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Foreword

Selenium (Se) is an essential nutritious trace element for human beings. This is a
significant discovery among scientific circles in the past two or three decades. Before then
Se had been commonly thought to be toxic to human bodies and hence people always kept
away from it. A great deal of data and records obtained so far have shown the following
effects of Se in regard to human health. (D Se helps cells (tissues) resist oxidation caused
by the free radical of oxygen and protects fatty substances in cell membranes from
detriment. @Se can directly quench and remove the free radical of oxygen, thus weakening
the attack of active free radical of oxygen to human cells. @ Se is able to enhance the
immunity of humans and reinforce the resistance of organisms towards pathogens. @ Se
possesses resistance to such noxious elements as Pb, Cd and Hg to mitigate their toxic
effects. ®Recent study and experiments have revealed that Se can block DNA mutation
induced by nitrosamine, one of the chemical carcinogenic substances, so as to lower the
incidence of cancers. Because selenium has such important biochemical effects, the
myocardial system may suffer from Keshan disease and the alimentary canal may be
attacked by cancers when people live under a Se-deficiency condition. The former case has
been proved by the Se-supplementation experiment in high incidence areas of Keshan
disease and the latter is being verified by relevant experiments. The experiment conducted
in areas with a high incidence of liver cancer in Qidong, Jiangsu Province, has significantly
reduced the death rate. However, excessive amounts of selenium remaining in human
bodies may cause Se toxicity, which has long been recognized and proved by the
investigation in Enshi District, Hubei Province.

The human body extracts selenium nutrients by means of air, water and foods, so the
selenium content in the environment will directly affect the human health. The
distribution of Se and its effects towards the human body, however, vary with geological
and ecological conditions. Based on this view, a project was launched by the Institute of
Rock and Mineral Analysis, Chinese Academy of Geological Sciences, and the British
Geological Survey to study geochemical effects, prediction and prevention of deficiency or
excess of human selenium. This research project was financially supported by the former
Ministry of Geology and Mineral Resources (MGMR) and the United Kingdom Overseas
Development Administration (ODA) and registered as a key scientific research project and
also a Sino-British cooperation project of the former MGMR. Target areas were selected
for the study, including a Keshan disease area in the Zhangjiakou region, Hebei Province,

an esophageal cancer area in Cixian County, Hebei Province and a selenosis and Keshan
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disease area in Enshi District. This study involves the following objectives:
epidemiological and environmental investigations of selenium in rocks, soils, waters,
grains and human hairs and blood; study of geochemical background, environmental and
control factors and relationships of Se anomalies in regard to the known cancers and
endemic diseases; analysis of environmental causes of diseases; and prediction of risk
areas. Besides, practicable prevention measures and methods against such diseases were
sought by means of agronomic trials of high-Se fertilizers.

Interactions and interrelations of geology and geochemistry with respect to
environmental and life sciences are embodied by geochemical behaviour, migration and
enrichment (dispersion) of chemical elements within the geoecological nutrition system.
Consequently, some basic theories and methods applicable to geology and geochemistry
can be also used in their interdisciplinary field and the only difference lies in the fact that
geochemical anomalies (positive or negative) in rocks, stream sediments and soils can
serve as the background of element abundance for discussing absorption and metabolism of
different organic individuals (or communities) to this element and discussing their
transportation in the food chain, so that such anomalies can be applied to the prediction of
elemental anomalies (risk areas) of a human body (or population). Therefore, besides the
study of regional distribution of selenium and its transport in ecological substances, more
tasks should be dealt with: to know the geochemical activity and the formation and
distributive pattern of selenium in terms of geological processes from the viewpoint of the
overall system of the Earth (both internal and supergene) and to analyze the contribution,
control and influence of Se-bearing substances on the surface ecological system and the
food chain during the dynamic process in the Earth’s interior. Owing to academic
limitations, these problems have attracted a rather little attention from scientists thus far.
Nevertheless, the present project placed particular stress on these topics, and
furthermore, attempted to propose a stereoscopic view of kinematics and a geochemical
distribution model of selenium in terms of time and space.

Previous studies and practices have shown that the discussion of environmental causes
of Keshan disease and other cancers is closely related with its aetiology, especially the
effects and influence of selenium in human beings. Based on the conclusion concerning the
aetiology of the three typical diseases and the mutation theory, feedback principle,
nonequilibrium and nonlinear action of system evolution, this study analyzed the affection
and control factors of selenium on these diseases by means of the conventional analogous
method, hence providing a theoretical support for modelling the environment and
ascertaining the effect of environmental selenium. Therefore, the study of environmental
causes actually involves two aspects: (Deffect and influence of environmental selenium
( referring to human selenium) on relevant diseases; @ effect of environment on the
incidence (outbreak and spread) of these diseases.

Started in September, 1995 and ended in December, 1998, this project spanned three
\%



years and accomplished the set program and tasks. During this period, field investigation
and sampling were carried out and four geological, geochemical, soil and epidemiological
profiles, 204.4 km long in total, were surveyed. In addition, systematic investigations
and data collection were done for ecological environment, natural geography, social
economics, food structure, and customs and sanitary condition of the inhabitants.
Altogether 1441 samples were gathered, including 397 soil samples, 250 grain samples,
241 human hair samples, 45 blood samples, 55 water samples, 49 rock samples and 404
samples of stream sediments. The analyses and measurement of these samples yielded
8212 values. To guarantee the reliability of data, comparisons were made frequently by
both Chinese and British scientists for the testing means and experimental apparatuses.
Besides, repeated analyses of the same sample, the same analysis for multiple samples and
comparative analyses by both Chinese and British scientists were adopted as an effective
strategy in the quality control of data.

This book was completed based upon the revision, complement and refinement of the
research report of the project. The book consists of seven chapters. The first chapter gives
a review of physical and chemical properties of selenium, describes the distribution of
selenium in environmental media, geochemical-biogeochemical circulation, biochemical
functions of human selenium and Se-responsive diseases, and summarizes some important
results and theoretical ideas concerning the relationship between selenium and human
health. The second chapter deals with the technical strategy and research scheme,
sampling plan and technical insurance, and test means and quality control. The third.
fourth and fifth chapters cover the systematic investigations, analyses and discussion for
the three targeted areas, namely Zhangjiakou, Cixian and Enshi, in regard to the
geological and geochemical background, the distribution of selenium in rocks, soils,
water, grains and human hairs and its effects upon such endemic diseases as Keshan.
esophageal cancer and selenium intoxication. The sixth chapter, based on the theory of
system evolution and the comparison of typical characteristics between the three study
areas, summarizes the activity behaviour of selenium in the Earth’s interior and the effects
and contributions of selenium to the supergene system of the Earth. In terms of the
internal geological process of the Earth and the characteristics of exogenic forces due to
solar energy, this chapter discusses the distribution and flow patterns of selenium in the
supergene system and the food chain structure of the Earth and makes an evaluation on the
biochemical functions of selenium on human bodies and their relations with typical endemic
diseases and cancers. The seventh chapter makes prediction for risk areas of selenosis by
means of IDS/Se (the Intelligence Decision-Support System against Selenosis) developed
in this project on the basis of various data sets acquired in the Enshi area, including spatial
data, data of environmental geochemistry and information of epidemiology related to
selenium toxicity. In this chapter the prediction of risk areas is also made based on the
geochemical maps of Se steam sediments, which compiled in this project and the
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geochemical background of selenium.

The participants in the compilation of this book include Li Jiaxi, Zhang Guangdi, Ge
Xiaoli, Zhang Qiling and Luo Daihong on Chinese side and J.D. Applenton, C.C.
Johnson, F. M. Fordyce, and K. A. Green on British side. The Introduction was written
by Li Jiaxi and Zhang Guangdi; the first chapter by Zhang Guangdi, Ge Xiaoli and Li
Jiaxi; the second chapter by Ge Xiaoli and Li Jiaxi; the third chapter by Ge Xiaoli, C. C.
Johnson, Wang Yuan and Ji Fuquan; the fourth chapter by Zhang Qiling, J. D.
Applenton, Hou Jun and Li Shaosen; the fifth chapter by Zhang Guangdi, F. M. Fordyce.
Mao Dajun, Su Hongcan and Hu Weihong; and the sixth chapter by Li Jiaxi and Zhang
Guangdi. Zhang Guangdi and Ge Xiaoli reviewed the whole book, made necessary
revisions and finalized the manuscript.

During the period from the beginning of the project to the publication of this book,
Song Ruixiang, former Minister, of Geology and Mineral Resources, Shou Jiahua, former
Vice Minister, of Geology and Mineral Resources, and leading persons of the Department
of Science and Technology of this Ministry had always given particular concerns and
support to this project. Li Tingdong, Zheng Mianping and Xiao Xuchang, all
Academicians of the Chinese Academy of Sciences, and Profs. Zhao Xun, Chen Yude, Xia
Yiming and Chen Qingmu carefully reviewed the manuscript and made valuable and
constructive suggestions and amendments. The publication of this book also received the
enthusiastic help and support from the local government, the Commission of Science and
Technology and Bureau of Public Health of Enshi District, the Bureau of Public Health
and affiliated epidemic prevention stations of Zhangjiakou and Handan Cities of Hebei
Province. All-out support was also given by leading governmental officials at various
levels and senior geoscientists, including Liu Zuosen, Li Ji, Liu Jiahu, Lei Dequan, Wu
Benchao, Zhang Zhenzhong, Xia Zhongliang, Li Yongquan and Wang Zhenyou. Zhang
Hongtai, Chief Engineer, and Zou Zonglian, Senior Engineer of the Hubei Bureau of
Geology and Mineral Resources, and Zhang Decun, Chief Engineer of the Hubei Institute
of Geophysical Exploration Technology and Jin Jingwei, Chief Engineer of the Hubei
Survey Institute of Regional Geology and Mineral Resources consented to provide valuable
data of stream sediments and geochemical exploration of the study area. Xiang Xinjiong,
Meng Fanshu, Wu Benchao, Xia Zhongliang, Zhang Wenzhi, Zhang Xiulan, Li Qingmao,
Fu Zhichun, Gao Shujun, Zou Yuming, Zhang Jianming, Zhang Jinzhong, Wang
Zhanyou, Wang Shiliang, Zhao Zhenrong, Li Shihe, Ren Jinghe and Shi Xiuqin
participated in field and laboratory work. Gratefully thanks are due to all the above-
mentioned organizations, institutions and individuals.

Owing to the limited academic level of the authors and the too broad scope of
disciplines implicated, there are bound to be mistakes and oversights in this book. The
authors hope that the readers of this book will not be stinting with their comments and
criticism.
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F—E AR, RS A

—% WMHWAFRUWEER
WR—MBAAMTE, RTFER s, BFHE [Ar] 30°0p', 1 FAMRRKE
SRTERRAEMERHZE, EARRUASH. TH. MORANEREE, LR
HAL AW S TR BRI, B ) — AR LK 11,

11 BRFH-EXXWEHEE

FTFE 78. 96
BEFr¥ 34
e 0.116nm
RF¥E 0. 14nm
BT ¥& —2 f 0.198nm, +6 4+ 0. 042nm
ke 1t 2.55
& B A KR 74, 76, 77. 78, 80, 82
0 R R F 0.87, 9.02, 7.85, 23.52, 49.82, 9.19
# & —2,0, +4, +6

WALY (Se’™) LELE (H.Se) M&BMiy (B 1-D) #ETHRFF. HSe £ —
MEEASK. AENSE, BFK, SRR, 2RALYESESRBAHT K 0 Fe.
Cu. Pb) BB 3. B X Se? B T LB L 0.198nm, S WE F¥ &Y 0. 184nm (McNeal,
Balistrieri, 1989), Se* 5 S HRE¥ £ E . & RB LY RBEHRLHHEE TR (A 1-D. &
AT R WA IE B TR AEY, 0T B & @Y (CHSe-SeCHy) N AR L
Wi (Cutter, 1982; Cutter 1 Brutand, 1984),

ERAR (Se) WREALRE  BHRAN S ERBERURLBLERHE Se, TTRS Se
MEREEEEARL AT T MR B EEK (Vokal-Borek, 1979, B X e fik
BREKTHEERN, BEANELRERNEENS. TESWMAE N SO M
SeOQi, #FEH Se?~ (A 1-1).

DA L SeO, . H,SeO; H, S0l (HSeO:) B RFTE . X HMEE Se BfE Se 5 HNO;
R R4 R SeO,. A H# SO.. NH; S PLALS WE FER TR Se. T H,SeO;
AfhE®., X pH EdRERFHELE, F BB T WML N W R EREER
(B 1-1)., WA MAEFF 8 v W HARE RA (LR mREER C. —#4b# SO.. B
ey EERBRITES Se (Sarguis #1 Mickey, 1980; Vokal-Borek, 1979), ¥ L+

1



1.2 Ha Se0,

2=100 mol/L.

B1-1 AR E-pHAGHTHENESZELE

FHMIEEEELBEERNE LM EAEY A KB HEE R KM (Balistrieri 1 Chao,
1987, 1989), A M &M B FpHE. MR RSB E LS5 &R (Brown # Carter, 1969; Cary
M Gissel-Nielsen, 1973; Balistrieri 1 Chao, 1987; Ryden, 1987).

AL H,SeO, MERE T RAFE. MRE—-FERR, BEASEERA P KM pH
HHEATAL. TREBRZER, FSREFARBFEBLBRASBNREH Merrill,
1986 Balistrieri #1 Chao, 1987, 1989), 3 H SeOi” FMEEBH XM (SeO; L R EM)
B B B 1B (Sarquis #1 Mickey, 1980), MM WA B HHAY Rk —FER
(Gissel-Nielsen #1 Bisbjerg, 1979; Eisler, 1985).,

MEBRRPEAHBERMLE, Bf28R2"Se (0.185%). “Se (8.66%). ""Se
(7.31%). ™Se (23.21%). *Se (50.65%) F*Se (8.35%), &A= 3+ B AL K Se,

"Se. "Se, K Se B EATAEYLR . BIF LK, B ARE (Gerold %, 1986; World,
1987),

F_F WMEEKRFWLA

BEEXLHBELHARBEARASA. LW, XK. K. &Y (BER®T. &EX.
2



KR AL FHEHSBFIREKF. X122 EBNBERNT LR ARSBEYES
R. ANPATHBESL, EERVEEANESHAREMRZIATAERNEAORE R, LXME
FHEMUBBEMRE, AN STBROTHREKFEREKR. WEER—HFEN KB
(MEARLH), BTFRAMAWHERE, HBRFNEEAIR -, BHELENEH

F BT R PR o A AR~ BT,

%12 BEFRWERBDHER

» B & Se ##/mg * kg~! ¥ ® %k W
3B 7 0. 05 Taylor, 1964
ERE 0.01~0.05 Kabata-Pendias & Pendias, 1984
KE 0. 08 Ebens & Shacklette, 1982
mE <0. 05 Ebens & Shacklette, 1982
e 0. 06 Ebens & Shacklette, 1982
L3k 1~300 NAS-NRC, 1976
[ 1~80 Trelease, 1945
£ . <1200 Fleming, 1962
o+ 1
EHE <0.1~4.3 Shacklette & Boerngen, 1984; Tidball. 1984
®HE <0.01~4.7 Thornton et al. , 1983
% 0.46~10. 65 Pillay et al., 1969
RKaOKE 0.05~10 Lakin & Byers, 1941
K
BEELR 0.00014 Kharkar et al. , 1968
RS 20 0.00021 Kharkar et al. , 1968
RPN 0.01~0.4 Scott & Voegeli, 1961
WREY 0.0008~0. 1 Robberecht & Von Grieken, 1982
g K 0. 00009 Cutter & Bruland, 1984
X2EHY
e 0.01~0. 04 Kabata-Pendias & Pendias, 1984
EMREEE 0.03~0. 88 Kabata-Pendias & Pendias, 1984
r#E 0.2~1.8 Ebens & Shacklette, 1982
tE 0.15~1.0 Ebens & Shacklette, 1982
BHPHR 0. 4~4 Frost, 1972

8| H McNeal, James M., 1989,

—. BV AFPIEH

BERERAER N 0.05~0.09mg/ kg, EMRMNEREGFAHTRANT . K13 R
SkAKMARNEHE, HPEREFHSRREB (0.031~0. 131mg/kg), HEHNTRE
(0. 028~0. 118mg/kg) , BIENEHE (0.059~0.108mg/kg) . B—KEAR+F, ARE
GRAFSBEAHEA. EARBPEEHESRUEZRBIEEES; ETRREF, A
REBREBLESHESEL., EDFS (1990 HRE - HAEEMRALRERHERSE
W& (0.070mg/kg) >EFEWMARE (0.067mg/kg) >TPEMETR (O 047mg/kg) .

SEAAMSEIMEY 0.058mg/kg. S LRERARFHEMBER.
3



%13 REIAATMIBBEGITHE

E S 3

i

f

#E (X179

HE BEI

gitkw-

H¥EE

A E
XRE
.3 32
L E )
EKE

24~96

74~84
103~108
101~118
70~117

59 (9
80 (4>
106 (0
108 (5)
95 (5)

2

o0 00

TiRE

BA

REDE
RERE
Kta
ES &
KBVRY
ake
R H

16~58
24~176
31~135
100~140
40~66
31~78
14~44
15~50

30 (10)
43 (AP
90 (&
118 (M
53 (7)
58 (6
28 (12
32 (&)

A

BT
BA
h#

THE

43~91
80~267
11~61
40~97

64 (5)
131 (&)
31 (5
72 (3

QOO XIO M o M x 22 xZ

» EZFAAHIARHE X MESAHFRAKE O HeXNLEAE G GIAXTEF, 1990,

EARED, ERMKRAAEMURALEER RTFABFRASBER, &y, s,
B TERESRETERZLLN 0.038), MEURALUNFLERE, ERXERAR
EBRBHE, BUERKEIRARET, RS THREY . BEKY . RETET M
L RMRMT Y REERABRBHE, YRUBFER, TERIBAZHHT Y,
E4mE. BRE. BBY. FETStE, RETL-B- AKX KKAT R, £ WK,
g5 R /RK BB N R, ERBN, BXAK.

ERRES, WARKEKREMERERLYTD, RERAFREERLH Y.
EEE. R M. B, W, B & BB B AETRARXRLAY, B L R
hES, BhTFRLED. B-BANEETPATORRLFER. UE (0.1~675 mg/
kg) AR BB AR (1~300 mg/kg ) BAETEFHETRY o5 #h 55 FE B R 4000,
ERE. AREMAREPEAL 20% . ERRYAFREIR, MEEAMFHEBEM., €
x. % BEW. 5. ERSENHIHRYFEEFIRBRNEA, HEEA K
FRERAAMEBHREL. BEHRERANYXEAAPANERRAETRREAN
Fe (OH) X WiMEE, R&EHEKRABEIRY, REREREREDARXBEIANY
B oRERSFEE, FEEMEET FRKY AHM, KA RS 200 mg/kg. %= FBR
IR+ ¥ HE T B A R AR P T AR M9 4 W A By 2~ 24 mg/ke; ReRETRAEWSR
% 4.5~6.5 mg/kg; KT HEAFTRN 2.5~6.0 mg/kg. BB R KRR
RS TINE, A ELRLNA S 2 M K LE S E MR, SBHARW, FHIH
Wit . Bealh SNNEZLEAPNARARBER, HMALBMSERNTIASELE
%, RRAEHK, BXEENEERBEEN, HREMAM AL, %EM Great Plain IR
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