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Abstract: Yutangba is one of the typical high-Se areas in Enshi Prefecture in China, where a sudden incidence selenium poisoning occurred in 1963.
Using a modified sequential chemical-extraction technique, seven operationally defined selenium fractions were determined in soils from Yutangba, which
were defined as water-soluble, ligand-exchangeable, base-soluble, elemental, acetic acid-soluble, sulfide/selenide, and residue. Bulk selenium in soil
and selenium concentration in each fraction were measured by hydride generator-atomic fluorescence spectrometry ( HG-AFS). The results show that
selenium fractions in soils from different locations of Yutangba can be divided into four types according to the dominant fractions of selenium, i. e.
elemental, organic-bound, elemental plus organic-bound, and organic-bound and sulfide/selenide with some ligand-exchangeable and elemental Se. The
distribution of selenium fractions indicates that the source of selenium in Yutangba soils is diverse, and could be introduced by local farmers via traditional
cultivation methods, or supplied from the weathering processes of Se-rich carbonaceous rocks exposed in the north part of Yutangba. Because of the
occurrence of native Se crystals in soils from different cropland sites, we propose that Se in cropland soil is mainly introduced by local villagers’ cultivation
methods. Therefore, the source of the Se introduced in the 1960’s to Yutangba soils was mainly anthropogenic.
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44 R R BT A5 o I b B 3 0 S L SR A 2 A 773

UG IR I T , A 45 1R 14 B B Bk Ak 5 R WA
ERLERBMBAREBMBTHEST R —4
ERFR, WAL A4S KL E A i 5
b, BEAE TN A T B R AT RS B AL R A T
A FH 44 ( Frankenberger et al. , 1994,

Bt e ] A Y M X — , Y R LR o
B N B o B R R M TRAT A SRS X, R [ P AR
i B A 5 ) 7 HE L. 06 AT (1981) B E L (1993) |
REAE(1989) Rl et EmM A AW S F
F1EH Bk Rk TR BOOR 4 B 4 W ) ik 841236471,
8390 mg-kg ' A M FBR I RE A B A, R B
%:(2001a3;2001b; 2004a;2004b; 2005 ) 1 8 R 4 5|
WEEN3% ME S 8RBTSR 5 F At
WEMRT —RIN AR R ELK Z A Cu(Fe)-Se
WAk, v 38 391G 9t B8 0 B AR A A, R
AN ot 3 30+ S Y = R U, R % TR 0 R
B X R 4G S RO 6 S kR AR
W H B YR E (Fordyce et al. , 2000; Luo et al. ,
2004y Tan et al. , 2002; Wang, 2001; % 445 4%,
1998 ; AREEWI%F, 2005) . A S A # 7 Al 51 9F 5% e %
WU A A B Rk b R B T B R
AR (Kulp et al. , 2004) , B30T a4 90+ S (1 45
B Ao R T AR B R BRI Y B R

2 BE5 Ak (Materials and methods)

2.1 BH&EX%

BF TR R 45 B[] 12 1999 ,2001 H1 2004 42 1
B35 B WO U Py A A S A SR AR T S L SR
(CREEWI%E, 2005). BB AL HBR AR + %
BESRERHWRILKREZ R KT, 6 H A HE %
BE 5 5 5 B R 4 R AR, DY 43 3 B 100 ~200g, 72 55
UYL P 2 120 H (0. 15mm) PLE,EIRTF
W7
2.2 HERWF E

FTIEBEAER T B S FRREAR AR
H0.2 3 0.5g, BEBE N 10mL, IR FF R BB 5 H
o R LR 50:1 B 2001, S6 S0 5 TR A T 4R 4
R 5 WL ICHK (Kulp et al. , 2004). AL TR ©
FR Al K Tk v A AR SR B, 0 S SR LG 4 4 B R
HEBEWREWE 4 Hif, & 88 28k a 0K
18 6 #r il FIA LA (A SCRIRE WL AE) ; Q% &
DB B 0.1 mol- L' #9 K,HPO, + KH, PO, (pH
=7.0) RS BB A KA O L@k E

A1 0.1 mol-L™"fj NaOH ¥ B R BUE HLGS & AW, 1
&SR 4 S B, A VLS BOE T E AR
@%@ 1 mol-L ™' Na, SO, I R BT
ZAEW ;0% LB @R A 15% ) CH,CO, HY 1 #2
BBRBREMSKE GRS, O% L2 ORE
FH 1 mol-L ™'y B #l CrClL 5 12 mol-L ' BRIB AW
%EEEX Jlu%%%ﬂﬁﬁ4&%ﬁﬁ,ﬁﬁﬁi% ste /_:hﬁifﬁ 5 mL
A A PR B NaOH + H, 0, #Y 1R & W0 W 05, 0 & % WiC
W i SR s D% 12 @FR T HNO, + HF + H,0,
AT A TH AL TR T $2 U i 5.

2.3 WHMNE

B B 5 o ) B I 5 S - IR 7 R
(HG-AFS). M EL RGN L IEREY
f# i HNO, + HF + H, 0, MR S IH (b, T & E % A
TH AL A O . TR B R AE (150 = 5) °C, 1 % B (8]
9 16h, B EEH M H LB FE R T 15 mL (#7 PFA 42
e, T 10CTZZEE T, #M Nk i i — B3R /T
AZZERT/FH 6mol-L ' HCl €A ZE 3 mL, RARHH
225 mLAE ST 9ISTTFKE, HBEZE 25mL
TN, 52 B P A E R ImL RBOKE F 15
mL ) PFA #F e, f i3 HNO, + H, 0, IR B V5 1k
B, TIOCTHERETHEMG6 mol-L™' HCl E A E
3mL, HELBERE L. dot, fRE R bR E R
0.72 mol-L™'(6% ) , 5 {X 5 I #L MR %5 H BRI 6% —
B.KBH, 93k 2/ 0. 18mol - L™ (1%), % T
0.05mol - L") NaOH 75 ¥ . A 3t 72 9 J7 ok A ) B
4 0.6 pg-kg'.

BRI E ) R SRS 7 2B 3% g Ak A 5 BURR AN
FIEEE B —BE, kRN 7 L RBE P
R A B A HAE W Bl & 43 LU TE 86.3%
~109.5% ,F¥HEIKRE B 7 L2 98.7% . & RIS
B A7 4 50 (BT 9 A8 53 RO R T 10% ks 2K
TR AL ) B E SRR, RS E YR
GSS-5(1.6 £0.3) mg-kg 'l GSS-6 (1.34 £0.24)
mg-kg ', GSS-5 Fil GSS-6 9 3 Wil & 45 R 4 5 2
(1.49 £0.11) mg-kg™',(1.33 £0.10) mg-kg™ "', il
FEEHSWHESSEY BT, S LREERA
.

3 Z R (Results)

AR IR CRE R AL, AL LR
FRBEAT T MR IA 2, e Aok B UL R R
(837,949,850, 56,588, S123b) | & i it i & A i
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# 28 %

=

BXHEEHE L (SI0A,599,5129,5132) 1 & i
B A KALTE B Rk 88 (7, YTBM) LU R S |
T8 (ALJIA, ALJIB). 3 1 FEIBEME 1 ol LA1§
0,30 Bt R K T AR (FL) R, R TR
BRI EEBIHER LI EN KBS MR
6, {5 EL 30 Py 338 b A B o 2, T XU AL T AR - P
WK SIS H KR, £ 0.4% ~15.02% [a] 48
. AR R RATNE S HA S K LS TE
WiE A R X A A) 3 e AR L, 5E R Bk
ErtEYHAENW S RS, B AN LS

MEBMTEAR LENENLE SEMER T S8
(1.33%),S56(5.77% ) Fii~FEdb b B BER SN, B
TR TEIE G SWY L L AW 20% L
b BREBE 72.9% , X U WA L S AR
Wt —F EZFERE R (B ). uREME
Wit 5 S37, S49, S50 b B 5 A BT AL i 5
&, AL 2.9% ~5.05% ,HEHELEPHE
S B — & T 10% ,S88 BEfh h ik B T 96. 2%,
WHLESW R LIRS WAEN - FHEEE
A BRERER MR B WSS & B 5 S L

1 EENtRBELESSTHBLR
Table 1  Selenium fractions of soils in Yutangba mg-kg ™!
o KBS WARBRE AVIEEGE TES BES i/ ik RS F1 ~F7 i i 2
a (F1) (F2) (F3) (F4) (FS)  #&(F6)  (F7) gk -
$37 ND 0.74 4.68 0.35 0.03 0.34 0.28 6.42 5.92 108.3%
S49 ND 0.93 2.53 0.13 0.04 0.34 0.55 4.51 4.91 91.7%
$50 ND 0.57 2.50 0.16 0.01 0.18 0.39 3.80 3.76 101.1%
S123b 0.06 0.66 1.90 0.71 0.02 0.28 0.62 4.25 4.02 105.7%
$56 1.06 9.33 53.2 751 10.2 10.2 42.3 921 962 95.7%
S88 ND 1.39 17.1 1236 0.17 23.4 6.88 1285 1281 100. 3%
BSFZ2 1357 864 16501 38798 0.40 146 38.5 57704 58000 99.5%
S10A 2.44 48.45 29.9 41.8 0.15 9.27 1.60 134 122 109.6%
S132 14.7 13.5 322 209 0.72 32.8 5.82 599 572 104.6%
$99 0.07 2.35 7.91 3.79 0.07 7.76 3.43 25.4 29.4 86.3%
S129 0.92 1.74 11.43 3.34 0.08 12.5 5.33 36.3 36.4 99.8%
7 87.5 187 233 49.9 0.08 21.40 3.65 583 573 101.7%
YTBM 0.10 0.85 5.52 3.92 1.47 9.30 2.34 23.5 26.1 90.2%
ALJIA 0.59 0.61 3.47 0.48 0.06 1.52 1.34 8.07 9.30 86.8%
ALJIB 2.35 2.13 12.55 3.49 0.07 2.00 1.64 24.2 24.3 99.7%
100% O F1
9%0% | BF2
F3
80% |- a8
B F4
70% + H B 5
e 60% [ :E:
ﬁ 50% |- f
40% | &
30% |
20% | B ';
10% |-gl | ’ I
$37  S49 S50 SI26b  S56  S88 SIOA  SI32 S99 SI129 7 YTBM ALJIA ALJIB
b 3857
Bl BENLtRBELETSINEFT NN HE

Fig. 1

Se fractions of soils in Yutangba
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4 4 SREE A S T b B v S R L R R S 775

AR, /] L Z WS AT BiAb /Wl R TR
W 5 4 38 X+ 3 S99 .S129 B R AL Fi 5 1 + 13
YTBM ALJ1A A5 EL % M 18.90% %] 39. 60% 4 4k,
S VEHEL B NFAEG BN 10% , X UL H 5
/M T EMEE RS LR HIF
BA X Fe g m + Bh R E LY/
W B AR B A R — S Ak R RS H
BEM ALJIA H5RE A 5 B 16.63% Z 4k, H
CEERESH S AWK L HIYNT 15% B
M ZEART 2% , 6 B 1 438 oh 5R A A5 5 B o5 9 L
WA GEERER, MMNAHER L, MsEI +
W ASHATERXFTERAINERAM LES
W AN EAM S TR SWE A YL &AW 55
L8/ WAL . KRS AT AT B A BRI A A 4y
A AR AR K, BT o B S T A A 43 ]t A K

4 4347 53118 ( Analysis and discussion)

HIEIMLIWRR IR — HARE EIR. T 2
Ji B BB BRI AR o 5T, — AR A Bl O R 4% B A
B T3 e 1 B XUAL | L A A O R SR R R B
RLAK £ (7 5 L) i AE. SR, 7578 QB 1 5k IR
[ b, B AR A A 2R R A R AL B O R B M
BT B 32, (HX R UL i 2 T JEU e ot Xl
1 3 R A UL TE A A 3 A PR - R
ZHE— A R 4 WOR TR B UE R (R B W%,
2005) . By Ah , R A X R 3 37 0 - 5% AP AR 4 AT R
FAPERRHS o R 2 PR A B R GE B RIS £ S BB &
A5 77 T, L IR AF 5 B AR A 3 4 A 2 1R IR A 0
25, HET R MR Z X H (Martens 45 1997) , 2 {l &
LB NI AR B Z R G LB O 2 BUM
FERESHA LR MR S LE R R A # I
FATAR 48 = B0 Bk R A A R AR S AT XL R
R TEGE R RTART SRS b R T 7 g
FRRETT R A B I o R - A A A S BT
B LA 4 O YRR - 398 o ] ) AR A (K P AR T 38
B8 KRB

KB R R ALY M AR ET
5555 W B K R o P R SR B TR R A O
BYLR, BRSTHMEEDF K. hERIEMm,
BT SHREa ALJTA ALJB XL L+ 7 SHE @b,
SN - S R T B B A R KR SR IR A Y
HESAE LBBR, KRBT 1%, XS HESE
(Kulp %, 2004 ) {fi F A 7] M 220 5 4R U7 B RR

B(<1% )N REEAYEN. XRPHEEME L
A RS H oy SR RN — 4, X
H HE R I IE A K AR WO AF 2 IR R S o —
AR A A 0] A8 e A 2 ] A R Y
AT, HK AR, I £ 3 N R A B R L R
X+ 3 o] A S AR AR X B, {0 £ AT A e A
) 25 ) 43 AR A& AN 3 — /9. 856, S88 A P Al A B
TR 962 1 1285 mg-kg ', A A A K 5 B
1.01% F10.11%. S10A f1 7 S SH T W LW E S
PR 122 71573 mg- kg™, I R B SWE X F T
30% L b X ERE T EW S B IIAE T L
b E A AW S RERS. DS RS, I
AWM RO AN L8, RAERKOEDW S ] E0AN
24 e, T 3K e o G A A A Xt R R TR E
EEMEY R E AKX,

AV A SR GEIN K L IEW
FEAERA WEE T T EAFNREW S E T E
BIE B AE F (Kulp et al., 2004; Martens 5 Gao
1997; Wang , 2001). B YL 45 A S L EIFE
o RERARIRE W, 0 T EHERE P A
VU, & TESE S 2 B8 T 5 S 8k o i
RINGT TR 5E A I AR R L 4 B A . X A A Y
B T 3 5% pH-E, B985 10 A0 + 38 b £ 2R H AL
PHMSEAESRE THERE. BIEM L EDFIN
iAW &SN, E T AL 5% b E
JE R B A .

W IRATE o0 R S, BT 8K A% % 5 A
IR RIS, —BIA N R AR H M
(Frankenberger et al. , 1994) . W45 th 5L GE B AE K
JLEWTY 5 A 5 1 AR R AR A5, D R UE AN AT
A A 9 A W R Ak 2 R o R AR R N R R
T ALY ML) £ 00 BT o 0 R BR M A, L
B/ WAL LS & AN RS R R LT
AR REE K. REST—RIANEAES
VURFEEEREL W 45 & B, b o ¥ 4 2 19 868
MRS RAMEXNEL, W58 07H M &E R
1 B % B (2 A U AR i T . [, G0 SR UK U S
AP AE A, B LGS A A0 4 ) 42 4t g =2 W) A RIS A
AR SHNE R, B ATTES ik /by
B VRS 75 T i 0 4R 2L A O YR |7 1 A b R Ak 2 A o #R
FR. MmENM LT o RS Mo i
2.9% ~96. 2% , H +# W Ji§ = S56. S88 41 5l K
81.7% #1 96.2% , HEHE +/NTF 6% . Bl HRE
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¥ ¥ W 28 %

OHBEX TEPTESHZ 12.0% 3 34.9% , 1
XAk + &2 8.6% 1 16. 7%, B+ & 5. 9% F
14. 4% , 3X 15 B ¥ 3% 901 + 338 50 K AW 0 T8 LA B Fh
AR, — R IEERE A THEE TR EYRIES
YRR R RIE, M ER AL (AKREL)E
BEIAMEGER. A TFIR L EMERRNRE L,
AR AR BN EEA RSB TR ESWE 16
k% 96.2% , HRE R ETR A AR 5] A, K AR
MER. Bk E AR BR I EPRENITLES
W A0, B A — FOE B JE N b, B BB R A
BAEXLHETI AN B R 5L/ ) w4
A AKE S99.5129 [ YTBM 5 | 30% LA E 4, HEH
INTF 7% ,3X 15 B 1 SR 5 T AL ) BR Ak 2 3R B R
FZR0. P 99,5129  YTBM # 5 & 4 F 4
X0 I B8, AR 4 HE A TR A X AR,
1717 458 785 19 0 R A 40 70 R 8k 3 R W OR TR B A
REIA. BYEN +EERESWM AN 1.0% 3]
14.7% , 138 7 F1 YTBM XAk 1 89 5% 7 25 0 43 5 8
0.6% F 10.0% , H X fk 1+ J% 5 09 &F J 2 8¢ B BE R
2B BT O . RO, BT {8 e A BR S )
B ERAMAL R, W R RE KR TS R
B, WHETF 1. 0% £ 4 K 1 B 5 7T BB 2 B B 3h 4
5 BT BUE BUK + IR %

WA, BRI BEZEN I EEHNERLES
W5 &8 SAWM LR, kB REN F B
9 T SRR B R AR (HEE R R SWANE
BEINREARN B E AR AR, I AKATEE
FEFR ST 7 1 5 R A 43 b B L B Y SR e
BESMYEET/H. RIMPOBIES L TXFmY
BHFBIE. 587 5 S99 .S132 Fil S129 FRE S &
HEAME(RLELD HLBaMER RESHY
BAAZEK EERMNIARE N0 B
BERERBKR Y RESHEENR KK SRR
W A AR B SR B R R kANt 5 AL R
EARX HN, EMEASHHRS E8bEh R
B U RV S A B I 4R B, B I R AR IR
RENE.

5 #i¢ (Conclusions)

1) 89t J8 it ¥ 3 300+ S A A 3 S fb o R B S
BRI, U T M B W BUS 0 88 X S A
WAL T R A& S E AT LG R 4 o,
FEEANGESEW TRESW, LANG A SH

SIUURTSWE 5 mAY/ My Ha R E. K
B AT EAS AR S B R, AL
wHEK.

DESHTIEER FEESATRS WS
o o 9 A B 06 AR B SRR b, DA O 3 3 30 - AR
BRI LA R 5 ARG 3, 3 DL S 0 ik s Ak
9K IR Dy T2 A8 1 3 390 - 3 P OT R S AN % R A T
BART AR R 5] AR 2 B0 #b 1+ 5
EBEN R 1 =5 R B X b i B AR 5 KR
FIARME E BRI

BEEEEEN:REA(1969—), B, 4+, HFRR, A ¥
FIEE LM R AL E MR L FH K ; E-mail; zhujianming@
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