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W OE AFAAEWK FMEHEXTRARNET B AR, U EERFEAB AL IFRA L, 040 T FRK
e B EE, UERGE L EFEMAARTE 4 E, AR T TRIEDNBNEER I RAHE S, EEXEN XK
RELEFWMEENTHEN .56 mg/kg, BT HAE WM LIE, R LIEFH US4 EHE N 0.007 64~0.030 8 mg/kg,
REREWMEEN0.5%~4.45% X THMNRBEAT, AXRXN, P HMEDARBNETEDNRT H LIEEM A E M L% pH
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1.3.3 LI ALAHG 5

43¢ pH ER A pH iHl 2, W R 1:5(v/
w) s AT AL B R R TR A% TR B I I A 5 Ak B
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Fig. 1 Map of the study area and sampling sites
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Fig. 2 Stratigraphic lithology map of the study area

BCF) PEH 151 rh T 55 42 8 B | L v o
JUPRRSUI £ W i ST ap
HRRR = ER o n

x 100%

(2)
K A TG AL (activation rate) PEM il 7E + 3 Hp
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2.1 RERTEEWESE

GEit o X R A S (R 1) S
B 0.52 ~ 2.91 mg/kg, ¥MH 1. 56 mg/kg, & 7
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b S 2 B (0. 482 me/ke) (49 3.2 £5 |+ 4
BB R A TR AR K, AR IR E Se TTER
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Table 1 Statistics of soil sample data from different villages in the study area

P FEAL T A/ (mg/kg) i/ (mg/kg) o o 25 it £ W A5 RE %
ERCTE 40 1.68 0.52~2.91 0.63 -0.35 -1.04 38
M 3 21 1.75 1.29~2.34 0.31 0.09 -0. 87 18
Je 1k 24 1.31 0.91~1.78 0.22 -0.01 -0.38 17
SERR 21 1.42 1L11~1.72 0.20 -0.19 -1.46 14
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K P AR F 5T DX Y K B T BE
a0 - T AR LR A
2.2 TEHEYSHEHNESE

+ HEH R B A 0,007 64 ~0.030 8 mg/kg,
SE- A4 A A7 800 A 0,016 3 mg/kg A1 0.016 1
mg/kg, AWM G SR A EHH BN ER
PE, B & RS R AAMMEEA—E R, N
T RENS BV b 4B R S Y A Ak R B A O ke + 3
MR RE ), A SCHI T iR A8 bR, 6 LR 2R
e S A AR S S by He, I LR
0.5% ~ 4. 45% , *F- 35 {8 A1 of 7 % 40 50 R 1. 14% A
0.99% , 55 H [ H: Ath 5 AT b XA L, G 4 K H
FLI Tl 4 606 7 75 Tk R 3 {8 20.23% ) 1L B
Jit b, DX BT A A S A IS AL R I ME R 14, 14% , S THE
B A% O DX - e 75 A R {5l 2.99% > #F 5% X
A H A 38 rh oA A50R LE R BT I Ak T AR OK R i AT g
WA 5T X AE W) AN & A 0 S5 22— X A A
P ZAE R A BT vl AL, N T 1% I FEA A 55 4, i
FESL BB 51.9% , 1F 1% ~ 2% 5 Bl (il #F §h F 44
A, RS BB 41, 5% ; KT 2% 0 B RE S AUH
T A AL i B S B 6. 6%, H L AT UL, BRI
Y DX - 48 5 AR A A AR S R S Ak R
%, H LA AR K B B2 T 25 1

7K 52 b P Aol 9 ) SIS R 0 G 9 Ak R A
P 0 22 S M A5 i b B A A RO A L T K R 1
3 i 0%, 7K R - 39S Ak 43 0 O A 8 R 2. 03% |
S5 1.22% el 1. 17% , i HL 45 v 4 48 0 43 51 4
409 0.82% o 1 0.90% , 4 # 0.97% . W
1.06% . X 7] fe & K2 B AE O XA (8] 7 32 Al
. AR R, 7K 5 2% 1 A8 Ak A B2 oK 1 IX )
T 5 M fe KRR L, TR A R I BR A - A B AR
b O N N o A SR T R A i = e v L AR TN <]
FOPE T 1 T A R AT SS R A AR Y K A X
TR AT B AR R BUA HLE R RE T, A HL R
2R itk A e i AN % R DA T R R A Y
WA E
2.3 TEBHWEAXMEER

- S G Y A A O S R A
TG 1) LU AL, B0 7E 338 b 0 3808 & B i 5 i 2L )
P A R TR A WA O T S
R b DX A A8OHT B B N — E fm, WOAS BIF O ik T A

A BTG B 15 P S R 4B 78 2% 5 R DR X o A AL
PR A2 R B2 8, O 08 9 1 0 TR Al P R S A
R TR T 45 R AT DX AT Y 3 Al R P AT AR Ok
WIS 0 e b SR T RE o7/ S & G DR (ST
R R S A Al AR G T A R TR
AR AR 2,

T2 rTEWACESEAUERMEBEXRESEIT
Table 2 Correlation coefficient of soil selenium activation
rate with physical and chemical properties as well as

total selenium concentration

A RS pH HHLE BEACE M
LR 1

pH 0.413" 1

BB 0.037 0. 144 1

T A5k 47 -0.019 0. 059 0.202° 1

REYi} -0.492"  0.459%  0.34 0. 106 1

T o FRM R FH K (P<0.01), = FaRBFHRK(P<0.05),

R 60 7E 1 o (%) %5 A Pk RS 3 M R AROPE R
AN ATRERN 3 R AT RS R A A S
T AHEEEMRESHEMIEED , KIEEME
30285 DA BB 5 A7 AL W] R FR A RS A 2 A ) B
Sy SR A R A5l X SE X 106 14K 2
- SR P Y AR SR S R A DG M A BT
R HE AL R 5 R i R O0OME OG M DG R
B r=-0.492(n=106,P<0.01) , [ifi & + 4 v 2l &
RN A I Ak R RO AR T 3 1 R
e AR —Em, EXRZEH
by - B AR T 2 PR A —
AN BEAR G- b iz e - 38 X A 490 1) BE ARG K ST 38 T 4
HHBEHEERIFTH

13 pH AT LS ) - S8 A A Y A LSRRG R
) F - SR (1 W B, DT 52 i 5T 2 ) AR A AR
PR T HE— A T BF 51X Y B R T
B A SO 13 pH (EAESr Be Ge it 45 R WK 3. pH
5.0 LLVF hsmmg e £, il £ A S
43.40%;40.57% + 3% pH #£ 5.0~ 6.5, AR 1k L ;
15.09% k£ 5 pH 1£ 6. 5~7. 5, PP+ 4047 0. 94%
+ K pH 7E 7.5~8.5, )8 Tt £, N33 hal b
F bR pH R REAS A ) 6 fb R AL BE 2 B AR, F
7% DX AR 4= 3 270 Sy i K K R R £, KRS
— B IR M Bk b v, X R £, A T
e Rt E R AT R 5 E A Oy SUR 6, R
L WEGT X A R M R
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Table 3 Relationship between pH frequency distribution

and selenium activation rate in soils

+ P SRR iz 1 ek a1
pH & <5.0  5.0~<6.5 6.5~<7.5 7.5~<8.5
B 46 43 16 1
ot/ % 43. 40 40. 57 15. 09 0. 94
Wi AL R E/% 0.9 1.2 1.3 4.5

P Z 5 4 pH A JEAT A G M 2 BT, & R
R TG AL RS pH (E 2 B IEAH G MO R
B r=0.413(n=106,p<0.01) TG i35 1k pifi %5 + 3
pH E T & T8 X S AN — 3, AT
A A7 R AR K 2 B 45 by R, AT 42
G £ A A R

3G LT A Y AR A, R
PREE AT I () AR bR 2 — , S W B R R
RIEAHLT R E BRI A HLR A H B R
M) - 895 3% M W B 4 R Ak R B, B TT LS
oY — S8 5T R B A AT B e OC R P S i
b B AE e B3 R 3E B Y L XA X K R
2 HEA B AT ST o, O B
4.92% ZALVE 3K, A 0. 94% ~ 15.20% , A8 53 &
BN 46% )& THELRRE, SR(EEE K
IR AE SR o oy Gbn i) P HL Y o G A o T
i E A ML & AR AE, o (R 4), it
REEAIR S RO TR, RZAET 1283
4%,60. 38% [ EE§h R 1 Gk, N Al & il T
S 1 A8 b B2 Bl A BT A I8 A0 7T 32 9T D8 0 1
XA RESE O R A AL Mk S5 A
BILZE A A5 00 55 Ak Ry o] 3 25 R0 AT S8 e 5 il 7F — i 7
JE LR b A R Y S R MR g R
B, 1S3 HL 5T 20 8 o0 v Y R TR L e, A
AT S R g, Y R L B T R A R
BB DRG0 U I A S ) AR A S RS+
AT LT B ik AR O T HL 5 A LB AR e

A FE T - A HLT S A TG A R AT T A G

4 IRENRSERBSGEMENELRE

Table 4 Relationship between frequency distribution of

soil organic matter and selenium activation rate

HUBSH/ % % FHERE/E S % TR REE %
>4 1 64 60. 38 1.2
3~4 2 22 20.75 11
2~3 3 15 14.15 1.0
1~2 4 4 3.77 0.8
0.6~1 5 1 0.94 1.2

PRSI AT, 45 R 7 - A 0 3% Ak R BE E A L =
F14 800 3 A Y T SR T A N A X
A R AR AR -, X —
SRl RES - HE A W A B U9 B B A LR
Xt 1) 6 Ak A F AT 56 i AR B 5T P A A T 1k
FEEWFRMMHCHEI A BE e H s
BLIBTRT A S0 AE W A 3501 19 52 e &2 2% |, -+ RN A 4K
PR32 A7 WLITT B 2 R 4R 1) RUEE i 2, — T
HLIBT AT 5 6 T2 B A HL 4 8 Ak G 4 R AR 1 S Ay
AR 5 — 5 T A LSS G A S AT RS
T TE R
2.4 KBEFHENESED AL
2.4.1 KA

ARCRETHRXW ELRIEY O %
At R AR S AT E . KA A AR 2R RS
IKAE AR 7 B0 % 5 555, o4 0.203 6 mg/kg, 3
AT 0.069 5~0.365 0 mg/kg Z ], FF kL vk 22, Hif
GHRAETTE 0.075 7 mg/kg, 2L I Bl N 0. 042 0 ~
0.176 0 mg/kg, 25§ % & & ik, 5 F #F 0. 001 5 ~
0.153 5 mg/kg Z 0], H{H ALK 0.055 0 mg/kg, MR
5 1B R BAT ' A /K A A v PR (0. 04~ 0. 3 mg/kg) ,
Xof K FE AT AL A B A A A AT S GOPE 9, L 100% 1Y
FEAS 5 B 6 A 7KK, oK H PR B AR A A

R A8 A U K A A o A e A5 R 45 G AR TR
20 [A) 20 0 2 Y S = T T4 R AR UK
XA AR R, A RN 3a iR, KFER R E
Efe ) im = TR R RN 25 L 3 B MR B
0.221, 50l & FF R AT 25 1 2. 87 5 F1 4. 44 f5, H
FE B AR R B A8 A6 X TH] B K AT 35 68. 9%,
/MUK 5. 7% o VW TR) — >R A DX 38 K R 5 4R RE
FIWAETE R R 26 5, 3 Al GRS 0 4 vp ml R Al
HAEEAS A 22 R TR,
2.4.2 %+t

25 W43 R ORT iR 2 R BT Al I E R
0. 068 7 mg/kg, i I/ T 0. 0055~0. 1835 mg/kg Z
], & i Y 2 o o LR i e, LA Y
0.026 5~0.332 0 mg/kg, FH#MEH N 0. 111 8 mg/kg,
T 5 2% 5 il B v A0 - 2% M S B AE 0. 20 ~ 4. 00
mg/ kg W A, FTRR Ry B AN S o X 28 Al )
A AT SF GG, 26 K EB 5325 i A i oK 38 B & Bl A
. AT UL B DX 5 Bl A 48 Y G A ) A ST I AN B
R, A SR A TS A R w2 E TN —, H
TS 0 A 8 308 35550 R0 A DR a2 5 0 - S A=
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Fig. 3 Enrichment coefficient of selenium in tea and rice

YA sk B 32205 T R S it i 8 AT s o 2R 85
DA B N fe i 3 s XU 7 S - 4 e R A
Jr AR 2 4 kR AR PO S R R K R
RANEED Ky, B 5% HRF A HEAN B AR W A RLE B 5
Wi, S5 AR, 3 P S IR X A] A [m] R RE B A 4
R AE A RO, R SRR AR R
I L DR b o B AR F Y XA el A R R Ak I 5 A ™
o, AT DL o el R A e 0 AR E R v pHL, 3 - a5
A B IKF-  DTTT H v A VR W il 5

X SR DX Il 2 i 1 AR AR B B, A5 R
& 3b i, EMHE S RECHN 0.0184~0.146 0,

YIE M 0.061 0;558 K14 0.018 8~0. 146 0, ¥ N
0.058 4; I A& 0.018 4 ~0.146 0, F ¥ K
0. 039 2, H & 5 68 J1 4b T 3 ARAK 5 1 WU SF- 34
0.027 4 ~0.090 4, 4 % K & 48 R £ 09 48 [l X (1]
0.0330~0.104 8, M &M & ERECKRE, &t X}
1l () s AR fie 0 R R TR, AT AR R, B A%
B A B A, R P AT 2 1) 25 B A B AR R
TEIA G Hsh KA T E 2, X ] e 800
AR A S AR e ) RIS E Y A
2.4.3 KAL R T EIAEE F 5

A Hh 3 I RRT I A R SR S Y 4 0

P4 b HEAT IR 5 Ak 5 A A A A O T

Fig. 4 Correlation between bioavailable selenium content in soils and tea selenium content
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0. 112 F1 0. 069 mg/kg, /K FF FF 52§ 55 2 F ¥ (H N
0.076 mg/kg, GEMARE AW W] B HE 4 BN B
i TR AR R BT RAEY) — M LB SR W
5 T G £14) W2 AT R 3 A X6 ARG — 26 A A ) % i I
ok, SRR S KT s/ ESBASESDY
AN TR 26 R B 25 AT B TR 43 B 00 B ) AR K - R 2
SHER>GMH R ES>ST RS NES>FHFLSHI R
K PR AR S AR R RS E AW
WA G 3z 0 DRI R R P B B A TG e T KR
FA) D ERL AT BB R AT I A 32 2R 1 HL A O TR B R
LD

38 ok XA Y DX 2% R Al Y S N
e A RSN i B AH DGR AT B R B, s (B +
) 5 A 0 A AR R IE A O A G
Z8 r=0.304(n=70,P<0.05) , W& 4 Frx,Z50t
PG % i B o A RIS I e Y T e T
1T 7K FE AT S 2 i 5 b oA OGS Y B E R
FIYAH S

3 458

1) BRS¢ DX 3 JZ= A T A 6 v il 35 o 1) 7 29 R
1.56 mg/kg, W1 b i T IR 1 3R 2 H 490 % & 7 B MHL
i T UL T A 8 B AR R B i A K e v A

A R £ N 0.007 64 ~0.030 8 mg/kg, 1V 5
B S R 0.5% ~4. 45% A 5K, PiRR 1t
FI R A KRS T 1 A A 5 f R 24 {E (1. 49% )
b4 bl 4 (0. 96% ) A 5 .

2) WFGE X P, 52 WA Al A6 ) AT Bk ) BB R
- AT R R pH E R i S A YIS R
FKREBN r=-0.49(n=106,P<0.01) , 2§ 3
BRE OG  AG F) 375 b 25 B 1 S8 S A Y R T R AR, 1
HpH SWEMAREE R FEMC, HXRE r=
0.413(n=106,P<0.01) , 57 AW L5 R —5, +
AN SN 0.94% ~15. 20% , H 5 + HEHf i 7%
(Y PSP N E

3) B FE DR B Y RAE Y b KR 2% BB A7 110 ' 4
FROEA AR SHFSE> 25 IR R E £ REHE RN 0.221,
O3 BE KPR M ZE Y H Y 2. 87 4. 44 5, 2R B
AN B SRR Sy o S S i RURT I Y G
205y BIAE 0.018 4~0.146 0 F1 0. 003 2~0.091 6
ZIa, KA 52 B 3k B T E A 5 bR E (0. 04 ~
0.30 mg/kg) , 1 45 M FF i 48 K 2 5000 K 35 B & 6l
#E(0.20~4.00 mg/kg) .

4) B9 X P A% Bl A 48 AT 1) A A RO A
AT L3 3 i fin et - a0 e RN A R B, AR R
PR B, LA o 06 0T 2 19 A 0 A A

Z £ X M
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Selenium Enrichment and Transport in Crops from Typical Selenium-rich
Areas in Guizhou Province

PU Shuai'?, QIAO Xiaoli"?, MAO Xu'?, WANG Lin"?, HE Yu'?, QIU Guangle’

(1. College of Resources and Environmental Engineering, Guizhou University, Guiyang 550025, China;
2. Key Laboratory of Karst Geological Resources and Environment, Ministry of Education, Guizhou University,

Guiyang 550025, China; 3. Institute of Geochemistry , Chinese Academy of Sciences, Guiyang 550081, China)

Abstract: To explore the impact of the crops on selenium ( Se) enrichment and migration, total Se contents in the major agricultural
products, i.e. rice and tea, as well as total and bioavailable Se contents in rhizosphere soils from a typical Se-rich area, northwestern
Fenggang County, Zunyi City, Guizhou Province were investigated. The surface soil from the investigated area had a mean Se content
of 1.56 mg/kg, which is a typical Se-rich soil. Meanwhile, the bioavailable Se content in the soil ranged from 0.007 64 to 0. 030 8
mg/kg, which only accounted for 0. 5% to 4.45% of the total Se content and was at a relatively low level. The major factors affecting
the Se bioavailability were soil total Se content and soil pH value. Soil activation rate correlated negatively with soil total Se (r=
-0.492, n=106, p<0.01) but positively with soil pH (r=0.413, n=106, p<0.01). The Se enrichment in different parts of rice
were generally in the order of root > seed > stem. The enrichment coefficient of rice root averaged 0. 221 which was respectively 2. 87
and 4. 44 times higher than those of grain and stem. The Se enrichment of tea leaves was in the order of old > new leaves and the Se
enrichment coefficient of old and new tea leaves ranged respectively from 0. 018 4 to 0. 146 0 and 0. 003 2 to 0. 091 6. The rice grain
met the standard for Se-rich agricultural products (0. 04-0. 30 mg/kg) , whereas the vast majority of tea samples investigated were not
in the range of Se-rich tea (0.20-4.00 mg/kg).

Key words: total selenium; tea leaf; rice; enrichment; migration



