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VL 76 DX 1-EL 1 Bt BR Ak 5 A1 B 55 1) PR =6

SETE, RRKA, FHAA, el BRER, R
(1. PO A DX BT 7 3 2 T & Jmy Bt ST BN, PE 3L B T 850032
2 S IERRGRIE R, LR 100084)

WE. MAARLFOREIAEZZL— , LR FPHUBETEARERLZE W, AT LEME T HRIE B
RGHIEFRRyAR S LEH/EFTH AR E TS G MBI RITEA R K RS b TR
By Wo g5 IR 5 3 B & 2 5L AT O 2R AR AR AL TR, R AR S AT AT AR, B A
St LI R CAR S ARG BRI R A X LR BET @A RTAET AR, AL ABETRAGEETE
FEMR ARG, ZAARERELE a3 \@ 8o HFH0, RARTRAERER(AFS) ZF ik
(VOC) ¥ BA8 55 B T AR Z A4 38 0% (ICP-O0ES) 5 77 ik | & L3 P 69 Al R 2 Al A LR #4542 45
A, ARG T R AR R LA A AR A FE SRR Y0 B R AT ST, SR AN
O RREAELEMASZEE A 0. 14~ 1. 5lmg/kg, P 123 A 0. 44mg/kg, & & 5 L3 7 -F 315 (0. 15
mg/kg) 89 2.9 4&Fa % B A B £3E Se FIHMA(0. 26mg/kg) 89 1.5 4 KA AR A ELIE T AMETHD,;
BFRREFELE R HEBETEE A 0. 8~26. 8ug/kg, PILHK A 9. 2ug/kg, L3E A 2 M b A A5
0.21%~5.79% ; L3455 T 0. 4mg/kg A FIRAL, BF X K S @ A28 77.25% H 4% 8 LX) R AR R, &
Pg LR RES  QFRR T Zo A2 4B (Tn) A8 S (), r) ELE LEPmETERSG, PIK
2514 0. 44mg/kg F2 0. 41mg/kg, LI MBEF 5 H X FEM X LI LT 6.3 8 AR pH, TFe,0,
FALE AWM T ARLE A2 LA BB E AAT pH N P B R A A AT BT RET
(CEC) 2 R & EA X ;b1 4k BALHY (TFe,0,) A KA T A — 3 HERA;QLIE E a3 @A R L
R, EREEHEFTEERAGREEAR R, BEIA AR L Se 8K S, FMERFTRF T, TAET
EERSEE TR G LI B,
KSR, IR, WAL AR, Bl E; RT OB, BRETE
A
(1) AARE LI Se & FEEH 0. 14~ 1. Slmg/kg, P14 H 0. 44mg/kg, ¥ B 3 T & iAo P B & & LI 45
S FHM,
(2) LEBEZTERFFREAEL, S 2B i B SWZE 8 ZIEH,
(3) E3EAIR NP MR A LHE R4 CEC 237 LI A A= A%,
HRESES . S151.93; 0657.31 SCHEFRIDED . A

i (Se) AR LTHMBEILRZ —,  FUIRE, WARHUAA R I ST
[ AN R, TR AR EA ZREY) OSSR, NRRHIN ) 75 KA FAR A il A A

Wi HEA: 2022-04-24; fEEIHEA: 2022-06-30; #EZ HEA: 2022-08-20
BEE£TE: PO A A X RS = A 1 & =0 B « P4 e 7 5 35 g Xm0 3 - e PR R 2 (G [ 2021116 5)
EERIN . 235 Da, TR, NFASHERIL#5T . E-mail: 549229277@ qq. com,
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FESST AR R R A — RN T G
WA B ATIRM PR B, P EE RS
il H BT H AN 50~400pg, AfRE3)
YIRS e R AN AR T H B A A, HAE AN
JEX7/LRE S WY =/ L Sb TS S HIPRY i UL ot/ R LTS
Bk AT L4, U, b A 5 R G R
P, MWABRKRE , et g Ak 3 o, Pl , 4
TR 15% N DB =ffoc RS, dE 5
Bz BB ERZ — , AR =8 2 = 5t R A
— S AAN A, 29 o5 B A R 72% , Fo 30% kT
B X T VG AR A AR Y L, R AT
R AR, ARFSEE R, E T
A SR R A 57 BOE M gR R, P E kY
A 519K L IEBf ) s A W gT I, v 4 4 A A
AR AR E AU 30% 545, AR
[ 22 H bR ek 25 A R s | 4 [ 362 4 S o
I 0. 217mg/ ke , 404 33. 349% 1 SRR P 78 AN 2 Al
B ITAE SR, 4 [ 4% MR 2 T R T Hb B
BRI TAE % IR 19 A - 0 R, A3 A%
THEMRSS T AT TR e & AR 2%, R, + Sty
WAL SRR N Z —

VYA T 80 e S AR 4y A B 2 2R
BRI R T AR A R 1L 3R
A, PRI X N2 S5 i e b IX 2 — 3R
BE MR 2= 5T S BRAR I T, SR, 22 [ SR M A
BRI A 22 R 250, 76 V9 A8 X A ¢ 55T
F BRI S FORHER A IR, U A G+
Bk Ay A g LD . HoAn BB E K
“A L TOCUHREIY K ) VG I IR EE T S A
IR VG 5 L [X 95% 1) £ 3 Se & & 7E 0. 049 ~
0.365mg/kg Z[8], SF-HI{E 4 0. 15mg/kg' " (n =205
), POt A i AR T E R )2 K
SEUR e A SR A B o R R e A B LA B
RV BEA VU R GEAF 5T, 55 Hi v 8 X+ 18
TSRk A Tz s B, s Xt
T PR 3 X L DR AT 5 R A o B, L A4
SEHIEN 0. 18mg/kg (n =80 1) , 7 BRAFARL A F- 24 {E
] 0.011mg/ kg (n=67 1) ; A~ FEHESE 5F 5% R BH,
VU AR X - AR 5 F Y R 0. 08 ~ 0. 71mg/kg, 1
BIEA 0. 23mg/ kg (n=1022 ) , R 2 HEVLAL 4
SIS Y8 & AR 0. 14mg/kg; WL, A BF 5T &
XF - RRER e it i) s R 58 R I, AL X
T A B ol PR 28 A AR R W LU Y VA
R T B AN T A RE Y = S DY B
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Ve, P R 2 2 R A B B RD - 2 R A R
SORVEM B AV - TR B, e 25 R ) e 4 45
B MO, RIEWFFT R, 13 Se & 2l A
Ry R R S 2 R R R AR R R Y
MO O T X8R e R AT — 25 5
XA B REZHEPIRIIEUON, S R S R
O FA 5, Z M AT s g
WA, 3R & i 2 A AL pH (45 52
i A A3 I A RO e R e R B ok AT -
PR R R AHEAEEE X,

ARSCLAVERR F 36 X P B Bk b X A A5 %
B, RGRERZ I T A A AR
KR T 66 2 (AFS) | HL B & 25 88 TR &
SPO6IE I (ICP -0ES) (ZF# % ( VOL) %5 J7 i I
Se AR AHLB SRR, FIHBCERSE 734 (GIS
RO  THE T IX 4 S & SR fE oA S5
Mg PR 28, AU Ay o i s 8 DX G - b 9 DR 11
TE R AR AR

1 WFEXHESE

WFFEIX AL TG A 30 X LR TR T B b Ad &3
P L TR AR RS A 1, 122 X8 T e SR SRR B
T WA, ST X SR 32 2 IR S S b B, A e —
8 3~8km, e G ik 15km, By B AR B & 8, iRK
PERFTIE , BFSE X B B il -8 5 4
25, WFFEIX - A 2R = DA bk 3, Herpok
WA L E R, PR X ERE R R R
SR (Tyn) MRP R TG H YA (),r) Y R
TR (T, ,0) FIEE YR (Qh) , HorfiE ngi Fn H
MZH L Z ST IX B )2, L A A
SHRYRP T (28 5Bk BCE FUCA S A (1)

2 FERCREETTIL

F5E X A 200km” , SRAEFRJZ HHERE b 1587
PECE 1) S2BRAMHTRESD 1587 1, BF AR RAERF AL
B T AR AT RAE T, Y bR IE TR BT, 2R
FHCX BUERFE, YA IR, R A« S” BRAE
FLARCRAE TS 1 KR N T4 BR 4 o B b Bk AL 2
A HLIEY (DZ/T 0295—2016 ) #7E E R AT, #F
HSRAERS S AT SRR AL A AL 1 R B
Mo MRHBZERAERT, 3 ~4 AT RE DS 4L A TR
1A . B2 AR SR SR AR SRR, PR N
He WRGERY), ;uorR A5, 4k B H 1000g
DL ERER R ARELS . O TP G R 7E S E
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Fig. 1

Geological sketch and sampling point map of the study area. The black dots represent the topsoil sampling sites, the red

triangles represent the vertical profile locations, and the blue lines represent the study area.

] I B 40 AR R RS RFAE , 760 5% IX AN [R] X S8lite T2 10
4 48 1 ) ) 7, H)OE 4R 5 CMOL E CM10
(B 1), B CMO1 I HIEREE 140em &b, HoAx i) 1H IR
50 160em , #| I FE AIRHS 23825 20em RE—17F
FEah, IR AE 78 (F SRR S, BRI TR
o FEORH O B9 BE SR AT, 2 0 J5 1E A 0T 4 AR IE AE
200g VA L, IF JeBF A T8 A Bl ik, YR A2 — B
b2 ) i — A AR SRR A AR 15 R, TE
WF5E XA A X R S 1Y 130 14RE i 54T BH S 738
i (CEC) 7 ¥,

3 KR AT B 5T il
3.1 FEROHIIIEA

AR YRR AR 3RS A R A A I T A3
P T A28 3 S 56 03 o S B, A i R b
L ER AL 22 AN B ) (DZ/T 0295—2016) (4=
A M BR AL 2 D 0 RE S A BT B R R (A7) )
(DD2005-03 ) 45 M 5 47 b 1) A OC B0 78 Bk AT,
RETIEREG T T Se AW A LB pH N P
B 2R RO AT S B, 25 R o A O vk
ot BRI 1, AT LA YR T R FH 43 A 5 vk i i PR

1 USRS TR A B IR
Table 1 ~ Analytical methods and detection limit for soil samples
K Rk
SR BT B b 7 HERER AHR Iy e ek
(mg/kg)  (mg/kg)
Se JRTF DT (AFS) TR A R R 0.01 0.01  WHCS-FF-CS/04—2019
A BTG JRF2OEEIEL (AFS) W KR EL - 0.0005 WHCS-FF-(S/22—2019
HHLT FHP(VOL) VBT R TN A it 0.17 0.034 NY/T 1121. 6—2006
pH BT PRI (ISE) T AR KRR 0.1 0.1  WHCS-FF-CS/19—2019
TFe,0, RO 25 B TR R SPEIEE (ICP-0ES)  DUBRINAA it , $h1R I 12 0.05 0.02  WHCS-FF-CS/02—2019
N TLE T (EA) EifEN e 20 15 WHCS-FF-CS/12—2019
p LB A 45 B TR A 4% (ICP-OES) BARER 10 4.3 WHCS-FF-(CS/02—2019
Tl A 250 A (VOL) Bl A -4k - 1 LY/T 1228—2015
s . s AR R R S IR
S JK @%/x@&* AR “p_ ~ b i = b 5 ) ) .
M RS TR R DG (1ICP-0ES) Rt LAk S SRR 0.25 0.2 LY/T 1232—2015
TR LB & 453 TR 2 6% (ICP-0ES) LIRER L 1.25 1 LY/T 1234—2015
I B9 725 2
I’E%Z}Eiﬁém ik (VOL) LR 2.5 1" LY/T 1243—1999

TE: “x "B ICE Y ¢

s s 7 BN A emol/kg; =" Tk FRAE.,
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O TR v A i BR 225K, BE i 2 I 5T XA i 43 AT
PR,

Y H A SO IR A B — 1 oy
B, AR U R AT 338 50 I 4t 07 32 28 - R X
10. Og #f4 T 50mL Bedr A 20mL K, #857 J5
BT 160°C L n#4, 10min JFHCTR , R H1 5
U B SmIL BV TR VTR LM BEpr b il iR Al 4
LA, T 100°C LI ZE 2/ MABUS , il 50% 125 fin
PR 578 2 L i T SR AFS T A 25000 15 1
3.2 B s

ARWER)ZE TR AT B rp 46 A 37 f
SRR EEREAHRE100% ; 24 A 12 MEZK—Z
BRI 50X A3 B s S (R HERA B RSB e th
SEHEAT N B W A, 4 SR SR R o 0 A FORG
B R R RF A B R, AR 100% ;
FEHUIRC 112 PR S ABCE B2 MG 50 A BT, A A
MAMEE KT 96. 36% , 5 ML TR, A AR
SyMrd RE S A B R — P EYI IR 3 1, SR
h100% ; FhH I 2 R FE S S AL, A% RN
100% , % 23 0 100% ., WF5E X r A FE i 43 A
L G HEA T AT o i B WAL, 45 T 0T i 4 A 1 3k B
TR RITE LR FE S A BT B o i T A

4 #ER5PHE
4.1 HEHLERTE S REAE
4.1.1 R)Z T IEM IR R

BF 5 DX JELAR 43 M BCE AN, 3 AR5 v 22 51
BRESRHE S , X RO A7 15 250 A K 56 & BR, AT A
R s P AN IR M AEZS 0 A, BRI, DA rp (5 500 Sl e

FIXH R, NGETHER (R 2) TUE IR
2 RS EJL N 0. 14 ~ 1. 51mg/kg, P KN
0. 44mg/ kg , J2: T4 - LA F- 2 {H (0. 15mg/kg) "'
(2. 9 £% v [ R 2 14 (0 ~ 20em ) fifi F- ¥ (&
(0.26mg/kg) "> 1) 1.5 %, LB 5T X K2 + e
TR, MITRAZEFRECN 0. 23, RPMIEXE
J2 T HERN S B A AR X 5T

SRR S v IR L R e AR A TP )
HKOF, FEWF 5T X 3% )2 4 1 b A RORR 5 90 R
0.8~26. 8pg/kg, TN 9. 2pg/ke, i 1 458 21
TN 0.21% ~5. 19% 28], FBE R 2. 11% 8T
TRTET S R RZ A S, BF
5 DX A HEG 5 A 50RO DG A BT, P AR
bR Z ) AT — 2 A X PE (R=0. 183,P<0.01) , &
A 4 v [ o 4 0 5 S 2 0 TG 0 5 s A
P

i TR UL 22 i e N R L M o 5 PR
PR Y il 45 2 S0 43 b o, ST 51X A HEAR 7
HEAT AL 53, F ) - o b R Ak 27 8 A 5 PE A
BIER S (W) T REBM 2RI X+
SR A A () a3 A (P 2) Al DL AR5 DX T AR
[ 77. 25% 338 15 B & Al 4 e bR e, 3 BL50 A7 7
THRH Y8 BIFIE XA A SR A S Rl v 2
FEAME I X & Al e e IR =, HAE i R oA
(Bl 2), BA W HEF LR,
4.1.2 e ) R

HRAE 10 253 ) ) T AT 45 R s, W3R )Z IR
g A i B i 2 805 R 0. 44mg/kg (0 ~
20cm) 0. 46mg/kg(20~40cm) 0. 46mg/ kg (40 ~

2 REZLHHERACESERRE
Table 2 Characteristics of geochemical parameters for surface soil
Vi TRzt fe/ME BRME FH{E PR R =P AL R B
Se(mg/kg) 0.14 1.51 0.45 0. 44 0.10 0.23
ARG (ng/kg) 0.79 26. 80 9.20 8. 80 3.56 0.39
FHHLBT(%) 0.37 10. 50 2.53 2.45 1.03 0.41
pH 5.81 8. 86 8.22 8.32 0.41 0.05
TFe,04( %) 3.53 14.00 7.06 6.88 0.99 0.14
N(mg/kg) 489. 00 4412. 00 1822. 81 1792. 00 571. 10 0.31
P(mg/kg) 289. 00 1728. 00 839. 03 832. 00 193.97 0.23
B4 (mg/kg) 10. 00 472.00 100. 99 93. 80 49.61 0.49
HE (mg/kg) 0. 66 94.30 10.96 7.51 10. 00 0.91
HLHR (mg/kg) 6.00 794. 00 111.15 80. 00 89. 00 0. 80
VU 3, AT ( me/ kg ) 0.04 0.37 0.15 0.14 / 0.48
o R 28 2 MR ( mg/kg) 0.00 49. 60 0.26 0.21 0.22 0.80

T PURL L e S e 51 PR L BT R S S AR ) (BGRB8 ,1993) 5 AP B 2R 2 1 1l i i 51 A (b [ 1 e Bk fh 2

SR (B4 ,2020) .
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Fig. 2 Spatial distribution characteristics of topsoil selenium concentration in the study area. Dark green represents the selenium-—

enriched soil, which accounts for 77. 25% of the total area of the study area; the light green color represents the soil with

sufficient selenium, which accounts for 22. 75% of the total area of the study area.

60cm) . 0. 43mg/kg ( 60 ~ 80cm ) , 0. 40mg/kg ( 80 ~
100cm) 0. 37mg/kg ( 100 ~ 120cm ) 0. 33mg/kg ( 120
~140cm) 0. 34mg/kg (140~ 160cm) . A LLFE H | IE
J¥ 20~ 60cm Ab 498 il 5 ik g e, B DR BE N
%, B A B W b SRR E L 1m LUT 42
Bl /N T 0. 4mg/ kg, 2B I8N 75 5 T BEAZ R
SR BER B IR)ZEED . I m
Th] - A AR (] 3) LU, &)
CMO02 ,CMO03 ,CMO04 5 PV 22 38 J2 1l % 1 34 i 3
i, JE TR A g T 2 R R, Hoh
HITH CMO1 7 20 ~40cm Ab H BT &5 (A, 51 CMO5
7E 100 ~ 140cm A 14 B =5 (A, &)1 CMO6 , CM09
CMI10 7E 60 ~ 80cm Ab i BLAN /&5 {A, &) 11 CMO7,
CMOS8 7£ 40 ~ 60cm Ab H BUA i (, EAOR A, BF5E
DX ST 6 B ) T O B I T AR, X 5
LG A NN LAl 3 2 TRk R
SEISFEAFML T,

g ] 5 T A AT Bt o ) TR R
P2 WA, 75 2 )2 3% v (0 ~ 20em ) A 0l h
%A 10. 20e/ kg, BRAF 14581 (140 ~ 160cm ) AL
A B 4. 02pg/ kg, BT UL, TR A A5G 75 205
D 60% , T W FRAE BT, G £ b 5 P
SRR AT Lt 3 5 s - AT A A s, A R
FAE X A IR A
4.2 LHERNE RS #

B 2T T -2 W 3 o e 7 N w1 DA R
R BRAE T AR REZ TR R LG, A

Se @ B (x10)
01 02 03 04 05 06 07 08 09

| @

=100
=120
=140
-160

T4 T 5 ¥ (cm)
|

Sed B (x10)
0.3 04 0.5 0.6
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-100 |
-120 |
-140 |
-160
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Fig. 3 Soil vertical profile Se content characteristics. The

T 5 % (em)
|

H

b

abscissa represents the soil Se content and the
ordinate represents the profile depth. The content of

Se in soil decreases with the increase of soil depth.

SO T RIS A SR AT SO Y R DR R R

Jl R 5T A P 28 R | S AR A P o 4

R IRTT RSN ANA R0 5 25 R Z T AR DG AR
— 181 —



HOW

CAR

mak

2023 4

http;//www. ykes. ac. cn

4.2.1 EHR

BB R Y R ) T A 2 g
) F 2RI, BRI, AR RLA A il & i s 7
W, 78 = K 2 il & 2 K/MIRIR Oy« 728 T 5 >
KBCESTURUE Y W58 X 25 0 3 JZ A X B — |
KRELIEFTA NS, DL e 12 o H X R
A Z , DA B b2 TR a2 2 | BT A i
WO Y FR o () B, BESE I A A v T R
B R B 5 ARV AN (Tyn) FH 2541 (J,r)
2R E bl PR R (R 3) x4
M2 % B B S T 0. 4mg/ ke BORE B
854 4, i B 68. 44%

EAG— A2 B 2 % T 4 Pl o5
SUN= (SRS )= v FTETE a wa  S 1 ]
8 1F3R)2 L HERE i, DH i M 2 N 2 B 4 A ok
U5 BFSE X LER R PO Y AR DX, R 12 A b X 3

463 W XARMZ 5 X i s 5 g

JE R A AT LR B, B T DX A 4 A
H M2 12k E 3Pl & i 3 8 T T AR KR A
A A R M2

RT 2T i AR IR TEAF ST X AL R
g — Behb )2 il i — A A A T, S AR
Mr, & A TPl & R 0. 07 ~ 11, 00mg/ kg, -5
{0 1. 65mg/ kg, il = (B A5 £ 200 A1 T8 = BEARCE
AT Wt — RS2 T #F 5T X A el 5 2
KRR XS 1 22 5T TE N [ i X R A % B
B 5 R A R YA A e —
4.2.2 MR A

b R R XSG 2 2 b R A 2 8 B i T A AR
O AT S LD TR =2 1 S e 3 N I v ¢
ARFEHABEEN T HEREZRTY RKX
A A R K B RARBCE . HE A MR
AN TR D,

Table 3 Statistics of selenium parameters in soils of different stratigraphic distribution areas in the study area

LEr

Tl 4

il 75

W B M RN RS = 2T i BR R
(mgke)  (mgke) (kg ("R (meke)
TR =B (Tyn?) 110 0.22 1.03 0.43 0.42 0.11 0.25
TRUNZH Bt (Tyn?) 317 0.22 1.51 0.46 0.44 0.14 0.31
RN —BE(Tyn') 28 0.24 0.77 0.47 0.45 0.12 0.26
H244(,r) 401 0.14 1.35 0.43 0.41 0.11 0.27
PR (J,,0) 8 0.28 0.73 0.50 0.49 0.15 0.31
WA (Qh) 711 0.14 0.72 0.45 0.45 0.07 0.15
ML (Bw) 9 0.14 0.46 0.37 0.44 0.11 0.30
AR BEA (ym) 3 0.39 0.49 0.45 0.48 0.06 0.12
B (K, b) * 23 0.08 0.22 0.12 0.12 0.03 0.23
R (Tys) ™ 78 0.15 0.71 0.34 0.29 0.13 0. 40
WA (E,d)* 24 0.10 0.44 0.23 0.22 0.09 0.42
e s BRI T PR AR X E S X 1 5 7 A sk fh A A B
# 4 ARHORU TR ek Ik 2E S 5
Table 4 Geochemical parameters of selenium concentration in soils with different land use types
il 2 1 i 5 £ il 5 12 et e S
Fisin e /M Bkl AT miizgﬁ (ﬁfé) R R
(mg/kg) (mg/kg) (mg/kg)
K 860 0.26 0.98 0.45 0. 44 0.07 0.17
LS 20 0.38 0.58 0.47 0.46 0.05 0.11
KR 424 0.14 1.51 0.43 0.41 0.16 0.37
N TR 81 0.26 0.74 0.44 0.43 0.08 0.18
HEA M 115 0.25 0.65 0.45 0.46 0.07 0.15
oAl b 37 0.33 0.63 0.46 0.45 0.09 0.18
Te A ML 40 0.32 0.55 0.45 0.45 0.05 0.11
TR 6 0.33 0.7 0.53 0.52 0.14 0.27
P B TR 4 0.33 0.43 0.4 0.42 0.05 0.12
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F ot

ZHIT (R 4)  AETEEE R Rl B
o A P b2 Y | AT R VA PR B Ml 4 P s
LI, oA AG 452 580 P 2 R R 2855 6 0, A - S 5 1
15 5 TE TEE AP - RN 52 b 43 A X 3R )2 1 il 5 2
s AR R 0. 46me/ ke , 7E T AR H 43 A X
FRZ I ) E AR, PO 0. 41mg/kg, B
PR b AN ) b2 80 + S e Al 5 i 25 AN il 2
4.2.3 IR

I BT AR A HLBT  pH (B R E ALY R
HIRPICER B 22 (CEC) |, X T IR AL &%
Tl ) 5 LA AR AN R R B ) s

(1) A HLEE

A ML AR A A o B WEAEH . —
5 T/ BTN 2 2% - S FG W% oF F361 5  FHD , ReAE i )
WA R s 55— T A LT & AR RS BERE L
4 T NN T )1 o8 2 S T S 0 S P o
BHLF & &L FEE N 0. 37% ~ 10. 5%, F-H{H N
2.53% ., MW5EIX 31. 58% Yy e HLT & i =
=, HRTA LTS 00 2 [ AR DG OC R
FEAE I Sk Ko 9 R, R HLS A
G AT OGRS T X
AR e 5 A LT R AT AR DG A T, 4
PIE ZBDF T W AH0C , # R LR & & 5 A%
il 5 2 A A55C0TG / S G EUARLHEA T AR DGR AT, -3
HUE & & 5 A %06 & 2 52 I A & (R* = 0. 2792,
P<0.01) (& 4a) , 54 &0/ ST H A8 2 8]t 5 1F
FHIEME (R*=0.2597,P<0.01) (& 4b) , 8 + 3
FAHUTT R AR R | B o TG Y A A
I v A A AL B, nT DA RO B A 2
il

(2)pH1H

pH B2 3G 1) X — A FE R R s
TR IR SR R BRI LT, e
i EZLL SeOF TWRAELE, AL WA S &, 2 A
R - e B L SeOF RAEAE, LE WA SO
XA #FFEIX + 58 pH {4 5.81~8. 6,
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Fig.4  Scatter diagrams of organic matter content to available
selenium and available selenium/total selenium ratio.
(a) Correlation between organic matter and available
selenium content; (b) Correlation between organic
matter and the ratio of available selenium to total
selenium. There is a positive correlation between soil
organic matter content and available selenium content
and the ratio of available selenium to total selenium.

The dashed black line represents the trend line.
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between available selenium and nitrogen content; (b) Correlation between available selenium and alkali —hydrolyzable N

content; (c) Correlation between available selenium and phosphorus content; d) Correlation between available selenium and

available phosphorus content. Soil available selenium is positively correlated with N, P, alkali-hydrolyzable N and available P.
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Geochemical Characteristics and Influencing Factors of Soil Selenium in
Longzi County, Tibet Autonomous Region

Duojiweise' , Suolangciren' , Pingcuolangjie' , Dawalamu', Luosangwangdui', YU Le®
(1. Geothermal Geological Brigade, Bureau of Mineral Resource Exploration and Development of Tibet,

Lhasa 850032, China;
2. Department of Earth System Science, Tsinghua University, Beijing 100084, China)

HIGHLIGHTS

(1) The soil Se content in the study area ranges from 0. 14 to 1. 51mg/kg, with a median of 0. 44mg/kg, which is
significantly higher than the average of surface soil Se content in Tibet and China.

(2) The soil Se content is closely related to the geological background and controlled by the black rock system of
Neru and Ridang Formations.

(3) Soil organic matter, N, P, alkali—hydrolyzable N, available P, available K, and CEC content affect soil

availability.
Field sampling Sample analysis Content characteristics Influence factors
— Se(mg/kg) ‘ :
Parent materials l
]

" Physical and chemical
. S [Py

properties of soil

ABSTRACT

BACKGROUND: Selenium (Se) is one of the essential trace elements in the human body, which has many
biological functions. Insufficient or excessive intake of Se will cause a series of diseases. The trace element Se in
the human or animal body cannot be synthesized by itself, but can only be supplemented from external food. Se in
food, especially in plant food, mainly comes from soil. Therefore, Se in soil is closely related to human health and
animal growth. China is a country lacking in soil Se content, especially in Tibet. The background value of soil Se
in Tibet is significantly lower than that of surface soil in China. Therefore, local diseases such as Kashin—Beck
disease are common in some areas of Tibet due to long —term insufficient intake of selenium. It is of great
significance to investigate the distribution characteristic of soil Se content, delineate the distribution area of
selenium — enriched soil resources and determine the influencing factors of soil Se content for promoting the
development and utilization of selenium—enriched land resources, develop Se—enriched industries and prevent local
diseases. This will also provide reference data for the research of soil Se background value.

OBJECTIVES: In recent years, it has been a hot topic to investigate the content of Se in soil, to delineate
selenium—enriched soil resources and to develop and utilize them. Tibet is the main part of the Qinghai—Tibet
Plateau, which has complex and diverse soil parent materials and soil forming processes, forming unique alpine soil
types. In addition, Tibet is one of the areas with the least influence of human activities and is the ideal place for
environmental geochemistry research. However, due to many factors such as natural geographical location and
climate, the research data of soil element geochemistry in Tibet is very limited, and research data of soil Se is rare.
Thus, the characteristics, distribution and influencing factors of soil Se content in the study area were studied, to
provide a basis for the exploitation and utilization of selenium — enriched land resources, the development of
selenium—enriched industry and the prevention of endemic diseases in the frontier ethnic areas of the plateau.

— 189 —



A v W =t
http ; //www. ykes. ac. en

ERR 2023 4F

METHODS ; The collection, processing and analysis of samples of surface soil, vertical profile and rock profile
were carried out. The samples were collected from the key farming area of Longzi County, Shannan, Tibet
Autonomous Region. The surface soil samples were collected in a grid pattern from the third national land survey
map spot. The soil sampling points were mainly arranged on agricultural plots, with an average sampling density of
7.9 points/km>. A total of 1587 surface soil samples were collected, with a study area of 200km’. The sampling
method for surface soil samples was determined according to the actual plot shape. When the plot was square, “X”
type sampling was adopted, and when the plot was rectangular, “S” type sampling was adopted. When sampling
cultivated land, 5 sub—sampling points were equally combined into 1 sample; for grassland and woodland sampling,
3—-4 sub—sampling points were equally combined into one sample. The samples collected at each sub-sampling
point were crushed, small stones, roots and other sundries picked out, and after fully mixing, more than 1000g
samples reserved and put into sample bags by quartering method. In the study area, 10 vertical soil profiles were
set up, and the sampling interval was 1 sample/20cm. The depth of all the profiles was 160cm except for the
profile CMO1, which was 140cm deep. In addition, a rock profile was set in the study area, and fresh rock samples
were collected. The same kind of rock was collected in a multi—point mode and combined into a sample, with the
sample weight of 300g. The surface soil samples, and vertical profile samples collected were naturally dried without
pollution, and sieved by —10 mesh nylon sieve, then divided by quartering method, weighed and put into sample
bottles and sent to laboratory for analysis. Soil samples were analyzed for Se, available Se, organic matter, pH, N,
P, available N, available P, available K, etc. Rock samples were analyzed for Se. The contents of Se and
available Se were determined by atomic fluorescence spectrometry ( AFS) , organic matter. Available nitrogen and
cation exchange capacity (CEC) were determined by volumetric method ( VOL) , pH value was determined by ion
selective electrode method (ISE), N content was determined by elemental analyzer method ( EA), and available
P, available K, P and TFe,0; were determined by inductively coupled plasma —optical emission spectrometry
(ICP-OES). The detection limit, accuracy, precision and reporting rate of the analytical method adopted all met
the specification requirements, and the sample analysis quality was reliable.

RESULTS: The results of the content of Se in soil and its influence factors, showed that; (1) The Se content in
the topsoil of the study area ranged from 0. 14 to 1. 51mg/kg, with a median of 0. 44mg/kg, which was 2.9 times
as high as the average value of Tibet (0. 15mg/kg) and 1.5 times as high as the average value of China (0. 26
mg/kg). The content of available Se in the topsoil ranged from 0. 8 to 26. 8ug/kg, with a median of 9.2ug/kg.
The content of available Se in topsoil was 0. 21% —5. 79% of total Se. (2) Se—enriched (Se=0.4mg/kg) soil
resource area was 154. 53km’®, which accounted for 77. 25% of the total area. Se —enriched soil was mainly
distributed in Longzi Town and Ridang Town. There was no excess or deficiency of soil Se in the study area, which
indicated that Se —enriched soil was continuous and had the potential to develop Se —enriched soil resources.
(3) The geological background was closely related to the Se content in the soil. The Se rich soil was mainly
controlled by the distribution of the Nieru Formation (T;n) and the Ridang Formation (J,r). The median Se
content in the soil developed from the Nieru Formation (T;n) and the Ridang Formation (J,r) was 0.44mg/kg
and 0. 41mg/kg, respectively. Analysis of Se content in rock samples showed that Se content ranged from 0. 07 to
11. 00mg/kg, with an average of 1. 65mg/kg. Se content was high in sericite slate and shale, which further proved
that Se—enriched soil was closely related to its parent rock. (4) Soil physical and chemical properties including
organic matter, pH, TFe,O, had no significant effect on soil Se content, but soil available Se was positively
correlated with organic matter, pH, N, P, alkali—hydrolyzable N, available P, available K, CEC content. There
was a positive correlation between the content of organic matter and the content of available Se (R*=0. 2792,
P<0.01) , and between the content of organic matter and the ratio of available Se to total Se ( R*=0. 2597,
P<0.01). There was a positive correlation between soil available Se and pH (R*=0. 103, P<0.01). According to
the soil pH grading standard, the availability of Se increased gradually from acid to alkaline soil, but in strong
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alkaline soil, the availability began to decrease due to the methylation reaction of Se. There was a negative
correlation between available Se and TFe,O,( R* =-0. 346, P<0.01). In the study area, the content of soil
available Se had significantly positive correlation with the content of N, P, alkali—hydrolyzable N, available P and
available K, which indicated that the increase of N, P and K content could significantly improve the bioavailability
of soil selenium, which had a certain theoretical significance for the artificial control of soil Se content.
(5) 10 vertical soil profiles were constructed in different areas of the study area, and the depth of the other profiles
was 160cm except for the CMO1 profile, which was 140cm. In that vertical soil profile, the content of Se and
available Se decreased with the increase of soil depth. The content of Se in the soil below 100cm was less than
0.4mg/kg, and the content of available Se in the soil at 160cm was 60% less than that in the surface soil.

CONCLUSIONS:: The content of Se in the topsoil of the study area is high, and 77.25% of the study area is in
line with the standard of Se—enriched soil. In that soil, the Se content is mainly affected by the parent materials,
especially the sericite slate and shale in the Nieru Formation (T,;n) and Ridang Formation (J,r). The land use
type has little effect on Se content and distribution. Physical and chemical properties of the soil, such as organic
matter, pH, N, P, available N, available P, available K and CEC, have little effect on total Se content, but soil
available Se is significantly positively correlated with organic matter, pH, N, P, alkali-hydrolyzable N, available
P, available K and CEC. Soil nutrient management can further improve bioavailability of soil selenium. Only the
characteristics and influencing factors of soil Se content in Longzi County, Tibet Autonomous Region, were
discussed, in order to provide a geological basis for the development and utilization of Se—enriched land resources.
However, the process of Se uptake by crops is a very complex biogeochemical process, and is affected by many
factors. Therefore, it is necessary to further strengthen research on the characteristics of Se content and its

migration and transformation in soil-crop system.

KEY WORDS:; soil selenium; geochemical characteristics ; influencing factors; atomic fluorescence spectrometry ;

Longzi County in Tibet
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