Contents

CHAPTER 1: INTRODUCTION

Historical perspeCtiVES......cccuievieiieiieieesiee sttt
We are what we eat and drink.............cccooeiiiiiiiiiiin e
Deficiencies, excesses and imbalances of trace elements......................

CHAPTER 2: GEOCHEMISTRY OF THE TROPICAL
ENVIRONMENT

Tropical ENVITONMENL ......ccveeeieeieeiieieeiiereeseesereereereeseeseeesseesenesnneans
ATIA ZONC ..ottt st
Seasonally dry tropics and SUD-tIOPICS .......ccceceveeeviierieesieeeiieeeeneans
Humid tropics and SUD-LrOPICS ......ccecvveevveerieeriierieriesre e ere e
MOUNEAINOUS ZOMIE......eeeeeienieeieerieeeiieeteeteesteesseesseessseenseenseesseesseesnenns
Rock weathering and soil formation in the tropics .........ccccceeevveeeurennee.
Tropical weathering of mineralized terrains ............cceceveviererenncne
Weathering profiles ........ccevverierieriieniienieeie e
Weathering of nickeliferous serpentinites ...........c.cccecceeveereereennens
Formation of secondary minerals ...........cccccoeeviverinerienienieniesiennens
Chemistry of weathering of ultra-basic 10cks ........cccceeereriercrenneee
Hydrogeochemistry of the tropical environment .............ccoeceveeereeennen.

CHAPTER 3: BIOAVAILABILITY OF TRACE ELEMENTS
AND RISK ASSESSMENT
Bioaccumulation .........ccccoiiiiiiiiiiiiieee e
Bioavailability .......ccccccoecvieciiiiieiiesiecee e
RiSK @SSESSIMENT ....o.eiiiiiiiiiiieierieeee e
Aspects of epidemiology in medical ge0logy .......ccccevierieeriresirenieanen.
Causation and correlation ...........coceeeeeiiieiieieeneeee e
Homeostasis in medical 2e0logY ......cccvevverieriirciieiieiieiesie e

CHAPTER 4: MEDICAL GEOLOGY OF FLUORIDE ....................
Geochemistry of fIUOTIAE ......c.cccvvevvieriieriieieriecre e
Geochemistry of fluoride in weathering and solution ......................
Fluoride in SOIlS ......cceiiiiiiiiiieiii e
Fluoride in SEdiMENtS ........ccecvirveeriieriieriiesieereereereereesieeseaeseneseneens
FIuoride in Plants .........ccceceevivereenienienieeie e eieeieeseeeseeesenesne e e



X1V Contents

Fluorides and health ............cooooiiiiiiiiie e 69
Bioavailability of fluoride .........ccccceeieniiiiiiiieeeeeeeee e 69
Dental fTUOTOSIS ..veeiieiieiieiie et 71
Skeletal fIUOTOSIS .....evvreieriieeieierii et 76

CaSE SLUAIES ..ouvieieuieiiiiieieie ettt ettt 78
Dental fluorosis in Sri Lanka ..........ccccooeviiiiciiiiiiieiiiecee e 78

Distribution of fluoride in the groundwater of Sri Lanka ............. 81

Dental fluorosis in India .........coceeeeeviniiiinineceeeeeee 84
Fluorosis in the east African rift valley ..........cccccovveviiniiniiniinnn 87
Endemic fluorosis in China ...........ccccoevienieninniiniieeeeeeesee e 92
Brick tea fluorosis in China ...........cecevieieienieseeeeeeeeee 94
Defluoridation of high fluoride groundwater ............ccccocevenciienencens 95
CHAPTER 5: IODINE GEOCHEMISTRY AND HEALTH............. 929

The iodine cycle in the tropical environment ...........ccccoceeveerenineennnne 99
lodine sorption on clays and humic substances .............ccccccevueennee. 109
Effect of microbial activity on iodine geochemistry ...................... 111
Todine in drinking Water ..........ccccceevveriieriieecrierieseeseeseesresneesnens 112
Todine in fOOd ....ooioiiiiiiiiee e 112
Plate tectonics, high altitudes and iodine cycling ...........ccccveenneen. 114

Todine and health .........ccocoiiiiiiii e 117

lodine Deficiency Disorders (IDD) .......ccccccvvvvirviierieniieneenienieeeeeeen 117

Endemic CretiniSm ......c.eeocveeeiieeiieeciie e e 120
GOTLIOZEIS ..eiievieeiieeiiieeieeeieeeteeeteesteesereesbeessaeesnseessneeenssens 121
Endemic goitre in Sri Lanka ........ccccccveviivieniiiniinienieccceeeeiens 125

The Endemic goitre belt of India and Maldives ............ccceceerernene 130
GOitre N VISINAM ....ooiuiiiiiiiiieiieieesiee et 132
lodine deficiency in China .........cccceevvevieeiieniieiieiesee e 132
lodine deficiency in East Africa .......ccocevvieviiiniiieiieiececeeeee 135

CHAPTER 6: NITRATES IN THE GEOCHEMICAL

ENVIRONMENT .....ccouiivinriisinsensnisenssnssncsssssssssssssnces 139

The NItroZen CYCIE ..ccveeiviieiieiieiieieee et 139

Nitrates, fertilizers and environMENt ...........cccooeevvvvveveeeeeviiiieeeeeeeeeennns 142

Nitrogen loading in rice fields ........ccovveveierciirciincieieeeee e 147

Nitrates from human and animal Wastes ..........c.ccccceeeeveevieeecree e, 148

Nitrates and health ..., 153
Nitrates and methaemoglobinaemia ..........cccceeevveriienciieenieeeieenee, 153

NItrates and CANCET .....cccuvveeieeiiiieeeeeiieee et e e e e e e 154



Contents XV

CHAPTER 7: MEDICAL GEOLOGY OF ARSENIC ..........cccceeuues 157
INtrOAUCHION ..ot e 157
Arsenic in rocks and minerals ...........ccoccevieeniiiniiiiiiiceee, 161
ATSENIC 1N SOIIS .ot 161
Arsenic in natural Waters ..........oeovevereeiererieeneneeee e 164
Arsenic adsorption and desorption ..........c.ccecceereerienieniieniieeienne. 168
Microorganisms and their impact on arsenic speciation
ANA MODILILY ..vvevviiiieiieeie et 169
Medical geology of arsenic- the West Bengal,
Bangladesh example.........ccccocoviieeiiiiciieciie e 175
Bangladesh basin-geography and geology ........cccccceeevevcviecrieveennen. 175
Sediment characteristics .........ccooeerererriererieneneeieeseeee e 176
Mineralogy and geochemistry of sediments ...........ccccccveeenrennnne. 178
OTZANIC MALET ...veevveereieieeieeieesieeseesreeereereereeseesseesenessneesseenns 179
The scale of the problem ..........ccccoevevierciiiciieieeeeeeee e 179
The geochemical mechanisms of arsenic mobility in the
Bengal basin ........ccceeviiiiiiieiiiceieeee e 181
Distribution of arsenic in the aquifer system ............ccceeveeveennnns 181
Geochemical mechanism of arsenic mobility ............cccceeeueenenne. 183
Arsenic in rice and other Crops ........ccccveeeeeerciieecieeerieeeree e 185
Health effects 0f arsenic ........oceoerieieierienereeeeee e 186

CHAPTER 8: WATER HARDNESS IN RELATION TO
CARDIOVASCULAR DISEASES AND

URINARY STONES 191
Water hardness .......cccveeeciiiiiiieiiie e e 192
Cardio-protective role of calcium and magnesium ......................... 192
Geochemical basis for tropical endomyocardial fibrosis (EMF) ........ 197
Effect of water hardness on urinary stone formation (urolithiasis) ....200
TYPES OF SEONES ..eveieiiieeiieeiie ettt e e e aae e 202
Calcium 0Xalate .......ccoeeierieieeeiee e 202
Calcium PhoSPRALe .......ccceveveviiiiiieieeieeree e 202
UTIC ACIA .viiivviiiiiicciee ettt ettt et et et eve e e 202
Magnesium ammonium phosphate stones.............cccceeeveeenveennee. 202
CYSLBINE ..evvieiieiieiieieteeie et enteesteesttesaeesbeesseeseessaesssessnesnsessseenns 203
CHAPTER 9: SELENIUM- A NEW ENTRANT TO
MEDICAL GEOLOGY 205
The geochemistry of selenium in the environment ...........c..ccceeeeneee. 205
Microbial transformation of selenium ........cc.ccooceviiniiiiiniinneennen. 211
Dissimilatory redUCtiON .........ccvevvievierieeieeieeeesiesre e eereereeeees 212
Assimilatory redUCON .....cccecveviiiriiriirieeieeeeree e 213
OXIAATION. ..ttt sttt 215

Methylation and volatilization ............ccceeeeeevcieeecieeriieciee e 215



XVi Contents

Selenium and human and animal health ..........c.ccccoociiiiiiniiiiniinns
Immune function .........ccoccoeiieiieiienie e
Viral infection- AIDS ......ccoooiiiiiiieeeee e
ReEPIodUCLION ....cceviieiieiieiieiiesee ettt esreesreens
1Y (oo T E USRS
Thyroid fUNCHON ....c..eviiiieiieciie e
Cardiovascular diSEaSES .........cccerereerierieieienieiee st
Oxidative-stress or inflammatory conditions ...........c.cceeevereenienene
CANCET .ttt ettt et sttt e e e e sabee s

Selenium deficiency diseases in China ..........cccccceeveiieniiieecieeniiennenns

Selenium and iodine deficiency diseases (IDD) .......c.cccceeeveviveriiennenns

CHAPTER 10: GEOLOGICAL BASIS OF PODOCONIOSIS,
GEOPHAGY AND OTHER DISEASES......cccceee.
GEOPNAZY ..ottt
Geophagy among animals ...........ccoccerieiiiniiniinieeeereesee e
Ingestion of geomaterials for human health-the medical concerns ....
Podoconosis-a geochemical diSEase .........c.ccecevererienieneenienenieniene.
Natural dust and pneuMOCONIOSIS .......eccvrerireeeriieeriieeriieerveeeveeesineeans

CHAPTER 11: HIGH NATURAL RADIOACTIVITY IN
SOME TROPICAL LANDS - BOON

OR BANE?

Terrestrial radiation in beach sands in Brazil .........c.ccccoovvevvenvenennne.

Monazite rich beach sands of India ...........c.ccccvvieiiiiiiiiiiiceecc

High natural radioactivity of the Minjingu phosphate mine,

TANZANIA ...vveeevieiieiieieeiesee e ere e ere e e tee s eeseaeseseenseesseesseennas

Very high natural radiation in Ramsar, Iran .......c..cccccocvveninnnnnne.

High natural background radiation in Yangjiang, China ....................

The Oklo natural r€actOr ........ccccviieriieiiieeieeciee e

Radiation and health ...........cccooeiieiiiieie e,

CHAPTER 12: BASELINE GEOCHEMICAL DATA FOR
MEDICAL GEOLOGY IN TROPICAL
ENVIRONMENTS ......ccocevvurueee

Geochemical mapping - China’s example ...........ccocceevieiieneenieenenne.
Soil micronutrient maps in tropical countries and medical

o CST0] (o} - 2RSSR
Future prospects for medical g2e0logy .........ccccvvvevviiecieeiiieiieeeieeene,

References
TIAEX ceuurereenneeerennceereenecereessecesessesessssesssssssesssesssssssssssssssssssssassssssassessssnssssss




2 Springer
http://www.springer.com/978-3-642-00484-1

Introduction to Medical Geology
Dissanayake, C.B.; Chandrajith, R.
2009, XV, 297 p., Hardcover
ISBEN: 978-3-642-00484-]1



