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Fig.1 Sketch map showing study area and sampling sites
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Table 1 The abundance value of selenium in different areas
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Fig.2 Selenium in drinking waters and cultivated soils of Aba County

(a.b.c) Se( VI) vs. Se(Total) diagrams in drinking water; (d) Water-soluble selenium/total selenium vs. pH diagram in cultivated soils

300 —

200

Se/(mg-L"

100

.. b J B |

I 1
ok dbK Mdok Bk JRk ok Aok dbk ek Bk Rk ek
goxii] a4y 6 A i F AT

B3 BN [R) SR K oA [T 250 5

Fig.3 Selenium speciation in drinking water of Aba County
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Table 2 Selenium forms and levels( x + s ) in soils from different areas
SRREHLIX FEAEN ‘E‘M(Tl) 7“@#@(1% (W/T)/%
/(ng-g™") /(ng-g™")
Hh R 2B g 198 269 +381 6.0+7.0 2.23
T E R At 157 206 +227 7.0+15.0 3.40
INARARE (IE#) (%] 4 141.5 +£31.2 16.5+3.2 11.66
SR AT (IE ) (22 10 142.7 £9.1 14.6 £1.6 10.23
Jem T B X () (2 7 281.4 +24.1 38.8 +4.6 13.79
Bk P 7k % (KBD) 123 31 86.4 £16.0 6.9+1.5 7.99
B £ 5 (KBD) (2] 25 67.2+23.3 4.4 1.4 6.55
DU FAHE (KBD) (23 6 137.3+7.8 3.4+0.3 2.48
Pu 1| 3E4% (KBD) * 60 130.6 £3.5 0.46 0. 10 0.35
PO BT (KBD) ** 21 110.81 £17.66 0.604 £0.292 0.55
P9I 411 (KBD) ** 18 171. 11 +64.43 0.551 £0.237 0.32
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Table 3 The C/Se ratios of the organic matter in different areas
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Fig.5 Selenium content of every forms in cultivated soils of Aba County

2.2 filTERE M N o A
2.2.1 WY A-E P AL

G P8y SR AR S S A8 A2 45 T BRS84S A2 ( Eh (B FNFRRBIEE (pH ) , % W] ST Eh-pH ARz
P L. [RIHE, Elrashidi 257 FFH (pe + pH ) K45 il - 508 W il vl B A -5 BEA7 A8 30300 40 o DL R LS
(1) 4 (pe +pH) <7.5 B, #i4L#) (HSe " /Se*” /H,Se/MSe) N E;(2) 4 (pe +pH) =7.5—15.0 i}, i
TR AR (H,Se0,/HSeO; /Se0;™ ) (513 (3) 2 (pe + pH) >15.0 I AFRAR (SeO; ™ ) WA W AL
Pups 7202 ARG WS IX K G (pe + pH) 40 T 7. 367—9. 363 2 [l , 14 8. 401 , i 4] 45 4 <& bil
Ul DX A v IV A7 R AT 7 P A A BB R K B B SR T~ 0, TG % FE ZE10 7" mol - L™ Aif
(1) Eh-pH A {7 & 35 35 & i & B 4R 3 B8 oK % PR AT o8P i R BF 5T XK KRR
(pH 6.51—8.48 ,Eh F-#4{H 143.27 mV ) $ T Eh-pH AL (1] 6a) , FFUCESS T 32 M DI A R A5l 7Y
AEAE AR F AR R A AT A E

SIEE /N
12 12 (b) ok
Fe™ O ek
0.8 08
Fe(OH);
0.4 04+
= =
0 [
04 04+
“""_‘3"}[{30
HY ~
-0.8 1 1 1 1 1 1 i -08 1 1 1 1 | I
0 2 4 6 8 10 12 14 ] 2 4 6 8 10 12 14
pH pH

6 FTIU IX TS0 (a) FIBR (b) B9 Eh-pH AHLIE] (Se JiE K45 SCHK[ 31 ] 5 Fe JIE I SCHR[32])
Fig.6 The Eh-pH phase diagram of inorganic selenium and iron in Aba County

FLICHLAS BB T 55, AE 16 3 2 EE R AL JFE AT, Se (0)/Se( — 1) .Se(IV)/Se(0) . Se(VI)/
Se(IV). HH1,Se (V) /Se(0) Fl Se( VI)/Se (V) A ST ) A - S H X 107 A s o HL ol 34 E© (B
T dP AKX A GCE = - nFE® (Horp 0 AR n BEIRAYHLT, F 3R 5007 9 5 A 12 04 L T S P o
1F =96485 C-mol '), 24 E° HIE(EMT, A GO <0, A W Ry H & HEAT. 456 BF 5% IX BT 045 44 7k
Eh =112 mV—190 mV A $#E41.5) 1 3580 B () I il BR 255 Se ( IV ) A AR AL 1Y Se (VI P #4



940 2D 5% 2 31 %

TFdb. 1A, Se B A AL JE M 0] T MnO,/Mn® " HLXFFI Fe (OH) ,/Fe® H X, Bl HSeO; 4T Mn®* 4
Ak, 1M S0, MISET Fe® * #id J5, i) i A AL IS JEL A JEFR ST Mn Fe X Se 52 M (AL BR 5 JL A

R4 FRBL(25 °C,1 atm) FAGEIGCE Se(IV)/Se(0) Se( V) /Se( IV ) AL S X b o HL By 34
Table 4 Standard potentials of Se(IV)/Se(0) and Se( VI)/Se( V) under the standard condition (25 °C, 1 atm)

A2 A s 7 2 FriEr B # E©/mv
Se(IV)/Se(0) :

H,Se0;(aq) + 4H* + 4e”~ = Se(s) + 3H,0 740
HSeO; + SH* + 4e” = Se(s) + 3H,0 780
Se0?™ + 6H* + 4e™ = Se(s) + 3H,0 903
Se(VI)/Se(IV) .

HSeO; + 3H* +2¢” = H,Se0;(aq) + H,0 1090
HSeO, + 2H* +2¢~ = HSeO; + H,0 1008
HSeO, + H* +2¢” = Se0}™ + H,0 760
Se0?” + 4H* +2e~ = H,Se0;(aq) + H,0 1139
Se02~ + 3H* +2¢~ = HSeO; + H,0 1060
Se0?” + 2H* +2e¢~ = Se03™ + H,0 811
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Fig.7 Average contents of nine elements in drinking water
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Table 5 The precipitation-dissolution equilibrium of selenite under the standard condition(25 °C, 1 atm)

Mo VA 2 g pk®

HgSeO,= Hg?* + Se02~ 13.90(2¢!
Hg,Se0,= 2Hg* + Se0}~ 14,2312
Al, (Se0;) ;= 2A13* + 3Se03~ 32.4703¢]
CdSeO;= Cd** + Se03~ 8. 842!
CoSe0, + 2H,0 = Co®* + Se0}™ +2H,0 7.24137]
CuSeO;= Cu** + Se03~ 8. 42037
FeSeO,= Fe?* + Se03~ 9.9903¢]
Fe, (Se0;) ;= 2Fe’* + 38e03- 33.0003
Fe, (OH),Se0,= 2Fe** + Se02~ + 40H - 62.701%"]
NiSeO;= Ni?* + Se03~ 10.1103¢]
MgSeO, = Mg?* + Se02~ 8.9903¢]
MnSeO; = Mn?* + Se0%~ 7.110]
ZnSe0,=Zn>* + Se0?~ 10. 263!
ZnSe0; - H,0=Zn>* + Se0%~ + H,0 6.76%]
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Table 6 The complexation-dissociation equilibrium of selenite under the standard condition(25 °C, 1 atm)

A2 A S 007 5 pky

FeHSe02* =Fe** + HSeO; 2.8103%]
FeSeO; =Fe’* + Se03- 11. 150401
MgSeO, =Mg** + Se03~ 2.87041
CaSeO;==Ca** + Se03~ 3. 1704
(NH,),Se0;=2NH," + Se0}~ -0. 06
NH, HSeO, =NH, + HSeO; -0.0212¢!
CuSe0,;=Cu®* + Se0}~ -0.0212!
ZnSe0;=Zn** + Se0%~ -0.06%
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Fig.8 The cycle of selenium in ecosystem and food chain
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The regulation mechanism of selenium distribution in Kaschin-Beck
disease area: a case study in Aba area, Sichuan Province

LU Yaoyao YU Tao YANG Zhongfang " ZHAO Wanfu GUO Wei
HUANG Boming LI Peng

(School of Earth Sciences and Resources, China University of Geosciences, Beijing, 100083, China)

ABSTRACT
The distribution of selenium species in rocks, drinking water, crops, cultivated soils and their relevant
bioavailabitity in Aba, Sichuan were investigated. In Aba area, total selenium concentration in the
environment ( including rocks, soils and water ), selenium enrichment coefficient in the crops, and the
percentage of water-soluble to total Se were all much lower than those in disease-free areas. Selenite was found
=143.27 mV) and acidity ( pH

6.51—=8.48) were controlled. Accumulation of Al, Fe and other elements might enhance the precipitation and

to be the most stable species when oxidation-reduction potential ( Eh, ..
complexation of Se, reduce the bioavailability of Se, and result in selenium deficiency in humans.
Consequently, the toxicity of B, (HPV B,,) might be stimulated which could induce the Kaschin-Beck disease
(KBD). Therefore, KBD can be prevented by increasing the selenium levels and its bioavailabitity with
various methods, such as fertilizing soils with selenate, improving drinking water quality, ameliorating dietary
structure.

Keywords : selenium, bioavailability, water-soluble selenium, precipitation & complexation equilibrium,

Kaschin-Beck disease, Aba area.



