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Fig.1 A schematic geological and topographic map of Yutangba showing the sampling sites and Se levels
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Table 1 Se contents in soil and plant in Shangba, Xiaba and northwestern part of Yutangba, Hubei Province

B/

BAMH

#IX B KE i AY GY
Locations Sample type Miowmum Maximum (pgg™") (pgg™ ) "
(pg g™ (pgg™")

X Upper part - 1 Soil 0.36 28.92 7.93+10.55 3.61 10
) Plant 1.12 5.72 3.02x1 52 2.65 10
F X Down part + 5 Soil 1.28 3.45 2.38+0.71 2.28 1
4 Plant 0.31 4.82 2.28+1 55 1.74 10
% i 2 5 B X Outcrops of Se-rich + 1! Soil 0.63 39.04 13.62+9.97 9.56 19
rocks > Plamt 0.14 11.61 2.11+2 74 0.93 19
A =7 U %K Outcrops of 148 Soil 235 3.87 2.98 +0.58 2.93 6
dolostone ¥4 Plant 0.15 1.48 0.51£0 49 0.38 6
H fth b B Other areas 1 1 Soil 0.10 4.90 1.000.88 0.73 68
Hi4) Plant 0.053 2.22 0.4320.46 0.27 68
A I K The whole area B Y Soil, 0.10 39.04 3.38+6.03 1.48 157

total Se
B Plant, 0.053 11.61 0.94+1.45 0.42 150

total Se

1) REWEE KT 200 pug g~ "8 LS Without caleulating two soil samples in which Se content were greater than 200 pg g ™5 2) ALK
B XF 100 g g‘lﬂg S I EE S Without calculating five plant samples 1n which Se content were greater than 100 g g~ Vo)AMY £ AR AEE Mean £ SD;

4)G: JLIAT 3% {8 Geometric mean; 5) n: #£ f ¥ Numbers of samples

(1) REH . BENROETS A PR FRS R EX BRI E BT, B E R 5 42 608 3, 2001
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mg kg ' (JLITH{E 2.28 mg kg™ ') F 13.61 £ 9.97 um okuboanum ( makino) ching ) IR & B (K 2) 351 H
mg kg ' (JLIT (B 9.56 mg kg™'). 5 Fordyce %R 0.18+0.033 mg kg™ ' .1.81+1.37 mg kg™ '.1.4821.45
B+ RS B LAY AT R E K g kg ! 063+ 1.61 mg kg 1 0.48£0.73 mg kg™
B Rt R PR ERMET R T RN pommgioR REWEY RS AR £
(9.46 mg kg™ DR L RS &, WU A 4 I RAEF T &k 259.8+7.09 mg kg”ﬂ"]jt%#:ﬁ'::
T e e A REM LR E I 1, T
Ty 14 o {H JE IR A X B B = g X M B
A R RO R 2 1 B X 0+ R S R T zsziffiig ;ngﬁ;f'lﬁ%ﬁzﬁz@kjjﬂ;
DEE Tty MR ER g Y " > i
22 BESEMEG ST 0.93 mg kg QFim;t*#JEHZﬁJEﬂﬁéf%ﬁl.m
RRMKE A A B ETHAY, %0  mske RTHBTHIE 138 mg kg7 5051 R
( Callicarpa sp.) JL#E (Artemisia argyi levl. et. Vant) . RfE H # 4 (0.198 mg kgil)m'ls‘iﬁ*:‘lzigf*ﬁﬁ
FEHK( Zea mays L.) . KBK( Preridium aguilium L. kuhu (0.029 mg kg™', n = 726)"7 1 8 AN 60 £ 1%, EIR T

var. latiusculun ( DESV.) underw) .2% & BX ( Dryodthri- RT3 5% A HRGE {H 3.85 mg kg™ '(n = 130)19

£2 BLtBBENIEEYRHEXTTENSR

Table 2 Se contents in domnant species of plants growing in Yutangba, Hubei Province

ik Z R kS B/ME PN -1 AY Gy n®
Plant species Minimum Maximum (pgg " fng g D
(ngg™") (pgg™")
- ¥§'JL\§ Callicarpa sp 0.14 0.23 0.1810.03—' - M'Tﬂg - ”57 -
KB Artemisia argvi lel. et Van 0.26 5.72 1.81+1.37 139 23
K Zea mays I 0.17 4.82 1.48+ 1 45 091 20
KB Preridium aguilium 1. kuhu 0.053 11.61 06321 61 025 57

var latwseulun ( DESY ) undene
B Dryodthrium okuboanum 0.086 3.16 0.48+0 73 02 39
( makino) ching

B Plant, toal Se 0 053 11.61 0.94+1 45 0 42 150)

B Sails, total Se 010 39 04 338603 148 157

D AUEREFGRED CEMB WK 259.827.1 g g~ ' Without counting the sample in which Se content were 259 8+ 7 1 ugg ' 2) £fi
FE B HE KT 200 pg g I A B 5 Without counting the two soil samples 1 which Se content were greater than 200 g g~ 's 3) FEFETEE X F 100
pgg '89S T EEE Wihowmt counting the five plant samples in which Se content were greater than 100 pg g ™' 4) A FXIH + #5712 Mean £ 5D; 5) G2 L
fal Y {H Geometric mean; 6) n: ¥ 54 % Numbers of samples
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—H. MO MRS HERK L RA RS, 5 HAKZ pH 5K B S SRS LM, M LIFRT
MERMAMAREEARR, W, EEEN TN HoHOSREE N 6.1 £ 6.6, EKMMN TR
NEBREINEXRBESEHRER TEETENE BIH 40 ~ 94 pg L', JLTF 56,52 pg 1.7 (n =
K MERFARERLE RN LD, CEHITE  12), K F Fordyce Z547 36 B 7 o 3 41 7K B 4 48 38 1,
SRAA200mg kg™ UL, BERTEMABFN BB XEFERM K 300 £, Fet B2 HRE D
MER. AFEARA=THEP EYWASENSAE  AHL(WHO)FIEEFEEDP 8B (USEPA) B il &
ERTENFHERS, TORR, MEWEKESHE KKK 10 g L '8 S 200 S m ks

X A B AK . MBS ER SRR R AR E S
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PR AW LTI E N 8.8 ~15.91 mg kg™ ', JL
A PER 11.81 mg kg™ ' (n=10), KFEHTEE
ERXMKRTHEIMEGB.S5~T.1mgkg™!), AL R
FEEM S BRFEMN T EWEERME (1.4
mg kg ") 8 451, 5 1 SEHE 0 4 6 B4 22 ]
HHE, AN LW THKRITRY M (12.09 +
2.49 mg kg D)BEMBEAK, 5 LLEH S, X AT B
51963 F LR BWA L H A X.
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3.1 BENWEAIR

HBEWAE TR m AL AR, TREESE FE
REFRIVE BMUPRREMKE, XEEAKME
BERMBET 0S5 mgkg's RELESH R LA
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MR AR R, B R, v 0 AR B Y R A
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& = IRl — e s BN M, R AL SR AR AL
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RENFEBHREIGAT ,BIFRE B LR
R TR B g L - 1004050

WEMEW LR EE S TR EWMKEE
AHBX LS THMEK ., BENIBEHEZ
FEELFREEER(E D, EAPMmEEOIES
o FFREWNE RN (R — R AT K
EUS MM IR EEU SR AT ARTS, K
K (Hb T KR E A R ER BB o X R K A Y
EBms REFEERN TRATETBHE™
REMFHERMREARBITS JREMRGA
AR & R B A 3 T K Rl T K J7 e BB B R AR
FE, FERHOKEREHEKME S E (030 ~
1.60 pg L™ )W DLEEA X — & . Hilk , W 7E Rk &
FRTHRUEN—FER. NOEATNERER
ma,/MNREHA A B KE TR ik
7R T REE W E S IR T
X — AL {EX R 20 2 60 SEN M E R R LR

BB LG E A B B, Blistge B
1 AR R A L A, T A R G T AR R A PR A
Sk mENN R R ZEA SRR A RGN R
AR, A IR BB 3 LA A R IR BB R
MER ()5 P9 200 s e B, 4% 7 M8
WEEMARNER, GREEDHE, EWEEH
BB R T R ) 7 IR B R i R T, o LS IR
XEHTKRE., YR KAEZEHTERNERL
I B, 7K & B (94 pg L1) W7 88 0 B O £y k
(49 pg L71,2002 E MK 2 B A A . WA, 30 4
B4R RABETSME, IMTAEE L ERE,
BREMAOEENRHE B LEETAHE A LB,
RIS AR I I E T B 3 Ok ) SRR
HE < FH 3t - 398 o LA 3% A AR A, 17T AN 1) o B A
RN B AT, AT, PR E
E Y TTEMA TR, 15X Fh g T A A
FILEWH AL, T 0 T 0 B £ BT 2 M 9 (4
Bt B 7, O AT B BOA 4 P A 7 RT3 R AL B B A IR
REMMGEHKANBEBER" -2, BRITT 199
FEAEHRIED M+ RS P, R T L
AHRRAGELGRESARNBEE, REAEER
FaEFEAEETFERENREF A, HH R L5
T ok SE 4 KUK B B RR B B G R, X R B Y
HiFE REBEVE D7 RN (LS 3 3% hn T M b+ e 0 5
ST E R B 6 A B B RN B # o+ B AR Y
AR Bk, B s AR R R T B AR R R
AOREESTEMEE LA L E &, K0T
B 00 3 2R e 3 K Y R R ML S, B
HEEMHNTIBREMEE HE,
3.2 WHMEPEHAY

¥ 378 301 L A Y A R R R Y — B, IE AN ER
TIBTHIR R B e — 8, BBUE AT
A BTV B 0 5 06 A B 2 A A R 101150 T A
KEHNGREEAT 20, W E A F I+ 5
FETT AR MR, GRE L EREN IS
BACAREE, NETH BB AN FEWA K
AOER B, A B Mt SR 7 O % 30 & A IR A9 B
RAEFABE(FE 3, BERBEBREKMEYE
KSR AT, R AT £ RIMA KA S
B, RIS ETEE Ok A+ 8 P b TAR N & B E
IR (K AEAE) , WA B AR AT b BB 08 1B R4
9 B K TR R A BB, 3 BT G B 4 R 1
BRI
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£3 WiEEMLIE FEAMAKGRTERITHBHE (1966 ~ 1999)

Table 3 Vanation of selemum in soil, com and water in Yutangba, Huber Province from 1966 10 1999 (g g ')

T ] S KA 1K

Sampling Se in soil Se m corn Se in water A B8
time — = = 5 . - S Source
1966 6 7.86+0.69 s 14 6 4 19 BN e OO, mas
1989 9 5.48+6.41 B % Zheng BS. et al ®
1992 28 4.06+1 24 130 6 474,29 REWE Zhu ) M, o ol
1996 5 4 99+2.38 5 3.4 1 50 Fordyee % Fordyce F M, of al ™
1999 2] 5.02+2 49 10 2.28+1 55 10 51.90+ 7 80 AWEFE This study

1) n: 8 &% Numbers of samples; 2) A:F I {E + A5 #EE Mean + SD

B30 FRILE, BAKPRO B ERD
139 pg L' E N BNER 52.33 £ 8.13 pg L™, HiL &
X IH XL KB, X TR /DNE LR & E S
JEREK R AL T R B TR, W A R R R
FEXT LR L T 2K A SR A B & B LK 00 2 R)
KAEL AR B o, IR IR A 51 2 ¥ 3 1L/ o7 7K A B4 K
KA, /N KB B 28 R 2 4% 5 00 4 A b B
MEAHER. REMNBHEAE—BEBNTERGHE
HEf MR . BOKR W EE LT I E K Hh A E
K RERWBSEIBTERA AL RHESE,H
th RE i 5 F 0L - S 4R L B R U, OF BB I 2
IR AT B EG , FET A2 E T REN W
MEXEGH TS RERA4.720. 13 mgkg™ ', B
BRTEZAMERHMAY ERES & (1.23+0.06
mg kg™', n=2),

HWEMEY B2 AR T HERY S5, &
MEENEDIEMOEES»RERTLER ., &Y
WEBRMBELEH MY L EEN A A S Y
MEAEX.FA-HBEAFREDHFEREL TR S E
AR EEY Y LR RRES LRPHEES . £
S AR K pH Eh % R0 56, W I + S5
FIREERANREILHERALZ, AL+
WA ESAM T 3 L HALERYES &,
TE B BR B SR AR P B & S, 0008 B 3UR T 40l A
MYWW12E6(F ). SMAREFHHEE
LT X e E RS R R &M A
SR B4 AT A R PE AR, B L R e R g [0 -2
Hoa i BXW IS I EWEIERAKRT T L5
W,ETHNEYFEESBREACANBRAYH S R
MAaREZ, 5SERRXEYPHAIREE Y, XA
PHAL AR B WG 2 A 58 X 4 R A A T ) A R AR R
B R TROL S L IA 0 L IR R X

W, mKB . HiRRENE BHEAEELAN
B BT A B e AR £ 2] T &3k 450 mg kg
(FRH)M 259 mg kg™ "(TE)MEFEHLEHER, X
FHALES MBI SHLMBRW M ER X
H). Zawislanski 211 2! , Tokunaga 120 2 gy B g 1
EH, A BT —BRBF SRS P ML
b, RAETEE LT of [/ FR & 2w 1 5%
RS R KEEWN P EHE.

1A 3 B 28 303 10 3 IR o 2 4 Lk
FEPEEEHRAREAGE 45 E X (W
HO@ME ST Ry mm, RINEE TR
FlEHEFEREEN A RBEEN THEORE. X
3ALLER MENE KBS B2 EHERAA
PR EMMEEWE S REIN ERFEWH G
{7 16.88 mg ke ' LA B HME LM TS
SR BT 44 mg kgL T 4 K TE S HLR 3
T 16.88 mg kgAY E KK EES, L 2R R AR
TRWPERRE XA AEN TR, h T 2B
MEERBENHFE THRAETERSY, AT AW
KF MR E R, REHRAE Z M Fordyce
G N e HE WL - HE K IR P OB (23.51 =
20.34 pg L™ DR &M (HKRMERS 30 BAERTRI
B(35.4+4.5 pg L7 Y OB BREMR, ML, IR
MNREWFENE LTRSS, 50
AEB TEANESHARRES, EEARESHNT
PF WAL T A RGE W B RA by
I 5 2 7 0 2
3.3 AEBER T IF A KW

WEHAREHARGEDNFPEHRE EAN
MARHNEESERME RS- HAREETA
RIENX TR A A T R AR, L
HEA ) 7 1 5 B AR T A2 RO TR O L B AR
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BT AR IR AT & B S E B A %, BRI
HEEEEAKFHMEE, REFRAME TR
H TR cR A R B A B A AE 2 S SR T AR X
H150 ZA YRS TGO RL BT R, £R
AN SE I, B TR AR G — B S M 2 R 1 B R
BB R R TFE AL R 20 4 A K T8 80 B0 K 880, 4
PR IE 20 B0 A AN FF B BRI L 5
10 SR i 0 MV B AR 4 5 7 S TR AT M4, T
DLIB S 30 248 K48 6 A % 35 B o T 4R 0 3 Bt P A
IR R AR R, L& B R (0.26 mg kg™ ') F1 K B&
(0.25 mg kg~ ") AR T 24 B R A8 1E X 2 H Al
HiFEH PR S B AT B, BE K (091
mg kg™!) EE(1.39 mg kg™ ) ARF, BETLLE
L HIEIA R S R, AR bR R
R R, H A 6k b A B 4 R LR
R,

B M 20 40 60 TP AL, W IE
HEEACSHIEMS , EIEA LT T E
AESHARRE, BA M EMERERERT 5
WA TR T H 4 M, GHRE LR
AR Wi SR T RE &, B H
KEAKREDLBPEOBH EERA, LD
AT A3 A0 i 4 7K 7 G R A6 L 421 0 T A e R R AL
&5 B0 48 F M, (B 3000 e R0 L T A
Wi 2 B R R R D P SRS B T
B B YR R R AT L B A
K E B BB R KGR 9

BEERTERAFNEE ARG
FEEMBREE A RAERAE, — A
O EMBEREE MR R RIS
%, B R T a B BT, KR 6 B RTEA AT AR
LT TS E RS, B RS RS A R A
(RS S BOKE BN BRE K L IR
MR RRT . MR XN RE S, I 4HE
W AT T A TR O, 6 01 2 B ) 7
Ho KRR BRI ER A B KR IX .

4 & it

PR S T HE Y35 UG 1 30 4 DLk, va BB 1+
S0 B 4 S O TG B R B, UL 2
1.48 mg kg™ ' 5 3 [E PT 30 5 B 4 X 4 L0 ) PR E
L PRBFERHK, HARBR T EHS B
LSRR, LRI E R AT EERN

WS R RS, IR EIM TSRS B
. THMBERHEYHTIEIAEZI=THEK,H
5+ AR R, AR S EES, THH
W, T P AL B0 AR Bk A A R X A F S
HEK, XUEHBYIHEOAAAFAAELZET L
WA, S LKA ASMBKESWAE X
SEEwTAEE AR E AYMNREC E N
TR REAR I R 3, 5 W 4% 5 B HEL 4 © AR XA R 38 30
¥ EH SR AR B, X U B SRR A AT A R ERR E
HEE,, BABEHELARAHE REEREE
A Bk U 2 BB S 00 A S RE S R SR B AR R B K
BREE G BKESAE TN ARCHAAELERE
Wme, WAL S BRERE TFRN.RE
BBt

g WU ) 4 A R 5 B W RK BUA O 0 R A
i IEAFIER XL, E SMNIHERE L., WY
PG A # 4b [X ) 58 09 B B TR S 0 (U0 Bl X 9 B
AR T LB R, T 5 BN A & Al + P R &
B DR AR5 £ s B R O R, AR R AR
FER AR S AKIBAIEARS R LR BHETXE
B S BT B R I T SR RS | Y
MEE, YN RIFHETANEMELERET
B, MERMFLEFHARE, SHHNRMLAIIZAH
HENEFRERE, ARERIRHE I RERE
BTG E B, A 0 W A2 B ) £ 8 F0 R A B R
PEARBEENMAG, IR BT &R TR
FIRRMIF R L ARG R 56 B A AL A6 e
AT SR T o T AT B R A R U X, HL R HE BT A
B V20 S X N A A A A R 3 A R

2 % x W
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DISTRIBUTION, TRANSPORTATION AND BIOAVAILABILITY OF
SELENIUM IN YUTANGBA , HUBEI PRONVINCE , CHINA

Zhu Jianming' Ling Hongwen' Wang Mingshi'’? Li Shehong' Su Hongcan®
(1 State Key Lab. of Enwronmental Geochemustrv, Institute of Geochemustry, Chinese Academy of Sciences, Guiyang 550002, China)
(2 The Graduate School of the Chinese Academy of Sciences, Beijing 100039, China)
(3 Maternity and Child-care Center in Enshi Prefecture, Enshi, Hubei 445000, China)

Abstract Yutangba is one of the most typical high-Se areas in Enshi Prefecture in China. Comprehensive studies were
conducted in order to better understand distribution and variation of selenium in soils, plants and water bodies of Yutangba. The
results show that high-Se plants and soils are mainly distributed in the northwestern part, Shangba and Xiaba of Yutangba, where
exposure of Se-rich carbonaceous strata is found. No significantly positive relationship between soil Se and plant Se was found,
which indicates Se uptake by plants is not always controlled by concentration of total Se in the soil. In the past 30 years, seleni-
um content in the soil has remained almost unchanged whereas plant Se has showed a significant declining trend, indicating that
in the soil Se available to plants has obviously decreased. Although water samples high in Se can be collected from streams flow-
ing through the Se-rich carbonaceous strata or abandoned stone coal spoils, no obvious variation of Se content in water was ob-
served, demonstrating that the release of Se has reached a geochemical equilibrium.

The distribution of Se in Yutangba, apart from topographic and geological factors with regard to Se-rich rocks, is also relat-
ed to pathways of Se transportation. The exposed Se-rich carbonaceous strata in the northwestern part of Yutangba is a necessary
condition for developing high-Se areas, but the high-Se soil in Shangba and Xiaba of Yutangba is attributed to human activities
such as cultivation and mining. Local farmers often use Se-rich “stone coals” as fertilizer or soil amendment, thus leading to Se
further accumulation in food chain, of which the impact is long term. Therefore should the local government not take adequate
measures or make reasonable planning for the exploitation of the Se resources in Enshi Prefecture, the risk of Se poisoning is still
very high in Yutangba and some other high-Se places in Enshi Prefecture.

Key words Distribution of Se; Se transportation; Se bioavailability; Se poisoning; Yutangba



