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1.1 HREE

A oK ¥ S I A He F | b R R AR SRR (S, 7,
OIFRBA/ET 4R, AL RAEFEYLH, &
S B W6 B Th XU £ e S5 1A B R B 2
T, B E A F ¥ U AL 210 m &L, 8RB RE R
AR TENER, FEKXAE3IFSEA 4 m
BHBERER(BRIAERERER) . R
ME] 2 1999 451 2004 4F 7 A o B BUREBUE Ak B
TAE B BRI EHES EER B BIENEE
HRHEBEL AL, AR ERA, HHAECH 33
N AERENZIEHRENTER BB
s RN 2 kgo TRAHSE (AR
i e KR ) E B 5T 1R (U452 5 . FD-3-85-MP)
HMREER. RERPERT 9 MR, BT
T R RRE R AR RRAE S 31

1.2 ZEZEEDNF*

AR RERANLEEZRBRS RS R T
¥ M RREESEN 0.1 5 0.2 g, BE AN 100
1ER 5011, A RLEA AR WSk [10],
SR BT RARARN S R OBAKATKES
WE(FLRRB, KESFHEGIEESH 4 80,6
WEEFA VLA, EEN SR B S 4 R
R a5 6 Hrifiz Fu,6 4 A A PR E o 2
WRiG; @ L RE A 0.1 mol/L # K,HPO, Fil
KH,PO4 (pH=7.0) MBS W B TR IT X H#E
W(F2), AIXHEAFHEAEETERMS LREH
4 WrERAIA PLAR , BN E IR BOR W B AT 4
WENERASTEBRERE;QOLIRER
0.1 mol/LKJ NaOH Y5 W $2 BUR P45 & B (F3),
FIG A BHEEREHFIRM K 4 frimfA tLas
AR, BN SR BRSO 4 4, A VLE
HEBERB:OLFRBEHAA 1 mol/L B Nap
SOERIEMITESW(F4); O LERER 15%
) CH;CO,H B IR BUKBR £ 45 & B (F5); © &
B3 A1 mol/LAY B i CrCL 7 W 32 B AL 4 /Al

L (F6) , 7 B HySe AR A 5 mL MWK BR
5 NaOH + H,O, 918 & W 1E 4 RBOR , W & B0l
H A ; O 2B TR FIVRTH R L S BR A XK
BEEHUBREBRES FHWEF).

1.3 WErRE

HaPmONEERERy - RFRLS%
(HG- AFS), &5 mMESIERBENER
SR ¥ A HNO, + HF + H,0, IR & 1 1k
B, TRESAMAERER. HREBERHE
145 CAEH , HER BN 16 ~ 18 h, B H B WM
T 15 mL B9 PFA 2%, F 70 CTHEZE
AT, MR _KEEHEZETER
6 mol/L HCLEA 3 mL, REHBEZ 25 mL W
FEHFTF 5 CTKB, MBEE 25 mL f0, HaT,
FriU 7 R R BR YN 0.72 mol/L (6% ), 5148
HIEh B B W 6% — 3, NaOH (0.2%) B T 1
KBHEE R 1%,

ERBEPEEHNNERLR 1 mL BREET
15 mL# PFA AR, f ¥k HNO; + L0, IR & 7K
B, F 70 CTEZETEH 6 ml/L HCl EF
ZF 3 mL, S BA L, EBOET S HER
BIolWEERT 2SS ol WHEE S, H 6%
HCI(0.72 moV/L) B EHEEW ., RBEF
St M A RITEMEAEEE KRG, M EBEEL nL
A 25 mL BEE S, A 3 mL 6mol/L HCL /5T
95 CK®E, MBEZE 25 mL EME, W, NEH
WWREE N Se*t + S5+ 2, PR Se** WG EN
BB PR S &R, RERRTHAVEES
BRI ZEB SR, SR E BB T HE
WL, REIRIR B P H St + S Z BN
VLRSS R, BIERE 1.R 2

ARER P, AARMEEESERTH
HRBFHMINFIEE F BIFH—B M, ER
K7 B REE PR S AR R A, N E
BRI 85.4% F 107.3% = 8], £ H W R 2
97.1% . FRBUSTHETATH @B R REK
F 109 EER, LB IR, EH
FRAESE YR GSS - 5[(1.6 £0.3)mg/kg]F GSS
-6 [(1.34£0.24) mg/kg],GSS -5 Fl GSS -6 K
3RMELE R FIR (1.49 £0.11) mg/kg, (1.33
+0.10) mg/kg, M EH SR HES FHY & BT,
AR g €/
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2.1 BEBETUERHERS

2ABBA T AR R BTSSR 52 2588
1162 mg/kge HAPKBEEWL 5.1% ~6.0%2
1, FEMER 5.5%(F 1), Se** I x,SS5 fi
PR S BHEBM(ER 2), SIS BASMA AT
B®KAN6.1% ~20.5%,F 13.3%, Al X#HK
B St R E(FR2), BEINFRHEHESERN
BT ABAETHNENHAEE, BIEESHER
BRETHMN T REFAER(E 1),7 53.8% ~
66.9%ZI8], F1% 60.3%, LA Se** FEAR I £ (F
), Bl BB T /KBEMAIZHETHEN
WEE, TESHULENERAFETHRERE
FLORERERP TRESHEHN BRI, P L
EA BN 3.1%,
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Fig.1. Selenium fractions in carbonaceous shale,
carbonaceous chert and carbonaceous mudstone .

SkBEEMARHBEEHHHHE, LY
MY RIERR BT T S AR &, Bk
SRR YA G AL B Y A AR AR, E B
BHBWERN16.2%  RBERETHREIEES
WZAMEN S —FMFEFEER . RREESS
WARBESHASHHEME, TESEL LB
0.3%,J6& 58 A BWK 1.3%,

LR R BRI WEARR E TS T R LU L
GaEWMMEAY BT S E, KRR TR #H#
AW KBSEMITESE, RRELSEWITR
BEAT(E 1),

2.2 BERREFHTELS
BREREFTIAERNTAESEDFE

287 mg/kg ( CpO15A ). 26054 mg/kg (Cp04 )
1039 mg/kg(Cp021A) (R 2) , KIESHEH & BEBRK
(%1),0.2% % 2.7% 2 8, F¥1E 0.43%, K
AR St , S A WA A ALK (R
2),CPO15A F1 CP021 A Seb* fl Se** ¥, CPO4
S+ MANMAE, AT BEBYELEE
B2.0%E19.1%,FHH 11.8%(F 1), HF
CPO4 il CPO21 BRI FT R E AW L Se** I E
(% 2),T CPOISA HEBWAFILEMHER £, Al
GEEBHEAENTEELE 36.6%F 76.6% 2 18], F
¥R 64.3%, U Se R K E(F2), BIHEE
RIE,BENE S SHENIHEERTKBEEM
ARG AW, TRESWAE C2IA BIK, HE
CPO4 1 CPOISA ERP R HEAEN —FEEN
X FHRECPOSABREGYT, TESHWELER
BER 55.3%, SBRETE P HHRALY ML
YIBA LA, B R A TR B AL 4 AN 4L L A
1,1 55 A BWE 5.0%, & AHLY ML
YN ERRE, HFARBRERE PHAFENE
¥R, RBREE S SWMBEETN 8
&, BfELEA RN 0.05%, /58 S50 B
0.6%, XER\AKERETHBEERUTES
WHENESSHEHERNEFE, HRETR®-S
WAL ML, KBS R EAE
WA B AW AR,

2.3 BERERERHAERS

BEREETINMERNTBESESLS R
2285 mg/kg(Cp05) \522 meg/kg(Cp08) F1 582 mg/ke
(Cpo11) (R 2)o KBAWH ST EHTEEEL
4.6%%F 5.9%, FHES5.7%(F 1), S** IE
(R2),XEBRBER ST KRESHA S HES—
B, IXBEWEHEHLEEE 7.5% F 13.8%,
W3% 10.7% ,J3LA Set* KX (F 2),{H7EE CPOLL
BEGPEIERRNSBEEAET 21.2%, Fl
GAESHENRBERBEFHENTEFEER,
WHBTFREREMNEINESSH, £60.5%%
65.5% 2 1834k, F3H 63.0% , BL S B A £
(%2) TESHUL BN EETRIERRE
B, EAAAWEN 4.2%, BETHREITE
FRITLESHE, SRR R R RS
PR PR E, XU TFRE TS PR
TR 55, T EE G BN 14.2%, B
FREAETREINGSSWZAIMEETEFENS
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—MER, KRESSSHLRK, HE50 BH
8 0.2%, RESWK S5 H T REIEFHR
BEWE, SEAREN2.1%, B2, RERERE
R RUTRETE TN, EEUA
Mg & EWmABLY /AR £, HRE A
BAW KESHEATRESE, RESWERK, &
RELGASWT ZBAT(E 1),

3 ottt

BAKPBEENBEEFEABRYRNFEAS
HRAESIBROEMEY EEXNFHEEDD
AL T AR B, SRR E ALY s R L R
W, & BRAYT IR ALY KR, ek
R EREBRE S, iR EME G FE
KRR AAN. Y5ARBTHENERF
B, BREA & AP R RIERX NS ST R
IR E T AR A A B SEEY R A,
Fet, Rt B E A FHENESH it £ 4E
AL, BB R B BT B XA S A R FEE XK
ER, BHENEWRREEPEENTVAREA
R ANRFREARENRLY BKREY Y
et U N 7 B b RO R4
X5 ERTYESNEEITAERNRR, Hi,
MR EBERES A FPROEES S R8s
RMNBUFEFRRETBMURE T AR ERF
Ko

BaKEERATRBOKEER, ERESEE
e K XA VRS U5 RM AL
MR E B FMEBENBEAE, 81 Se** (S5
MEFBAVE, HERPROTUAM, RER
EMBRTRE A PKEEMB 0 K0, B
S5S5nkAh, BEEEM St hE, MR F
SeS* MG BA VS T BRHERRER
RETZRBL4HEIBRPHEENBD ER, BX
BB E B BRI DS B R A P KIS PR
SR —BE, MR, BRERE FAREEMET &
EABBEB AR, 0.43%, X T B E R
AMBARERET S, B AT X EMIENIF
B, XEWAZHEPROBRREEEZ T XK
ER, BB ERE EZ WX RE R TIRE
BERAEMBREINE, Kup %[m]fﬂ Martens %[12]
BITF R AR, BRFr IR BRI RS, & B AL AE A
JETUE FRIKEEMSEMRTHEE A TRKE
T, RINEIRER MNP ERET—,

KHPO, + KH,P04 (pH=7.0)HBEAWAT
R SHAH, TERESKEEMY KLy
VEAUBREFENHEE T, BEHYERSE
PERFENER T, LS RREESWERS
ABENEIEDY, hFEEELYNETRE
RITERPHEEARR, PRS2 s R R B
MYFERELTYRME, ¥R E R
A BEREAMBEERE P R RESHEN T
SERAY, BERAIRE W ARFRERZE, 7T
SHEHNEERZERER, XHERATTZHREFHEOR L
T YRR IE R AR E R &G T 92 7T
1RB) o MR, BT BEBR BT DU FIBK B RE T 5 48
ARBEHEYTABEAKR, X LT YR
MREERAEMEHRAEREZANEL, BH
AEB A A BN 20.5%, A, XM
B YRR A B R R SR R A R B
8%,

0.1 mol/L#) NaOH ZEWHR F EH FREAMN
WA BT EBROAIESEW, BEED
BFoT B 3 % WK B 59 NaOH ¥ W 26 A IR BT 3T 8
AP HAT YRS AR T, BB A BOb R BRI
BYMBATEFHAENEAEW, N 5EHER.
RS A RO 2] o 3 B R T B R
HEEMRRREFANSESSHENERMY,
FHEORES, XUAAIEAERNEE T E
AHEEREENAAQ, SREFEMRTNGER—
028 R, M FREEBHRFEE2LD C
B Y A, R HERR A DLAE A LR B AR s A B
SWREN, T ERE, BEXMENEMAET
H ERITE ] DUE P YR LR . RRIKSE
AZE,REEREPEISEAEBHELTEE
BN, ZBHILFEAZRIFXAE RN ER,
BRI TUE HOK, SRR R E 2 B T KAk /E R R B
BEWH, FRBBERENRERSE, KAILES
SHNEEARERBER,ECPOISHEGTRA
FALER 36.6%, M fE CPO21 HERAFER T
76.6% , 3 B R[] XAk 33 BE 35 35 o 1 A AL 5T X A
MIBMEREALFEEZR, BRREAMNE
PURXT AR B ERIER, B RE ¥im
IR,

1 mol/L #J Na,SOs(pH=7.0)E B A FRBUT
AW, BREXGTHAS CCLEBRATRR
WA AR IBE , Y E SRR B 5 A B T RE R
AP LESHWEIEMY, ASEAEWN
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31% ~ 4. 2%, KR EFPHNTESTEN R
35.1% ~55.3% , ZRATE K 10 5L £, Bty
BUYAHTHAHABLER, IHELEALEN
14.2% ~16.2% , M E &N 55 A BHK 5.0%),
REAFEN =22 —, BAERPHTELSHS
TE BT HEXE A R 6 B0 88, B AL 0 0 B AL ) B T L
TFTEAFERINE, WBKE A B R A BBk
FRE, TESH &R MMMy /ALY
SENBL FHRAY /AL YEE R EE,
AR (RN A YRS T2 8% ) 78 438 A
MEEREY R AR RHRET, E40F RO
EETREELRTEBEMB IR TR, AR, &
BAGBHEE FHARBEY bt , WEMRAE
YRS F Y R EL MR R R/, &
EE TR NTTERRE Se* R A it —»
0 R 9 40 4 3% DA 28 R R A Y 7 SN A BT
O] BV R TUA M R R B P TR
B R /BB X REN, L5
HrJE B A B PH B 25 3k B B AL /A0 AL Y0 B Y R
b, B St B E, EABRRRBEPNFEHE T
BABAEINRBRH, WA B HEERE R TER,
BEREFTERBENKEFEREVARIEEN
M BB RE A5 A TFHEXHE R KRS
VUE PRI 45 & A M T UK BLA A B
# 6%, RITMBIR P, ZMBIRIO KM
SN EL BN 0.2%, AR HE A
HRBRBMEEHER, TS aNWE BB L,
X5 BF AN R B ) T P B R LR G T AR N A O
—H, RESWMEFEFAET TRAEMEREY
Yy RRUO 2] FIYk HNO; + HF + H,0, 0B 4
HHBAERESAELEPHERESZRBUSHE
® ST P, BRRRRES JRER
ARRESHEAASHN 2.1%M 1.3%, MKk
FRREFR 0.6%, Bk T HAEEH LBERRE
ER R AR R E 31% O R, X B
fEIH X BRI E P TRERERET Y
HESHHRE, AARBENHERENFTERE,
RBILy YA RRRAFREPFRIT Y+
MR, TR RIS 2 88 ke AL g
BEMNAENE, NRESHEBRE, AIERE

A O SR SE UL B, B R BE A ML — R A TR
YR, RS, FIURERN ER TR T
HEEREA

4 &

It B A e 4 LR K SRS A SR AL R
PRS2 9, B B TUA FIBR B G Pl 2 B
AL BRALY /A8 AL Yy 75 00 AT B e 500 O 3 B
EPE PHUAIS TRSTRMY ALY S
W BRIRIUE MK BREE g P KBS0 R
ERTHRERA PHKBSH, Y/ BmEys
AR b Bt BH B AT BT BRI, T 0 3R 25 4 A L 1
BERTRME, LU RTEREHEXNRALKF 3,
HEARIE R EZ N MARE A —, BR
HREAMKE AL T LENERARE, KT
B R Rk IR R B3 O TS5 (B B Bk SR U o A T AR X e
BRARALT S, HEWE S BRI, E=XRE
A HKBES AT RSMAYE &BW , R
TERAKBBMUL Se8* g F 50, AL Se** Ky
I, XERABBENEBERKFEAFHNERES
LA Sett o, M AR Seb* FAH DL, it & B
HEPHEEBMERFTER St WA MRET
HE, S BEEARFNBETFAXRREHA
Se'* REME LA LHR, XN aENEH
BRBCE AR E R BB RSN RIR, LR A
MR R R BB e R E U BL AR P B4R,
BEWBEAPRIESH L EMERIBEPR
HTERMAG, ZRERURVEENERRES
RRFR AR L R B TR BUAR TT BB R K A B AL OB
YERITE B , T 3 — 2022 50N O 39 PV BY B
- EY R, HRE RN K E RSB
7o

B AR PO ANEEA YRR T RERTXE
UIUC K4 H R Johnson IR UL # B, AT A
BABEPRATFRNBIMR AN E BN, WK
BMUESIBTHIATRNEREGHDIEAMRES
FRARBMAKIRF, NFABMRRAEQHETE
MENERALATFT AR, ARERUBERL
AT HTERRMUERA RS AW R T IO %
PHLTRERENRO AT TRAFE, EHBEH,
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SELENIUM SPECIATION IN SE-RICH ROCKS AT YUTANGBA
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(1. Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China;

2. Graduate School of the Chinese Academy of Sciences, Beijing 100039, China;
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Abstract: Yutangba, where a sudden incidence of human Se poisoning occurred in 1963, was a typical high-Se area in
China. The exposed Se-rich rocks of the Maokou and Wujiaping formations were generally considered to be the main source
of Se that was enriched in soils of Yutangba and other places in Enshi, but little is known about the Se speciation trends in
these rocks. Procedurally defined Se fractions in Se-rich rocks were determined mainly based on the modified sequential
extraction protocol as follows: soluble (MQ water) , adsorbed [0.1 mol/L K,HPO, + KH,PO4 (pH=7.0)], base soluble
(organic matter; 0.1 mol/L NaOH), elemental Se (1 mol/L Na,SO;), carbonate and amorphous oxides (15% CH;CO,
H), sulfide/selenide (1 mol/L CrCl, + HCI) and residual Se (HNO; + HF + H,0,) . Selenium in bulk rock, fraction and
its speciation were measured by HG-AFS. The results showed that base soluble, sulfide/selenide and absorbed Se were of
predominant form in carbonaceous shale and carbonaceous chert, while base soluble, elemental and sulfide/selenide Se
were of dominant form in mudstone. The proportion of soluble Se in mudstone is significantly lower than that in
carbonaceous shale and chert, as well as sulfide/selenide Se, while the amount of elemental Se is significantly greater than
that in both rocks, indicating the current geochemical weathering condition of Yutangba is favorable for Se mobilization and
re-deposition as secondary native Se in suitable positions such as interbedded mudstone layer. Se(IV) is significantly
greater in proportion in soluble, absorbed and base soluble Se fraction, rather than organic-Se and Se( VI). This revealed
Se(IV) is the predominant speciation for Se transportation and bioavailability, and also affected the total concentration of Se
in whole rocks. The results support that Se was highly associated with organic matter. Adsorption of Se(IV) by organic
matter and clay in carbonaceous Se-rich rocks plays an important role in the weathering process of Se-rich rocks in
Yutangba.
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