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A BSTRACT 

E\-cl!ssil'e infake of fluoride is accompanied by a c:JUlNIclerislk sequence of changes ill le",1I. 

bUill' and periar'icular lisslies. Skeletal changes lead 10 a \'oriable degree of /ocomolOr 

disability. rtll1ging .li'o/ll simple mechanical back pain (0 severe, crippling and neurological 

illlpairlllelll. Fluorosis is (/n impUrllll'JI cliniced al!d public health prublem il/ several jJar/~ or 
fhe world. Reports indicate Ihall.J million EthiopiallS dwelling ill £/hiopian Rift /;olley (I.:.~RV) 

(Ire (1/ risk a/fluorosis. 

III Elhiopia, l/tl!re (Ire sewra! studies reportillgJllloride COIl/ellf a/waler sOllrces while Ihaf of 

die /lilY ill,ake aIfluoride is scarce. For fhe purpose ojprevelllioll and mitigatory measlires. 

studies oj a/l pOlel1/ill/ fluoride sources (Ire il11jJortal1l . The knowledge and pracrice~ of 

endemic cOlllllllmilies Oil eliology o/}luorosis IIIlIyalso help in ils mitigOliolllllld prerelllioll. 

The objective oI this .I'ludy is therefore fO identify putell/iol }luuride SOI/rces, fluorusis risks 

and to delermine fhe level of dietmy }luoride illtake lind its ejJecls fV suggest mitigatory 

means of ingesred jluoride based on nlllritional ill/en'ention. Moreover Ihe assessmel/l of rhe 

kllolt'ledge, all ifllde and pracI ices of endemic COlllllllll1ily 011 fluoride contallli/Utl iOll, jluorosis 

lIlId prevenliol1 pracfices is used 10 devise coordill(lfed al/d tal'geled prel'el1fiolJ mechanisms. 

Recollnaissance survey was conducted 10 idemify three waleI' sources /wvingjluoride COllfelll 

ill Ihe range of 5-7mg/L (calise skelelal jluol'm"i.\) ji-Olll three dijJerem dief(u y al'el/S iI/ 

E1hiopian R!fi Valley. In Ihe os.\·eSSIIICI1f ./8 waler sources were rOlldolllly selected and 

assessedjor /he level ojfllloride. alit afthose screened Bellli ill Female, !-Ill/akll;'/ Adami/IIIII 

alld Koboclwbllre in Alaba \rere selected 10 slIldy jluoride illlake and Ihe ejJecr of lIutrienl 

il1lake on jll/orosi.\". The selecrioll 0/ rhe waler source was based all service year (> lOyn), 

fluoride lewl (5 .$: X .$: 7 mg/LJ and dietary pracrice 0/ the co/III/IItHiry's /Ising Ihe selecred 

warer source. Foclls gl"Oup discllssions (FG D) were c:al/ducled in each selected dielOr)' areas 

10 col/ect knowledge, allifllde and prac/ices (KAF) 0/ the endemic cOlI/lIUlI/ity 011 fluoride 

illtake and jluorosis. 

Index children and fheir bio{ogicallllOlhers were recruited /rom !lIe three cOI/I/J/llllilies. n,e 

eligibility criteria for house/wId se/ec/iol1 were dwelling for I/Iore tllall 10 yeors. 11.1'(' of 

.,e/ecred wafer source and 1II'lti/abilil)' of seI/Ool age c/lild ill tlte hOl/sehold. All eligible 

Ito/lseholds who are l"ollll1feered /0 participate ill the s flldy were recl"llited lI11d il//ormed 

III I I'agi..' 
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Die/my 'luol'ide. IIlllrif!1II imake {fnd f luorosis I'(ff!' of school« consem a "nne< ,1' - /. l' ge 

children (10· 15 years) and biological mOlhers (I 'eproduCli!'e age: 20-·/5 year.,) Were a""'sed 

in Ihe Ihree selected jilloroSis elldelllic areas. Duplicate plate lIIelhod Was used 10 col/eC( 

foods cOllsnllled by chiidren OlId mOlhers ""er 2.J hour,,' ji-Olll 20 hou,,,holds {I'alldOl/liy 

seiec,"<O in each COllllllllnily and analr-ed /or/luoride and uutrielll COlllent, Delllal j luoro, .. is 

rate lI'as deterlllined IIsing Deall Index. 'lYle lIIelhods of Sushee/a and Bilfllnagm' (2002) "'ere 

llsed 10 assess skeletal and non·skeletal/luoro,,'is. IlousellOIrI que,,'liaW/aire II 'as also IIsed 10 

col/ecl socioeconolllic data ji-ollllhe ,I'e/ec/ed househol<1\-. 7(1 in,'e" ligate Ilw role OJ 'IlIIriellf 

Sllpplelllelllatioo ill lIIiligolioll <!f II1gesled/luoride, anilllal e,I/)('rillle", alul hUlllao Iriul "'as 

condllcled IIsillg calcillm citrate and moringa (Morioga ,weuop,,<I/a) dl) ' lea/ 77,e ejlecl O/Ieo 

leal on fluoride COllfenf was sludied lIsillgjlllorida/ed alld /wll:/luorid((fed WOler. 

Nioety Ihree percent oj Ihe "'ater IN~-18) ,\'Ources COmaiued fluoride " hm'e WI IO guide/ioe 

\'(/Iue (1.51/1g/L) lor drinking Waler. Slaple Joor/,' and jimd ingredie"",. had rel",iI'",)' high 

fluoride COntem and 1II0y Contribute 10 Ihe 10101 bo(O' flooride burden, 771<' Iluoride ""mem 0/ 

1/10.1'1 0/ prepared Joor/,' (I .J·3.2I11glkg) is because 0/ f luoride ("/"lIIlallliUO/ed IIwer IIxed fiN' 

preparation excepl lea leaJ (4.2· 71 mgl/,) II'h ich acculIIUIOles ,I'igni/iw", OUIOUII/ oj Ihe 

chemicai ji-olll soil. As a resull Ihe daily dielmy fluuri"e illlake II 'ax ah""" roleroble daily 

ill/ake (TDI). AI/ <he dietflly SOlll'ces: i.e., II'atel', '/;'od and I",'emge ("ulIll'i""le signij;calll 

011/011111 10 Ihe daily jilloride burden. On Ihe olhel' hlilid dietOl )' illloke 1If'lIlIll'i<'llI,I' Slid, fl. .. 

calcillll/ II'a,,' beloll' l'ecOllllllended daily al/o ll'an("e. III 0111' (/,,',I'I'.I'SllIe lll il i,l' 1I",lel'eed Ihal 

IIl'in(lI)'jIIlOl'ide in Fentale and //dall/illl/ll I:' "CI), high (>5I11gl /' ) ("O/II/ml"l'd 10 , lllIlm .I'ml'e 

and moderate delllaijillorosis (?:J) II'as /olllld ill II10bo (20%) 0/111 , ldOillillllll (50%). 

1/"'lOlIgh drinking Water jilloride level '''as ill Ihe range Ihm COllses "kelml/jluo/,//si ... in all 

SllIdyol'eas, dental jillorosis ~J in F'l1Iole (0%) is 10ll'el' Ihon Ihe ""0 \l'mel'SOlll'ce", Milk 

COIISIIIIIplion was high in Fentale (100%) olld low in IIlabo (-11 %) olld IIdolllilillu (JJ.J%), 
Rain II'Ofer hones/ing is cal ' II b (.., ' %.' I . .. .. . 

11111011 111 / a {/ ~ J 01 ( /If{, //(111(' /J1 Adalllilllill. nil' Im'e,mgt/llO/1 showed flull SOllie SIIi}jiness 0')'0' I ' . I' ., I . . . . I ' k 
'.J - 111 .\ , Illig 1118 sensa/lOll 11/ 11(: extrell/ II/c'.\', .Yl ij!;'e,\',1 111' Ie J/(( 

1II0\'elilell/ fIIId mllscle weakness exisls ill 01/ Ihe ,1'111<0' areas. 

71te res"" Fom FGD illd' I / / I 

. IC{lfe(. I/(II lea 111 COl/sequences a/fluoride CO/JlOlllillfiled waleI' (I/, oJ fillrly IIII(/er.l'Iood None 0' lit d' / 

. "e <,"CII,",,''''"S lIIellliolied Ihe word /llIol"ide. 'llie kllowledge fill< I X'r c('/JfiOIl Of fll(' COIIIII/ II17 i/)1 0 ' . t). . . 7" . I. . . 

11 /lIg(:..HIOI1 oj juOrtde was pOOl'. /-Iea/lh ex/ens/Oil lrorliel ~ 



(IIEWs) did nOlleach aboUl.f!uoride (llId relaled heall" cOllseqllellCe/1', Dellta/ f/uorosis is Iwl 

cOllllllonly perceived as a major problem. Adolescents fee /lhal rhey were singleel out ill 1/011-

elldemic areas. Oleler people have a skelela! fluorosis which illlerfere/1 lIIith their day 10 day 

activities. III those se\.'ere/y (if]"ected individual.\', Ihe teelh were weak (111(/ fragile creatillg 

dWiculfy ill chewing hard foods. l1w COIISlllliplioll of \'egelObies alld j l"llil/1 is a/lllo.\'t /lUI/ I! 

People prefer rain IFater thanfroll/ borehole because of iI/cOliI' ellie III f(/.lle oJrhe 1(If,'r. 

II can be conclude Iha/ consllmplion oj tea, joods prepared with fluoride cOlllamilloled water 

(fIul/i:wds which have high waleI' absorption CCI/x lcily like rice mig/II cOlllribute to f luorosis. 

The daily fluo ride intake ajthe studied COIIUllllllifies isfiw abOl'£! tlte tolerable daily illtake alld 

Ihe subjecls are 1I/1(ler snere ";/1'k oflluorosis. flowel'er, tlte health cOl/sequences offllforitle 

contaminated lI'(ffer are fitirly understood by fhe slIldied COIII/IIII/lilies yet the emphasis gil'(,11 

to j illorosis by health workers is velJI poor. III oddiliol"l /0 Ihe lise oj dejlllorid(lliol1 

technologies, dietary prac/ ice of ca/ciuIII rich ji)ods slIch as daily products, fi llger /llilfe l, lerr. 

1'egetables alld (rend oj harvesting and using raill water Jor hOllse/lOld COlIo5lIIlII'lioll alld 

preparation of jiJod mighf help ill reducing risk o/jluorosis. The use oJ lllorillgafor /IIiligalioll 

of ingested fluoride has addiliollal benefil oj increasing Ihe diel{//JI imake of 1'j/OlllillS alld 

minerals. 

The ejJecl oj fl/loride con/amina/io/l alld miligatOlY meoIJs shollld get suf/iciel1f altel1!ioll by 

Ihe COllll11llnily, healill workers alld concemcd gOI'(!l'IImelltal bodies. Fluorosis mitigalioll alld 

prevenlioll should be part a/the work ojheallll extension workers ill lite Main Elhiopilll1 rift 

m iley. Moreover illJorlllalioll COllllllllllicalioll lI'orks a/llong COlIlIIlI/llilY as well as health 

prolllolero5 includillg health ex/elision works should be given /l/ore empha.\'is III /Iltwe 

lIIiligmioll works. Fulure studies should JOCIIS 0 11 inlelTelllion 01/ dejilloric/atioll and 

lIIil igaf(JlY techniqlles. 

V 1[' it!.' .. 
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CHAPTER ONE: INTRODUCTION 

Fluorine mnks thirteen among the clements in order of abundance in the canh "s crust. It is an 

inevitable part of' the biosphere and human life. fl uorine combines directly \\ ilh most 

clements and indirec tl y with few to form fl uorides (Waldbotl. 1963). Fluorides arc ubiquitous 

in nature and are presen t in rocks. so il, water, plants. foods and air (Fawcll el (II.. 2006) as 

fluorspar (Cal',). cryolite (3NaF.AlFJ) or apati te (3CaJ(l'0. ).2Ca(F.OH ,Cl), (11'110, 1994). 

Availabili ty of Iluoridc from so il depends on the solubili ty of the fluoride compound. the 

ncidi lY of lhc soi l and the presence ofwalcr (WHO, 20 11 ). 

Fl uoride enters human body mainly througb waleI' and food. Studies show that water is 

epidemiologicall y the most important source of dietary tluoridc (75- 90% of daily inlake) in 

most arcas (Kloos & Tcklc I-Iai manol, 1999). Others indieale Ihal considerable exposure risk 

is also associated with the consumption of fish bones, canned meat , vegetables, grains. local 

salt (magadi). drinks (especially tea) and ai r (WIIO 1984; Malde el al.. 1997). In some 

African and Asian communi ties, inwke of lluoride from food has been round to be higher than 

from water (Maldc ef al. , 2004). 

Optimum Iluoride intake plays an essential role in the prevention of caries while lluoride 

consumption abovc the guidcline level interferes with the normal formation of tOOlh enamel 

and bones (Dean 1934 , Erdal and l3uchanan, 2005) and may increase ri sk of delllal and 

skeletal fluorosis (WHO, 2006: Rango el al .. 2012). The major somccs of Iluoride intake 

includl.· walcr. beverages and roods prepared with !1uoride contaminated water (Kaseva. 2006: 

~"l andi l1 ic ef aI. , 2009: Martinez-Mier el al., 2003: Malde el a/. , 2003). Endemic !1uorosis has 

been described in many parts of the world (WHO, 1970). including Ethiopia (Assefa el al 

2004; Tek1c-llaimanot el al 1990). Several siudies in African countries ha vc fou nd a high 

prevalence of dental !1uorosis even among populations that consullle drinking water \\ ilh 

relatively low Iluoride content (E I~Nadec r and Honkala. 1998; Ibrahim ef al .. 1995: 

IIcldennan ef 01 .. 1997; Teklc- lIai manot R, 1990) . 



1'1 'd I' I I' I ' IIIglL scI bv WIIO (1984, 2008) ror drinking \\<tler has been lC glll C' lIle HI lie 0 ... . 

'd db archers to be too high Critics cOlltend tha t the high Iluid intake in hOI consl cn: Y SOllle resc. ' . 

tropical areas increases exposure risk, as evidenced by studies showing the developmellt of 

denIal fluorosis rrom the consumption of water with fluoride concentrations as low as 0,& 

mgtl (Brouwer (!/ 01 .. 1988). Drinki ng water containing opti muill levels of' Iluoridc, 0.5- 1.5 

mgtl. depending on climmic condi tions and Ihe relati ve contribution of non-aqueous Sources 

of nuoride to overall fl uoride load in individual s. has been believed 10 confer protection 

against den tal caries witho llt causing fl uorosis. The formula developed by G~llagan and 

Vermillion (J957) 10 determi ne optimum ll lloride leve ls in drinki ng water considers annual 

mean maximum temperat ure because water consumption is greater in hot climates. 110\\'c\'cr. 

the inability to adequately reduce lluoridc leve ls in most high. fllloridc areas :ll1d other !;lctors 

in fluorosis etiology has rendered these and most oiller Iluori dc st:1ncl:Jrds ullobtainable 

(Sehuiling, 1990). 

In humans. fluorosis is most easily delected in the leelh. in the fo rm of mottling or tooth 

enamel known as dental ll uorosis (Dean, 1934; Fejerskov el af. , 19( 6). Drinking waler 

concl'ntration or lluoride at 3 . 6 mgtl may cause skeletal Iluorosis ~1l1c! :H (;Onccll traliol1s 

higher than 6 mglJ crippling skeletal Il uorosis (WIIO. 1984; Orouwcl" el ul .. 1 9R~. ). Skelclfll 

fluorosis is direc tly related to the level flnd durat ion or l1uori de cxposun: (Sarallx el aI., 

1994). " stud y conducted in India reported neurological disorch.:rs and imjXli red dc\ elopmcnt 

of intcll igence due to excess Il uoride (Susheela & Bhatnagar, 2002). The public hca lth and 

economic importance of fluorosis is signi fic<lnt 1·0 IlIa I ' '. 01' tile 
(ny en( CIllI C areas 111 VICW 

OCcurrence of debili tating skclcHlI nuo ' .' . I ' 
, IOSIS In lUmans as wel l III livestuck (Dull ipaec elal., 

1995), No economic impact studies of n .. I ' 
llorOSIS laVe been conducted, but thc lan.!.c 11llll1bl." r oj 

alTectcd persons and disabilitv of workers w'tl . I. . -
, I I CflPP lllg disease and carl ... n.:tirCml.!llt ind icatc 

the economic impact or fluorosis (Kloos ~ T kl II ' ' 
c C C mmanol, 1999). 

Fluoride intake has usually been calculated il d'. . 
1 Irectl y, based on the records o r food and drinks 

consumed each day and to the known n 'd 
. lion c Content oflhe most fi'cqucnt ly cOllslllllcd typcs 

oj rood ond beverages (lcvy ef al JO IO' i\ 1" . 
. .. - . I' dftlllez· rvil cr CI (II 2009). The method or indircc! 

calculation of fluoride intake b'Iscd 0 d· 
, n ]I:ts ~lIld I bl I 

a c va lies of Iluoridc conten! in the 
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essenti al components o f a diet became unsati sfactory and il is being replaced by dupli cate 

pl ate method (Villa ct <II 1999). This method consists of co llecting equivalent amount o f load 

and beverages received by a subject during the da y and then anal yzing the resulting 

homogenate to determine the fluoride contenl (Ogancssian el al., 20 II: Maldc el 01 .. 200 I: 

Erdal and Buchaman 2005). 

Fluoride is not genera ll y considered an essential mineral clement because humans do not 

require it for growth or to sustain life although its role inlhc prevention of denIal caries (tooth 

deca y) is \Veil established (Nielsen, 1999). 'After oral uptake. water-soluble tluoridcs afC 

rapidly and almost compielcly absorbed from the gastro intestinal tract. with a plasma peak 

level occurring afte r 30 minutes in contrast to the low so luble fl uoride eompOllllds (EFSA. 

2006: Cerklewski. 1997: Spencer el (11,1981). Fluoride is absorbed in the stomach and small 

intestine. Approx imate ly, 75·90 % of the iluoride ingested each (b y is absorbed from the 

ali men wry trac t. wi th higher proportions from liq uids than from sol ids (EFSA. 2006). 

Absorption from the stomach OCCli rs rcadily and is inversely related to the pH or the gastri c 

contents. and most o f the remai ning nuoride that enters the intestine will be rapidly absorbed. 

Absorbed Iluoride is rapidly distributed throughout the body, where it is incorporated into 

calc ified ti ssue (Ice th and bones) due 10 its high aninity for calc ium. wi tb virtuall y no storage 

in so ft ti ssues (\VIIO, 2011 ). There is variability in the bioavailability or tluoride from 

dilTcrelll foods. Hi gb concentrations or dietary calcium and other cations that lonn inso luble 

complexes wi th l1uoride can reduce Iluoride absorpti on /i'OIll the gaslrointestinaltract ( \V Ila 

1994). Most of fluoride is abso rbed as lIndissociated hydrogen fluoride and absorption occurs 

b} passive dilTusiol1 in both the stomach and the smal l intestine . Iligher ncidilY of tile stomach 

incrcilses absorption (Ekstrilnd /.Ind Ehrnebo. 1979: Shulman and Vallejo. 1990). ( lie el (I /.. 

1998) 

The predominant mineral clements in bone arc crystal s of calcium and phosphate. kno\\l1 as 

hydroxynpatitc crysta ls. Fluoride's high chemical reactivity and slllall radius allow it 10 c i th~ r 

di splace the larger hydroxyl (.011) ion in the hydrox yapati te crysta l, forming fluoroapati tc. or 

3 1Jl agl.' 



. I de lSI' IV b)' entering sl>aces within the hydroxyapalite Cf) siaL F1uorollpalite 10 IIlcrcasc crys[a I . 

. . " III t the fluoride <Inion substitutes for the hydroxyl <lnion. II has IS like hydroxyapatltc. cxcep m 

a mort' ordered structure and is less soluble than hydroxyapatite (Brody. 1999). As a result i! 

hardens 1001h enamel and stabilizes bone mineral (Ccrklcwski. 1997a). 

Ninety-nine percent or lhc 10lal fluoride contctll or lhc body is conccllI r,l1cd in calci fi ed tissue. 

Body fluid and soli tissu(' fluoride concent rations arc not uncler hOIlll!OSI:lIic COlllroJ and 

reflect the recent intake (Ekstrand, 1977.:1, b). In bone the substitution of lllloricic Ii.Jr hydro . .;y] 

groups in apat ite form s lluoroapat ilC altering Ihe mineral structure of the bOIlI.!. Fluoroapali [c 

is more regular and less ac id so luble than apatite compound (F(·C\ th l.! J'stOlll: ef al. 1983; 

Oknz.:1ki (!f ai, 1985). Bone density inerenses with increasing Jhloride COI1lCI1\ of bone as a 

consequence of nn incrcnsing fluoride intake both in animals and in hUlllall S (Turn~r el al 

1992; Chachra el aI., 1999). This incrcnse in bone J1uoridc COntent is i.lccomp'JIlil'<! by an 

increase in bone sirengih up 10 a cenain Icvcl ; after which the bone sirength SlariS dccr",~ing 
(Turner el aI. , 1995: Chachra el 01., 1999). Fluoride is distributed 10 all I issul.!s \i;l the plasma 
(Whilford, 1996). 

The presence of excessi ve quamil ies of flnoride in drinking Water and load is "ccomp'lIlicd by 

a characlerislic sequence of changes in leelh, bone and pcriarliCul"r lissucs. These changes 

lead 10 variable clegree of 10comoiors disabilily. ranging from simple l\Ieeh"nicill b'lek pain 10 

severe and crippling 10comoiOrs and neurOlogical impai rmenl knowu '" Iluurosis (Cltakmft 

and Rao. 2004). Fluorosis is "n impOrlanl cl ini ca l and public health problem in several parts 

of Ihe world. The global preva lence of fluoroSis has been reporledlo be "bow 32% (Mella" 
al.. 199-1). The maxilllum impact is felt . . . 

III COllllllunlllcs engaged in physically strenuous 
aCli, ilies, eillter agricultural or induslrial (Mella clal .. 19~4 ; Susheela and Ghosh. I ~90). The 
severity of /luorosis depends On \\hen a ll r I ' . . 

I ( Or 10\\ long the ovcrcxpOSll l"I: \0 Iluomlc occur~. the iudi\ idual response. \\eight degree r I' .. 

. 0 P lyslca l aCl lvHy. nu tritional fal.:lOI"s and bone gro\\th. suggest ing that similar dose of flu 'd. . 

on e lIlay leCid to dlfTerent levels of /lUOroSIS. Other fnctors thm Illay increase Ille individln l SUSC 'b' I' 

. " ' epu Illy to delllal Iluorosis are ahitudc and renal JnSuI1ICII.:nc)' (Alvarez ('I a/. '009' I\kos
l

. d Z· k 
' - , I <Ill _Oa ah, 2008) 
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There arc morc than 23 developed a ld I I I ' . ~ . I (c\copmg natIons (hgurc I) that:.lre endemic for 

J1uorosis of which Ethiopia is among the most aflieeled Olles (CI k d I' 2004 -I' k I la Illa an ,1.10 . : C ' C c · 

'-Iaimanot el al .• 1987). Ethiopia is of part icul ar interesl (Ille 10 II d ' I' . < 1C pre Ol1llllanCC 0 cXlcnsl\' (' 

volcanic basalt flows (FawelJ el (II 2006) in the lowland and I ' II I . I .. d " ug 1 anc reg ions Il ~H ongm31c 

from complex tecton ic event s. Moreover the low soc io·cconomic level and malnutrition miglu 

exacerbate thc problem (DI-I S 2011). Both skeletal and dental fluorosis is widely distributed 

in Ethiopian Rift Valley (Kloos & Tcklc. l-Iaimanot, 1999). 

Figure I : Area s o rlhe wO l' ld wilh high Wa lt'" nu oridc COllcclltnllions and end emic Ou urosis 

Reports ind icate that morc than 14 mill ion Ethiopians may be potentially lit ri sk. A recent 

assessment of Iluoride. iluorosis and de nuoridation issues reported thaI. out or those at ri sk. 

approximately 85% may have already been exposed to high fluoride contamination (The 

Daily Monitor, 2008). In the Eth iopian Rill Valley, 4 1% of the drinking water sources have a 

fluoride concentration exceeding the WHO guideline value of 1.5 mg F'IL (Tekle·llaimanot el 

(/1 .. 2006) and excessivc Huoridc is the most scrious w,lIcr sanitation problem. mainly in the 

Ethiopian RiC! Va lley system affecting areas in East (AI:1r). Central (Orol11ia). the south·\\ esl 

(SNN PR including some parts of Gambcla) as we ll as a few high land areas or Ihl: coullt r). 

Analysis of hydro ehcmical , economic and demographic factors in the spatial di stribution of 

high.nuoride domestic water sources indicates that nl1oros is problem has become more 

serious in the Ri C! Valley in recent decades (Kloos & Tek le- l laimHnot. 1999). On the other 

hand. in vicw of the increased emphasis on sa fet y of drinking water. public hcalth and water 
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I ,' II orosis in the prescnce of other highly prevalent life. m::magcrs gl\'e less emp JaSIS 10 U 

h ' 11th obl"IIIS (Mclaku and Ismail. 2002). WHO (200S) recommends a I n .. 'Jlemng lea pr .. 

'd I' I r I - FILI'II Ilatural Iluoridatcd drinking water. Howe\ cr. where intakes gU I C inC va lie 0 ,)l11g 

I'k I d 6 lng/day as in the cases in Ethiopian Ri ll Valley it is appropriate to arc ICY to execc , 

consider a local guideli ne fluoride concentration lower than 1.5 Illg/L ( \VI-I O 2008). 

Fluorosis has no irc<HmCJli but can be prevented through appropriate ill1~I"\ 'C lHj o ll if the 

disease is diagnosed at an carly singe. Studies show that Iluorielc poisoning Can be prcvcmcd 

Or minimized by using alternate water sources, removing excess Iluoridc (ck!ltloridation) 

from drinking water and by supplcmcllIation of nutrients thm can bind !llloride lor cxcretion 

as well ,:mti~o,xidalHs to reduce the toxic eITect (RiPPLE. 2008; Gupta el of.. 199.1: Sushccla & 

I3hatnagar. 2002). Data obtained from dietary supplemcntation Studies suggested Ihm 

inadequate levels of ascorbic acid and calcilllll are relmed 10 the lllanires t ~lt ion and SI.: \ efity of 

lIuorosi, (S rirangarcddy and Srikantia 1971), According to Sushecla and I3hatnagar (2002) 

toxic clTcets or nuoridc can be reverscd by withdrawing the nuoridc source and b) providing 

a diet adequate in protein, calcium and allli·oxidants (vit amins A. C. E and I)), Sl,'vcrn! 

researchers mentioned that antioxidants playa protective role in Iluorosis (Sridharan ('llIl. , 

1999: Chinoy 1978). Superoxide dismutase (SOD) clllt! fj·carotcnc wcre also rl.:cummcndc(1 in 

dl;,ct ively mitigating impaired growt" duc to lIuoride to" icity in rats ( Wang ('/ (II., 1994), 

Caleium rorms insoluble eomplcxes wit" nuoridc and assumed to reduce Iluoride 

bioavailability through minimizing absorpti on when supplemented or c,deiuln rich /ood 
consumed (CcrklewSk 1997b' \VIIO 1994) '1'1 k I, " I 

. . . Ie ' now edge, altitude and pmctJcl's 01 11(' 
community in ll1itio mioll oflhe probloll ' 11'1 ' I I' , , . I 

o .. 1 \\1 <I SO Ie ps Iilthc IllJllgatory processl.:s III severa aspects (Melaku and Ismail. 2002), 

In Ethiopia. the studies conducted so fa 'I r , 

,r main y locllsed On Waler fluoride di stribution III the COllntr~ (Reimann el al., 2003' Teklc~1I ' , 

. alillallOl ~I aI. , 2006). Data on fluorosis sta tus have onl) bccn conducted in limited areas (Asse(; '1 I 20 , , .. 
' . . a { (/" 04: WOndwosell el aI, 200-1). I hen: IS ,"cry limited IJ1fonnmion On dictary fluorid ' , 

C Jlllakc On (hffcrCnt age groups (r.la ldc el aI" 1997: 2003; 2004: Dl'salcgne and Zew ,c 20 3 '. . 

' g , I). I he Siudy conducted on Iluoride intake o! children (6~59 months) frolll food and be -.', 

Veragl.:S IndICated tl1m fluoride intake is ! ~lr above (ile 
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maxilllum permiss ible level (Mulde el aI" 2003). und that food may be a 1ll3jor Ouorid!;.' 

sourct (Malde el (f/.. 2004). Recent study conducted on Iluoridc inwkc from 10c;;lUy bn.;\\I.!J 

alcoholic bcverages indicated accelerated development of skeletal fluorosis (Tckle· llaimanOl 

and Haile, 20 14). DeOuoridation tcchnologies havt becn implcmclllcd in pocket arC;;lS 

although the techn iques did not remove fluoride as much as intendcd. Moreover thc running 

costs. perceptions and lack of knowledge on fluorosis did not allow thc pcoplc to fully util ize 

the techniques. Nut ri tional intervention is a ncw approach to mitigation of ingested !luorid..: 

and to reduce the detrimental effect of fluoros is. Locally availablc, ealciulll and lItlti·oxiciant 

rich foods sllch as moringa leaf (l3abu 2000) might help in mitigat ing ingested fluoride. Fresh 

leaf of moringa is commonly consumed as vegetable among South Omo nations. 

The aim of this study is therefore 

• To investigate thc fluoride level ofscJectcd staplc diets in the Ethiopian Rill Valley. 

• To assess the knowlcdge, alti tude and pcrception (KAP) of thc community about 

Iluorosis. re lated heal th problems. tcchniques and measures takcn to taekle Iluoride 

contamina tion and possible solu tions to mi tigate ingested fluoride . 

• To dctcrmine dietary fluoride intake and associatcd fluorosis rmc among school agc 

chi ldren and women ofreproducti vc age in thrce dictary areas in Ethiopian rili vallcy. 

• To asscss the possibi lity of supplcmentation of locally avai lable or r\daptablc cHlciulll 

and antiox idant rich food I food itel11 in the mitigation of ingested fl uoride. 

The hypothesis in the experiment is that when ealciulll combines with tluoride it forms 

insoluble cu lc ium fl uoride in thc gut and thereby red ucing thc bioavaih,bility or tluoridc in 

pl;;lsma and consequent ly in urine (Buzalaf and Whitford. 20 I I). 
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C II APTE R TWO: STATEME T OF nn: PROBLEM & OBJECTIVE 

OF T il E ST UDY 

2.1 St;l l{, lII cnt of the problelll 

In the Ethiopian Rill Valley, 41 % of the drinking water sources have a fluori dl.: rO'l(;C ll1ration 

exceeding the \V I JO gu ideli ne va lue or 1.5 mg F-/L (Tck lc- l laimanol el al .. 2006) and 

excessive fluoride is the mOSi seriOliS Walcr sani tation problem affecting <In: ,IS in Afar, 

Oromia and SNNPlt Morc than 14 million Ethiopians may be potentially at risk o( fluorosis 

and over 10 millions Illay have already been exposed to high fluoride contamination {The 

Dnily Monitor. 2008}. Analysis or hydrochemical. economic and demogra phic r~lc tors in the 

sp:uiaJ distribmion or high-fluoride domestic waler SOurces inciic<l1cs tha i Il uoro~is problem 

has become morc serious in the Rin Valley (Kloos & Tcklc- l-IHirn<lnol. 19(9). I)ental as well 

as skeletal fluoros is is endemic in the rcgion (Kloos & Tekle- Ila inwnul. 1999: Teklc­

IInimanot ef (fl .. 1987) because of high fluoride level in the ground wmer tha t origina tcs from 

ex tensive volcanic basalt flows (FaweJl el a/.. 2006). Moreover the low socio-economic level. 

recurring Jamine and malnutri tion might exaeerbntc the problem (DI IS 20 II ). 

According to reporl of FORE, Ministry of Water Resources (tvloWR, 2UOI). tht <In:as of 

Ethiopinn Rin valley are among most arfected due to scarc ity oj" Ji·csh sur JiH':c W;Htr and Ihe 

inhabilan ts arc ent irely dependenl lip On grollnd Water (boreholes) , In acldilion , Ihe arca is 

among dr)1 cl imatic ~OIlC' with lOll' eleV"I'O ' I h' I Ille d',II'II' 
- . (, I n ,Ill( Igl annua l mean tempera ture. . 

intake of "ater is ex pected to be high I'le Ie II I ", I' k f 
. I e. Ie popu atlOn IS CCrttHn ly expose, to flS' 0 fluorosis. On the Other hand in vicw of 11 · d ' , , 

. Ie IIlcrease emphaSIS On salety o f dn llklllg wl.llef. 
public health .md W<JICr managers give Ie ' I' , , h 

ss Clllp laSIS to Jl lloroslS in Ihe presellce 0 1 0 1 er 
highly prcvalcllI, acute and life-threatening heal II bl ' , 

' 1 pro ellls (Melaku <lIld lsmall . 2002). 

In ,ic\, ofalorcmcntiolled gra ve problems fl1 " , 

o uonde IngestIon and il s risks il is necessary to • Conduct dietary fluoride intake II 'S 

~ ',s cssrnelll 10 identify magnitude or exposure mId fl uorosis ri sk fac tors. 



-

• Investigate endemic community KA P on fll,oro,,·s r··k I ·· . ~ IS'S ane Illl t igatlon 

• Document and characterize Iluoricic r,·sk, ,·n tile n 1 d · 1 ·r .. < fe, s nn I( cnll y priOri I) areas for 

further intervell tion 

The OUlplil of the study will be \lscd as an input for Iluorosis mitigati on errort s. used <IS a 

baseline fo r further risk assessment studies and in fo rmation communication and education of 

endemic communities towards J1uori dc risks. 

2.2 Object ives of the st udy 

2.2.1 GCllc l"OllObjective 

To investigate the mean dietary Iluoridc intake and its mitigation in selected dicwry arcas 

2.2.2 Slll'cilie Objectives 

I. investigate dietary Iluoridc sources 

2. Estimate mean dietary Iluoridc intake by school ch ild and biological mother 

3. Assess Iluoros is dietary ri sk factors 

4. Assess dcntal and skeletal nuoros is level in se lected arcas in school age child and 

biological mother 

5. Estimate urinary fluoride level as compared to ingcslCd Iluoride in school age child 

and biological mother 

6. Investigate community alti tudcs on Iluorosis and ingested fl uoride mitigation 

7. Invcstigate mitigation of ingested fluoride through Ca or moringa supplementation 

using rats 

8. Investigate mitigation of ingested t1uoride through Ca or moringa blended wheat bread 

in mothers llsing urinary fluor ide as biomarker 

9. Val idation or Iluoridc' ana lysis methods in urine. [cees. foods and watCf llsing known 

concent ration of spiked t1uoridc and Ccrtili cd Rcference Materials (Fish and Plant 

ti ssue). 
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CII AI'TE R T HR EE: L1TRAT UHE REVIEW 

J .l Fluor ide' 

. I . 'hc 'Iclncn ls in order of abundance in the carlh' s crusl. II is an Fluonnc ranks I urtccn among c 

. . bl f ,I c b·,osllhcrc <lnd human li fe (\Valdbon. /963), It is the mOSI IIlcVlla c part 0 1 , 

I . d c· C"·VC of all Ihe clements and as a res ult, r/cmcllIal fluorine docs n01 C cClroncgallvc an r a 

Occ ur in nature. but is found as Iluoridc minenll complexes (WHO, 200<J). Fl uorine combines 

directly wi th most clements and indirectly with lew [0 form Iluoridcs (WaJdbolt. 1963), 

Fluorides arc ubiquitolls in nature and arc presenl in rocks. so il, WiJ!cr. pJams. j'nods and air 

(FawclJ ef al,. 2006) as nuorspar (Ca F2), cryoli te (3NaF.;\W ;) or apmill' 

(3Ca;(P04).2Ca(F.O I-I ,CI)2 (W/lO, 1994). Avai lability of Iluoriclc li'om soil tk:pcnds on tho.' 

so lubility of the fluoride compound, the acidity of the soi l and the presence or WiHCr (\VI-IO. 

201 1; Fung and Wong. 2001). Fluorides arc ubiquitous in air, watcr and the lithosphere. 

Fluorine as an clement is sevcnth in the order of frequenc)' of OCcUJT ..... nc ...... accoun ting for 

0.06-0.09% ofthc carth's crust and occurs as fluoride, e.g. cryol ite (Na.3J\ IF6). ('r~()l il(, (used 

for the production of aluminium) and rock phosphates (used fo r the productIon or ri.:J'Iilizl'rs) 

have fluoride Contents lip 10 54%. Most of this fluoride is inso lu bh.: and n OI hiologically 

availablc. Availability of fluoride from so il depends on tile solubi lilY of the compound. the 

acidity of tile soil and the presence of Water (SCHER, 20 10; Fung and Wong. 200 I). 

Elcmcnlalllllorinc, which is a mcmbcr of Ihe halogcn family, is a palo) ell"" green. irril<lIing 

gas wi th a sharp odour and atomic mass of 18.998. The I{'rm ·/luarin ..... · is llsl.:d to dellotc the 

clcmcnt in any of its forms and ·nlloridc· 10 dcnolC lice inorganic nlloridc '0 "hich a 1I11oridc 
ion-selectivc electrode (lSE) responds (O' Donncll 197') I . n . I I . 

, J {unng uone c ana ),S IS. 

Fluorine I fluoride is not essential Jor h h . d 
timan growl and deve lopment but it is !';onsJ(lcre 10 be bcneJicial in the prc-vention of d ' I . . I 
elll,\ canes (tooth decay). As a [{'s uit. intcntlona fluoridation of drinking water and thc d I 

evc opmcnt of fluoridc COl1laini n ~ oral c;m,: products (toothpastcs and mouth rinses). foods (tl . I ' " ~.. 
. lJOrJ C ated S,lltS) ~lJld SlIpplc.'ll1cnts (nuondc lablets) ha\c becn employed III several Parts oj' Ihe \\. I '. . . 

Or d <IS a pU blic health prOle-ClIve measure agumSI tooth deca) (SCIIER. 2010). In man AJ'ric'. . 

Y <Ill and ASIan countries, exposure 10 Jluonde 
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COllles from natura ll y occurring water. beverages, food. <lnd to a lesser extent. from other 

environmental sourccs (Maldc el al., 1997). Fou rteen countries in Africa. eight in Asia and 

Ihe r ... liddle East and six in the Americas face the problem of fluoride concentration above 1.5 

mg F-/L in drink ing water. Many of these countries arc confronted "ilb thc problems of 

endemic dental and ske letal Iluorosis (Frenckens el 01 .. \ 990). 

A body of scientific literature seems to suggest that fllloride intake Illay be associated with a 

number or adverse health eITects. Dental and skelctal lluorosis arc two well documentcd 

adverse effec ts of fl uoride inHlke. Systcm ic effects fo llowing prolonged and high exposure to 

fluori de have also been reported and more recently c!"feets on the thyroid. developing brain 

and othcr tissues. and an association with certain tyJX!s or osteosarcoma (bonc cancer) ha ve 

been reported (NRC, 1993). 

Individual and popUlation exposurcs to fl uoride vary considerably and depend on the hi gh 

variability in the Icvels of Il uoride in waters, and on individual dicwry and oral hygiene habits 

and practices. The emcrging picturc from all risk assessments conducted on fluoride is that 

there cxists a narrow margin between the recommended intakes for the pn;ventiol1 o f dcnt al 

cari es and the upper limits of exposure. All assessments lo-date call for continued monitoring 

of the exposure of humans to fluoride from all SOlI fees and an evaluation or new scicntilic 

developmcnts 011 it s hHza rd prolile. Exposure assessment has becn conducted by the Europe(1n 

Food Sa fet y Authority (EFSA) for sett ing upper to lerablc intakc levels (U L) rclated to 

conccllIrmion limi ts ror nuoridc in w<Her (EFSA 2005. [FSA 2008a. EFSA 200gb) and 

dental products (Seep 2009). A similar approach was takcn by the United States National 

Academics of Sciencc in its 2006 review of the Unitcd States Environmenwl Protl..'ction 

Agency's water standards for fluoride (N RC 2006). 

There is a continuous controversy ovcr thc bencfit of Iluoridc and. in part icular. the practices 

of intentional wutcr nuoridalion in tooth decay prevention. This has led to several countrics 

discontinuing drinking wmer fluoridation and others cxpanding it. Besides ql1~stioning the 

practice of intcnlioll<ll Weller tluoridalion itself as being unnecessary or superfl uous in the light 

of the high e:"posllrc to tllloride from other sources. opponents or water fluorida tion havc 
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pointed to reports showing that the hcnhh and environmental risks or the: tIlOSI COl1lmon]} 

n ·d· I s·ll·co lluoridcs (e g (hydro)l1uorosi licic ac id. sodiuJll silico n uorid~ used lion atmg ngcll s. I . . , 

d· od· I n ·1· 'Ie or Ilex"fluorosilicntc or hcxafluorosili cic aciel), have not hBA._ IS ] lim lexa tlaros] ICn . .. 01\."11 

properly assessed. Furthermore, [hey suggcsllhat the presence of these chemicals in drinking 

water ma) cause adverse crfects 011 the health of humans and c:,crt possible exacerbating 

clTccts on nuoridc disposition in bOllc. The debate over water Jluorichuion hilS prompted 

se"eral questions frolll the European Parliament, from Ireland and the United KingdOlllWhcrc 

intention:!1 water nuoridation is still prncticcd (SCIIER. 20 I 0). 

Fluoride. whether naturally present or intentionally added to water. J()od. consumcr and 

mcdical products, is considcred bcnc/icial to prevent dCJ1\al caries (tooth decay). Ilo\\'cvcr. Ihe 

cause of dental caries is multi-factorial , and the causa l factors incJud\! microorganisms in 

denial plaque. fermentable carbohYdrmes (particularly sucrose). tillle. thl" indi\ iduars heahh 

status and level of oral hyg iene, which depends on socio(:conomic and l'ducHiional stmus 
(SCI IER. 20 I 0). 

Thc concenl ration of nuoride in ground water in Ihe EU is generally low. bUI Ihere arc large 

regional diDeroncc, due 10 diDerent geological eondilions. Surf'lCe Water usually has lower 

fluo ride Contents Ihan ground water (most oOen below 0.5 mg/L) alld sea "'"er (b"","n 1.2 

alld 1.5 mg/L). There arc no systemalic dala on Ibe elllleenlralioll or lIuoride in natnral 
drinking wa ler in EU Membcr Stolles b I I I . . . I . 

' , u Some (a la SlOW largc van at Ions b\!t\Vccl1 and W1IUJ1 
cOll ntries. e.g. Ireland 0.01 -5.8 I11g IL, Finland 0.1- 3.0 mg/L, and GermallY 0.1-1.1 mg/L 
(SeilER. 2010). 

\\ J 10 established 11 I:!.u idance va lue /0 . . II . . _ 
~ r n.HWa y OCCUffJllg fluoridc in drink ill" \\aler of I.) mglL based 011 a consumption of J I \Vat I I .:::0 . 

• • < cr (ny, and recommended thai anificial lluoridatJOn of Water supplies should not excce I I . 

. {t le Optullal fluoride /(-vcls or 1.0 mgtL (\V I 10 2006). In EUrope. onl) Ireland and scieCled re 'ion . . '. . . 

g S ill the UK and SpaIn currentl y /luoridate dnnklllg water <.II concentra tions ranging from 0 8 t I 2 . 
. 0 . I11g/L (MUllen 2005). 
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Fl uori de is widely distributed in the atmosphere. originming frolll the dust of Iluoride 

containing soil s. industry and mining activities, and the burning of coal. The nuoride conlent 

in the air in non-industrialized areas has been found to be low and is nO( considered to 

contri bute more than 0.01 mglday to the total intake. Fluoride illlake from food is genemll) 

low. except whcn food is prepared with nuoridated water or sa lt. Ilowcvcr. some teas (e.g. 

Camellia sinensis) represent a significant source of fluoride intake (Malde el (1/ .. 1997; 

Zcrabnlk el (1/., 20 10). rruil and vegetables, milk and mi lk products, bread and cereals contain 

bCIWCCIl 0.02-0.29 mglkg (EFSA 2005 ). Reccllli ),. EFSA (2008n. 2008b) has pcnnil1cd CaF, 

and Na2PO)F as a source of nuoride in food supplements. 

Denta! products (toothpaste. mouth washes and gels) contain fluoride at di fferem 

concentrations li p to 1,500 mg/kg (1 ,500 ppm). The mcan annual usage of toothpastc in EU 

Member States in 2008 was 251 mL (range 130-405 mL) per cap ita. The extent of 

systemica ll y available Jluoride from toothpaste depends on the percentage or toothpnsli: 

swallowed per application (SCI-IER. 2010). 

An upper to lerable intake level (UL) of 0.1 mg/kg OW/day fo r fluoridc has been dcrivcd by 

the EFSA Panel on Dictctic Products, Nlltritioll and Allergies (N DA) (EFSA 2005) based on a 

prevalence of less than 5% of moderate dental l1uorosis in children up to the nge of 8 years as 

the critica l endpoint, i.e. 1.5 mg/day for children 1-3 years or age. and 2.5 lll g./day for children 

aged 4-8 years. For adults. an UL of 0.12 mg/kg 13 Wlday was based on a risk of bone frac tu re. 

which converts on a body weight basis into 7 mg/day for populat ions aged 15 years and older, 

and 5 Illglday for children 9-14 years of age. Tolerable ll pper intake levels for fluoride have 

nOl been establ ished lor infants. For infants up to 6 months old. the UK Deprlrtment of Ilealth 

(UK Doll 1994) concluded that 0.22 mg r /kg OW/day was safe. 



3.2 Chcmislry of Flu oride 

3.2. 1 Fluorinc 

"Iuonne, h mp, - _ . p. . - . - ( ' ISoC· b - 187°C) is a pale yellow gas produced li'olll calciulll fluoride 

ore by first liberating hydrogen fl uoride with su lfur ic acid. then electrolyzing the IIF in a 4:1 

mixture with potassium fl uoride. KF, as shown in the reaction below 

21 lF + KF (molten) --.. H2 (cathode) + F2 (anode) 

or all the clements. Il uorine is the most reac ti ve and Ihe most 1, • .' lectronegali\ ~ ( ~l l1l\!ilStlrC of 

lendency to acquire electrons). In its chemica ll y combined lonn. it ah\i.I)"_ has "1l1 oxidation 

number of - I . rJuorine has numerous industrial lISCS, such as the manuf3c[ul\.' oj" UrG. a gas 

used 10 enrich uranium in its Jissionable isotope. uraniulll-235. rluorinc is used to 

manufacture uranium hexafluoride. SF6, a dielec tric materi31 contained ill 5 011](' ek-ct rical and 

eleclronic apparatus. A number of organic compounds contain Iluorine. p:lrticularly the 

ch lorofluorocarbons used as re frigerants and organolluorinc polYlllers. SUl'il as DuPont's 

Teflon. Gi ven elemcl1Ial fluorine's extrcme chemical I\:nct ivity. it is not surprising that 

Iluorine gas is quite toxic. It is classified as"a most toxic irritant"" . It stl"OlH!,h allacks skin and 

the mucous membranes of the nose and eyes (Manahan, 2003). 

3.2.2 Fluoride compounds 

Ilytil'og{' 11 Fluorid(' 

Hydrogcn fluoride. HF (mp. - 83. l
oe; bp, 19.5°C), may be in the tn I'm oj" r.;ithc r a dear. 

co lorless liquid or gas It forms corros' I ~ h .. . 
. I\e ,umes w en exposed to the atlllosphr.;n:. 1 he IlHIJor 

conullercial application of hydrogen n . 1 '" . . 
lIOne e IS as an alkylatlllg catalys t in p..:trol,,:ulll rcfUlJIIg. 

POI rOOm workers in the pri mary al' . d , . 
lIlllllllun III USlry arc exposed to levels up 10 5 mg/nu In 

the workplace atmosphere and exhibi t I d I . 
' e eVate evels 01 F- ion in their blood plasma (Lund, 1997). lIydrogen fluoride in aqueous sol' . 

utJOn IS ca ll ed hydro fl uoric acid. which contains 30 to 
60% ifF by mass. Hydrofluoric acid mUst b k . 

• C Cpt III plnstic COntainers because it vigorously 



<In:lcks glass and othcr matcrials containing silica (Si01) . producing gascous silicon 

Ictralluoride. SiF.a. llydrolluoric acid is uscd to etch glass and clean stone. 

Both hydrogen Iluoridc and hydrofluoric acid. rererrcd to collecti vely as IIF. arc ex trCITIl' 

irri tants to any ti ssue they contact. Exposed areas heal poorly. gangrene may develop. and 

ulcers can occur in affected areas of the upper respiratory tracl. The toxic nalure of Illloridc 

iOIl. F- , is not con!ined to its presence in !-I F. It is toxic in so luble fluoride !:Ia lt s. !:Iw.:h as Nal·. 

At relat ively low levels. stich as flbout I ppm. used in some drinking water supplies. tluoridc 

preven ts tooth decay. At excessive levels. nuoride causes tluorosis. a condition characterized 

by bone abnormalities and mottled. soli teet h. Livestock arc especially sll!:lecptible 10 

poisoning from l1uoride falioul on grazing land as a result o/" industri ,1i pollution. In sevcre 

cases. the an imals become lame and even die (Manahan 2003). 

3.2.3 IIcxalluo.·osi li cie ;lcid and hcxanuorosilicatc 

Hexatluorosilic ie acid and hexatluorosil icates arc thc Illost commonly used agents in drinking 

water fluoridation and it has been claimed Ihat incomplete dissociation of" these agents in 

dri nking waler may result in human exposure to these chemicals. Th~ toxicology of these 

compounds is incompletely investigated. Recent swdies have addressed the equilibrium of Ihe 

free Jluoricie ion and lluorosilieate species in aq ueous so lutions over a wide concentration and 

pi I range. In the I'l l-range and at the concentrations a/" hexafluoros ilicaics/lllloride rele va nt 

for drinking waler. hydrolysis of hexatluorosilieatcs to nuoride was rapid and the release of 

the fluoride ion was essent ially complete. Other hyd rolysis proc1llCts o j" hexa tluoros ilieatc 

Stich as Si(O ll}1 an.! rapid ly transformed to co lloidal sili ca (Finney el (/1 .. 2006). Si(Ollh is 

prescnt natura ll y in drinking water in large qU<llltities and is not considered as :l risk. [n 

summary. Ih~sc observations sllggcstthat human exposure 10 fluoros il icUICS due to the lISC of 

hcxatluorosilic ic acid or hexatluorosilicale ror drinking water lluoridalion. if any. is ","ry 10\\ 

as tluorosi licates in water are rapidly hydrolYLed to fluoride. as illustrated in the 1'0110\\ ing 

equation (Finney el aI. , 2006): 

II, Sil', ( aq ) + 60 11- ( aq ) ----- 61'- (aq) + Si(OII ) , (aq) + 211, O( I ) 
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Studies 0 11 Na2SiF6 and l-bSiF6• compounds uscd 10 fluoridate drinking wal~r. show a 

pharmacokinctic proJilc for Iluoridc identical to that of sodium fluoride (NaF) (Maguire e( al., 

2005, Whitford el al .. 2008). It therefore seems unlikely that the nlle and degree of 

absorption. fractional retention, balance and elimination of fl uoride will be aOectcd if tbes
e 

fluoride compounds are added anilicially in low concentrat ions, or if Iluoridc is naturally 

present in drinking watcr (Whit ford el al.. 2008). 

llexafluorosi licic acids used as Iluoridating agents may contain some impurities. Concerns 

have been raised about several heavy metals present as low·concell\nltion impurities in 

commercial hexalluorosi licic acid. The average concentrations of arsenic. mercury. leml and 

cadmium present in hcxalluorosilicic acid arc low. Therefore, Illioridation of drinking W,lIer 

only contributes to a limitcd ex lent to the total exposure to these contaminants. Jt has becn 

claimed Ihm fluoridatcd drinking water increases human exposure 10 lead due to solubilizmion 

of Il'ad from drinking water pipes by formation of highly soluble lead complexes. The claim 

was based on relationships of drinking water fluoridation and blood lead concC'll trations 
observed in a case study (Coplan l'f al.. 2007). 

Based On the avaibble chemistry of fluoride in solution. the chemistry of kad and lead ions. 

nnd the concentrations of fluoride in lap watcr, it is highly un like!y that there wou ld be an 

incrc",cd release of lead fro lll pipes dlle 10 hexafllloros ilieie acid. The added eOneenlnIlions 

of hexalluorosilieie acid do nOI influence Ihe pH of iiiI' waler, and do nOI forlll so luble lead 

complc.~es nt the low concentrations of hexalluorosilicic acid present in Ihe gastrointestinal 

tract allcr consumption of fluoridaIed drink ing Water (Urbansky and Schock 2000). 

3.3 Fluoride ill lI ea lth and disra sc 

J.J. l Esse lltia lit)' of Fluorid(' 

Many elelllenis OCcur in living organisllls in ",,,,II alllOllnl, Ihm early leehnologics lVere 

unable 10 deleel Iheir presence or measu re Iheir precise amounl, (Tressalld and Ilauic. 2008). 

InierCSI ill I,."ee elemems in human and animal ph),siolo£) began OVer a eel>!lIrv ago lVilh Ihe 

developmen! and advances inleehnology Ihm all olVed delCC1ion andll1easuremem oflraee, of 
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a number of metal-containing compounds that were not previollsly slispected to be of 

biological significance (Churchill , 1931). During the 19305. a wide range of nutritional 

disorders of humans and farm stocks were found 10 be caused by ei tber deficiency or 

excessive intake of trace clements frolll the natural environment. Fluoride was recognized in 

those years by different researchers as a cause for monling of tooth enamel when consll lllcd 

during infanc), and carly childhood (Smith ef 01. , 1931; Iyengar ell/I .. 1978). 

The criteria ['or identify ing nutri tionally essent ial trace clements have evolved l:xlcnsivclv . , 

over the past 50 years. The definition of' clements as essent ial is th us dinicliit and. depending 

on the dclinition of \!ssentia li ty, not unanimolls. Iyengar ef aI., (1978) considered an clcment 

to be essential if 

( I) The organism can neither grow nor complete its life cycle if the clement is not 

availab le in sufficient quanti ty, 

(2) The clement cannot be wholly substituted by another clement and 

(3) The clement has a direct iniluencc on thc organism and is involved III ils 

Illctabol ism, 

l3ased on this definition, iluorinc is nOI an essenti al element. Later Mertz (1987) established 

esscnt iality as being when a reduction of the clement below the HI nge of talemble levels, 

better termed 'range of safe and adequate intake ', resul ts in a consistent and reproducible 

impairment or <l physiological function. On this basis, Iluorine was included in the li st of 

essential clements because of its proven benefi ts for dental health and its suggested role in 

maintaining the integrit y of bones, 

The complex health eOccts of whole diets were amcnablc \0 scientific stud) onl y by 

separating roods into their components. which could be measured and their crfects 

invcstigated ind iv idually. The gradual emergence of 'new' paradigms and their inllucncc on 

nutrition rcse<l fch increased to the point where they bcgan to modi fy the old paradigm. ' New' , 

emerging parad igms were addressed by Mertz (1993) as follows: 

( I) The concern with indiv idua l nutrients (dissect ion) is being complemented by a 

concern lor balanced intcr<lc lions with in the whole diet (syn thes is); 
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(2) The division of the clements into essential and toxic categones is slowly being 

replaced by the concept of the total dose- response curve and 

(3) c am mating ro c ,~ 
'
"h d "" I of the concept of deficiency in detenninin!.! Ilutri tional 

requiremenls is gradlk1tly being complemented by a concern for the Iota I health 

cITccls of cicmeills. 

In accordance with these paradigms, the Expert Consultation of the WllO. Food and 

Agricultural Organization and intcrnal iol1<1 ! Atomic Energy Agency accepted in 1996 a 

n.:viscd definition ofcssclltial itYlhat says: 'An clement is considered csscllIiallo an orguniSlll 

when reduction of its exposure below 11 certuin limit resullS consisten tly ill n:<iUC(iOll in a 

physiologically important function, or when the clement is an integral part oj' an organic 

structure performing a vital func tion in that organism' (WHO/f AOI!AEA. (1996). This 

defin ition is nOI absolute; it depends on what is considered to cOnstilUlC a "phys iologically 

importalll function and consistent" functional impilirment". Caries is /lo t a result of fluoride 

deficiency; however. since Ihe EXj:x!rt Consultation considered rcs isl<l ncc to dental caril's to be 

a physiologically importnllt function. the clement fluorine was regarded ns essential. Fhlorine 

\\as. al Ihe same lime. classiJied into the group of potentially toxic c/('mI.'I1IS. !)OlJ1e o/" which 

Illay nevertheless have Some essent ial function at low levels (WHO/FAO/ IAEA ( 1996). 

It has 10 be recognized that. although nllorinc should be probably regarded lIS an essential 

clement. there is no evidence so far JI'om human studies lhat oven cJini<:<l1 signs of Iluoridc 

deficiency exist. No specifica lly diagnostic clinical Or biochemical parmnelcrs have bcen 

related to fluoride deficiency (SCSEDR1, 1997; WIIO/F AOIJAEA. 1996). It must also be 

noted thm an experimelllal el iet completely free of lllloride, capable of provoking lluoridc 

dcfici<:llcy. is dillicult to obtain. It is also dillicuh to prov~ that it is fret' of" Iluoridc. because 
of lIlt'tllodological and <ll1'll vtical bl . d 

and Ilaufe. 2008). '. < pro Cms III ctennin ing lluorine at low levels (Tn . .'ssaud 

J.J.l F"luori d (' ill dClllisln' 

rile clement fluorine in the /onn of the n . I . " 
lI0ne C Ion IS well known to be assoc iated with sound dental health (r..lurray ef al.. 1991) Dc' d I. 

• ,111 an liS Co lleagues (Dean ef (fl. , 1942) showed an 
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inverse rdationship betwecn mauled enamel and the occurrence of dental e:.tries. Mott ling had 

previously becn shown 10 be caused by the prescnce of fluoride (Chu rchill 193 1). But D l '<ln 

and his colleagues came lip with the conclusion that Iluorine was responsible ror reducing the 

incidence of dcntal caries (Dean el al.. 1942). They demonstrated that I part per mill ion 

(ppm) of fl uoride in drinking water was optimal , as it gave the greatesl reduction in dell1<11 

caries wit hout also causing mott li ng of Ihe teeth. As a result of this study. the condition of' 

tooth mOll ling was renamed ldenlal fluorosis' . and the study paved the way for ex tensive 

fl uoridation o f domestic water supplies throughout the developed world (WIIO. 198-1). 

Toothpaste containing lluoride became available in th is period, and has al so contribu ted to thl.! 

rcdlletion in the incidence of carics ove r the period covcred. Ilowevcr, it is appmcnt that the 

reduction was greater in the cohort frolll tbe Republic of Ireland. who also had the bcnc!it o r 

Il uoride in thcir dri nki ng water. Similar fi ndings have been reported in nUlllerOliS similar 

studies worldwidc demonstrating beyond reasonable doubt that there is un improvcment in the 

dental health o f populations with fluoridated drinking water (Paik el al .. 1997, Clarkson and 

McLoughlin. 2000). 

Fl uoridation of' drinking water is onl y one of the ways that fluoride has been dcJi vered to Ihe 

community and improved dental health. Others include fluoridated tuble sal t. fluori dated milk. 

lluoridatcd dentifri ces. top ical fluoride gels, varni shes. and mouth-r inses. and fluoride­

releasing de ntal restorati ve materials. An understanding of the underly ing chemistry involved 

is crit ical to an ap prcc iati on oflhe clinical functi on offl uoricle . Researchers have no\\ reached 

the point whe re the effec t of tluoridc on the mineral phase o f the toolh. hyd rox~ apati t e. is 

reasonably wetl understood. and can be used as starting point for considering the contribution 

of fluoride to dental health (CDC. 200 I). 

3.3.3 C:II"iost:l lic Efrect of Fluoride 

The cariostat ic Hction of fluoride on erupted teeth or child rcn and adults is due to ilS !.!CreelS on 

the metabo lism o r bHcteria in dental plaque and 0 11 the dyna mics of cnumd dc- and 

reminera lizat ion during an acidogenic challengc (Marqu is. 1995 ; FNB. 1997). Plaquc Iluori clc 

concentrations arc di rec tl y rel ated to the fluoride concent rati ons in and frequencics or 
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. I" (I denial products. Fluoride can be deposited in pJilquc exposure to water. ben-rages. tooe:s , .tn " . 

by direct up""c .rom I lese sou , . k ' I ' rees ' IS well ,IS from the saliva and glllglva l crev icular fl uid 

, , , db ' r 1 the gastrointestinal tract. Its effects on plaque bacteria ancr ingestIon an a sorplJon rot 1 , 

IIWO ve 111 11 ilIo n 0 severa _, , , I ' I 'b" f I eIIZ\'llleS which limits the uptake of glucose and thus reduces the 

ilmOunt 0 aCI pro ucee , I' 'd d ' I '111(1 sec reted into the ext race llular plaque Ihl id (Kanapka and 

lIamilton. 197 1; Ilarquis. 1995). These efrects atlcnU<l IC the pi I drop in plaq ue llu id Ihm 

would otherwise Occur and, hence, the severity of the ac idi c challenge 10 the enamel 

(Birkeland and Clmrlton, 1976; FND 1997), 

According to Tl'n Cate ( [990), the cJTcc[s of Iluoridc on the processes or enamel 

deminerali zation and remineralizmion in erupted teelh inchJde: 

( I) a reduction in the ac id solubility of enumcJ; 

(2) promotion of remineralization of incipient enamel lesions. which arc initial ed al Ihe 

ultra'Slnlc(ural le\'e1 se\'cral times each day according to (he rrcqucllC) or ca ling or 

drinking foods contain ing carbohydrates metabo li Zilble by plaque bac teria : 

(3) increas ing the deposition of mineral phases in plaque, which, under ac idic L'OJld it iolls 

produced duri ng plaque metabolism, provide 11 SOurce or mineral iUll s (ca lcium. 

phospha te. and nuoridc) that retard deminera lizati on and promote rcmincra liz<lt ion; 
and 

(4) a reduction Jll the net ra te of tra nsport of mineral s out or the cnamel surl;lCe by 

inducing the rcprccip it<'Hioll of fluoridated hydroxyapatite within the enamel. 

These \'",ious meehonisms underl ying Ihe prolective e/Tee lS of Iluoride on the erupted teeth of 

children and adults rcqu irt.: fi"equem exposuro.:s to nuoridc throughout hie in order to achieve 

and maintain adequate concentrations of the ion in den t' l I I I l'o llo\\' t' llg the 
d p ague all( Cllam c " = 

discovery of the li nk between nuoride ond reduced incidence of denta l caries eOlllnlllll it)' 
Il uoridalion programs were insti tuted " A " n 

III merle,\. uy the carl y 1950s, it was apparent th(lt denial caries had been reduced b)' uro I 50" ' 
lIlle /u In those areas that had a Iluoriclatcd waler suppl) (C1ar~SOI1 and ~'lc l oughli n JOOO" \ _ . 

• • - • I 51 <'I aI. , 19)6)" Since then. di ffcrcJll countries 
[lCrOS5 the \\orld have moved to prOvide flu ", I " " " 

One nled \\ ater as standard to theu" populallons" 
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Howevcr. due suspected negative heal th effect of fluoride its exposun: ha:.. been closc l~ 

regulated . The ellrrcnt estimatcs of optimum leve l of exposure to fluoride ar~ bct\\ccn 0.05 

and 0.07 mglkg of body weighl (Burt 1992). Some researchers Imve suggested thai ,-= ven lo\\er 

levels. for example, 0.03-0.04 mg/kg. arc appropriate, although these nrc lower than those 

typically aimed for in public health programs (Fejerskov ef al., 1982). Fluoride is especiall y 

important for chi ld ren to prevent caries. However, it is impo rwnt to regulate intake. as 

cxcessive cxposure to fluoridc can rcsult in fluorosis. There are several sources or Ihlorich.: 

available to typical children in the developed world . including dcn tifrices. milk and oth~r 

foodstuffs, as wel l as drinki ng water (C larkson and MC Lo ughlin . 2000). All these sources 

nced to be taken into consideration when setting the level of fluoride to be ndded to publ ic 

drinking wate r supplies (WIIO. 20 II ). 

Current levels of fluoride in water were based on lindings of Galagan and Vermilion ( 1957) 

from the late 1950s, though they have since been modified downwmds slightl y. Thus. the 

World I Icahh O rganizat ion recommends levels o f nuori de betwecn 0.5 and 1.0 ppm «WI JO. 

20!!: I Iellc l' ef al.. 1999). Leve ls of water consumption do not vary particularly widely wi th 

climatc. but arc on ly about 20% higher in regions with hi ghcr average air lemperalures (lltller 

ef al., 1999). Also. they vary throughoLit the year, again renec ting the local rlir tempcrallLre. 

with Wrl ler consllmption being greater in warmer cond it ions (lidier ef al.. 1999). 

Consequently. there is no need to adjust the overa ll 1cvcl o r Iluoride to take account o r local 

climate and local variations in pallcrns of water consumption. 

Dental caries is one of the most COlll mon diseases in hU11lnns. and is mediated by bacteria. 

mainly St reptococcus mutans (S. mutans). It has been estimated to a lYcct between GO and 90% 

of school children in the developed world and the majori t), or adults (Petersen ilnd Lennon. 

2004). and is consequent ly a major public health concern. In additi on to the developed Horld. 

it is the most widespread oral disease in lllrln)' Asian and Latin Americ<J 1l countries. thougb it 

currently appears to be less o r a problem in Arri ca (Wondwosen. 200-lb ). Ilowever. changes 

in living condit ions and increases in suga r consumpti on wi thin a changing diet suggest that. in 
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Afnca 100. the IIlcldcncc 0 canes \\ " . .. I'" '.. ,ill ill (;rc~sc and that it will become a major public health 

issue (Trl.'ssaud and Haufe. 2008). 

c presence 0 . mu an < l ·h I· 5 I S ·,Ild other cariogenic bactcria cont ributes towards the formation of 

n 101m nownas ella" . b· fil k d I I pl"qllC and their metabolism of fermentab le carbohydrmcs in the 

diet leads to the formation of acids (Featherstone, 1999). OCil la! caries has been described as a 

complex imbalance in physiologic equilibrium between 1001h mineral and bio lilm (FCjl..'fSkov 

and Nyvad. 2003). l3iofillllS imply the involvement of microbiological species (Fcjcrskov, 

2004). bu t the key cOllcept included within Ih is defi nition is that the b<1 ctcri:1 in vo lved arc 

native to the body, 110t a group of spccilic invas ive buclcria causing infection (Fejerskov, 
2004). 

The residCllt microbes within the mouth readily form bioti lms on tceth. l\ bio/ilm l:onsists of 

a population of bacteria coexisting in an orderly structure at the iIHCrJ~lCC of it solid and a 

liquid within a biofilm. bacteria li ving in colonies encapsulated in a matrix of extracellular 

polymer. Oral biofilms arc known to vary ex tensively in Struc ture throughollt the colony. with 

regions of densely packed microorganisms surrounded by open \Valer channds. Each lype of 

bactcri a e.xists in reasonably defined environmcnts which afC inllucnccd by surrou nd ing cells. 

distance from the Outer surface and local structure, all of whieh inJlul:llce ~l\ ' aihlbil ity of 
nutrients and ambient pll (Fejcrskov. 2004). 

As lilr <IS carics is concerned, lesions de velop where bioJilms accUlmdatc ~md arc aHowed to 
mature for I}rolonged periods of tilllC ·1·1 ·s· I d· I .. d 

' 11 Inc u es occ usal surfaces. liltcrproxlll1al an:as an 
nlong the margin of the gin"iva Once ' I I·r·, k ' 'r ' . 

o· <, n C,IVJty lonns, II becomes an altered environlllcnt 
that becomes populated with bio/ilm 0 ".. " b .. . I 

fo<Ul ISlllS capa Ie o! adaptmg to the redLlelllg local pi ' 
In Stich cavities. the ml'tabolism of" Ih ' b· 1·1 d .'. , 

C 10 I III an the dlOUSlO1l of substances th rough II become ditTerent from those of the b' n . 
10 1 illS OVcr cllher SOund Of inacti ve caries (Fejcrskov el 01 .. 1992). 

The bacteria \\ ithin n biolilm produce Or "I ' , ' • 

. '. g. /lIC <{clds. the proportions of which vary depending 011 \\hether canes IS active Ih ·,1 I· , pro' . 
. • . grcssIllg 11'·0 I I . I 

J ug 1 tIe tooth , or arrested; <lilt! also Will 



dcpth into the cavity, whether present in enamel or dent ine (I Iojo el al., 1994). Acti\'1: caries 

has been shown to have a low pH (Hojo el aI. , 1991 ). There is destruction of bOlh mineml and 

organ ic phase of the tOOlh as a result of the action of these acids. though most damage is done 

to the mineral phase (Featherstone. 1999). Its 105s result s in a greater amount or orgnnic 

phases in the tooth. and this in turn becomes di scoloured as a result of the aC lion of thcse 

onwnic acids. The result is the yellowy-brown lesion characte ristic of lldvunccd dental caries 

(I-Iojo e/ al_. 199 1)_ 

When tluoride therapy was first llsed it was widely asslIIlled that it s effec t was syslemic. In 

part icular. it was assumed to become incorporated into the tooth during development. forming 

the less acid-soluble tluorapalite rather than hydrox),patite (McClure and Likins 195 1: McKay 

1952). Studies showed that incidence or caries was lower in areas with fl uoridated water and 

Ihat Il uoride concentration was higher in the surface or teeth of subjects in high ll 110ridc areas 

(Chan el al.. 1989; Takeuchi el al. . 1996). 1I0wever, over the last three de-cades or so. there­

has been u shift in our understanding, and it is now known Ilmt thc principal eITects of fluoride­

take place after eruption of the tooth (I-Iellwig and Lennon. 2004). 

The modern view is that Iluoridc interferes with the progression of caries through a l111lllber or 

mechanisms, all of which apply after the tooth has erupted. These include the following: 

• Inhibition or demineralization; 

• Promotion o r mineralization; 

• Development or a mineral phase of enhanced acid resistance: and 

• Damage 10 oral bacteria through inhibition of their enzymcs (Feathcrstone. 1999). 

Exposure to Iluoride. by whatever means, leads to moderaldy elevated le\ds of Iluoride in 

the sal iva and the plaquc. This is suflicient to help caries prevention by inhibiting 

demineralization and assisting reminel1lli zation. For many years. the process of caries was 

though t to be irreversible and to result in permanent loss of tooth material. This process 

eventually leads to the development of a cavity. and a co.nsicicrab lc part of thc den tal 

pro fessions' time is taken up with diagnos ing and repairing sHch cavities. Ilowe vcr. in recent 

yea rs. it has become apparent that caries is not irre\'e rsible. Rather, as Ihe process of tooth 
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I' d ' ',I"S'11 ',on and rcmincrali sation. so cnrics can I.. ' bo lO llcc 0 elllmer, , IJt mrll ntcnancc represents a .... 

considered to be a 51111 In t liS .1 < , I '" I " b' hner a shift, moreover, that can be revcrsed under the 

appropriate conditions (Trcssaud and Haufe, 2008). 

, I" . 'I en p'lrtly di ssolved crystals are induced to grow by precipitation RC-llllllCm lz.11 lon occurs \\ 1 , 

, I r - . . C 2+ " lei P04 3- This is a natural process Ih:11 occurs as a result of the !TI mer<! -Iormlllg Ions. a (.1 . 

f I I' 01' ,1 esc , 'O'IS ' " I s'lliva (Edgar and Highman. 1995) and it Sl: f Vl'S to oppose o Ill' conCCnt ra lOll 1, . 

I I ' I" 11'eels 01' e"r', es The IJrQCCSSCS invol ved arc comple .... and in voh'c I ll' (clll mcra lzallon c ". 

dynamic act ivity 1.11 the inlcrliicc between the 100lh, the saliva. the pdlic1l: and the plague. 

f':Iuo ridc plays a role in enhancing these processes, and though this is not th l..! on!) <':olllrihution 

thaI fluoride makes to prolect the tooth Ii-olll caries, it is nonet he less an important one 
(Robinson. el al .. 2000). 

3.J.3. I Possible alltimicrobial effect of fluoride 

There is Some evidence that one potential clfect orthe release of Iluoridc is ji)r it to ,let as an 

ant imicrobial agent. It is known thai millimolar concent rations of Il uorid<.: ion in W:l(cr will 

affect a variety of acti vities in severn! Iype::; or cel! (S imons, 19(5). It docs Ihi ::; h.\ (li..!n<l turing 

thc enzymes. In bacteria. thc 1ll0S1 importmu enzyme whieh can be alret ted is enolasc, and 

th is is resl>onsibie for the conversion of 2-P-glyceratc to 2-ellol pyruvate ill the glycolic 

path \\ ay. Enolase is a magnesium-containing enzyme und , wilhollt Mg2+ iOll s. is deac ti vated. 

Fluoride, probably a, 1110noll uoropho,phale ion, reacts preferenlially wilh Mg" , rel11nvi ng il 

Irom Ihe emalvlic sile in Ihe enzyme and Ihereby inhibiling its act ivi ly (l lall1illnn, 1996: 

IIamilton and Ell wood 1985). Fl uoride has other adverse cnee ts on thl..! bior.:hcmistry 

of bacteria, inCl Uding inhibi lion of phosphalases (Luoma, 1980), which also contain 

magnesiulll . There is also evidence that fluoride gener"11 I d IT b elerial 
" y U1S an a verse e IC(.:( on a gro\\th (Yoon and berry 1979: Li and Bowden 1994). 

Ullfortun<uch. hO\\('\,cr. there is cvid' ' . II, I " _ . . 
• CIlCC ldt <lC lleVUlg SlIlltcie\ll Jluoridc levels in VIVO \0 

impair enL)mC aelivily and in hi bil baelerial growlh is dimeul!. It may Iherelore be Ilral such 
potentinl action offl lloridc lor cxallll)le 0 ' . . . 

• ,< n r.:anogelllc bacteria such <IS S. tllllians. has little or no part to piny in practical cari es prevention (K' ' k I 

allllns Y e ( ClI., 1990). In additi on. it seems t 1<11 
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S. tnutans can adapt to the presence or Ouoride in such a way that its cariogenic potent ial is 

reduced. In in~vitro tests in rats, fluoride resistant strains of S. mutans \\ere taund to produce 

cariogenic acids more slowly than normal strains. Ilowcver. Ibis clTec t hus nOI been 

dcmonstrated in human subjects (Van Lo vercn 1 990). 

3.3.3.2/lI lef(lClioll o/fllloritie lIIilh ilydroxyrlJ1t1lile 

Fluori de is a powerful calcillm~sccking clcmcnt and can interfe re with the c<llci ficd struc tUl"I.! 

of bones and teeth in the human body, at higher concentratio n causing dental or ske lct<l l 

Iluoros is. This is because human and other animal bones arc composed of hydroxyl apatite. 

wh ich is an end-mcmber in the apatite solid solution series. There fo re . lluoride exchanges 

readil y \\ith the Ol l ~ ion in the apatite structure inc reasing the brillieness and dec reasing the 

solubility o r the bone structure (Dissanayake, Chandrajith, 1999). 

3.3.3.3 BflJic cil emiJlry o/ltytiro.\),fI/}(tlill! 

Thc mineral phase or the tooth is predominantly hydroxyapatitc. with the cnamel contai ning a 

greater proporti on than the dent inc. This phasc is very rur I'rom incrt. but undergoes chemical 

exchange o f ions with the surrOlmding saliva (Margolis el al .. 19S5) dri ven by lilctors sllch as 

local fl uctuations in pH of the plnque (l3aelull1 el al .. 1994). and the presence o f fermentable 

carbohydrates (Fej erskov el a/., 1992). The major cariostal ic clTect or fluoride is that it 

in!luences these processes, even al very low concentrations and in particular it fac ilitates 

prec ipitation or calcium phosphate (Fejerskov. el a/., 1981 ). T his is eonsislen t \\ ilh in vitro 

observations that Il uoride is capuble of inducing hyd roxyapatite to la rm from so lut ions 01" 

calciu m and phosphate ions. The inorganic composition of sal iva is such Ihal il is rcadil y able 

to prec ipita te calcium phosphate (Koulourides ef a/.. 1965), und thus leads to rell1incral isation 

at the tooth surface. The presence of tluoride at sli ghtl y elev;lIcd concentrat ions enhances thi:. 

abi lity as pll is lowered from the level o f active to the level o f l.I rrestcd caries (pi I 5.5 ,mel 

abovc) (Ko li iouridcs el a/ .. 1965 ). 

In addition. the prcsence of low concentrations of fluoride in sui iva al so has the dTcct o f 

preventing d issolution o f hydroxyapatitc from enamel al low pll. an !.!flect thaI has been 

shown to apply at values or pi I as a low as 4.2 (Larsen el a/ .. 1976). Thus. il is the fluoride in 
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I · I h I fl' t r dUC'·"g so lubility ralher than the fluoride in the mineral ph,.. so utlon t 1<11 [IS I l l' C CC 0 rc. '4,l\; 

(Fcjcrskol/ ef 01.. 1981). This ~ncc t req uires ex tremely SIll i.l ll a m Olll lts ol' fluoride (Fcjcrsko\ .• 

el a/ /981: Lagcrlof & Olivcby 1994) and has thc clTccl or shin ing the balance between 

dl'mincralisat ion and rcmi neral isation so that loss of the hard tissue is inh ibited. 

Neverthe less. fluoride docs lead to a reduction in thc solubility of hydroxyapcllilc in aquCQus 

sOlution. even in the absence of trace levels or fluori de ill solut ion. fllld hence C:tll be :SCClllQ 

have an cITee! in the solid state as we ll (A rnold Jr.. 1957). Apat ites arc cotn pkx and diverse 

nl<ltcrials which have the general Jonnula CUlo(P0 4kX2 (X = F, CI, 0 11) and they represent a 

crystallographic system. in which there can be considerable replacelllent or spl..!eics. Thus, 

with little or no change in the dimensions of the crystal lattice, there can be exchanges of 01-1', 

for r- . ci+ for sl'-. and pol for Col; and all of these me knowll to O('Cur in biological 

systems. Natural hydroxyapat ite, lor example. is oHell partially earbonat ,,-' substltut !,!d (I'ene! el 

ul .. 1998). 

The incorporation of fluoride in plaee of hydroxyl groups is c hemic~lly straight fOr\\'arcl (Kay 

ef al .. 1964: Ell iott. 1969) and show greater resistance to acid <lllacl.:.. This is partl~ du,,-.tu Ih\: 

greater clectronegati vity of fl uorine. whic h m Ci.lIl S that the clec trost;J\ic :lllra<.:tion belln'ell 

Co'· ond 1
0 

is grcmcr than that between Cal< and 01 r . As a resllit. the llll"ridated apatite 

lalliee is more stable than hydro.xyapat itc (Kutnerian and Kuyper, 1957: Bro\\n el (1/ .. 1977; 

Young. 1975). It is also more crystalline (White and Nanen /las, 1990). 

Fluoride also brings about a change i c ". 
, n omposlIlon III natura l hydroxypatitc. sin e!'! it 1101 only 

undergoes n simple exchange with h 'dr . I . b 
) o.xy lOllS UI also promotes the Jormation or a phase 

containing less carbonmc than the initial hydroxyapati te (Femherstonc. 1999). Fluoridc is 
taken up more rcadiJ) by dem ineral ised I . 

ename than by SO llnd enamel which llle,II1S liS 3vai labi lit) causes a 'self-hea ling' ell". . 
eet 111 the mllleral phase of the hard tisslle (Thylst rup et III., 1979). . 
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].J.J.4 Exc/ulIIge of Ilydt'oxyl iOIl Jor fl llori (/I! : COII/PUII/l ioll a/ (Ipproflc/I 

The elli:ct of fluoride 011 hydroxyl ion exchange as it affec ts the individual atomic laycrs of 

hydrox ya pati te in <l crystal has been modelled, using computation (Dc Lecll\\ , 200~). 

Computat ional mcthods of this type arc able to calculate both the encrgy ciKlIlges in 

exchanging hydroxyl ions for fluoride, and also to determine the cxpectcd distribution or the 

nuoride in thc resuhing crystal. Thesc calculations provide intercsting results about the 

overall process. 

Substitution or hydroxyl ions by tluoride ions has becn shown to be energe ticall y favourabk 

when that substitution takcs place in the uppermost surrace layer. It is highly exothermic. with 

an enthalpy change or 193 kl/moL Incorporation or fluoride into lower layers is less 

!~I\'oured . In the second laycr. it yields 164 kl /mol and in the th ird 1I.I)er onl) 68 kl ima\. 

Beyond th ird layer, the re is almost no energy change associated with the exchange (Dc 

Leeu\\'. 2004). There is lil1\c or no driv ing force for lluoride 10 penctrate deep into thc bu lk or 

Ihe hydroxyapatite cryslaL These results show that it is rclali vc ly easy 10 replace thc surface 

layer hydroxyl groups with Iluoride ions, but go on to predict that tluoride wi ll not penetrate 

much bcJow abou t three atomic laye rs or the bulk crystal. As a result. whether Il uoride is 

taken up by n.:: placcl1letl t of 01-1' iOlls. or whether the mechani sm or deposition ill\ olves re­

precipitalion or di ssolved hydroxyapatite. The fluoridated lorm of apatite is found in the 

surrace layers only (Dc Leeuw, 2004). 

The d lcct or water all the S Url~ICC has also been moddlcd Dc L\!CllW. 2004). and the 

calculations have shown that surface layers of water arc ab le to take up 0 1 r ions from 

hydroxyapatite more rcad ily than F- ions from the substituted apat ite strllctur..::_ Ilcnce. F­

tends to remain in its place in Ibc crystal latti ce_ The case of disso lution can be d..::tcrmined 

from the calculated diffusion coeJlicients. which have been found to be respccti vely for 01 r 

and F-. 5.74 x 10-9 CIll2/S and O. l3 y comparison. the calculated di fTusion coeflicicn t for 

moleculcs of water in the region closc to the surl'rlce was 1.50 x 10.
7
• This is similar to that lor 

thc hydroxyl ions, and demonslrates the signilicance of dissolution in water as pari of the 

mechanism of movement of these ions. Sub-surfa~c 01 r ions. by contrast. have been shown 
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to ha\'c (I: \'cr~' low chill/sian coel Ie lent . .... . " 1" (123 x 10.12
), which suggests that these ions are 

. . ' d with surface layer Diles (Dc Lccuw. 200-1) . aimosl completel y III1IllObilc compdrc 

In the presence a lIOf] c. en Cill I' ll 'd 1'1 n ions have been [ound 10 be 1110rc Jinnly bound than in 

pure h)'dro.~yapatltc c ~CCU\\. . , (D I ' 2004) This enhances the overall rCSiSl llm;(.: 10 dissolulion. 

Thus. the presence 0 a 11m < f I , st',ble film of Iluorapalilc 011 the surface oj' hydroxy<tpalite 

crystals has 1WO effecls. namely: 

(i) res istance to diffusion and di sso lution orlhe anion and 

(i i) firl11~r binding of calc ium ions into the surface. 

Both of these make the resulting apatite structure more resistant to di ssulution. regard less of 

the pi I or the externa l mediullI. and thereby increase the resistancl' or the milll.:nll phase to the 
onsel of carics. 

Hydroxyapati te (with SOme carbonate inclusions) is Ihc mosl stable or th ... · po:-;sihlL' calcium 

phosphate sa lts Ihat can be formcd under physiological conditions. Ilo\\\.!\ tT. it is not til(' 1110S1 

rnpid onc to rorm. Instead. octacalcium phosphate (OC Il ) will precipitate Illon.' readily than 

h)droxyapmite. This led Brown and his colkagues (1987) to propose that. .l~ tlu: kinelically 

fiwoured compound. OCP precipitates first, and then undergoes irrcvc rsibk hyd rolysis to a 

transition prOduct; OC!> hydrolyzate (Brown el al., 1987). This hypotit..:sis is consistent lVith 

the obsen'ation Ihat enamel comprises hyclro.xya patite crystals that ha ve the long. pilltc-like 

morphology that is gcneraHy considered charncteristic or OCIl crysl,ds (/\ ob:! e l (II .. 1998). 

Overall. it SCCIllS that enamel crystals, with their I..!l ongalcd [a n n. ft'sult ffom c,lrly 

precipitati on ofOCI', whieh forms a template on which hyd roxyapatite uni ts grow cpitaxially 

(Jijima el al.. 1992: Ivliaka ef 0/ 1993) Tl, ',s leads t I ' I" ' I I bscrl',d 
" . 0 cnamc Illlllcra ISa t101l \\ It I lIe 0 

thin. ri bbon-likc structure or crvst'lis '1'1, I I' n . . . '. to 
. <. e ro e 0 1I0ndc 111 mmcraiJsa([on prot:l'SS Sl..!cms 

be in promoting the conversion or OCI> t h d ' . . .1 r 
o y roxypaille, Jnd produclllg plaH.:-ltkl' cryst<l S 0 

the marc thermod) namica ll), slablc J I' . J 1' 1 . . . . 
llJ1ef<l . . uondc IS clTeclivc at promoting thl: lonnallon 

ofap:ui le lattice through a solid-Slate transrorm 'll io" of 0( '1' (M G I II ' I 199
7

) 
< ~ ura- HI C I el (f •• _ . 

Under neutral conditions. Ouoridc is als . bl . . 
< 0 d e 10 1I1dllC'': IllJcic;:Hion and "fowth of apilUle cr) slJls Hilhout Ihc involvcment of OCP (M,. e . 

ura-Galellt el al., 1992). It is sign il ic<Hlt that JJl 



severe cases of Iluorot!e enamel, ultra·structural studies have shown the occurrence of a 

proliferation of apatite nuclci , suggesting that the presence of fluoride IllH) ilet to encourage 

precipi tation of crystals of fluoroapatile (Yanagisawa, 1989). 

The various findings about fluoride and its interaction with the hyd roxyapati te at the 

molecular Icvel show that thc relationship is compl icatcd and mult ifaceted. It promotes 

numerous desirable properties in tooth mineral, reducing solubility through action in both the 

sali va and in the mineral phase, it sh ins thc demineralization· reminerali zation equilibrium in 

favour or remineralization, and thrOllgh its actions in the so lid stale. CIlSllr~s lha t the 

kinet ically f~l\lo ured oep is transformed into the more thermodynamically stable 

hydroxY'lIxHite (TressallCl nnd Haufe, 2008). 

3.3.3.5 Dc:mill t!l'lIlizfllioll (lml remmern/izatioll behavior o/I/II! tooth sti r/ace 

The first sign of carics in the enamel is thc so-called 'white spot lesion' . a femure which arises 

due to sub· surface dcmineralization (Edgar and Highman 1995). All hough al thi s stage the 

struct ure upp\,; i.lrs n.:asuJI<lbl y intact, it may have lost up to 50% of its original minern l content 

(S ilverstone. 1973). One or the difficulties in clinical dentistry is the fac t that these earl y 

lesions may be diffi cult to detect , particularly when they arc hidden in fi ssures nnd pit s. 8 y 

the ti me they me apparent , they may have progressed signilicantly and extended wel l into the 

dentine (Wecrhcijm ef 0/ .. 1992). Fluoride. in promoting rcminenll izatiol1. may contribute to a 

cli ni cal problcm with certain lesions. l3y encouraging only the surrace laye r to undergo 

rcmineralizatioll. it may cause the underlying lesions to be concealed (\Vccrhcijm. el 0/ .. 

1997). In sllch cases. rcmineraliZ<1lion or the sub·stfllctufc is inhibited because the mineralized 

suriace that forms is relati vely impermeable \0 calcium and phosphate ions. \\hith 

consequently cannot penetrate the surface layer (Larsen and Richards. 2001). 

It is now kno wn Ihat teeth undergo a continuous process or deminera lizat ion and 

rcmineralizatioll. which is driven by changes in the plaque composition (Gao el a/.. 2001). In 

the presence or fe rmentable carbohydrates plaque microorganisms generate characteristic 

organic acids. that is. lactic and acetic (Ilojo el 01 .. 1991 ), and tbese di lTuse th rough thc 



pellicle 10 the IOOlh surface and cause demincralization (Van Dijk el al .. 1983), Ions .afC then 

. . h . I I ' .' ,'0 Ihis low 11H liquid (Zhang el al .. 2000) and Ihey diffUse hber'lIed Irom t C J1llnera P MSC II 

d .. , . , ,I,e surface la)lcr of thc demineralized les ion (Brown, 1974-outwards an rc-prcclplla c " , , 

Monno an fa n. . . d \ b 1991) If ,h',s process is suflicicntly rapid , there is .1 nel loss of tooth 

mineral and irreversible cavity formation . 

On the other hand, rcmineralization may OCCLII' at SllCh 11 rate 1hal the slirfacl..! 1~1) I..! ( is retained. 

This requires continuous renewal of ions. either from among thosc newly so lubilized or from 

those present in the saliva (Drcisscns, 1982; Aoba, 2004). 

Useful insights can undoubtedly be obtained by consideration of the likely chem ical species 

present. and their behaviour at varying pll . Sal ivi.l is known to be Ilh:t;lstable and 

supersaturated with respect to hydro,xyapatilC (Dreissens. 1982). which b flJrtlu.::r c\ idcncC' 

that the purely thermodynamic approach is suspect. It docs mean though th~lt therc is a 

significant ariving lorce ror remineralisation. as the supersatur:ttcd s:t/i, a approaches 

equilibrium with the consequent precipi tation or hyd roxy::tpati tc . The c!C"dOPl1ll'J1t or arrest of 

a carious lesion is therefore dependent on the frequency and chlnttion of thL' 1"t..'lIlitwralisation 

and demineralization processes, and also on thei r respective rates. ThcSl' in turn depend 011 

f:1ctors such as Sucrose consllmption. salivmy flow, oral hygiene (N iki llll"ltk.. 1985) and 
fluoride exposure (Fcjerskov el 01., 1996). 

3,3.3.6 II/ Vitro Studies 0/ Effect 0/ F/llorifle 011 Too/h 

There has been a large volume of work on the chemistry of the en~('t of tl ullride on caries. 
Typically. studies have employed a ,'1" '· I' . I 

,n ar I tel.! canes mcdllUll. and exposed cx trm:li;d leell \0 

acidiried buffer solutions or gels adJ·usted to pl~ 4-f..· . . .. I Such 
-I ) uSlllg lac tiC m:rd or aC~[lC 'IC IC. 

studies havl' demonslrated thai Jluor'd d h . . 
I e rc uccs t e rate of formation of carious leSIOns to 

vi tro ( pierset ('I 01., 1963) and also tl I . . _~ 
lUt IIC appearance of the rcsu/tin!.! lesion is lllodirku 

(Larsen, and Fejerskov, 1 977). Chemical 'lIla l s· f h' - 'n 
' y IS a W Itc sPOllesions ll<lvc shown to con!<11 morc Iluoride than Ihe surrounding e' 1 '1'1 

" . name. Ie re~uh suggests that fl Lloride lws a gr~(ltcf 
atlulIly lor demillcralised regions. As " rc . I ". 

• < SUI. prCClptlalroll of hydrox vapmill: is accclcrnted. p~lrtlcula rly :1round the edges of the I ·· I). . 

eSIOIl. ecrease In pH reduces the 011 . com:cJ1tration. 
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leading to relati ve ly enhanced F-collccntrat ion which in turn increases the mte of Iluoridc 

uptake as a consequencc of mass action effects (Ten Cate, 1997: Sakkab ell/I .• 1984). 

3.3.3.7 Fluoride i ll redllcillg " J'per.\'elt!J'i tillily 

Fluoride is also employed cl inically to reduce hypersensitivity in p<ltients. It may be employed 

at low le\'e ls. that is. less than 1%, in solut ions. and as stich it is elTcct ivc in reducing report ed 

pain levels in patients experiencing hypersensi tivity (Thrash el af., 1992), Fluoride-contllining 

varn ishes have also been shown to reduce such pain (Riller. e' 01 2006). though not to a 

greater ex tent than non-fluoridated varn ishes. Fluoridated tooth past\,!s al so seem to have a 

positive el'!Cc t on reducing hypersensitivity. The action of fluoride is linked to the case of 

precipitation of CaF2 through interaction with saliva. leading to scaling of structural 

imperfections in the tooth surface. This reduces the case with which hot or cold liquids can 

diffuse in to the looth and eventually through to the pulp. causing the sensation of pain. 

Although not the most imporUln t effect of iluoridc. the efTect on hypersensit ivity is further 

evidence or generally benefic ial ro le of this clement. More important is its ellect of caries 

(" lacCal1hy. 2004). 

3.3A Fluo rid e in B OIH' he;l1 lh ;I ud Os teoporosis 

Fluoride stimulates osteoblast acti vity and can rcplaee hydroxyl ions in the hydroxyapatite 

Slructure of bonc. The substitut ion res ults in bone with increased crystalline size but 

d('cJ'L'ased elasti ci ty and quality. Alt hough the compression strength of lluoride·enr iehcd bone 

is gr\,!atcr, the te nsile qua lity may decli ne. An associat ion between increased bone cknsity 011 

radiographs and naturally occurring high fluor ide in drinking water. at concentrations bet\\\'!en 

4 to 5.8 1ll!!!L. was observed in an early studies (Shils et al .. 2006). When used in high doscs 

as a therapeu tic agent for osteoporosis. Iluoride incr\,!ases spinal bone dens it) . bu t the crfect 

on J"ractun: incidence is less clear (OSe. 2003). Several researchers applied sodium 1l1i0ridC' 

therapy hopping to be eilective in preventing fraclUres ill postmenopall5.11 women \\ith 

osteoporosis. llowever. despite consistent and significant increases in spinal bone mineral 

density (BMD). there is no evidence for ,I reduction of vertebral or non·vertebral fractur.:s, 

Fluoride has the ability to main tain the level of 13 j\'1D or yield slight increas\,!s lit the fClllomt 
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neck. Increases In spina I \\1 " " I B~'I I) ,'th fl uoride therapy in glucocon icoid- induced o.s teOPOros~ 

\\ere 100 5111<11110 show a Slg lll leUIl a " "r, 1 nli-fracture cfleci (OSe 2003: Pill "mel BI.:ITY 1991). 

Although fluonde II1crcascs nc I , , . "" bo . nass the newl), fOfmed bOlle Illay have r~duccd st rength In 

Iletr 111 lng "eggs e a I " I" d" I' I ( 1990) found increases in median bone mineral density (p<O.OOOI)in 

the lumbar spine (predominantly cancellous bOlle), ill the femoral neck. in the femoral 

Irochalllcr but the bone mineral dl!llsi ty dec reases in the shall or the radius (conical bone). 

They concluded Ihal fluoride therapy increases cancel lous bUI dccrc:lscs cortical bone lnincral 

density and increases skeletal fragility (Rcggs ef (I{ 1990). 

The usc or fl uoride for the treatment of establ ished vcrtebmi osteoporosis ill adults with the 

symplomntic crush fract urc syndrome is approved for lISC in 8 European coullt ries. This 

(reallllent was suggested by the low prcvnlcncc of osteoporosis in SOm..: <In::1S where tOe 

dri nking Water eOllla ined moderately high concentrations of fluoride' ,Ind by thr.: ..:normously 

increased bone densi ty characteristic of ll uorosis. A wealth of ev idence and sornc controversy 

regarding the usc of lluoride for bone helJlth (Pill and Berry. 1991 ) ex ist. Fluorid..: is known to 

stimulate osteoblasts in Culture. Its usc has 0":1.:11 associated wit h incr..:asc in alkaline 

phosphatase activit)' and it stimulates both collagen synthesis ;'Inc! calcium dl.:pos itioll. High 

concentrations Illay exert a toxic clrect on osteobiasl funct ion (Whitford &. Pashll'~. 1(84). 

3.3.5 l·olcntia i sys temic Cm.'cls 

Fluoridation of drinking Water causes evcry member oj' the population to be l:xposcd [0 

fluoride treatlllent. though its principal beneli ts arc /01' children. This is thl".' basis lor one of 

the widely used arguments against nuoridation of water suppl k:s. The conccrn which 

underlies this argumcllt has led to cCl1 ai l' publ"le "" tl,(- "111"111 ee," l s"l n~ to ~ 'orgalllzalJons across !'-

fluoridate the water. An example of this IVa; the Gold Const Council in Queensland" 
Australia. which stopped fl uoridat ion in 1979 (D 

' cmos ef al., 200 I ). 

Another much discllssed concern is the t " I 
po Cntla effect on bonl' with conditiolls such as 

skelctal fluorosis. osteosarcomas, Osteo) . . . '. . I 
. l orosls and greater IIlcldcncc 0 1 frw,;!urr.:s. ;\1111113 studies have dClIlonstmted thm bone SI . 

rength decreases wHh high doses 01" lluoridc. In rJts, 



this req uired at least 50 ppm/day or 0.23 Illg/kgldny (Turner el al .. 1992). wilh at leastlhrec 

months trealmcnt needed before loss of strength \\;\5 signi ficant (Turner el 01 .. 1995). In 

rabbits. high dose rates of fluoride wcre similarly requi red in order 10 produce an elTcet. B~ 

contrast. exposure to low amounts of fluoride increased bone strength in r:1Is wi thout 

increasi ng fcmorul bonc density (Turner ef al., 1992). For comparison. consuming a typical 

amount of water ( I LIchty) al a concentration or I ppm provides a dose 01'0.02 mg/kg/day for 

a 60·kg person (Demos el 01 .. 200 I). 

IIi I' fracture has been reported to increase in two studies. respectivcly afwr 1\ years (Jacobsl!11 

et al. 1992) and 7 years (Danielson el aI. , 1992) of exposure to !1lloridalcd walcr. Ilowcvcr. 

olher sllJd ies have shown either no e rl(~e t ahcr 6 years or a reduction in incidence. In those 

studies inability to control slich variables as age. races. poverty. ,lcli vit)' levels or overall 

h~alth status were melltioned (Suarcz.Almazor. el al.. 1993: Jacobscn el al .. 1993). 

Clinical tr ials ha ve bcen concentrated on bone mineral density. because thi s parameter is an 

acceptable measure of bone maSs. It is sensi tive to the occurrence o f osteoporosis and 

corre latcs wel l with the likelihood of bone fracture in patienl s affected by osteoporosis. Bone 

mineral density is known to increase in childhood until the agl.! of 40 alier \\h ich it then 

declines (Len tl e. 1998: Mirsky and Einhorn 1998). In women in tl1(' years immediatel y 

following the menopause, it may sharply reduce below the young ad ult mean va luc whcre the 

condition is defined by the WHO as osteoporosis (Lent lc. 1998: Mirsky and Einhorn. 1998). 

Daily doses studied have ranged from 9 to 22.6 mg of fluoride over time pcriods of I-J years 

(Demos el 01 .. 2001). These trials we re particularly concerned with the usc of slo\\·rcleasc 

NaF (Pak el al .. 1995: 1996) or sodium monofluorophosphate preparations anclthey genernll ) 

led to red ucti ons in Ihe incidencc ofbonc fracturc . In addi tion. thcy typically caused increased 

bone dens it y :ltthc neck oCthe fClll lll". the femoral condylc and thc \q\\l.!r spine (Sebert el o/.. 

1995). Thcse n.!sults confirm the fi ndings of animal studies that lower doses ha ve greatcr 

bendicia l e ffects. Ove rall , they arc consistent with the gl.!ne ral conclusion from a large 

!lumber of sWclics in different regions and with highly v~lricd populations th:l1 Il uoridated 
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bone. On the contrary. there IS clear e\' i d~ncc Ihat it i. "'(lIer has no adverse circe! on .. 

beneficial (Demos el al., 2001). 

J..t Excess iUlakr of Fluoride: Flu orosis 

Chronic and acute toxicity of inorganic fluorides were first di stinguished by Roholm (1937), 

who was the originator of modern Iluoridc research. Chronic lo.,icity is the reSult of 

continuolls or repeated exposure of an organ ism \0 a toxic subslallcc. ACLIte tox icity involves 

ha rmful effects in an organism through a single or short-term exposure 10 a \o.'\ic slIbxtnncc. 

3.-1. 1 Chronic toxicity 

Fluoride is a cumulative toxin, which accumulates in mineralized ti ssues. notably in the limice 

orbonc and 100th crystals (SCSElJRI, 1997; WI'IO/FAOIJAEA. 1996). Th" biological cIT,," 

in humans due to chronic fluoride ingestion depend not only On the tOlal dosage al1<l durmion 

of exposure, but al so on assoc iated hlclors such as nutritional stat us. functional sl,lIus of the 

renal tisslle and interaction with other trace clements. The eflect of lluorill~ is cUllllll~ ti\'e. so 

thai less seriolEs consequences OCcur early in the nat lira I CO ursc of clis~~lsc. \vllil l~ v\.'r may be 

the typc of fl uorine exposure, tht: clinical picture in chronic poison ing OL'L'urs ill a phased 
manner (Jvlcnz, 1987). 

The primnry adverse effects associated with chronic, excess fluoride int:lkc range li'mll mild 

dental fluorosis to crippli ng ske letal Iluorosis as the level and period oj' e,,\posw\: increases, 

Other eff("cls. including hypersensitivi ty reactions, renal insumciency. immullolugical dTcels, 

possible association with repetiti ve struin injury, binh defecls and C~lIlc~r hm\.' bc~n obscrrcu 

anti discussed (11' 110. 2002: Mertz, 1987; 11'1-10, 1984; Marshould. 1990: Ilarrison. 200;), 
There is more of a threat however to 11 h' h· , f h 

' , Ie Ig er concentratIOns due to the severlt)' 0 I e 
disease posed by such levels within the W 'fl . . ..• 

ater. Ie seventy depends upon the amount IIlgCSil'U and the duration of intake (\VI 10, 2004). 
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3A.2 Flu tJ r tJsis 

Fluorosis is reg.udcd as the most serious adverse ellect of exposure to relati vely 10\\ do s o f 

tluoride (ivlcDonag. 2000). In extreme cases, fluorosis manifests itsel f as brown mottling of 

the enamel. and a lso results in overall yellowi ng of the tccth, and a grcmer degree o f 

brittleness . It occm s as the result of excessive consumption of fluoride above opt imum I c\(~ 1 

(Whit fo rd. 1997). As ever. the dose cri ti call y determines whether there \\ill be a n~ adverse 

ene ets, and thi s depends inter al ia on the amount taken in. tbe proporti on absorbed by th!.! 

body and the we ight of the pat ient. In response to these considerations. the medical profession 

tends to advise mothers not \0 make up infant feeds fro m fluor idated w,l\cr. though thcr~ is as 

much concern with the Illet that ingested tl uoride promotes removal of calc ium from tbe body 

as CaFl in the leces as wi th any adverse effects of rcwined fl uoride. Another grolJp \\ho arc 

ac" iscd against consuming fl lloridated water arc patients on kidney di alys is (McDollag 2000). 

Accord ing to Sushecla ( 1999) some groups of population namel y pregnant and lactating 

women. young child ren. malnou rished children. Ix'ople with low inwkc of calci um. p~opl e 

wi th cardio-vaseu lar and kidney problems and those who in vo lved in hard munuallabor in hot 

climates arc more suscept ible to the po isonous clTects of fluoride than others. 

3.4.2.1 Dellwl flll orosis 

The most sens iti ve e fleet o f fluoride exposu rc in hu mans is dental fluorosis. DCllwl or enamel 

1l1lOrosis is an irreversible dose- response effect caused by ll110ride ingestion during tilt pre­

crupli\'c dcvc!opmen l or teeth (Dean 1942) . Delltal tluoros is in a mild lorlll is a cosmetic 

effect that ranges in appearance from scarec!y discernible to a marked staining or pitting o f 

the tee th in severe forms (Whitford. 1997). The pre-eruptive maturation o f Cro \ \ IlS o f the 

anteri or p~rmanent teeth. which are of Illost concern aestheticall y. is complete and . together 

\\ith the ri sk or tluoros is. is over by the age of 7- 8 years (Fcjerskov. 1977: Ishi i & 

Sllckli ng.1991). ·' ·hcrclor!.!. the most sensitive population to dental Iluoros is is ch ildren under 

the ag~ o r eight )Jurt ieularl y during the pre-eruptive formati on and malllration o f enamel in 

teeth (Lian!.! el a/.. 2006). Excessive fluoride intake by peo ples o lder than 7 yea rs will nOI 

cause denial fl uo rosis (S tefanic el 01 .. 2009). Therefore. fluoride intak~ up 10 the age of 7- 8 

~cars is or 1I10st interest. A lthough it is usuall y the pe rmanent teeth thai arc afl i:eted. 

occasionally the dec iduous tee lh may be <1l so invo lved. Dental flllorosis is more pr(' v<l lcnl in 
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. b···1 r d children. The earl iest signs of dental Iluoros is can be children fed formula than III rctls - e 

. I I' C cll 'lmcl surface (WI 10 , 2003). seen as small while lines across t lC en If < 

1·luarasls allccts I c cnamc , ~ • fI' h I 01' Ille tooth caus ing it to become hypomincraliscd. This is 

dcteclc as vlsua c wnges to " < d . I I . Ihe opacity and it is only in extreme caSes that this leads 10 an 

u verse appearance, . d 'IS ,llottling of the tooth su rface (Thylslrup and Fej~rskov 1978) Th~ 

severity of the discoloration depends on the dose of fluoride. il s duration and ti ming of 

consumption. Tcclh arc most suscepti ble 10 the adverse crfects or (,!xccss rluoridc at the 

transi tion and carly maturation stages or enamel deve lopment (l3ardscn and Bjorvath 1 99&), 

'111C timing or these stages varies wit h the type of tooth (Evans and Stamm. 1991). For the 

most prominent teeth. the upper central inc isors, the most sensitive period ~Ippl.'ars to be 13-

24 months. with Some indication thai Ihe liming varies slightly for boys and gi rls (Bardsl'n 

and Bjorvath 1998; Evans and SWIllIl1, 199 1). 

The risk of fluorosis is only of concern for chi ldren below abollt 8 years of" agl.:. because 

enamel can no longer be affccted once pre-eruptive maturation hns occufI"I...'d (Jackson el al., 

1999). As far as cosmet ic effects arc concerned. Ihe cri tica l age is Some\\ hat )"O tll1gL' f because 

at thi s age the central incisors arc undergoing development, and hl.:l1 l.:l.: :1l"C :1\ , I stagc thaI 

makes thelll suscepl ible 10 fluorosis. For children at the age likely 10 be a 1"1"1.:1:1.:<1 . thc main 

Sources of fluoride are drinking waleI', processed food and beverages. t o~)\hpaSlc and other 
delllal products (i. e .. lablets or drops). 

In ils mildesl form. fluorosis appears on the enamel sur/ace as chalky. Iace-likl.' marks. and 

these Illay no\ be apl:h1rcnl 10 the easlnl observer (Th I I I I' · •. 1°7,") . . ' \ < sewrit\. 
' y s rup an( ·CJCfS";O\ . "/ (} "' 

increases. Over half of the enamel surface may appcar white and opaque. In it s most severt' 

rOntl. IIlIOrosi, cou,es Ihe ell"lllel 10 beeollle pi tted """ brittle. Despi le Ihis embrittlelTI'"!' 
fluorosis rarely causcs the teeth t . rf fI .' . 

a su er rom severe meelulIlieal problems. so thl.: cOllchllOJlIS 
considered 10 be an aesthctic rat he I I'· d 

< r 11an a unCllonal problem by somc rcsl.:archcrs an 
clinicians (r cjerskov el a/ .• 1994) 8 h

l 
.. 

d . 01 mac crate and seVere fl uorosis Ill:! \' be accolllpm1Jl: 
by the de"elopmcllI of a brown di scolor" I'.o (" . 

, n Uowell, 2002). 
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In general. moderate and severe fluorosis is rare except in naturally fluoride contaminated 

areas like Asia and East Africa (Teklehaimanot el 0/ .. 1987. Suchcela. 2002). I lo\\ ('\cr. the 

mildness of the Iluorosis detected is associated with only very sli ght changes in tile' 

appearance o f the teeth. which suggests that. even at these levels. it is not a major publi c 

health prob lem (G rillen el a/. , 2002). Nonetheless. it is <lpproprime to enSllf\'! thnt parents or 

guardians of children continuc to receive sound advicc on sale levels of Iluoride fo r tbose in 

the ir care to be ex posed to and , since the cariostatic efleet o r nuoride is known to occur well 

aner enamel formation during tooth development. trea tmClH to reduce caries shoul d 

concentrate all those measures that carry the lowest possib le risks of !ll.oros is in coulltries 

which ha ve Iluoriclation program (Fejerskov ef al .. 1994 ). 

In most cases, Iluoriciated toothpastes are acceptable substances for usc. but even lo r these 

prod ucts. there is some ri sk of nuorosis . For example, ch ildren who beg.m lIs ing them before 

the age 01'2 years were shown to be at higher risk of developing fluorosis than ch ildren \\ho 

do not lise it at a ll ( I'cndrys el al .. 1994). lIowever. the re lati ve import31lce o f thc \a riolls 

factors that govcrn exposure to tluoride from this source (age of starting to usc fluoridated 

toothpastes. <HllOUll t llsed and frequency) is not known. Onc cOlllribmor to thi s risk or 

lluorosis in ch ildren is the lack or control ill the swallowing reflex. particul arl y in ch ildren 

)ounge r than 3 years o fa gc. Children arc also known to like the taste of toothpaste. and hence 

to s\\allow it del iberatel y (Si marcief al. , 1991 ). 

/\ small toothbrush or the size appropriate lor usc by a child holds in the.' r<..:gion o f 0.75-1.0 g 

or toothpaste and an individual blob of toothpaste provides bel ween 0.75 and 1.0 mg or 

fl uoride. It has been estimated that children below the age of s ix swallow a menn o f O.Jg of 

toothpaste pCI' brushing and this may bl! sunicicnt 10 k"d to ingestion of enough Iluoridc \0 

calise the mottling associated wit h !luorosis (Levy, 1993). 

J)ctuminalion of tknt :tI nuorosis 

Thc symptoms o f' Iluorosis arc easy 10 recognize. The clinical Icatmes o f mild dental nuorosis 

\ ar) from thin white striations across the enamel surface to white fleck s or small pits on the 

l'namel of the teeth. With increasing seve rity. the white areilS merge and loss of enamel 
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, D" I d conllucnt pitting of tbe surface or the teeth is se('n in SC\'er surface can occur. Istre c an e 

'I I f' I" 'ol"es onl)1 the sur/ace and nOi the full th ick ness of the enamel cases. 1 lC OSS 0 ('name 1m . 

Mottled enamel has high protein con tent, resulting in increased porosity: as a consequence. 

brownish discolomtion of the enamel may occur due 10 uptake of color from diet into the 

porous enamel. Mild dental fluorosis has no clTcet on tooth function and lila), render th~ 

enamel morc res istant to caries (SCSEDRI , 1997). This Iype of Iluorosis is not rcadily 

npparcnt to the affected individual or casual observer and onen req uires a trained specialist to 

delcct it. In contrast, the moderate and severt lorms of dellla! fl uorosis :lr~ generally 

chamclcrizcd by aesthetically (cosmcti cnlly) objectionable changes in tooth color and surface 

irregulnrities. 

Scveral methods havc been developed for quan tifying dental nuorosis. The illost commonly 

used method is Dean's indcx (Dean 1934), which c1assiJics fluorosis on a scale or 0 to 4 as 
fo llows: 

Class 0: No Fluorosis; 

Class I: Vcry Mild Fluorosis (opaquc white arcas irreglliari ) CO\ I.:nng 25% of the 
tooth surl~lce) ; 

Class 2: Mild Fluorosis (whi lc arcas covcring 25- 50% orthe tooth surhlCc): 

Class J: Modermc Fluorosis (a ll surfaces affected, with some browil spots lind mnrkcd 

wear on surfaces subject to attrition) 

Class 4: Severe Fluorosis (widespread brown stains and pilling) 

The aVCf[t"e Scorc of the two 1ll0S\ 'I , fl' . . . . 
e severc y.\ cCled tccth IS used to d('ri v~ the d asslficallOn. 

Other COlllmonly used mClhods to t d' In " " 
ra c elltu uorosls IIlci ude the Thylstrll p- F~j~rsko v Index 

(TFI) (ThylSl rllp and Fcjcrskov 1978) ' I I , " "'Sir) 
,lI1e t 1e 100lh surface ineh:x or nuoruStS ( I . 

(liorowilz <I (1/ 1984) U l"k f' D '" 
.. . n Jet lC can s mdc;x, the TFI and TS1F lISC <I ll tooth surhlccs 10 

dcvelop Ihe final index SCore (WOndwoscn f!1 aI. , 2004b). 

1.4.2.2 Skeletal j1l1orosij' 

Skelctal nuorosis can be delined 
. . . us excessive depOSit ion of nuoridc in bone. This is a pa tho logIcal COIlChlion that is by hr the . 

, mOSt IlllpOrtant nspCCt of chronic exposure 10 clCVlItcd 



levels or iluoridc. ei ther by inhalation or by ingestion (Sl1nshi et ~! I.. 2008). In adults: :,t ifrncss 

of the back and neck muscles. unable to bend lorward and to stand straight are some of the 

indicators of skeletal Iluorosis. On the other hanel. signs and symptoms of skcletailluorosis in 

children include; pain in the lower limbs. knock knee. bow leg and anterior bowing of the 

[ower limb bones (Tek le-I lai manot. 1990). 

The ske lel<ll defo rmities may be assoc iated wi th or aecclltualCd by nutritional deliciencics or 

even malnu trition and hard mrmual work or. possibly. other conditions lound in me;.!s of long· 

term social and nutritional depri va tion (WHO 1994). The situation is specific also for 

populations consllming large volumes of watef, sllch as athletes or people with ce rtain 

medical conditions or in some Iropical areas where. due 10 higher temperatures. waler 

consumption is increased. Skeletal Iluorosis exhibits several Sl<lges. According to NRC 

(2006). skelc tal Il uoros is is calcgorizcd into one of JOllr singes: a pn.:clinical slage and three 

clinical stages that increase in severity. '1'\\'0 pn.:·c1in ical as),mptollultic changes arc 

characterized by slight. rad iographically detectable increases in bone mass. An early 

symptomatic stage is characterized by sporadic pain and st ifliless of joints. arthri ti c 

symptoms. slight calei Ji calion of ligaments and inc reased osteosclerosis of cancellolls bones. 

sometimes accompanied by osteoporosis of long bones. The 1110S1 seven: swge (clinical stage 

III ) historically has been refe rred 10 as the "crippling" stage. Crippling skeletal lluorosis is 

ch<1f<1ctcrized by marked iimil<1lion of joinl movements. considerable c<1lci fi en tion of 

lig~mcnls. crippl ing deiortnilies of thc spi ne and major joinls. muscle wasting and 

ncurologic.;!l dcfecls associated with compress ion of the spinal cord (Kaminsky el al .. 1990). 

NRC (2006) concl uded Illat "Ihc weighl of evidcnce support s the concl usion Ihal lifetime 

cxposure to lluOI'ide at drinking wa te r concentral ions of 4 mg/L and higher is likcl~ to 

increase fracl ure ra tes in the populat ion. 

According to the US EPA (20 10). however. al though there arc n large number of 

epidcmiologicCiI stud ies <lvailable. the claw arc such that it is dilTtcult to determine n clear 

C-xposlln:- rcspollsC relmionship. One possible feature of Iluorosis is bOIH.' fraclure .•• !though 

Some studies have reponed a protective efTect of tluoricie on fraclUre. The NRC rmalys is 

determi ned that severe dClltal fluorosis appcars to occur at a 100\er dose than singe [I skeletal 



fluorosis and/or bone frac!Ures (NRC. 2006). 

Epidcmiology ofskclcl:l l flu orosis 

Endemic cnpp II1g s e eta u r ""J , 'I' k I I fl 0 os,'s is confined in temperate climates to individuals (,.'<poo...! 

continuous y over many y r ' I ca S 10 \'cry high levels of fl uoride: these cases arc associated with 

inC lIstna sltuallons e - , " . ' I ' I' , ('I' klc 1'la" 'll""O( 1990· Shashi el al. 2008). with lIlHtsualh high Ic"clsof 

fluoride in drinking water (e.g. , 10 IllglL) (Ethiopia. Uganda and India ) or the lISC of high 

fluoride coal for cooking and drying foodstul'ls indoors (WII O. 1994. 2002). 

Most data on the occurrence of skeletal nuoros is in oCcltpationall y c-xposcd WOI"k\,.' I'S havc 

Come from older studies, Rohol lll (1937) estimated thaI. Ii) !' cryol ite work\'rs. the e11cCli\c 

to,xic dai ly fluoride dose lies vcry probably between 0.20 and 0.35 Illg/kg (clIlli\ah.:nt 10 14-

25 mg for a 70-kg man). Th is intake lor 10- 20 years CH uses mild to .sC \cn: signs of 

osteosclerosis. Hodge and Smith (1977) reviewed older studies involving .t1uminlllll smeltcr 

workers. in which Inc number of workers examined was usually slllall and quantitative data 

on exposure 10 airborne lluoridc were not always provided. They conclutblth:ll the incidence 

of delectable osteosclcrosis was olien high when the levels of" 11110ricie ill til l' air l·xl:('cdect 2.5 

mg/m
J 

and/or levels of fluoride in thc urine of these workers \\'cr~ grcilIcl" th:m 9 mg/L·, At 

airborne concent rat ions below 2.5 lllg/mJ and levels ill thc urlllC below 5 /I )'cars of 
mg _. 

exposure in POI rooms produced no osteosclerosis, 

I\llost epidemiological research has indicated that an ill\ake of at l ~ast I U mglday lor 10 or 

morc years is needed to produce clinical signs of the milder form s oj' ostcosdcrosis. W:l1cr 

fluoride concentrations of 4- 8 mg/L in temperate climates have not bCL'tl /ollnd 10 be 

associated with any signs or symptoms of skeletal fluorosis (\VI 10. 199-1 ), I hi s dnla should 
be regarded with scepticism in view f · r . h I 

o reports IrOI11 a number or developing coulltnes t a 
endemic skeletal fluorosis Occurs i 'd··d I 6 

n III IVI lIa s whose drinking Water comains more Ihan mgfL of fluoride (\VI 10, 1994), 

In an epidemiological study in Chin'l tip I . . . . 
' i,; rc atlOnshlp between lluoride intakc vi:1 dnnktng. 

Water and all other sources. lolJow~d a U- 'I, , . . . 'It 
s ldpcd dose response wull highL'1" nltL'S 01 !racture, 

40 I I' il gC 



very low intakes below 0.34 mglL and high intakes above ... . 32 mglL (tolal intake \ ... mg per 

day) (L i el til .. 200 1). It WilS concluded by the IPes (2002) that for il total intake of 14 I11g per 

day there is a clear excess risk of skeletal adverse e!leets and there is suggestive evidence of 

an increased ri sk of eflects on the skeleton at total fluoride intakes above nbout 6 m£ per day. 

Ilowever. ske leta l fl uorosis has been reported in India in a village \\ilh average Iluoride 

concentration in dri nking water as low as 0.7 mglL. with range O.4- I.-ImglL (Jolly. 1973). 

Although the diseasc is uncommon at such low concent rations. evidence of skeleta l fluorosis. 

with severe clin ical manifestations, has been also reported in at least 9 studies from 5 

countries. where water supplies conta in !l uoride nat urally in the range 0.7- 2.5 mgll. 

(Diesendo rL 1990). 

/Jelel'/J/illflliou of skeletal f luorosis 

Skeletal fluoros is rate can be sc reened in endemic areas using clinical symptoms and physical 

exercise (Figure 2) as developed by Susheela el til. , (2002) and lIsed by Shashi & Bhardwaj 

(2008). The severity of muscle slitliless due 10 fl uorosis skeletal fluorosis amongst Ihe 

different age groups can be determined lIsing the following prescribed physical e,'{erci ses \\ith 

focused commu nities in endemic areas. Persons unable to undertake th~ exercise "i ll be 

demarcated as having skeletal Iluoros is. 
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3.4.2.3 NOII- Skel~/(I1 Fluorosis 

• 

"'i ~ u l' '''' 2: Itl l'Uli fk:I l iun of skcl(' lal 

nu orosis :l l1 d tuk rahll' 1('1 l' l o f risk 

Adverse e/leets of tluoride are mainly dose-related. and v~lry with diflcrcnt IOrtllUlatiolls. 

Complain ts of abdomi nal pain. const ipation. intermittent diarrhoea. a bloated feeling. loss of 

appetite. a fee li ng of na usea and mout h sores we re reported under the heading of 

-II I I' Jg..: 



" (5 I' I. -/ al . 1993), Sashi and Bhardwaj (2008) in lhe' gastroi ntestinal disturbances LIS ICC, e . II 

assessment of non-s c t;la lIor k I • 1 n osis in endemic arcas found Illuscle weakness (38%). Joss of 

appetite .. ., 10 . ICC 111 _ • , ( 1101) r. r 11.5 of nausea (3 1%) abdominal pain (24%), polydypsia (27%) and 

polYUria (2')0/0). ' nlene-coa , , E' ted preparations and slow release fl uoride cause fewer 

gastroilllcslinaJ side eflects (Riggs el aI. , 1990). Earlier studies have indicated that tbe 

incidence and severity of chronic fluoride intox ication arc greatly influenced by 

socioeconomic status. climatic and 1l11lritionnl status (Kl'i shnamachari & Krishnall1sw
a
my 

1973; I3harmi el al .. 2005). 

JA.J Al' ut ~ loxicit), 

Thc toxicity of fl uoride depends on thc Iype of compound ingested. G~Jlcra ll y . the more 

so luble sails of inorganic fl uorides, such as sodium fluori de. arc more toxic than those thm arc 

ei ther weakly soluble or insoluble (WIIO, 1984). Read ily sol uble !luoridc compounds release 

frce fl uoride ions on dissolution, while fluoride compounds Ihm ' Irt' insoluble or I>ooriy 

soluble donol (Liebman and Ponikvar, 2005). Fl uoride from th l' fonner group. thai includes 

sod ium fl uoride (NaF), hydrogen fluoride (HF), Iluorosilicic acid (I b SiF(, ) and sodium 

Illonotluorophosphme (Na2PO]F), is easily and aimosl comp/clcly absorlx:d. \\ 11 i/c lluoridr 

[rom substmtces i ~ the lalter group, Ihat incl ude calci um Iluoriclc (C:IF
2

) . Jlwgnesiu lll fluoride 

(I
v
lgF2

) and aluminiulll fluoride (A IFJ), is poorly absorbed (WI 10 , 1984 ). 

The acute tox ic dose of fluoride in hu mans has been bL'lievcd 10 b...: 2- 5 or S lllglkg body 

weight howevcr. acu le tluorid l:! po isoning has Occurred at doses Irom 0. 1 to 0.8 mglkg body 

weighl (Akinawa. 1997) SVIl1PIOlllS of l in . . ' . . 1 1 . ~ 
. ~ acu Cora lion de IJlIOXICatlon may JIl t lJ ( C SC\ C" 

nausea. vomiting. IWTV>rsaliv'ul'Oll 0b<i ' 1 ' " 1' 1 1 
~ • I' .... < ." omma pam, cramps and diarrhoea: III sc\\;rc or a a 

cases. these svrnptollls are followcd b)' c 1 ' , k' 
. onvu SIOn. cardiac arrhyth mia and 1;0m,1 (A ' 1110\\'3. 

1997). A reasonable. esti mated 'ccrt 'li 1 1 h 1 1 - 70 
' n y Ct a (Ose of sodi um ll uoridL' lor th...: H\'cmgc 

kg adult has been cstimatcd 10 mngc bellVCCll - -6 - , 
) and 10 g. correspond ing 10 32 ) 111_ nuoride/kg body weight (Whi tford. 1987). 



3AA Fluuridl' intakc, cnrics :lIId Ilu urusis 

Due to ubiquitolls exposure to fl uoride SOurces other than drinking \\'~lter. it is ditlicult to 

elra" linn conclusions regard ing the independent effects or fl uoride in drinking \\ater on 

dental caries and il s prevent ion. 130th deficiency and excess of fluoride is assoc iated \\ilh 

human health (WHO. 1984). There is a narrow range between intakcs \\hich arc benclicial 

and those which begin to be detrimental opes. 2002). It has been estimated that moderatc 

dental fluorosis occurs in 1-2% of the population exposed to nuoride at 1 mglL in drinking 

waler and in abou t 10% of the population at 2 111g/L: moderate/severe fluorosis occurs in 

variable percentages ranging up to 33% of the population exposed to fluori de at 2.4-4.1 mgtL 

(Kaminsky 1990). According to Dean el al. (1942). at a fluoride concentration or I mgll. 

about 20 per ccnt of children have evidence or dental Il uorosis but thi s l1uorosis is or a mild 

degree <ln d would not be cosmetically obvious to the children or thei r parellts (Whitlord. 

1997). Thus the evidence suggested that. at least lor Iluoride n<Hura lly present in water. the 

optimal level of fl uoride for a temperate climate was around I mglL: this concelltnuion was 

associated wilh a substantia l resistance to tooth decay but with onl y a small and cosmetica ll y 

insignilieant inc rease in the prevalence of denta l Iluorosis (Dean. 19-1 2). 

To utilize the maXimlllll cariostatic effect. fluoride bad to become incorporated into dental 

enamel du ring development. Ilence, a certain prev<llcncc and scverit y of Iluorosis in a 

population was incvitable if Ihe prcvalent\.' and severity of caries among children was to be 

minimized. Dental Iluoros is was regarded as an unfortunate sidl.! erfect or tluoride's caries­

protective benelits. and attempts to play down the possible toxic efrect of tluoridc on 

developing dental cnamel often led the dental profess ion to presellt dental lluorosis as merel y 

a cosmetic problem (Aoba & Fejerskov 2002). l3ut as nuoride concentration increascd furthl.:r 

(up 10 2.6 mg/L) dl.!lltal decay continucs to fall. bUI only slightl) (Dean. 1942) \\hi le dl'ntnl 

Iluorosis incrl.!i.lscs (NRC. 1993). 

NRC (2006) suggested that mild and moderale dental fluorosis is cosmetic: ho\\e\l.!r. Ihe)' felt 

thai severe (hlorosis had nn adverse health impact because it damages the r.:namcl and reduces 

its efficacy in pro tecting thc teeth from dec:]y. Dental decay is the destruction of the outer 

Coating of the tooth (enamel) through Ihe acti on of bac teria in the denial pl ~lque. If decay is 
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· . .' of the looth causing ,I untreated it spreads lIlIO thc IIlIlCr poillon toothachl..! <tnc! SOmetimes 

info"ion (:'IRe. 2006). 

As noted by NRC (2006), the wcight of evidence indicates th<t! the threshold lor severe denial 

fluorosis occurs at a water fluoride level ofabolll 2 mglL. Calcium deficicncy. co~cxPosurctl) 

cenain minerals. ma lnutrit ion, respiratory, and variolls pathological condit ions aITecting 

urinary output and kidney function; may cOllt ribute to increases in the prl..!vllll..!ncc and severity 

of dental fluorosis and/or produce dental abnormalities that arc indistinguishable n'OIll dental 

fluorosis, or greater concern to the NRC (2006), however. is the poss ibi lity that those 

individuals exposed to fl lJoridc levels above 2 mg/L and suffering from sevl..!rl..! Iluorosis might 

be at greater risk of developing caries due to the nuorjde~induced pilling of the cnamel which 

would allow fcod pl.:tquc to become entrapped in enamel defects ~ JJ1d thl.:J'i:b) induce decay, 

Evidence of an increase in decay rates in thi s segment of exposed populmions wo uld slJppon 

the- supposition that seve-re nuorosis is not merely an undesirable COSIlll..!tic d 'fl.:l'I. but can also 

ha\ c adverse consequences with thc potentia l to impact health (US EP 1\, 10 I 0 ), 

The relationship between caries and fluor ide cxposun: displnys the U-sh:lpl..!d dosc~n:sponsc 
(Figure 3) that chameteri zes many nutrients where thcre arc adverse ef'ti.:ct .s \\ illl iJlIHKeS that 

arc below those that conler a benefi t and advcrse cf'/ccls with illla kl..!S that arl..! greater than 

those wi th benefit. The base of the U idcl11ifies the dose range that dclj ll~S in l<lkcs providing 

JllHriliOllul benefit without risk of adversity for healthy pOPUlations (US EPA. 2010), NRC 

(2006) concluded that in II of the 14 avail,lble contrasts, the meaSlJrl..! or c;lJ'ics frequency W:lS 

higher with severe nuorosis than with mi ld to moderate fluorosis. 
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(Relationships amo ng caries experience (solid linc). denial flu orosis jude.\ (dashed Ime). and the fluoridl.' 

concentration of drinki ng w'l1cr. A fluorosis index value of 0.6 was j udged to represcnl the thresho ld for a 

problem of public health significance (Dean. 19:1 2»). 

The base o f Ihe U-shapcd tllloridc-ca rics relationship seems 10 occlir at <I drinking wmcr 

concen tration around 2 mg/L (US EPA. 20 I 0). Nevertheless. the weight o r ev ide nce docs 

support the conclusion of the NRC (2006) that. under some ci rcumstances. severe fluorosis 

Illa) be associated with an increased preva lence of" caries. The US EPA (20 10) finding on the 

c:t ri es associati on is also consistent with NRC (2006) and concl uded that the "avail ab le 

evidence is mixed but generall y supporti ve" . 

A study conducted in Eth io pian ch ildren by Wondwossen er a/., (2004:1 ) was al so consistent 

\\ ith NRC (2006) find ings; that second molars werc the tecth typc most frequentl ) afTl!cted by 

dental Il uoros is and the re is direct relationship between the se verities of dentfll Iluo ros is wi th 

that of denta l caries. In general in many o f the non- US stud ies c\a luail.:d by the NRC ( i.e., 

Eth iopia . Gaza Strip. Turkey). caries prevalence was lo\\ cst in gro ups sho\\ ing no tluorosis. 

and there was a progressive increase in caries \\ ith increas ing severit) o f dental Iluorosis. 

Some of the facto rs whic h might account lo r dilTcrt:nccs in the Iluorosislcarics rdatiollship 

betwee n the US and other coullt ries include differences in dental carc. denta l hygiene 

practi ces. dictary hab it s (i.e .. consum ption of sugars), and Ilutrient inwkes (i.e .. calc ium 

ba lallcc) (US EPA . 20 10). 
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3.5 lud ic'llo rs fo r ESliumling Rcqu ircllI cnl s for Fluoride 

The effectiveness of fluoride <Igainsl dental caries is a strong indicator lor applYing an 

. k ( I) E·I 'ological studies have shown an inverse relationship bctwceq adequate IIlla ' C A . . pIC elll! 

d I . d een'rn'·ron of fl uoride in drink ing water (Dean. 1942). Hodge (19501 Cilia canes an con · , . 

ploHed the average community index of dental fluorosis and the average curies incidcoct 

against the concentration of fl uoride in community water suppl ies. Reduc tion of the average 

OCcu rrence of dental caries per cbild was nearl y maximal in communities haVing 

concentra tions of fluoride in w<lter close to 1.0 mg/L. In this Wll Y. I mg/[ . became the 

'optirnal' concentration for nuoridc in drinking wah!r and was a ssocj(\\~d \\ jth a high degree 

of protection against dental caries and low prevalence of the milder ronlls o/" dental nuorosis. 

Repons published 40-50 yea rs ago suggested that the long-ieI'm ingl..'s tion oj" Iluoridc in 

amounts sl ightly above the optimum lor caries prevention improved the qualit~ or the lurman 

skeleton and that the risk of osteoporosis might thereby be reduced (\V IIO. :1(01). Since the 

I 960s. fluoride at high dose le\'e1s has been used to treat age-dependcllI os teoporosis. While it 

appears that such treatment increases trabecular bone density. it appan:lHI) has no similar 

beneficial eITec! on conical bone. Although such treatment Illay protect against vertebral 

fractures. data on other fractures, inc luding femoral bonc. arc highly COntrO\ ersi:ti (Riggs 1'1 
al .. 1990: 111110. 2002; OSC, 2003) 

Assessment of the clTicaey of fluoride therapies for os teoporosis is bl..') OIHJ the scope of this 

paper. evertheless, it is important to note that lluoride is currently not rccolllJlll..'nded for its 

treatment (OSC. 2003). While slow release fluoride is reported ly bcnc/ici<lL it s long-term 
benefit is unknown (l3eers & Berko , 1999) 0 h . . .. f 

\\. . t er data that suggest b\'!ncJ lu~d cI 'e!;IS 0 nuoridc other than prevention of d I . . 
ema canes. Or lIlcrcasc balK' minL'ral cO[} lcnl. arc insunicicntlv firm to provide tit . b .' I' . . . 

• c aSlS or eSltmatlllg <In AI (SCSEDR I. 1997). Several studIes 
havo shown 'hm tho nuoride balanoe can be negative (SCSEDRI. 1997). This occurs whon ,he 
chrome Intake IS reduced 10 the C,,;tent th· d 

' at conccntratlons of Iluoricic in plasma HIll al1 mobiliZation of fluoride from calcified , .. 
, ISsues proceeds. In the preselll state of Knowledge, thererore. negative Ouoride b I 

a anee cannot be used lor establishing an Al or Jluoridc (IVIIOtrAO/IAEA) (1996). 



35.1 /\ dcq u:llc 1111 :1"(' (A I) of Fluorid l' 

The estimated average requiremenl (EA R) is defined as the nutritional intake \alue that is 

cst imated to meet the requ irement defined by a spcc i lied indicator of adequacy in 50% of the 

individ ual s in a part icu lar life stage and gender group. The recommended dietM) allowrll1el's 

(RDA), on the other hand. is the average dai ly dietary intnke level thut is sullieient to me~t 

th~ nutrient requirements o f nearly all (97- 98%) individuals in a particu lar life stage and 

ge lldcr gro up SCSEDRI. 1997). 

The ROA applies to ind ividua ls, not to groups. The EAR se rves as the basis for se tting the 

ROA (SCS EORI, 1(97). If adequate sc icnli lic doculllentation for calculating an E!\R is not 

available. as is the case of t1uoride, the Al is set instead of an RDA (SCSEDRI. 1997). The AI 

is based on obse rved or experimentally determined estimates or average nutrient intake by a 

group (or groups) of hea lt hy people. 13urt (1992) reviewed Ihe history of dev~lopmelli of the 

'Optillllllll ' intake of fluoride ill chi ldren. In the same rcport he eSlimated the 'avcwge dail~ 

diet' to be in the runge o f 1.0- 1.5 mg of nuoride. McClure ( 1943) slIggeslCd Ihnt 0.05 mg. 

Iluoride/day/kg body weight l'or children aged 1 12 years was optimum intnk~ . 

3.5.2 Enough 0 1' Tou Much Flu oride 

Th~ bCIle- ticial eflccts or small amoun ts o r l1uoride have been established in the prevention of 

dental caries and thus const itute a strotH.!. indicator for an appropri<l1C intake of lltloridc. 

especially in children. On the otht:r hane!. e.xeessi\e inwke of lIuoride during ,,:namel 

maturation bcJore tooth eruption, from birth to 7- 8 years of age when enamel formation is 

complete. can IC<ld to tht: de velopment of denial lluorosis. It is the lotal ingt:stcd and 

bioavai lable lluoride thai is important when considering the prevention of dema! ca ries 

togclher with Ihe occurrence of dental Iluorosis. 

'I he Standing Comm ittee on the Scicl1tilic Evnluation of Dictnry Rcfcrclll'c Intakes 

(SCSEDR I. 1997) in 1997 dcJined the 1\1 for fluoride bascd on the exU!nsivdy doculllented 

relationship bctween cari es experiencc and both concentrat ion of l1uoric\e in wa ter and 



fluoride intake. The Al ror fluoride from all sources is sci at 0.05 mg/day/kg body weight 

liS 1I11a ' c range IS n;c II ~ TI ·· k ., Ollllllcndcd 'or a(!cs above 6 months because it cOllIers a high IcVel,r 

. . I d 111"1 c,r·lcs , nd is associated w i th no known Ullw<lntl..'d health clTeels protec tion agams c .. < < • 

Despi te this. thresholds 0[0.05-0.07 mglday/kg body weight of fluoride ha vt.: been Suggested 

for the appearance of denial fl uorosis (Fcjcrskov ef (fl., 1987; 13aeJlIIll el (II.. 1987: Burt 1992), 

The wide va riat ions in Il uoridc inlakc reponed in tbe liICratufc make its accurate estimation 

djfljcu lt . High intake of Il uoride in l1on-lluoridmed areas is ascribed 10 the lISC or lluoride 

supplements and in fluoridated areas to fluoride added in to Walcr. Uoth iJ1t akl'.s cxcccd 11K­

lower th n:shold and arc close to the upper th reshold 01' 0.07 mg/dny/kg bod) \\ciglll lor [hc 

appearance of dentailluorosis. 

The resulis from diflercl1 t studies used for the determination of adequate ill\ake arc dillicult to 
compnrc because 

1. sample pre-treatment methods were used thm do nOi llecl".'ssaril) ensure (olllplctc 

release of fluor ide from the sample matrix. 

11. adequate informat ion as 10 how the st ud ies were cond ucted is Jlul al\\<1)5 provi(kd and 
lit. advances in ana lyt ica l techn iques. 

In order to make reli"' ble COIII I" .' . '. I . .. d. 
.. <i ]] sons 11 ]S ! lere/ore suggested thaI. ]11 lutun! slU ]cs. 

decomposit ion methods that arc known 10 release all the Jluori<ic should be us(;d. US(' of 
certified reterence materials (CRM) ., . .. I· h . 

,S P<l1I 0 I e quality aSSurance s\ stem should be 
mandalar),. In addi tion. suffic ient in l·orlnal',OII 10 • 

enable proper comparison o/" dma from 
difTercllI siudies m USI be provided (EFSA, 2005). 

Based On the available li lermure ' I d I 
' <11 11e current reCOlll l11endations on !luori(k intake. illS 

hard 10 sa) whether the current A I is ' I . 

. ,ppropnatc; 100 low Or 100 high. The margin between 
the benefiCial and deleterious ellecls of' fl . > 

. . lion de appears 10 be narrow. r.,,!orc accllr.Jl~ lI1[orll1aOol1 On background amounts r n . . . 
o lion de IIltake, especia ll y in children. !I'OIll 'ood. 

\\ater. beverages. fluoride supplements 'wei d ' .... . t 
• • < cntlfnccs IS a pre- requisite for making corree 

dCClSlOIiS 011 Ihe IISC or fl uoridc prod ucts (SCSEDR I, 1997). 

---



3.6 So urces uf fluoride :llld its contributiull to body burden 

Unlike somc of the other halogens. the majority of fluoride in the Earth 's surface is deri ved 

from roc k minera ls. whercns other sources slJeh as air. scawnter and nnthropogenic ae ti vit il."s 

constitute a relatively sma ll proportion. In groundwater. for example concentrations "my with 

the type o r rock and the water that nows through it (foordyce el 01., 2001). In general nuoridc 

is round in so il , wa ter. rood and air. The nuo ridc content in soil normall y ranges from 200 to 

300 mg/L. Virtuall y all !oodslU fTs contai n at least trace amounts or l1uoride ( WII O, 2002). 

Fluoride enters in human food-and-beveragc chain in increasing amOlllll s through the 

consLJ mption o/" tea. wheat, spinach, cabbagc. carrOlS and othcr food items (Sushl."cla. 2003). 

Principa ll y !1uoride is ingested into human body via water, food and beve rages. The amOlJJlt 

of tl uoride Ihat a person breathes in a day is usually less than 1.0 pg/1ll3. Air and so il arc 

typically responsible for onl y a small rraction of tOlal nuoride exposure (Fordyce el aI., 200 I ). 

The major causes for the distri bution. transponalion and transrormation o r tl uoridc in the 

ellvirollmcllI arc: wemhering and dissolution of minerals in wate r bodies. emissions from 

,'oleanocs. marine aeroso ls, coat combustion and process waters and waste from various 

industrial proccsses: including steel manufacturing. primary al umi nium. copper and nickel 

production. phosphiltc ore processing. phosphate fc rtili zer production and usc. gl ass. brick and 

Cl'ram lC manu facturing, and gl ue and adhes ive production (Toyoda and Taira. 20(0). Th~ 

major sources o f Iluoride for human ex posure arc water, lood. bevcrage, 10 0lh pasw. Iluoride 

supplem~ nt s and inf~lJlt lormulas (EFSJ\. 2008). 

3.6.1 Fluo ride ill th c Environmcnt 

Fluorides are re leased into the env ironmcnt naturall y through the \\~athcring and d isso lution 

of mineral s. in emissions from volcanoes. underground rock (Gi'l ... 1.\\. 1(96) and in murinc 

aeroso ls (Symonds el al.. (1988) ATS DR, 2003). The anthropogenic sourccs o f tluoride and 

nuori dc-eontaining cm issions include rcle'lse into the environment through coal combusti on 

and in process walers and waste from various industrial processes. includ ing st('el 

manufac tu re. primary aluminium. copper and nickel production. phosphate ore process ing. 
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phosphme ferullzer pro UClIon an 1I ,~ . " " d" d sc l!lass brick I.lIld ce ramic ll1al1ld~)ClU ring. and glut' 3nd 

" " "'"h r fluoride cont ain ing pesti cides and the controlled fluoridation adhesIve producllon. C' usc 0 

of dri nking waler ~upplics also contribute to the release of fluoride li'om anthropogenic 

sources (WHO" 2002)" 

3.6. 1.1 Flfloride ill the Iilhw.Jlhere 

Fluorine, combined chemically in the fonn or fluorides. constitu tes 0.065% of the earth's 

crust. being the 131h clement in abundance and oecllrring more widely than l:hloril1~ and 5-10 

limes more abundantly than zinc or copper. In rock and so il, nuoridc OCCurs in a wide Varicly 

of minerals. including fluorspar (CaF2), cryo lite (NHJA1F6). apatite (Ca,(PO.h(OII.F.CI) ilnd 

in gro ups of minerals such as mica, hornblende and a !lumber of pcgrn:lIitl:s such as topaz :lfld 

tourmaline. Despite its ob"ious abundance, however, most or it is. under 1101'1 11;11 conditions. 

firmly bound to minerals <lnd Dlher compounds i.llld there /em' 110t <\\'aibbk: to plants and 

animals in its lIsllal biological larm of fluoride ion (O' Dollnell. 1973). 

Fluoride is a natural component of most types of soiL in which it is rn:linly bOllnd in 

complexes and IlOt read il y leached. The major SOurce of Ji'ee f1uo rid~ iOIl in soil is the 

weathering and diSSOlution of fluoride rich rock that depl:nds on the natur~d solubili ty of the 

fluoride compound in question, pll , and the presence or Ot ller mineral s Hild compounds and of 

water. The major parameters that comro! fluoride fixmi oll in soil th rough mborp lion. ,Illian 

exchange, precip itation, /ormalion or mixed solids and complexes arL' alumini ulH. calcium, 

iron, pi!. organic matter and clay (Tripathy el al., 2005). La rsen and Widdowson (1971 ) 

esti mmed the average fluor ide concentrat ion in soil to be abo ut 300 mglkg. Thl' amount in 
org:mic soils is usually lower than in mineral soi ls. 

3.6. / ,2 Fluoride ill (fir 

Airborne fluoride cxists III 
gaseous and pal1iCulale fo rms cmiued Ii'om bOlh natural and 

anth ropogenic Sourccs (WIIO 2002) I d '. h 
' ' . n Ustnal prodUCt ion of phosphate fertilizers, eoa! as from the burning or coal and vol . '. 

, calllC act lvlIY arc the main Sources (N RC. 1993; Murray, 
1986), 1 he gaseous nuorides include h d' 11 " ) 

, ~ Y logen Uonde (l-l F), carbon tctralluoride (eE" hcxanuorocthallC (C21'6) <Inc! Silicon tCt· n . , " 
101 llOn{ e (SI/';" I), while parti culate lluoridcs include 
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cr)olitc (NaJA IF6). chiolite (NasAhF I .. ) . calcium fluoridc (CaF2). aluminium Iluoride (/\11 1) 

and sodium Iluoridc (N,IF) (WI 10 , 2002). The distribution and deposition or uirborne fluorid~ 

arc depcndent upon emiss ion strength. meteorological condit ions, topography, particle size 

and chemical reac ti vi ty. (Low and Gloom. 1988). According to John el al .. (2009) the amount 

of fluoride inhaled per day from air is very low 

Volcanoes and phOiolysis of anthropogcnic halocarbons in the stratosphen.! cOlllribute 

signiticant amount of gaseolls IIF into troposphere and stratosphere (SYlllonds el al.. 1988). 

Another important natural source of Illioride is sea sa lt released from the occans in the form 

of marine aeroso ls. An thropogenic sources of filloride includc fossil flH~ 1 combustion and 

industrial wastc. 1lyd rogell fluoride is watcr soluble and emiss ions arc rl.!adily controlled by 

acid gdS scrubbers (Cadle 1980). Apparently only limi ted data arc aV<lilable concerning total 

anlllial emissions o r IIF from industrial opcrations; however. then.: is evidence that emiss ions 

of iluorides have been dce lining (Cadle 1980; ATSDR, 2003). 

Fluorinc-coil laini ng gases do nOI di sperse so rapidl y in Ihe atmosphere as other gases. Smoke 

is orten carril.!d over great distances and can cause considcr:lble damage "hen il finall y 

dcsccnds. jl.,rlolecular fluorine and hydrogen fluoride are largely responsible for the plant 

damage caused by stack gases (Tressaud , 2006). Fl uoro-organics have erlccts on plants and 

organisms (Davison & Weinstein, 2006). Hydrogen Huoride is reponedly 1000 times as 

harillild <IS sulfur dioxide fl ncltherc can be no doubt that the harmful e!leet of the latter on 

plants IS greatly exacerbated by traces at" Illiorine (13ergmann. 1971 ). 

3.6.1 .3 Fluoride in/lie phospJwteore 

Fluorine. hydrogen fluoride. and other volatile Huon{IL's me produced in the manufuctllrc of 

aluminuill. Il ydrogen Iluoride is a by-product in Ihe cO ll version of Iluorapatitc (rock 

phosplmte) 10 phosphoric ac id. superphosphate fertil izers. and other phosphorus products. The 

Wet process for the produclion of phosphoric acid involves the n.:nction of I1I10rap:uilc. 

Ca5F(pO.Ih. \\ ith sulfuric ac iel: 

511Pa gl! 



C.,F(Po..)] + 5/'I,So., + 1011,0. -> CaSo., ,2I-I ,o. + HI' + 3H,I' 0, 

It IS necessary to recover mas , 1 01' the bY-I)roducl fluorine from rock phosphmc processing ~ 

avoid severe pollution problems. Recovery as fluorosi licic acid. 11 2S iF6. is llonnaU)' 

practiced. Hydrogen fluoride gas is a dangerous substance that is so corrosive it even reacts 

with glass. It is irritating 10 body tissues, and the respiratory Iracl is vcry sensi tive 10 it. Brief 

exposure to !-I f vapors at the part-per-thousand level may be fata!' The acute \o.xicily orF
2 

is 

evell higher than that or I-IF. Chroni c exposurc to high levels or fl uo rides enust nllorosis, the 

symptoms of which include mottl ed \eelh and palhological bone conditions (i\!ahmHl. 2003). 

Plmus arc particularly susceptib le to lhe cl1cc ts of gaseous Iluol'ici\!s. Flllorid,,'S I'rom thc 

lltl1lospnere llppear to enter the lear tissue through the stOI11<11<1. Fluoriek is " cumulativc 

poison in plants, and exposure 01' sensit ive plants to even vcry low le\'els of Il uorides for 

prolonged periods results in damage. Characteristic symptoms of Iluol'id(.; poison ing nr~ 
chlorosis (fading of green color due 10 condi tions other than the absen!:l: of li!.!ht). l:dl!l' bum. - -and tip bu rn . Conifers (such as pine trees) allliClcd with nuoride poisoning Illay hil\ e reddish. 

brown, necrotic needle tips. The sensitivity of Som(' con il~rs to lllllJridc poisoning is 

illustrated by the fact that fl uorine produccd by aluminum plalllS in NO miJY has d('slJ'OYcd 

rorests or Pinlls Jyh-e.\·/riJ· up to 8 miles distant ; trees wcre damaged at dislilJ}(,:~s (IS gr"'iJt as 20 
milcs from the plant (Mahnan, 2003). 

Silicon \ctralluoridc gas, SiF'I, is another gaseous Iluoride PO ll utant ProdUl.:l:d during some 

steel and metal smeltin" operations th'lI elllilloy Cal' n - ' I 'I'con 
::. < < '2. ltorspar. " Iuorsp:lr reacts \\'111 SI I dioxide (sand), rei casing SiF4 gas: 

2CaF2 + 3Si02 - to> CaSiO) + SiF
4 

Anothcr gaseous nuorine compound II' I " , 
,su lIr lcxanuondc, 51'6, OCC urs III Ihe <lIlllospherc nt 

k·\c!s of about OJ parts per trillion It i . . . . . . . . ' 
. . s extrcmelY,unreact lve \\IlIh an atlllospherlc lt1ctJl11C 

estllnatcd at 3200 years. and is used as <In '·'I'IIOS I ' 
<<< p lenc tracer. 



Si li con hcxzOuoridc docs not absorb ultra violet li ght in either the t ropospher~ or strmosphcre. 

and is probably destroyed above 60 kill by reactions beginn ing \\ ith its caplure of free 

electrons. Current atmospheric levels of SF6 arc significantly higher than the estimated 

background level of 0 .04 ppt in 1953 when commercial prod uction of it began. The 

compound is very useful in specialized applications including gas insul ated electrical 

equipment and inert blanket ing/degassing of molten aluminum and magnes ium. Increas ing 

uscs of sul fur hexnfluoride have caused concern because it is the most po\\crful greenhouse 

gas known. with ,I global warming potential (per molecule added to the at mosphere) abolll 

23.900 ti mes that o f carbon dioxide (Mahanan, 2003). 

1.6.1.4 Ff flo/" ide frolll V uleflnic SublimflteJ 

A number o f mineral substances arc gaseous at the Ill<lgmalic temperatures o f volcunoes and 

arc mob il ized with volcanic gases. These kinds of substances conciense ncar the mOllt hs of 

\·olcanie fumaroles ilnd arc called sublimates. Fluoride and chloride sublimates are sources of 

gaseous IIF and I le l formed by their reactions at high temperatures with water. such as the 

follO\\ ing: 

21120 + Si F4 --. 4HF + Si02 

J.6.1.5 Fllloride ill "tlllIral Hlat(!l".\· 

Natural waters co ntain fluorides in varying concent rations. which depend mainly 0 11 fac tors 

sllch as avai lability and so lubility of mineral s containing Iluoride. po rosity of the rock and 

soils through which the water passes. residence lime. temperatun.:. pI I and tht preStllCC of 

other elemcnts (Ayoob and Gupta. 2006: Giza\\' 1996). Conccnt rallOns of fluoride in water 

also \ar) accordi ng to thc mllllral sources of emiss ion and to anth ro pog\':llic discharges Ihat 

kad to increased levels of fluoride in the e ll vironment (WilD. 1984). 

Fluoride levels o f groundwater arc higher than in surface wawr because thc) arc more 

inHuenccd by the rocks thro ugh which they pass (ASTDR. 2003). Waters \\ ith high 

concentrations of tluoridc arc usuall y fOllnd at the 1001 or high mo untains nnd in areas \\ ilh 
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. . of marine ongln. I yplca , .. . " '" eX llmp!<.·s arc the geographical be lt that eXl~ 
geological deposIts ( I~ ' . 3) Another belt is [hat stretching from TUrl:r\ . \l'rican Rift Valley ' Igurc . . 

frolll Synan 10 Ihe f " d' orlhern Thailand and China ( IV IIO 1994), through Iraq. Iran and Afghamstan. to In Ht, n 
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Most of the Waler normally ava llab C [0 lurnans IS mvo vee Jrl t 11.: l ,\ '{ 10 ()gIC. • . , I I " I I ' I I I, I "'II cyek which 
means [bat it origina tes in the sea, Fluoride is usually transported th rough till' water cycle 

bound by an C.xccss of alumin ium (Arcs, 1990). Concentrations or Jll!orid~ ill scawalcr are 

higher (han in fresh Water (WHO 1994; ATSDR, 2003). The amOUll! of lluoridc in walcrm 

areas with high naturally OCcltrring Ouoride is usually <lbove 1 mgl!.. n:al:hiltg lip 10 50 mgIL 

, , d 'I'h h' I I I ' I k ' N'lkuru in III spnngs an geysers. e tg lesl V,\ uc ever found in water was r~cordcl 111 .il ' l; , 

the Rifl Valley in Keny." namely 2800 mglL (WIlD. 2002). 

Fluoride in Waler derivcs ma inl), Irom dissolulion of natural minerals in Ihe rocks and soils 

wilh which waler illieracts, lJigh IInoride eoncentralions arc also often tound in arid climatic 

eondilions, Here, groundwater 11010' is slow and reaCiion times bel""n ", II er and ro(,k,," 

Iherefore increased (A)'oob and Gupla. 2006), The general nature of Ihe geology is nol "I",,), 

an indiCator of Ihe eoncelll ral ions of Jluoride in groundwater. There arc si gn i lie"l11 vori,, 'ioo" 



--

in Ihe distribution of rocks wi th readil y leaching Il uoridc . It has becn obscf\cd Ihat. e,"cn 

\\i th in onc community. dilTcrel11 wcll s ortcn show widely di\crge!ll conCClllrallons of 

l1uoride. appa rently as a result of dincrcnces in Ihe local hyd rogeological conditions (WIIO. 

1994). 

3.6.2 Wa ter fluor-idaliou 

The major source of dicta ry lluoridc in many eouJltri cs is drinking willer ei ther nuoriciatcd or 

naturally contaminated. Controlled add ition or tluoridc to wa ter is used by communities as a 

public health measure to adjust lluori cie concent ration in drinking water to an optimal le\'el of 

0.7· 1.2 ppm. This concentrat ion ra nge has been found to decrease the incidence of demal 

c<lries whi le minim izing the risk of delltal fl uorosis and other adverse effects. Approximately 

74% of the US populat ion receives walCr with sufticient Iluoridc for the prevention of dental 

,aries (NCCD!'I I!'. 2010; WI 10 , 2008). 

r:Iuoridation of water in New Zcaland is largely accepted, except in two major cities that do 

not adjust the ll uoride level of their water suppl y. Referendum is becoming the norm for 

determining pllbl ic opi nion on whether to fluoridate or no\. In many citics in the \\estern 

world. drinki ng water is nuori dated to help prevent people's teeth from decaying. fo'luorine 

achic\"cs this by rep laci ng hydroxyapatite (ClI;(PO,,))OII ) wi th ll uoroapHtite (Cas(PO"h F). 

FhlDroapatitc is more res istant to acid attack and thus tec th which contain I.!vcn i.l small 

proportion or lluoroapat itc are less li kc ly to decay. The relevant reactions arc as follows: 

Too/II ciec(I),: Cas(I)O 1)301 1(.5) + 41130 '" (aq) - , 5C}~ (aq) + 311 POI 2'(aq) to 5 11 ~O{lJ 

Flllorid(llio/l' Cas(PO 1)]OII(s) + F·(aq) - . C<l5(1'0 ,)j f-' (s) ;- 0 1 r (aq) 

Three chemicals namely sodium tluoridc. sodium fluorosilicatc and hyd rofluoros ilicic acid 

(I IF A) are in common use for the purpose of fluoridation. 



3.6.3 Food :1111..1 BCYC nlgcs 

I) . I , ' •• Ily 'he largest single contributor to daily Jluoridc intake (Murra\ rJn~lllg-walcr IS Iyplca , " 

1986). However. fluoride intake frol11 olher sources is also considerable, c.spccialJy from rOOd 

(T d d T · 2000· Mnldcel al 1997) linn and his collcagues ( 1995) roul1d 'hal ~00d 0)'0 a an ,lira. .• " . 

is the main causati ve [,Ictar for fluorosis ill areas with low fluori de COI1I:l:Jlt l'a1ion in lhe 

drinking water. Although the fluoride content of m OSI foods is low (lc:ss than 0.05 lllgtl OO 

grams or 0.5 ppm), high fluor ide concentration is often [ound in fooel ingrcdicJHs rich in 

minerals and [race clements. Tell'l1our, for instance, contain high level of Jluoridl!. iron. zinc 

and calcium (FAO. 1987; M:I<lgc e/ af., 1996). Rich sources of fluor- jel l' ilH.:!ud.: tCil. which 

concentrates fluoride in it s leaves. and marine fi sh Ihal arc consumed \\ jth tlll.:il' bones (e.g., 

s<lrdines). Foods made with mechanically separaled (boned) chicken. such .. I:; c:ulIll'd meats. 

hot dogs, and inl~lnt roods. also add lluoridc 10 Ihe diel (Fein eJ a/.. 2001). In add it ion. certain 

fruit juices. particularly grape juices, olien have rc"nively high Il llorid\.: COIH': I..'JJlfations 

(Kiritsy eJ al .. 1996). According to Weinsten (1977), the highest flu oride eom:I..'lIt r:ltions arc 
found in the leaves and roots of planls. 

Except for tea. Illost vegetables grown in low·fluoridc m'cas have Jluori{1\.: !.:oll\cnt less Ihan 

Imglkg (S inger el a!., 1986). Tca plal1ls arc found ha ving high Illioride lIpta kl..' and 97% of it 

gets accumulated in leaves (Shu ef al .. 2003). The Iluoridc COntent of tea I..:aws is ;lbOlil 1.000 

times the soluble fluoride COntent or so il and 2 to 7 times the total t1uori tk c(lntent ill soil 

(Fung el al., 1999). Two·three cups OrlCH contain approximately 0.4-0./\ mg fluoride (Wes. 

1984). Zerabruk and his Colleagues (20 I 0) in their assesSIllCnt or tea lca\ cs brl..'wl!d in low 
Iluoridc containing Water 10 I . 

line enormous amount of fluoride level ill /0(<1 1 markel III Ethiopin. 

With relatively high fish COnSlIll1ptio 1 . '. ...• , ' 

I IJ1 a Illi xed diet. the Illiondc IllIakc Jrum IIsh ,llone 
would seldom exceed 0.2 mg F. per dn (M r 

. ,y IIrray, 1986). Milk typically ~ont:lin s low levels a 
fluoride. e.g. 0.02 mglL in hu man brcas ']1. , 

. . I 111 1 I\, and 0.02-0.05 mg/L in cow's milk (Mum). 
1986). Thus milk IS lIsually reSPonsible fI I .. 

or On y a sillall Iracllol1 of lotal Iluoride cxposure. Vegetables [lnd rrui ts normally have I I ' 

'. ow bels oj Iluoride (e.g. O. I- O . ...j Illlll ku) and thliS t) plcally cOllln bu te lillie to exposure /I ~ _ . 
' . owcver, higher levels or fluoride have been found III 
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baric) and rice (example abollt 2 mg/kg), The levels of Iluoridc in mc~lI (0.2- 1.0 mg/kg) and 

fish (2-5 mgt kg) arc also rel atively low (lVlurray. 1986). 110\\,(;ycr, according 10 the \\eight or 
evidence obtained from WHO (2004) for children. total fluoride in take \ in food and wOler is 

decreased because of lower consumption. An adult mnlc residing in U cOlllmunity \\jlh 

Iluoridalcd waler has an intake range from 1-3 mglday. Intake is less limn I mgldny in nOIl­

nuori datcd arcas (Nielsen. 1999). In fluoride contaminated areas estimation of total di clary 

lllloridc intake in individuals may be based either on analysis of r:1\\ food ingredients (Maleic 

ef al .. 1997) or analysis of selected prepared food dishes (Zahouri ;:md Rugg-Gunn. 2000). 

3.6--' Dcn lal Products: Toothpas te 

i\ number of products administered 10. or lIsed by chi ldren 10 reduce dcnwl decay contain 

fluoride. This inci lldes toothpaste (1- 1.5 mg/ g fluoride) (Murray. 1986). Fluoridated 

toothpastcs arc bel ieved very efTee ti ve in preventing dental caries but also ,Hid considerably to 

fluoride intake of children, especia ll y young chi ldren who arc more likely to swallow 

toothpaste. Rescurchers est imate thai chi ld ren under 6 years of age may ingest an :1\ crage of 

0.3 mg of lluoride from toothpaste with each brushing. Children under the age or 6 years \\'ho 

illgestll1(C':'! than two or th ree times the recommended fluori de intake nre at increased risk or a 

while speckl ing or maUling or the permancnt teeth . known as denIal fluorosis. A m:~o r source 

or excess fluo ri de intake in this age group comes from swallowing fltloride.containing 

toothpnsle. To prevent dental fluorosis while providing optimum protection from looth cleca). 

il i:-. n.'colllillended that parents sllpervise ch ildren under 6 years or agl! while brushing with 

l1uoridatec1 toothpaste (ADA CSA. 20 14), Interestingly. it has been suggested that the 

management of the fluorosis risk in young children who ingest Il uoridatl.!d toothpaste could 

incl ude the usc of' toothpaste formulat ion that reduces gnstrointesti nal absorption and 

bioavaibbil itv or fluoride (Falco et al.. 2013). 

3.6.5 lufa nl fonnu las 

While consumpt ion of Iluoride from water preselltS very little risk of adverse efrecls in adults 

~xcept in extreme ci rcuillstances, consumption of relative ly large <l1110ll11lS of Huh.'r mixed 

\\ itb rormula conecntnltes appears to inc rease the risk for thc development ordent:!1 fluorosis 

in infants ( Marshould el a/ .. 2004: Pcndrys. 2000: Levy el al .. 2010). One study !{Hlild thm. 
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. . . . d by infants 6 months and younger Was from '[ h'M of all fluonde IIlgcstc 

on average. at leas • , I 1995). The study of 49 commercialh .. d with formula concentrates (Levy el a " . 

wmer nuxe . . I Chicago arca showed Ihal mi lk·based readY. lo. feed, liquid 'I ble infant formulas 1/1 tIe 

aVaI a • '1 I d wilh deionized wmer) had mean flUOride I Ole and powdered formulas (rccansil U C 
cOlleen [" , . I 1"1 . I I' I 

dO 12 ppm respective y .. uoncc~ rec Or O\\,. coneentralions of 0.15 ppm, 0.27 ppm, an. , " " '. " " 

. . d"" Ted" "demineralized. ChSlIlIcd. or produced fluoride waler labcled as "delO"'zc. pun I , " . 

. " 'cd in order 10 minimize the ri sk lor mild !1uoroSIS (Palmer through reverse-osmOSIS can be us 

and Gilbert. 2012). 

Amerkall Dcn lal Assorialioll Fluoride Supplement Sdll'duir (A DA CSA. 1014) 

Age Fluoride iOIl le\'e l in drin l{ing W:ller (ppm) * 

< 0.3 ppm 0.3-0.6 ppm > 0.6 "Pill 
IJirlh - 6 mOlllhs None None Nom: 
6 months - 3 years 0.25 mg/day" None NOll!.: 
3 years - 6 years 0.50 mg/day 0.25 mglday N()Ill' 

6 years -16 years J.O mglday 0.50 lllglday None 

• J.O part per million (ppm) = ! milligram/liter (mglL) •• 2.2 mg sodilllll llltorid~ contains! 
mg fluoride ion. 

3.6.6 Fluoride s upp lemeuls 

F1noride snpplements by preseriplion arc available lor infants and children np 10 16 years of 

agc living in areas wilh snbOplimal Water nnoridation for Ihe purpose of bringing Iheir intake 

to approximately! mg/day (Alvarez I!I al., 2009). The Americ<Ul D~Jll .. tl Associ,llion Council 

on Seienli lie AlTairs recommends Ihe prescriPlion of nnoride supplements on lv 10 children" 

high risk of developing denta l caries (Rozier "I al., 2010). The supplcmental fluoride dosage 

schedule in Ihe lable below Was recommended by Ihe American Dcnlal ilssoeiat ion. Ihe 

American Academy of Pediatric Demistry, and Ihc American Academy of Pedi,"rie, ( I{ozier 

"I al .. 2010: CDC. 2001). It requires knOwledge of Ihe flnoride eoncentralion of local drinking 
\\mer. as well as other l>oss iblc SOurces or lluoride intake. 

- _ .. 



-

3.6.7 Salt Iluurid alio ll 

Fluoridation of srdt has been implemented in scveral countries world\\ ide as an ahemauvc to 

water fluoridation to promote thc ingcst ion or fluoride <mel impro\ e oral care. Since Ihe 

fluoridation of wate r is cxtensively practiced in thc US. fluoride is not added to saI l. 

Epiciemiological studies have shown that the incidence of teeth with caries dramatic'llIy 

cieereased in the regions where sa lt fluoridation programs were tkvclopcd. While concerns 

around hypertension and the monitoring of population intakes sho uld be addressed, no 

adverse hea lth errcc ts linked to the fluoridation or sah have been reported (Pollick. 2013 ). 

I\ccording to the World Health Org<tn ization (WHO), sal t tluoridation and. to a lesser extent. 

milk l1uoridat ion are affordable alternat ives to improve orul hygiene in arcus where.! access to 

oral health services is limited and nlloridation of publ ic water is not feasible ( Marthaler and 

Petersen, 2005) 

3.7 I'h:HIII:lcokineties of nuo ride ions 

3.7.1 Ora l upt;lkc 

In humans and animals. ingested nuoride occurs as hydrogen fluoride (IIF) in the acidic 

environmcnt of the stomach and is cITcctively absorbed from thc gastro intestinal tmc\. 

although the re is no proved absorption from the oml cavit)'. Peak plasma levels nre.! typically 

seen within 30- 60 minutes after ingestion. Il ighl)' so luble fluoride compounds, such as NaF 

present in tablets, aqueous so lutions and toothpaste are almost completely absorbed. wherc,ls 

compounds with lower solubi lit y. such as CaF2. MgF2, and AIF], are k ss wdl :Jbsorbed. 

Ingestion of nuo ride wi th milk or a diet high in calcium will decrease Ihloridc absorption. 

3.7.2 I)cl'llIa l ahsorption 

:-.Jo cxpcrimcillal da ta on the ex tent of dermal absorption or fluoride frolll dilutc aqueous 

solutions an: available. As tluoridc is an ion it is expected to havc low membrane 

permeability and limited absorpt ion through the sk in from dilute aqucous solutions HI m:ar 

neutral pi I (such as W<lter used lor bathing and show!.!ring). This exposure p.lIhw<ty is unlikely 

to contribute to the fluoride body bu rden. 

59 11' I I I,; 



3.7.3 IIlJlOIlalioll 

No svStcmallc expcnmCl1la ,11<1 on , . , , I d· the 'Ibsorption of fluoride allcr inha lation arc avai lable A 

, ' Id 'I stl,d ',es have shown uptake of fluoride III heavily exposed workers lew 0 cr occupat lOna 

I' n 'd " dllsts bIll it is unlikely that inhalation cx posun: wil l Contribute rom lion c-conlaJ llIng , 

significantly to the body burden oflluoridc in the general population. 

3,_R Absorption, Mcl~lbo li s lll aud Excretion of Fluoride 

3.8. 1 Absorption 

The metaboli sm or fluoride and the effects of normal and abnormal illtakc o/" Jluoridc on body 

processes have been investigated extensively. The concentration of J1 uoridl' ion is generally 

considercd to be morc significant than that of lOW I fl uori ne in assessing the crleels of 

excessive fl uorine intake 011 normal metabolism as it do not ex ist frec in 1l:lIurc. J lowc\'cr. if 

fluo ride binds to the enzyme, substrate, or the co-factor of n given enzYlllatic reaction, tlK­

bound fluo ride will affect the overall process. Alrhough the importancL' of ionic Iluoridc is 

generally recognized. it is total fluorinc rat her than ionic fl uoride CO ll cenl r:lIions that hlln' 

b('(,11 reported in Illost pub lications. In humans, the predominant rOlll c or absorption or 

fluoride is via the gaslroilll CstinaJ trac\. Ai rborne lluoridc may also Ik' inhaled. Derma) 

absorption is negligible ('X CCpt in cases of hydrOlluoric acid burns (\VI 10 J 99~1 ). 

Absorption of fluoride varies from 100% on a fasting stomach. to 60% \\ hcn l:lkl:1I with a 

calcium-rich breaklllst, A fasti ng chi ld may absorb lIuoride Irolll water Illore 'Iuicklv than' 

"ell fed child because in an empty Slomac h fluo ride docs not lorm complexes with other 

substances (Ekstrand and Ehernebo 1979) IVI,e l' ' n ' I I ' I' , Olllll('nl 
' . I IOnIC lJonc e en ters t1C ,IC IC Ie cnvlr 

of the ston,aeh lumen, it is largely converted to weak ac id h) drogen fluoride (111') with a pK' 
of 3.45 (IVIIO, 2001) The highe ' ' I' I' h , ' 

- . r dCle lIy 0 t C Stomach speeds up the process 01 absorpllon 
bv passive difrusion from both the 'I I d I 'd'S 
. s Olllae 1 an t 1e small intest ine. suggesting tha t Huon c I 

absorbed from the stomach ,IS U ld' " . d I , 'n 
I lSSOCl atC lydrogcn nlJoridc rather than as /luondc 10 

(Cerkle\\'ski, 1997: Whit ford & Pashle 1984) I .. 'I is 
. y, . n an aCIdIC stomach (low pi I). !luon( c converted mto hydrogen nuoride (II f.) I , I ' ' 

an( up to abo ut 40 per cent or the ingested Iluon( e I~ 

-_ .. 
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absorbed from the SIOllUlCh as III'. On the other hand high stomach pll decreases gastric 

absorption by decreasing the concentration of HF. Fluoride not absorbed 111 the stomach is 

absorbed in Ihe intestine and is una/Tected by pi I (Whitford. 1997: Ille s. 2002). i\losl o f the 

l1uoridc that is not absorbed from the stomach wi ll be rapidly absorbed from the small 

intestine. The re is no convincing evidence Ihal acti ve transport processes arc involved (WIIO. 

2002). 

R~porls indi cated Ihal soluble form s of Iluoricle salt s have absorption cfli cicncics or bCh\Io;Cn 

80- 100 % (ATS DR, 2003). 11 has been shown that ingestion of fluoride with a ml!al cml 

inc rease the absorption or l1uoridc (Trautner and Einwag J 987) thereby increasing 

bioavailability. but concomitant supplementation of sodium tluoridc wi th milk or dairy 

products reduced its avai lab ility by \ 3-50% in numans and animals (ATSD R. 2003) . 

Approx imately 90% of fluoride ingested in water is absorbed in the gastrointestinal traCI 

compared 10 Dilly 30 - 60% of Jl uoride in food (WilD. 1996). 

3.~.2 Biu:I":lilabili l), : NlIlril,.'nt interactions 

I3ioavai labili ty mny be defined as the extent to which the activc moiety (d rug or mctabolite) 

enters the systemic ci rculation. thereby gaining access 10 the site of action (Beers & Berko\\. 

1999 ). 1\ common way of studying the bioava il ability of drugs / nutrient is to compar~ plasma 

concentrat ion curves and urinary excretion data alkr a single oml dose. with similar dma 

obtained allcr intravenous ad ministration. By definit ion. when a medica tion is administered 

intravenously. it s bioavailability is 100%. Fluoride compounds thaI OCCllf natu rally or arc 

aelded 10 drinki ng wate r and yield fluoride ions on dissolution generall y exhi bit high 

bioavailabi1ity. 

Rclative to the amOllnt of Iluoride ingested, high concentrations of cntiolls that lorm inso luhlc 

complexes wi th fluoride (e.g. calcium. magnesium and alum inium) can markedly decrease 

gastrointcstina l Iluoride absorption (Whitford. 1997: IPes. 2002). llowevcr, thc absorption of 

fluoride in the fo rm of mOllofluorophosphatc (un like sodium Il uoridl!) is unaffected by 

calciulll . Also. a dict low in chloride (salt) has becn fOllnd to increase fluoride retention by 
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"" "r n "d (Ccrklcwski, 1997). In inl~lIlts aboul 80 to 90 per 1'1>.. o " rcduc ill" lIflllary excretIon 0 uon c ~~,~ 

oflhl' absorbed fluoride is rcwined but in adults this level falls to about 60 pl:f Ccru. 

j
" "I b" l" " I " the presence of high dietary concentrat ions of calciulll and ccnain I lOaVai a I II)' IS ower III 

olher divalent or trivalent cmions with which Iluoride can form insoluble or poorly soluble 

compounds. Nutritional and clinical aspects of fluoride bioavailabil it y have been reviewed by 

Ccrklewski (1997)" 

1\11051 stlld ics assessing bioavailability of Illioridc in humans ha ve conCl'ntr;l\L'd on comparing 

fluor ide concentration in the plasma after inwkc of a substance or rood. the valuL's obtained 

then being compared [0 plasma values obtai ned a/lcr intravenous or oral administ ration of 

sodium fluoride (Ekstrand el al.. 1978; Trautner & Siebert, 1986: Trautner &Eillwag. 1989; 

Shulman & Vallejo. 1990: Goyal el al., 1998) ). Studies on the bioi.!vailability of fluoride. 

based 0 11 both plasma and urine values of fluoride were al so reported . Til l: methodological 

approach of these stud ies is based on the assumptions that sodiulll fluoritk is full~ absorbed 

(100%) on an empty stomach, no endogenous loss of fluoride OCCurs :md urin:ln Io'.xcrction is 

tht, major route of fluoride elimination (Ekstrand & Ehrncbo, 1979). 

The bioavailability. from a fasling stomach, of Illioridc from sodium Il uorid\,; t:lbI.:15, as used 

in many caries-prevention programs" IV<lS <l ImoS! 100% (Ekstrand e/ 01 " 19n)" In stlldies 011 

adults, thi s bioavai lability was dec reased to ,-U 79" be l "" " I" "Ik ", IC'"'lIll 
- 10 Y O-a( nlllll sl rHl lon 0 lnl . or c, 

rich products (Ekslrand & Ehrnebo. 1979). Yel in another study it was sllo\\11 thatlhis clTcel 
of milk was abo lished when Huo 'd k" " 

n c was la en as a part 01 the break fflst TnllJlJ\!,:r &EJIlwag. 
(1989). The authors suggested th,1t 10 " r " " " 

' rmauon 0 ca lclLUll salts and clHrapllH..'1l1 oj' l1uondr In 
coagulation products of milk ar" . ' I', . 'd " 

' c Jl11POII,lIlI actors CaLlSlIl n the reduction 01 Huon ~ 
bioavai lability, and that prolonged sta r h " ~ " .. , 

. yo c )mc alter ConcOIllHanl ingestIon 01 lood al/o\\~ 
fluondc to ix:eolllc liberatcd from the oou"d Co I " " n 

II nns an( eoaglllalJon products by digcstlo (Traut ncr &Einwag, 1989), 
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The poor nlloridc bioavailability. in the range of 4-24%. observed from food slich as bone 

meal. fi sh bone mea t. c(lImed sard ines and chicken bone me<ll was nscribcd to the high content 

of calcium in these foods so only part of the toW I fluoride present in the food could be 

liberated during the digestion process Cf rautner & Siebert. 1986). Low bioavailabi lity of 

tluori de (2- 32%) was reported in humans from diets commonl y consumed in India (Goy al (' I 

(I I .. 1998). The (hua li'om the authors showed a wide range of bio.wailabil ity (2-79%) of 

!llloride from different loads in adulls. Factors such as I' ll , the amount of' ingested food . and 

Ihe prescnce and typc oj' mincrnls in ingested food had elTect on bioavailability. 

The bioavnitability of Iluoride li'om diet and fluoride supplements in infants was abo ut 90% 

(Ekstrand el 01 .. 19(4). Results suggest that the mode of administration of n given product is 

highly important for fluoride bioavai labil ity. l3 ioavailabili ty of fluoride is best detcrmi ned 

under cond itions tha t simulate the normal mode of intake of the products or food to be tested. 

3.8.3 Fluoride tiss lle distribut ion 

Once absorbed. Iluoride is rapidly di stributed throughout the bod) via the blood. The short 

term plasma half-l ife is normally in the range oD to 10 hours. Fluoride is distributed bc(\\ cen 

thc plasma and blood ce ll s, wilh plasma levels being twice ,IS high as blood cdl levels 

(Ekstrand I 977a. b). Fluoride crosses the placenta and is fou nd in mother's milk at low levels 

esscnt ialJ)' equal to Ihose in blood (W I-I O, 1996: IPCS, 2002). Lc"els of' Iluoridc that arc 

found in the bonc vary wi th thc part of the bone examined and with the age and sex or the 

indi vidual. 130ne fluoride is considered to be a rcfl~ction of long-term exposure to Ill10ride 

(IPCS. 2002). The saliva Iluoride level is about 65% of' thc level in plasma (Ekstrand I 977b). 

Plasma Iluoride concent rat ions arc nOI homcost:llically regulated. but rise and fall according 

to the patte rn of' Uuoride in take (NRC. 1993). In adults. plasma flu oricie le\cls appear 10 be 

d irec t l~ related 10 the daily exposure of fl uoride. Mean plasma levels in indi viduals living in 

areas with a water Iluoride concentration of' 0.1 mgtL or less arc norma II ) 9.5 pg IL 

compared 10 a mean plasma fl uoride Icvel of' 19-28.5 ~Ig/L in individu.:ll s li ving in areas "ith.:l 

Water fluoride Co ntent or 1.0 mg/L. In addi ti on to the level of chronic Iluori de intake and 

recent intake. the level of' plaslllH flilo ride is influcnced by the rales of bone accretion and 
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dlssolullon. and by the rena c car,lIl , . . · 1 I . ce nHC of nuoride (Trcssaud and Haul \.!. 2008). 

Approxllnatc y ;no 0 1 . I 900
' fll c fluoride in the human body is found in bones and (ce th. Fluorideis 

incorporated into tooth and bone by replacing the hydroxyl ion in hyd roxyapatite to fonn 

fl uorohydroxyapatitc . The level of fluoride in bone is inilllcnccd by several factors including 

age. past and presellt Jluoridc intake. and the rate of bone turnover. f'ILJo rid~ is n01 irreversibly 

bound to bonc and is mobilized from bOlle Ihrollgb bone remodeling (N RC. 1993). 

Soft tissues do not accumulate fluoride, blJl a hjgher concentration has bcr.:n n:poncd fonhc 

kidney due (0 the IX1fliaJ fe-absorption. The blood-brnin barricr limits the diffusion ornuoride 

into the central nervous system, where the nuoride level is only abollt 20% that oj' plasma. 

Iluman stud ies have shown that fluoride is transferrcd across the plact' !IIa. ;md tlwr\.! is a direct 

relationshi p between fluoride levels in mmernaland cord blood. In hUIll(lIiS. Iluoridc is poorly 

transferred from plasma to milk. The fluoride concelllralion ill hUlllan milk. is in the range of 
3.8- 7.61 IgfL. 

3.S.3. 1 I'lflS1I1II fluoride 

Fluoride taken in the form of' sodium fluoride as a lublet or SOlut ion is :lbso rb~d r:lpidly. Only 

n lew mi nutes ancr intake. there is II ri se in pl asma fluoride. The Jluctu:l tion in pl<lsm~ 
fl uori de concentration is dependent on the Iluoridc dose ingested , the cl os\.! freqllenc), and the 

plasma half-life of fluoride. The half timc for absorption is 30 min. so peak pl <lsma 

conccntra tion usually occurs within 30-60 min (Ekstrand ef af . 1978: Trautll(!r & Siebert. 
1986). Absorbcd fluoridc is rapidly d· I ·· db · . d 

IS fl,IJ lIte y the clrculallon to the intracel lular an 
eX lraceliular flu ids and is retained only in ca lcilicd lissues (Troulner &Ein""g. 1989: 
Shlilmnn & V;llIcjo. 1990: Goyal el al .. 1998). 

The sensi tivi ty of the Serum f1uoridc . . 
. . concentratIOns to previous intake. glom~rllla r fill ffillOn and the lIltensily of bone resorption su" . . 
. ggcsts tlml Ihe human organism exerts no dlrcd homeostatic cont ro l and til'll nuoride co . 

< llCCllIratlollS refleci the reCC nt intake (W,lIcrhouse el al .. /980). Plasma fllloride le vels incre IS . I 
; e WI( 1 age, with incrcasill" flu oride CO llt .:nt of bonc 

nnd as a consequcnce or renal inSlIf!icicney 'iEFSJ\, 2005). 0 



Fluoridc is prescnt in human and animal serum in two forms. inorganic fluoride :lIld organic 

Iluorine Craves, I 968a: Guy el al .. 1976). The fO nllCr consists of ionic and non· ionic Iluoride 

and the latte r of Iluori ne covalently bound within an organic molecule originatlllg from 

natural or industrial sources (Teves ef al .. 1970: Belisle. 1981 ). Average conccllIrations of 

fluoride in human plasma is dependent on the concentrat ion of fluoride in drinking Waler 

(Guy el af., 1976) bll! no relationship betwecn concentra tions of inorganic fluoride and 

on.wnic tluorinc in plasma. 

3.S.3.2 Fluoride ill bOlle find calcified lisslle 

Fluoride is rapidly distributed in plasma and deposited in bone and other calci lied ti sslIes Ihat 

cont~ in 99% of the body's fl uoride; the remainder is di stributed between blood and soli 

tissllcs (Kaminsky el al .. 1990). About 50% of daily fluoride intake is associated \\ ith the 

calcified tisslles wi thin 24 h and remaining 50% will be excreted ill urine. This 50:50 

distribution is strongly shined to greater retention in the ve ry yo ung and probably towards 

greater excretion in the later years of lire (SCS EDRI. 1997). 

fluoride is incorporated into bone by replacing the hydroxyl ion in hydroxyapatite to \onn 

lluorohydroxY,lpatitc. Fluoride in calcified ti ssues is strongly blll 110t irreversibly bound. It 

appears thai Iluo ride in bone ex ists in two pools, one rapidly and the olher slowly 

~xch<1ngeable (SCSEDRI. 1997). The lo rmer is located in the hydration sheIlaI' thl! bone 

crystallites. where fluoridc can be exchanged isoionica ll y or hctcroionicnlly with ions in the 

surrounding c .... traccllula r nuids. while mobilization from the slowly exchangeable pool resuits 

from the resorpt ion associatcd with the process of bone remodelling (SCSEDRI. 1997). 

Typical levcls in <Iclull bone vary betwcen 500 and 4000 mg/kg bone I1sh (Kaminsky el al.. 

1990). 

J.S.3.3 Fluoride ill p/(u:ell /(l (ll/{lllJ~/IIS 

Fluoride readi ly crosses the placcnw and is found in foctal and placental tissuc. Thcre appears 

[0 be a direct relationship between fluoride levels in mah.:rnal blood nnd cord blood (Shell 

&Taves, 1974: Gupta et a/.. 1993; Malhotra e1 a/. . 1993: I3rambilla el a/ .. 1994).1\1 rd<Jtively 
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bl d I vcls wcre at least 60% of that of matcrnal blOOj low maternal blood levels. the eord 00 e . 

. I 1994) Altholloh cord Iluondc levels WCre typicalh (Gupta ttl al .. 1993: Ilrambdla el a .. . ::> • • 

d found no s(;Jti stical difference bctwc('n Illatcrnal and lower than maternal level s. one stu y . 

·d'" I Is suggesting that cord serum fluonde levels do In ne\\bom (I -day-old) serum fluon I,; eve , ~ ' . 

(S I ' 'tz el a/ 1995). Thcre IS also eVldencl'. howcver that reflcct foetal fluoride status 1l1llonOVI .. .. , 

I II ·d possibly playing 11 regulative rolc 1hm helps prolCCl!ht the placenta can acculllu ate lion e, ' . ' . 

. [fluoridc when maternal !luondc IIltakc IS high (Shcn foct us fr0111 excessive amoun ts 0 , 

&Tavcs, 1974; Gardner el al .. 1952). 

3.8'" Elimination! Excretion or fluol'iil r 

Absorbed fluoride that is not deposited ill calcified tissul' is excreted. IIH: primary pathway 

for fluoride excretion is via the kidncys and urinc; 10 a lesser e:-acl11. Iluoride is abo (".'(creted 
in thc faeces, Sweat and sa liva. 

1.8.4. J £.\wf!lioll vit, lite kidneys: IIrille 

The major route of fluoride excrction is via thc kidney and urine: 40- 6000 or 1hl: daily intake 

is excreted in (he urinc with an elimination half-life of,' ~lbo LJt 5 h (Ekstrand & Ehrtlebo. 1983; 

WHO. 2002). The fluoride ion is filtercd from thc plasma by the glomerulus and Ih':l1 partially 

reabsorbed; there is no tubular secreti on of Jluoride. Renal c/e<lrJl1cL: ratcs or tluoridc in 

humans average at 50 mUminltte (Ekstrand. !977b). Fluoride excretioll is i JJtlll~nc~d by a 

number of fac tors. including glomerular Jiltration rate, urinary /low and urinary pH. 'Ibc 

excretion of lluoride in urine is rcduced in individ uals with impaired renal function. Urine 

fluoride excrelion is 0.79 mglday in humans wilh normal renal [unelion. 0.53 mglday inlhasc 

wilh queslionable and 0.27 mglday in Ihose wilh impaired renal [uncI ion (S inger & OJlhau~ 
1982). There arc no apparenl age related ditTerenccs in renal ciearance ralcs (adjusted rar 

body "eighl or surlace ",cal belwecn child ren and adulls. Ilowever. in o lder adults ( Illa~ 
Ihan 65 )ea" of age). a signi ficant deCline in renal clearance of fluoride has been reported; 

consistcnt with the age-related decline in glOlllerlllar fill I· (Ek I 1977b) 
t fi:l IOn rates :: ' stmn( . . 



1.8.4.2 En'relioll Ilia /{leces, saliva {Il1d SlI'e{1/ 

Fluoride that is 110t aborbcd will be excreted through faeces and ranges from 10-251;1/1;1 of the 

dai ly intake of fluoride (WilD, 1994). It has been estimatcd that 1% or less oran ingestr.:d 

dose is excrcted in sa li va (Oli veby. ef al., 1989) because sa li va is swallo\\cd, this amount 

does not en ter mass balance calculations. In contrast to the si tuation for 1110S1 elcctrol) tcs. thc 

11uoride cOllcelllration in sa livu appears to be independent of sa livary Ilow rate (Olin:b) f!1 (II . 

1989). Sweat provides only a minor route of fluoride excretion. even under I:xtrelllr 

environmental conditions (WI 10 , 1994). 

1.8.4.3 J~\'creli() fI via breasllllilk 

The fluoride content of human breast milk llsllally follows the na\LIral daily Il lloride intake 

during the first 6 months of life. This is especially important when comparing the dail~ 

fluoride intake by formula- led and breast/cd infants. Ekstrand ef al ( 1981) reporwd that in 

humans. Iluoridc is poorly transferred from plasma to breast milk. A wide rangr (2- 50 mg/L) 

of Iluoride in breast mi lk has been reported by ditlerent researchers (Ekstrand ef aI., 1981: 

Esaln ef (II .. 1982), although considerably higher levels, exceeding 200 mglL. ha ve also been 

rcporlL'd (WII OIIA EA . \989). The wide range or concentrations reported ill hUlllnn milk may 

be ascribed to ana lytical problems at low levels or fluoride. 

;\ single dose or 1.5 mg sodiulll tluoridc did not reslilt in n signilicant rise in !luoride 

concentrations in breast milk within 3 hOllrs (Ekstrand el al., 1981). No correlntioll has been 

IGund between concentrations or lluoride in tap water nnd eoneentmtions of fluori de in breast 

milk. Fluoride concentrations breast milk of women living in an area with high concentrations 

of natllrnlly occurri ng Iluoridc in tnp water was higher tlmn those living in nre~IS \\ith 10\\ 

concentrations (Esaln el al. , 1982). 



3.9 FluoriiJr inl:tkl' and dicl:u y soun:cs 

3.9.1 Dirt.H·Y Sources . 

. . be d dCltal products containing fluonde arc regarded as tht Dnnkm2 water. food, verages an I 

. -. 111 'd' t<okc in humans. In some countries. nuoridc is also added mum contnbutors to ora lion e Ill" 

to salt and milk. 

J.9, 1. 1 Com:elllrtllioll of fl lloride ill drillking wilier 

The natural conccnt ration of Iluoridc in drinking wa ter varies frol11 trace '1Jl10u nts to toxic 

concentrations. l3ecause or the low natural levels 01" fluoride in some \\ atci supplies and the 

high lC\lels of dental caries, many authorities worldwidc have pcnnitted, or instigated, 

Iluoridat ion of water suppl ies. The first artifi cial Iluoridation trials started in 1945 in tll"O 

towns in America - Newburgh and Gnmd Rapids (Smith. 1985). COllllllonl) lIsed compounds 

lor water fluoridation arc sodium or potassiulll fluoride or hexafluorosilicie add (I bSiF,) and 
its sodium salt (Na2SiF6). 

According to WHO (1994) recommendations, the absolu te upper ConCelllrat ion Ii)!' lluuride in 

drink ing water is ] mglL. Yet c\len this concentrat ion call be too high lor lIlany PlIr!S Of lh<.' 

world due. nOl only to the greater conslImption of water in hOI clilllat l!S. hU I :lIso 10 the 

increasing levels of fluoriclc in. <l nd increased consumptioll oC processed clrin b :111<1 foods, the 

variety o/" dentnl practices and diJlcrent lifestyles, WHO (1994) thereforc suggested thai the 

level of 1.0 mglL should be seen as an abSOlu te Upper limit. even in cold climate's. while 0.5 

mglL may be appropriate lower limit. The history of" Water fluoridation alltl it s \',d uc III the 

early years of the 21 " CCntury have rccently becn revicwed by Mullen (2005). 

Tap Water is incrcasingly being replaced by the usc of bottled water lor drinking. Whe"," 

drinking Water for human consumption according to E.U. COllncil Directi" 98/83/EC. 

fO llowing the advicc of the Scientil;c Committee On f ood (SCI', 1998), ma" not contain IIlore 
than 1.5 mgIL of nlloride bottl"d l' t I . . of 

• ~ I cI ura mlilera] waters may COntain hi l!her COJlccnlratlOn~ 
nlloride. Mineral Waters 'XC'e 1' " _ . I' 

' ~ ' \: {lllg cOnCelll l'atlons of fluoride 1.5 md L shall. III t I. 
meantime. bear On the label the words 'co t·· - . ble 

n <lIIlS mare than 1.5 IllglL or Iluoriclc: not SUlta 
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for regular consumpt ion by i nl~u1ts and children under 7 years of I.Igc· and shalt II1d lcatc the 

actual concentration o f Huoridc (EFSA, 2005). 

According to the U.S. Food and Drug Admi ni stration (FDA). im ported boll led \\oter to \\hi ch 

no !luoride has been added shall not contain Jluoridc in excess of IA mglL (FDA. 2000). The 

concentration of n uoride in bottled watcr packaged in the Uni ted States depends on the <lllIlllnl 

avemge o f maximum dail y air temperatures at the loc:ltion where Ihe bOllled water is so ld nI 

[Clail (FDA, 2000), 

3.9. 1.2 F"llior i tie i ll r ood 

Virtually a ll foods contai n at least tracc amounts of Iluoride. Factors tha t can inlluencc the 

le\'eI of Iluo ricles in lood include the locali ty in which the food is grown. Ihe amount of 

fertilizer and pes ticides applicd thc type of processing the food reccives and whether 

Iluoridalcd water is uscd in their preparation. Some species of plants and marine organisms. 

howe\ cr. appear to accumulate fluoride in large quantiti es. 

Numerous studies have repol1ed the results of determinations of ashed (total) and lJnash~d 

(inorganic or free) !1uoricic in different food items. The U.S. Food onel Drug Administration 

(FDA. 2000), for example, has co llected market baskct food co llecti ons o f representative diet s 

for the average you ng male 16- 19 yea rs of age, for the purpose of esti mating Ihe di etary 

intake of certa in meta ls and of monitoring pesticide res idues in the food cha in . Food itcms in 

thi s program were divided into the composite food groups. The tota l free fluoride contents 

determined in the difll~rcnt lood groups by market basket programme (Singer ttl 01 ... 1980: 

Singer and Oplmug. \986). 

Taves (1983) reJlo rted the ranges and averages of the i.H110unt s of fluoride ill individual foods. 

The amount of as hed fluor ide. which represents tOlal fluor ine. is gcnerall ) higher than the 

amount o f unashed inorgan ic or free fluoride. The highest average amounts of ashed fluoride 

were determi ned in the meat lood group (meal. pOllltry and fi sh). in gmin and ccr~al products 

and be\ crages. 
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loe large amounts 0 lion c f fl 'd' observed in beverages could be ascribed to the Use or 

I , lion 'IS well as 10 tea included in the (Ii.li ly diet 11... fluoridated water for t lClr prepara , , , 'Il! 

, bid ,d ashed samples reflects the amoum of Iloll~iollic flUOrine ,', difference etwccn unas 1(' at , 

h I, d h' I d 10 Il,e ionic fo rm during aslting, Tlte ratio oj" ashed to inorganic t (' 00 t at IS cOllver e 

fluoride round by Singer ef al (J980) was in some cases lowl'r than Cxpl'cled. Taves (1983) 

found generally good agrecment between fished and unashed Illloridc whi le Singer and 

Ophaug (1986) eSHlblished that thc amount of total fluoride is ge lll.!riJll)' highi:1" limn that of 

inorganic fluoride. Of all composites analyzed, Ihe highest ralio was !CHllld ill d;liry prodllcts. 

The total fluoride content of some food items reported by Lopez and Navi<1 ( 1988) ;Igrccd in 

most cases wilh those reported by Taves (J 983) and Ihe ratios uf IOlal to rri:\,.' fluoride were in 

~Igreemcnt with those obtained by Singer and Ophaug (1986). 

A comprchensive survey of Fim\ish roods revealed tilat fish containing 5 . ..j mglkg \\as the 

commodity group containing the greatest amount or nuoride on a dry \\ eight basis. \\ ilh dair) 

products next at 0.90 mglkg (Varo and Koivistoincn. 1980). DabL'ka and ]\ k:Ken%ie (1995) 

determined the amount of unashed (inorganic or free) nuoride ill 14 7 lood s:lIllpk's. Individual 

S<l lllp/rS wi th the greatest amount of Iluoride were cooked vcal (1.23 rng/kg). t:anned fish 

(4.57 Illglkg). shellfish (3.36 mg/kg), cooked wheat cereal (1 .02 mg/kg) and tL'<I (..J.97 mglkg). 

Food groups with Ihe highest mean Iluoride amOunts were {hh (2. 12 Illg/ l-g). soups (6.06 

mg/kg) and beverages (1 .1 5 rng/kg). It is importanl to acid that whether tlK:sC ,HllOlillts were 

calculated on a dry or li'csh weight basis was not cxplicitly sla ted. 

W'd " , 
I e VaflatlOns III the amOUnt of fluoride arc obscrved in diflcrcllI studies and between lind 

\\ ithill food groups may be because of 

:.I) differcnces in origin and growth ofloodstulTs, 

b) differences in manufacturing procedures, 

c) type or wa ter used for preparation and, 

d) diflCrences ill the analvlical proccd . . . 
~ lIres IIlcludlllg sample prc~trcatm('Jlt procedures. 



1.9.1.1 COII£'el1lrt1liOIl of fluoride ill bel 'en/r'el' • 
Increasing IllJlnbers o f people arc consuming beverages instead or water. so th(.'ir fluoride 

content has to be cons idered when estimat ing total imake of fluoride. The teil plant (Camellia 

sinensis) is known to take up Il uoride rrom the soil and accumulate it in til(.' le<l\es. from 

where it is readily released during infusion (Gulati el aI. , 1993). The l1uoride cont t:111 depends 

on the age of leaves. type or so il , soil pi I nnd on total and ex tractable fluorine in the top so il 

(Fung el (Ii.. 1999; Xic el 01 .. 200 1). Towl fl uorine in lea leaves ranges from 100 to 880 mglkg 

(Fung el Cl I., 19(9). Black (fennented) and green (unfenm.:ntcd) tea is mad\! from )'Ollllg 

leaves and contains a lower amOllllt of fl uoride than brick tea made from Illilen and old leaves 

(C30 el al .. 2004). 

A large percentage of the total fluorine 25 - 90%. is released during infusion depending on the 

amollnt of dry tea used. the granu lation of the tea. the concent ration of fluoride in the added 

water. thc presence or milk and duration of infus ion (Fling ef af .. 1999: Cno el al., 1998: 

Malde (>, al., 2006). The Iluoride content of bott led teas in Germany. United States nnd 

Taiwan \\e re in the ranges of 0.03- 1.79, 1.0-4 .1 and avemgc of 25.7 mglL. rcspectively 

(Whyte. 2006: Lung el (fl., 2003). Different researchers found Iluoridc concentration in the 

range of 8.8-246mglkg in the study made on different kinds of tea infusion brewed on l1uoride 

free and nuoride contaminated water (Lung el o/. , 2003; Zera bru k ct al.. 2010: Maleic et al.. 

2003). 

Conccntrations or tl lloridc in fru it and vcgetable juiccs ar\! gencrully 10 \\ . Concentrations 

exceeding I mglL of Iluoridc were determined in 18 out of 43 ready-to-drink juiccs in the 

Un ited Sla tes. most prob.:lbly due to contamination \\ ith fluoride-containing pcst icides 

(Stannard el al. . 199 1). Il igher concentrations of fl uoride in the range from 0.02 to SA mg/L 

in juices (Kiri tsy el al., 1996: Njenga el al.. 2005) were also reported. Conccntr:uions of 

fl uoride in so ft drinks ranged from 0.02 to 1.28 mg/L and exceeded 0.60 mg/L of Iluoride fo r 

71% of the products (lleilman el (fl., 1999). Wincs generally cOIlUlin less than I mglL of 

tluoride (/{odn' guez el al .. 2003). Concentrat ions exceeding 1 mg/L wcre detcrmined in some 

71 1I'a~t: 



Callforntan willes. 111051 pro ,I Y 1 , " b' bl II c result of usi ng cryo lite as a pesticide (Burgslahlcr & 

Robinson. 1997). The higher concentrations of fluoride found in sO l11e ju ices. soli drinks and 

beers can genera y asen II be 'bed to the naturally occurring or arti fi cially added fluoride in 

water used for preparation (Warnakulasuriya el al. , 2002). 

1.9. 1.4 Milk (/luI b{rby f ormulas 

'!lIe concentration of Iluoridc in human milk generally ranges from 2 10 50 mg/L (Ekstrand el 

al., 198 1; Esala e( al., 1982; WHOIIAEA, 1989). The concentration in Ill i Ik of cows fed wi th 

a nOfmnl diet was 0. 103 mglL and 0.283 mglL in those led on cOlllami nCJt(:d pas tures (Di rks <'I 

td .. 1974). The conccnt rJlions of Iluoridc in ready-to- fced formulas in 11K' Unil\.'d Slates and 

Canada range from 0.1 10 OJ mglL while the nuoridc concenl r<lI iOI1S or j1O\\dl!l"I.:d or liquid. 

conccntnlle inltlllt fo rmulas depend mainly on the concentration of Il uo ridr.: in tbe waler used 

to reconstitute the product (SCSEDRI. 1997). 

A study on thc concentrat ion of fl uori de in infant form ula reconstituted \\ itb water in 

Australia revealed concentrations from 0.031 to 0.532 mg/L of Iluori(k lor fonnulas 

reconsti tuted with Water not containing fluoride, 0. 131 to 0.632 mgtL of Iluarid\: lor formulas 

reconst it uted with water containing 0. 1 Il1 g1L of nuoridc and 1.031 10 1. 532 rn !.!/L if formulas 

\\cre reconsti tuted with Water containing 1. 1 mg/L of fluoride (S li va and Rl!),nolds, 1996). 

Concent rations of fluoride in powdered milk formulas in Brazil ranged from 0.0 1 to 0.75 

mglL for [hose prepared with deionized wIHer, from 0.02 to 1.37 mg/L /01' [h OSl' prepared witb 

bollied mineral water containi ng 0.02- 0.69 mglL of fluoride <mel from 0.91 t~) I.G5 mglL lor 

formulas prepared with fluoridated drinki ng wmer containing 0.9 mg/L of !l uoride (I ~ lIzalaf ~I 
ai , 200 I), 

J.9. /.5 Fluoride ill Dietflry sUpplemellts 

Unlike controlled Il uoridnted dri nking Water and toothpastes, there is little quanti"ti'" 
mfOrm<lIlOn on the cariostalic ac tion of fl 'd ' a 

lion ated salt, although it is considered 10 act l!l 

manner like tlla t of Il uorida teel dril lki ng Wil ter (WI 10, 2002). Fluori da tion or dOlncstic slii t for 
human consumpt ion was initi-ltcd ' S '. . It 

• < 1/1 Wl\zcrl and 111 1955 (Marthaler. 2005a). Fluori da ted sa 
llsllally comallls 200- 250 lng/kg of fl'-d , SA 

lI01] c. mostly III the fo rm of pOI<1ssiulIl sa lt (Ef . 

---



1005). The average daily adu lt sa lt intake is eSlimated 10 vary from 5 to 109 (WIIO. 1994) so. 

if all consulllcd sa lt were fluor idated. thc lotal daily inwkc or nuoride "ould rnngl" from I to 

2.5 mgF. Salt Il uoridal ion can reach the enti re population: however. addi tion of fluoride is 

limited mai nl y to domestic s"lI. 

Schcmes or fluo ri dation of domestic salt are 1110st developed in Fmnce. Germany and 

Swi tzerl nnd and adopted by other EU members (Marthaler, 2005b; Mnrthaler. 20058: 

Tramini. 2005: Sclwite , 2005; Marthaler and Pollak. 2005; Gillespie ~Hld Bacz. 2005). 

Formerly. the adm inistratio n o f tluoricialed mil k 10 ch ildren was cons idered to be a suitable 

mea ns o f increas ing thei r intake of tl uoridc; however. little qllantitativ~ information is 

nvailabh: on Ihe efficacy of this de live ry system in the prevention o r dental caries (WIIO. 

2002). Encourag ing results hnve been reponcd with mil k fluoridation (Twetlllan. 2005). 

Dictary Iluoride supp lements. ava ilable in the lorm of tablets. d rops. lozenges and rinse 

supplements arc recommended for caries prevention by medical societies in SOI11(, count ries. 

especially where Iluoride concent ration from drinking water is low. Fluoride slIpplelll('n ts arc 

rarely prescribed for <Idults. These supplements contain difTcrelll quantities or nuoridc in the 

form ofNaF (Whi tfo rd, 1987). 

J. Y.I. 6 Fluoride fro m other SUlIrces: Delltal prot/ucts 

Exposure to Iluo ricie occurs through Huoricle-containing toothpastes. gds and nnSl:s. 

Fluoridated toothpastes usuall y contain from 1000 to 1500 mglg of fluori de (Whitford. 1987). 

Because of poor control of Ihe swallowi ng rene.x. toothpastes for childre n lIsually conwin 

lo\\'er <lmOll nts of t1110ride from 250 to 500 mg/g (Ncwbrun. 1992). Yet convincing c\ idence 

fo r Ihe cfticac y or fl uoridated toothpaste is lacking. Davies <lncl hi s colleagues found (2002 

Ihallhcf(' \\<lS sign ilicantly less caries in a group receiving 1450 mg/g o f fluoride toothpaste 

than in groups receiving 440 mg/g or fluoride-free toothpaste. Topicnl mOllth rinses m~l rketed 

for daily homc usc C<l1l contain betwccn 230 nnd 1000 mg/L (WIIO. 199·1: Whitrord. 1987). 
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3.9.2 Fluoride Intake 

Accurate cstllnalcs 0 lion , ° '0 n Ode o,nlolke arc important in order to resolve POlclHiai problems of 

100 low or too high exposure. Drinking water. food, beverages and Il uoridc,colliaining 

dentifrices arc regarded as the main cont ributors to human fl uoride intake (WIJO, 2002; 

chtlillschuia eta!. , 1988: Erda! and Buchanan, 2005: Malde el 01 .. 2004). 

For n given individual. waler consumption increases wi th temperature. humidity. exercise and 

stale of health (Murray. (986). As a resu lt of thi s total daily fluoride ~xpos urc Cilll vary 

markedl y from one rcgiOlllo another. However, hom several studies , a rough L!slirnalC or total 

duily nuoridc c.xposurc in a temperate climate wo ul d be approximately 0.6 mg pl:1' adult per 

day in an area in which no fluoride is added [0 the drinking-water and 2 mg per adult per day 

in a fluoridated area (WHO. 1984). Different st udi es indicated thai although dri nking Waler is 

('pidcmiologically Ihe mOSI imponant Source of fluoride in most areas. consich . .'rahlc exposull.' 

risk is also associated with fbod and drinks. eSI>ccially tea (WI-IO, 198-1: iVlalde e/lIl .. 2004). 

3.9.2. 1 Fluoride htlake of fldtlllS 

The major SOurcc of fluoridc intake in adults is diet (water. food and beverage). \Vide 

variat ions in the lota l intake of fluoride within and betwecn studies arc rcponed ('I";I\'CS. 1983; 

Dabeka and McKenzie, 1995; Osis (If (fl.. 1974;; Dabeka el al., 1987: COll ;;;Y el al .. 1988; 

Jlaldimann and Zi mmerli , 1993: Ponikvar e( al., 2007; Maldc el (fl .. 20 11 ) . This can be 
asc ribed to 

11) considerable differences in the amounts of /luoriclc in similar food items, 
b) large varialion in the quantities consumed, 

c) diOcrences belween the age groliPs and genders studied and, 

d) dilTcrcnccs in Ihe analytica l techniques lIsed 

It is also imponaru to notc that csti lll'ltc · f . . rd 
' • s 0 quanutles of foods conslIllled such as stancla 

fOod tables and market basket SlJrvc '5 \\" ' . . d 
). ere used, ralher than actlJaI quan tlllcs of foo consuilled. 

-_ .. 



Sc"c"ll studies re poned thm the intake of fluoride was higher in arc;ls \\ llh 1l 1iorid;ltcd limn 

non- fl uoridated wa ter. The average di.lily total fluoride intake in non-flllorid:lIcd an:as ranged 

from 0.56 to 1.50 mg. The daily inwkc of fluoride in fl uoridated arc~s was al most twofo ld 

higher (being 0.9- 3.8 mg) and even Illuch higher in naturally fluoride contaminated arcas 

(Dabcka ef 01 .. 1987; COll ZY e/ al., 1988; Haldimanll and Zimmcrli. 1993; Ponihar el (Ii 

2007; Malei c ef of .. 20 11 ). In some areas where the fluori de content or lhe \\ [l ter is low. but 

the intake from food and lea is sufficiently high for the incidence of denta l fluorosis 10 exceed 

80% (i lan el rd., \995). Another, representative example is England. where lea consumpt ion 

is tradit iona ll y hi gh: a study found tbe daily average intake or Iluoridc from tell 10 be 1.26 mg 

in children and 2. 55 111g in adult s (Cook. \969), making a significant contribution 10 the tOlal 

dail y fl uoride intake. 

3.9.2.2 Fluoride i I/take i ll cltildrell 

Small amounts of Il uoridc have been proven to be cffecti vc in prevent ing dental caries. but 

excessive, chronic intake by young children can result in the development of dental Ouoros is: 

the cri tica l pcriod or exposure for all pcrmanentteeth being between II mont hs :md 8 years of 

age (Fejerskov ef al.. 1977: Ishii and Suck ling, 199 1). The main sources of fluoride intnke in 

ch ildren arc diet (food, beverage and water), Ouoridc-containing dent ifrices and fluoridc­

containing supplements. Intakc from Iluoridated dental products can be substant ial , 

part icularl y in young children who have poor control of thc swallowing (!3nclull1 ef al .. 1987). 

Imake cstimates wcre generall y lower than expected in the stud ies where duplicate diet 

tcchniq ue . which is the most accurate technique of estimati ng actual drl ily intakc. \\ as used. 

Imakes of Iluoride lor breaslfcd in fants arc usually negligible. because fl uori de is poorl) 

transferred from plasma 10 breast milk (Ekstrand ellll .. 1981 ). 

Fluoride ingestion from too thpastes is also common and onen relatively substantial. Younger 

children (7 years and under) ingest. on average. 25- 38% of tooth paste per brushing (Levy el 

01 .. 1995). The amount of too thpaste used by children per brushing was determined to be 0.7 g 

a ll average. The amount was considerably higher than tbe comlllonly reco lll lllcml\:d ·pea size· 

of 0.25 g (EFSA, 2005). 

7S II'ag< 



Il ',olII :lrkcrs of Fluoride E:'IJOsurc illld Their S lillus 3. 10 

~ lonilOrin£! human c,xposurc 10 lion , 11 'de can be accomplished with va rymg dcgrc~s of 

-h I I I's of several biological Jluids and tisslies. The concclHralions of nccuracy I roug 1 11C ana YSI , 

n 'd' I " '11,d urinc have been considered as useful biomarkers lor rnonilorine lion C 111 P 3sma. senu , ~ 

deficiency or excessive intake of biologically ava ilable fluoride. Concentrations or fluoride in 

nails. hair bones and tceth have also been used as biomarkers or exposure. Ilowcvcr. Iheyare 

ethically and technically limited for usc in large-scale monitoring of 1hl...' body burden of 
fluoride in humans. 

3.10. 1 "/:l SI1I:1 , s:l li v!I a nd urine :15 COlll clllpurary markers 

The levels of fluoride in body fluids (plasma, saliva. urine) gi vc SOme indication of rccent 

fluoride intake. Fluoride ion docs not produce <lily metclbolilcs. This indicator. howcver, docs 

not well reflect the fluoride body burden Or the accumulation of fluoride in thl" body. becausc 

the re lation between fluoride concentrations ill bone and ill eX lr.:1cellular ll uids is incompletely 

defined. The conccllIral ion of fluoridc in plasma, urine. sa li va and dental plaque is dcpcnderu 

On the illlakc via wa ter. diet. Iluoridc suppkmcnts .. md fluoride-containing dentifrices 

(Ekstrand. 1 977b: Twelrnan el a/ .. 1998; Stcphan el al., 2004). 

Fluoride concentrations in ductfll and glandular sa livn closely jollow the plasm~l concentration 

but at a lower 'e\'e l. A close relationship was round bctween the concent ra tions of !lllorick in 

sali" and plasma. Ihe ratio being 0.55: 0. 80 (Olivcby, 1989; Whitford el (II .. 1999). A 

cOllllllonly used indiCator for fluoride exposure is its concentration in urine (Toth el o/.. 2005). 

The urinary exerelion rate or fluoride correlates better with its coneentral ion in plasm' 
(Ekstrand and Ehmebo. 1983). 

3. 10.2 Nails a nti h:lir as r Cl'l'n1Ill lu'kers 

'I he conccmration of fluoride in n'lil s 'I d h '. , 
' , II all appears to be proportional to inwke over longer 

pcriods or lime. laking into acconnt Iheir growth rate (CzarnolVski e/ al., 1996). Daily inwkc 
from food. W~lIcr. denti fri ces Or fl . ,. I '1 

1I0ne c supp cmell[S Contributes Iluoride body burden. '11C 
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major advan tage of nail s and hair over fluids and tissues as biomarkers to assess ll uoride 

exposure is thut they can easily be obtained in a non·invasive Illllnner. In contrasl 10 plasma. 

saliva and urine. whose Iluoride concentrations provide a snapshot al a certain point of ILme 

and are subject 10 change due to recent fluoride intake and certain physiological vnriables. the 

concentration of fluoride in nails and hair is CUlllulat ive and reflects the .l\ erage level of 

intake over a time period. but depends on how often the nail s IIrC clipped or ha ir cut (Kokot 

and Drzewiecki. 2000; Whitford , 2005). 

The amolillt of Iluoride in lingernails or toenails as reported in summary table of literature 

reports prcp<l l"ed by Whitford (2005) is about 0.5 . 5 mg/g. The Cl vCnlgC <LlllOunt of Huoride 

round in samples o f hair of the low exposure population varied froll1 1.3 to 2.6 Illg/g. while 

the average v<llues were between 400 and 2830 mg/g alllong aluminiulll workers and 

exhibited strong dependence on Ihe lype of work exposure \0 fluoride (Kokol und Drzewiecki. 

2000). 

3.10.3 C:llcified li ss ues as historic'l l markers 

More than C)<)% o f body burden fluoridc is lound in calcified lissucs. II is gcncmlly agrccd Ihal 

the level of chron ic exposure extending over period of years is best assessed by dete rmining 

fluoride concentrations in bone, but this tissue is for obvious rC <LSOIlS collec ted onl y rarel y. 

Pl asma l1uoricle concentrations in persons who have had no fluoride int ake du ring the 

previous severnl hours can serve as a biomarker for the chronic level of fluoride int;lke and 

the total amo lLn t of fluoride in the body (E ricsson el al .. 1973). Saliva could similarl y rdkct 

bone fl lLoride concentrations. because the ratio or the concent rat ion of fluori de ill plasma to 

that in sal iva is re latively constmll . 

In COlllrast to ske letal bone and dentine. which accumulate Il uoridc throughout life dnd \\hose 

levels arc prOport iOIH1J to tile absorbed dose or fluoride: fluoride in enumel is not .111 

appropri.:ne biomarker. because most of its Iluorine was taken up during tOOlh lo rmation 

(EFSA. 2005). The post-eruptive Iluoride uptakl' of enamel is expressed onl y in the outcr 

layer and dcpcmls on the concentration of Iluoridc in the oral cavity (WIIO. 1994). 
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3. 11 An:l lyli (.' ::J1 Met hods for Fluorinc Determin ation 

~Ionitoring the illlakc of fl uoride and maintain it at adequate levels is iIllPOfttUl\ so thai 

optimal protection against dental caries achieved, without excessive imakc (Licbman & 

Ponikvar, 2005). Reliable ana lytical techniques are a prerequisite for accurate and precise 

determination of human exposure to fluo ride. The extensive classifiCation of different fonns 

of Jluorine in biological materials is based on the works of di ITercll! researchers Craves, 

1968a) Fluorine in biolog ical samples is present in tile form of ionic or non-ionic inorganic 

Jiuoridc Hnd organic fluorine. The latter comprises covalent lluorine that is bound to carbon in 

all organic fluorine compounds and results from e:"posure to certain fluorine-containing 

compounds frolll nmural and/or industrial sources (Dclisle. 1981). Total Iluorin l.! includes both 

inorganic Iluoride and organic fluorine. Methods for dctermining any form ur iluorine in any 

type of material generally rely on the determination of fluorine in Ihe /onn of li·l:~ inorganic 
fluoride ion (F"). 

Four basic requirements for accurate and pre-c ise determination of the amount 01" Huoride or 
tota l fluorine in any type of sample include that: 

( I) the sample has to be appropriately pre·tremed so that the required rorm (II· Ililorinc can 
be determined: 

(2) illlerfcring reactions erfectively Suppressed; 

(J) the final concentrat ion of fluorine be abovc the detection li mit oj" the lIlethod (sample 
concentrated) and 

(4) mClhod validated using certified reference material (CRM), or the results 01" analyses 

compared to the results Obtained by an independent method / laboratory. 

The aim of this section is to present .1 '. . 

< concise overview of separation. rollccJ1Ifation and decomposition methods for sample re ' 
. < P -trc<tllllcnt and an overview of thc analyt ical mcthods 

ava ilable for determining rree illor '<mic fl . 
. . g uonde and total fluorine in the environment aJ and bio logical materials. 
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3. 11.1 Sa lllpi c pr'c-lrealll1 cnt proced ures 

In the classical Willard- \Vimer ( 1933) di stillation procedure. decomposition 01 compounds 

nnd separation of resulting fluoride from interfering substances wke plnec conc u rrentl ~ . 

Fluoride call also be separated from interfering substances by using diffusion and 

microdiffusion techniques that requirc 6-48 h for quantitative separation of fluori de frolll the 

interfering ions Craves, I 968b: Ikenishi , el at., 1990). 

Faster procedures, requiring onl y a few minutes, arc the adsorption of nuoride on magnesium 

oxide or c<1 1ciulll phosphate (V) or a reverse extraction procedllre (Venkmeswarlu. 1975). 

Free inorgnnic and ac id-labi le lluoriclc arc determined together by diffusion nnd reverse 

extnlction. while onl y f'ree inorganic fluoride is determ ined by the adsorption technique 

(Venkatcswarlu. 1990). Free inorganic fluoride can be also determined direetl ) in filtrates of 

aqueous solution or suspension of the sample (Ponikvar ellll.. 2000). Organic Iluorinc can be 

deICrmined artcr conversion to inorganic fluoride by a rapid procedure using sodium biphenyl. 

which clca\ cs covalent C- F bonds (Vcnkateswarl u, 1982). 

Thc purpose of decomposition or the silmple is to release fluorine from inorganic or organic 

matrixes and convert it to fluoride ions. Commonly used procedures involve oxygen bomb 

combustion in 11 closed bomb (I.cvaggi el al., 1971). opcn aslt ing (Esala ('/ 01.1 983). all-. ali 

hydroxide or alkali carbonate fusion (Eydc, 1982: Sager, 1987: Malek el (/1 .. 2001). 

pyrohydrolysis (Warf el al .. 1954; Inkielewicz el al .. 2003). acid ext raction (Torma. 1975: 

Villa. 1979) Hnd microwave acid digestion (Ayso ln el (I/.. 1987: Matusicwicz el 01 .. 1989: 

Grobler and Louw. 1998). 

3. 11.2 Analytic:lIl11 l'th uds ror determinin g lluorid l' 

Numerous ana lytic<11 methods have been described for detcrmin ing nuorinc in :J variety of 

samples. In earl y methods, the sample was fi rst decomposed, fluoride scparmed from 

interfering substances and determined using volumct ri c (Andersson & Getin. 1967), 

spectrophotometric (A ndersson & Gclin, 1967) and fluorometri c (Li and Chen. 2000) 

'llCII,0ds. ·1·1 I d I II ' bee" fephecd by the introduction of' the Iluoride ion-lese met 10 S lave mos ) , 

select ive elect rode (ISE) by Fran! and Ross (1966), a breakthrough method in analytical 
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chemistry of fluorine. Bnefly, fluo(]( C I . ·1 ISE 's designed to determine tluoridc ion aClivitYin 

aqu(''Olis solutions. The observed potential is allcctcd by the lolal ionic st rength of tile 

solution. the pi-I and the presence of any fluoridc-complcxing cations. 

1 . . I I 1·1 of tile solution arc ,Idj uslcd and interferi ng iOlls cOlll plcxcd by 1 1(' IOIlI C strengll anc p 

dd · b k d I t·on the so-c'll!cd TlSA13 (Total Ionic St rength Adjustment ilutTer) a IIlg a ae 'groun so 1I I , < • 

1\ tl e a"'ounl of free inorgan ic fluoride determined is dependent On the s a consequence. 1 < 

composition of the T1SAB employed lor the analysis (Liebman and Pa nikvar. 2005). Fluoride 

ISE is 11 widely used !cc1miqllc lor determining mnounls of n'ce or lola I lluoridc because it is 

highly se lecti ve and covers a wide concentrat ion range. Fluoride iOIl-sclccti ve microclcctrodes 

for determin ing fluoride in microlitre to nanolitrc vo lumes of' sampks hi1v\.! also been 

proposed (Du rst and Taylor, 1967: Vogel, el al. , 1990). 

Other frequell tly used methods fo r determining fluo ri de include ion chromatograph) 

(Michigallli el al .. 1993) gas chromatogruphy (Quintana. e/ al., 2003) and alum inium 

monofluoride (AIF) moleculnr absorption spect romctry (TSllIlOda e/ al .. 1977: Chiba ef 01.. 

1980). Less frequently cmployed methods include enzymatic (Marcos ,Illd To\\ Jlsbcnd. 1995), 

catal) tic (Klockow el al., 1977). pol<irograpilic (GuanglUlIl ef aI., 1999) and vo/ta rnmctric 

methods (Wang and Grabaric, 1990). Helium microwave-induced (Gchlh:wscil ,mel Ci.1rnahan. 

1989) Or inductively coupled plasma momic emission spectrometry (M<1 ll zoori .mel IVli yazaki. 

1990). clectrothcnnal atomic absorption sPCctrometry (Cobo el al .. t 993). induclivdy coupled 

plasma-mass sJleCtrometry (Dayon el al .. 1999), ntdio-aeti vation (Kobayashi and Shigematsu. 

1987). proton-induced gamma emission (Paik el al. , 1997), ncar-inlfared spectroscopy 

(Grummiseh el al.. 1998) and nen tron activation analys is (Cheng el al .. 1997) arc also some 
of the the possible methods Jor J1l1oridc analysis. 

3. 11.3 Determinin g nu oridc in SI)cc ili c 1\'ll"S or t · 1 
. ' ilia ena s 

J. I I.J. 1 F'lu(Jritle ill ell lIiroll lllell/(fllllediu 

The cOIlCC'Hration of fluoridc in W'1\ 

, Cr can lISually be determined directl y without pre-
trc-mmen!. f\mong thc numerous publisl d '1 '. . 'de 

. 11.' <111<1 ytle,,1 techniques, pOlcntiOJllctry wllh fluon 
IS[, lOll chromatography. and spectrOll/] t t of 

o OlllCtry arc COmmonly used. II' the allloun 
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Iluoride present 111 water is very low, pre-concentration Illay be requi red. Determination of 

towl Iluoride in soil. sediments, oxides and other raw materials rl.:quires complete 

decomposi tion of the sample to release bound fluoride . Accumulat ion of fluoride in so il might 

be st udied by employing appropriate extraction procedures (Vcnkateswarlu. 199.1). 

3.1 1.3.2 F/uo,.idf! ill biologicallissues,jlll ids {flit! re/fllet/lIIlI lerials 

Approaches to determini ng different forms of fluorine in biological and rclmcd nUHeri<l ls have 

been reviewed extensively by Venkatcswarlu (1990). Total decompos ition is a general pre­

requisite for detcrmin ing the amount of total fluorine in biologicul mnterials othc.-r than urine 

(Vcnkatcswar lu. 1994 ; Dean. 1942). The difference betwecn lotal fluorine and inorganic 

fluoride in biolog ic~d and relmed materials usually represents organic !luorine . Among Ihe 

various publi shed decomposition procedmes. the mosl important arc open ashing. fusion. 

oxygen combustion and digestion. followed by a separation or concentration step. 

3.11.3.3 Fllloride ill !mpplemellls IIIIlI df!lIlt1 / proflllcls 

Total !luorinc in fluoride supplements and denta l products could be determined \\ith minim31 

samples pre-treatment us fo r example by direct acid I.:xtrw,:tiU Il ur hl':lling in TlSA B buller 

solution and sllbscqucnt dctermination of Illioride lIsing fluoride ISE lor the reason that entire 

fluorine, in supp lements and denta l products arc free inorganic fluoride. 

3.1 2 Fluoride Inl ake li nd lis H.isk Assess menl 

Since 1940' s it has been recognized and promoted that fluoride Iws both benefi cial ~lnd 

harmful efrects on denIal health. Small amounts of fluoride ha ve been proven 10 be beneficial 

in preventing den tal cari es because of Ihe greater resistance of enamel-containing fluoride to 

ingestcd acids or 10 acids generated by oral baeleria. Moreover fluoride also inhibits sug;]f 

IIlclabol"ls" 1 b I " (Deall 1942· r:: I'S;\ ?005). On the other hal1<l. excessh e inlakc of < III III ora ae cn a " , L: , _ 

n " 1 " " " b" hI 7 8)' 'ars of age can lead to the de\ elopmcnl UOfl{ e dunng enamclmatural lOll. lrom Irt 0 - 1,;< 

of dental fluorosis of dcciduous, but predominantly of permanent lee lh . E:\ccss i\'c fluoride 

intake by children oldcr than 7-8 years docs not cause delllal fluorosis (Fa\\d l el a/.. 2006). 
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• " bel' d I • . , unique 'lbil ity 10 stimulate new bone JOfllla ti on. The aCI, .. 1 Huondc IS <l lso lCVC to lave, < "<II 

mechanism of fluoride action is still a subject of debate; however, it is more feeemly believed 

I I " I' I be cfit from fluoride can be attributed to its topical. fmher thaD lInt [le maJonty 0 l lC n 

systemic. cm.'cis (Hellwig and Lennon, 2004). A conflict arises from two Cl<lims: the first, [hal 

n 'd . I t e,,- bone growth and hence is useful therapeuticallv in COntrolling lion c Sl1l11U a cs n . 

osteoporosis and the second is that it is the cause of the increasing prevalence of hip fractures 

in Ihe elderly (OSe. 2003; WHO. 1994). Fluoride is currently not recommended fo r the 

treatment of osteoporosis, although slow release fluoride therapy is n.:portl'dly beneficial 

(OSC. 2003). The long-term benefit of the latter is unknown (Deers and. D(: rkow, 1999). 

rluorine is ava ilable 10 humans. plunts ,mel unimals mainly in the form of Jllloridc ion (F). 

Body fluoride status depends on nllmerous fac tors, including the tOial al1101ll1l of nuoridc 

ingested daily, its bioavuilability and melabolislll. The adequate intake (1\ /) of lluoridc from 

all SOlirce's is set by the Standing COlllmillce 0 1) the Scientific Evaluation o/" the Dietary 

Reference Inwkes (SCSEDRJ) at 0.05 mg/day/kg body we ight: this intake is recommended 

lor all ages above 6 months. bccuuse il confers a high level of protection ag;liliSI delltal caries 

and is 1101 associated with any known unwanted heallh cm~cts (SCSE DR I. 1997). 

Drinking water, beverages and fluoride-containing dentifrices arc regarded as the m:lin dictary 

contributors 10 hllman fluoride intake. Food has more recent ly being recognizee! as a 

potentially important SO urce o j' tluoridc (Malde el aI., 1997: Susheela. 2002). " major so ure," 

of fluoride in some areas ari ses from its release into the ellvironmelll by coal combustion, in 

process Waters and WaSle from various industrial processes. Because of the low natural levels 

of fluoride in Some' Water supplies and correspondingly high levels of dellial caries. m:llIY 
authorities worldwide have perm'lI d fl 'd' . 

I e liOn atlOn of Water supplies. although [Ius has met 
some oppOS ition. partly becaus" of Ihe potentia l health Or dental clTeets including tluorosis. 

~ I lIch research has bC"en devoted to fl . d . I' 
. lion c and liS health effects, but. although the bene Its 

and nsks of exposurc 10 flUOride Ilk. . . 
arc we nown, l\ IS still not possible to make a Ilnn distinction belween a safe d.lily d . , I · . • 7 

... ose tlllC .1 potentwlly harmful one. Thresholds of 0.0)-0.0 
and 0.0"'-0.04 ll1g1day/kg bOdy weight )1" n .' I I 

( llOII( e have both been suggested lor l 1C 
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appearance o r dental Ouorosis (Fejerskov el ClI .. 1987: Baclum et al .• 1987: Bun. 1992). It is 

nol surpris ing that lew sllbjects in medicine ha\'e proved more COntro\ crsial than fluoridat ion 

of public water supplies. although supported by Ihe World lIea lth Organi/_miol1 (WIIO) 

among other org.mizations (WHO. 1994). The controversy is illustrated b) Ihe raclthat. \\ hile 

the U.S. Centers for Disease Control and Prevention (CDC) claimed that water Il uoridtllion is 

I of the 10 great public health achievements in the United Stales during Ihe 20th cenlllr~ 

(CDC. 2001 ) and nearly Iwo~thirds or the population recei ves fluoricill ied drinking water 

(CDC. 2002) while water fluoridation is banned in most of Europe (Cross lind e nrton. 2003 ). 

The current state of knowledge among many researchers about fluoride is Ihat the elTeel or a 

substance depends Oil the dosage regimen. As Paracclsus (J 493- 1541 ) said .. All substances 

arc poisons: there is none which is not a poison. The right dose difTercnt illles a poison and a 

remedy' . Therefore dete rmining the right dose which will not compromise the health orthe 

communit), is vc ry importanl. 

3. 12. 1 OiCl:II-Y int :lkl> :lsseSSlllcnt 

Dietary assessments are perrormed for three main objectives. namely: to assess mC~11 iIHakes 

of a group. to determine the prevalence of inadequate intake. and to esta bli sh a relationship 

between dieta ry intake and laboratory or functional outcomes (Winiclmgoon. 2008). The 

dietary inlake o f lluoricie is dctermined based on the later objec ti ve; to investi gate if the intake 

level is above recommended daily allowance which otherwise causc lluoros is. or the dictary 

assessmelll methods. duplicate plate method is selected by different researchers to determine 

the dail y Il uoricl e intake from dietary sources (r-.'lalde ct al.. 2003). 

3.12.2 Flunridl' 1I (,:l llh Risl( Assessment 

According to Connell (2005)_ hai' .. ard icielllijjc<llion, exposure asscssment. determinat ion of 

toxicity and risk characterization are the most important steps in the humnn hea lt h risk 

I ' ') 1'0 cll'ractcrize the risk tluan ti lntively. one assessment procedure (on dose response re allons . <. , .. 

, I d I potcnc) or the adverse c/lect of the need 10 kno\\ the exposure to the chemIca an 11e 

Chemical. [n thi s regard. the most common loxicity data used in e\al uating hcal lh d Tccts an.: 

the no observable adverse cITeel level (NOAEL) and least observable adverse encet level 

(LO EL ' ' I I " I thc he'lIth ri sk of CJ chemical is ent ird) re lmed to A · ) values ot the cilellllca. n gelleJn , , 
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h • ' I ' [S bioavailability and the pOlency of it s adverse effect the dose or exposure of the c ellll ca , I • 

(Connell. 2005), 

In the cnlt fl S ' asscssmcn . h h ' k t there arc IWO principal sources of informmion On health efTects 

I " ' to chemicals thaI can be used in deri ving guidelinc vahles. The fi rslis rcsu lmg lrom exposure 

d' h po ,1·t ',O"S The value of such investigations is orten iilllih:d. Owing 10 lack stu les 011 uman pl <I • 

of quan titative in/ormation on the concentrations 10 which pcoplc ar~ expos\!d or On 

simu ltaneous exposure 10 olher ngents. The second, and the one used mOsl oft en. is toxicity 

studies using labof<l1ory animals. Such studies arc genera lly limited bccaus(,! or the relatively 

sma ll num bers of animals used and Ihe relati vely high doses aclminis!I.:r\!d . F lIrthcrll1ore, there 

is a need to extrapolate the results to Ihe low doses 10 which human populmiolls arc lIsuall}1 
exposed (EFSA, 2008b), 

In order to derive a guideline value to protect human health, il is Ilec~ss~ l ry to sckcl the most 

sui table experimental animal study on which 10 base Ihe extra pola tion, Dill:1 li'om well. 

conducted stud ies, where a e1ear dose- response relationshi p has been demonstrated. art' 

preferred. Expert judgment \Vas exercised in the seleclion of the most appropri ate study from 
the range of in fo rmation available. 

3. 12.3 J) ri n kill g-wa tCr consullI ption li nd hody weight 

Global data On thc consumption of drinking-wi.llcr are limited. In studies Glrricd out in 

Cunad". thc Netherlands. the United Kingdom, and the Uni ted States o r t\mcri c;l. the average 

dai ly per capifO eonsulllplion Was usually lound 10 be less than 2 lilrcs. but there was 

considerable variation belwccn individuals, As WalCr intake is likely to vary wi th climate, 
physical activity. and culture the' b . d' I ' , 's 

' a ove stu les, W lI ch were conducted in tl!lllpcratc zone. 
can give anI v " limited view of co s . s 

' n umpUon patterns thro ughout thc world . At tcmperature 
<lbo\e 25°C. fo r example there is " sll ' ' . ' 11 ' , d of 

' 'MP ri se III Uld IIltake. large ly to mcct the (li.:man s 
an increased SWeat rale In devel ' ' I " d S 

' OPlIIg Ill' gUldeltnc valucs for potenlially bazar ou 
chemicals, a da ily per capifa consulllption of 2 litre, b ' I ' 60 kg was 

y 11 person wC lg li ng genera lJ y assuilled. Such an 'ISSum t ' 't 

' PIon IllUy underCSlill1<lte thc consumption or water per unl 
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\\cighl. and thus exposure, for those living in hOI climaiCS as well as lor infants and children. 

\\'ho consume morc fluid per unit weighl than adults. 

The higher intakes, and hence exposure, for infants and children apply for only [I limited time. 

but Ihi s period may coincide with greater sensitivity to some toxic agents ,111d less for olhers. 

Where it was judged that Ihis segment of the population was at a particular! ) high ri sk from 

exposure to cennin chemicals. the guideline val ue was derived on the basis of a IO·kg child 

conslilning 1 tilre per day or a 5-kg infant consuming 0.75 titre per 'hi) . The corresponding 

daily Iluid intakes arc higher than for adults on a body weight basis. 

For m OSI ki nds or toxicity, it is generally believed Ihal there is a dose betow which no ~Id verse 

cllccts will occur. For chemicals thm give rise to such toxic eITects. a tolerable dail y intake 

(TOI) can be derived as follows : 

TDI (Tolerable Daily Intake) is the amount ofa chcmica lthm can bl' taken dai ly b) humons in 

a safe manner. It is caleulaled by di viding the NOAEL (No Obsened Ad\erse EITect Le\cl. 

determined in tox ic ity tests. etc.) by product of Safety Factor (SF) I Uncertainty Factors (UFs) 

and converted to the NOAEL for humans. 

whe re: 

NOAH 
Til l = ---;c-;;­

UF 

o NOA EL = no-observcd-adverse-effcct level. 

o LOIIEL = 10wcst-obscrvcd-advcrsc-clTeet level , 

o UF = Uncerta inty factor or SafelY factor 

ilazard Quotient : Ri sk assessment generally uses factors slleh as lIozard QUOIiclll (IIQ) nnd 

~ I argin of Exposure (MOE). Both Hlctors arc based on the same concepts. IIQ compares the 

magnitude of Estimated j' luman Exposure (EJ-IE) wilh Ihal ofTDI (Tolerable Daily Inlake). If 

I .. k If IlQ is smaller than 1. i.e .. if EII E IIQ is larger than I, i.e .. EIIE exceeds TDI. 11crc IS fl S ' . 

docs not exceed '1'01, there is no ri sk. 
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EHE (Estimated Human Exposure) or Dose 
HQ (Hazard Quoticnt) = TOI (Tolcrablc Daily Intake) 

IfHQ (I'lazard Quoticnt) ~ I: Risk 

If HQ (Hazard Quoticn t) < I: No Risk 

Dai ly In t<lkc (01): the daily intake considers all the main dietary souW::s of the contaminant. 

Dai ly illlakc is calculated pcr body weight or the organism per day as 1'0 11 0\\ s: 

CABA (w) (CABA (f) 
01 = IIW + IIW 

Where: DI is dai ly intake in mglkg bw/day, C fluoride concent ration in Illglkg in lood or 

Water. A lotal amount or Water Or rood consumed in kg, I3A b ioa va ila b i liL~ of fluoride in 

drinking water or rood. 13W individuals body weight in kg (Connell . 2005 ). 

J . J 2.... Dcr;":l l io n of gu idelinc values lIsin g :t loler:l hie d a ill' i III a 1,: (' :I Jl P I'u adl 

The guidel ine value CGV) is deri ved from the '1'01 as follows: 

Where: 

TD/xbwxp 
GV =--0-­

C 

o bl!' = bOdy wei ght (60 kg for adults. 10 kg for cbilell'en). 

o p = frat' tioll of the '1'01 a!locmed to drinking-water, 

o C = daily drinki ng-water consumption (2 liters fo r adult s. I lit er for children). 

J\ IOE compares the magnitude of NOAFI (No Ob . d " .. . h that of 
~ . SClve Adversc '-~ fl eet Level) wit ' 

EII E (Esti mated Human Exposure). 1J0wever the NOAEI . I . I b."t tests so 
~ ~ IS e etenlllnce y to.XICI Y thc calculation of MOE docs not inc. . k 

orpOrdte con verSIon into humans (i t docs 110t ta C 
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uncerta inlY into consideration) MOE nee I t 1. _ • 
. (S 0 uc compared wllh product of UnCl.."nallll\ 

Factors (Ufs). If MOE is smaller than UFs there is ri sk Ofillc t " d ' r 'IOI" I ' . OX lcmll an I I V .:. IS argcr 
than UFs. there is no rem of risk. 

Margin of Exposure (MOE) is calculated according to the fo llowing equution: 

MOE ~ 
NOAEL (No Observed Adverse Em~ct Level) 

121112 (Es tima ted I-Iurnan Exposure) 

If rvlOE (Margin or Exposure) :s UFs (product of Uncertainty Factors) 

If MOE (Margin or Exposure) > UFs (product of Uncertainty ractors) 

Risk 

No Ri sk 

We may say that larger the UFs (product of Uncertainty Factors) ml..", the less reliable the 

assessment results become. 

3.12.6 Diffcrcll c('s ill Ris l, Assessment met hods 

HQ (I [azard Quotient ) includes UFs (produci of Uncerlai rH), FaclOrs). Risk AssessmcllI is 

evalua led aga inst J as eval uation standard when HQ is llsed in the culcuhuion. IIQ (l Jazard 

Quotient) is advantageous in that whelher or not there is risk can b~ simply determined only 

by checking whether J IQ is larger or smaller than I. MOE on Ihe other hand has an 

advantageous of employing nUlllerical ana lysis of uncertainty in Risk Assessment. In addi tion 

it shows clear differences by improving reliability. i.c .. makes clear \\helher a judgnu:nl of 

"possible hazards" is atlributable 10 a shortage of information (resulting in high UFs) or 10 Ihe 

avai lability of" information that is 10 some extent rel iable. 

3.13 G uid elin e vn lues o fl1u oridc in water 

WHO (Fawell e/ al .. 2006) has SCI an upper drinking water quality glriddine of 1.5 rngF./1.. 
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d ' k s of water conta in ing 0.5- 1.0 mulL ,'n ,', Conversely. \VIla also rCCOIlUllcn S IIlHl 'C & ij.it' 

, J' d I ' I lg"cstion of watcr with fluoride conccntrmions above 1.5 mnn prevention 0 enta canes. I 6'~ 

I 'd I Jl 'character,'zed initially by opaque whi te patches. staining. moulin, rcsu Is 111 cnla 1I0roSIS ,< A • 

d " f I \\1110 also noted that drinking water with 1.5. 3.0-6.0 and >10 mnn an plllmg 0 leet 1. &1, 

fluoride level causes: l11 0nling of teeth (vcry occasionally), skeletal fluorosis and crippling 

fluorosis on humans (WI-/O, 1984). However, WHO emphasizes 1hm in seuing nmional 

standards for fluoride it is particularly imponam to consider climatic conditions. volumes of 

Willer intake. and intake of Jluoridc from other sources (e.g. food and others) (WI 10, 2006). 

Accordingly, diITerent cOllntries have developed different guideline vallh:s lor Jltloridc. For 

eX<Ullp le, upper tolcrable intake levels for Iluoride have been estab li shed in Europe amounting 

10 1.5 mg/day for 1- 3 year old children, 2.5 mglday lor 4- 8 yea r old childrcn. 5 mglday for 

9- 15 year old children and 7 mg/day lor adults (~ 15 year old). Thl:se lIPpl:1' lolerabk intake 

le\'els apply to Iluoride intake from waler. bevemges and loodstu lls including Illioridall:d salt 

delllal health products and fl uoride tablets lor caries preven tion (EFSA. 1005). 

On the olher hand. Ihe Commillee on Toxicity of Chemicals ill Fooel. Consumer Products and 

the Environment (COT) in the UK considered nn intake of 0.05 lI1g1kg bw/d<lY [0 be a no 

observable adverse elTecl level (NOAEL) for moderate deillal Iluorosis (CO'I. 2003). evcn 

though the COlllllliltee pointed outlhat the threshold dose a[ which tluoridl.' C;HIS(.;S moderate 

dental fluorosis was 0.1 mglkg bw/day. According [0 COA (2008). the total daily fluoride 

intake from all sources should not exceed 005 007 I'!k b I 'I ' der to 
. -. mg' 'g ocy welg 11 III or 

minimize the ri sk of dcntnl n . . ' 'I'h , , r 
' UOJ OSIS. e previ.llcncc 01 moderate dcntal JluorosJs 0 

pcmmnellt teeth is less than 5'1. ill pl' . . , EI' \ 
o opu allons IIlgCslIng 0.08~O.1 2 ml.!fkl! bw/dav (US: j. 2010), _ _ , 

The combination of the drinking W' t d I'. . . 
i.I er an (Ietary eSllillates arc the b<lsis 1'01' Ihe JIlorgamc fluoride Reference Dose (RID) e I' f 

. s IInate 0 0.08 mg Flkglday. The RID is an estimate of the 
fluonde dose Ihat will prolect 'lg<linSI severe I 

dental fluoroSis, clinical stag..: JI skcJet:l /luoros is and skt:lelal fractures while all ow' , (' . . 
. lIlg 101 a fluonde exposure ndcqtlatl! to protCCt 

agalilsi loolh decay for ch ildrcn and adu lls (US EPA, 20 I 0). 
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US EPA (20 I 0) also identified a point of departure (POD) of 1.87 mg F/L for severe dcntnl 

fluorosis based on benchmark dose modeling of the prcvnlcncc for severe denIal Iluorosis 

associated with spec ific drinking water tllloridc concclllrat ions. 'I he 1'01) is a 1 00~cr 

conlidcncc bound on the concentration in drinking water associated \\ ilh SC\'CrC denwl 

fluorosis in 0.5% of the populat ion studied. This vnllle is consistent \\ ilh other analyses of the 

Dean ( 19-l2) data SCI that identify 2 mg/L as the threshold drinking "ater fluoridc 

concent ration for severe denia l fluorosis (US EPA, 1986: NRC. 2006). 

The IOtal daily in take or tllloricic for optimal dental benefits should be 0.05 [00.07 mg F/kg 

bw/duy Jnd no morc than 0. 1 mg/kg bw/day to avoid tile risk of dt.:ntal tluorosis (AA Il-CN) 

1986). The dietary Iluoride intake excess of 0.1 mglkg body weight has been general!) 

accepted to cause den tal fluorosis and intake levels frolll 0.05 to 0.07 mglkg body weight is 

optimal for den tal health of children fro"m 1-1 2 years (Devika <lnd Nagendra. 2009). 

Table I: Lc\cl ur nuoritk in drinking watcr and rood ,'('rsus its hu man h(':l llh errert. 

Fluorid e COlleen Media Efrccts 

I ppm 

2 ppm or <2 ppm 

8 ppm 

20 - 80 mg/day 

50 ppm 

100 ppm 

125 ppm 

2.5 - 5 g 

Source: WIIO. 1970. 

Water Dental Caries reduction 

Water Monied Enamel (delllal fluorosis) 

Water 10 % osteosclerosis 

Water or food Crippling Skeletal fluorosis 

Water or food Thyroid changes 

Water or food Growth reta rdation 

W,lIer or food Kidney changes 

ACllte dose Death 

1'0 d . f n 'd '",ox',ea, ',on it is estimated thatminimulll oml doses of at pro lice sIgns a acute uon C I . . 

. I "' . cd (WIIO 19 6). Indeed. such doses least I mg fluor ide per kg of body welg 11 .If(; reqUif . 

could be expected from waler with a fluoride content of approxilllillcly 30 mglL The 

. I N r od Products (SCCNFP) concluded thm SC Ientific COlllmittec on Cosmetic Product an( Jon- 0 

h . d need imlllcdiate emergency Ireatlllcnt is t e threshold that could cause senouS symptoms an 

- f ' (SCCN FP.2003). ;) Illglkg bw/c1ay for children less Iban 6 years 0 .tgc 
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. . d with adequate scienti fic c.xplan~lIi o ns . Minis!!)' of In Ethiopia. although It IS not supportc '. , 

Water and Energy (0 1a r 1 IIIE') I d ccommended the maximum to lerance 1111111 of fluoride ~ 

, giL S' 'Ia I)' the Eth iopian Enviro nmental Protection AgenC\, drinking water to be .)111 I • 11ll! , r . 

- . I I'"nit of 2 mglL (MaWR 200 1). The arguments used h\. (EEPA) also set maXlIllum 10 crance . 

the MoWE for their rc atlve y Ig - . I' I h' her fluoride guideline va llie is Ihat mild Iluorosis (e.g, 

. I' bl I' k posed by lISC of microbial contamil1<l1cd Surf i.ICC water or the dCllIai) IS pre era c to t Ie fl S 

I d I '· d b I a,'el'lllg 11HIIly kilometers to an alte rnat ive water sources. On the O1hcr Ktr S l[P Impose y r , 

I d E I · . Q 'I'IY alld Sialldards Authori ty have virtually rccoJllo1l!ndcd the 11111.,>;imum Hill , . [ lJopwn LM I < " 

permissible level of fluoride in drin king waleI' to be 1.5 mglL (ES 26 I . 200 I ). 

3.1 4 Prevention and Mi li g:a tioll of Flu oros is 

J. I .J.I ))el1 uOI'itl:lt ion 

The primary preferred Opt ion is 10 find a supply of safe drillkin g-wal~r ,\ tt h safe fluoridc . 

levels. Wbere access to safe Water is already limited, de-Iluoridmion may bl! sought as a 

SOlution. OU( removal or e.xccssive fl uoride li'om drinking-water is diHi l:lI lt ,mel expensivc. 

Since the 19305 most research c!Torts havc becn directed at delluo ridation o j" high fluoride 

containing Water as Iluorosis preVent jon strategies. Although severa! ll uo rosis prevention 

mcthods arc technicaJly !casiblc and can rOlltinely be carri ed out in celllnll Wa leI' distribution 

sys tcms. onl y few of the detluoridation methods arc successfully applied 0 11 a routine basis 

(Dahi 1999). Most denuoridmion methods arc compl icated andlor expensive. unpro,'cn and 

unreliable under field condit ions in developing coulllrics because of usc o r matcrials of 

queSi ionable supply and in.pproprime technology. inelTeelivc ill comnll",i ly level. Iheir soci,1 

acceplabi lit) and lack of Suslained governrnelli 'Illd communi ty cOlllmitments. Since all 

methods produce sludgc wilh very high eoncellirmion of nuoride Ih"t has to be di sposed of. 
only waler for drinking and COOking pu rposes shou ld be treated. 

Tho more promising "'<Ihods which have been field .tested include Ihe granula led bone mcdia 
and heal-acli vated bone ch<lr. clay 'lIld cl· h'· _ ) I' 1999). 

' <lY POI c lp (BJorvatn el aI. , 199): I it 11 
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aCl iv:'lIed alumina <ldsorption (Shifera & Tekle 1-laimanOi 1999) and Nn.lgonda ll1elhocls 

(WHO. 1994). 

3. 1-t.2 M;llnu tritio ll ;lUd nuorosis 

Malnutrition is the cause of ment<l l and a number of physical ailments (Gibney el (I/. 2009). 

Bone dcform ilies clue to fluorosis arc also reported to be more prevalent among chi ld n.:n 

having higher grades of malnutrition. Different research reported from India show Ihe crilical 

rate of mallllilrition and poverty on the incidence and severi ty a t' fluorosis (Teotia (! f al., 1984. 

Sushec!a el al., 2002). Comparison of dietary adequacy. walcr tluori de levels. and incidence 

of skeletal l1uoros is suggested that vi tamin C defic iency (Khandarc el al .. 2000) and poor 

nutrition playa major role in nuorosis (Mishra el al., 1992). The study by Jol ly /! I 01 ( 197-l ) 

addressed the role of nut ritiona l fac tors relative to the difTerent clinical patterns of Iluorosis. 

Low-calcium in take could al so be another fac tor rcsponsible for aggravating Ihe problem of 

genu valgum (knock knee - a form of skeletal fluorosis) (Zang el al .. I 996). Apnn from 

calcium. other nutrien ts al so afTect resistance or susceptibility to skeleta l fluorosis as reponed 

by Chakma el al. (2000). 

3.14.2.1 Nutritiollal Co tlllselillg 

Thc IllHnagelllcllI o/' Fluorosis III Ihe communi ty can b..: clYccti v..: if IllHrit ioll<J1 

supplementat ion foclls ing on adeq uate intake of ca lciulll , vitnmins (C and E) and OIh(:r 

anlioxidants. is advocated and pract iced simuliallcously with consuming safe drinking water 

(Susheda and 13hatnagar. 2002). Nutrienl supplementation through a dictar) regime has been 

JOLlnd to be the best approach and it is sustainable. During counsel ing for Illnri tional 

supplemelllation. it is necessary to emphasize avoiding of food items with high fluoride 

COntent and Ihose foods which could be llscd for mitigation of' ingested tluoride. Foods that 

should be avo ided in endemic areas inelude: black rock salt I magad i. black tea (Il'a witham 

milk ). chewing tobacco. Iluoride.cotllaining toothpastes. mOllth rinses. varnishes and othcr 

items Ihat <lrc commerciall y mnrkctcd. 
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Diet counseling is c ;~trcmcly Imp0l1111l .10 . I' d the messages conveyed should be PI'<luiccd bYih: 

d ' Icd/ uneducated. Minor detai ls also need 10 be Conveyed. community whether they nrc C lI('.1 

so that the commullHy un crstan s ( . d d' what items should be consullled Ihm will provide them 

wllh csscntml nutnents. C DC . . . 'rh fi us in nutritional counseling should be 10 ensure that lilt 

commulllty IS aware 0 100 su S n .. f' d b ta ces or products locall y available that should be Consumed 

loensure! atl lC m)' Ie < , h I d ·1 d· t has all csscnli'll nutrients lIsed to minimi ze the ri sk or !luorosis. It 

I S a so necessary to 1111 < rn . I . '0 1 tile eOlllnlllnit), abolll how these nutrien ts can b~ illcorpormcd irl1c 

dilTercllI recipes to give varicI), to dail y diet and ensure adcquaIC intake or cSsl.:ntial nutrients. 

Anordability and sustainability should also be kept in mind when eOlllls(':ling. 

3.1 5 Fluoros is in Ethiopi ll 

3. 15.1 Fluori de distr ib ulion in Ethi opill 

Fluoride has long been a recognized in Ethiopia. as in other parts or thl' I:asl Arric,1Il Rift 

(Tckcle-I'!aimanol ef al.. 1987). The region of Ethiopiilll Rill Valley ha!) an elevation which 

varies between 500 and 1,800 meters above sca level. The ri n area is characterizl.!cI by hal and 

dry cl imate wilh an average tcmpermure or 23°C (ranges from 150C 10 31-: 0(,). In most parts of 

this region. ground water contains vcry high concentnHi Ol1s or naturally uccurring fluoride 

beyond WI-/O guideline valuc for drinking water. Fluorosis is an endemic health problem in 

Ihe Ethiopian Rift valley in genera! (Tekele·Haimallol ef al., 1987). Although Ihe highcst 

concentrat ion and distribution or fluoride is being in the Rin System. (';o ll cclltfati oJls of 

fluoride greater than thc WHO guideline value of 1.5 mglJ ha ve been round in ground \\'atl'fS 

frolll several parts of Ethiopia (Kloos <lIld I-Iaimanot, 1999). Some \\'~l h:r .sources, ground 

Waters from volcanic rocks in the highlands have also reported to hav~ concentrations abol'c 
the WIIO recollllllendat ion (Chernel and Eshete, 1982). 

In the Ethiopian Rin. as elseWhere along the Ea .t A~' . sand 
- s Inean Rift sys tem. hot spring 

alkali ne (and saline) lakes arc noted to have panieularly high Iluoridc eoncent""iolls. 

ACcording to study fro l11 Gizaw (1996) On wmers in the Lakes District or the sOllthern Ri lL 
nlloridc concentrations exceed lip to 60 giL'· . dcep 

III III hot Spnngs and ground waters 11'0111 
geothermal wells (temperatures in excess or 40GC). I I . omc of 

,.Ill( even reach up 10 200 mg L JJl S 
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Ethiopia's alkaline lakes like Chitu, Shalla and AbiY3tfl. The high eonecntnuions of lluoridl: 

and dissolved salts in the lakes arc mainly caused by evaporation. In the saml' study the author 

on thc contrary noted that hot springs from thc Afar Depression in thc north \\cre of sodium. 

chloride composition and had low illioride concentrations. Kloos and Ilaimunot ( 1999) on the 

other hand ex plained the availability of low fluoride conccllIralions in ground \\n!c rs from 

wells and springs in thc Rift Valley (example Arbamincb town) due to inputs of low.fluoridc 

ru noff from thc highlands or from ncarby rivcrs and l"kcs (Figure 5). 

• ~ 11 

• B·l.1 

., D·H 
C U 1.3 
c: 01-0( 

C • 0 1 

FigUH' 5: Fl uori<l l' d iSlril/ul iU 11 i11 wa ler in ElhiOt1ia (RiI'PLE, 2U08» 

'1'1 I ' I b \ 'II 'mel Burtcv (1994) 10 invcstig<ltc fluoride frcc \\nt1.!r source 1C stll( ) cmnc( O Ui )' I S 1 cy • ~ 

rc\'eakd that som!.! relationship cxist bctwccn groundwater Icmpcmtllfc and l1 uoridc 

" I' I ' dd ' I II t thc IJroblematic fluoride conccntrotions \\cre conCentratIon, I hc sllJdy urt lcr <1 l;( 1a 

derived frolll hot springs <md wcathcring of the volcanic bedrocks. 



3.1 5.2 Delll;1I ;IIHI Skcletlll nuoros is ill Ethiophl 

Ethiopian Rili Valley Region covers all or parts of Afar, Oromia and tht Southern Nations, 

Nationalities and Peoples R('gions (SNNPR). As a res ult of the long-term lISC of high-nuOrilk 

drinking water, both dental and skeletal fluorosis is common in Ethiopian Rili Va lley. The 

severe cases of skeletal fluorosis (32%) \vcre reported from study at Wonji (Teklc-HaimallOl 

el al., 1987). Same study reported that the maximum prevalence is seen in the 10- 14 years old 

nge-group. Kloos and !/aiml1l1ot (1999) found dental llliorosis in some highland eOtll!1lunities 

where the water is abstracted from volcan ic rocks. Regiona ll y 42% o r groundwater SOllrces 

tested in Oromi a, 30% in SNNPR and 12% in Alar Regioll hn ve excess ive Iluoride 

concentrations (Teklc-Haimanot el al., 2006). 

r , 

~ ~ 
Figu r t 6: U,, "I ;I I Ou o rosis Jlitl II r"s ill I Il l' Slndy :lrl';] S 

In this region. dental mOUling (Fi 'lire 6) I • . , . ' 
. g laS been recognized even In areas \\"Ith Iluonde 

concentrations in water as low as 2 mg/L (" . 
1 ckelc-Halllli:lIl0t el (II.. 1987: Wonciwosscn (If/I.. 

200.a). As nOled by NRC (2006) Ihe IV • '. • 

. eight 01 eVidence indicates that til,,: threshold tor 
severe dental Iluorosis OCCurs at·\ . t j . 
b' ' , \V,I Cr luonde level of about 2: mel!.. 1 n warlller areas. 
ceausc of the- greater amounts of \\"I\er co ~ 

, . ' nsulllcd. dCllta l fluorosis can also occur at lo\\\'/ 
eOIlCCllIratlons III the drink ing_w'lle (C 

' r ao. /991) EI' " . I . n 
/' . I' - . cr IIlCrcaslllQ num ber 01 the popu aUO . Inanem cOnstrain ts 1>oIhni I' -

, on 0 surface wat d f 
dcfluoridal" . ' Cr an lack of appropriate technology or , [on IS I>osing l)reSSl,re 0 

n Water quart I 
2002 and 2003). • I Y management in Ethiopia (I{eil1lilnn cl {/ '. 



(TekebHaimanot, 2005) 

Figure 7: Skcil'lal fluo rosis in ERV 

3.1 5.3 Efrorts in m iti gation or Ouorosis in Ethiopia 

Many endeavors have been recently undertaken by the National Fluorosis Mitigation Project 

Olliee. \\bieh was established by the Mi ni st ry or water and energy (~ll o\VE) at rederal and 

rcgionalle\'el to study the mit igat ion or Iluorosis. hydrochemistry and genesis of high fluoride 

groundwater as well as alternative technologies of defluoridation (Figure 8). Especially the 

natural fluoride pollu tion or ground w<Hcr. which remains the main source or water supply in 

the region now draws MoWE's attention to the Rill Va ll ey. Therefore. currently there is 

strong cOlllm itment to minimize the peril or nuoros is over the qual ity of drinking water and 

the need to rev ise and establ ish new nuoride guideline value in drinking water sources thm 

can insure its sal~ty. An effort to address the problem of nuoridc in Ethiopian drinking \\ater 

suppl y is bei ng led by Nat ional Fluorosis Mit igat ion Project Ortice (NFM PO) (~ l o\vE. 20 10). 
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Figure 8: lleOllorid:llio li efforlS iu 110nl lI'orcd:1 

On the other hand. althollgh drinking water is likely 10 be the dominant pathway of fluoride 

exposure in Ethiopian Rill Valley areas, foodstuffs prepared with high fluoride cooking water 

is also an additional pathway (Malde el al., 2004). The fluoride COlllent or a dish dcpends on 

thc nuoride Content of the food ingredients, the fluoride concent ration 01" the \\'at~ r. and the 

amou nt of \\'ater used and retained in the 100d during preparation (Malde I.!I (II .. 2004). RCC('r.1 

studies by Cao el al. (2006) also identified food as a potential hazard and sla tes that food 

consumption may increasc the risk of fluoros is. Khan I.!/ 01 (200ll) a l l the other ha nd. proposed 

thm carh COuntry should calculate its own optimal level or fluoride in drin king wa ter based on 

the dose response relationship of fluoride in drinking water and the Ic\'ds of cmics and 

fluorosis. II is plausible to cstimme Ihe amount of fluori de ingested from a ll ellv ironmental 

and dietary SOurces so Ihat rdliOl1<l1 and sC ienti lically so lind decisions call be 1II11<le whel1 

gu idelines for the usc of Iluoridcs arc established or periodic;)ll ), rcvi~\\l.!d and lllodiliro 
(Pang. 1992). 

nfortunatcly. Ihere is no stud)1 mad'" 0 I 1' 1 d'l n . . . _ I ' . "XCI."" 
' .. nOd <I I Y uonde IIltakc va lue 111 Etllopm.... I" 

Iho study made by Malde e/ a/. (2004). On dielary fluoride illlake in children below 5 years of 

age. living in a high-fl uoride area of Wonji Shoa Sugar Estate. As <I resu lt of this. Iherc is no 

adequalo se iellli fle based inlon""'ion on Iho magnilude of fluoride e,posur'" Ihrough dieW') 
SOurces in the Ethiopian Rift Valley Region. 



The problem is further aggravated by limited budgets which restricted the fC;:lsib ility of 

dcfluoridation technologies, funning cost of those establi slu:d ones nnd Inability of pro\ Isian 

ofn ltcrnativc water sources. 

Figun' 9: W ;Iln Starl'i IY in EI{V 

.. ~ .... 
0" 

In addition. since the econom ic cost of endemic Iluorosis \0 human beings is largel y indirect 

and the disease is no\ acule. it is unlikely that Iluorosis would be n:cognizcd as an area of 

immediate need by the government and stakeholders in developing countries. In the pr~scncc 

of infectiolls and acute discases it is impossible 10 consider Illiorosis as priori ty public health 

problem in the areas. In some places in Ethiopian rifi va lley, whatever thc chemical coment is. 

the presence of water is considered <IS a blessing (Figure 9). 
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CHAPTER fOUR:MATERIALS AND METHOf)S 

~ . I Study Design 

The siudy was designed in three phases: reconnaissance survey. dietary intake vs <ISSCSSITlrnI. 

of nuorosis and mitigation of ingested fluoride using Ilutrien t supplcmCllIntioll (animal and 

human). The ilCli vities conducted in each phase arc out lined in table 2. 

TalJJc 2: SUmman' orstutly uesi II $!Illl Jles coll t'c l('d SUb "Cl' ts and slud y sill's 

n{,COlillilissaliCC survey 

S:lIlI pl('s co llee\('d 
Wmcr 

• Food (prepared) 
• Food ingredients 

Dala eoll('clNI 
Information about 
commun ity water 
Source (II ored,l) 
Dietary habils 

Sillily sile sell'clion: 
Forty eight water Sources 
were purposively selccted 
from three dicl3rv areas 
(dairy, cercal on; and 
cercalillo) in Ethiopian 
rift valley based on 
information obtained from 
rcgioual Willer reSOurcc on 
fluoride Icvel 

Dietary Ouoriil c 1I 11t1 

Flu o m s is lISSCSSIIICll1 

Sa lllpies co llected (/rolllllllo! 
selected si/es) 

Duplicate plates for ch ildren 
and mothers (Food, 
Ocvcragcs, Water and Milk) 
Morning urine 

Siudy sil l': 

Three water SOurces each from 
dairy. ccreal one and cereal IWO 

based Wi1h Olloride level in the 
range that causes skeletal 
Ouoros is were se lected (Bcl1li 
Kobochobarc ilud Ilal.lku) , 

4, 1.1 Phase O ne: Reconn:tissancc Survcy 

4. /.1.! Slfl(~Fflrell 

Nutrient SUp pll' lII l' l1tation :wd 
mitigat io n of ill gl's ll'd /luoridl' 

Samples l'ol ll't ll'tI 
Auim a l s tu dy (6 \In'ks) 

Food samples (CSB) 
Urine (2'1hr) 
Fc:-ccs (2·' hI') 
Waler 

1111111:111 T r ia l (7 days) 
- Morning llrim..' 

S tUd)' s ill" : 
Animal sl lldy ill EPI II 
labonllory :md I lurllilll study in 
111I1'lkli COllllllllllily 

The r('connaissance survey was cond ' . ~ . 
Th E h" , uCled III 111<1In Et illop ian Rili Valle\' (tvIER V) in 2011. 

e .:1 loplan Rift Valle'll is part 01" tl b" " " 
""' , lC Iggcsi r· fi 

II n I Syslem 01 Ihe world, which ex lends rom 
lC eastern part of Jordan 10 Ih C . 

Coast 01 MO'alllbiqllc Th E I""" (I-I(V) has an average width of abo -, c ' 11I0pian Rift Valley.: 
lit 100 km <lnd disccis II .~ 

tI,'lost of Ell' . I le COuntry from the northeast to the soulh\H sl. 
llOPla1l akes arc situ<lted in the rift vall " • 

fluoride above the WHO " . ' ey (Rellll<lnil el al. 2003) and conlainc 
rl.:collll1lcnd a liOn. 



4. J. J.2 Site w lection for di(!/(try fluoride intake assessmellt 

A preliminary study was conducted on 48 water sources purposively sc lc..-ctcd to identif) three 

representati ve cOllllllunit ies each from dairy based. cereal based and roots and tuber based 

arcas. The aim or lhc survey was 10 idellti fy three communities which had a water source \\i1h 

tluoridc content in the range that causes skeletal fluorosis (S-7mglL) but difTcrcd in dietary 

habits. Prior to conduct ing a visit to the study area. collections of rclcvunt information 

regarding waler lllloriclc level and fluorosis were carried out frolll regionul bureau of \, alef 

resources in SN NPR and Oromia. Water sources wit h at least 10 years' service and 11110ridc 

!evel 2: 5 mg/L were selected. As tllllch as possiblc, fac tors such as socioeconomic status and 

religion have been made similar in the course of the selection. During the survey food amI 

food ingredients were co llectcd from each area to investigate the Iluoride conlent (Table 3), 

Based on the assessmcnt. Benti water source (17 = 6.2 mgtl) (S'S4'N & 40'OO"E) from 

Fcntale (Fenta le worcda, Orol11 ia), lIalaku water source (17 = 5,0 mgtl) (T52·'N & 38·40··E) 

from Adnmilul u (i\damitulu Jido-Kombo\cha woreda. Dromla) and Kobochobarc watcr 

source (F = 6.9 mgll) (7' IT 'N & 38' 06·'E) from Alaba (A laba Special won.:da. SNNPR) 

wcre scleclCd for the dietary assessment (Figure 10). During the course of selection elm: to 

change or the water source to low Iluoride borehole, communi ty with fluoride water source in 

the ran ge of S-7mg/L was not found in roOi and Luber based dietary areas. l ienee. the rQol ami 

tuber area was substi tuted to finger millet and corn basl,.'!l dietary ,If(:US, 

4,1,1.3 Foud (Il1d lI'oler S(lmpling 

Water samples wcre co llected in cleancd polyethylene bottle directl y from sources. Staple 

foods: lnjera. bread (both commcrcial ycast and cultuml yeast rai sed) and unle:l\\:nt!d br~ad 

made by the w<Iter sources we re collected all along the main Ethiopian Rirt Valle) (ERV) 

from Dubti in Afar to Dimlll in Wolavita. Samples of food ingredient:, (grains, \"cgetabh:s, 

legumes and t~a leaves) were collected from households and communit) shopping centers 

into polycthylene bag and kept in icc box ulltil brought to laboratory. 10 examine the tluoridc 

b ,ci of tea brewed with fluoride contaminated walcr. 2.S g of dry lea lear \\as boiled for 3 

minutes in 100mi wntc r nuoridated at SmgF"/L. The final W:ller volum!! made up to 100 mL 

in oreler to \.:olllpens<l1c for amount evaporated. Thc sU lIlmary of food oml lood ingredil'1l1:-> 
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collected arc given in Tuble 3. 

Table J: Summ:lry of SlHllllles co ec ., 't of ~I hiop ia ll Rift Valky (E ltV) II led from selecleu 5 1 es 

." 
~ ~ -" = ~ ~ 

~ " :: .Q 

> E ~ 
• • ." ~ ." 

~ = ;; E 0 0 ~ 
, 0 ,. g; - " o. 0 

~ = ~ ~ '- -• ~ 0 = :0 .Q -l f-
Region ?: r.;> > c: 
Dairy based area, Ahu 

II 0 5 5 2 0 0 
and Kereyu, Northern 

ERV"(N =I I) ............. . . -- -- ... --- _. --.. ---_ ........... -_ .. -- ...... -... -... -""" 

-
" 

" 
~ 
" 

~ 
-<. 6 

0 

· ~j;·iz~··~;id · \Vhem bascd . ................ . 

CClllral area. ERV, 22 13 27 20 19 , 
J 8 o Oromia (N ::. 22) 

........ .. -..... . 

based arca, SOllthern 15 7 

ERV. SNNI'R' (N~ 15) 
13 9 4 10 5 2 

Total 
48 21 40 34 28 

2 15 G IU , 
J 

SNNPR '" - South Nation National ities People Region, ERV...... Ethiopian Rili Val Icy 

·U .2 Phase' Two: Dietary fluoride intllkc :1nd JluofOsis assessment 

4.1.1.1 Daily fluoride illlake by scftool age e ft ildrell (10- J 5yelll'lj (/11(1 biolo;.:icu/ molllers 
SIII(~)1 siles 

unit \' 
The st tldy areas were selected based on dietary habits and fltloride contert! in comm . 

water sou rce. Some foods arc believed to reduce fluoride bioavailability. Fl'w slUdics ha\'t' 
I I 

" . f' d fl 'd b I . I CIS In this COrre atc( mtttgalton 0 tngeste tlon e yea citlm rich foods stich as datry pro'tI . 

slttdy thrcc dietary areas. each from dairy based, maize and wheat based and linger millet and 

. b I I dl·h· '1 lIClllin matze asC( were se eCle. e selected dtetary areas have drinking WHler Ilttort( e COt 

the range of 5-7mgll and have similar ecological condit ion. 
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Frlll.ll l' (Ik nti w:lIer source (8'54 'N & 40'OO"E): is in the North Eastl.!rn Oromia. 

characterized by high ann llal mean temperature. low rain fall and breeding of cattlc (Agro 

pastoralist). The diet is fu lly dependent on dai ry products. 

Adamitulu (1I :l lll ku WlI Il' r soure r (T52"N & 38'40" E): is situated in celllr.tl Oromia, East 

Showa. It is characterized by wheal and maize growing, low annual rain fall ond high 

annual mean temperature. 

Alaba (Kobo Chob:lrc WOl ler source (7' IT'N & 38 ' 06" E): is found in Ala ba Special 

Woreda in SNNPR. The area is characterized by finger mi llet and maize 

consumption. high rain rail and relati vely low alllllmi mean temperature compared to 

the other two selec ted areas. 

'. ;~ 
,;: . ~ 

N 

Ala ha t 

Adll rnilulu 

FigurelO : S tud y s ites fo r Ouori tle atHl n uorosis ;ISSeSSl11eul 

, , , ( S b' " fi I/fli/)) 11/lUr ide illlllke lIl/(/ Jilloro.\'i~ St!lecl lOlI of 1I01l.H! /w/dS amI StllfY 11 ~I!CIl or J ' 

(/SSeSSlll e ll t 

Iiouseholds (1111 ) who hud been using the selected waler SOllree. dwelled in thc area ror more 

rio 15 \'e'lrs were select!!d for the stud). than 10 years and had a child in the age range 0 • ~. 

d I I t dy p'lrtici lJ<U1I S including head urlhe 1111 EliQiblc III Is were briefed about Ihe Sl u yan< t 1e 5 u < 

. . . II slId\' All households "ho gave consent \\Cre requestcd for willi ngness to partI cIpate III IC l ~. 

and eligible were rec rui ted. 
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. /.. Id I 'Idrcn as study participants were based 0 11 previous rcpo", Sclccuonsof lOto IS)carso ell .,,_ 

. I (1987) . dicalcd [h 'i! maximum prevalence of dcnt<1I fluorosis \1, .... Tckelc-i-Iammllot el a . In < , ~ 

obscrved in the 10-14 years old children and severe dental man li ng was found ill 32 % of the 

samp cell reno e CUI I d I 'Id 'I'h llUlalivc effects of fluoride exposure would be expected 10 be seen 
most c car y In C I rei _-I I . h'ld 1 11 14 years old at a time when Ill ost of the permanent dentition is 

fu lly erupled. Dental assessment in younger age groups may not provide su ffi cient data fora 

dose-response annlysis (Dean, 1942). According \0 Wondwoscn ,mel his c()llcuguc~, the 

prevalence of dental fluorosis (IT· score 2! J) in 12 to 15 years olel Ethiopian children 

consuming drinking wmcr of 0.3-2.2 mglL fluoride level was IOllnd 10 be 91.80/, 

(Wondwosscn el aI" 2004b), aut for tbc assessmcnt of skclclal fluorosis adults \\ bo lived fOf 

more than 10 years arc sclectcd as it is cumulativc problcm, 

Children in each I-IH were selected based on simple random sampling. J\ lulal 01'296 childr(:n 

10 to 15 ycars old and their respcctive biological 1ll00bers were random I) sL"il:ctcd from 

communities consuming the selected water Sources, lJiological mothcrs in the age range were 

selccted to make sure that thcy wcre lived in the area and gave birth to the index child. Only 

one child was selected from each Hr! . It was strictly assessed that scb:h.:d chi ld had been 

consuming water rrom thc arorementioned water Sourcc right rrom birth . Ikltln,': :lsscssing for 

dental fluoros is study participants were instructed to clean their tcelh. 

24 Itr /)Up/iCflle plllle 

Food consumed by Ihe ch ild (10-1 5 ycars) and biological mother was collec ll..'d from 20 % of 

Illis interviewed. During lood collection, duplicate plale method was uSl:d i. I..',. equal amount 

or rood consullled in cach meal by a study j)art ici paru over 24 hour was sampled ille<Jch JIll. 

The J II Is for duplicate plates were randomly selected. The eSlimated amount or lood lell OWf 

rrom amount served was reduced froll1 the dlllll'c' l lb ' '1'1 est imated 
I a e p ate y carc-gl\'Cr. l C 

amount consumed was weighed and col/ecled into plastic bag. The foods were collected on 

One week-day and one weekcnd. Unintentionally, the selected dietary areas arc Muslim 
inhabi tallls and havc no sl>cc ial d . I . d' r\' 

< ay III t 1e week which could have chall !!e tilelr Iclll. 

pattcrn. Thc food ingrcdicnls wcre Iabelcd wilh uniquc code and kCPl ill eool: d ic, box uill il 
brought to laboratory. The pooled/com '. ') I . /' 'd ill 

POsHe _4 lr loods were homogeni zed and llllal)zc 
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duplicatcs for dietary fluoride and nutrient illlake. !leverages. milk und Willer consumed b) 

Ihe study participants werc sampled and analyzcd for dictary fluoride contribution. In order to 

calcu late nutritional status and Iluoride intake per day per body weigh!. the wcight of the 

partic ipants were record cd. 

4.1.1.2 Kil l } of the COI1/1l1l1l1il)l 011 fluorosis (fJulmiligttfirJII : Protocol for lJ lUlJilfl th 'e (/(lUI 

collec/ioll 

The qualitative research mcthod utilized foc us group discuss ions (FG Ds) as a technique of 

data collection. Part icipants of the FGDs werc selected from Ihc community based on their 

years of li ved in Ihe area, age. social activity and sex. In each grOllI'. community 

administration. elders (both womcn and men). gate kcepers (influential persons) and health 

extension workers participatcd. Generally, 5-7 persons wcrc used us discussant s. The 

discussion was facilitatcd by principal invcstigator (PI) of the study and Worcda W,Her 

resource expc rt who ass isted on gu iding. Co· facilitating and translating language \\ hcn needed 

during the discuss ion. Three foclIs group discussions were conducted one in each dietary area. 

Participants wcre invitcd to take part on a voluntary basis and briefcd about thc study and the 

possible outcomes for their community. The discussants were maximally stimulated to di scliSS 

thei r opinions freely. The di scussions were in the local language (Afan Oramo and Alabcgna). 

A pre-slructlln.:d discussion guideline developed by Mctaku and Ismail (2002) was modi lied 

10 include the intcrvcntional aspcct and used lor the discussion. The di scuss ioll foclised on 

knowledge and perccption of thc residellts on Iluoride. de fluoridation, fluorosis and re latcd 

health problems and dietary habi ts. In addition. woreda inlormation on fulU l'I.' plan in the 

\\:I\er sector. annlLal mcan temperature and rain fall were co llected. The data \\ere transcribed. 

restruc tured and summarizcd. 

4. /.1.3 /Iollse/wld (I I I I) level ill/tmlltltioll 

I I, . . . 1111 d CO I111111I11it)' were collccted using structurcd n OrtllaUOll regardi ng parti clpal1ng s an 

questionnaire . The 1111 qucstionnaire focused on socio·demographic, kno\\ledge. fin itude and 

practices on detluoridation and tluorosis mitigation ~md dkt" ry habits using Food I-rcquem:y 
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Questionnaire (FFQ) and food security status using Household and Individual Dietan .. 

Diversity Score (II DDS & /DDS, respectively). 

4.1.1.4 Urille sample collection 

1\ ol'mng unne SPCClI l1 n \.::" '1 ' . . e s " IOmL) were collected in a caped plastic lube rrom index child 

and biologica l mother in each I-II I. The sample was kepI in cooled icc box L1ll1il brought to 

laboratory fo r n uoridc and iodide analysis. The icc box was cooled wi th icc packs which 

exchanged at 12 hours interval to prevent the samples ii'om decompos it ion . During nighl loc 

specimens were rcJi';gcrated at nearby health cenler or hospital. The sarnpks Wl:n: labell'll 

with uniqlle code. In I-I/-Is where there was morc than one child , the inckx ch ild was selected 

by IOssing random !lumber. 

4. 1. 2.5 Deli/aI, Skeletal (lilt! Non-skelel(tl jltlOrosis IISSI!SSIltI!III 

School age chi ldren ( 10-1 5 years) and biological mother in the sekcted I" Is were asscssed 

for dental nuorosis using Dean Index (Dean. 1934). Subjects were to ld to thorollghly ckan 

their teeth before the assessment. Skeletal and nOll-skeletal Iluorosis ratl:s \\cre detcmlincd 

using clinical symptoms and physical exercise as developed by Susheela el al. (2002) and 

Shashi and Bhardwaj (2008). According to Sushecla el al (2002) . ind ividual s who could not 

perform the physical exercise (Figurc 2) in the endemic mcas were c;lH:gorizcd as having 
ske letal fl uorosis. 

-L 1.3 l)h;1s(' Thr('c : Mi liga tion of ingesled Fluoride 

4./.1.1 Animal lriftl 

The .nim,1 experiment Was conducted", Food Science I,bor",ory of Ethiopian Public llealth 

Insti t",e (EPIII ). Equivalent .ge (14 weeks). similar weight ( I 86. h5.4) and si mibr sex (,II 

Icmale) of Albino Wistar rats were grouped in to four. The ra ts were kept lor 3 weeks until 
they were well adapted in metabor . I d 'I IS 

IC cage an 10 provide washout pe riod as wel l. "/ 1C ra 
\\ere obtained from EPllI zoonoses '. h . -. . d' , 

rcsearc sec lion. / he Supp lementat IOn was slane III 

metabolic cage th'" enab les co llcction of laeees and urine for 42 consecuti ve clavs. Faeces and 
urinc wc rc collectcd e\'cry )4 hrs TI • bl "I 

- . 1e rats WCre red 0 11 porridge made rrom Com-So),a ('I 



(70: 30). Lcfiovcr food and watcr was mcasurcd every 24 hrs during sample collC'Ction. The 

cages were cleaned every 24 hI's ancr sampling. The mean da ily ICmpCr3lurc \\as 20vC \,i lh 

12hr day-light cycle. 

Diet 

The calcium or moringa givcn for thc trealment groups were blended with in-house prepared 

ration (Corn Soya blend. CSB - 70:30). assuming the amOllll1 Ihnt cun combnt fluoride 

available in watcr The w:Iter was iluoridalcd at ]0 mglL Calcilllll used lor supplellll:l1talion 

was llsed as calcium ci trate (500mg, Solgar LTD, USA) and moringa dry leaf (Moringa 

S/cnopela/a) which was used in the tria l were collected from Konso. SNNPR. Elhiopia. The 

fresh leaf was collected and dried at room temperature in EPI II laboralory. The c~ltegorics or 

rat. ration and supplcmentat ion provided during the study period arc summarizcd in table -f. 

Tabte 4: SUIII mary o f I'll [io n :1 lid suppl<.' mell ls Ilro\' ided for mi lig:lliull of illl!{'s l{'u n uoritlc 

Catcgory C rollp I Croup 2 Group 3 C rOUI} .J : 

Group code FF FC CA M 

Watcr Non-Iluoridated Fluoridated Fluoridated "':I ter Fluoridated 

watcr at IOppm at 10ppm water at 10ppm 

Ration Corn-Soya blend Corn-Soya blend Corn-Soya blend Corn-Soya blend 

(CS I3 : 70: 30) (CS I3: 70: 30) 

Supplements None None 

' 02mg Calcium C(1 uiv .. rcll\ 

4. / .3.2 1J1I1I/{//llriu/ 

(CS I3 : 70: 30) (CS I3 : 70: 30) 

Calcium tablet - Moringu 

blended wilh CSt) Sienopc1<IIa kat" 

(O.SIll!; tablctll5g powder blended 

CS I3) wilh csn (0,1 g 

dry loaf I ISg 

CS Il ) 

The human trial was conducted at lIalakulAdamilulu fo r eighl days including the lirsl day 

\\'h' I I' '1'1 b'ccis were rccruited from Ilnlnku community based on IC 1 was Ll sed as a base lIle. 1e su ~ 
. . .' fl · ubiccts wcrc being in n:producti\c age. 

SCI IIlclusion criteria. The inclusIOn entcna 0 tle s 'J 
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non-pregnant. non-Inclating and being 111 good hea lth (have no <Iny inlonncd sicknesst 

• " I b" " I ' Ilfilled the inclusion criteria were selec ted randoml v Irom I\'jllin~ 1 \\cnt~ rig It su ~~cts \V 10 It • t 

\\OI11C/\ (N = 96) and categorized and assigned randomly into one or the lour groups namel)~ 

Milk. Morin2a, Calc ium and Control. Each group was comprised of seven subjects. Moringa 

and Calcium group were given Skg wheat flour which was blended wit h dry rnoringa leaf Or 

calcium ci trate (both 20Dmg c<llciulll equivalent). The milk group wns gi\ cn 250 mL mir~ 

dnily with wheal flour. The con trol group were given wheal nOllr alone. 1\11 groups \\'c~ 

instructed to bake and prepare bread (150g flour). J\ standard measuring appar~HlIs was given 

to subjects ror measuring the flour. The brend was eaten at dinner lime ath:r which Ihey drink 

water as usual. The milk group was instructed to drink the milk (bclorc dinlll . .'r). All the stud) 

participants were taking the loads undcr supervision of heal th c.'"tension \\nrkers. They wcre 

inst ructed not 10 share the foods they prepared and to bring back any Icrt O\er. I 10wc\'Cr, Ihc~ 
were allowed to prepare separate meal for family in case they need to do so. The stud)' 

part icipants were instructed to take their lIsual consumption of load. be\'~ragl.! .mel Willer in 

addition to the supplement food. Eac h day Ihe subjects collect Illorni ng urine in a coded 

plastic tube and delivered to the health ex tension workers. The health L'.\:\l.:nsioJl workers 

checked for consistcncy. volume and code. Urine samples were quickly s tur~d ill icc box 
cooled with icc puck until brought to laboratory. 

4.2 Ethical c!e:lran ec 

The project was approved and ethi cal clearance was Obtn incd Ji'O!ll Elh iopi<lll Pllbl ic Hcahh 

Institute (EPHI) letter of' SUPI)Orl \vas 'ilso obt " d I" . . '1"1 III{I,' 
. "ame rOIll regional heal th oltlces, 1C s .. 

was conduc ted according to ru les and guide lines of' Research and Ethical Ckanmcc 

commillec (RECC) of Ethiopian Public Ile~l lt h Institute (EPIII ), Ve rba l inlonll~d consent was 
obtained after thc purpose and 111"lh d /" I d r 

~ 0 SO l Ie study had been full y explai ned to Ilea 0 
selected households. Woreda (d' · ' ) I I I h 

Istnct lca til. Kebcle (subdistrict) administra tors and hca t 
extension workcrs inclUding \\'oreda ' . I" h' 

\\mer supply experts were briefed the objec!!"c 0 !, 
study. The III Is were rcquested for will" ,. . , c 

IJlgncss 10 prOVIde morning urine, prcpilrc duphc,,1 
plate. and to keep the usual dietinbit r I ," . I' 

' ' SO l Ie P<lrI!Clpal1\s and to duplicate the die! as preClSC) as pOSSible b" observing the . 
• dlllOUIllS Consumed by the subjects. The households who 



Participated on duplicate plate preparation were compcns", ' d b ' I , __ ~ .. \; ) 1110n(."y CQlll\'3 em to IUUU 

and toad in1.!.fCdicnls collected for each subiect and ,'" ,d ' d ' ~ J 11C WilS C lor n:spon IIlg 10 

questionnaire. Any cl in ica l cases observed during the survey were advised to go to ncurcSI 

health insti tution for treatment. 

Pri or \0 the c1 inic,i1 Irial , informed consent was obtained from the WOlllen to p':lrticipalc in the 

study. The study p<lrtic ipants were in formed about the pOienlial benefit of supplementation 

andl or di ve rsifying dict with ca1c illill rich sources. They were told the righl lo wilhdr~l\\ from 

the stud y at any stage. 

4.3 La bo r:ltory App'lnltlls and Rea gents 

.. U .1 Appa.-a tll s and materials 

The laboratory apparatus and materials used for the study included: rcrrige rators (·20. ·45 und 

-4(\C, Thermo sc ientific , UK), freezc drier (CHRiST BETA 1-8 LO plus. SciQuip Itd.UK). 

nickel crucibles, analytical ba lance (160 ± 0.0001 g) (Ainsworth 1\1\·160. Diver Instrument 

ltd. USA». spatula. pi pettes, pipette fi llers, hot plate, mume rllflU1CC (Cmbolitc. UK), goggle. 

tongs. ovcn. washing bott les, 50 IllL plastic beakers, magnct ic stirrer. magnetic road. 50 IllL 

graduated plasti c tubcs. Ii Iter funnels, ti lter papers. di lTerent sizes of vo lumetric flasks. plastic 

bcakers (50mL). distiller (Aqll<ltron, Bibby Scientific ltd. UK). dc-ioni zer (Bnrnslcad E-purl'. 

Thc!'lnoscicilli lic. USA), pl-l / lSE meter (Orion Model, EA 940 Ex pandable Ion Analyzer) 

equipped wilh combination fluoridc-scJccti vc electrode (Orion rvlodcl 96-09: Orion research. 

USA). dual channel Jcnway pill ion meter, PcrfectlON (Mcttler Toledo. Germany) nuoride 

ISE. pll glass elec trode and BNe cOllnector(fvlculcr Toledo. German). 

~ .3. 2 Chemica ls and Reagents 

NaOIl pellets (ACS grade). lIe l (37% sp.gr. 1. 19). bu tTer solutions for I' ll cnlibration. NaCI 

(99%). EDTA. tri. sodiull1 aClo!tate, glacial acetic acid. 2 holl ies or 1000ppl11 Iluoride 

calibrati on standard as Sodium fluoride. 2 boule orTISAB III and II and NaF (ACS grade). 

All SO lut ions were prepared wi th double distilled andl or dc-ionized waler. 



-',3.3 Food ill'ms used ror clinic:! trial 

. I f d C I ·" 1" Citr'uc (USA). Mi lk (MAMA milk. Scbcla AgroindUStry i\ lorJllga dry ea pow cr. a CI < " 

EthIopia. om· oya ell . 11, , • . .) C S bl d (70·j'0", mature seed. toasted and ground ill house [PHI 

experimental kitchen) and Wheat flour (Kalily foods Share company, Ethiopia), 

4.4 Sample Pretreatment and Laboratory Analysis 

-L·U S:Ullplc "rrlre'llmen! lllld lIIoi sture conlenl dclcnuillll1iull 

The pooled duplicate samples (food sampled over 24 hours) collccl.:d \\cri.! ground nnd 

homogenized lIsing blender (Philips, Ilungary). 

4.4.1.1 Moisture COllten! de/efillillulioll 

Ilundrcd gram fresh samples were taken and lyophilized 10 constant \\eight using freeze drier 

(CHRiST BETA 1-8 LD plus. SciQuip ltd, UK). The lllo islUrc COll h.:1l1 \\as determincd from 

the difference betwcen fresh sample and dried weight. The percelll mOi Sltl rl' Hen.; calculated 

followi ng lhe AOAC "'elhod (AOAC, 2000: 925.09) 

Calculation: % Moisture = (W/W1).x 100 

Whcre: 
\VJ = Weight of fresh sample 

\V2 = Weight of dry sample 

IV (weight lost) = W 1_ W, 

.. 1.4.2 Analytic:d Procedures rOI' s:ullfll e PI'CplIl'ation 1'0 1' flu or' id e ana lysis 

The fl uoride le vel in lood samples were determined bi.1Sed on the alb li fusion alld Iluoridc ion 

selective electrode mcthod (Maldc el al.. 2001). Urine samples (both human and rat) were 

dircctly determined by adding T1SA13 III based on the method of Jenway Ocnway. 20 11). The 

rat feces were treatcd similar to food samples. Spiked food, feces and uri ne samples were 
analyzed using known addition methods (Jellway, 20 11 ). 

4.4.1. 1 TIS/! IJ (III) IJrepartlli{)1I 

In add ilion to purchased one fro M I ·1· db" 
m I Ct cr oledo (Germany) TISA13 (I II) was prepare . 

diSsolving 58 g sodiulll Chloride 2 g FOTA 7 . . . lie 
• J ,g tn-sodlUlll acetate and 57 Ill!. glacwi ace rlcid in 500 mL deionized Water a ' I II 

.. < s per t 1e Company Illannual (Jellway, 20 II ). I:imdly the p 

E. 



~m, 

was adjusted 10 5.2 by llsing 5 M sodiunl hydroxide solutions and \o luInl! udjustcd 10 one liler 

wilh deionized wa ter. 

4.4.2.2 Staudard I'reparfllioll 

Standards were pre pared by series dilution of the (stock) standard ( IOOOppm F) purchased 

with the electrode (Mettl er Toledo) . Consecutive dilutions were used to prepare stnndnrds i ll 

100. 50. 25. 20. 10. 5, 0.5 and 0.05 ppm working slandnrds. The stundards \\ere used 

depending on c.xpcclcd fluoride level orthe samples. 

4.4.2.3 Cu/ihrali(J1I oj th e electrode 

/\Iier the ash had SCHlee! and the solut ion was clear. aliquots of 10 or 5mL sam ple \\cre taken 

out and mixed with equal amount of TISA I3 III solUlion. TISA !) was added to obtain a I' l l of 

5.2·5.4, which is the optimum pH ra nge for fluo ride determinatioll . The same amount or 

TISAB \Vas also <Ic1decl in to equa l amount of deionized water (blank) and in each 10 mL or 

standard solut ions. Theil . the instrument was cal ibrated using blank and standard solut ions of 

Iluoride concentration: 0.05. 0.5. 5, 10 and 20 mglL. 

g (l 

no 
f ~ .r.) :: ,5,).30>1 ' 5j.73 

1i '_O. '.I<)<)B 
,~ 

M 

'" 
'" 
" • 
" ." •• .)$ 0 0.5 

Log C tngfL 

L' 

E,mv 
I!O.f 

Y: ·50 .4)( ·77. 6 

R: - 0.9988 l 

, .... ,l--~--r---.:--~ 
t o I ..) ' " ,. :.. 

Log C IllgtL 

Figun.· I I : Ca librati on curvc for nuor id e electrode 
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4.5 C:llib r:ltioll Curve 

(r· I I) of fluoride rellccts the ratio between the Content of fluoride;. The standard cu rve ' Igurc WI 

I · d ,I sl,I' ·"'g 'l1CaSUfCm CIlI response. In preparing a standard curve [l. n so UllQn an lC re , Lit' 

fol/owing conccnlrJtions were used: 0.05, OJ, S, 25 and 50 mg f- /L. The cal ibration Curw 

shows a linear relationship bel\vCCn fluoride concentration in the standards <lIld -mV.reading. 

This is in aorcemCI11 with the Jenway working manua l (Jcnway, 20 I I) . o 

4.5.1 Flu oride an:i1ys is 

Urinary fluoride. lood beverage feces ;md water wcrc analyzed using PcdcctlONT.1I 

combinat ion Huoridc ion selective elec trode (MeHler Toledo. Germany) coupled with bench 

top dual channel ion-meier (Jcllway, model 3345, England) at Ethiopian Public Health 

Insti tutc (EPI·II). Thc samples werc dctermined potclltiolllc tri cJlIy using a Iluoridc ion­

selective electrodc after cal ibrati ng the electrode wi th 5 point calibrat ion standards. The 

mcthods used were that of Orion (Orion, 1991) for urine and water and Ill l'lhod 01" Maldc (!/ aJ 

(2001) fo r food, beverage and feces. Since the Illnlrix of leecs is s imilar with that of food 

cxCCpt indigestible polysaccharides which would be decomposed during ashing. the lluoridc 

in fcces was delenllincd Llsing the mcthod adapted lor lood by Maldc (200 I). Fluoride both in 

water and food was p<U1ia lly determined <II chemistry departmellt. Addis Ababa Un iversity 

(AAU) using pl-llJSE meIer (Ori on Model, fA 940 Expandable 1011 Anal yzr.: r) equipped with 

combination nuoridc-ion se /eclive electrode (Orion Model 96-09). 

·1.5.2 l'l"ox illl :l lc and mill cnll an :iI)'sis 

All other parameters: proximate and minerals were analyzed by methods o' ·"OAC from dried 
and ground samples as illustrated below. 

IIO I I':lg~' 



4.5.2.1 Tolal / lJh 

The 101ai ash content of food samples were determined follo wing the procedure of AOAC 

(2000) and cH lculatcd as % ash as fo llows: 

Ca lculat ion: %Ash = (W,/W,) x 100 

Where: \VI = Weight of smnplc (dry \\ ciglll base) 

\\12 = Weight orash 

4.5.2.2 Crude Pl'o/l!ill 

Kjcldnhl method was appl ied 10 determine nitrogen content and therefor\.' prOlcin 

determination (I\01\C. 2000). The crudc protein va lue was calculmcd from 10ln l ni trogen 

using the fae lOr of 6.25 as per f oss tccator manual (Teeator. 2003) 

Calculmion: mg nitrogen in the sam ple = V x N x 14 

g ni trogen / 100 g sample = mg of nitrogen x 1001 mg sample 

Tota l ni trogen (%) = (Vb X N x 1.4)/ \V 

Crudc prote in C%) = total nitrogen (%) x 6 .25~ 

Where: V = vol ume of sul furic acid consumed 

N = normali ty of lhc acid 

1.4 = Eq. WI of nitrogen 

4.5.2.3 Crude FltI 

Fats \\cre determined by Soxhlet extraction apparatus as described in teealor mnnunl (Tecator. 

1998) -1-1 J-e - ,-I- cd gravimetrica lly and caleulutcd rrom the dilrer~nce in . 1C amount 0 lat was qUdn I I, • 

weight of the e."t raction nask before and after extract ion as percentage of enid,' fa t (AOAC, 

2000)_ 
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Calculation: 

Fat g/ [OOg fi'csh sam pic = \V x (100 · % moisture ) / WI) 

4.5.2.4 Crude Fiber 

Where: \V = weight of fat 

W2 = weight of extraction flask alier extract ion 

WI = weight of extraction flask be/orc cxtraction 

WI) = weight of dried sample 

Crude fiber was determined following the proc~dltrc of AOAC (2000). Thl' undigcsted 

residue collected after digestion was ignited and loss in weight nner ignition calculated as 

follows: 

Cnlculm;on: Crude II ber gi l OOg = (IV,- IV,) (J 00 - M) / IV, 

Where: \V I = Crucible we ight alicr drying 

\V2 = Crucible weight alier drying 

\V3 = Sample dry weigh 

M = % moisture contelll o f the sam pi.: 

4.5.2.5 Citrboltj'dmte 

Total carbohydrate COntrll! of food I ( . " . 11 

samp cs per 100 g) were calculated by dllllTcncc USltl:­
the pro.x imate composit ion as fbllows: 

Total carbohydrate = 100 - (C' d . 
III C protcln + Crude fat + Ash + Moisturc content) 
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4.5.1,6 Minerals 

The mineral contents of water samples were determined using atomic ubsorption 

spectrophotometer after ac idifying as per the instruction manual or the company. Thc mineral 

contents of food samples were determined rrom thc ash product as per the AOA method 

(2000). Calibrat ions o r the instrument was conducted using the instruction manual of the 

manufactllrcr (ShimadzlI, 2012) 

.l ,5,3 Qua lity co nln, l 

Each sample; food, waler. bevera ge. urinc (bOlh human and rat) and rcc~s (rat) was anal)"l.cd 

in duplicates. All thc analys is; proximate. minerals and fluoride were analyzed against blank 

samples and along wi th standards for quality control. More over Certi fied Refercnce ~ I ateria l s 

(CRM) werc also analyzcd along thc samples to check the accuracy and sensiti\ it )' of thc 

method. Plant ti sslIe made by National Institute of Standards and Technology (NIST. '1\) 

and fi sh tissm: prepared in house by National Institute of Nutrition and Seafood Research 

(N IFS. Norway) was used 10 val idate the method for Olloride anal ysis . 

.l.SA I) :Ila a nalys is 

Data obtained from the assessment were intered and USlllg analyzed using spread sheet 

(Winelow 7) and SPSS vo lume 20. Fluoride content and nutrient levcl of foods were 

calculated for mean intake, perccnt of recommended daily allowance <Inc! upper tolerable 

intake. The cli nical trial data was calculated ror comparison of mean and signilieannt 

difference be twccn trea tment groups and cont rol using non-parametric amllysis. 

113 11' ,I ~ ~ 
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CIi APTEn FIVE: nES VLTS AND J) ISCUSSIO ' 

5. t Fluoride sources 

More than 93% (N =- 48) of drinking water samples co llected from Ethiopian rift \'a1!~. 

contained fluoride concentration above WHO guideline (WIIO. 2008) l'or drinking Water. 

Aboul 80% of the waler samples (figure 12) were in the range Ihal can calise skeletal 

fluoros is. 

Assuming the low altitudes of Ihe Rift Va lley « 1500 above sea level) and annual high lllt'an 

temperature. which induces eX Ira water intake, it is clear tha t the POPLIblion ill the rin system 

is under crit ical fluoride contamination. 

Water fluoride level 

5 , 

"' % 

, 

10 

) I J 
< - ,; , t= 1.5 1.6· 3 3. 1- 6 

\V II O C3lCgory, rug/I. 

Figure 12: Fluo ride len" of water SOurce rFR / . 

S U • \ CU legofized based ou Wi lD Cul -o fr poin ts 

Brouwer and hi s colleagues (1988) re. . 
. poned thm fluorOS Is can Occur <It Il uorick COll cclltW\lOn 

as low as O.8mgll depending 011 Water · [ k .. . . . 
I lia C dnd dlctary habits. Out nuoridc conccntrullon lD the study areas were mllch higher I (" _ 

I l<ln I able)) the guidel ine value or 1. 51l1!.!/L set by World IIe'alth Organi7..mion (2008). ~ 

The fluoridc C0l11el1l or different ('00(1 ' I' I 
II l!lgrc( [elliS coi l ' d I' . , . d ('I'ab' ee le rom nit areas IS tabulate 
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6). The samples were co llected from [-II-Is as well liS community markel. during mar!.;ct days. 

The resuits show that Tell' and chili powder had the highest amount of fluoride. Rape seed. 

!lax seed. wheat and maize flo llr bought from the local market htl\ c significant amounl. It is 

clear that if these food ingredients arc prepared using nuoride contaminated \Valer, it \\ ill have 

fluoride conlenl that exceeds above the upper tolerable leve l. Finger mille!. [ish ti ssue. 

"Shiro" (beans powder), lomato and onion arc among the food ingred ients cOIHainlllg 

appreciable amount of fl uoride. Moreover food items such as ri ce wh ich has w:Her absorption 

capacity may accumulate more nuoride than olhers (Tcgcgnc el al., 20 13). 

Table 5: SII 111 111 a ry o f l1 uorid C' a nd III inl'nl ls contcnt of pot,l hlc WOl ler (mg/L), (1\ IC'1 Ii 2. S I) 

Rl'gion Fluoridl' I r Oil Zinc Cakiul11 I' hos phor ll s 

~10fthern ER V t\ far and 

kefeyu (N := 1 I) 4.1± 1.7 0.3 ± 0.4 0.1 ± 0.0 1.6 ± 1.6 0.5 ± 0.2 

Cemral ERV Oromia (N 

= 22) 8.7 ± 2.7 0.1 ± 0.0 0.1 ± 0.0 1.7 ± 0.5 0.4 ± 0.1 

Southern ERV. SN PR 

N= 15 4.3 ± 1.5 0.3 ± 0.2 0. 1 ± 0.0 2.0 ± 0.9 0 .. ± 0.1 

The fluoride content of seleclCd staple foods varied from 1.3-3.2 mg f /kg (Table 7). Snllce 

was not collected in this study. From wnter and recipes presented here it is denr that dai ly 

'" I ' I I' . I ' kc frolll food will exceed thl! dailv Ouondc Intake I rom watcr a onc exc U( lng Itl d , • 

recolllmendation if calculated pcr person per day. In thi s study staple foods made of millet 

and Enset (fal sl' banana) show high concentration Ofcil1cium. 
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T:lble 6: fluoride eOlilenl o((oo(] in re(]ienls* 

N .~ N ]\1Cll11 , Slde \' 
Foodlypc Food I)'pe 

mglkg llIg1kg 
Cl'fcals LegulJIl's -Beans powder. I3ar/cy 5.0 ~ 6.3 0.3 Shiro 
Maize nour 5 7.2 1.3 Kidney bean 2 4.1 0.1 
rvlaize, white 5 4.0 0.7 Vegelables 
Wheat, grain 4.0 Pepper. Green 6 5.0 1.7 
Wheat flollr 2 7.2 0.7 Potato 10 5.0 1.2 
Sorghulll, red 2 4.2 1.1 Kale 10 4.9 1.0 

Sweet potalo. Finger millet. brown J 6.0 3.0 3.0 orange Il esh 
Tcn~ mi.xed (red-whi te) 5 14.8 5.0 TOI11a1o 3 5.9 1.5 Oil sceds 

Garlic ·1.2 Rapeseed, brown 9.0 Onion 5 6.1 004 Flaxseed, red 9.0 Others 

Anim oli produ cts Khat (('ml/(( 
5.0 edllli.\), leaJ 

Milk (lIlglL) , 
0.4 0.1 Moringa, dry lear 6.0 

, 
Fish ti sslle, ti lapia 2 5.4 1.1 Chill i powder -I 17.3 4.2 

Morin ga 4% III 

CSIl 6.0 

Corn-Soya blend 
7.0 70-JO 

· Dry weight base. all raw 



Table 7: Fluol'ick. minerals and proximate composit ion or s tapl e food s li·otH ERV (Menn±/ Sid..:\') 

Food Typc· 

Bread, whe:tt(n- 7) 

[r~cra , maize (11=9) 

Injera, leIT(n" 13) 

Bread Local. maize. 

• o 

~ 

, 
"-

ell 

5.9:3.9 

4.6±2.J 

37±1.4 

(n"'14) 3.HI.O 

Bre<ld Local , wheal (11- 7) 5.4.>:29 

Unleavened bread 

,mil\cl(n- 3) 

Un\cavened bread 

,m:l.;7.c(n--- \2) 

Unleavened bread. maize 

+ Enset (false banana) 

(n .. \ ) 

·dry weighl base 

55.>: 1.6 

4 3J:: 1.6 

9.5 

o 

•• c 

~ 

'" ,., 
:-:' :::; - .-
1.4± 0.3 

2.4± 2 1 

I.g±. 0.4 

" • 

o • 

" 'c -~ 
~ 

" < 
~ 

c 
"-
~ 

o 
;; 
• .. 
" • 

• • ~ 
(Z 

" • 

] 
u 

341 ±3.2 2.3±0.6 0.6±0 I 7.5±0.7 3.2±2.0 50.0±8.3 

577±6.2 I.7±O. 1 12.:.0.4 4.2::0:0.6 4.3± \.6 40.6±14.6 

59.k6.4 2.2.±0.3 IO±0.5 4.6=0.7 7.2±1.9 57.0±17.9 

I.h O.1 50.3±33 1.7±0.2 L6±O.3 5.2±0.5 4.0.£: 1.4 39.0±1 1.I 

J .2.r 2.0 45.7±2.7 1. 1±Q.3 0.<)..1.0.3 7.1:1:0.6 5.2± J.4 31.4±8.6 

~ 

c .. .. ~ 
o 
"-

;; .. 
;:: 

15.7±5.8 5.1±2.& 1.I ±0.1 

50.2±. 15.0 9.5±2.0 2.6::.0.2 

64.9:6\.4 24.6±14.5 2.9: 0.6 

67.8: 40.5 8.2±1.8 

35.0.;>;7.5 7 7±2 9 

2.501.02 

3.1±0.9 

1 ~± O . 3 45.7±4.7 2.2±() , 1 2.4:i.1l.5 S I±O.7 7.6:l5.4 245.2±25.6 60.6± I~O 6 .4:l 1.9 1.9.t 1.1 

2.0± 0.9 41.3.!.1.6 1.UO.7 2 .0:W.3 5.7:1:0.-1 5. 1±1.0 3IU±12.6 4S.6.:L20.; 7.4±26 2.4±0.2 

" 42.S 1.1 2.6 " " 52.4 3499 JJ 26 



G d I · II "lieS (1976) in their work on animal trial and described that dictary' Me own an liS co cat; Iii! 

increases fluoride absorption by increasing gastric retention time as obsl.! rved in increase of 

urinary fluoride and dec rease of feces fluor ide. 

Tca lear has high level or fluoride per gram of dry lea f: As can be observed li'om the table 

Crable 8) lea Icafsold in Et hiopian market contain significant amount or Ill/oriele. Entirelpil 

len leaves have high fluoride content and the level increases when boiled in fluoride 

contaminated water (Table 8). Maldc ct al (2006) reponed that lea ka v\,;s may absorb Or 

fe]ellse fluoride depending on fluoride level in water llsed 10 brew the 10.: <1. In this <1n:l l ys is l\'~ 

did nOI observe such a property. One explannlion lor thi s could be bC(<lll sC Ihe wa tcr used lor 

brewing the tea in Ollr case has similar nuoride level wilh the tea leaf (::: Sll1g F·/L). Therefore 

communit), who use fluoride contaminated wmcr should not usc tea as a beve rage Or usc 

nuoride free wmer 10 brew it in order 10 reduce nuorosis ri sk. Consllmptiull of lea is one of 

Ihe risk fac lors for Olloridc contaminat ion and nuorosis (Zcrabruk ef al .. 20 I 0), 

Tflllll' 8: Fluoride conlenl of lle\'('r:1 I'S: lea Ilr{'wctJ with or willloill flu oride l'uu lamiuall'tl \';Iu'r 

2.5g lea leaf (brand mgF/L in tap IllgF/ L in J{l:cm'cry 

name)boiled in 100mi 

Water 

Wushwush 

Anbessa 

GUl1lcro 

Abysin ia 

Addis 

Good morning 

Kercfa (Cinnamon) 

Ginger 

Tosigne (thymol) 

Coffee 

water (r-" = 

0.14) mglL) 

6.0 

4.4 

4.9 

4.2 

5.5 

7.1 

0.2 

OJ 

OJ 

0.2 

5 mglL 

fluo ri dated 

waler 

12.7 

9.6 

10.3 

98 

11.0 

12.2 

5.7 

5.6 

5.2 

5.7 

(%) 

104 

10-' 

lOX 

112 

110 

102 

110 

, IJ6 

98 

110 

---



5.2 KuU\\llcdgc nnd source of information about nu or ilic aud Iluorosis 

All the discussan ts men tioned that the cause of the mottled and bro\'n teeth and skcJcwl 

problems is the wa ter which they believe to contain "bad mineral" , None of the discuss.1/uS 

mention the word fluoride. 

Health extension workers and health development armies have been giving hea lth education 

at health pOSI level. The topics of the teaching were points outlined in health extension 

progmm like san itation, tubercu losis, vaccination. birth comrol, malarin. and so all. But most 

of the di scussan ts aLles! that education on nuoridc rclillcd problems has never bC!.:1l raised. 

The), ment ioned that it probably was not a point of attention because they mi glu h,1\ c thought 

there is nothing to do about il. Almost none of the discussnnts in all the nreas mcntioncd had 

been acti\cly taught abolLt fluoride relatcd problems at all, especially by hC:llth workcrs, 

lIealth extension wo rkers in Iialaku and Bcnti mClllioncd thaI the wnte r cause no significant 

hea lth problem although the taste of the water is not plausible, The) also usc samc \\ mcr 

when thc) work the whole day in the community, Thcy didn't undcrstund or have no 

informntion abolLt the cumulative clTect of consuming fluoride cont~uninntcd waler, Most 

peoplc don'\ consider the clTect of Iluoride beyond the cosmetic effect on tecth , 

5,3 Perceived hc:dlh , SOCiil1 and economic consequences due 10 Iluori llt' 

Most of the foe ll s group panicipanls did not give emphasis on teeth discoloration but 

according to the discussants. adolescents feel that they wen.: singled out when going to olher 

areas and gi rls panicularly Iclt a bit ashamed of havi ng such discolored tecth, They often had 

to cover their mouth while lalH.~hing, Some often mention their teeth smcll foul. \cr) frag ile 

and painful when they cat hard loods, Older people have I\:ar of bowing do\\ nand stilTness of 

the back, neck and the joints. which inlerferes with their day 10 d:l) UCII\ilics. The 

eOllllllunities in all ihe three areas arc suspicious aboulthe future ofst~lying in Ihe nr~;l unl~!:js 
the W'" ' I d sa",cthing is done by thc govc rnnu:nl. rite mulc di:icIISs.1n ls , cr source IS C lange or ' 
hw. j' I' b ' 1 I' ,11C b'lck bone being less cllicicnt in d:l\ to da) act i\ it)' 

• I..: lear 0 oWlllg (own 0 . ' . 

inci I' 1 I' I ' S vcn further eXIJlain that their cattl e arl! also in n seri us u( Ing Scxua re allons lip, ollle e ' 
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" h ". level orille chemical. health problems because 01 t C cxcesSl\c 

I he cOll1mul1lty aSSOCHHC( mo .. . . I 51 of the health I)foblcms particularly dClll<d ~md skeletal Ones 

Wit 1 [Ie water I ICY 'e . " I I I g 1 I"rolll borehole According to the discussants all people in ihe 

COl11mumlles are aware ,~ " " of l11e eV l'stcnce of dcnlal and skeletal problems arising due to 

d " k" c 11 e borellolc Generally across all groups it was felt th.1t th~ trcated pi~' nn ' lIlg Water Iroll1 1 ", r 

water was very sa fe for consumpt ion. Hence, they wo uld prefer to drillk water from such 

treated source. Communities in Benti (in In Fentale) expects the govcrnmctll to change the 

waler SOurce 10 Mctahara and Halaku community expec ts to get piped W(lt(.:1' ti'oJll Adamitulu 

town. But the water source in Adamitulu lawn also conta ins fluori ck [e, d abovc WHO 
reeoilullendation. 

The teeth problems were reported to start at early ages and ,Ire highly pn.:\'aklll . Yet, it is not 

commonly perceived as a m1tior problem because of thc wide spread pn.;vah:l1cc. Their only 

Concern was that in those severely affected, the teeth were weak and li'agile and thi s creates 

difliculty in chewing hard food such as "Kolo" - toasted grain, "Kitw" -h3rd bre:ld ,111<1 sugm 

cane, Discussams in Halaku further lold that it 's so distress ing not be abh: to chew Kola and 

Kina. The inhabitants feel as thcy miss something whieh people in other :11"1:<1 CiII1 do it. Thc), 

:1Iso ask b:1Ck why some members of the households didn't ge[ Illo[[led tc\..'t h I.!vl.: llthough thcy 

arc born find brought up in the Comrmmity. [n some llirnilics some 0 1" them h: lvc com plete[y 

whi te teeth while others have mottled teeth like the rest of the people in th...: localities. Why 

teeth of these persons fl.!mained white is difficult 10 explain. 

C:1SC.' stull.": Zeneba is a gi rl of II years old living in Halaku, Adamilul u worc(b. Although 

her brothers and Sisters have mottled teeth, hers is complete ly white. Wc Icarnt li'Dln hl'r 

pHrents that at the age bel\\·ecn three and live, she lived with hcr ants in the nearby Worcda. 

SA Footll aboo and di etary h:tb it : 

In <III the three dietary areas [he COlllmu "I" I 100<15 
.• III les arc Mus lims, There arc no as sue 1 

forbidden. unless the economical status and ' t '1" b"l" I" .. 1. ,t [imit 
' ,Vat d I tly 0 rood Hems on IOCH I l1ldh,C djet~lry habit s. In all tbe t!trce areas maize C I"'" I " g nil 

-. 0 ee, egurnes ancJ mtlk arc common. Arnoll 
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the studied comll1unities some food like milk is shared wilh neighbors. onsUmpllOI1 of milk 

in Atabn and Adamituiu is limited because of absence of caule in mosl of the households. In 

Fenlale. all sort o f caule including camel and goal arc available and consumption of milk is 

common. The consumption of vegetable and fruit is almost none except onion and potato. Of 

course kale was commont y consumed in Alaba and Adamitulu. Food is preparcd in metallic 

pan in almost all households. Water is kept in a plastic (pot); "Jcrican", 

5.5 Trcnd of harvesting rllin w~ll c r : 

People prefer f<lin wHter rather than water from the bore hole due 10 better Iflst..: . According to 

the disCll ssants. rain water is the safest water if harvested and handled hygienically. Good 

racilities an: needed in ordcr to co llcc t in sare way. In Abba and Fcntale there is a trend or 

harvesting rain water. In Fentale, watcr is collectcd rrom a pond made by the flood. In Abba 

people usually harvest rain water rrom roof of a house. This trend is encouraging if used to 

tackle 11lloride contamination. 

5.6 Sugges tio ns :'lIul willingncss to pa rticipat c in preve ntive measures: 

The Fen talc and Ilalaku community have a chance or getting water from Awash ,mel Ziway 

Lake respectively. The communities in Qobocbobare have no such option. although J3 ilatc 

River originates in the area, it is seasonal. All the discussants havc expressed \\ illingncss to 

participate in any public health acti vity intendcd to provide the community Wilh a safe w3tl!r 

supply on 11 continuous basis. 

5.7 Knowledge A ttitude :111<1 Pr~l c ti ces (KAP) of the CO Ullllunity 

Even though people failed to mention the word "fluoride" as a enusc 01" tluorosis. thl!) hnd :J 

- I"d the consuillption of water containing ··b..1.d good under-stand ing that the problem IS re al\; to 

minerals·· . The dental Ouorosis is mainly accepted [IS a coslIletie and onl) gi\ell cmph[lsis by 

I I - In''', d by d"'ntnl fluoros is arc also concerned because of ac 0 esccnts. Some who are sevclC ya ce e 1:, 

th .... p" '-I] -,I ,]el ' - - I I d I' ods Adults also have real izcd thnt rl!st rictl!d mobility \." inability to Clew lar 0 . . 

and II 'b-I- - b k b k 'mel for 'Inns ,,'hich made them unable to pe rform their day 
( eXI I It )' 111 ae Olle, nec, ,. 
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. .. A b 'cd du ring the disclIssion the male seem 10 be mOre affCCted 1~-to day <I'IIVIIICS. S 0 sen '1dI) 

1 . 'c 1 t rpart SOtllC of the discussants have a concern regarding the cconomk [lelf lema e COUll C < • 

d kclctal fluorosis and parallcl e/leet of fluoride on children, panicularh consequences ue \0 S . 

on mCllIal activity. 

In this study. denial fluorosis was not considered as <J major and priority health problem by 

m051 of the groups including health c.xtension workers. This may be clue [0 the progressive 

Il<llure of the medical problem and Ihe fact that oftell it is painless <lnd non-Ii Ii.: lilrcaJcning as 

well as due 10 the filet Iha1 it afleets the ml~ori ty of pcoplc. 

According to the focus group discussants in the three study areas [here is 11 0 dic1<l ry restriction 

and taboo than wrincn in Islam books. People do not have informat ion on dil:tary risk !actors 

for fluorosis or any food that might help to mitigate ingested fl uoride. III Alaba the 

communi ti es have information on defluoridation technologies dUl: to its implementation in 

nearby Kebcles (smallest administrative unit in the government stnH.: tun.: ). rhl.! people in 

Fcntale (Kcreyu) arc much concerned on cleaning teeth by a stick made from selected plants 
10 prcvcnt teeth discoloration. 

Lack of knowlcdge concerning nuoride and its health consequences in WOllll.!n deserves due 

rl nelll ion and action. Since most of these WOmen IJrc in child.bc;lring ;lgC. educ'll ing them 

would have a great impact on the success oj' future intervention programs. Thl.!l"cforc Iluoridc 

contamination and mitigatory measures should be incorporated into thl.! routine health 
extension workers program I,acka c A h .. .. 1 h Ith 

< . < < g. 110t er concern COllllllg Oll! oj thIS study IS t wt ea 

workers seem to have avoided leaching about nlloride ContamiIKllioJl and tluorosis and 
mcasures to be taken for mitigatio M . . bo t 

< n. any respondents smd that thev were told 1I0lhlllg a u 
Iluorosis rrom professionals Th ' Id be be ' . cd t 

. IS cou cause or absence o r gu idel inl.! and slllgI ou 
mi ti gation IllC<lsures given by region'll as well . I' d 1 .. . 

< < as e em MJIll slry oj Health. 

The cflect or fluo ride COnt<lminmio d ' " . . . b the 
n an lis !nltlgatlOn should get suflicielll attenllon Y health workers and approprint I .. II 1 . d' 

< < e led 11 e( lIC<lllOIl should be given. Moreover further stu ) 
should be conducted on dcfluorichtio t·1 1 . fI' 

< n ec 1110 ogleS, dietary risk f:1clors and miligato, 
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techniqucs. Othcr studies in Africa have shown that the more in formation people g(lt about 

dental problems from health workers and the media. the more those infonlKltional medin \'ere 

trusted. the higher their personal risk appraisal for their dental problems (Aslr m el til. 

1999). ln India. resea rchers have become successful in mitigating ingcstcd fluoridc Bnd in 

re\'crsing skelc tal tluorosis at young agc (Sushecla and Bhatnagar 2002). 

The economic consequcnces to persons affected by skelctal fluorosis should "Iso be of 

concern. From thc discll ss ions or the stud y onc can learn that thosc who Imvc ]j\cd long 

enough in the local ity have alread y developcd somc kind or skeletal fluorosis. Thc 

consequences of fluorosis on health, productivity of the households at particulnr and its 

economic impuct ,It national in genera l should not be underestimated. The study showed 

will ingness or thc cOlll lllunity to participate by all the groups in act ivities dirccll'd <II 

improving thc provision of safe water supply to the community. l!cal th :md nutrition 

education will help to reduce the efTect of ingested fluori de until ~ither defluoridation 

techniques arc employcd or the water source is changed. 

5.S Fluol'idc intake ,llId di etary sOlln:cs 

As can be secn from table 10, the dietary fluoride cont ri bution of food in i\laba and 

Adamitulu is higher than that of wutcr while in Fentale the contribution of wmcr is higher 

than in rood. Basicall y foods tlUlt bave high water absorpt ion capacity like rice (Tegene ell/I.. 

2013) accumulate high amount of nuoride. The total dietary fluoridc intakes of children as 

well mothers arc above the upper tolerable limit of I Omglday cxcept in Adarnitulu. 

5.9 Flu orid e :l nd lIutrient di ctary illt .lke 

III I , . d' k coffee with more than 50% \olumc of milk "hieh r t loug I thc I'cnta le community r.1Il 

h 'b' r Oia is vcry high compared to eerenl based areas t ey call it "Oju" the Iluoridc ccntn utlon {) J 

, ' I ',s clear that there is significant mean comparison 1 (/\laba and Adamitulu). From the 

d'fc . I I II rcsi (Alaba and I lerencc betwecn AdatllltU II anc IC ' 
Fentalc) (P<O.OO5). The ll110ridc 
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. h dictarv sources Jor both C 1 - I ildrcn and mothers have sim ilar trends in all II-t 

COIlU.'nt In l C. r fl ,'de ,' ",ake the amount of fluoride ingcsted h\ ' EU' dard lor llor '. . d Accordmg to' sl.m 
SII' y areas, (Er SA 2006) 

I blclimitofO.lmglbw/dl.lY ". . children is above the upper 10 era 

\'21('r consumed: diltln'lI & 111 01 hers Table 9: Amou nt Mfood. bC\'cragc alltl \ N Mean Stdev. Min- l\ lax Subjects Diets Worcda 
consumed 

20 363 82 18 7 - 509 FCtlwlc Child 

20 905 269 522 -1527 Food. gill Alaba 

232 - ~ 79 Adamitulu 20 498 183 
Fentale 20 550 222 180 - 1100 

Coffee, ml Alaba 20 232 112 57 - 495 
Adamitulu 20 151 49 72 - 272 
Fcntalc 20 938 443 123 - ]000 

Wmcr, ml Alaba 20 735 277 <100 - 1500 
Adamitulu 20 530 177 380 ·10,10 Mother 
Female 20 3835 98 182·562 Food by gill Alaba 20 977 309 618·793 AdamiT 20 572 208 299· 1091 
Fcnll.llc 20 974 345 ·180·1650 ColTee or 
Abba 20 33 1 140 130-622 

Oja, mL 
AdamiT 20 171 58 90-30X 
Fentale 20 1139 522 23V-1950 Water , mL Alaba 20 1004 27 1 500·1500 
AdamiT 20 618 269 400·1560 

Mean food consumplion per gram is higher in Alaba than Fcntale and Aciumillli u. BUI water 

and coffee consumption volume is higher lor rCl1lalc than Ihe other 1\\ 0 dislricts Crable 9). 

Generally, as Ihe lempcralure in rentale is high 1he fluid consumption is indic'lIivc. Collcr 

wilh large proponion of milk is laken in Felllale as a slibstillile lor Waler. This mighl help 10 

reduce ingested fluoride and /luorosis by redUCing intake of lluoridc conliuninalcd water. This 

, b low the 
assessment was conducled in summer, when Ihe tempcraturc in study nrc[ts IS C 

annllal average, The eonsumplion of both waler and beverage mighl be higher in holl" 
scason. 

Iron mta 'e mean IS a ve Upper lolerable level (UL) in Alaba and Ildam,,,,lu a , k ( )' bo .. , (Tbl
ell

), 

Caicium and Zinc arc Ihe most limiling nlilrients in Felllale (below RDA) (Whilney "d 

Rolfe" 2005), The dielary illiake of ealcillm from milk was nOl included in Ihe CI,,~n[ 
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calculation. The mean daily phosphorus intake in Fcntale is ~Illllost half of RDA while that of 

Alaba is above RI)A but below the Upper Tolerable Le\'cl (UL). 

T~ 1J1 1' 10: Di cta ry nuoriLic int akc mC,1I1 N % 20 ill each ~rca :lIu.I its suurcl'S 

Fluorid e sources Child ]\'Ioi ll cr 
I 4-

Fcnlalc Alaba Adamilulu FCIlIa ic A i;t iJa Atiam ilulu 

Food 2.4 
----I-

7.9 4.4 ? -_., 8.6 5.0 
-+-

1 7.9 Water -L 6.5 4.6 2.6 6.2 3.0 

Beverage (eo lTee) 2.3' 0.4 0.8 4 ' .J 0.7 0.9 

Total 11.2 12.9 7.8 14.7 15.5 8.9 

01 in I1IgF/b w/dllY 0.43 ~- ) 0.44~ 0.25b O.29c O.29~ 0.19' 

C" = Child: M" - mother: *l3evcrage consumed is entirely com~e except in Fentale wi th 

added milk: Values with different superscripts arc signifi cantly difTerenl. 

5.9. 1 j\'lincntl inlal~c 

T;lhll' II : MinH:,1 int al.:c of childrcn illH.lltl oth crs {m g/dar~ from food 
Nutrients Woreda N Mean (Stde\') Chi ldren (9- Mothers 
(Illg/day) 13) ("du l1) 

Chi ld MOi ller RDA UL J(J)A UL 
Fentale 20 35.1 (13.7) 35.9 (11.6) 

Iron Alaba 20 245.6 (133.6) 267.2 147.4) 8 40 8 45 

AdamiT 20 40.8 (22.1) 46625.1 ) 
Fentale 20 6.9 (1.9) 7.3 (2.3) 

Zinc Alaba 20 20.3 (8.1) 21.8 (9.3) 8 23 8 ~o 

AdamiT 20 10.8 (4.0) 12.4 (4.~ ) 

Fcnta le 20 94.0 (80A)' 95.2 (72.9) 

Calciulll Alaba 20 1862.0 (98 1.0) 2013.2 (11 33 .9) 1300 4000 700 ~OOO 

AdamiT 20 375.8 (344.6) 4~8.5 (459.3) 

Phosphoru Fentale 20 787.0 (287.3) 817.9(274. 1) 

Alaba 20 2057.2 (966.7) 21956 ( IO~ 7 .6) 1250 4000 700 4000 
s 

Adami '!' 20 1490.8 (548.5) 1699.9 (586.0) 

·calcium content from mi lk not included 
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5.9.2 Daily nuoride inlake clilegory 

Tabk 12: n"it,· fluorid{' int llk{' abOI'{' llnd below lol<.'rabJ{' lewl iu Ihe sl'iel'tl'd wtll'l'lias 

mgF per day Category (mg) J7ema lc Ala ba Adarnitulu 

Child 0-2 (Adequate intake level) 0.0' 0.0 ' 0.0 ' 
2.1-10 (Tolerable level) 45 .0 ' 40.0 ' 75.0 b 

> 10 (Above UL) 55.0 3 60.0 " 25 ,0 b 
Mother 0-4 (Adequate intake level) 0.0 ' 0.0' 0.0 .1 

4.0 I-I 0 (Tolerable level) 10.0 ' 15.0 il 70. 0 b 

above 10 (Above UL) 90.0 ' 85 .0 11 30.0 II 
Va lues with differcllI superscripts arc significantly dillc l'ctlt 

Table 13: Fluorid{' inlak{' jJu body wl'ig hl al60 & 100% biolu'ailabilit)' anli Urill ar) nu ol'idl' ll'\'el 

Subjects Fluoride illiake by Children : S d . :N M~lm StdL'v Range 
' . , tu Y SHes and blOlo ']calmotbers : 

: Children mgF I day : Fentale : 20 10.9 3. 1 5.8-1 6.2 
: Alaba : 20 12.9 4.9 7.5-24.3 
: Adam it ulu : 20 7.7 2. 7 4.4-14.3 mgF I day I bw at i Female ! 20 0.4 0. 1 0.3-0.8 '00% bioiw,lilability : Alaba : 20 0.4 0.2 0.1-1.2 
i Adamitu/u : 20 0.3 0.1 0.1 -0.4 mgF I day I bw at 
: Female ; 20 0.3 0. 1 0.0-0.4 60% bioavailability 
: A!aba : 20 0.2 0.1 O. I-OJ 
: Adamitul u : 20 0.1 (J.O 0. 1-0.2 

Urinary nuoride, mglL : Female : 20 8.4 5.8 1.9 - 20.5 
: Alab. ; 20 3.3 2.2 0.5 - 9. 1 

Mother i Adamitulu ; 20 9.0 '-1 .5 2.4 - 19.0 IllgF I Day ! Female : 20 ' , 9.9-23.8 14.7 0.0 ! Alaba : 20 15.6 6.3 8.8-3 Jj 

Il1gF I B \V at ! AdamiT ; 20 9.0 2.9 5.8-1 4.9 
60%F Bioa vnitabitity i Fell\ale : 20 0.2 0.0 (I. I-OJ i Alaba : 20 0.2 0. 1 0.1-0.4 ! AdamiT 

, 
mgF I bw at : 20 0.1 0.0 0. 1-0.2 
100% F I3ioavailability : Female ; 20 OJ 0.1 0.2-0.5 

: Alaba : 20 0.3 0.1 0. 1-0.7 ! AdamiT : 20 0.2 0. 1 0. 1-0.4 
Urinary nlloride, mglL : Fentale ; 20 7.4 6.0 0.3-21.4 ! Alaba : 20 4.8 3.7 1.0-15.5 : AdamiT : 20 I 1.0 7.2 1.7-23.7_ , 
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Fluoride intake in all the three selected dietary areas is abovc adcqunlc Ic\cl In children 

Crable 12). The intake above the tolerable level is above 55% in Fentale and Aloha while It is 

25% in Adamitulu children. Although the dai ly intake level is lower than the other two 

districts. the Iluoros is rate is higher in Adamilulu. The intake of fluori de ill11lothers in Fentale 

and Alab;:1 are above 85%. For both ch ildren and mothers fluoridc intakc ubovc tolemble k~\c1 

is less than 30% in Admnitulu. 

According to Ex tranei and Ehmebo (1979), fl uoride absorption is 100% 0 11 I~ls t ing stomach 

and 60% with Ca-ri ch meal. As shown in table 13, it is attcmpted whether thc f1 uoridc intake 

hi gher or lower than the Low Observed Adverse Eflcct Level (LOAEL) of 0.1 mglbw/day at 

diflcrenl bioava ilab ili ty. From t~ble 13 it is seen Ihal the Iluoride inwkc at 60% bioavnil<lbilit) 

is above the LOA EL in a ll thc wored<ls except for Adamitulu. Assuming high mean 

temperature in the rift valley. the fl uoride ingestion might even be higher thm1 obscned inlhis 

assesslilent. This study is conductcd in summcr scason whcn the tCl1l pcroturc is relat ivcly low 

and intcrmittent rain fall cxist, \vhich would lowcr fluid intake. 

h ble 1-1 : It isk aSSl'SS Ill ~' ul oringeslcd nuorid e based on t1 a il ~' t inhl kc 

Pmumctcr Child Fentale Alaba Adamitulu 

Chi ld Mother Child Mothcr Child ~ I oth(,;r 

DI /\1 100% ll/\ 0.42 0.29 0.44 0.29 0.25 0. 19 

/\160% llA 0.25 0.17 0.26 0. 18 0. 15 0.11 

IIQ AI 100% llA 8.38 5.82 8.76 5.88 4.9-1 3.80 

AI 60% llA 5.03 3.49 5.26 3.53 2.96 2.28 

GV /\1 100% llA 0.4 5 0.61 0.7 1 0.98 1.1 7 1.1 5 

Fr0111 EU siandard (EFSA. 2008) 

Tnl = 0.05 LOA EL = 0.1 NOAEL = 0.05 UF = 1.0 UL = 0. 1 

Child ren, 9. 13 yrs (Mother): AI = 2 (3) mglday 
UL = 10mg/da) (same for both 

age) 

All I
· . . d · a b,·olll'lrkcr fo r ingeslCd <111(1 circulator) lluoriJc. the 1101lt!.1 urlnarv Iluondc IS lise <is, , . 

~ ' . . ., I 7009) SllCh as level of c.-.:posurc. duration of 
level depends on several IHelOrs (Al v<lfez cI (/ .. -
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. d"d I response weight degree of phys ical activity and nutrient in
toL

• exposure, age, In I VI un , , "'4t 

(Fawcll er al .. 2006). Of course lime and amoun t of uri ne collecled might also dClcnnine. ~ 

I . '. 'as col lected In our assessment it is observed Ihm urinarv flUOride '0 I liS case momlOg urll1c \\ . _ 

Fentalc and Adamitulu arc vcry high while that of Alaba is aimosl hal f o f the res!. Fluori~ 

content of the body is not under physiological control (EFSJ\. 2005) because of the 

aforement ioned fac tors. Absorbed /luoridc is partly retained in bone and parlly excreted. 

predominantly via the kidney. In in fants retention in bone can be <1 5 high as 90% of 1M 

absorbed amounL whereas in adul ts retention is 50% or less (EFSA. 2006). 

The dietary intake of Il uoridc per body weight per day. assuming 100% bio<l\" lilabilityof 

ingested fluoride. ranges from 0.2S-0.44 Crable 14): the lowest being in Aciallliluiu. The 

dietary intake is above tolerable daily inwke (TDI) and upper tol<: rable levcl (UL) even al 

60% bioavailability of ingested fl uoride. The 111I7..<1rd Quotient (11Q) at 60% and 100% 

bioavai labi lity is above I in all the three dietary areas. Based On thl.: lla /.ard Quotient. the 

guideline value in respective worcdas is also calculated. The guideline \ alllc lor drinking 

water calculated is ali below thai of WI/O whieh is I.Smg/L. On thc othel" hand, the 

concentration of fluoride in drink ing WaleI' is aboUl Smg/L, i.e. 111 01'(: than .lmg above WHO 

guideline as well as calculated ones. The resu lt e,xphlins that Ihe comlllunity is under severe 

risk of fluorosis. Coneemrations above WHO guideline va lue carry ;lll increasing risk of 

(k-nlal fluorosis. and much higher concent rations lead to skeleta l fl uorosis (l'vIlIrr;IY. 1986). 

5.9.3 Fluid intake in 24 hrs 

mean, , mean. mL 
. mean O( 

M : C M , 

974 : 938 1139 
~~~~~~~~~~~~ 

: 1.49 2. 11 : 26-38 
33 1.3 j 736 1004 : 0.97 , 

Adamilulu 32 0 5) 6 :. 151 
. -' . 530.1 : 530 618 : 0.68 

c· ~ Child: M" ~ mother: ' the Iluid c;tl clli<lIc~1 is lVater and bevera:ge 

1.33 24-29 

1.15 22-28 
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The IOta I flu id intake by chi ldren observed in Ihe study (Table 15) \\ as belo\\ the 

n:coml11cndation of both WHO (2011 ) and academy of science (Whi tne) fi nd Rollcs.l005). 

This might be due to the season of sample collection. The tempcrnture in Rill \ a lle~ dl.'Crcases 

during June - September due to rain fall (Hekele and Amsalu. 2012: Ilc) cnc and Gudina. 

2009). Norma lly the i1uid intake in hOI areas exceeds RDJ\ due to hIgh annual mean 

temperature. The l1uid intake in Felltale is higher than Adumitulu and Abba. The me'lll fluid 

intake correlales wilh the al titudes ,md mean annuallempcralllrc orthe woredas. Accord ing 10 

~llurray ( 1986) high fluid intake in hot tropical arcas increases the eX I)QSllrc 10 fl uoride nncl 

consequentl y to lluorosis risk. Studies show Ihc de velopment of den tal !lliorosis (Brou\\ier ei 

(1/ .• 1988) at F- concentration as low as 0.8 mgfL. because of high fl uid consumption in hot 

climatic areHS (rawe ll ef af .. 2006; Galagan & Vermillion. 1957). Table 16 shows the 

guideli ne value or Illioride in drinking water at dilTerent maximum daily tcmpcralure. 

In the current assessment sevcre and modcrate dental fluorosis was found in Alaba and 

Adam it ulu. the highest being in the later. According to WHO recommCndi.llion. based on Ihe 

tem perature range it is clearl y observed that fluoride in dri nking \\ ~lIcr should be belo\\ 

ImglL. 

T:lbJe 16: M\'a n m:lximullI d:lih' lelll )erll tu fl,' and recomnlended nuoril le limit in \\llter 

J\'l l':t n maxi mulll Maximu m 

da ily telll Jle rature lluoridc 

('C) limit (m gtL) 

10.0 - 12.0 1.7 

12.1 - 14 .6 1.5 

14.7 - 17.6 1.3 

17.7 - 21.4 1.2 

21.5 - 26.2 1.0 

26.3 - 32.6 0.8 



Although drinking water Il uoridc level w~s similar and alln Llal mean \l'mpcralUrc Was hi~ 

in Fentalc, dental Iluorosis is lower than the two wa ter sources. 'I'll\! lower prcvalence of 

nuorosis in Fentale than Adamitu lu despite the higher me<l n anllual temperature in the fonner 

mighl be explained in terms of use of rain water and better lise of dairy prodll(:: ts among Berni 
cOllununilies (Fenlalc). 

Accord ing to EFSA (2 008<1), it is suggested that in setting n;l1ioJlill ~ 1<I!1dmds or l oc~ 

gu idelines for fluoride or in evaluating the poss ible health cOllScq ucm;cs of exposure to 

nuoride, it is essential 10 consider the intake of water by the population of in t~J'cst and the 

intake of Iluoridc from other SOurces (e.g., food). Wiler\! the intakes arc likcl) 10 :l pproach. or 

be grealer than, 6 mg/day, it would be appropriate 10 consider sClling ;1 standard or local 

gu ideli ne a1 a concentration lower titan 1.5 mg/liter (EFSA. 2008(1). 

5.9.4 DCl1l llllluorosis rail.' llJl10ng sludy groups 

TlIlJ le 17: I' rc \·:.lcnce (%) of deni al nllorosis among school :rgc eh illl n 'n an ti 111 11 1 lr{'f' l> 

Fluoros is 

C.1tl.'gory 

Normal* 

Very Mild 

Mild 

Moderate 

Severe 

MOlher 

Fl.'nhlll' 

(N=20) 

55.0 D 

45.0 a 

0.0 a 

0.0 a 

Ahlbll 

(N= IOO) 

20.0 ' 

46.0' 

24.0' 

10.0' 

0.0 " 

CJl ildfcn 

Adall1 ilulu Fcn l:llc Alab:1 Ad amilulu 
(N=96) (N=20) (N= IOO) (N=%) 
39.6 c 30.0d 

7.0' 6 .... , . 
. J 

36S 45 .0d 
33.0 ' I J - I _ .) 

J 2,S c 25.0 ' 40.0' 'I ' f J .J 

8 ' , .J 0.0' 17.0' 39.6 r 

0.0 ' " , 3.0' 10.4 
Cells with difi'ercllI superscripts 'Ire " T I "> 

. ' slgm Icanl y dlllcrel11 for each group: *QUI.:stionablc on dean IIlclcx regarded as normal 

As expecred. due to dairy. severe d I . . d 
. an IllOC craie <IentHI fluorosis is not dcrected til chI! reo 

from Fentale (Table 17). This mi ,I lb · . 'It 
. g 1 e cxplall1ed because of' rhe di ITcr\!J1ccs III J1lI consumptl 11 : high in Female and I " " ". 

0\\ In Aldba <lnd J\d<ll11J1ulu. The dilTercnccs in prevalent, 
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of denial 1111orosis in A laba und Adamilulu migl t be I · I 1 exp amc( wlIh dilTcr\!!1ccs in I) pc of 

cercal s used as staple and the lise of rain water AI ' b ' .. . ' . . a a COmmumlles arc mucn dCf".!ndcnt on 

flJli!cr 111111c1 and corn while Adamitulu ones d"'po d ~ ~ n on corn and \\heaL Morco\cr. ralll water 

harvesting is common in Alaba and none in AdamilUlu. 

5.9.5 SI<clcla l :IIHI no n-s)(cICI :ll S)'lIl lltOIllS in cl, ·,I,l r, I I . 'II :lIn t 1{' l r lII o lhl'rl'l or ERV 

Table I !~b : Skckl ;11 a lid l1 o ll -sk{'ll'Ia l symJll olIIS or biologi<':11 moth ers 

SkcJct :LI alld 1I0n-s l,;c lcl;l l sy m pto ms ill FCIlI aie A lalla Adalllitulu 
mo thers (N = 20) (N = % ) (N= I OU) 

% Can't Bend Body& tOllch Floor/ loc S.Oa 7.0n 0.0' 

% Can't Touch Chest with Chill IS .Oa 17.0' 10.6' 

% Can't Streich and fold arms to touch back of D,Oa 13 .0b 0.0' 
head 

% Icel Lower back pain 
-+-

80.0' 31.0b 6JS 

% fee l Tingling sells'Hion 10.0' 160' 28. 11: 

% fecI Neck pain (movement ) 
+- . 

55. all 20.0' 2 1.9( 

% feci Musc le Weakness 
, , 
15.0u 3.0b 3. 1 b ., 

% feci Loss of Appetite 10.0' 2.0b , I ' ,. 
% Nausea 

+ 
0.0' I 0' 4.2b 

% feci Abdominal Pain 
, -'-'-
0.0" I.Oa I.Oa 

% fccl1310atcd D.aa l.Oa 6.2t1 

% Icc] Polydipsia D.On I.O~ gJ' , 
% fc~1 Polyuria 0.0" 2.03 2. 1 U 

% feci Constipation 0.0' 2 1.0' 24.0' 

Excessive intake of fluoride during enamel maturation before [oath eruption from birth to 

eight years of age (when enamel fonnaliol1 is complelc) can lead 10 reduced mincml content 

of l'namct and to denial Iluorosis of dec iduous but predominantly or permanent teelh . The 

incidence and severity of dental fluorosis is dose-dependent. j\ tild dcntnl l1uorosis IS not 

rcadil) apparent and is associated with increased rcs is lHllCC 10 caries. EFSA (2006) considered 

moderate dental nuorosis. which is charaClC:rized by staining and minute pilling. oflcc th . 10 be 

an JdversC' effect. On the basis thaI the prevalence of moderate dental Iluorosis of pl!rm~nent 

1<:(.' tl1 is less than 5% in populations ingesting 0.08-0.12 illS fluoride/kg. bod) wcighl 'd3~. 111\: 

Panel cOllsiden:d thill the upper le vel (UL) for fluoride is 0,12 mg fl uoride kgb\\'/d~l ) In 
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chi ldren aged 9-14 ye"" (E FSA, 2006). 

Tnbte 180: SkeIN:t! lUIII non-s (' • k IctaI 5}'mpIOl1ls orsc hool age children 

Slit'lt,tal and lIoll -skclcl:11 symptoms in Felll:tl{' AI:1I1" AtI:un illll 
t hiJdrNI (N = 20) (N = %) " (N= IIlII) 

% can'l bend body& IOllch 1100rltoc 0.0" 12.0 b 0.0" 

-1-12.0 b 
1.0 ' 

1 
5.0' % can '{ touch chest with chin 

~ 
14.0 " n.1l " and fold arms 10 IOllch b[lck ono.o II 

% can' t streich 

head 

I ~ 

10.0" 9.0 :1 
11 .5 " 

% Iccl Lower back pi.lin 

' 10.0 ' 
, 

4.2 h 4.0" 
% fecI leg Pain. joillls 

I 
4.0 :1 - .., iI S.on 

) .-

% fccl Arm Pain, joints 
, 

% fecI TinQling sensat ion 5.0 a TS.On 4.2 " 
% fcc I Neck pain, movement 

5.0 il 5.0 ~ -1. 2" 
% feel lVluscic Weakness 

S.Oa 2.0 ' 0.0 " 
+-% fccl Loss Appeti te 
0,0' 0.0' 2. 1 ' 

j % feel Feelings of Nausea 
0,0" 0,0 " 1.0 " 

J [00 ;' t o" % lecl Abdominal Pain 
4.2 ·1 , % feel 131o<ucd 

2.1 ;I 
0,0 ' 1.0 ll 

L % feel Polydipsia . excess ive thirst 
5.0 a 

0,0' 2. 1 h 

-ViJ ' - 0.0 " 
% feci Polyuria. large vo lume of dilute urine 

0,0 ' 
<-% fed Constipation 
0,0 ' 3.0 a 10,-1 " 1 

, (-I' bl 18)' , d - , I" I 10 1115 Or skel",1 1IIII1Is sludy a e ,1\ IS allemple 10 IIgllre Ollllflhere arc e IIlIea SYIII P 

alld nOli-skeletal flllorosis exisled. The resllit of Ihe inVeSligatioll showed Ihat sOllle Slinnes> 

" . . d' II Ide . . , d' 10"' of children m 01 JO lllts eXlSle 111 a lie Sill y areas. OIlSllpallon IS also observe 111 " 

. the-Adalllillll", The other COlllmollly observed symploms ille illde lillgling s<nsalion 111 

I da 
.. '/1' . h k I b)' S IISIC <,\Irellll\,eS, SIl ness III I e nee movemenl alld mllsele weakness, As d<velopcc 

132 / 1' ,I !: 



and colleagues (2002). clinical symptoms in anus. 10\\"'[ b.·lck ... bone and neck is 100\cr In 

children . These symptoms prevail more in adults than children. 

5.9.6 Urinary flu oride 

T:lulr 19; Urinary nuorid {' I{' \'{' I at \'lIriouS cut-offs in childrcn :l lId th(' ir mothu s 

Urinary 

Iluoritl c Mot hers thi ltlrcn 

Cui -o ff Fcnta lc "Iab'l Adnlllilu iu Fcn talc Alaba Atlal11itu lu 

points 

<? • 
- _.) 2S.0 II 30.0 b 10.0 ' 10.0 ' 40.0 b 5.0 ~ 

2.6·5 15 .0 " 35.0b 10.0' 30.0 J 4S.0b J 5.0 t 

>5 60.0' 35.0 b 80.0 ' 60.0' 15.0 b 80.0' 

U*Cul off points is bascd on thc assumplion or 5mg Iday uppl'r in\3kc and So-Io urinal) nuoridc c;>.crclion 

(EFSA. 2006); C· = ch ild: M** - mother 

Fluoride accretion in bone increases bone densi ty but long tcrm intake reduces bone stn.:ngth 

and increases ri sk of Ihlctme (Turner el al .. 1995 ; Chachra el al.. 1999) and skclc1n1 Iluorosis. 

The Panel applied an uncertainty factor of S to derive an UL of 0.12 mglkg body weight/dl!) . 

This is equivalelltto an UL ofS mg/day in ch ildren agecl9-14 years (EFSA . 2006). 

The urinary fluoride is one of the biomarker for ingested Il uoricie. al though the balance 

depends on severa l faciors. Assuming SO% excrction of ingested Iluoridc through urine. it is 

observcd Crable 19) that about 60% in Fentalc. 80% in Adamitlllu and IS% in Alaba have 

mOre than 5mg/L urinary fluoride. Assuming 50% excretion or absorbed fluoride. the people 

arc ingesting more than lOme. fl uoride per day. Thc result was consistent with dictrlr) tluoridc 

Ingested the day bcrore co llection orthc urine. 
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5. 10 NUlr irnt intake 

·r[ .. t k I· c[, ·,[d,o" ""d their mothers in the study nrC<lS \\'I: f (: dCICnniru..l 1C Illlln e nt III a ' C 0 '11.11. 

Researchers (Sushccla and 13halnagar 2002) cla im that nutritional dclicicncy is one OflhCrisl: 

[<ICIOr for nuorosis. Especially the lack of sulliciclll calciulll and anti-o:"idaIliS increases the 

risk. The mineral intakes of the subjects arc presented in table 20. C,dciu rn ill the diet of JI\: 

subjects wns low. Iron was the most abundan t nutrient in the diet of [he studied subjCC1S. 

Aboul 30% of ch ildren in FCllwlc. 100% in Alaba and 45% in AdamilUlli had an cSlimat~ 

iron intake above tolerable level (UL). The most limi ting mi neral in the d il:[ of children in 

each area was zinc. The find ing is consistent wi th Ethiopian Food CO rlSllJ llplioll survey 

conducted in 2010 (EHNRI. 20[3). 

Calcium consumption is below RDA in FCl11alc (100%) and in I\damilulu (95%). In Alaba. 

only aboul 30% of childrcn and 20% of mothers show calcium consumpt io ll helow RDA in 

fac i abolll 15% of children and 35% of mothers had got calcium above uppl:r IOkTablc Jc\'cl in 

Alaba. Consumption of phosphorus is vcry low in Fentalc and filiI" in I\I:lbn and AdamilUlu. 

Consumption orlhe llUlricl11S by children is consistcnt with their 111 01 11('r5 in c;rch worcda. 

Talll,' 20: r" utr iell! in tlrke ordr ildrell Ilud their motlr (' rs per day by CUI o !"r point s 

l'a r a lll l' l C UI orr C h iltircli 
1\ l o lhl' rs crs pOi lU!... -Ecnla lc _A [ab~al11it.!t1l Fellla[e I\ la ba Ad llll1 j It~ Below RDA 0" all Oil 5:1 

0" J 0' Iron Sufficient 70n 

Ob 55e 80u 
0" 5 0~ Abovc UL 30:1 [00' 45' 1511 [00" 40'· HelO\\.! RDA 6SD 

[0' 2Se 
6S I1 

0" 5' Zi nc SuOicient ' -, 
60" 75 t 

95" 
J) 

.... ~ :l YOb J) Abovc UL O· 30b 
0" Oil [0" 0:1 Below RnA 1001 30b 95 c 1 [00 " 20b 90 ' C:rl t iulU Sufficicnt 0 ' 55b 
5' 0 ' 4Sb 10 c Abo\e UL 0 ' ISb 
0 ' 0 ' .... ~ b 0 ' J) Phospho below 1250 90 ' ISb ,- , 

135 :l [0" 0' J) 
fil S [250 - 4000 [0 ' 85 b 65 c 165 ' SSb [00' >4000 0' 0 ' Oil I 0' 5' 0 " 
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}\bout -10 % of Fcntalc children Crable 20) and I· o/i r . :> 0 0 Adamuulu had prolein and cncrg) 

consumption below ROA for their age. Children it II hi ' . 1 a I c Slue) url!as had oplllnal doth 

caloric. Daily phosphorus consumption below RDA (12,-0 ) . 9 . ' mg IS 0010 among children In 

Fenlalc. Low consumption of phosphorus by children is onl y 15% in Aloba and 3500 In 

Admnitlllu. 

Table 21: % ch ild rw a ud mother got ;Hiegu3lc caloric illt 'lk l.' 

'% Mother %Child rt'll 
Nutrient Cut-off F'cnt:l lc Ala!.>a Adami Cut-orr F CIIllIlc A la ha Adam i 

point (20) (20) T (20) points (20) (20) T (20) 

Fiher, < 0 -., 95.0" 15.0 ' 80.0 ' <26 100.0 ' 25.0 II 95.0 ' 
2: 25 5.0' 85.0 ' 2D.ac 

~ 26 D.Oa 75.0 b 5.0 ;1 

I)rotcin < 46 70.0' 0.0 ' 35.0 c < 34 40.0' 0.0 ' 15.0 .; 

~/> 46 JO.O a 100.0' 65.a c 
~ 34 60.0 ' 100.0' 85.0" 

Cli O ~ < 130 60.0' 0.0 ' 0.0' < 130 ;D.a a 0.0 ' 1 0.0 ~ 

0.000 2: 130 40.0' 100.0' 100.0' ~ 130 50.0 ' 100.0 90.0 ' , 
Energy < 2200 100.0' 65.0' 95.0 a < 2071 40.0 1 0.0 ' IS.Ot 

2200- 0.0' 10.0 ' 0.0 3 2071-2279 60.0 ' 100.0 85.0 c 

2402.9 
b 

> 2403 O.Ou 25.0' 5.0 a > 2279 0.0 ' 0.0 ' 0.0 · 

In the current assessmcnt Crable 21) the tiber level in Fellwlc and Adamiwlu is bclo\\ 

recommended daily a llowance or26g for the age group of the ehildr~ll. Gencrnlly. among the 

studied worcdas children in Fentale have low dietary intake or nutrients ancl that of Alaba 

have beiter ll utri ti onal provision. Mothers have better cnlorie consumption than the children. 

Consumpt ion of Food Groups (IIDUS) 

Dictary Di versit), assessment was conducted from 24 hr recall ancl ellIplicat!.! plates. Ooth dm'l 

arc consisten t. Consumption or mi lk and milk products (Table 22) arc cOlllmon in !-cntule 

(1 00%) and ve ry low in Alaba (4 1%) and Adam itulu (22.3%). The consumption ofbc\cragc 

(coITee) in all study sites is high nbovc 80%. The conslimption or antioxidant ri ch roods slich 

as vegetables <mel rrui ts arc vcry low. Kale is common in Alaba and I\ dmnilulu. and none in 

Female. Vi tamin C and A fire mentioncd elsewhere to help in minimi/Lng Iluorosis ri sk. 
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(Sushecia and Bhat nagar. 

milig£llion of nuorosis. 

is rich \11 ant i·oxidants might help in the 2002). Kale which 

Tablr 22 : 11 1)1)5 from 2.1 hr r{'c:11I 

% rood groups consumed Fenl:! ic AI:lb .. Adamilulu 

Cereals 100.0 99.0 98.9 

Vitamin A Rich Roots 0.0 1.0 1.1 

White Roots and Tubers 0.0 2.0 16.0 

Green Leafy Vegetables 0.0 86.0 91.5 
Vitnmin A Rich Fruits 0.0 0.0 1.1 
Oth,,'r Vegetables 0.0 10.0 93.6 
· Otl1er Fruits. 0.0 0.0 0.0 
· Iron Rich Organ meat, Meat and Fish 0.0 0.0 0.0 
Egg 0.0 3.0 0.0 
Legumes 45.0 43.0 22.3 
Mi lk and milk products 100.0 41.0 ?? ' __ .J 

Oil <md Fats 
100.0 23.0 98.9 

Red Palm and Products 5.0 0.0 0.0 
Sweet roods 

45.0 0.0 0.0 
Spice, beverage and Condiments 80.0 93 .0 X9.4 
Ate out of Home 

5.0 0.0 1.1 
• Not consumed at all in all the stud ied areas 

Over 43 % of I" Is in Alaba. less than 10 % in Adamituiu and none in Fel11ale had dictary 

diversity below 4 (poor) based on FAa Clit-o fT points Crab le 23). ]\'Icdium dicl<lry di\'crsit~ 
was observed in Fentnle and Adamitulu. High dictary diversi ty was practiced by less th<ln to 

% of the stud) subjects ill Ala~a and Adamitu lu . Since dairy product was olle o r the diets in 
Female. all the subjects lie in the mediulll range. 
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Table 23: III)I)S a utl C h il tl DiClllry Ili" crsil Score 

Category Fcntale Alaba Adamitulu 

HODS Low (S 3) O.Oa 43.0 b 7.4 c 

iVlcdium (4-5) 100.0 ' 51.0 b 81.9 ' 
High (> 5) 0.0 ' 6.0 b 10.6 ' 

Child DDS Low( I-3) 100.0 ' 87.0 b 55.4 c 

Mediulll (4-5) 0.0 • 13.0 b 44.6 ~ 

Il igh (>5) 0.0 3 0.0 • 0.0 3 

Cells with dinercnt superscripts ore significantl y different across row 

Although the DOS Cra ble 23) of Fentale children is poor. since da iry product is onc of the 

foods mainly consumed in the area, it can 't undercstimated in terms of mitigating ingL"stcd 

fluoride. Dairy products were mentioned clsewhere to reduce risk of fluorosis in addition \0 

providing Illost or the nutrients needed in human diet. Children DDS is poor «4) in Fcnwlc 

(100%) and Alaba (87%). None or the children in the study areas had high dictary divcrsit) 

(>5). 

Table 2~ : Vit:un iu 1\ & Iron Hich foods ('onsum lion b,' hous('llOlds 

% Consumed % Fcntale % Alaba % Adamilulu 

Vitamin A Plant 13ascd Food 0.0' 88.0 ' 93.6 c 

Vitamin t\ An imal l3ased rood 100.0' 19.0b 23.4c 

Haem Iron Food 0.0' 0.03 O.On 

Haem iron consumption Crable 24) is entirely nil alllong the study subjects. The consumption 

of plant b"lscd vitamin A rich foods in rClltalc is nil whi le it is abovc 85% ill Alaba and 

1- I is 100%. This might helped thc 
Admnitulu. Consumption of dai ry products in 'cnta e 

inhabitants to mitigate ingested nuoridc from watcr. 
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Tabl!;' 25: Wa ler and S:lII il:ll ioll 

Variables Female " Iaba Adamitulu 

(N=20) (N= I 00) (N=96) 

Source of drinking water Motorized Wind mill Wind III i II 

borehole borchole boreholc 

% I-Ills who felch water wilhin an hour 25.0 a O.Ob 99.0 ' 

% III Is lIsing Water denuoridation 0.0" 1.0:1 0.0 " 

% I II Is who usc Water Disinfectant 55.0a 6.0" 0.0 ' 

% I-I/'Is who harvest rain Water 0.0" 25.0" 0.0 :1 

% months of rai n Not at all 0.0 ' 75.0" 100.0' 
water use 1-3 months 0.0 a 24.0" O.O a 

4-6 months 100.0" LO b 0.0 " 
water storage "Insira" / Clay 0.0' 9.0 " 0.0 ' 
apparatlls 

Jeriean / Plastic 100.0' 91.0" 100.0' 

Cells \\jlh differ;;Onl superscripts arc significantly different across the row 

All the three study areas got water from either wind mill or motor gCl1l.!ratcd bore hole Crable 

25). All of the Waters arc slightly hot. Rain water harvest ing is rarc . In Fct1talc. people don'l 

harvest rain Water but they lise the aile aeellmulated by itscl/'li'OIll heavy rain lilll . The usc of 

harvested rain water in Fentale covers over 4 months. In AJa ba. 25% of the households 

han'cstcd rain water and usc ror about 3 11101llhs. Adamitulu eOllll11Ullitics have no praclic!.' of 

harvesting and using rain water. The government or Ethiopia is promoting rain \\~Jtcr 
harvcsting as one stratcgy for lood security (USDA. 2010). With rega rd to reduclion of 

nuorosis the practicc is almost nil. Thosc who harvest rain water, they do so to reduce tim!.' to 

go and fetch water and 110t for reduction of fluorosis or lor food security purpose. The prilcticr 

of using disinfectant was about 55% in Felltalc (Bent i) and none in the rest. The sllld~' 
subjects store W<Hcr in a plastic COntainer (JcriC<IIl). Among the study subjects. 99% of 

Adamitulu and 25% of Fentalc fcteh W:UCr within an hour time while Alaba I II Is travc!mon: 
than an hour. 



5.11 Stand:lnl referellce ma teria ls and spiked s' I' peC tlll c li s o r Method va lid:llioll 

The validation of method was conducted using sp'k d I .. I e samp es and analYSIS 01 reference 

materials, The recoveries o f spiked samples show 11,"1 ,1, I d' -_ .• , e l11et10 IS guvu (% error < IO%). 

The analysis from reference material al so shows with,' 1 II r I 1e mnge 0 eomp;:tll) standard 

deviation Crable 26). 

TlIblc 26: 5 t:1I11I:ln l r cfcrCIlCC matcr ia ls and spikcd sam ples fo r mcthotl \':lli(lat iou 

N NOli spiked, spi kccl , '10 
Sampll' t ~ pc ~gF ltgF Heading rCf41 vcrL 
Feces. nll 3 3.4 5 8.6 104.4 

Urine. rat 
, 

4.6 5 9.5 J 98.6 

Brewed tea (anbcsa tea) 
, 

4.4 5 9.6 J 104.5 

Standa rd Referencc At co mpany AI our lah 

malc ri:1I Mean Stdev, ~ilcan Slde\ . 

SRM I (P lan ltisslIe) 9 277 27 282 17 

SRM 2 (Fish lisslIe) 9 " -) not 29 4 
reported 

5.12 Rcsult s fr om ~lnill1 a llria l 

The mean daily consumption of water by the rat was 18rnL and the mean daily consumption 

of food was 15gnlln. f-rom figure 13, it is clearly obscr\!eclthm the \\ eights of all the rms 

increased. The percent increment of llloringa or calcium suppJcmcnted olles were mon.: than 

the control ones. When we compare the we ights among the control nuoridc supph.:mentC"d I 

contami nated show more wcight inc rement than those not supplementcd (FF ). 
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___ Moringa suppl. 
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Figure 13: I'e rcenl increment ofwrigllts ornlls 

5. 12. 1 Fluoride in reces or rut supplclllt.' lIlcd wilh c:l lcium 0" !VIOI"ill).!;I fUI" Ci w('d;:s 

Concentration of fluoride in feces of rats supplell1ented with calcium or morillga was higher 

thnn that of control. The r.:ullIrols (FF and FC) differed frolll Ihl..' tfl..'atmCn! group by 

supplements. The fluoride in feces of nutrien t slIpplclllCIlICd group was I \\ icc as the control 

group (FC). The Iluoridc concentration of the control is twice as thl: nOIl-contallllnated rats 
Crab!e 26). 

T;lhle 26: ANOVA aU:ll rsis: (c(':11 nuuritk III' k) 
or nIlS O\'(.' r 6 weeks 

N Mean SD. 
Supplement 

FF: Normal diet. Non-Fluoridated waler 
6 3.6a

• 1.0 
Fe: Normal diet. rluoridmcd wmer 

6 6.4 a 
0.8 

CA: Culciulll supplelllellled diet. fluoridated water 6 14.7b 4.8 

1\1 : Moringa supplemented diet, Fl uoridated water 6 13.1 b 4.0 

·DiITcrcU! superscripts ar\." signilicantl} diOcr\."llt 

ANOV" shows that feces fluoride has signilicalll difference (1'=0.002) between calcium or 

ll1oring'l supplemented and non-supplcmcntc,! 0, t! ! ! d!1 .! t 01' feces of 
. ! 1C at 1er UlIl HOrle c CQll ten 



ratS conwminatcd and non·contaminatcd has n . 'f" " 
. . . . 0 sigm Icam dlfTerence (p=O.150). I he 

comparison of means lIldlcatc tha in absence of nut ', I ( "1 " " " nen ca c!lIm) III the diet the excretion of 

fluoride is mainly through urine. the excretion is sha d ' I' • rc among leees and uri ne when calcium 

s supplcmclllCd. 

15 

" • ~ 10 , 
5 

o , J 

Weeks 

, 5 

-FF 

...... rc 

-M 

6 

Figure 14: fluori de in feces armIs supplemented with calc ium or mari nga 

When nuoridc c.xcrclion is compared among the treatments. mean nuoridc excreted b~ 

supplementation of calcium or maringa was not significantl y dincrcHt (p=0.395). llut the 

control was significantly diffe rent from maringa supplemented (p=0.002) as \\ cll as calcium 

supplemented (p=O.OOO). The excretion of fluoride by rat s consumed fluoridated water 

cnuoride conta minated/control) was not signi ficantly different (1'=0. 150) from non-fl uoridalcd 

(FF). This shows that the excrct ion of fluoride through feces depended on amount of Illitrienls 

taken, especiall y calcium . 

Fluoride combini ng clclllents thai fo rm insoluble compound if consumed III dict/bc\cmges urc 

used to excretc Iluoridc via feces. The graph clcarly shows the potenti,ll bcnclit of nutrients in 

mitigating ingested 111loridc (rigurc 14). Le vel of fluoride in feces of mts Sll]lplcmcJ1lcd \\ith 

!TIoringa or catciulll is almost doublc compared 10 the control groups. '1l1C Rin vatic)' 

cOlll lll unit ies which arc living under nuoridc burden due to contaminated \\;lIcr with flUOride 

should need to divc rsify thcir diet with calcium and anli-ox idant rich roods, If milk is not 

availablc or SC,"""cc"" bstitlllC c'llciulll rich foods if customil.cd in the diet of Illunnga can Sli ' 
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en emlc comlllUIlI Ie , d ' 'I' S ",d cOllld be used for the mitigati on or inges ted Il uoridc. Morco,'. 

since moringa and vegetables like kale arc rich in anti·oxidall ls (ViI C. A.) using these fOOds 

may also reduce the toxicit)' that might be caused due to fluor ide. 

Fluoride ill ur ine of rals sUPllitl11 f lll cd wilh cakium 01' moringa 

The principle of using calcium ric h foods to mi ligmc or reduce the encct or ingested ntlofid~ 

lies on the so lubility of calcium nuoridc. When calcium rich load is taken along with Iluo r id~ 

contaminated water. calcium combines !1uoridc (scavenge) and lonns insoluble calcium 

fluoride compound. 13y doing so it reduces the absorption/ bioavaiJability of Iluoridc (Figure 

15). The amOllnt of lluOI"ide in urine is direc tl y proport ional to amoullt of Iluuridc absorocd 

~I thollgh the balance has grcat variabil ity depending on scvl'ra l lilctors like amount of 

c:..;pasurc, duration. nutrient intakc and ugc. 

mglL 

100 

80 

60 

40 

20 

o • , 

Urinary nuoridc 

-+- FF 

....... FC 

- Cil 

3 'I i 6 - M 

\Vc~ks 

Figun ' 15: Uriu :l r\' nuor itl l' or r:11S StIl' lltl' I I .. I ' ' , 
. lUl' n {'( 1111 1 C.11c1U1il or Mo nll ~a O\ ' ('/" 6 II'N'l.s 

During carl v exposure nlc of t . . b 
. ' < re CntJOn In one and tccth is high (about 90%) and the raIl' 

decreases as much nuoride is abs bed d _ . . . " 
or or a sorbed. I he amount of fl uofJde III feces IS 

directl} proporl ion~1 to amOUnt of _, " . . 
Cd cnun Intakc. It IS mean that consumption of calclUnl 

\\ il h fluoridated watcr decreases urinary OliO 'd d ' 
< n e an Increases fcees fluoride. This is wh:!1 

e .'\actl~ observed in this animal trial. 



Tablr 27: 1\ i'l0" A: U rilllil' , nuori tJr or rats 

Group N Mean Sldev. Min Max 

FF " 4.6 nO 0.6 3.8 5.6\ J 

Fe " 76.0 ' 8.5 67.8 86.6 J 

ell " 55.9 1: 6.9 47.4 66.0 J 

M 3 55.2 c 7.6 46.6 64.5 

t Values with dirfcrc ill superscripts are sigllificalltly difTcrcnt 

The urinary tluoride of rats drinking fluor idated water is far above those of non-fluoridated 

water (p=O.OOO. Table 27).Urinary fluoride decreases upon supplementation of nutrients. In 

Ihis stud y it is observed thm calcium and moringa supplemented rats have got 1Q\\er uri nary 

fluoride than control (p=O.OOO).The urinary fluoride of rats supplemented with moringa is not 

significantly diffe rellt from those supplemented with calcium CilrJlL' (p=OA IO). Thc 

invcstigation show that the possibility of using moringa as a substitute for calcium 

supplement. The blend ing of Illoringa with flour increases its calcium levcl. In fact. il also 

raises the anti oxidant level. as moringa leaf is rich in Vi t A. C. Iron and protein. 

The increase of fecal fluoride content and decrcnsc of urinnry fluoride on supplementa tion of 

calcium ,md or calcium rich foods strongly suggests thai fluoride combines \\it h calci um to 

fOfm insoluble compound. The percent increase of concentration of fluori de in feces and 

percent decrease in urine confirms that supplementat ion of calcium cn.:atl!S Illlori de inbalance 

although the sfoichiolllellY is not c-xactl y equivalent because or Ihl' insolubi lity of some 

amoun t or calcium fluori de in waler and other factors. 

5. 13 Inges ted Iluoridc l11iti g~lti()n through nutricnt supplcment at ion: hlll1l :111 If i:11 

The d' ·1 . 11 · I I· SIIOW Ihnl supp!cmcnlalioll of mill-.. calc ium tablet or 
<II Y ltl"lnary lIon( e 0 womcn ' 
.. . ·d 'h . lp'lred with conlrol (Figure 16). monnga dried leaf reduces unnary Iluon e \\ en can • 

14) II' I C 



Urinary nuoride orerS dars (N = 28, 7 subjtclS in tach group) 

oJ 
..... 

14.0 '--~:::;:::-

E 9.0 

4.0 '--_______ 1 __ 

dayt dal'2 day] dart day; da)'6 da)' 7 dal' 8 

-+- Milk 

+Morilwa -
...... Calciulll 

- Colltrol 

Figu l'c 16: Urinary nuurid c ofwo ll1clI sUJllllcnll.'ulcd wilh C:t-rich fonds ()I'cr N days 

The le"el or fluoride concentration in urine or control group is higher than those treated with 

milk. moringa or calcium Crable 28). Figure 16 clearly shows the potential lise of nutrient 

supplementation in mitigating ingested fluoride und consequently decrcases the degree of 

fluorosis. The milk supplemented group show relatively higher level of urinary Iluoridc than 

moringa or calcium tablet supplemented ones. The di fTcrence in urinary Iluoridc level 

between bread made of moringa dry lea r powder or bread wi th ealciulll tablct blended wheat 

powder) and milk might be allribu ted 10 the slfIIC of the roods and the time dirli:rcnce in the 

absorption of both fluor ide (in water) and calcium (in bread or milk). 

T:lbl(' 28: Urin:lry Fluoride 

Treatment 

groups N Mean SI) Min Max 
Moringn 8 8 ... :,' 

.J 2. 1 4 ' .J 10.2 
Calci ulll 8 8.6a 

2.1 5.8 11.9 
~ Iilk 8 10.1 ' 0.9 8.5 II. 7 
Contro l 8 12.2c 1.5 106 14.9 
• Valu(."s II ilh different SIIJX'rscripts arc signifiC,IrlIi) different 
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( IIAI'TER SIX : CONCL USIONS AND RECOMENDATIONS 

6.1 Conclusion 

• Fluoride both frolll waler as well as food is high. The daily fluoride inlUJ..c from \\nter 

alone exceed the guidel ine value given by WHO(2008). The fluoride conlent of food 

ingredients and cereals SllCh as terr, some lea brands and chi li powder had the highest 

fluoride content. In all st ud y arcas the daily fluoride intake exceeds the upper tolerable 

level of O. lmg/bw/day recommended by EFSA (2008). 

• The altiwdc and mean annual temperature in the area wi ll induce water consumption 10 

adjust 10 the hot environmen t. The high water consumption will expose the communil) to 

higher fllloros is risk. As a result severe and moderate denial fluorosis and some forms of 

skeletal Iluorosis sllch as stiffness of joints, tingling scnsat ion in the extrcmitil'!o>. stifTncss 

in the neck movement and muscle weakness arc common in all the stud) areas. n the 

other hand cliclary practice of calcium rich foods. anti-oxidant ri ch fruits and vegetables 

and dictary dive rsi ty orthe community is poor. 

• Among the study sites low severe dental nuoros i ~ ralC is observed in those who han est 

rain water and thosc who havc dietary practice of calcium rich roods: dai ry products. 

• The study indicates that thc hcalth consequences of fluoride cont:ullinatt.:d water is fairl y 

understood but sti ll therc is a knowledge gap and wrong perception concerning Iluoride 

and its health consequcnccs among thc community including health extension workcrs. 

L ' , 1 'd ' t' ' 1 tile presence of other inlcctious and ess emphaSIS was given to I lion e contalllma IOn II 

non-infectious diseascs. 

• Both in rats and reproductive age women, moringa .. lIld calcium supplement reduced 

, ' , d I· ' I l1uoridc levels \\crI! found. These 
un nary nuoridc. In thc rat study. II1creasc eca 

. .. . . b' , 'I' bTt ' eall be reduced by complementing expcrunellial trials 1I1cltcatc that nuondc lOa\ at a I I ~ 

diet wi th calcium rich foods. 
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6.2 Reco mmendation 

• 1 1 ' 'OIl of Il uoridc free water is impossible the communities need to use n areas w lere proV1SI 

defluoridation techniques and min waler harvesting. Moreover food s that have high 

fluor ide contelll mllst be ,I\'oided and those foods which have low fluorid e level should be 

promoted. Therefore lise of dniry products. finger millet and vegetables that arc rich in 

calcium need to be promoted in the areas. TcfTis al so a good source ofcalciulll but dU<." (l 

high soil contelll, di/1icult to puril)' soil from grain orlcfl~ it is also fluor ide contaminated, 

Moreover, such plants like moringa which is suiwblc to cu lti vate in rirt area <lnd rich in 

calcium and antiox idants may al so help in mitigating ingested fluoride as well as in 

- reducing ri sk of fluorosis. 

• The trend of harvest ing and using rain water should be encouraged because it wi ll reduce 

the fl uoride intake. Rain water harvesting wil l al so he lp as a means 10 make gardening and 

lise anti-oxidalll rich vegctables to reduce the tox ic errect of fluoride and beller usc ort~ 
nutrients. 

• The health consequences of fluoride contamination and mitiga tory methods should gel 

sufficicnt attention by thc community, health workers and concerned !.!ovcrnmcntal bodit's 

through appropriatc hcal th interventions illc luding inlonmllion cOllllllunicatioll. Ministry 

of health should give attcntion and coordinate the mitigation actions. 

• Fluoros is mitigation and prevention should be part or the work of health extension 

workers in the Main Ethiopian rift valley. Moreover information cOlllmtmic(l tion works 

• 

among community as well as health promoters including health extension works should b~' 
given more emphnsis in fu ture miti gation works. Fu ture stud ies should locus on 

interven tions on dcfllloridat ion and miti g;l1 ory techniques. Beside (klluoriciation and rai n 

\\atCr harvesting. nutrients intake and dietary habit adjustment might help 10 safe gU:lrd 
the Rift valley community. 

Since the community ha ve positive fllti tlldc ',1 I k" l' 'n 
( I a 111£ an acti ve part III future cI ortS I 

providing the communi Iv witl . ' 1' I 1 
• , <I Sci C Water. stakehOlders and concerned govcnllllcn a 

bodies should participate the co ' 1 . . . .. .. of 
I IIlUnlly. suPpOrt and mobilIze resources III pro vl .)1011 

sa re and fluoride free Water. 
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6.3 Lilll i t ~l l io n s o f th e study 

• The study had limitation of lIsing small sample size rOf diclar) intake and absence of 

conii rma tion o r skelctal Ouorosis with radiological methods. 

• Thc assessmcnt was conductcd at the beginni ng of SUIll lller (June. 2013). During 

dic{ary intakc asscssment there was seasonal scarcity or paslure in Feil lale (l3enll 

communi ty) and Illost of thc households were migrated in search or grazing land until 

the rain fall s and thc area regeneratc. Consequently only 20 households were included 

in the assessment. 

• Since milk was scarce, lJ1 thc slUdy areas it was excluded from duplicah: piale 

technique and dietary intake assessment of mi lk was conducted based on food 

freq uency questionnaire. lienee its nut rient contribution was not included in the slud), 
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y.cUIV;A? 
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1If/':t\ 8:- I'IL'I'MI (,-,-flJ'I' .. y .... /il t'hUU.:J'HI "'Y'''/U'I (I DDS) 

j':liT~ ' I'J"/: ,'Y"·huI'·I'm· ~."'/(II/. · (1).1',1" ,'f1,'I'(HI" ) Y .. ··I·O 'II"';'>} ' \'''·I.:'''I~~ ""In hflll'l ': II'hl ~fI :" 
).v:,,,,,:o,', ),IF} 11I'I :),·n·) · fI'} ') ' 1Il.\'. :)1\ l1 um\'·)· 1'.'/'''1.\ :: \'24 f\'H:'} fi lm)'.:" t!1,j'vnp,. "Y''''/il 
flti ') ' " ·hm'/rH··, n' I'J"L'III' n(H ''''I.· Mlfa:(; },"¥. \' Y""/fl. Y"": 1' f\j'rm·:: IIllv /..t:.,,: tH'_m .. } . 
!!'''?-fl ~ f n/ Ittl -/w"'lll·.)· Y'''NI .e','!" ~O~J {N'/I/IIII}- (1;)- ".f~ 'I":: : 

1 2-111~ 3·"'j-l· IIM·l 24 fl'} '}' I 
.".'1: t'Y·"" ... 1 ' }f. ~ ·NfFU"/"""i. , (0 / 1) 0/1 \"NIII' Y"'111':}"-
1 l'h'ly, }, U fl .. ":t', : -/ 1111.', : : <, 'II l 'I'ull : rnY .. l IHI'I-1 "'{n" I M , C'"j·) · ,'; '/ '1'\ 1 ), :(; I \"/' II.;Jl P, '/)":/.. ; ./:,11. Til:: 1 ,':/1 1 )\ '}IIl'i J 

;J'{): J'! -lIilll+, I,'I"')? 
2 fjljj'.;J.ml. '} I>. \'/1/\0'/ , o'}·III!\ ·y,:r'; P't·" ... C')··; •. V"tl l !tC:"} " 

11(1l'{WI' n. "~I.1· I]( :' ,: I t' i" 'I ·,'M" ,l'tlC/)' {IIJ.r: .\.': ',:)" 1 
3 ', (II !,~ , " .... t." .... C·)··:· ""1." .1'; '}:" I 'I.I'./.. ! " "I,., )t·, ij I fl '" J ,I'·Y. J 

tI.tI .. '·r· f!t. ,r'H:·:r- ? 

4 tIl,tlc !'~ ~t.'}'/'Y .. ·l'mt\ j"V/:01- h ,l'll &\ .y.): :'(1)'1"(: ," ,,,,TN' .. hnA .1''' :' :(1). l,·H,t.H'·:r· (-1''''': 1IJu'}I\' I/IIi'i 1/1u'U 
\"(jI.. t. ,fI)' ·hIlA) 

5 /11iy.;J·u'l.'} I>. "11 .... 0'/· fj!t·fj: j{.slJ ) ',;. \'(1f111 m/'}'): :J' :J'.I' I 
'·I.'·"'/'/:? 

6 M-)-' o,"IIA·r·)'· ? 
7 M ' )-' I,:t ,fj!t,s,ll)'·? 

8 IHll')- u'IlJ¥.:'} 111\0'/' rh-,n~,), ll?:'\"/'(l')' l 
1I· ....... :) ·l t.\ ·1] 1.v,.f1-}- m,l',Y" h.I'.Y" , ') ( : \' ·/'01'''01· .... P'?? 

9 " ..... ;1:. " '''r> :;:m·jI'' )dfll'\ III,(',Y" )1 ~,'1'1 .-}- I" .') Mo. '!: 
10 d'lMII'- I'" 'I '} i;: (II'Y" )"""',: l,·H ... A ? 

11 0"/ :' \')\1'\ I" .')? 
12 'l't·','l,P';· h'H''I ! )d'C ! jI"flC ; ) • .y. ..... '1. ; ), .I~ T' ·/", ! 

'(jy"'I]/'. ; m,l',Y" lI'IILlI 1' · ' · II.') .i~ Y""I'fl. tt· .... ·:r? 
13 m·,"}·" 1'(11'1"1 ' (lNn,·r·)··:· )"i',·II . ),(:1, III"")"; tt.tt·:r-

1'111-/+ ./." , JI f " ')" ? 
14 /1,('.')" ; ~./).). J''I:/:(I1- V""/(I)'.:. "'I ·j:;'m·Y" hll)'.·)· -I'M· 

yn ' '1II:)', I (H I I ,hl.? 

15 'I' J', '/ 'Y'T I 11'/' y. ",V"C Y'/'II,:lJl; Y"·"/(I)'. I ll y.-)' 
16 {I I".' .... )··: '''f',:j'm·Y'' ),f·',.} , (JI).I.."" Y''''I-II (IIP·Y" (1"(11' ,'/ 

(JI) c: I' "·{'I.l, 1I"1.11·)'? 
17 ·l'ull"'/~·m·Y" 1 n·li'; ~", - "'/ '}:;: (II.y" 'J'/(: /t.), (/OI ' ''/ '} ' fI"Y" J 71)'. 

III,{'.Y" (I .•• ? 

18 !tll.-l , (11-"'1." flt'\utJuu'I1I'· ·l ,' ,"),), Itfl .-,·(jIJ· hll,'}' {/" ~I.~ 

\,·,·"..-, ,1 tI(II' ),tt? 
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hfi:A9:- FFQ I \'n'H': \1""1'11 rhou;,J'/-f1 J:,· .. n'l"71 

No Food item I fMil i.t'~· Consumption! Consumption Food PPn -- Periods 01 ~ 1111.,,..,.,, Frequency • 01"") U'Ut!\h 

i 
1 '" Yes 0.'''';:1'1'(1 'h"1.+n'\ 

con~ .. , 
0- No X' ''I'7'i''1I .... ,-... 

1 Tefl (1\/1 : 

2 Wheat ~·H'.. 

3 Maize I n 'l\ fI~ 

4 Sorghum o~7i" 

5 Finger millet }\'j'''' 

6 Bartey 'I·nil 
7 lIJ~ 

8 Potato J'.:'f)'. 

9 Sweet potato I I'IhC .f:'f)". 

10 False banana ).·M-}-

11 Beans! peal (H" I 'IH: 
12 Chickpea rli9"·nt.. 

I 
13 Grass peas! '1'.1' 

14 lentils I Y"ilC 

! 15 Carrol (l Ie") '! 

16 Tomato I-/:'''I-I: ')''! 
17 Cabbage !'I ' ~'A 101.')1 
18 Kale I -'lUll'} 

19 Moringa ' 1r\.II(fit.(..(n. 

"I 
20 Pepper ment.,1 
21 Pumpkin I~:·I IJ 

22 'M"I 
23 l'I(jll>"I;" 

! 
I 

24 (I)·H· 
25 I'I _:J/'~c'j 

• 0 - Never 
·· O- R.1W ... 

1 = Daily , 
' - T ' I = Cooked I .lun-aug 

i 
- - \\ 0 to SIX days/week 

J = Once lIeekl)' 2 = Roaslcd 2 Sl'p-No\' 

~ "" Once monthly .I = As bread -' = Dec-Feb 

5 "" Once every 3 months 4 = As Injcrn 
... = 1\ b r-r-- I:l}' , • - ' ___ . : .J . _ 

i 
li!,I/ 

/ ~ 'i "' I ./ ISS I" , gC 

i 

~ 



),r,:t\ 10:- Clinical assessment 

A. Dental fluorosis (Dean's Index): 

Options: 1= Normal 2= Questionable 3= Very Mild 4= Mild 5: Moderate 6= Severe} 

8gg Dental fluOlosis 

1. Mother: 

2. Child: 

B. Skeletal fluorosis: Physical Exercise 

picture 

(1 = able. 2 =unablc): See 

Exercise 1 Exercise2 Exercise3 

1. Mother: 

2. Child: 

C. Symptoms of skeletal and non-skeletal fluorosis 

No S~mptoms Dresent? 1= Ves ; 0 = No 
Mother Child 

1 Lower back pain 
2 Leg pain 
3 Arm pain 
4 Ti~liQ.9.. sensations in the hands and feet 
5 NeckLain 
6 Muscle weakness 
7 Loss of aooetite 
8 Feelings of nausea 
9 Abdominal pain 
10 Bloated leelinq in stomach 
11 PoJy,<:l~ia (excessive thirst) 
12 Polyuria (produclLon or lar 'e \ olumc;') of urine) 

13 Constipation 

18? II 'sc 



h<;:tl11 :- M /IL-)' V"'I.MIWI ool)! ISecondary datal Woreda office 

1. Mean temperature, 

2. mean annual rain fall, 

3. water harvesting trend, 

4. total population, 

5. population depending on selected water source, 

. l r n 01 lIuoride intake and lIuorosis 6. any past attempts In ml Iga 10 

7. luture plan all the district 

h<;:tl12:- n<D-.e.e-)· V"'I.MMI ool)! I FGD 

1. How do people perceive lIuorosis; dental and skeletal lIuorosis, i.e 

knowledge and attitude 

2. How do people/community prevent lIuorosis (prevention mechanisms), 

efforts made so far to prevent lIuorosis due to lIuoride contamination 

3. What are the mechanisms 01 mitigation 01 lIuorosis, practices 

4. What are the community dietary habits (consumed, not consumed, 

common diets, not allowed for all speci fi c agel gender 

5. Annual mean temperature, maximum, minimum, When, how many 

months are hot, cold, medium, 

6. Annual mean rain lall, how many months of rain lall , months harvested 

rain water used 

7. food prepared in clay or stainless steel (cooking ulensil) 

190 11'3g' 
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Note for the assessment group 

~N~o-" S'-c=a~le~(D~e=a=n~'s~l n=d~eCx)'--------------------------------------'. 

Normal 

2 Ouestionable: A few white flecks to occasIonal while spots. 

3 Very Mild: Less than 25% of the tooth surfaces covered by small whilo opaque 

areas. 

4 Mild: Fifly per cent of the looth surlaces covered by white opaque areas. 

5 Moderate: Nearly all the tooth surfaces are involved, with minute pitting and 

brown or yellowish stains. 

6 Severe: Smooky white appearance of all the teeth with hypoplasia, chipping and 

large brown stains, which vary from chocolate brown to black. There is discrete 

and confluent pitting, ollen accompanied by anrition. 

.. 
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Normal llt'lI l ! l l i udj , idtl ll l l l·:'{, l'ri -.,') 

A·Can 1X'lld hody all tnuch tlli.' i1l)Qr/lo;'$ 

C·Call louch : Icsi with chill 
E·C:11l sln![:h ha nds rolJ :lrm!'. :lIld (.)uch back or 

head 

I3-Unnhk (0 bcnlJ withOlIi fll h.ling ~1'k..,(,S 

D-Un:lbIL' (oJ bend f\..' l .(ollch ng c~st wilh din 

nOI ros~lhL' 
F-Una1:lc 10 strekh h:mJs. folJ nrnb nml (Ol t:h 

hac ~ oi ""ad L--_____________________ ~ 

I t) I " 



7.2 Manuscr ipts 

I. DieUlry Fluoride sources and fluoros is risk facto rs in Ethiopian Rifl valley 

2. Community knowledge, rltlitude and practices (KAP) on Il uorosis prevention and 

mitigation in endemic areas of Ethiopia 

3. Dietary Fluoride Intake and Prevalence of Fluorosis in School Age Children in nlral 

communities of Ethiopian Ri ll Va lley 

4. Pot...:ntial usc of calciulll rich foods in mitigation of ingl.!slcd Iluoridc 



7.3 Pi l' lurcs f ronl li elll :'I lid nho r;ll o ry wo r k 

\~lJ .. 
. -/.1 ~-!l'T'-""1: 

l\ ! ~tabolic cage 

Women drinki ng mi lk for mitigmion ofingcslcd nuoride 

.. . 
, 
• 

.. . .. 

Fluoride anal)sis ~pparalus (Jcllwa)' 3345) 

.. . .. 

• --



7.4 netai l of table 7 

Ktgion I District Ktbrlf f oodTypt 

I r. brd \ 111 
-+ 

,\ far Gcwam: Bin: ero . , 
Afar Amibara Sedi Ilaf ' brd. Illn 

Afar GC\\"3ilC Bircfcro In'cra. lf+ mix 

Arnr Amibara Sedi lIar In 'era, If 

ArM Amibara A\\ashsh Injcm.lf + mix 

Atilr Amibara Awash sh Local brl! 11'111 + mix 

Af.'1f Amibara Sedi Ilaf Local brd wlll +mix 
Oromiy:. Bom Bolie brd.llhl 

Crom!}'a I Bosel I Chc~q!1 brd. whl 
Oroll1i~a Mctahara ~krti·J brd. Whl + mix 

Oroll1l~'a M Clrutar.l -.i Ab~djr- brd. whl + mi.~ 
Oro,!!!),a J Adamilul TOII'1i br<!. 1111\ + mi.\ 
Oromiy3 Du!!da SOlni! 'a Injcru. nlZ + mix 
Drumi 'n ! BoscI I Chelc il Injcro. rnz + mix 
Drum..!,'.. Bosel 
Ororni~a Ail3mitul 

Borchota I Illleru. !Ill 

Ur omcrh In ·era. mz 

Oromjya~u da Tuehi [n\~ra,mz+mix 

Oro.!!0-u --..-lli!g"d"' __ ~S'.'"i(c' __ -iIr"'''~Uc,ra. 1111:-_ 
Ororni~·a--.Qugda Boro ! injcm. l f + mix 
Oronlll'H DUl!da T hi S f ' -. "' 

, 
I IlJera, I 't fIllX 

~orn Cromi 

Oromi 

Or~ 
Cromi 

Orumi 

Drumi 

Oromi 

Oromi 

fa J M\.'lahara 

va j Auamitul 
)<1 ~;lInilul 

fa I Adarnilu l 
ya MClah:lfa 

~Dtlgda 

BOI;e Injcra, If + mi." 
l·d eni·3 IlIjel1l.lf+ mix 
l ido Injcr.l. If 
Town In ·cm. lf + mh 
Anano II ~icra.lr + 111 i.~ 
Abndir- IIl ·cm. If+ Illix 
Bolo In ·ern, If + mi.\ 

Oromi. a ~1~1,'"h~"'--_If-:N""""c",,'"m'---t hlJI;'ra,lf + IllIX 
Oroll1iY~ra I Tc/ilu r Injetu. lf't mi." 

ya ~ugda I QrgOCho InjCr.l.lf + mix ,. . . , .. 

OrOIlIl):! [)uQd:l T h· r - -
........ ~ ue I IIl~ra. If: mi.\ 

Oromiya -L.!!0r.l DaloIa I · r . 
=~_""",..."nlcrJ. I + nllx 

Oromi'a [)tllld~ 130[0 
.. -- o ! Local brU. Illn + mh 

Orollli.,' I 1\ll;'lahar:' " , . ' J .... 
. ·'·~~'~·=':·<---i,J~~~'~lb~'~d.c'~'I~"c+"'~"~iX~ Orornh., _ Adamilul A" 0 ' L 

;til I ~d.","~, ___ _ 

Orollli}a--.-!\dae'~nic""I_+1 ~Dod;::~":h:':--t, ~1.oc~'~I~bnJ!:!.,~,,~, __ 
Oromj)'a nOSCI B h ' 

~ ~ Local brd.ml'~l1ll1 
Oromi)"OI --..!\uarllllul Gorb·· 

.-~ Local brd.I1ll'_lIhl 
Oro!lli~a J)uS!!a Tuehi su LO("al bf(i.~l1 =--
Gromi}a 1'-·klahar, N' h 

- .I on cam .. Local brd.lI'hl 

.. F C:r 
1I":lll'r (ood (ood 

1.6 14 50.1 

3.6 1.4 38.1 

I.~ 2 II) I . ~ 

3.6 1.7 53 .7 

::f 0.9 1-1 9 '.I 

0.' 107.9 

16 I. (J 2XI) ,·1 

" I.X 567 

' .9 IA 5S .2 

2.8 \l .X 101 7 

'1.7 2 XSN 
5.2 0.9 2 12.5 

6.7 2..1 l( )(Jt} 

9.9 27 7X X 
0.6 0.9 '" ' .7 7K 2'.1 1 

8.5 2.6 2X7 
7.2 IS '" 10. ~ 25 362_2 

9.5 1. 7 11 9.j 

8.6 2.3 310; 
2.8 1.7 S iNo I 
S.8 2.9 22.3 
5.2 IJ 1·12,(, 

5.4 J.(, 10<), I 

'1.7 1.8 HII 2 
9 II 'J 2 

7.'-) , 23<)1) 

2.2 2 106. I 

~ . 2 2.·1 672 ! 

7.2 1.8 2!~ I 

IU! 2.2 2;(1." 
IO.l! 1.7 131 I 
2.8 1.2 2Hli 
SA 1.3 19.3 
1.9 1..1 30.2 
0.6 '1.4 JIU 
'1.6 1.5 12 .3 
9.5 1.7 27. 1 
2.2 ., ,1·ll, 

I' 
food 

II,u 

15 
.10.6 

12 

59.X 

19.7 

12. 1 

2,1.2 

! I \} 

.l7 ! 

IOJ 
X j 

" 29 I 
10.(, 

l~ X 

;0 

:'i" I 

~X 1 

.i I " 
)')7 

51 I 

17] 

IJ 

) I') 

lin 
27 'J 

III 

37.S 

161 

12 X 

IX.') 

.u 
jjlS 

121 

55 j 

39.7 

·10.6 

" 39.7 

~:;-z-. 
foof.! food 
----=., 
J4 09 
01.3 l.i 
51 l5 
2.3 l.i 

62.2 29 
'1.5 II 
X.I ., Jl 
3.4 1.2 

')J~ 

;; :t 
11.9~ 
X,2~ 

12.7 2S 

1(2 J 
')9 1.5 

" lj 

71.8t7 

37.8G1 
IX.7 i1 
(,S.3 --U-J 
32.6 l 7J 
25.2 1 19 
H6 ~ 

j!.X lS j 

23J ~ 
1·1.5 ~ 
JS.5 2.9-1 

,I/) . X~ 

JJ.3 6~ 
211 ~ 

S l! 3:!-

LX .J.l. 
J . K ~ 
.I .. I~ 

10.3 I l~ 

,·tEElS 
10.2 4.1 

.1.3 2.8 

-_. 



Rtgio l1 

Orornl}u 

Oroml):! 

Oromi} a 

Oroll1l}U 

Oromi~a 

Ororni~a 

OrOIllI)U 

OroIllIY<I 

()rOlIll~1l 

UrOlIll~a 

Ororlll~a 

Ororni)!! 

Orollll)!! 

SN'I'R 

~'-':I'R 

S:-.INPR 

S"'PR 
~:-.I'J>R 

~\\PR 

~ 'M'I{ 

:-'\WI{ 

\"I'R 

~""R 
""'1'1{ 
::;:-'<'\1'1{ 

i"PR 

i\"I'I{ 

i\'-:PI{ 

"'I'I{ 
')~t\I'I( 

""l'-'I'R 

.." '1'1{ 

""'1'1{ 

'\\'1'1< 

"'\:-':I'I{ 

""'I'R 

""'1'1{ 

l>islrif l 

Ad;ullLwl 

I)u~da 

!loset 

1-.ktahara 

Adamitul 

fo.·kt tllmra 

Ad:nmtul 

Au:uUllul 

I\damitul 

AdamnuJ 

Adumitul 

Adtll llituJ 

Dugda 

Mcuslun 

Mcsbn 

fo.kskull 

\\ olu) il;1 

Alaba 

Murclo 

M.lrclo 

1-.1:lrclo 

1-.k:.l..:ln 

M:lrclo 

Abo;. 

II.h'(clo 

1-.kasl..all 

fo.!cslan 

i\1,lrclo 

I\k~knn 

\ 1.Irclo 

l\k~J...HI1 

1-.1arcko 

i\lcsk:ln 

\\ oJ,,} Iia 

Al.lba 

Jl.1.lrclo 

Wolu) Iia 

" ~bt' l r 

Jido 

Orl!Oo:ho 

Bor('hola 

NorthcUilI 

Jl.lt('hcfcr 

Abadi r-

1\IIiIllO 

Dodccha 

Jido 

lJrgomcch 

Gorbii 

fo.'k riSH 

Surit i 

n~·(hcgul 

lkchc[!.!ll 

IlcchcS,ll1 

lo\\n 

I1lsh.lI1o 

Llalo ji 
Ilobcj:lrd 

LnIOIIHJr:! 

Ill-chcg.nl 

Elalagab 

lJppcrruq 

Elalagab 

Ikchcgul 

ncch~~u l 

F:lqollurn 

I Jchcgcn:l 

I:lalo ji 
Il.;clWl!,ul 

Ilob,:inrd 

lIechcgul 

101ln 

Bishano 

Faqo\lurn 

TOIl II 

FoodT)pr 

LOC':lI bnb- hi 

unlcalcncd brd.flU 

unlcalcnl:d brd.m7 

unlcalcncd brd.nu. 

unlc:II'cncd brd.ml. 

unlc:llcncd brd.milcl 

unlc:llcnrt! brd.ffi/ 

unlc"lcncd brd.ml 

unleavencd brd.llll 

unletll'cll,'d brd.Illl 

unlculcn~'<l brd.mz 

unll·al·cncd brd.rnilci 

unlcalcncd brd.mz 

Injern. IlIZ 

[Iljcra. 1111. 

[ ~Cr:!. I1IZ 

[nJcr-.a, If:!:. mi\ 

In)cra. If + mix 

InierJ. If 

JnJcra. If 

Injem. lfll.ml 

Injer-.!.Ifll.mz 

!rYe;'l. Ifll.sgm 

Injeru.lf+ mh: 

Local brd.mz 

Locnl brd.rnz 

Loc.li brd.m1 

l. uc:l1 brd.llll. 

Locul brd.llIz 

Lorlll brd.llIz 

I.uclil brtl.mz 

Local brd.rnz 

i..oc;ll brd.nu 

Loe;!! brd.rnz.\.\hl 

unlc:l\ ened brd.rnl 

unlca'L'II,·d bnl.mz 

unlcaH:ned bn.l.mz 

F F C. J> h I 

footl food food " liter root! fuod 

$8 77 204 )02 109 1I 
7.9 I J 49 I 152J H 2 22 
0.6 0.9 456 lOI 181 23 
22 08 51 117 5 2 

o 2.6 2J I 432 19 24 
4 7 162321 698 73 I] 

" 19 

'.8 

'.7 
'1.6 

6.3 

7.2 

3.6 

].'1 

4.2 

9.' 

" 2.9 

U 

J6 
2.2 

6.' 
Jol 

6.' 
3.6 

J.! 

J6 

0.' 
2. 
22 

1.3 

U 

" " J6 ., 

3J 239 211191-1 

64 93 S28 3 ~ 3 

III 221 319 112 2S 

1.7 J09 ]6-1 J6 t 9 

I.] t 81 2·18 6 2] 

1.9 t 2582 SI4 S. 1 2 1 

1.) 396 524 71 26 

18 SI 366 8j 27 

0.8 ,I[ 6 60 S S.9 23 

1.7 51 S 711S 12 26 

7.3 12,1 I 3H 3U9 S 

2,6 2%j S8] n ] 2 

1.] 4jl H3 15') 32 

I [ III ll94 10 27 

2.1 89. 1 

1.6 6H 
16 40,S 

1.4 219 I 

IS 27.S 

2 ] 16 

16 6].3 

0.9 468 

06 79 1 

IS 1111 

I.J 268 

1.1 13.7 

39.6 

2.6 !l I 

1 ,1 16.7 

I '2 22'J 

IS S21 

S22 625 
16 I 21 [ 

3H 2S I 
JII.3 6H 

38 gjI 

-10 7 5 

36'2 II S 

U. 3 II I 

(107 92 

Ss.7 9 7 

lH 7.9 

270.1 89 

119 '12 

[7.9 2 

]7] 1 

186 In 

3-199 33 

3 

JI 

JJ 
2<,1 

27 

:U 
l.S 

" 19 

23 
3 

iJ 
2 

.2 '/ 

195 11 ~ 


