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ABSTRACT. Selenium (Se) fractions of 31 rocks/soils (Enshi and Ziyang) were analysed for better understanding
Se biogeochemical cycling, assessing geological environment, utilizing Se sources and preventing Se poisoning. The Se
content of Enshi rocks/soils is higher than those of Ziyang. Sulfide/selenide and elemental Se, base-soluble organic Se and
residual Se are predominated in Ziyang carbonaceous slate, and the bioavailable Se is 5.12+3.60% (n=5); base-soluble or-
ganic Se, sulfide/selenide and elemental Se, and ligand-exchangeable Se are the main fractions in Enshi carbonaceous
shale, and the bioavailable Se is 17.81+6.80% (n=8). The soil Se fractions present a high succession of the underlying stra-
ta. The soil bioavailable Se of Ziyang (4.17+3.35%, n=8) is lower than that of Enshi (14.14+8.43%, n=10). Thus, the Se
bioavailability in geological samples is largely controlled by its fractions and species.
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OBJECTIVE

Selenium (Se) content in soils is most possibly
heritaged from the rocks, called parent materials, by
weathering and pedogenic processes, and transport-
ed to plantation and finally to affect animals and
humans by uptake of the products growing in the
soil. On the other hand, the effectiveness of the
transportation of Se from soil to plantation is not
completely controlled by the total concentration of
the element, but its chemical species, or fractions,
which are mainly controlled by the geological parent
materials, organic matter content, pH and redox
conditions and a number of bio-physiochemical pa-
rameters (Plant et al., 2003; Qin et al., 2012; Wang
et al., 2012). Therefore, obtaining the Se fractions in
rocks and soils of highly Se-enriched areas is of
great significant for better understanding Se biogeo-
chemical cycling, assessing the geological environ-
ment, utilizing the Se sources and preventing Se poi-
soning.

MATERIALS AND METHODS

A total of 31 samples were collected from two
famous Se-enriched areas: Enshi (5 rocks and 8
soils), Hubei Province and Ziyang (8 rocks and 10
soils), Shaanxi Province. Se concentrations in bulk
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sample and extracting solution were determined by
hydride generation-atomic fluorescence spectrome-
try (HG-AFS) with a detection limit of 0.1 pg/L. For
bulk Se measurement, the powdered samples were
digested with mixed acids (HNO3, HCIO4 and HF).
For Se fractions measurement, a modified 5-step se-
guential extraction method was used (Martens and
Suarez, 1997a,1997b; Qu et al., 1997; Zhang et al.,
1997; Kulp and Pratt, 2004), including (1) water-
soluble (extracted by Milli-Q water, 18.0 MQ/cm),
(2) phosphate exchangeable (extracted by 0.1 mol/L
K2HPO4-KH,PO, buffer, (3) base-extractable or-
ganic matter-bound (by 0.1 mol/L NaOH), (4) sul-
fide/selenide associated and elemental Se (by 0.5 g
KCIO; and 10 ml concentrated HCI) and (5) residual
Se (digested by mixed acids). Before HG-AFS de-
termination (only Se(IV) could be detected), the
former three extracting solutions should oxidized by
Iml HNO;3; and 0.5 ml H20;, then reduced by 6
mol/L HCI.

RESULTS
The bulk analysis showed, the rock Se concen-
tration ranged from 193 to 1977 mg/kg (590777
mg/kg) and from 8.88 to 57.0 mg/kg (25.8+17.8
mg/kg) in Enshi City and Ziyang County, respec-
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tively. In addition, the average Se content was
65.0+101 mg/kg (2.46-295 mg/kg) in Enshi soils

and 13.2+15.7 mg/kg (0.35-51.8 mg/kg) in Ziyang
soils. The Se recovery rate for the sequential extrac-
tion was 76.69-120.85% (average 94.85+13.85%)
for rocks and 82.32-117.07% (101.76+7.35%) for
soils. However, few Se recovery rates were less than
85%. This phenomenon might be related to the in-
soluble suspended solids in water and phosphate
buffer extracts, for their adsorbability for Se com-
pounds and their uneven distribution.

For rock Se fractions, the average percentage of
water-soluble and ligand-exchangeable Se were
4.8045.24% and 4.80+5.24% in carbonaceous shale
of Enshi, respectively, which are consistent with
those of lower Cambrian black shale (5.04% and
16.47%) in south China (Fan et al., 2011). And the
percentage of water-soluble Se (1.30%£1.24%) and
exchangeable Se (3.81+2.76%) of Ziyang carbona-
ceous slate are very similar to upper Cretaceous
shale of America (Kulp and Pratt, 2004). Generally,
water-soluble and exchangeable Se was regarded as
bioavailable Se, because they are more easily to be
adsorbed by plant (Martens and Suarez, 1997a).
Therefore, the bioavailable Se of Enshi carbona-
ceous shale accounted for 17.81+6.80% of the bulk
Se, which is quite high than that of Ziyang carbona-
ceous slate (5.12+3.60%). The base-soluble organic
Se accounted for 47.13+21.66% of the Se budget for
Enshi shale, a little higher than that of Ziyang slate
(32.82+9.59%). On the contrary, except for sample
15YTBO01-4 with an extreme high content of sul-
fide/selenide and elemental Se (82.54%), all the
shales of Enshi contained a low proportion
(14.14+2.21%) of this fraction, which is only one
third of that of Ziyang slate (42.87+12.84%). Simi-
larly, the proportion of residual Se in Enshi shale
(7.23£5.92%) was also lower than Ziyang slate
(19.19+5.15%), this fraction are probably contained
in silicates or kerogen and quite stable in the envi-
ronment (Kulp and Pratt, 2004).

As showed in Enshi soil Se fractions, Se ex-
tracted by water and phosphate buffer were
1.75+0.95% and 12.39+7.69%, respectively, and the
percentage was 44.39+16.70% for base-soluble or-
ganic Se, 29.25+30.47% for sulfide/selenide and el-
emental Se, and 12.23+8.93% for residual Se. Corre-
spondingly, the proportions of five Se fractions in
Ziyang soils were 0.84+0.78%, 3.33+3.34%,
15.75+17.49%, 49.30+32.50% and 30.78+19.97%,
respectively. It is worth to concern that the propor-
tion of sulfide/selenide and elemental Se reached as
high as 65.74% in Naore Village, Ziyang County,
where a Se poisoning occurred in animals and local
resident, this result was highly related to the out-

cropped Se-enriched pyritic carbonaceous strata
(Kunli et al., 2004). The content of bioavailable Se
in Enshi soils was 14.14+8.43%, correspond to the
previous data (18.44% and 16.06%) reported by Qin
et al. (2012), which is much higher than that of Zi-
yang soils with a average percentage of 4.17+3.35%.
Especially, the bioavailable Se in Naore Village was
a small part (2.81+£2.14%) of the bulk Se in soil,
which is consistent with other researchers’ data, for
example, < 1% and 2.99% of Se was extracted by
water and phosphate buffer from surface soil and up-
land soil of Naore Village (Wang et al., 2012; Wang
et al., 2014). The large variation of bioavailable Se
between Enshi and Ziyang soil might be interpreted
by 3 reasons: (1) the difference of Se fractions in the
underlying strata, (2) the difference of pH and redox
conditions, (3) the different concentrations of iron
oxide and oxyhydroxide complexes, clay and organ-
ic matter.

CONCLUSIONS

In summary, the Se fractions in rock are de-
pendent on its age and lithology. In Ziyang Se-
enriched carbonaceous slate, the main Se fractions
are sulfide/selenide and elemental Se, base-soluble
organic Se and residual Se, and the bioavailable Se
is 5.12+3.60%; in Enshi Se-enriched carbonaceous
shale, the main Se fractions are base-soluble organic
Se, sulfide/selenide and elemental Se, and ligand-
exchangeable Se, and the bioavailable Se is as high
as 17.81+6.80%. In addition, the characteristics of
soil Se fractions present a high succession of the un-
derlying strata. Similar to the rocks, the predominant
Se fractions are sulfide/selenide and elemental Se,
residual Se and base-soluble organic Se in Ziyang
Se-enriched soils, and base-soluble organic Se, sul-
fide/selenide and elemental Se, and ligand-
exchangeable Se in Enshi Se-enriched soils, respec-
tively. Also the bioavailable Se in Ziyang soils
(4.17+3.35%) is lower than that of Enshi soils
(14.14+8.43%). Therefore, the bioavailability of Se
in geological samples is not only controlled by its
fractions and species, but also dependent on the
physicochemical properties of the matrix and its sur-
rounding environment, such as the pH value, the re-
dox condition, soil texture, mineralogy, the presence
of competitive ions and so on.

ACKNOWLEDGEMENTS
This work was funded by the Research Pro-
gram of China Geological Survey (No.

12120113087100, No. DD20160095-13) and a Na-
tional Nonprofit Institute Research Grant from the
Institute of Geophysical and Geochemical Explora-
tion (IGGE, No WHS201302).



Huan Tian, Zhengyu Bao, Hongyu Zhang. SELENIUM FRACTIONS IN TWO FAMOUS 53
HIGH-SE AREAS OF CHINA: ENSHI, HUBEI PROVINCE AND ZIYANG, SHAANXI PROVINCE

REFERENCE

Fan H., Wen H., Hu R. and Zhao H. Selenium speciation
in Lower Cambrian Se-enriched strata in South China and its
geological implications. Geochimica et Cosmochimica Acta.
2011, 75(23):7725-7740.

Kulp T.R. and Pratt L.M. Speciation and weathering of
selenium in upper cretaceous chalk and shale from South Dakota
and Wyoming, USA. Geochimica et Cosmochimica Acta. 2004,
68(18):3687—3701.

Kunli L., Lirong X., Jian'an T., Douhu W. and Lianhua X.
Selenium source in the selenosis area of the Daba region, South
Qinling Mountain, China. Environmental Geology.2004,
45(3):426-432.

Martens D.A. and Suarez D.L. Selenium Speciation of
Soil/Sediment Determined with Sequential Extractions and Hy-
dride Generation Atomic Absorption Spectrophotometry. Envi-
ronmental science & technology. 1997, 31(1):133-139.

Martens D.A. and Suarez D.L. Selenium Speciation of
Marine Shales, Alluvial Soils, and Evaporation Basin Soils of
California. Journal of Environmental Quality. 1997, 26(2).

Plant J.A., Kinniburgh D.G., Smedley P.L., Fordyce F.M.
and Klinck B.A. 9.02 — Arsenic and Selenium. Treatise on Geo-
chemistry. 2003, 9:17-66.

Qin H.B., Zhu J.M. and Su H. Selenium fractions in or-
ganic matter from Se-enriched soils and weathered stone coal in
selenosis areas of China. Chemosphere. 2012, 86(6):626—633.

Qu J.G., Xu B.X. and Gong S.C. Sequential extraction
techniques for determination of selenium speciation in soils and
sediments. Environmental Chemistry. 1997, 3:277-283.

Wang Q.W., Wu S.Y., Wang X.K., Fu R., Cao R.R., and
Zheng H. Selenium fraction analysis of surrounding soils around
the Se-enriched core of Ziyang, Shaanxi Province, China. Envi-
ronmental Chemistry. 2014, 11:1999-2000.

Wang S., Liang D., Wang D., Wei W., Fu D., and Lin Z.
Selenium fractionation and speciation in agriculture soils and
accumulation in corn (Zea mays L.) under field conditions in
Shaanxi Province, China. The Science of the total environment.
2012, 427-428:159-164.

Zhang Z., Zhou L.Y., and Zhou Q. Speciation of seleniu
in geochemical samples by partial dissolution technique. Rock
and Mineral Analysis. 1997, 4:255-261.

CEJIEHOBbIE ®PAKLIUN B 1IBYX OBJIACTAX KUTAA,
M3BECTHbIX BbICOKAM YPOBHEM CEJIEHA:
3HbLUWX, NPOBUHLUMA XYBE31 U L3bISIH,
NnPOBUHLUUA LUSHBCU

XyaHb TaHb!, YxaHbrol Bao'?*, XyHbrol YxaH?

! Kuraiickuii reonoruueckuii yausepcuret, Yxanb, Kuraii

2 UskoI3sHCKHI HCCIENIOBATENBCKUI MHCTUTYT, KuTalickuil reonornyecknii yauBepcuTeT, Xanuxoy, Kuraii

PE3IOME. Bbuti npoaHaIu3upOBaHbl celieHOBBIC (Se) dpakiyn 31 pa3sHOBHAHOCTH TOPHBIX MOPO/TIOYB M3 00JIa-

ctelt DHbIIM U LI3BISH 71 Ty4IIero mMoOHUMAaH!s OMOTEOXUMHYECKOTO IUKIIA CeJieHa, OLEHKH Te0IOTHIeCKOl Cpelib, uc-
TOJTL30BAHMS ICTOYHUKOB CeJIeHa W MPeIoTBpaIleHus oTpaBiieHus ceseHoM. Coepikanue Se B IOpoAax/mouBax DHbBITH
BhIIe, 4eM B L[3p1s1H. B xapOonaTHBIX crannax L[3e19H npeobnanaroT cyab(QuIpl/CeIeHUIB U AIEMEHTAPHBIH SE, a Takke
TIIeI0Ye-PacTBOPUMBIN OPTaHMYECKUI Se ¥ OCTaTOUHBIN S, IpH 5TOM GHOMOCTYIHBIH Se cocTaBisieT 5,12+3,60% (n = 5);
B YIJICHOCHBIX CJAHI[AX DHBIIN OCHOBHBIMH (PPAKIMAMHE SBIITIOTCS IIEJI0Ye-PAaCTBOPHMBINA OpraHMYecKuil Se, Cylb(hu-
JTBI/CENICHU/IBI U SJIEMCHTApHBIN S€, a Takke TUraHa-0OMEHHBIN Se, pu 3ToM OuoJ0CcTynHBIN Se cocraiseT 17,81+6,80%
(n = 8). TTouBeHHbIe (Ppakiyu Se MPEACTABISIOT MOCIIEI0BATEILHOCTD TIOACTHIIAIONIMX CIIOEB. BHOIOCTYITHOTO TIOUBEHHO-
ro cencna Se B [3p1sn (4,17+3,35%, n = 8) menblie, ueM B Dubiu (14,14+8,43%, n = 10). Takum oOpa3om, OHostormnye-
CKasi JIOCTYIHOCTh CEJICHA B T€OJOTMYECKUX 00pa3liaX B 3HAUYUTEIBHOU CTEIICHH OMPEACIICTCS ero GpaKkiusiMi U XUMU-
4eCKUMH (OpMaMH.

KJIFOYEBBIE CJIOBA: cenen, mousa, (ppakuud U XuMHIeckue (HOpMbI, OHOTOCTYIMHOCTh, OMOTCOXUMHYECKAst
MIPOBUHIIHS.
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