR — = SRR T AT, R 2 6 i vk
(AFS) M5E 4 HIBR A 0. 01x 107, 4438 250 B
Ji: R AR 10,00 g 33 20 B i 4 3R ik
A 150 mL A B35S = A, A 50. 0 mL ¥R EE
1 mol/L /) HCl 2423, A K PR av LI 1.5
h, Bt g S UEHUH AFS S Hrilae . g
BOY FKES BT RIREL 5658 SR
CEEE VR AE SRA NG S MRE AL 7
P MR WL 1, A ATt i) B R 4 o 4
H [ S S A AS M ER AL 25 DR R S 40 B R AR
ZLR (47) (DD 2005-03) Y 04T, BT 20 A ik 45
SRR LR B T TR W e T ek Ak
M T L,
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Table 1 Analytical steps for determining the chemical fraction of Se in soil

T IS FEHGR (B
F1 IR ZEMBIK 25 mL,¥%57, #& 7% 30 min, 5.0> 20 min, 143§
F2 BT 1 mol/L HLEE 25 mL,#%5], #& 7% 30 min, 50> 20 min, 143§
F3 W2 &4 1 mol/L BARR AV 25 mL, $85) 4% 1 h, BUE 2 h, B0 20 min, 33§
F4 JETEIREE & 75 0. 1 mol/L AR HN VA B 50 mL,¥%%], ¥E% 40 min, 5.0 20 min, i1 7€
F5 B AR 0.25 mol/L #hBRFFM—HhBRIR G 50 mL,#%57, &% 1 h, B0 20 min, i33E

. 30% i3 EAL AL (1+1) FEFRVA WA
F6 [ ZEAT N A S A
HAHA G 3.2 mol/L B R i — Rl R IR A T

F7 PRI WA R — s E R T

3 mL AR, 5 mL LA AL 857,83 CHHE/KIE 1.5 h, b 3 mL &F

AALE FEIRZKIA 70 min, A 2.5 mL BSRRE—RSRRIA R , B2
25 mL,E 10 h, 0> 20min, it 3

B F6 AR 15 mL AN A 3 mlL = SR &
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w(Se) < 3.0x107°) i F G 43 (w(Se) > 3. 0%
107%) , W 5 IX A B LI o8 =, AR 647. 01
km?, (5 86. 17% , = it + 45 X 1 B 64. 27 km?, /4
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note: the column height is the arithmetic average, the error line is the
calibration error, n is the sample number; the same below

1 REITHR LW HHFIE
Fig.1 Distribution characteristics of soil total Se

concentrations in different administrative regions

3.1.2  ANFEHRTS = WA e
MRXMWEFEAH LR ERR SR =
BER HIER SBVUER 6 D HLT A TT, A [ 5 1 5

BT R MERfL AR AN 2 FR . TS [A]H
JEAEARAE A HUE 8 1 G A AR A
(2557 AL BE B i) 18 4l 25 i R 0
BRI 22 Sk PR Ik A 9 5 o 7 L A 1) b B 7
S0 R 2 L R AR 4
Frib P RE AR (0. 34x107°) , R 55 0 3R 458
e, BN O E N 0.33%x107°, 5 ERFS
GBI T i 4 L T A X BRER DU AR - e
Wl A — 2, AFEE X 12 0 A AR DU &R L T
Gt T A R 2 A A S = OF BIE R 0. 30 %
107, 8 3T 28 6% BH 41 1 490 5 &2 - 3 {H°h 0. 29 x
107, 58 DU 28 o B 45 49 5 1734 0. 27 %
107, BAORE 55 DU 2 12 et & B R B o &
B> DG S E RS, H L SR R
%o 550 2R p LB - 9% 3mT BT T i b
TR RS A, R A S e R
Yy X I T35 4 X AR — 35, U RH 2 X A DY
FW Iy S XS B AR SR AR BT
PR 2 PR, 56 DU 2R AT LA AR AR e A Xl 11 4 Jo
AR, ELA -5 A AL 0T v R A5 BT 5 D 3R U 20 /)
() %6h = AT A rp T RE R A W R B S R AR T A AR
B, F I AR A T2y I 35 5 ) - 9 i 1 B Ay
%ﬁ[21—22] .

0.6

0.5

o
=

W(Se)/10%
e
(%)

(=1
[\
—

0.1 = 2 e [ |o <+
o [l |l ]||l© [[o|lvw]||lo ™~ =+ ||
S e i i T |||

OL L = = = = = = = = =
IY DQ ES DS XD XL JB DZ SL GC IC HX

W—#i B R =2 I DO—2 M 4 ES—— & R A& 74l DS— |
BUBTEE s XD—T3 R R 2220 s XLt A % FHAL ; JB—8i) £ R bR
A ;DZ—PHEH G SL— =8 R XKW GC—h IE R RTIWA;
JC—H#i B R TR HX— S8R R AR 4l

JY—Yunmengshan formation of Jixian system; DQ-—Holocene series;
ES—Shihezi formation of Permian system; DS—upper Pleistocene series;
XD—Daan formation of Neogene system; XL—Luoyang formation of Neo-
gene system; JB—Beidajian formation of Jixian system; DZ-—middle
Pleistocene series; SL—Liujiagou formation of Triassic system; GC—
Chenzhaigou formation of Paleogene system; JC—Baicaoping formation of
Jixian system; HX—Xinji formation of Cambrian system
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Fig.2 Distribution characteristics of total Se concentrations

in soils from different parent materials
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Fig.3 Distribution characteristics of total Se

concentrations in different types of soils
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fIF 5 DX R A 0 i ) 2 A8 55 O R Bl | 5 | el
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SR 7 w1 | V2 = 1 v e e 5 R T = o
I 4 AT LLE AN ] 4 R R 2 R el
BRZES , K/ANFHRIR Hy . 7K H (0. 37x107°) >
Mt (0. 34x107°) >/KZEML (0. 32x107°) >FHB (0. 29
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HAE M (0. 26x107°) > Hifth bk (0. 22x107°) , 5
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1. 13 J2 1.07 455, BT XK B8 Hi A 52 3 1 AR S B
Hu TR 89% , 52 N M Bl M 45, HoAth 7oty | HC
Ak A5 32 N R i B a5 /0N, K 8 b A o
SRR 1. 10 £5, F3 512 L Ath R b A L Ath bR b Y
1.23 Fl 1.45 fi5, BFFERA, A N6 Shig msR 21
FRAE R, -0 il LA 2 R A AR T O
FE , ANFIT 300 Y o 4R s WA TSR WY, ARJL Bt
S e v T LA - R R O = R R R
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A, ARG 3 ry s 55 s R AR S S
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ARTITION SN
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Fig.4 Distribution characteristics of total Se concentrations

in soil under different land use patterns

3. 1.5 AN[AIRREEYE + HE 4l o A FEAT

5T X P9 -5 pH (YLK 4.59 ~ 8.56,F3
B8 7. 53 Bt Ptk mctE 3R B S R
ARE SR 12.55% 14, 29% F1 73. 16% ; 245 + 1%
pH (K TR 372 pH {H 8. 07, #F 5% X AR
PR 1 AR T R M BRI 2= RRAE A A I DL an &1 5
o WIS ATLLE N [ R i 1 4 48 4 A 1 i
BRZESR, R/NBFHU R - M+ (0. 33x107°)
>+ HE(0. 32x107°) Bl PE 4 (0. 29x107°) | &
W R T A R Tl Y & 4, S5 2R g Y
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ket o N Y v I L RE oo S Col N i e o
AR PR AR T SAE A SRR IR VR R3S 5 i 4%
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Fig.5 Distribution characteristics of total Se

concentrations in acidic and alkaline soils

3.1.6  AN[FEAPLE &= Rk
I AP &= T 0. 17% ~ 17. 43%,
SESE 1. 89% , 5 2019 4Ei 448 A HLTE

Pyermd Y, 4% A PR SRR 4y, BRI X
939% [ + 3 RE A A LT & A T 5 R L EOKF
ATl LT it G o0 2 M BR A 2R R AE S A 1 1l
mFE 2 FiR, ATUE N, BHEE PR &, 1
SR R R, 3k 2 W - 9 oA BT B g R T
R E AR KA IR SMETRE T &
A G RN B EICRE &, BREIES * H L
O KA 1) S M = 3 30 kg W o R T VR, A BILJ
SRR T A 4, T A 9 PR Y 8 6 RE )tk
i, e P AR A AR A X, SETES R UK
I RS AL S R R IEA X
(P<0.01) , MIE R KN 0. 718, fifiEEEY LR,
FE A W ER AL 2 G PR B b & A AR B AR e AR A
F 22 4 b 5 i 5 A DL B A DG OG
F 5 TR LIS (4R S o DA S i B 005 15 68 3 I 45
A2 e e T

R2 TRANRSELHESWS HHIE

Table 2 Distribution characteristics of Se concentrations in soils with different organic matter contents

F Y BHLB % FEAKL e/ ME/1076 FRAE/1076 SFH4{/1076 FrifE22/1076
e >4.00 51 0.311 5.670 0. 802 0.789
= 3.01~4.00 168 0.253 1. 660 0. 489 0.188
LR 2.01~3.00 1963 0.171 1.333 0.350 0.088
th 1.01~2.00 3204 0. 066 1. 166 0. 269 0. 062
fi& 0.60~1.00 279 0. 058 0.443 0.138 0. 046
A <0. 60 129 0.033 0.207 0.083 0.033

3.2 TEANUSWS R
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(7.03x107°)>£1 %6+ (6.66x107°) ., 54X 1R
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52l pH AT LT FH 5C R 005 0. 543
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SU NGVl w2 TN P 709 1 1t LE1 B 254 ol we= T B e 4
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UEF, R BB R R sl T R Y
LA, 75 DL 08 A AR 19 S0 R A 2 TV
AT R A G AR SR AT W ) 1 LD 5 ARG R AR

DyES A AR 245 G ), DT e ARG A0 1) A 28 1 A
ILRBE A AR WA, BRIEACAF T, S A kAT
SO B A7 A5, L ) ST R AR 5, (L A R 30K
VAR, TIOR8 A 5 R RS, B A 64
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Fig. 6 Distribution characteristics of bioavailable Se

concentrations in different types of soils
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Fig.7 Fractions of Se in acidic and alkaline soils
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FI(FL+F2+F3) i 58 0 41 iy R 31 /08 10 0 4K
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R RE W ML X 5 AN B e 2 A
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Fig. 8 Fractions of Se in different types of soils
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Distributions of the total concentration, bioavailability, and speciation of
selenium in soils in Luoyang City, Henan Province, China

TIAN Qiang-Guo', HOU Jin-Kai', YANG Zai-Wei*’, LI Li-Yuan™’
(1. Institute of Geology and Mineral Resources Survey, Henan Bureau of Geology and Mineral Development , Luoyang 471023, China; 2. School of Envi-
ronment and Natural Resources, Zhejiang University of Science and Technology, Hangzhou 310023, China; 3. Key Laboratory of Recycling and Eco-
Treaiment of Waste Biomass of Zhejiang Province, Hangzhou 310023, China)

Abstract; Targeting the selenium resource in soils of Luoyang City, Henan Province, this study analyzed the distribution of total sele-
nium concentration under different geological settings, soil types, land use types, acidity and alkalinity, and organic matter. Further-
more, it determined the bioavailability and speciation distribution of selenium in the soils. The results indicate that; (1) The soils in
Luoyang City have total selenium concentrations of (0.03~5.67)x107°, with an average of 0. 30x10™°, and the area of soils with
moderate and rich selenium accounts for 94. 73%; (2) The average selenium concentration is the highest in soils of the Jixian Yun-
mengshan formation and the lowest in soils of the Cambrian Xinji Formation; (3) The average total selenium concentration is the high-
est in lime concretion black soil and the lowest in paddy soil; (4) Regarding land use types, the average total selenium concentration
is relatively high in soils of paddy land and woodland; (5) Soils with high acidity and high organic matter concentrations are favorable
for selenium enrichment; (6) In terms of soil types, the average concentration of bioavailable selenium is the highest in fluvo-aquic
soils and the lowest in red clays; (7) The average concentration of bioavailable selenium is higher in alkaline soils than in neutral and
acidic soils; (8) Selenium in soils primarily occurs in residue, strong organic bound, and humic acidic bound forms, with the highest
average concentration of bioavailable selenium occurring in alkaline soils and red clays. The selenium resource in the soils in Luoyang
City has high utilization potential, and it is feasible to conduct targeted development and planning of the selenium-rich industry accord-
ing to the distribution of total selenium concentration in the study area.

Key words: soil; selenium; bioavailability; speciation
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