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AJlSTRACT 

The properti es of fluorine, its occurrence in nature and its source of incidence in various 

media were presented. The fluoride metabolism, absorption, distribution, excretion and its effect 

on li ving organisms were briefl y rev iewed. Several methods suggested from time to lime for a 

defluoridation purpose were clearly stated. The fluorid e content of natural waters coll ected from 

different parts of Ethiopia were reported. A study on th e defluoridation of water (art ifi cia l and 

natural) by adsorptionlion·cxchange with clays, collected from diffcn:nl parts uf the: country was 

examined. The effects of severa l parameters such as Illass of adsorbent, canlact lime, volume of 

water, and pH of th e solution on th e fluoride remova l effic iency of clays were studi ed . Among 

th e adopted clays for deOuoridat ion study, fi red clay was found to be th e least deOuoridating 

agent. The other raw clays manifcsted the promising results to use at commun ity and household 

levels with black and red clays being the best deOuoridat ing agent. A mechanism of 

deOuoridation by clays was verified experim entally. The regeneration capacity o f the clays was 

tested using a regenerant I % (w/v) NaOI-! . 

Xlii 
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I. INTRODUCT ION 

Fluorine, is in group vn A of periodic table. The electronic configuration of tile fluori ne 

is Is2zs22ps. The tendency to complete the outer she ll with noble gas arrangement is the driving 

force for the extreme chemical reactivity of fluorine. Thus, it is the most elect ronegative element 

whi ch has a high electron affinity and is unusually reactive. It reacts direct ly and very easi ly with 

nearly all elements, except for nitrogen, oxygen, and the lighter noble gases such as I-Ie, Nc, and 

A r. 

Fluorine is a sli gh tl y green gas with a penetrating odor. It is high ly caustic (fluorine is 

ex tremely poisonous and, among other things , burns the sk in) . Liquid fluori ne is palc yellow. 

The meta llic elements react with fluorine 10 fOfm non-vo lat ile ionic Iluorides both in 

solution and in the crystalline state whereas the non-metallic elements react with fluorine to form 

vo latile covalent compounds. In addition to the binary fluorides, a very large number of complex 

fluorides have been iso lated, often with a Ouoroanion containing a cent ra l atom of high oxida tion 

number. Fluoride ions have a strong tendency to form complexes with various metal ions in 

aqueous solutions, e.g .• AIFl. FeFl , ThFt, ZrFt, etc. [I , 2]. 

2. SOURCES AN D M ETABOLISM OF FLUORIDE 

2. 1. Sources of Fluoride 

The fluoride is found within various media in the fonn of compound. Its most occurrence 

is prevalent in rocks, soi ls, waters, foods, air, industri al byproducts, etc. The prevalence of 

fluoride in various sources boost human exposure to it. 

The small amounts of fl uoride minerals that occur in many industrial materials may 

eventually become an added source of Iluoride. References are made to those materials that are 

processed thennally or chemically, such as limestone, cement, rocks, clays, shales, and metalli c 

ores. Much of the fluoride is released du ring such operations as a secondary product. 

The pri ncipal sources of Iluoride ava ilable to man are drinki ng water, food, drugs 



(including dentifrices, mouth washes, etc.), and airborne dusts and industrial contaminants [2, 

5]. 

2_ t. t. Fluoride in Rocks :lIId Soils 

Fluorine, bei ng the most elect ronegative element, is so highly reactive that it is never 

encoun tered in its elemental gaseous form except in some industrial processes, but in the 

combined form . Fluorine is widely di stributed in nature and occurs in continental rocks of the 

earth' s crust to the extent of abou t 0.065 percent by weight. Among the elements, fluorine is 

about 131h in abundance_ Its abundance is nearl y as plentiful as carbon, ch lorine, or nitrogen, 

but much more plentifullhan copper, zinc, and lead. The minerals containing fl uorine are found 

in bOlh sedi mentary and igneous rocks. Mineral s conta in ing fluorine can be categorized into 

three groups: 

A. Fluorine ri ch minera ls such as cryolite (Na)AIF6) , 54.3%, and fluorite andlor fluorspar, 

CaF, (48.7%). 

B. Minerals low in fluorine content such as fluorapatite, CaF2.CalPO~)2 (3.4 %). 

C. A miscellaneous group of minera ls of varying fluorine con tent such as vill iaumite (NaF) , 

sell aite (MgF2), nocerite (Ca}Mg;P 2f H), fluell ite (AIFj.HzO), and lepidolite, amblygo ni lc, 

topaz, and bastnaesi te. 

The fluoride ion, has a single negative charge and a radius of 1.33 A. In Ill any minerals, 

fluoride substitutes for hydroxyl ion (OH-) with 1.40 A radius. Thus, fl uoride is widel y 

distributed in the lithosphere and hydrosphere. In average sea water the concentration of fluoride 

is about 1.3 mg L-'; however, the acti vity of fluoride in the sea waler is reduced significant ly as 

a results of complexing. Even with correction for complexes, the acti vity of fluoride in sea water 

exceeds the activity of hydroxyl (OH-) ions, illustrating the importance of the fluoride ion in 

regard to biological activity and inorganic precipitates although the concentration appears small. 

In most rivers and lakes; however, fluoride concentration is less than 1 mg L-1
• Fluoride is present 

in nearly all igneous and metamorphic rocks where it substitutes for hydroxyls in mineral 

structures , mostly in apatite, mica, and amphiboles [4, 6]. 

2 
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2, 1. 2, Fluoride in W:llcr 

Fluorides are present in nearly al l pOiab le waters owing to the solvent action of water on 

rocks and soi l. A very small ponion of the fluoride in dri nking water enters directly from the sea 

or from atmospheric contamination, fluorides being presen t in coal, smoke, and vo lcan ic steam 

[7, 8-9]. 

Trace of fluorides occur in many waters and higher concentrations are often associated 

wi th underground sources . In areas that arc rich in fluoride conta ining minerals, e.g., 

fluorapat ite, we ll waters may contain up to about 10 mg L" of fluoride per litre or even more. 

The highest natural level reported is 2800 mg L" [2, 8]. Most waters contain below I mg L'l o f 

fl uoride. Occasionall y, fl uorides may enter a river as a result of ind ustria l discharges. The natura l 

concent rat ion of fluoride in ground water depends on such factors as the geo logica l, chemical , 

and physical characteristics of the water supp lyi ng area, the cons istency of so il, the porosi ty of 

rocks, the pH, the temperatu re of interactio n between rock and water. Surface waters arc 

genera ll y low in fl uo rides (.s 1 mg L'l), while underground or subsoi l waters, which havc a 

greater oPl>Orhm ity to con tact fl uorine bearing rocks. usual ly contain higher levels o f fluori de. 

2, 1.3, Fluoride in Food 

Vinually all foodstuffs contai n at least traces of the element. All vegetatio ns contain some 

fluoride, which is absorbed from soil and water. Some foods may contain high levels, part icularl y 

fi sh, some vegetables, and tea . For instance, the fluoride content o f some fish can be as high as 

100 mglkg, and lea may contain more than twice that concentration , in contrast to most of other 

foodstuff, which rarely exceed 10 mglkg. The use of fluoridated water in food processing plants 

can often double the level of fluoride in prepared foodstuffs . A lthough the quanti ty o f fluori de 

absorbed by the body is usuall y more closely related to the amoun t in drinking water than to the 

amount contained in diet, in some loca l situations the reverse may be tru e for instance, when 

there is a high consumpt ion of sea fi sh [2 , 8-9]. 

3 
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2.1.4. Fluoride in Air 

Fluorine containing compounds are present in the air, most ly arising from industrial 

emissions. Concentrations of fluorine in air wi ll vary depending on the type of industrial acti vi!y. 

The sources of atmospheric fluorides include the burning of soft coal and the 

manufacturing of superphosphate, aluminum, steel, lead, copper, and nickel. Traces of fluoride 

in the air of rul af communities and ci ti es arise from both natural sources and human acti vity. 

Natural sources of fluoride including vo lcanic acti vity , in the air dust from soils, and sea water 

droplets, carried up into the atmosphere by winds. However, mosl of the airborne fluoride in the 

vicinity of urbanized areas is generated th rough IHunan acti vities including aluminum industry, 

stee l production plan ts, superphosphate plants, ceramic factories, coal burning power plants, 

brick works, glass works, and oil refineri es [2, 9]. 

Atmospheric dust contributions are not considered significantly in Ethiopia; however, in 

many of these industries airborne fluorides from dusts and gases are potenti al hea lth prob lem in 

severa l parts of the world , as the nuoride ions arc completely absorbed from the lung [2, 8]. 

2.1.5. Fluoride in Others 

Fluorides are al so available to man in the form of drugs·either through specificall y 

designed to liberate the nuoride ion in the body or those administered for other purposes, in 

whi ch case the fluorine is usuall y covalently bonded and therefore, physio logicall y inactive. 

Various products such as toothpaste, tooth powders, mouthwashes, chewing gum, vitamin 

supplements, and drugs, may contain added quantities of soluble fluoride, mostl y in inorganic 

form. Fluoride tablets have proved to be only partiall y successful in controlling caries. In onc 

research project, young adults who took a daily tab let containing I mg L·1 of NaF were found to 

excrete 10 % of the nuorine in the faeces and 61. 7 % in the urine. The remaining 28.3 % 

presumably found its way into the skeleton, soft tissues, and body fluorides. With children, a 

higher proportion (up to 72 %) of the absorbed nuoride is retained in the body [2 , 8.\0). 

Fluoridated toothpaste have been used for two decades; they usuall y contain I mg of 

4 
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fluoride per g of toothpaste. These dentifrices do not consistently alter the fluoride content of the 

urine, but a small amount may be retained by the den tal enamel and fluoridated chewing gum and 

mouthwashes, too (8). 

2.2. Met:lboli sm of Fluo ride 

The role of fluoride in human or animal metabolism is not known in detail. From the 

in formation available, it may be concluded that a certain quanti ty of fluorine is essent ial for the 

formation of caries-resistant denta l enamel and for the normal process of mi neralization in hard 

tissues. The element is metabol ized from both elcctrovalent and covalent compounds. Low 

fl uori de concentration stab ilizes the skeleta l systcm by increasing the size of the apat ite crystal s 

and reducing thei r so lubi lity . The great affini ty of fluorine for ca lcium phosphate is perhaps the 

most important from the physiological point of view. It results in accumu lation in all tissues 

exhib iting physiological or pathologica l cal ci fication . About 95 % of the fl uoride in the body is 

deposi ted in the hard tissues and it continucs to be deposited in ca lcified stnlctures even after 

other bone constituents (calcium. phosphonls, magnesium, carbonate, and citrate) have reached 

a steady state. Age is also a decisive factor in deciding to what extent fluorine is incorporated 

into the skeleta l. A pattern similar to that in bone is followed in the fluoride concentration in 

teeth . The uptake al most ceases in dental enamel after the age of abou t 30 years [8- 11]. 

2.2. 1. Absorption of Fluoride 

Fluoride ingested with water is almost completely absorbed; however, fluoride in the diet 

is not as completely absorbed as from water, bu t the absorption is still substantial , although in 

the case of certain foods (e.g., fish and some meats) onl y about 25 % of the fluorides may be 

absorbed. Fluorides are absorbed from the gastrointestinal tract, the lungs, and the sk in. The 

gastrointestinal tract is the major si te of absorption. The extent to which the inorganic fluorides 

are absorbed depends on their solubility. The absorption of soluble nuorides such as aF, by the 

gastrointestinal tract are rapid and nearly complete, whereas fluorides from insoluble or sparingly 

solub le compounds such as CaF2I cryolite and the fluoride found in bone meal (fluoroapatite) are 

poorly absorbed. Absorption takes place both through the gastri c membranes and through the 

intestina l tract by the nOnlml process of difTus ion. Certain dietary cations (e.g., ca lcium and iron) 
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retard absorption of fluoride ion by forming low-solubil ity complexes in the gastroi ntestinal tract 

or if the diet contains high proport ions of calcium, magnesium, aluminum, or iron complex 

fluoride ions of low so lubility may be formed . In these circulll stances, the faeca l excretion of 

fluoride increases and the absorption decreases. As fluori de absorption from sodium 

fluorophosphate (N<l,zP04 F) is less influenced by the presence of cal ci um ions, it has been 

suggested that thi s compound may be more suitable than aF in the manufactu re of fluoridated 

salt. With sodium fluoride, the fluoride absorption Illay be reduced by the presence of foods ri ch 

in calcium . The second most common routine of absorption is th rough the lu ngs . Pu lmonary 

inhalation of fl uoride presen t in dusts and gases const itutes the major absorption of fluoride 

through the lungs. The last, and relatively rare, route of absorption is th rough the ski n. 

Tradit iona l milk feed Lip of children in some parts of the wo rl d may reduce the absorption of 

fluoride [2, 8- 11 ]. 

2.2.2. Distribution of Fluoride 

Absorbed fluoride is distributed throughout the body. It has been detected in all organs 

and tissues examined. It is evident that it is concentrated in ti ssues such as bones, thyroid gland, 

aOT1a, and perhaps the kidney. However, it is retained mostly in the skeleton, and smoll portion 

is retained in the teeth. The alllount of fluoride present in bone depends on the fluoride intake, 

age, bone type, and the specific parts of the bone. In young an imals fluoride is stored more in 

growing bone than older ones, trabular bone contains more fluorid e than compact one, and the 

peripheral (b iological acti ve) surfaces of the bone take up fluorid e more readi ly than the interior 

surfaces. The amount of fluoride in bone increases up to the age of 55 years . No maller how 

little the nuoride is ingested up to about half of the total quanti ty is incorporated in hard tissues . 

The mode of incorporation appear to be wi th one of two processes: 

• by exchange, the fluoride ion replacing other ions or groups in the hydroxyapati te crystall ites 

without seriously disrupting the apatite structures; and 

• by accretion during crystal growth. These two processes are believed to occur at maximum 

rates during bone growth and tooth development. 
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The incorporation of fl uorides in teeth may occur in three stages: 

• during format ion, when the fluoride is probab ly takcn up uniforml y throughout the tissucs; 

• during minera li zation, when the uptake is greatest in Ihe areas in which mineralization is 

actuall y taking place; and 

• in the POSI mi nera li zation period when the teeth arc completel y fo rmed, the uptake is be ing 

confined to marginal regio ns of both the enamel and the dental [8, 9). 

2.2.3. Excretion of Fluoride 

The excretion of fluorides from the body is of great signi ficance as prolonged exposure 

to excess ive quantities is harmful. Fluorides are excreted through the faeces , sweet, urine, and 

other body fluids. However, the major route of fluoride excret ion is through the kidney alt hough 

it can also be excreted in small amount through the sweet glands, the lactat ing breast, and the 

gastrointestinal tract. Dependi ng up on the diet the faeca l excretion accounts fo r 10-30 % of the 

da ily intake. Sweating may account for as much as 50 % of the tota l fluorid es excreted in hot 

cl imate. Urine usually accounts for major excretion of fluorides . Fluorides appear rapidly in urine 

after ingestion and genera lly the level refl ects the dai ly intake. 

The excret ion is influenced by a number o f fac tors, including the genera l hea lth of the 

person and his previous history of fluoride exposure; the rate of reten tion decreases with age and 

most adults can be regarded for practical purposes as " in balance". Under this steady state 

condition, the fluoride present in the body is sequestered in ca lci fi ed tissues ; most of the rema in 

is present in plasma and thus avai lable for excret ion. Skeletal sequestration and rena l excret ion 

are the two major ways by which the body prevents the accumulation of toxic amounts of the 

fl uo ride ions. Traces may also be lost in milk, saliva, hair, and tears though it is probably not 

exhaled in the breath. Although fluorine is a natura l constituent of human milk, the proportion 

of the dai ly in take secreted in the milk is negligible. Likewise the fluorine con tent of sa liva is 

simi lar to that of blood but the loss of fluorine from the body by thi s route obvisouly very small 

indeed. However, the small amount present in the sali va may be of imponance in the 
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accum ulation of fl uorides in the surface enamel of Ihe teeth (2, 9-1 1]. 

3. EFFECTS OF FLUORfD E ON LI VING TlIl NGS 

3. 1. Benefi cial Effects 

A small dose of fl uoride is incorporated into the hydroxyapatite of teeth which helps to 

reduce the solubility of the enamel under acidic conditions and thus, prov ides protection aga inst 

car ies. Fluoride has been fai rl y conclusive ly demonstrated to be an essential element for some 

animal species; in particular, fertility and growth rate are improved as a result of relat ively small 

doses o f fluoride [8-11]. 

3.1. 1. Effecls on Man 

3. 1. 1.1. Fluorides in Teeth 

The concentration of fluoride in teeth follows a similar pattern to that in bone. The age 

o f the individual and the fluor ide intake in food and water are the main factors . BUI in dental 

enamel, which has no cells and no circulation, the uptake almost ceases after the age of abolll 30 

years.The mechanism by which fluorides give protection aga inst dental cari es is nol yet settl ed . 

The IwO most likely theori es at present are : Ihatthe presence o f fl uoride reduces the solubility 

of the enamel in acid; and that fluorides inhibi t the activ ity of the bacterial enzymes that produce 

the enamel attacking acids [9- 10]. 

It is easy to show that when enamel is shaken ill vitro with a fluoride so lution (even as 

dilute as I mg L-t), and subsequentl y washed it has a lower solubility than untreated enamel. 

However, the solubility of the enamel is reduced if the acid attacking it contains 1 mg L-t of 

fluo ride. Evidently, fluoride reduces the so lubi lity of enamel , whether it is present in the enamel 

itself or not in the solvent. It is evident thai this reduction in the so lubility of enamels con taining 

fluorides is due to the fonnation offluoroapalite in the place of hydroxyapatite, since it is known 

that the former is less soluble than the latter. This is presumably due to the formation of a 

protective layer of calcium fluoride on Ihe disso lving crystals of fluorapatite. An alternative 

theory is that apatite is formed only in Ihe presence of fluoride; in its absence the more so luble 

crystals of bmshi te, Cal-l]>04, or octa ca lcium phosphale, CaSl-il P04)6. 51-i20 , are formed . 

8 



) 

-

Since fluorides inhib it some enzymatic processes, the possib il ity must be considered thai 

they could control cari es by redu cing the amount of ac id produced by Ihe bacterial in the sa li va 

or in the layer ofbactcria suspended in a protein matrix that depos its on teeth (known as "denial 

plaque") [9]. 

The flu oride in plaque is unlikely to come from the enamel. The incorporation of 

flu orides by the apat ite of enamel is known to be a virtuall y irrevers ible process. The enamel 

could onl y be a source of fluorides for the plaque if the plaque di sso lves the apati te of the 

enamel. But this could onl y occur to a very small ex tent, if at all , oth erwise the fluorid es of th e 

enamel surface wou ld decrease with age when in fact they increase. Irthe fluorid e in th e pl aque 

is not derived from the enamel , it must come from the slow ti cket of sa liva, fro m th e larger bu t 

intermittent washes with drink ing water and other fluoride- bearing liqu ids or from food . 

I>robab ly all these facto rs contribute to th e cariostatic effect o f fluorides, though which of them 

is predominant is not yet settled [9- 11]. 

3. 1.1.2. Fluorides in Bones 

It is essential to know the function of fluoride ions in the structures, morpho logy, and 

physiology of bone since about 96 % of tile fluoride in the body is deposited in hard ti ssues . The 

fluoride ion is un ique in th at it conti nues to be deposited in calcified structures after oth er bone 

constituents (ca lciu m, phosphorus, magnesium, carbonate and citrate) have reached a steady 

state. Even if large amounts of these other constituen ts are adm inistered, their concent rations, 

which reached their maxi mum earl y in life remain essentiall y un changed. Fluoride in bone. on 

the other hand, increases very rap idl y with higher fluorides levels in drinking waler. However, 

age is an important faclor in the extent to whi ch fluorid e is incorporated into the skeletal [8- 10]. 

The curren t theory of bone fomlat ion postul ates that co ll agen (the chief protein of th e 

bone fib re) forms a matrix for a nucleation process in which calcium and phosphorus are 

deposi ted . This is foll owed by th e formation of the mineral phase- called hydrox yapat ite, 

Ca
lO
(P0

4
)6(OH)z. Thus, the co ll agen fibers act as a template for the deposi tion of the 

hydroxyapatite crystals. As fluoride ions are the same in size and shape as the hydroxy ions , they 
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are able to rep lace hydroxyl ions, either pania ll y or com pletely, in the apati te crys tals; so that 

hydroxyapatite and fl uoroapatite are able to co-ex ist in the minera l phase. 

When fluoride is present, a definite improvement in crystal structure has been observed. 

Presen t methods can not defi ni tely establish the position of an indiv idual ion, bu t it is generall y 

agreed that potassium, sodium, and citrate ions do not occupy positions in the lau ices of 

biological apatite. Recent ev idence suggests carbonate can replace the phosphate group, at least 

to some ex tent. When it does so, it is known to disturb the crystal structu re. Although citrate is 

not incorpo rated into the latti ce, it is beli eved to be adsorb ed on the crystal surface, and it also 

di srupts the structure . 

The benefi cial effect of fluoride ions in these apat ite crystals cou ld be due to ei ther or 

both o f the following processes : 

• a direct effect on the nucleation process causing larger crystals of hydroxyapati te to be formed; 

• a di sp lacement o f such Ions as carbonate and ci trate, which are known to dis turb 

crystalli zation. 

More suppon is given to the second altern ative by the observation that as the fluoride content of 

the bones increases, there is a corres ponding decrease in carbonate and ci trate. 

3.1 . 1.3. Fluoridcs in the Trcatment or Os teoporos is 

Osteoporosis is defined as the loss of bonc acceleratcd beyond the normal "physiologica l" 

rates. Most adults lose minerals from bone regularl y through out thei r li fe. In women, th is bone 

loss is enhanced fo r a year or two years aOer the menopause, so that bone mass may be ult imately 

less than half of that in young adults. In males, a corresponding acceleration appear at 60·65 

years of age. Severe clinical manifestation of osteoporosis are: loss of conical bone, which leads 

to fracture of long bones, and loss of trabecular bone, which may cause fractures in the spine. 

However, it was found that NaF has been used as a potential treatment fo r osteoporoti c disease 

[2 , 8- 11). 
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3.1.1.4. Fluorides in Others 

At high doses, nuori de can interfere wi th fun ction of carbohydrates, lip id, protei n, 

vitamin, enzyme, and mi neralization. 

3. 1.2. Effects on Pla nts lI ud Animals 

The plants defi cient in calcium and magnes ium or aluminum are more vul nerable to 

effects of fluorides or that its e ITeel depends on th e avai labi lity of ca lcium in the pla nt. Michael 

ef of. [2, 8- 12] found plants grown in a nutrient solution defi cient in calci um and magnes iu m and 

ex posed to hydrogen n uori dc had decreased lOp growth and increased foliar chl orosis and 

necrosis of the optical leaves. It was found that tomato plants fumigated with hydrogen nuoridc 

showed less injury under conditions of high magnesium an d calcium and enhanced injury under 

magnes ium and cal cium defi cient cond itions . 

Moreover, fl uoride reacts with and removes metals such as copper, iron, mo lybdenum, 

zinc, and magnesiulll thereby inhibi ts enzyme activity w ith specia l case forming MgF2 wi th Mg. 

The major route of fl uoride uptake by domestic an imals is th rough ingestion. Chronic 

mani festations of excess ive fluoride ex posure are similar to those found in hu mans, i.e., severe 

dental fluorosis and lameness; this li mit s feedin g and therefore impairs . Symptoms in li vestock 

develop progressively at total dieta ry fluoride concentrations above 20·30 mg/kg dry mauer [2, 

8]. 

3.2. Toxic Effects of Fluoride 

3.2. 1. Toxic Effects of Fluori de 0 11 1\'1 :11\ 

The tox ic effects of fluori des acute, result ing from a sing le massive dose, or chronic, 

resu lt ing from large doses over a num ber of years. Many of the symptoms of acu te fluoride 

intoxication are the result of its bind ing effects with ca lcium while that of chroni c effect are the 

results o f fluoride deposi tion in hard ti ssues [8). 
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3.2.1 . 1. Acute Toxic Effects 

Acute nuorine poisoning is very rare but, in view of the wider use of fluorides in 

industry, agriculture, and the home, cases may more frequently in future. It usua ll y resuhs from 

the accidental ingestion of insccticides or rodenticide contain ing fluorides salts. Initial symptoms 

are secondary to the local action of fluoride on the mUCosa of the gastro in testinal tract. 

Sal ivation, nausea, abdominal pain, vom iti ng and diarrhoea are frequent. Systemat ic symptoms 

are, however, diffuse abdominal pain, diarrhoea, vomi ti ng accompanied by excess ive sa li vation, 

thirst, persp iration and painful spasms of the limbs. Emergency treatment is to provoke vomiting 

and then 10 make the patient drink large volume of mi lk. Conventional treatment includes the 

intravenous administration of glucose in saline and gastric lavage with lime water 10 precipitate 

the nuoride [2, 8-11 ]. 

3.2.1.2. Chronic Toxic Effects 

Chronic toxic effects from high exposure in man are primarily related to mottling of teeth 

and fluorosis, in which bone structure is affected. In man, the major manifestation of chro nic 

ingestion of excess ive amount of fluorides are osteosclerosis and mott led enamel.Chronic 

exposure to excessive nuorides causes increased osteoblastic activity [2, 9- 1 I] . 

3.2. 1.2.A. Chronic Effccts on Dcnt al (Mouled) Enamel 

A pattern, known as dental fluoros is or mottled enamel, was described by Eager in 190 I 

among the emigrants from ltaly.The term mottled enamel was fi rst int roduced by Black el 01 . 

[2, 8- 14] who described the disease in detail. Although it occasionall y affects primary teeth, 

dental fluorosis particularly affects penn anent teeth .The severity of the mottling seems to bear 

a quantitati ve relationship to the fluoride level in drinking water, though regional climat ic 

conditions may influence water consumption and hence the total fluoride ingest. Dental fluorosis 

occurs in man consum ing water containing 1.5 mg L·L or more of fluorides, part icularly during 

the first 8 years of the life. Mottled enamel usually takes the shape of modifi cation of tooth 

enamel to produce yellow or brown stains or an unnatural opaque cbalky white appearance with 

occasional striations and pi tt ing. The incidence and severity of mottl ing were found to increase 
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with increasing concentration of fluoride in drinking water. Dean r 12-14] categorized the extent 

of clinically observed mottling into 7 categories, ranging from "normal" to " severe". These are: 

• Normal 

• Questionable 

• Very mild 

• Mild 

•• Moderate 

the enamel is translucent, smooth, and presents a glossy appearance. 

seen in areas of relatively high endemicity and occasional cases arc border 

line and one would hesitate to classify them as apparently normal or very 

mild. 

small , opaque, paper white areas are seen scattered irregularly over the 

labial and buccal tooth surfaces. 

the white opaque areas involve at least half of the tooth surface, and faint 

brown stai ns arc sometimes apparent. 

general ly aillooth surfaces are involved and minute pilting is often present 

on the labial and buccal surfaces (brown stains are frequen tly a di sfi guring 

complication). 

• Moderately severe pitting is marked, more frequent and generall y observed on alltoolh 

• Severe 

· enamel) . 

surfaces and brown stains if present, are of generally of greater 

intensity. 

the severe hypoplasia affect the fOlln of tooth and sta ins arc wide 

spread and va ry in intens it y from deep brown to black (this condition 

may sometimes be referred to as • corrosion' type of mott led 

In general , mott led enamel is the result of a partial fai lure of the enamel forming cells 

properly to elaborate and lay down enamel to the non-specific response to a variety o I' stimuli 

out of which is the ingestion of excess ive amou nt of nuoride. Since mouled enamel is a 

developmental injury, the ingestion of nuoride rollowing the eruption of the tooth has no effect . 

Mott ling is; however, one of the first visi ble signs of an excess ive intake of nuoride during 

childhood. 

3.2. I.2 .B. C hronic EITects on Bones 

Wh ile dental nuoros is is recognizable, skelet<1I nuorosis does not become clinically 
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obvious un til crippl ing occurs, although radiological changes are discern ible al a much earlier 

stage. Early symptoms include pains in the small joi nts of hands and feet, in knee joints, and in 

the joints of the spine. In latter stages there is stiffening of the spine and limitation of movement, 

followed by curvature of the spine [2, 9- 14]. 

In skeletal fluorosis, the bones arc heavy and irregular and have a dull col or. The si tes of 

muscles and tendon insertions arc abnormall y prominent irregu lar bone may be seen along the 

attachment of muscles and tendons, there is thickening and cal cifica tion in most o f the ligaments 

and in many capsular attachments and the thyroid carti lage is often calcified . Apa r1 from thi s 

gross changes fluorOlic bone increases in weight ; the fl uoroti c skeleta l may be more tha n twice 

as heavy as a normal skeleta l of simi lar proportions. The chemical composi tion is also alt ered, 

with a marked increase of fl uoride in the bone ash, lower carbonate, and citratc conten ts; the 

ca lcium and magnesium cont.ents; howcver, remain norma l. 

Chro nic exposure to excess nuoride also causes increased osteoblastic activity. 

Osteosclerosis is a phenomena wherein the density and ca lcification of bone are increased; in the 

case of fluoride intoxication, it is thought to represent the replacement of hydrox yapatite by the 

denser fluoroapatite. However, the mechanism of its development remains unknown. The degree 

of skeletal ; involvement varies from changes that are barely detectable rad iologically to marked 

th icken ing of the cortex of long bones. Nu merous exostoses scattered throughout the skeleto n 

and ca lcificati on of ligaments, tendons, and muscles attachment to bone. In its severest form it 

is a di sabling di sease and is designated as crippling fluoros is [2, 9]. 

3.2.1.2.C. Other Chronic Effects 

Chron ic effects on kidneys have also been observed, generall y in persons with renal 

disorders . The effect of nuoride chronic on the th yroid glands are known as a result of high 

exposure. Fluoridaled water has been blamed for a large number of chron ic conditions ranging 

fro m constipation to briu le nails and from gonadal conditions causing " feminized males" to 

manic depress ion. It is al so quite common for health officers to receive complains from local 

citizens about digestive disorders and other disabilities caused by Ouoridated waler-even before 

the ll uoridat ion taken place [1 0- I I]. 
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3.2.2. Chronic Tox ic Effects on Plants :lIld Animals 

The effects of nuoride in drinking water on animals are analogous to those o n human 

beings. Study in Austral ia found the development of exostoses of the long bones and mandib les 

in mature sheep, as well as the abnonnal development and wear of teeth erupted by young sheep 

ex posed to excessive nuoride. Similarl y, in plants the leaves prematurely dried , shrunk , and 

liab le to foliage [8- 12]. 

4. M ETIJOD O F I)I;TERMI NATION OF FL UORIIl E 

The accurate determinati on of nuoride has increased in importance with the growth of 

the pract ice of nuoridation supp lies as a public health measure. Among the many methods 

suggested for the determination of nuoride ion in water, the potentiometric method with io n 

select ive electrode is most comlllonl y used . 

4. 1. Fluoride Ion Selective .:Iect rode 

The nuoride ion selecti ve electrode consists of a sensing element bonded to an epoxy 

body. When the sens ing element is in contact with a solution containing n uoride ions, an 

electrode potent ial develops across the sensi ng element. This potentia l, which depends on the 

level of free nuoride ion in so lut ion, is measured against a constant reference potentia l wit h a 

digital pl-VmV meter or specific ion meter. 

If a background IoniC strength is hi gh and constant relative to the sensed ion 

concentration, the activity coefficient is also constant and activ ity is directl y proportional to 

concentration. Total ionic strenf,>th adjustor buffer (TI SAB) is added to all fl uoride standards and 

sam ples so that background ioni c strength is high, nuoride is decomplexed, and the pH of the 

solut ion is adj usted. 

Liqu id junction potential can arise at any time when two solutions of difTerent 

coml)Osition are brought in to contact. The potentia l results from the interaction of ions in the two 

solutions. Since ions diffuse at different rates, the electrode charge wi ll be carri ed ou t unequally 

across the so lution bounda ry resu lt ing in a poten tial d ifference between the two so lutio ns. In 
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making electrode measurements, it is important that this poten tia l be the same when the reference 

electrode is in the standard izing so lutions as wel l as in the same solution oth erwise the change , , 

in the liquid junction potential will as an error in the measured specific ion electrode potenti al 

The most important variable which anal ysIs have undcr their contro l is the composit ion 

of the liquidjunclion filling so lution. Thc filli ng so lution should be equ itransfcrenl. That is, the 

speed with which the posit ivc and negative ions in the fill ing so lution diffuse in to the sample 

should be nearly as equal as poss ible. If the rate at pos iti ve and negative charge is ca rried into 

the sample solution is equal , then no junction potcntial can resu lt [7]. 

4.2. Electrode Rcsllo li se 

The electrode potenti al plottcd against concentration on semi logarithm paper results in 

a straight li ne with a slope about 54-60 m V per decade. The time response of the electrode, i.e., 

the time required to reach 99% of the stable potential reading varies from several seconds in 

concentrat ion solut ions to severa l minutes ncar the limit of detection . 

4.3. Li nclir Ra nge 

Several researchers [7] have proven that the electrode gave a Nernslian response in the 

Ouoride ion concentration range from 0.1 10 bclow 10" mol L·1
• The estimation of the lower limi t 

is subjected to some uncertainties due to the variable liqu id junction potential and the activity 

coeffi cient of the fl uoride ion. The di vergence from a linear relationship between the cell 

potent ial and log CF is genera ll y attributed to : 

• solub ility of the membrane; 

• the presence of impurities in the supporting electrol yte; 

• adsorption of the test ions on the wa ll s of the contai ner. 

A detail study on the fluoride eleclrodc has shown that the so lu bi lit y of the membrane did not 

interfere with the proper fun ct ioning of the electrode where as the ions o f the supporting 

electrolyte and the chloride impurit ies did . The two factors , namel y solubi lity o f the crystal 

membrane and adsorption of Ouoride ions at the membrane so lution interface, strongl y affect the 
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sensit ivity of the LaFJ electrode and thus determine the lower limit of detection of the nuoride 

electrode. It has been noticed by man y researchers that the nuoride ion concentration in a 

saturated solution of LaFJ can be mea'iured from concentration solution up to approximately 10-7 

mol L'I. However, from the plots of E vs log aF a va lue of 10-6 mol L" can be determined as the 

lower I imit of detection. The nuoride membrane electrode responds in both neu tral and 

moderately acid ic media within the nuoride ion concen tration range I to 10.5 mol L·L or 10-6 mo l 

L"' [7]. 

4.4. Limits of Detection 

In neutral solu tions, nuoride concent rat ion can be measu red down to 10-6 mo l L·' (0 .02 

mg L-1) nuoride. However, care must be taken in mak ing determi nations below 10-5 mo l L-' to 

avoid sample contamination. The upper limi t of detection is a saturated nuoride solution [71 . 

4.5. Reproducibility 

Reproducibility is affected by facto rs sllch as temperature nuctuat ions, drift, and noise. 

With in the electrode' s operating range ( I mol L-1 to 10-6 mol L-1
) , reproducibi lity is independent 

of concentration; with calibration every hour, direct electrode measurements rep roducible to ±2 

% can be obtained . 

4.6. IlH Working Range 

In a so lutio n with a pH below 5, hydrogen ion complexes a ponion of the nuoride ion , 

fOnlling HF or HF" 2> which can not be detected by the electrode. To free the complexcd nuoride, 

the pH of so lution must be adjusted to the weak ly acidic to weakly bas ic region before making 

the determinat ion. On the other hand , in bas ic solutions with a low nuoride content (!':: 10,4 11101 

L'I at a pH of9.5 or above), the electrode responds to hydroxide and n uoride ion. The potential 

reading, caused by the concentration of both hydroxide and nuoride ion, is lower than it would 

be if nuoride alone were present. Hydroxide ion interferes with the electrode response to nuoridc 

level when the level of hydroxide is greater than one-tenth of the level of n uoride ion present. 

For example, at pH 7, when the hydrox ide concen tration is 10'7 mol L" or less, there is no 
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hydroxide interference with fluoride measurements. At pH 10, where the hydrox ide concen tration 

is 10"" mol L'], there is no error at 10'2 mo l L'] fluoride. Addition oftOla l ionic strength adjustor 

buffer (TISAB) to fluoride standards and samples avoid hydroxide interference or the formation 

of hydrogen complexes of fluoride. Therefore, the opti mum working pH range for fluoride 

electrode is from 5-6 (7]. 

4,7. Interference 

Cati ons and most anions do not interfere with the response of the fluoride electrode to 

fluo ride. Anions commonly associated with fluori de, such as CI', S r , I', S04 , HeO)', POl, and 

acetate, do not interfere with electrode operation. The hydrox ide ion is an electrode interference. 

However, some anions, such as carbonate or phosphate, make the sample more bas ic, increasing 

the hydrox ide interference, but are not direct electrode interferences. 

4.8, Temperature EffeelS 

Since electrode potential are affected by changes in temperature samples and standards 

so lutio ns should be wi thin ± loC of each other. At the 101 mol L! leve l, a OI C difference in 

temperature results in a 2 % error. The absolute potential of the reference electrode changes 

slowly with temperature because of the solubility equ il ibria on which the electrode depends. The 

slope of the fluoride electrode also vari es with tempera ture as indicated by the factor ' S ' in the 

Nernst equation . If the temperature changes occur, pH meIer and electrode should be 

reca librated. The electrode can be used at temperature from 0- 1 OO°C prov ided that tempera ture 

equilibrium has occurred . For use at the temperatu res substant ially different from room 

temperature, equilibrium times of up to one hour are recommended. The electrode must be used 

on ly intermitlely at solution temperatures above 80°C [7]. 

4.9. Determination of Fluoride wilh Fluoride Ion Selective Electrode 

The purpose of the calibration curve is to enable the response of the electrodes in standard 

so lutions to be compared with the responses in samples . In order for the comparison to be valid , 

both standa rds and samples must be treated identically . ThllS, any reagent added to sam ples 
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before measurement should al so be added to standards in the same proponions, so that the 

background compositions of samples and standards are identical. 

The calibration curve is prepared by making a seri es of so lution spanning the anticipated 

range concentrations of the detenninand in the samples. The ISE and reference electrode arc then 

immersed in the pretreated and conti nuously stirred standards in ascending order of concentration 

[7]. The potent ial of the cell is measured in cach solution and thc resuhaOl potential arc ploued 

aga inst the logarithm of the determinand concentration to produce a cal ibration graph or the 

concentrat ion of the dcterm inand (fluoride) in the sample can be calculated by the formula 

derived from the Nernst equation given below 

E - E = 6.E = S log C IC • ~ x • 

which can be rearranged to : C~:::: C. X l()I1 fJS (J) 

In standard addi tion mcthod alternatively ca lled ' the known addition method' the ion 

selective electrode and reference electrode are immersed in the sample and the equilibrium cell 

potential is recorded; a known volume of the standard solution of the determinand is then added 

and the new equilibrium cell potentia l, and hence, the change in potential, is detcrmined. The 

initial concentration of the deteminand in the sample Ill ay be calculated from the equation: 

C, = C, V, [ ( V, +V, ) jllJ"'''' J' (4) 

5. DEFLUORlDATION METHODS 

Fluoride is considered as an essential element for prevention of dental caries and is added 

to many toothpastes and some water supplies for promotion of dental health . Howevcr, in high 

concentrations, denial fluorosis (mottled enamel), andlor skeleta l fluorosis can result . The effects 

of both diseases are incurable through medical tJeatment. Therefore, defluoridation is the 

simplest method of reducing excess fluoride. The World Health Organization has set an optimum 

value of 1.5 Illg L·1 for p I in drinking water as a rcsuh of its potential detrimental to hea lth 

effects. 
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Several methods have been suggested from time to time for removing excessive fluorides 

These methods may be divided into two basic categories: those based upon the additions o f 

chemica ls to water which foml precipitates or co-precipitates; and those based upon an ion­

exchange process or adsorption duri ng treatmcnt. The chemical trealmcnl methods includc the 

use of li me either alone or with magnesium salts, and aluminum salts either alone or in 

combination with a coagulant aid . The materials rCIX>rtcd to havc been used in adsorpt ion process 

include, magnesia, acti vated al umina, acti vatcd carbons, and those of ion-exchanger include 

processed bone, natural or synthetic trical ci urn phosphate, hydroxyapat ite, animal bone, !ish bone, 

florex, zeo li te, etc. 

Other methods inctude the add iti on of materials like magnesia, ca lcium phosphat e, 

bentoni te, fu ller's earth, and diatomaccous eanh, to fluoridated water mixi ng and their scparation 

from water by setti ng and/or fi ltration [2, 12- 14]. 

5. 1. 

5. 1. 1. 

11recip it llt ion Meth ods 

Aluminum Sulphate 

Good mixing and good flocculation have been found necessary for the maxi mum removal 

of fluorides with aluminum sulphate. Chlorides and sulphates concentrations as hi gh as 1000 mg 

L-1 has no effect on the removal of fluoridcs by aluminu m sulphate.The optimum pH range fo r 

the removal of fluorides with aluminum sulphate lies between 6-7.5 with some s li ght advantage 

at a pl-l of 6-7 [ 14, 20, 25]. The result obtained shows that the percentage of the fl uoridc rcmoval 

gradually decreases with increasing pl-l.This decreasing trend wi th pH is expected because o f the 

following competing complexation and interference from such as aluminul11 , magnesi ulll , iron, 

calcium, and anions of sulphate, bicarbonate, hydroxyl, etc. 

AIF, + 3 OH- • AI(OH), + 3F' 

The overall pH study; however, shows that defluori dation by aluminum sulphate is still 

efficient (more than 79 %) al pH values that cncompass the pH o f water (p I-! 5-7.5) normall y 

requi red for drink ing. 
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5.1.2. Aluminum Hydroxide 

The fluoride removal efficiency of aluminum hydroxide was found to be 10.8 mg F' per 

g of aluminum hydrox ide [1 3, 20, 34] . Precipitates as hydrates AI (OH)J will occur with 

increas ing pH since the [OH'] increases . The precipitation of AI(OH)J commences at abou t pH 

= 4, and is completed when the pH lie between 6.5-7.5. Hence, fluoride added to water competes 

with the following equi librium to precipitate as aluminum fluoride whose reaction is : 

AI(H,O)," + 3F' . All', + 6H,0 

5. 1.3. Lime 

Lime is the cheapest chemica l employed for the removal of fluoride from wastewater. 

However, it is impossible to reduce the fluoride level to 1 mg L" using only lime. The solubilit y 

o f the precipitate formed, CaF2, is about 7.7 Illg L"' as fluoride. Skripatch el 01. [1 2- 14] 

Proposed a scheme for fluoride removal usi ng lime whereby large amounts of fluoride were 

removed by reaction with superphosphate and calciulIl hydrox ide or aluminulIl sulfide for thc 

removal of the residua l fluoride. The drawbacks o f precipitation method include the necessi ty 

for the additional reagen ts, higher shipmcnt and treatment costs, and the large volume of sludge 

produced. Filter alum (a lumi num sulphate) in some cases is not economically feasible because 

o f high dosage requ irements . 

5. 1.4. Magnesia 

Crystalline magnes ium hydroxide was obtained by reacting a magnesium sa lt with milk 

o f lime. The precipitate was filtered, washed, and dried. The dried products was ca lcined at 

I ()()()"c for 3 h to obtain magnesia. A study using magnesia revealed that a dose of 1500 Ill g L" 

magnesia and a contact period of 3 h was required to reduce the fluoride content in the water to 

recommended value, 1 I11g L-l , and the study also revealed that magnesia removed the excess 

fluo rides, but large dose were necessary. Funhermore, the pH of treated water was beyond 10 

and its correction by acidifi cation and recarbonation is necessary. All these added to the cost and 

com plexity of the operation. The slUdy concluded usi ng 95 % magnesia thus may gi ve the 
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limitations of this medium at implementation level. Among the contributing factors are the high 

initial cost, large concentration required, alkaline pH of the treated water and complex ity of the 

preparation of magnesia are the inhibitive factors to render its acceptab le in the field [1 2- I 4] 

5.1.5. Alum .lUd Lillie 

Ne lgonda technique (1 2, 20 ,25], that requires the additions of alum and lime, was 

developed in India since 1800s. It has been lISed in domcsti c as well as community level in Ind ia . 

The lim ita tions of this method arc: the daily addit ion of chemical, large size of sludge 

production, ineffecti ve with water sources hav ing high to tal dissolved sal t, and denuoridatcd 

water should be checked to ensure that there is no aluminum content arising fro m the alulll . In 

add ition, the technique is found to be ineITecti ve in removing nuoride from drinking water 

because in the denuoridation process nuoridc was convened into a solution of alu minum 

complex and only 18-33 % removed in Ihe form of prec ipitate. The hitherto positive assessment 

of the method results from an ana lyti cal error. 

Sodium aluminate affected the removal of fluorides when using as a coagulant. A dosage 

of 24 and 41 mg L-1 of sodillm alum inate reduced the fluoride content of 5.0 mg-L of test 

so lu tion to 4.8 and 4.4mg Lol, respectively. l'lence, the defluoridation capacit y of the medium 

was found to be 25%. It was found to be the least denuoridati ng agen t in comparison to the other 

media. This is presumably due to the ion effect soluble NaF which might be formed in the 

solution as a result of the interact ion between sodium aluminate and fluoride standard [13- 14, 

20, 25]. 

5.1.7. Silica Gel, Sodium Si li cllt e and Ferric Salt 

A contact filter containing 500 mg L· 1 of sil ica gel reduced the 6 L of a 5 mg-t F 

so lution to 1 mg L-1 at filter rate of 350 mUm in. Treatment of si li ca gel with water gave hi gh 

magnitude of efficiency. 
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Treatment of waters with sod ium sil icates (250 mg L-') and aluminum sulphate or sodium 

aluminate gave less magn itude of efficiency than given by the same treatment without the sodium 

si licate. 

It is well known that ferric chloride complex is only slightly io ni zed. Therefore, there was a 

chance that fluorides might removed by this coagulant. The defl uoridation capacity of ferri c 

chloride was found to be 55 % [20, 25]. 

5. 1.8. Magadi 

Purification of fluoride contaminated wa ter using Magad i (Trona) was found to be 

effic ient. Magadi (Trona) was fmlnd to be workab le both in batch and column modes as a 

defluoridating agent. The fluoride removal capacities observed for Magadi was 70 % for batch 

experiment and 75 % fo r column one. In using Magadi as a defluoridaing agent 10 Illg L" wa ter 

cou ld brought down to the WHO recollllllended limit ( I Illg L-I ) L 19] 

5.2. Adsoq)tion Method 

5.2. 1. Activated Alumina 

The activated alum ina was found to remove the fluoride concentration of 2-8 mg L·1 from 

underground waters through adsorption. The rate of fluoride adsorpt ion on smaller sized 

part icles was signifi cant ly greater than larger sized particles . The optimum pH for the fluo ride 

removal by alumina was found to be 6. However, it could be adv isable to remove fluoride at pi-I 

4 to 5 where less competition from sili cate is experienced. Si li cate and phosphate from 5-80 I11g 

L-' were found to have very little effect on fluoride removal efficiency. Sulphate in the 

concentration range from 100-1 600 mg L-I were also found to have very little effect on fluoride 

rcmoval efficiency. It was suggested th at the single most important factor affecting fluoride 

removal efficiency was the hydroxide and bicarbonate alkalinity of the water. The removal 

capacity of the medium was found to be abou t 800 mg F-per kg of alumina [2, 12-14, 20]. 
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5.2.2. Acli v:lt ed B:llIxite 

The basic principles of fluoride removal using activated bauxi te are adsorption of fluoride 

on activated surfaces and then regeneration of an expanded med ium to remove all fluoride ions 

from bauxite-fluoride complex before return to the treatment. 

Activated bauxite removes fluorides species from water due to hydrolytic adsorption. It will 

remove anions below pH 9 and cations above il. The affinit y of bauxite for an anion seems to be 

in versel y related to the solubi lity of its aluminulll compound . Therefore, when trcatcd wi th an acid 

solution , bauxi te behaves li ke anion exchanger and fluoride is very selecti ve [ 12- 14, 20, 25 ]. 

5,2.3. ACli vJlted Cll rbons 

Most of the carbones prepared from diITerent carbonaceous sources showed fluoride 

removal capacity after alum impregnation. Acti vated carbones removed about 320 mg of F' per 

kg o f carbons and showed a maximum removal efficiency at pH 7. The activated carbons was 

regenerated by soaking the spent material in 2 % alum so lution for 24 hours. Acti vated carbones 

prepared from cotton waste, coffee waste, coconu t waste, etc., were used for defluoridation but 

found to be lim ited to laboratory only [ 13-14]. 

5.3. Ion-exchange Methods 

5.3. 1. Activa ted Animal Bone 

Raw cattle bones were heat act ivated in a simple low cost kiln at a temperature below 

600"C which doesn ' t destroy the apatite. The bones were crushed and used as filter material s in 

columns for defluoridating waler required for drinking. Laboratory analys is gave F' removal 

capacity of3 .8 mg F' per g heat treated bone with a res idual fluoride concentrationof 7.88 Illg 

L-'using a filter co lumn for 10 mg L·' initi al fluoride concentration. 

The use of bone char media in fluoride removal in water was ~~~~e~r~fO~ ears ago , ..---
The fluoride removal capaci ty of the materials was reduced dur:·n ~a successiv regeneration. 

Th is factor discouraged funher development on the use o f bon h rcoal. Punhermore, because 
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of the prob lems related to the bad taste of the treated water, cost and ava ilabil ity of the raw 

material, bone char fluoride removal fa il ed 10 gain wide acceptance and hence has been confined 

to the experimental material. Recen tl y, the use of bone char has reappeared wi th WHO 

recommended it to be used in developing countries where drink ing water contains excessive 

fluorides [1 3-1 4, 22J. 

5.3.2. Fish Bone 

Fish bone is comparati vely cheaper material sources in fish cul tivation areas, Fish bone 

charcoal was prepared by carbonizing the cleaned and pulverized fish bone in an electri c fu rnace 

in a closed relon at 100°C for 2 h. The coo led material was then sieved to gel the requ ired size 

hav ing geometrica l mean diameter of 0.549 mm . The material was thoroughly washed with 

disti ll ed water, oven dried at 103°e , des iccated, and stored in air-tight contai ners. 

In a continuous flow, fixed bed column operation, the efficiency and system cost depend 

on the removal capacity of the media, i.e., the amount of so lute adsorbed per g of the adsorbent . 

This capacity is a function of several fac tors such as flow rate, column bed depth, initi al so lute 

concentration, pH, temperature, and desired quality of the treated water [23]. 

5.3.3. Processed Bone 

Bones are allowed to degreased, dried, and pulverized to get the required size. The 

powder is carboni zed in a closed retort at about 750-950°C. The product was found to have 

trica lcium phosphate and has a capacity to remove 1500 Illg L·1 of F per kg of medium . After 

saturation with fluorides, it can be calcined at around 4000e under restricted air supply to restore 

the adsorb ing capacity of the char. Alternati vely the bed may be regenerated by laOH [1 3- 14, 

22]. 

5.3.4. Bricks :lRd Cement 

Freshly burnt bricks are freely available in den tal and skeletal fluorosis endemic areas. 

In addit ion to its low cost in rep lacing the fi lter medium, it renders easy operation at domestic 
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level, negligible maintenance cost and the absence of environmental hazards in re leasing the used 

filter medium are the other imponanl features in the new uni ts. The trained beneficiaries had the 

capacity to change the filter medi um in lime in order to gel best output from the defl uoridalors. 

The efficiency level of these defuoridators change from 85 % rcmoval at the start and tapers 

down to 25 % removal at the end of the cycle. These defl uori dators have the capacity 10 reduce 

the fluoride content from 5 mg Lo, to I illS L ·1 wh ich conform to WHO standards for fl uoride 

removal in drinking water. These dcfluoridators have got social acceptance and tcchnical 

feas ibility at domestic leve l in diffe rent pans of the world [1 3- 14, 57]. 

The burnt bricks and cements have sil icates, alurninates, and hemati te. When this is 

soaked in water for several hours, these oxides get converted into oxyhydroxides of iron, 

aluminum, and sil ica. The 5i-0 and AI-O bonds are much stronger than Fe-O bonds. The 

geochemistry of fluoride ion (ionic radius 1.36 ) is similar to that of hydroxyl ion (ionic radius 

1.4 A) and these can be exchanged easily between them. As it takes a min imum of 4 h for the ion 

exchange to take place, it is advocated to draw the water in the morning and evening. The 

upward flow techn ique used, prevented the sand part icles mixing with water. 

5.3.5. Florcx 

Florex is a trade name for a mixture of tricalciurn phosphate and hydroxy-apatite. It 

reduces 10 mg L·l of standard fluoride solution to 2.5 mg L- I. The fl uoride removal capacity of 

the medium is 600 mg of F· per liter and is regenerated with 1.5 % NaOH solution. Florex was 

implemented in pilot plants in different si tes in U.S.A. but obtained without much success owi ng 

to high attritional losses, and the plan ts were abandoned [1 2-1 4]. 

5.3.6. Zeoli Ie 

It is apparent that fresh synthetic zeol ite is capable of removing fluorides from waters 

bu t that the capacity is smaller than anticipated. The facts that sma ll removals were noted for 

short periods following regeneration with sa lt or NaOH can be exp lained on the bases of 

preferentia l adsorption [12- 14, 20, 25, 34-36 ]. 
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5.3.7. Syn1he1icTricaicium Phospha1e 

Synthetic tri calcium phosphate is prepared by reacting phosphoric acid with lime. It has 

a capacity to remove 700 Illg of I=- per litre. The medium is regenerated with 1 % aO I-! solution, 

fo llowed by a mild acid rinse [1 3- 14, 20]. 

5.3.8. Ion-exchange Resins 

Strong base exchange resins remove fluorides either on hydrox yl cycle or chloride cycle 

along with anions. Since the proportional <juarHity of fluor ide as compared to olher anions is very 

small , the effective capacity of such res ins works out quite low. Thcre are no known colllmercial 

anion exchange resins which are selecti ve for fl uoride onl y. Some inorganic ion exchanger Illay 

include complex metal chloride, silicatc, formed from barium or ferric chloride with s ilicic acid, 

al so exchange fluoride for chloride [1 3- 14, 25]. 

Polystyrene an ion exchange resins in general and strongly basic quaternary am monium 

type res ins in particular are known to remove fluorides from water along with other anions. 

Bhakuni [ 17-18] had studied on the fo llowing resins on bench scale: po lyanion exchange res in 

(NCL), Tulson A-27, Deacedite, FF-l P, Lewatile, M IH-59, asndAmberl ite, IRA -400. 

Cati o n exchange resins impregnab le with alum solution have been found to act as 

defluoridating agents . Many workers have been used cation exchange res ins after treatment with 

alulll so lution for defluoridation. Venkataraman, el al.[1 2, 29] reponed that cation exchange 

res ins work effectively in removing fl uoride from water. 

Carbion is a cation exchange resins of good durabi lity and can be used both on sod iulll 

and hydrogen cycles. It has a bulky density of 680 g L·1 and indicated 10 have an average fluoride 

removal capacity of 320 mg F' per litre of carbion. 
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5.3.9. Defluoron-I 

Defluoron-I , a sulphonated saw-dust, impregnated with 2 % alum solution was 

developed by Bhakuni [17- 18] in India. It was prepared by treating required size of saw-dust wi th 

sulphuric acid, washing the excess acid by soaking sulphonated product in alum solution for 24 

h and finall y wash ing to remove the excess alum . The recovery of su lphonated saw-dust product 

was found to be 56.3-69.3 % of dried saw dust. The bulk density of this medium is 620 g L· l 
. 

The average fluoride removal ca paci ty of sulphonated saw-dust was found \0 be 600 mg 

L ' l F' per kg of medium. The medium WllS tested to have poor hydraul ic propenies and suffered 

from heavy attritionallosses [ 12-1 4]. 

5,3. 10. Defluoroll-2 

Defluoron-2 is a also a sulphonated coal and works on the alum inu m cycles. To over 

come the problems with saw-dust carbon, and defluoron-I , a medium called 'deOuoron-2' was 

developed for the removal of fluorides from drinking water. Extensive trials with the med illm 

have shown that, it doesn ' t suffer from 1ll0s1 of the handicaps like some of the indigenous 

materials. It was found to give the best results with one bed volume of 4 % (wtv) al um solution 

as regenerants. The life of the medium was found to be 2-4 years. The average fluoride removal 

capacity of the medium was aboul 500 Illg F' per litre of the test so lut ion ( 13- 14]. 

5.4. Other Defluoridation Methods 

5.4.1. Fluoride Removal by PlarUs 

In an attempt to find out an alternative media for defluoridating agent using plants 

product was investigated. The seeds, roots, and leaves of drumstick plant (Moril1ga J.1Jecies) and 

alkali extracted mycelial biomass (biosorbent) WllS found to be efTective in sequesing fluoride 

from fluoride contai ni ng waters. When kept overnight, the fungal biosorbent removed fluoride 

to an extent of about 50 %.The kinetics of fluoride remova l exhibited a rapid phase of bind ing 

for a period of I h and a slower phase of bind ing during the subsequent period. The extent of 

defluoridation of mycelial biomass was dependent on the ini ti al pH of fluoride containing water 
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and decreased with increasing pH [ 15]. 

Attempt to harness microbial biomass for the purification of polluted water from 

industrial sectors appeared promising. Live and inacti vated fungal biomass exhibit interesting 

metal binding properties due to the presence of fun ctional groups like amino acids, amide, 

C<lrboxy l, hydroxyl, sulfhydryl, etc. in th e cell wall s. The biosorptioll involves direct exchange 

of toxic heavy metal ions with the resident Ca" lMgH ions of the biosorbent. Fluoride binding 

by the fungal biosorbenls appear possible considering their Ca" lMg" content and the known 

affinity of ea .... and Mg +t for fluorides ions (1 6]. 

The use of biosorbents (bacteria l, algae, and fu ngal) as a deOuoridating agent for 

scavenging heavy metal cations from polluted waters was tested . In mean time the use of these 

media for removal of hazardous anions like fluoride, nitrat es were also investigated. The results 

revealed clearly demonstrate the abi lity of alkali treated mycelial biosorbent can be used to bind 

fluo ride (biodefluoridalion).The biodefluoridation is rapid and diminishes with repea ted use. 

Mass dependence and pI-! influence further substantiate the authen ti city o f the observed 

biodefluoridation by the biosorben t. Lower binding at higher pH could be due to competition 

between fluoride and hydroxyl ions for fluoride binding sitcs. The mechan ism o f fluoride binding 

by th e biosorbent is not cl ear. The organic matrix of the biosorbent contained calcium and 

magnesium ions. It is possible that the calcium and magnesium ions are responsib le for bi nd ing 

fluoride. The primary amino groups could al so get protonated at acid ic pH an d bi nd fluori de [1 5). 

T raditionall y in our country plant seeds and leaves have been used fo r water treatm ent 

and purifi cation, especia ll y in rura l areas . These plan l"s are Moringa jc"nilies whose seeds and 

leaves or stems, and roots have widely used to reduce turbidity of drinking waler.The seeds o f 

M oringa oleifera were best coagulants as well as clarifying agen ts whose efficacy was s imilar 

to al um. Further it was found to soften hard water by precipitation, independent of the pH. The 

seeds are considered to be a good source for calcium and magnes ium suggesting a poss ibi lity of 

it s capacity to absorb fluoride during the treatment. Moreover, its phys ico·chemical analys is 

revea led that the seeds contain as much as 20 % of th e oil which could playa rol e in th e 

clarification. A concentration of 200 mg L-L of Morillgo oleifcra reduced the turbi dity by 98 % ; 

th is value o f efficiency is more th an alum (alum inum sul phat.e and alumina ) , used in modern 
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water treatment 

To clarify 40 L of water, abou t 30 crushed seeds are required . One marure tree produces about 

5500 seeds per year, which is suffi cient for about 7000 L o f water. In Ethiopia Iv/oringo oleifera 

is routinely found in south and east parts of the country ( 16]. 

Maerua s/lbcordala, a much branched shrub was al so adopted for treatment and 

purification of water by the tribes living in lower 01110 Ri ver in South at ions and Nationaliti es 

Peoples ' region [15]. In thi s plant , the root is sliced and stirred in muddy water. Arter 30 min 

1 L o f saturated muddy water was almost become clear. Maenw .mbcordalo, is most likely 

contains an ingred ient of a quaternary ammonium compound whi ch can cause in tox ication in 

high concentrations. 

Similarly Moringa slellopetala (tree cabbage) can be even more efTecti ve (1 5-1 6). The 

study conducted on Moril1ga slel10pelala revealed thai its seeds contain by far the most efficienl 

plant-produced clarifying agent in the world, acting with a dose at least 8 limes lower than that 

of alum. No toxic ingredi ents have been found, the taste of the water is improved and there is no 

effect on pH, alkalinity, or conducti vity. 

5.4.2. Saw Oust Carbon 

Bhankuni [17-18] prepared a carbon from saw dust obtained from saw mills processing 

woods like sagon, sheeshalll and teak the material by heating in a closed vessel and allowing the 

lume to escape. The carbonized saw dust, quenched in a 2 % alum soluti on, was was hed free of 

excess alum . On exhaustion, the carbon was regenerated by pass ing through bed vo lumes of 0.5 

% alum solution. The denuoridating capacity of the carbon was reported to have been reduced 

progressive ly during the first 18 cycles to remai n constant at about 160 mg F" per litre of 

medium . The material had the problem of excess ive at tritional losses and appreciable head loss 

[12-1 4]. 
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5.4.3. Serpentine 

Serpentine is a mineral name which appl ies to the material containing one or both of the 

III inerals, ch rysot ile and ant igo rite. The composition of the mineral closely corresponds to the 

formu la M&Si40 IO(OI-l). The material is green or yel low and is avai lab le in some parts of the 

wo rl d. To test the removal capacity of serpentine from waters, the green and yellow varieties 

were studied for their defluoridation capacity.The ma.ximum defluoridation capacity of serpentine 

was found to be 60 %. The serpentine is not regenerab le and requi res to be filled each time after 

treat ing with the lest solution. It was concluded Ihat cost of defl uoridation is prohibit ive with 

serpentine ( 12-14]. 

6. AlM AND SCOPE OF PRESENT INVESTIGATION 

The foregoing reviews reveal that fluoride is one of the chief inorganic anions of the body 

which is largely used during the child growth peri od when it is incorporated into hydroxy­

phosphate of the enamel; to modify it in a way that makes it stronger and Illore resistant to decay 

and acids . If a trace of fluor ide is present either in toothpaste, by the artifi cial fluoridation of 

dr inking water, or by the application of the dentist of fluoride dressing, some of the 

hydroxylapatite in the enamel is converted to fluoroapat itc which is more resistan t to acids and 

decay. The fluoroapatite fits bcller into the crystal than the hydroxide ion and this makes the 

enamel tougher and more acid resistant [12- I 4, 31-34]. 

Deficiency of fluoride causes looth decay known as dental caries. When fluoride is 

consumed in proper quantit ies it helps in the prcvenlion of dental caries and strengthening of 

teeth and bones. Dental caries result from the aClion of bacteria on teeth. The most common of 

which is strcptocus mutant. The first even in the development of caries is the deposit of plaque, 

a film of precipitated products of saliva and food on teeth . A larger of bacteria inhib it Ibis plaque 

and are readily avai lable to cause caries. When carbohydrates are available the metabolic systems 

of bacteria are strongly activated and also multiplied. In addition they form acids particularly 

lactic acid. The lactic acids are the major out put in the formation of cari es because the calcium 

salts of the teeth are slowly di ssolved in a highly acidic medium . 
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Low level of fluoride are required for animals including humans and have benefi cial 

effects o n teeth and bone structures. Taking health effects into consideration World Health • 

Organ ization , WHO, has set an optimum va lue of 1.5 mg.IL as the maximum permiss ible limit 

for fluoride in potable water. 

In contrast to the cause of dental caries, a prolonged exposure to high level of fluoride 

In drinking water causes dental and skeletal fluoros is-chronic fluoride po isoning [3 1-35]. 

Surface water seldom contain fluoride beyond 1. 5 rng/L, where as excess ive fluoride may be 

present in ground waters depending on the presence of fluoride rich mineral s as well as 

hydrogeological cond itions. The actual amount of fluoride in the optimal range is dependen t on 

the average amb ient temperature of the atmosphere. 

Dental fluorosis is thought to occur due to high fluoride intake in children before the 

eru ption of the permanent teeth, usually from birth to 12 years . Dental fluoros is changes the 

structure and appearance of tooth enamel. At low fluoride concentration, tin y striations are 

fomled . Higher concentration causes irregular brown patches and at even hi gher concentrations 

the enamel becomes brittle and may chip eas ily. These changes occur during the year of toolh 

calcification, age 1-12 years [32-36] . 

The other health prob lem that is brought by the ex tremel y high accumulation of fluoride 

in the bones is skeletal fluorosis [8-14, 33-36] . Skeletal fluoros is occurs due to consllmption of 

hig h amount of fluoride over 10 mg/L for a long period of lime. In the most extreme cases 

fluoride accumulation in bones result in sp inal cord compress ion. The bones of victims of 

skel eta l fluoros is become rigid and britt le and conseqll entl y th ey are more li ab le to fracture. 

Skeleta l abnonnalities caused by excess ive fluoride range from increased bone density 

to cripp ling fluoros is. Early harmful effects of fluoride, usuall y in the young adults , are vague 

pains in the joints of hands, feet , knees and spines. As the person gels older, movement of the 

joints is limited and spine becomes stiff. Other possible effects of long teml fluorid e consumption 

include kidney problems, and an increase in the fu nction of parathyroid gland whi ch regu lates 

calcium metaboli sm. However, the amount of fluoride in dri nki ng water which causes harmful 

effect on humans varies in different pm1 of the world . A person's age, nutritional stat e, economic 
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status, diet, and individual variations in fl uoride absorption and intake, as well as climate and 

drinking water composit ion affect the result of a given fluoride concentration [ 1 3~ 14, 31-34]. 

Both dental and skeletal fluorosis are prevalent in the Rift Va lley Regions of Eth iopia 

because of high fl uoride water that originates from grou nd waters (spri ngs and boreholes). 

Endemic fluorosis-chronic fl uoride poisoning is widespread in the East Africa Rift System, 

includi ng the Ethiopian Rift Va lley Regions, where it is associated with highly fluoridated 

drinki ng water in areas of acidic volcanic rocks. Fluoride levels in the Ethiopian Rif\ Valley 

Regions are generally higher in the ground water than in surface waler, posing a heal th risk to 

the commu ni ti es dependi ng on wells fo r their drinki ng water. Fluori de concentrations between 

I mglL and 36 mglL have reported from the area<; of endem ic denta l and skeletal fl uorosis in the 

Ethiopian Rift Valley Regions. Accelerated population movements in to the Ethiopian Rift 

Valley Regions as part of resett lement programs, colllmercial agricultll re and industria l 

development, and rapid urban ization require comprehensive assessment of the public risk posed 

by f1uoride and of appropri ate and feasi ble control measures. A limit of 0.7 rug/I.. has been 

recommended for hot climates, where water consumption by humans is highest [8- 14, 31-36]. 

The effec ts of fluoride in drinki ng water on an imals are analogous to those on human 

beings. Studies in Australia found the development of exostoses of the long bone and mandibles 

in mature sheep, as well as the abnormal development and ear of teeth erupted by young sheep 

ex posed to excessive fluoride [20, 25]. 

Development of fluoride treatment began immediately fo llowing the discovery of fluor ide 

as a cause of dental fluorosis in the late I 920s. Since then many methods and materials have been 

studied for fluoride remova l. In general there are two methods for the removal of fluoride from 

water. 

Precipitation methods involve the additions of chem icals and the formation of fl uoride 

precipi tates or coprecipitates. The chemicals adopted include: lime [13], magnesium compounds 

such as dolomite (20] , ca lcium chloride [25], and aluminum sulphate [1 3- 14, 20]. It has been 

used in domestic as we ll as community levels in India . Limitations of these methods are: the 

dai ly addi tion of chemicals, large vo lume of sludge production, and not efTective with water 
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sources hav ing high total dissolved so lid and hardness [13- 14, 25]. 

The adsorption methods involve the rcmoval or fluoride by ion exchanger or by chemical 

reactio n with an adsorbent. In the adsorption methods, samples con taining fluoride is retained 

on the adsorbent due to physical, chemica l, or ion-exchange interactions lon-exchange include 

zeolite [ 12-14], hydrox ylapatite [3 1-36], and superphosphate [13- 14, 3 1-35] Adsorption by 

acti vated alumina [2, 13-14, 3 1-451, acti vated bauxite [20, 25], activated carbons [13-14] and 

clays [34, 43] are the usual means of dcfluoridat ion. The various lIlaterials for the deOuoridllli on 

are: processed bone (peculiarl y bone Illeal and bone char) [ 12, 221. natura l and synthetic 

tricalcium phosphate [13-14, 34-36], magnes ia [12- 14J , magnesium carbonate (do lomi te) [20, 

34J , hydroxylapat ite [1 3, 341, acti vated alu mina [2, 13- 14, 36], activated bauxite [25,34], 

acti vated carbons [ 12- 14], alum [ 13- 14, 20, 25] , su lphonated coals [ 12- 14] , serpenti ne, iron 

Chloride [1 2-141, lime [1 2-14, 20], bentonite, full er's earth, and diatomaceous earth [1 3-14 1 All 

these materials suffer fro lll one or more of the drawbacks of high initial cost, lack of selectivity 

for fluorides, poor fl uoride removal ca pacity, separation problems, complicatcd and expensive 

regenerat ion. 

I-fence, most of thc avai lable matcrials and techn iq ucs for dcfl uoridation arc expensive 

and are not technicall y feasible for removing fluoride from the ground watcr suppl ies in the 

Eth iopian Rift Va lley Regions. Th llS, the need to find and investigate loca ll y ava ilab le 

defluoridating media for safe and easy utili zution at both community and household levels is of 

great im portance. 

A recent report from our laboratory indicatcd that activa ted alumina is efficien t fo r 

removing fluorides from ground waters in the Ethiopian Rifi Valley Regions. Kaolin was al so 

fou nd to be efficien t although not regenerated and accessib le [2, 431. however, diatomaceous 

ea rth was found to be inefficient [2]. 

By the use of modem technology excessive fluoride Illay easi ly be removed from water 

High tcchnical mcthods, however, are rarel y appli cable and accessible under rura l, third world 

condit ions. Hence, water treatment for removal of fluorides is not generally simple and 

inexpensive. The avail abi lity of inexpensive, accessible and efTective media for the removal of 
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excess ive fluor ides in the Eth iopian Rift Va lley ground waters at community and household 

would undoubtedly be a boon to the public health investiga tors. The capacity of the various 

defl uoridation, problems in operation, the cost of defluoridation and limitations in thei r 

applications wi ll be taken in to consideration for study of media for removal of drinking waters 

in the Ethiopian Rift Va ll ey Regions . 

Thus, simple techniques fo r low level defluori da tion of drink ing water in the Ethiopian 

Rift Valley Regions ground waters at com munity and household levels, are needed in order to 

remove fl uorides related hea lt h cases in the growing child. 

Clays are reported to be an efficient fluoride remover from natura l waters [34). 

Preliminary studies in our laboratory have shown that clay pots is a good medium for absorbing 

high fluoride concentration from waters [34, 43]. The advantage of clays pot is that it can be 

regenerated and reused after be ing adopted, as we ll as clays are accessible and inexpensive. 

FlJI1hermore, clay pots have traditionall y been used for storage of drinking water in the Ethiopia. 

The clay pots are most often made from locall y available clay or soi l, and are thus read il y 

avai lable. 

However, no systematic investigation has been made on clays as to its defl uori dati ng 

capacity on Ethiopian Rift Valley ground waters. Therefore, it is necessary to study the fluoride 

binding capacity of the clays, and thus, it is worthwhile to extend the study to the types of so il s 

(clay, laterite), the origin of the soil (relative altitude), variab le volumes, vari ab le ti me of contact, 

as well as the pH level of the water from the ground waters of the Rift Valley Regions of 

Ethiopia. 

This project is concerned with an investigation of dcfluoridation of ground waters using 

ind igenous clays . The objecti ves of the present investigation are: 

6. 1. OBJECTIVES 

• To investigate the fluoride binding capacity of clays from different regions of Ethiopia 

with the Ethiopi an Rift Va lley ground waters. 
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7. 

7. 1. 

To assess the effect of altitudes of clays on the denuoridation efficiency 

To study the lime of con tact of ground water samples wi th clays 

To study the effect of volume of water samples on dcnuoridmion efficiency of clays 

To study the effect of stirring of samples with clays. 

CLAY 

Definiti on of c!:ty Nature 

The clay fraction probably is the 1ll0S1 important components of surface deposits and soils, 

whether in terms of origin , agricu ltu ra l or engineering use, or as a factor in the environmental 

processes-physica l, chemical, and biological. The lerm ' clay ' may refer to very fi ne panicles, 

regard less of their mineralogy or may refer to a defini te series of minerals. The word clay is th e 

secondary minerals, together wi th organic Illlllter, constihltcs the active fraction of the so ils with 

respect to Illost chemical and physical properties with particle size ra nge below 2 ~I (002 Illm) Fine 

and colloidal clay is considered to be made up of particles with an effecti ve diameter below 0 2 II 

(0,02 n1ln) and definitely possessing co lloida l properties. Clay is cohesive, it ho lds soi l aggregates 

together and controls many soil stnlcturcs. Clay retains moisture, and thereby impede the movement 

of the wal.er and ai r in the ground. They also hold plant T1larien t, some in the form of ava ilable for 

plant use, others in unavailable fomls. The plasticity of the clay is partly a fu nction of the particu lar 

clay mineral [26-28]. 

A clay so il consists of clay and non-clay particles, where the clay is any so il with part icles 

of 211 (0.02 mm) and less and hence the clay minerals are in amount high enough to innuence the 

phys ical properties of the soil Because of their sma ll size, some clay particles present a relatively 

large specific surface for adsorption Negative charges developed at clay and organic mailer surfaces 
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are able to adsorb cations, which may under go stoichiometri c exchange with mobile cations in soil. 

7.2. Size and Shape of Cbty I' articles 

Although there is no sharp boundary between panicle size of clay and non-clay. it has been 

shown that there is a general tendency for the clay minerals to concentrate in a size ra nge smaller 

than 2 ~ and larger clay particles breakdown easily to this size slaked in water. 

On the other hand, non-clay Ill inerals usually arc not present in part icles much sma ller than 

to 2 ~L However, most of the so call ed clay soi ls cOll tain non-clay as well as clay mi nera ls. 

Therefore, the best split of the two clays obtai ned althe size of 2~ . 

Most particles larger than about 5 ~ can be represented as sphere like or cube like particles 

with reasonab le accuracy. On the other hand, most part icles smaller than 5 11 are shaped like a plate, 

the len!:,1h or the width of which is 5 to 300 times its th ickness. The plate shape, which most particles 

possess, is well illustrated by the electron photomicrography of a kaolinite clay part icles wi l.h an 

equivalent area diameter of 1.3 J.l and thickness of 0.083 f.l . 

7,3, The Basic Clay Miner:11 Structu re 

Clay minerals are mostl y secondary hydrous alum inum silicates which comprise the bulk of 

the clay fract ion of soil, and composed of two sheet structure, where one contain ing silicon atoms 

and the other containing aluminum atoms. 

Many sophisticated instruments and methods have been used to study the crystall ine 

structure of clay minerals. These methods are X·ray diffraction, IR, petrographic, electron and 

ultramicroscope and differentia l themlal analys is among others. 

Clays are layer of lattice minerals, result ing from different stacking arrangemen t of the two 
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basic bu ildi ng blocks. These two blocks are described by Grim [26] as fo llows 

• One is an octahedral uni t in which an al uminum, iron, or magnesium atom is enclosed in 6 

hydroxy l or oxygen atoms having the configuration of an octahedron. The octahedra un its are put 

together into a sheet structure, which may be viewed as two layers of densely packed hydroxy ls, with 

the cation between the sheet in the octahedral co-ordination. The octahedra li e on thei r sides and arc 

oriented with their long axes parallel. The oxygens and hydroxyls aloms arc in planes , onc below 

and the other above the plane of al uminum atoms, and these oxygens and hydroxyls form a 

hexagonal network . The hydroxyls (OH-) substit ute for oxygclls (02.) in the basal plane and share 

oxygens with the apices of the tetrahedra of the sili ca sheet, the charge thus become ba lanced and 

the two sheets are ti ghtl y joined . 

• The second build ing block is a si lica tetrahedral uni t, in which four oxygens or hydroxy ls having 

the co nfiguration a tetrahedron enclose a sili con atOTll . The tetrahedra are combined in <l sheet 

structure so that the oxygens of the bases of a1l1hc tetrahedra arc in a common planc, and each 

oxygen belongs to two tetrahedra. The pyram ids, or tctrahedra, are arranged in an orderly paltern , 

with their apices all pointing in the same direction and the bases joined at the corners in 6's to form 

a hexagonal network of pyram ids. In thi s structure, the oxygens atom in basa l plane are shared by 

the hydroxy Is (OHo) substituted for the oxygens, e . There remai ns in the stm cture an excess 

negati ve charge, and this is what joins the silica to the pos it ively charged alumi na sheet. The s il ica 

tetrahedra l sheet alone may be viewed as a layer of silicon atom between a layer of oxygens and a 

layer of hydroxyls . 

The thi ckness of the octahedra l layer is 5.05 

thick ness of 4.93 A. 

whereas that of the tetrahedra l layer has a 

The clay minerals are class ified into differen t categories, namely, kaoli nite, 

Illontmorri llonite, ill ite (hydrous mica), glauconite (a mica like clay), chlorite and others. Sheets of 

sili ca tetrahedra and alumina octahedra are the fundam ental structural un its of til e morc im portant 

clay minera ls. 
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7.3. 1. K:lOlinile CI:IY Millenl l 

It is the simplest and most stable of the clay mineral structures The kaolinite clnys include 

at least 5 mineral members. four of whi ch have the same composition of AI~ i~Olo(OH). They are 

kao linite, nacril c, di ckite, and hallosysi lc II is referred to as I 1 layering Because their structures 

consist of a si lica sheet and a gi bbisi tc (alumina) sheet joined through com mon oxygcns ions The 

silica and alum ina sheets fOfm stacked pai rs of layers that read ily glide over one another Oy fa r the 

most abundant members of this group is kaolin ite, wh ich is found in the course clay fraclion of many 

soils of the world. The mineral cndcl litc, wilh twice the wa ter of kaoli nit e, is considered to be 

present in limited quantities in a few so il s, [t is genera ll y accepted that kaolin ite is predominan tl y 

the result of intensive weathering of fe ldspars and other common alumino sil icates. As indicated by 

the fOnlllll a, it contains approx imately 46 % of Sial and 40 % AIIOj • No isomorphous substitution 

is believed to occur either in the silica or alumina sheets, consequentl y, the composit ion is fo il'l y 

unifonn. Some rather pure deposits of kaolin ite have formed as residual material on cenain igneous 

rocks in hum id subtrop ica l regions. 

Kaolinite is considered to be the most stab le of all the clay minerals and is believed to form 

in envi ronments where calciulll , magnesium, potass ium, and sodium arc rapidly washed away 

duri ng soi l fo rmation, [t is overa ll neutral in charge 

7.3.2. l\1ontmorrillonite Clay Miner:,1 

This hydrous aluminum silicate mineral has been found in 1110nunorri llonion France and got 

its name from two Frenchmen in 1847 Montl1lorrillonite is formed from 3 sheets These are two 

sheets of silica are joined to a central alumina sheet in the planes of the apices of the si lica 

tetrahedra. This is referred to as 2' 1 layering The three layers have a low net negative charge, and 

adjoining threesomes are loosely bonded together by a few cations, 'a' , K·. Cal', or Mgl' Because 

the bonding is weak, water can force the layers apan This is what is known as an expanding clay. 

a major problems in engineering work 
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The theoretical formula of Illonlmorrillonilc is AI4 Si.0 2(OH), nli20 Mont lllorrilionite is 

usua ll y formed from the weathering of basic igncois rocks, it is believed that a plen tiful supply of 

bases, particularly of magnesium and ferrous, is a requisite fo r the fo m1 3tion of minerAls of this 

group. The overall charge of this clay minera l is negative. 

7.3.3. Illite Clay Mineral 

Il lite has been proposed as a general term for the mica- like clay minerals by Grim el 0/[1 6]. 

The structure of the illite is similar to that of montmorrillonitc exccpt Ihal there is al ways substant ial 

replacement of sili con atoms by aluminum atoms in Ihe tetrahedral layers, and potass iulll IIrc 

between the layers, serving to balance the charges rcsulting the rep lacement and to ti c the sheet uni ts 

together, so that water and polar ions can enter between thcm and cause expansion The basa l 

spacing of loA remains unchanged. The structure of Illite mineral is similar to that of 

Montmorrillonite except that, on hydration, The latt ice layers fail to expand because potassiulll iOlls 

perform a bridging action. Mcmbcrs of thesc complex group of clay minerals arc especia ll y 

abundant in soils that were fonned frolll marine shales and limcslOnes and that have not been subject 

to intense weathering. The substitution of aluminum (AP' ) for silicon (Sf' ) ;n the tetrahedral 

layers increases the negative charge, which becomes neutrali zed by cntions. 

As a consequcnce of the 2: 1 layering, and the attachmcnt of cations, thesc clay minera ls 

have less than do the I: I layered clay mincrals. Montmorri l1onitc and ill ite have more silica, arc less 

stable than kaolinite, arc likely to whether to it. 

7,3.4. Chlorit e a nd Ver miculit e Clay Miner:11 

These two clay minerals have 2: I layering similar to that of montmorril1oni t and iJlite They 

are common in surface depos its and soi ls, and readil y niter to Illontmorri lloni te. illite, or kaolinitc 

Still other clays are amorphous (c g. aJlophan) and have indcri nite chemical compositions 
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An important consequence of the crystal stnlcture if Ihc-clay minerals is the large number 

of sites at which the negatively charged amons and posItIvely charged cations are not in electrostatic 

balancc. There arc sites Wi lh in each sheet within the hexagonal framework of tetrahedra and 

octahedra; there are siles between the sheets where they Joi ned, and there are sites around the ragged 

edges of the crystals. Clays that have a considerable excess negative charge may act like acids in the 

presence of ground moisture [26-28] . 

Tnble I . Approximate chcmiclil cOIllPos it ion of clay mincrliis 

Mineral Sial AllO) Fc1O, TiOl CnO MgO 1<,0 NIIIO 

Kaolinite 45·48 38·40 - - - - - -
Mon1JllOrri lloni1e 42·55 0-28 0-30 0-0 . .5 O-J 0-25 0-0.5 O-J 

II li le 50-56 18-3 1 2-5 0-0.8 0-2 '-4 4-' 0-' 

Chlori1e 3 1-33 1I~-20 - - - 35-311 - -

- .... ~ 

Kaolinite Clay 
Monti morriloni tc Clay 

Figure I. Clay Illineral Slmctures 
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8. EXPERIMENTAL 

8. 1. Reagents and j\'I:l leri ll ls 

A stock solution of 0.1 mol L-\ nuoride was prepared by dissolvi ng known amount of NaF 

(Ri edel-de Hacn) in disti lled watcr. Solutions of 1 x 10" -1 X 10.2 mol L' \ nuoride were prepared 

from the stock solution by serial di lution with di still ed water for ca librating the elcctrode and for 

deOuoridation studies. 

Total ionic strength adjustlll ent butTer (TISAB) was prepared by disso lvi ng 57 rnL of glacin l 

acetic acid (Riedel-de Hacn), 58 g of sodium chloride (Riedel-de Hacn), 7 g of sodium citra te 

(NICE) and 2 g of EDT A (Phannacos) in 500 Ill L of distill ed watcr before di lution to volume (\ L). 

the pH was adjusted to 5.5 by adding 5 111 01 L'\ NaOH (NICE) so lution. 

8.2. Equipmcnts 

Harris standard magnetic stirrer was used for stirring the standard fluoride solutions, nalUra l 

water samples and adsorbent. Heraccous ccn trifuge was used for separation of adsorbed fluoride 

from supernatant after end of contact time. An Orion combination fluoride ion-selecti ve electrode 

(Model 96-09) with an Orion portable pH/ lSE metcr (Model 250) was used for the determination 

of fluoride. The pH of the solution was measured with Phi lips pH meIer. 

8.3 Fluoride Determination 

8.3. 1. Electrode Behaviour (Calibrat ion Cun'c) 

Aliquots (20 mL each) of 10.1_10'" mol L.;1 smndard fluoride solutions were transfe rred 

separately into 100 mL polyproylene beakers and 5 mL of total ionic strength adjustor butTer 

(T ISAB) were added to each solutions. The fluoride ion selective electrode was dipped into the 

stirred solution (25 mL : 20 mL standard fl uoride so lution and 5 mL TISAB) Constant potentia ls 

were recorded with I min. A calibration curve (E. III V versus log [F']) was constructed and used for 

the detemlination of fluoride in the sample solutions All potential measurements were made at room 
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temperature (20±2 DC). 

8.3.2. Direct POlcnliolllclry 

A 20 mL al iquot of sample so lution (or water sample) was transferred into It 100 mL 

polypropylene beaker and 5 mL ofTISAB were added 10 it The fluoride ion selective electrode was 

dipped into the sti rred solution. A constant poten tial was recorded within I min The fluoride ion 

concen tration in the sample solution was determined from lhe calibration curve (E. III V vs log [F']) 

A Itcrnatively. the concentrat ion of nuoride in the sample so lution can be calculfl lcd based on the 

s ing le po int cal ibration using equation (3) or by usc of two standard so lutions frorn equat ion (4) 

8.3.3. Stand llrd Addition Method 

A 20 mL aliquot of the water sample was transferred in to a 100 IllL polypropylene beaker 

and a 5 IllL TISAB was added to it. The fluo ri de ion selecti ve electrode was dipped into the stirred 

so lution and constant potential was recorded. This was followed by addition of 2 IllL of I x 10·J 111 0 1 

L-1 standard fiuo ride solution and poten ti al was recorded. The concentration of the sample solution 

was calculated by equation (4). 

8.4 Analysis or Fluoride Content of Natunll Water Sall1p les 

Two sets of water samples were collected from the selected regions of Ethiopia The first 

set was collected from high land regions of Ethiopia where the fiuoride content was anticipated to 

be minimulll and tbe second set was co llected from lai n Rift Valley regions of Ethiopia The 

determina tion of fl uori de content of natural water samples were made by using calibration curve 

for higher fl uoride content and standard addition method for lower fluoride content The places, 

sources uses and fiuoride content of water samples are given in Tables 2 and 3 The places of water , , 
samples collection areas were shown in the map of Ethiopia (Figure 2) All water samples were 

collected in jarrycans, labeled, and brought to Addis Ababa, and kept at room temperature in Lhe 

laboratory. 
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Table 2. Fluoride C<lntent or natural waler sampl.:s 

Place Source pH F' (mg 1;1 ) RenUlrk/ujiC 
Sendera Pipe water 8.2 0.6 DrinkAliish 
D.O. Borehole 7.8 0.2 Drink/wash 
D.S. Spring H 0.4 Drink/wlIsh 
Shano Borehole 8.3 0.2 Drink/wIL~h 

Shoa Robil Hot-spring 7.5 1.8 DriJ1k/wn~1 1 

Kllnl Kori Borehole 8.2 0.4 Drink/wash 
Dcjcn Pipe water ' .6 0.' Drink/wash 

Fiche Spring 8.5 0.2 Drink/wII. .. h 

Chancho Spring 8.3 0.2 Drink/lIIL,h 

Ambo Pipe water 8.1 0.6 Drink/l\'lISh 

Iiolola Borehole 8.0 0.2 Drink/l\'ltsh 

Wolisso Borehole ' .6 1.2 Drink/wlL.~h 

Wolikile Borehole 8.2 0.2 Drink/wash 

Tullu 130110 Hot-spring 8.6 0.6 DrillkJwlL.,h 

S..:bela Borehole ,., 0.7 Drink/l\'!lsh 

Robe Pipe waler , .5 0.6 Drink/wash 

BUlaj ira Spring 8.6 0.' DrinkAI IL~h 

Ilossana Borehole 8.' U Drink/wash 

Asscll li Pipe waler 7.8 0.3 DrinkAIIL,h 

Dodo ll li Borehole 7.' 0.6 DrinkA\'II., h 

Dhera Pipe water 8.4 0.3 DrinkAI lI.~h 

Bushortu Pipe waler 8.3 0.7 Drink/l\·ash 

Finfinne pipe WIlier 7.' 0.9 I)rink/wll.'h 

Abki river 7.' 0.6 I)rinkAI'ash 

Finfinlle river ' .6 2.0 Drink/wash 

Kebcna river ,.4 0.2 DrinkAva.'h ( 
" , 

j 
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Table 3. Fluoride contenl of waler samples collccloo frolll Ethiopia Main RiO Valley regions 

Place Source 1111 F' (Illg I; ') Rcrnnrklusc 
WOllji SIIO II Borehole ' .3 '" DrinkAyash 
Mo.iio Pipe w:lfcr ' .0 ' 0 Drink/wash 
!\w<lsa LlIkc Surface WHltr 88 95 Drink/wash 
A lwY:l L:lkc Surface W:ltcr " 10.7 Drink/wash 
Ch:ulIo Lake Surface W;ltcr 90 ' 04 Drink/wash 
Bulbuhl l3orcJlO1c 8 4 60 Drink/wash 

Figure 2 Map of Ethiop ia showing th e loc;'Hions o f wa ter and clay samples collection areas 
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8.5. Clay Samples 

The clay samples were co llected from nineteen difTerent areas and the 20 II was fired clay 

The clay samples were identified with their unique phys ical properties of plasti city lIsing fingers 

These nineteen areas were selected on the basis of low fluoride concentration in the ground wluers 

This was in accordance with what was reponed by Redda el (I/. A WHO Expert Committee (1994) 

concluded that in high mountain areas the fluoride conlen t of the soil is usually low This is 

presumab ly due to the fluoride has been washed Olll of the lOp so il in high lands, and ri vers and 

creeks had transported fluoride to the low lands, where it, due to eVtl l>oration, has en riched soil and 

ground waters. All clay samples were taken from the surface areas. The regions/loca tions of clay 

samples are shown in Figure I. 

The clay samples were collected in plastic bags, labeled, and brought to Addis Ababa for 

processing and defluoridation studying. All clay samples were finely ground in a Mortar with a 

Pestle and passed through a Sieve of approximatel y 0.1 mill pore size. The clay pot was bought from 

Gefersa on the Ambo road. The same procedure was used for the clay pot. 

8.6. Denuoridllti on of St:l lldlird lilld Sli mple Solu tions 

A known weight (10-50 g) of the clay sample was (rapped into a colton cloth) and transferred 

into a I L Pyrex beaker and a known volume ( 100-500 mL) of the standard fluoride solution (pH 

5-6) or natural water samples (pl-l 7.5-8.5) was added to it. The mixture was allowed to sIRnd for 

a known contact lime (2-48 h) ei ther with stirring or without stirring. At the end of contact time, the 

mixture was centrifuged for 10 min. The supernatant (the dcfluoridated water) was coll ected in a 

I L Pyrex beaker. A 20 mL al iquot of the supcrnatant (defluoridated water) was transferred into a 

100 mL polypropylene beaker and 5 mL of TISAB was added to it The fluoride ion selective 

electrode was dipped into the so lution and a constant potential was recorded The fluoride 

concentration was determined either by direct potentiometry (calibration mcthod) or standard 

addit ion method. 
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The defluoridation of standard fluoride so lution using clay was carried oul as a function of 

mass of clay, volume of the fl uoride so lut ions, and contact time of clay wi th nuoride so lu tion, and 

pH. The pH of standard fluoride solutions which was 5.7 and 5.6 for 5_0 mg L·I and 100 illS L", 

respecti vely, was adjusted to 8.0 with 2 mol L" NaOf-l solution (encompassing the average pI-! range 

of most drinking water in Ethiopia Main Rift Val ley). The pH of the standard fluoride solutions were 

measured before and after loading wi th the clay soils so as to propose the mechanism for clay and 

fluoride interaction. Defluoridation experiments were done in balch mode system 

The defluoridat ion ofWonji Shoa ground water (12.8 mg L-' F-) was similarl y carried ou t 

lIsing 6 day soils. The pH of Wonji Shoa ground watcrs ( 12.8 Illg L-' F-I) used for dcfluorid at ion 

study was 8.2. The studies were carried out as a fun ction of Ill ass of day, volume of water and 

contact time. Defluoridation experiments were done in batch Illode systcm 

8_ 7. Regenent~ion/Dcso rption Ex pcrimcnts 

Regeneration/desorption ex periments were carried out using 1% (w/v) aO I-l so luti on 500 

g of Wolikite clay-fluoride complex was shaken with 1 L of 1 % (w/v) NaOH solution and kept for 

48 h. After 48 h the clay was separated from NaF so lution thcn dried in the air for, again 48 h, 

crushed into powder, and sieved. The defluoridation with regenerated clay was done for th ree 

controlling factors , namely, mass, vo lu me, and time. 

8.8. Procedures and P:lrlHneters for Studyi ng of Mass, Vo luUle, :H1d Timc Effects of 

Clays 

8.8.1. Effect of Mass 

The fluoride removal capaciti es of 20 clay samplcs for a fixed volume of standard fluoride 

solution and natural water were investigated al constant period of contact time 

10-50 g of 20 clay samples were separately added to each of 5 and 10 Illg L" standard 

nuor ide solution (pH = 8) and ground water 12.8 mg L" P-' (pH = 82), and the mixture was 
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allowed to stand with stirri ng andlor non·stirring for an hour AI the end of a fixed period of 

contact time the fluoride was separated by cen trifugation and filtration 25 mL of supernatant 

so lution was separated and then mixed wi th 5 mL ofT ISAB for fluoride anal ysis The fluo ride 

content was detennined by direct potentiomeny and/or standard addition method using fluoride ion 

selecti ve electrode. 

8.8.2. Effect of Volume 

The vol ume effect on fluoride removal capacities of clay was studied at constant mass of 

clay at fixed period of contact timc. The vo lume effect on fluoride rcmoval for 50 g of 20 clay 

samples was stud ied at various volume, viz., 100·500 IllL of 5.0 and 10.0 illS 1.: ' standard fluoride 

solution at constant contact time of I h for both stirred and non·sti rred so lutions after the pH was 

adjusted to 8.0 with 2 mol L·1 NaOH solution (cncompassing the average pH of most drinking water 

in fluoride rich areas). The same procedure was used for Wonji Shoa ground waters ( 12.80 illS F' 

ILl· 

8.8.3. Effecl of Time 

The effect of contact time was investigatcd by add ing a fi xed amount of adsorbent (clay) to 

a constant vo lume of two different concentrations of standard fluoride solutions and one natural 

water sample at different period of contact ti me. Af1er completion of the given contact timc the 

mi xtll re was separated. 

The effect of time on fluoride removal with 50 g of 20 clay samples was evaluated for 500 

mL of 5.0 and 10.0 mg L-1 standard fluoride solution at a contact time of 2·48 h for both stirrcd and 

non.stirred solutions after the pH was adjusted to 8 0 with 2 mol L-' solution (encompass ing the 

average pH of most drinking water in Et hiopia Main Rift Vall ey where excessive fluoride exists) 

Simi lar experimental procedure was used for Wonj i Shoa ground water ( 12 8 m~ L ) for 

defluoridation. 
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8.8.4. Effec. of PFl 

The effect of pH was studied by adding a fixed amount of adsorbent (clay) to a constant 

volume of 10 mg L-1 standard fluoride solution at constant contact time After a constant contact of 

an hour the supernatant was separated. 

50 g of 20 clay samples were separately loaded to four beakers contai ning 500 mL of 10 0 

Illg L"' standard fluoride solution with differen t pH, viz., 3, 5, 7 and 9 at conSlan t COll13cllime of I 

h for both stirred and non-stirred so lutions. The pl-l of standard fluoride so lut ion was ndjuslcd with 

lmo\ L-l He l and 2 mol Lo1 NaOH solution (the pH of 10.0 Illg L" standard nuoridc solut ion was 

5.6) . 

8.9. Fluoride Adsorbed, Removal Efficienc), lind Ocnuoridalion C"pacity 

The residual fluoride concentration in the standard was calculated by the formula derived 

from the Nernst equation: Es· Ex - 6 E - 5 log C,/Cs 

which can be rearranged 10 be: Cx _ Cs I Q6"JS 

where ex = concentration of the analyte aftcr time I 

Cs = initial concentration of standard solution 

E = electrode potentia l of the analyle after lime t x 

E . = electrode poten ti al of the standard solut ion , 
5 = slope 

The fluoride removal efficiency and the fluoride adsorbed in a given period of conlact time 

were calculated as follows: 

The amount of fluoride adsorbed/removed = Co· C. and; 

percentage of removal efficiency = (Co·CJx 100lCo 

where Co = initial concentration of the fluoride in the solution in mg L" at t = 0 

C. = final concentration of Ihe fluoride in solution in mg L-' after I conlact time 
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Defluoridation capacity of clays was determined using the following relationship 

Defluoridation capacity in mglkg :: rug F'l /kg clay :: m~ of E'l removed x I 000 
amount of clay in g 

9. RESULTS AND DISCUSSION 

9.1. ErrectorMass 

The results shown in Tables 4·6 and Figures 3·7 indicate that the residual fluoride 

concentrations in both standard fluoride solutions and ground waler samples decrcased wi th the 

increased amounts of clays. Among the adoptcd clay for defl lloridation lhe fi red clay chips was the 

least defl uoridating agent (10 mg L·l F ' l comc down to 3.0 mg L'I) prcsumably due to the eITect of 

firi ng, however, Wolikite clay was found to be the most effi cicnt (10 1118 L't F' come down to I 0 

Illg L-l E"). 

The obselVed residual fluoride concen trations were between 2.3·0.8 Illg L' t for 50 Illg L' t 

initial standard fl uoride concentration and between 3.0· 1.0 mg L-l for 100 Illg L' t initial standard 

fl uoride concentration. The resu lt obtained showed that residual fluoride concentra tion decreascs 

wi th increasing mass of the adsorbent. This is most likely due to an increase in acti ve sites. This 

indicates that the removal of fl uoride from ground waters is dependent UPOIl mass of clay used. 

Tabli;! 4. [ (leel of mass orlO cluy !;II/uples on 500 mL of 5.0 mg L'I stllndurtl Iluoride solution lit constllllt COII1!ICt lim.; 

of I h for both stirred anunon-stirrer.l solutions llner the pH WlL'; adjusted 10 8.0 with 2 mol L·
I 

NlIOl1 

solution. 

ChlY Iype Mass of clay, g 10 20 30 40 SO 

S, residual 1:'-, mg L·I 2.92 2.76 2.62 2.53 2.35 

NS, residual F', mg L·1 2.87 2.7.5 2..56 2.47 234 

%P removed 41 6 45 41 49.4 53 

GullaHe S, residual I-.... IIIg L·I 2.16 1.72 154 142 \37 

NS. rcsidulil F', mg L·1 2.1 1.7 I 53 1.38 I.J 

%F' rcmo\, ... -d .56.8 65.6 692 71.6 726 
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RBB S, residlllli F', mg 1;1 1.8 1.7 125 1.1 1 
NS, residual ...... Illg t ·1 1.9 1.7 1045 14 12 
%F' removed 64 68 75 78 80 

WBB S, residlwl F.., mg L·I 1.85 1.65 J.3 1.2 1 1 
NS, residual ..... , mg L·I 1.75 1.6 1.25 1.1 108 
%1;' TCmoved 63 67 74 76 78 

Shallo 5, residual F', mg 1..1 2.3 2 1.9 1.7 U 

NS, residual P', mg 1; 1 2.2 2 1.78 1.7 1.48 

%1;' removed 54 60 622 66 70 

Debre Sina S, residual p , IllS L·I 2 1.8 1.6 U 14 

NS, re~ idu al P', mg L·I 1.9 1.75 1.6 1045 1.3 

%P removf.'d 60 6,1 68 70 72 

Kam Kori S, residual P, IllS L·I 3.2 2.8 2.1 1.8 15 

NS, residual F', illS 1; 1 3.1 2.6 2 1.7 1 4 

%17- removed 36 44 58 64 70 

DejclI S, TCsidull l F', IIIg 1; 1 1.9 1.8 1.6 J.5 1.'1 

NS, residual I;', illS L·I 1.85 1.7 156 I.' 1 3 

%F' removed 62 64 68 70 72 

Fiche S, residual F', IIIg 1; 1 2 1.85 1.76 U 1.'1 

NS. residlwll;', mg ); ' 1.<) 1.75 1.65 1.45 1.28 

%17- removed 60 63 66 70 72 

Chancho S, rf.osi dmlt ,;', mg 1; 1 1.54 1.42 J.3 1.25 1 1 

NS, rc.~ iduat F', mg L·I 1.5 1.38 1.26 1.1 5 1.06 
'" pll 

%F' removed 69.2 71.6 73.9 75 78 

Ambo S, n..'5idual .. ..., mg 1; 1 2 1.9 1.78 1.62 154 

NS, rcsidlw] 17-, IIIg L" 1.9 1.85 1.78 1.6 1 48 

%.F· removed 60 62 63.6 67 .6 69.2 

Holola S, residual F', mg 1; 1 1.76 1.62 1.48 1.36 1.26 

NS, residual "..., IIIg t ·' 1.7 1.6 1.5 1.34 125 

%F' relllovl.'d 64 .8 67 .6 70.4 72.8 748 

Wolisso S, residual J7', illS I;' 1.92 1.74 1.62 1.48 1.3 1 

NS, rf.'S iduall7- . Illg 1; 1 1.88 1.71 1.58 1.45 127 

%F' removed 61.8 65.1 67.6 70.4 73 8 

Wolikite S, residual r . illS 1;1 1.48 1.35 1.11 097 0.81 

NS, residual F', illS 1;1 1.47 1.33 1.08 0 .95 0.8 

%r remo\'ed 71.5 73 77.8 80.6 838 

Hosslilm 5, residual r . mg L·I 2.3 2 1 191 1.75 161 

NS, residual 17-, illS L·I 2.22 2.07 188 1.72 ] .56 

%J7' removed 54.4 58.1 61.9 65 678 

" .. ". 
: 
• J • 
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Tullu Bolio 5, residlwl F', mg L" 2.3 2.0tl 1.99 1 69 Uti 
N5, rcsidllll i F', mg t ·· 2.25 2.06 196 1.67 1.55 
%F' removed 5t1.4 GO.2 6·1 662 684 

Bul:yinl 5, rcsidulIl F-, mg L-' 1.95 1.88 1.78 1 66 1.52 
NS, n.'sidmll l:--, IIIg L" 1.92 1.84 1.73 1 62 14. 

%P relllov,:d 6 1 62.4 64.4 66 .• 69. 

Robe S, rc~idu lIl F-, ms L-' 1.98 1.87 1.76 1.64 141 

NS, rcsidullll:--, illS L-I 1.92 1.1:14 1.73 1.62 14 

%F- rcmoved GO.' 62.6 6.1 .1' 672 718 

Assella S, ccsidual F', ms L-I 1.92 1.62 1.36 1.25 12 

NS, residlwl F-, mg L-' 1.9 1.55 1.33 1.22 1.1 

%F' rcmoved 61.6 67.6 728 7' 76 

Dodoll ll S, residulI l F', illS L-' 1.77 1.48 1.36 1.25 I 16 

N5, rt.'Sidlwll:--, IIIg L-' 1.75 1.45 1.33 1.22 112 

%F·rellloved 64.7 70.4 72.8 7' 766 

Table 5. EIli..'C1 of ma.';s of 20 samplc soils 011 500 mL of 10.0 mg L" sl:mdllrd Ouoride $Olulioll lll CO IlSI:mt conl!lCl timc 

of I h of both stirred !lnd non-stim..--d $Oluliolls after thc pll \\ llg adjusled to tI .O by 2 111011; ' NaOl1 solution 

Clay typc Muss of ci:ly.g 10 20 30 40 '0 

Fired S, residual F-, mg L-I 3.72 3.53 3.4 3.24 3.12 

NS, residual F-, ms L·t 3.6 3.46 3.3 3_16 3.0tl 

%1:-- ccmoved 62J1 64.8 66 67_6 68.tI 

Gullnllc 5, residual p , illS L-' 3.4 2.' 2.4 2.2 21 

NS, residual F-, mg L-I 3.3 2.7 2.3 2.2 2.1 

%F' reTllovl.'ti 66.3 72 76.3 7. 78.8 

ROB S, rcsidual F', illS t ·' 2.4 1.75 1.66 1.58 1.48 

NS, residual F', ms t -I 2.9 2.6 2.3 2.1 1.85 

%F- removed 76 82 U4 84 .2 85.2 

WBB S, residual F-, mg t ·' 2.7 2.' 2.3 2.1 1.9 

NS, residulli F-, illS t -I 2.6 2.' 2.2 2 1.85 

%F- rcmoved 73 75 77 79 81 

Shnllo S, residual F-, mg L-I 35 3.3 3 2.' 25 

NS, residual F', illS L-' 3.48 3_26 2.95 2.7 2.' 

%F" removcd 6' 67 70 72 7' 

Dehre Si!M S, residual F-, mg L-I 3.1 2.' 2.6 2.4 22 

NS, re$iduni F-, illS L-I 3 2.7 2.4 2.3 21 

%1:-- remo\'l.'ti 69 72 7' 76 78 
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Kara Kori S, residual F', mg L" ' .2 3.' 29 25 24 
NS, residual F'", mg 1;1 ' .1 3.2 28 2 3 2 
%F' rcmoved 58 66 7 1 " 76 

Dcjcn S, resid ual F', IIlg [;1 2.7 2.4 2.2 2 1.9 

NS, residual F', mg L" 2.6 2.4 2.1 1.95 1 8 

%F' removed 73 76 7B 110 . 1 

Fiche S, residual F', mg L" 2.' 2.6 2.4 2.2 1.8 

NS, residual F', Illg L" 2.65 2.' 2.2 2.1 1.7 

%F' removed 72 74 76 7B 82 

CllHllcho S, residual F', illS 1; 1 2.2 2.05 188 1.75 1 6 

NS, residual F'", mg L" 2.15 1.95 1.8 1.64 1 5 

%F' removed 7B 79.5 K 1.2 K2.5 .. 
Ambo S, residual F', ms 1; 1 2.7 2.5 2.3 1' 2 UI5 

NS, residual F', mg L" 2.67 2.45 2.36 2.0·1 1.9 

%1;'- removed 73 75 76.2 .0 IH .5 

Holola S, residual r ', Illg L" 25 2.3 1 2 I .IN I.SK 

NS, residual F'", IIIg L·1 2.48 2.25 2.06 1.9 1.75 

%F'" removed 75 76.9 .0 8 1.6 .. 2 

Wol isso S, residual F", IIIg L·I 2 .. 75 2.5 2.3 2.11 1.93 

NS, rcsidual F", IIIg L" 2.67 2.45 2.22 2.02 UI5 

%P removed 12.5 74.9 77 78.9 80.7 

Wol ikile S, residual P , mg L'" 2.11 1.94 1.56 1 45 1. 11 

NS, residual F-, Illg L·I 2.08 1.9 1.53 1 43 1 09 

%P removed 78.9 8 1.6 84 .4 K5.5 KS.9 

J-Iossana S, residual P , Illg L" 3.22 2 .. 98 2.72 2.5 2.3 

NS, residual F-, Illg t ·1 3 .. 16 2.9 266 2.42 2.25 

%F" removed 67.K 70 .. 2 72.K " 77 

Tullu 130110 S, residual P , mg L·j 3.23 3 2.84 2.7 2.5 

NS, residual F", mg L·j 3. 18 2.95 2 .. 69 2.46 2_28 

%F" removed 67 .. 7 70 71..6 73 " 
But:~irll S, residual P , mg L" 2.68 2.54 2.46 2.38 2.2 

NS, residual F", mg L·j 2.62 2.5 2.42 2.36 2.1 

%F" removed 73.2 74 .6 75..4 76.2 78 " I 

Robe S, residual P , ms L .. I 2.' 2.65 2.53 2..47 2.4 

NS, residual r", mg L·
j 2.78 2 .. 62 2.5 2..45 2.36 

%F'removed 72 73 .. 5 74.7 75.3 76 

Assella S , residual F-, IIIg 1;' 2 .. 75 2.62 25 246 2.35 

NS, residual F', illS L-1 2.7 2.6 2..48 242 2.3 

%1;'- removed 72.5 74 " 75.4 76.5 

I. ," 
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Figure 3. 

S, residual F-, IIIg L-' 2.' 2.1 19' 1.78 16' 
NS, rcsiJulIll-\ IIIg L"' 242 202 '" 17 16 

%P removed 15 7. SO.S 822 835 

" , 
.. • • • • 

Mas- 01 AdlOlbtntlgl 

Residual fluoride conccTlIralion of standard Ouoridc solution (1 0 illS L-
1
) as a function 

of mass of of fired (B), Gul lalle (e), RBB (D), woo (E), and Shano (F) clays aI 

constant conlact time of I h . 
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Figure 4. Residual fluoride concentration of standard nuoridc solution ( 10 illS L-
t

) as a function of 

mass of Ocbre Sina (G), Karakori (1-1), Dcjcn (I), Fiche (1), and Challcho (1<) clays at 

constant contact time of I h. 
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Figure 5. Residual fluoride concentration or standard fluoride solution ( 10 Illg Lol) as a runction or 

mass of Ambo (L), Holo.a (M), Wolisso (N) , Woli ki.e (0), and Hossana (P) clays nt 
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Figure 6. Residual fluoride concentra tion or standard fluoride solution (t o mg Lol) as a runction or 

mass ofTullu Bolio ( Q), Butaji,a (R), Robe (S), Assella (T), and Dodolla (U) clays a. 

constant contact lime of I h. 
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Table 6, Effect of mass of6 clay samples.on 500 mL of 12 8 L' W ' Sha d . mg onJ a g.roun Woller I!.I constant contactlu: ' 

of I h for both stirred:ll\d non stirred solution . s . 

Clay type Mass of d ay, g 10 20 )0 40 SO 

RBB S, residual F', mg V S.7 4.5-1 U7 2.80 182 

NS, residual r , mg L"' 5.33 4.50 3.60 2.53 1.73 

%r removed 52.4 62.2 68.7 76.8 84 .9 

Gullalle S, residual r, mg V S.OS 4.20 3.30 2.77 2.34 

NS, residual r , mg L" 4.90 4.0 3.10 2.76 2 27 

%F' removed S8.0 64 .8 72.7 76.9 80.S 

Ambo S, residual F', mg L" 6.S0 5.41 4.42 3.3 2.15 

NS, residual F', mg L" 6.20 S.30 4.24 3.16 2.05 

%F' removed ' 6.0 SS.O 63 72.3 82.1 

Holola S, residual r , mg L" 3.90 3.27 2.76 2.33 1.94 

NS, residual r , mg L" 3.80 3.20 2.72 2.3 1.9 

%r removed 68.0 72.8 77 80.6 83 .8 

Ch:ll\cho S, residual r, mg L" 6.S0 5.25 4.22 3.3 2.66 

NS, residual r , mg V 6.40 5.20 4.2 3.28 2.62 

%r removed 46.0 56.3 64.8 72.5 77.8 

Wolikite S, residual r , mg L" 4.62 4.30 3.6 2.16 1.66 

NS, residual r , mg L" 4.50 4.1 3 3.42 2.1 1.62 

%F" removed 6U 64.2 70.2 82 86.2 

Figure 7. Residual fluoride concentration of Wonji Shoa ground waters (12.8 mgIL F"I) as a func tion 

of mass of clays of RBB (B), Gullalle (C), Ambo (0), Holola (E), Chancho (Fl. and 

Wolikite (G) at constant contact time of 1 h. 
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9.2. Effect or Volume 

The result obtained showed that residual fluoride concentration was increased wi th increased 

vo lume of particular standard fluoride solution and Wonji haa groundwater as shown In Tables 

7-9 and Figures 8-1 2, respecti vely. The substan tial decrease in the fluoride removal is due to the 

decrease in the active sites in the days. The observed residual fluoride concentra tions were between 

2.4-0.9 mg L'! fo r S.O mg L'I initial standard fluoride so lution and between J 0-0 5 mg L'! for 100 

rng L'l initial standard fluoride solution. Th is implies that the residual fluoride concentrations 

observed for various volumes, viz., 100-500 mL of 5 and ]0 mg F" LO' were brought down to below 

the recommended limit of fluoride concentration. Therefore, the fluoride removal efficiency of clays 

is considerably affected by vo lume of fluoride so lution. 

Table 7" Effect of volume of 5,0 mg L" standard Iluoride solulion 011 nuoride removal with 50 g or20 chay SIUIlI)ics 

at constant contact time of I h for both stirred and non-stirred sahulons. 

Clay type Volwne of solution, mL ' 00 200 300 . 00 500 

Fired S, residual F', mg L·' 1.62 1.8 1.9 22 ,. 
NS, residual F', mg L·I 1.6 1.75 1.8 2 235 

%F' removed 67 .6 64 60 56 52 

S, residual F', mg 1;1 0.62 0.75 0,96 ,.4 1.5 
Gullallc 

NS, residual F', illS V 0.63 0.75 0.95 1.5 145 

%F· remo\,(.'u 87.1 85 80.9 J2 702 

S. residual F'. mg L·I 0.6 0.9 1.05 12 125 
RBB 

NS, residual F', mg L·' 0,55 0.85 , 1.1 12 

%F' removed 88 82 79 76 75 

S, residual F', mg L'I 0.6 0,75 0.96 1.1 1.3 
weB 

NS, residual F', mg V 0.6 0.7 0.9 1.05 12 

88 85 80.8 78 ,. 
%F' removed 

S, residual F". mg L'I 0.6 0.8 , 12 Il 
Shano 

NS, residual F". mg L'I 0.62 0.75 0.9 098 12 

88 82 80 76 ,. 
%F' removed , , 12 
S, residual F', mg L·' 0.6 0.7 085 

Debre Sina 0.8 0.98 , , 
NS, residual F', Oil! L" 0.6 0.65 

88 86 83 78 76 
%F" removed 
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Kara Kori 

D\:j\:11 

Fiche 

ChandlO 

A mbo 

Holola 

Wolisso 

Wolikitc 

Ho;;.sana 

Tullu Ballo 

BUlajiru 

Robe 

Assd lu 

S, residuul F', IlIg \." 

NS, residual F'. mg L" 

%F' removed 

S. residuul F'. mg L" 

NS, residual F', IIlg L" 

%F' removed 

S, residual F', Illg L" 

NS, residual F', Illg L" 

%F' removed 

S, residual F', mg L" 

NS, residual F', IIIg L" 

%F' removed 

S, residual F', IIlg L" 

NS, residual F', mg L'1 

%F' removed 

S, residual F', mg L" 

NS, residual F', mg L" 

%F' removed 

S, residual F', mg L" 

NS, residual F', mg L" 

%F' removed 

S, residual F', mg L" 

NS, residual p, mg L,1 

%F' removed 

S, residual F', mg L" 

NS, resid ual F', mg L" 

%F' removed 

S, residual F', mg L'( 

NS, residual r , mg L'( 

%F'removed 

S, residual F', mg L'( 

NS, residual F', mg L'( 

%r removed 

S, residual F', mg L" 

NS, residual r , rug L" 

%F' removed 

S, residual r, rug L" 

NS, residual P . rug L" 

%F' removed 

1.2 1.2~ 

1.1 1.25 

76 74.4 

0.76 1.1 

0.66 I 

86 78 

0.65 0.96 

0.58 0.85 

87 80.8 

0 ... 5 0,56 

0 ... 2 0,54 

91 88,8 

0.6 0,97 

0.58 0,9" 

88 80.6 

0.42 0.69 

0.4 0.67 

91.6 86.2 

0.78 1.22 

0.76 1.2 

84.4 75.6 

0,35 0.53 

0,34 0,52 

93 89.4 

0.88 1.35 

0.86 11 .34 

82.4 73 

1.36 1.48 

1.34 1 ... 5 

72.8 70.4 

0.63 0,82 

0.62 0.78 

87.2 84,6 

0,67 0.86 

0.66 0,82 

87.4 82.8 

0.68 0.92 

0.7 0.9 

86.' 81.6 
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136 " 156 

132 1.38 U2 

7" 72 6~ • 

12 " 15 

I I Il 15 

76 72 70 

108 12 I 3 

I I I '" 
7tl ·! 76 " 058 065 092 

0.56 0,62 09 

8tl.4 878 816 

1. 2 14 15 

1.1 2 1 33 143 

76 72 70 

0.98 1.16 126 

0.95 1.1 2 1 22 

8<J.5 768 748 

\.4 5 1.62 1,75 

1.45 1.6 1.72 

71 67.6 65 

0.63 0.75 089 

0.63 0,73 087 

87 ,4 85 822 

\.4 2 1.66 1.78 

\.46 162 I tl4 

7\.6 66.8 62..1 

\.62 1.8 1 92 

1.6 1.75 188 

67.6 64 61.6 

0.97 1.1 5 I 25 

0.94 1.1 1 1.22 

80,6 77 75 

I 1.25 136 

095 1 22 13' 

8<J 75 72,8 

1.2 1.3 14 

1.1 12 1.35 

76 " 72 
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DoJolla S, residual F", mg L·j 0.59 0.75 098 12 125 

NS, residual 1;'- , 1118 L" 0.58 0.74 0.96 I I 12 

%F" removed 88.2 85 804 76 " 

Table 8. Effect of volume of 10.0 illS L" stmldard fluoride solution on Iluoridc remo"al \\ illl 50 g or 20 CIR)' ~WIl I) lcs 

li t constant contact time o f I h for both slim-d und non·stirred solutions. 

e l ll )' Iype Volullle ofsohLtion, mL 100 200 300 400 500 

Fired S, rcsid lUlI F', IIlg L-' 3.12 3.24 3.4 3.53 3.72 

NS, rcsidulil F', 1118 1; 1 3.1 3.2 3.36 3.5 3.7 

%F" removed 68.8 67 .6 66 65 .47 628 

Gul laHc S, rcsid lUlI F", IIlg 1; 1 0.92 1.2 15 1.9 2.3 

NS, residual r ', 1118 \; 1 0.9 1.1 138 1.9 2 I 

%F' removed 9Q.8 88.2 849 807 77 

RBB S, residual F', IIlg 1; 1 0.8 1.2 1.3 138 IS 

NS, residual r', Illg 1; 1 0.75 1.2 1.25 136 1,16 

%1;'- removed 92 .. 87 86.2 '5 

WBO S, residual F", mg 1; 1 0.8 1.1 1.5 I., 2 

NS, rcsiduull;'-. IIlg 1: 1 0.7 I 1.4 1.7 19 

%F" removed 92 89 85 82 80 

Shano S, residual F", IIlg L,j 1.2 1.36 1.8 2.4 2.48 

NS, residual F", 1118 L·1 1.1 1.34 1.75 2.3 1:1 2.4S 

%1;' rcmovcd 88 1:(6.4 82 76 7S ,2 

Dchrc Sina S, residual F', mg L,I 0.9 1. 1 1.2S 1.5 18 

NS, residulIl F', mg!;l 0,95 I 1.2 1.45 1.7 

%F' rcmovcd 91 89 875 85 82 

Kara Kori S, residual F', ms L'I 1.4 1.5 185 2,32 2.45 

NS, rcsidual F', ms 1; 1 \.25 1.48 1.9 2.3 2 4 

%F' TCmoved 86 85 805 76,8 755 

S, residual F', illS L'I I 1.4 17 1.9 2 

Dcjcn 
NS, residual F', illS L'I O,9S 14 16 18 1 95 

%F' removcd 90 86 83 81 80 

S. residual F', mg 1; 1 09" 128 148 182 196 
Fiche 

NS, rcsidulil F" mg L'I 0,91 12 144 165 19 

%F' rctIlO,r",(\ 
9Q6 872 852 818 80 4 

S, rcsidulil F', ms L·I 0,99 124 136 142 18 

Clmllcho 
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Chancho 

Ambo 

I-Iolnla 

Wolis:-:o 

Wo likilc 

llossana 

Tul111 Bolio 

B ll1iljir<1 

Rohe 

A.~;:c 1l : 1 

DOllnll:! 

5, residua] F', IIIg I;' 0.99 

NS, res idual P , mg I; ' 0.96 

%1;'- removed 90.' 

S, residual r , illS L" 0.64 

NS, residual t:' , mg L" 0.62 

%F' removed 93 .6 

S, rc~ idua l F', IIIg I; ' 0.59 

NS, residual F", mg I. ' 0.S1:l 

%F' removed 94.1 

S, rcsidUll1 F', mg L" 1.2 

NS, rcsidlwl F', mg 1.. -' 1.J 6 

%F- removed 88 

S, rcsidulil r", mg L·· 0.5 

NS, Tcsid wil F", mg I;' 0 ,18 

%r rcmo\'oo 95 

S, residual 1:-, IIIg 1.-' 1.56 

NS, rcsiduul l;'- , mg L" 1. 56 

%1;'- n,.'f!lovcd 84.4 

5, residual F', mg I; ' 1.64 

NS. rcsidual l:'-, mg I;' 1.63 

%F' removed IIJ6 

S. l'csidu;11 F", IIlg L" 0.92 

NS . • '..:s idu :II F'. illS 1. ' e? 

%1:- removed 90~ 

S. residual F'. mg L 0 1 1 

NS, I\:sidll:lll:-, IIlg L 0 108 

%F' r.:mov..:d "' S. r..:siduill F . mg 1;' 105 

NS. I\:~idll:ll F'. Ill!; I 0 1 

ftt" F rcmtl\'cd KItS 

S. r..:~ ilhJ:lI F'. mg J 1 

NS, residul.l F', mg 1..1 1 

%F' r..:mov.:d 90 
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1.24 1.36 1.42 , 8 

1.22 1.3 1.4 I7S 
876 86 4 858 82 , , , 3 , 5 1 6-1 

1 04 1 24 1.48 1 63 

89 87 85 836 

(1)9 1.26 1.5 1 63 

096 124 145 1 6 

90.1 87.4 85 83 .7 

1.36 148 164 1.73 

132 1.4 162 1.7 

KG 4 85.2 83.6 82.7 

075 0.87 , 02 1 2 

0 .72 0 86 10 1 1 24 

92.5 91 5 8" 88 

1.72 1.93 22 2 46 

1.7 1.91 2.18 2.42 

82.8 80.7 7K 15 4 

1 8 193 2.11 26 

18 1.94 2.1 228 

828 80.7 789 JJ 

LI S 1.38 1.64 " 111 1.33 1 5 174 

8H ,S 86.2 U6 82 

125 1"4 1 85 24 

124 142 1.8 236 

H7,S 85 .6 81 5 76 

126 14 1 75 23 

125 1.38 168 22 

876 86 825 JJ 

12 1 36 1.6 2 

1 , 1.34 1.52 1.9 

'8 86.4 84 80 
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Figure 8. Residual fluoride concentration as a function of vo lume of standard nuoride solution 

(10 mg FIL) on contact with 50 g of Fired (13), Gullalle (C), ROB (D), WBO (E), and 

Shana (F) clays at constant contact time of I h. 
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Figure 9. Residual fluoride concentration as a function of volume of standard fluoride solution 

(10 mg FoIL) on contact with 50 g of Ocbre Sina (G), Karakori (1-1), Dcjen (I), Fiche 

(1), and Chancha (K) clays at constant contact lime of I h 
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Figure 10. Residual fluoride concentration as a function of volume of standard fluoride so lution 

( 10 mg F'IL) on contact with 50 g of Ambo (L), Holola (M), Wolisso (N),Wolik ite 

(0 ), and Hossana (P) clays at constant contact lime of I h. 

Figure II . Residual fluoride concentration as a function of volume of standard fluoride 

solution (10 mg F'IL) on contact with 50 g ofTuliu Bolio (Ol, Butajim (R), Robe ( ), 

Assella (T), and Dodolla (U) clays. at constant contact time of I h 
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E1Tect of volume of WOllji Sho:1 ' UUIlU \\"111: -I . _ gr . r ( 12.M IIIg]' L ) un nuorid..: n.:mu\I: \\ jill 50 g of 6 c ia), 

sampk:s at constant w nhl,; ltilllc f I I -b . 

Table 9. 

, I) I tu. oIl! s lll'l<:d Imllllun·~hl'n.:d SOIUl ioll ~ 

Clny type Volume of5Olulioll, rnL 100 200 300 400 500 

RBB S, residual F", ms L-' 0.70 0.92 1.20 1.38 165 

NS, residual F', mg 1.-' 0.67 0.87 1.1 4 1.35 1.60 

%F' removed 94 .2 92.4 90.20 118_5 86.2 

Gullallc S, residual r ', illS L-' 0.65 0.90 tAO 1.65 2.32 

NS, residual r", mg l;1 0.62 0,87 1.35 1.60 2.30 

%F- removed 94.6 92.5 88.4 86.2 80.7 

Ambo S, residual F', mg L" 0.114 1.08 1.52 U!O 2.15 

NS, residual F', mg L-' O.KO 1.03 1.'16 1.72 2.05 

%F- removed 93 .0 91.0 87 .3 85 .0 82 .1 

Holata $, residual F", Illg V 0.42 060 070 0.99 140 

NS, residual F", mg L-' I ,10 156 QrK; 095 US 

%F" removed %S 95.0 9' U 917 88.4 

Chancha S, residual F', illS L-' U.99 1 2' 1.66 2 14 2.52 

NS, residual F', Illg V 096 125 1.62 2.1 2.50 

%F" removed 91.7 89.3 86.0 82.0 79.0 

Wolikite S, residual F', IIIg L" 0.35 0.60 0.84 1.04 1.40 

NS, residulil F', Illg L" 0.32 0.58 0 .80 1.0 1.38 

%F' removed 97.0 95.0 93.0 91.4 88.8 

" . ~: 

" .~/. .. 
l v:;:%2~' j " , .. ;~ . ..,?;-:?, 

I o. 

o. m ~ ~ ~ 

Volunle 01 ~ II"LI 

Figure 12. Residual fluoride concentration as a function of volume of Wonji Shoa groundwater 

(12.80 mg F· L·') on conlaCI wilh 50 g RBB (8), Gull.lle (e), Ambo (D), Halala (E), 

Chancho (F), and Wolikitc (G) clays at constant contact time of I h 
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9.3, Effect of Time 

The result obtained showed that residual fluoride concentration decreases wi th increasing 

periods of contact as shown in Tables 10-12 and Figures 13· 17 The fluoride removal capacities of 

clays are significantly affected by period of contacl time. The res idua l fluoride concentration came 

down to 0. 1 Illg L') from 5.0 Illg L') in itial nuoride concentration and to 0.2 Illg 1...' ) from lOa mg 

L') init ial standard nuoride concentration after 48 h of storage time This indicates lhatlhe residual 

fluoride conccIltf1'ltion obsetved for different storage time, viz" 2·48 h of 5 and 10 Illg I...' L standard 

fluoride solut ions is brought down to WI [0 maximum permissib le level (I illS L'I) of fluoride 

conccl1Irat ion (lftcr 24 h conlacllimc for most of thc adopted clays except fired clay chips Fired clay 

was found to be the least effi cient, but Wolikilc clay was found to be the most effi cient. 

Tuble 10. ElTcct of contact lime 0 11 the fluoride removal \\ith 50 g orlO cllIY samples frolll 500 mL of 50 mg L" 

standard fluoride w lution for both stirred and 1I0n,stirred solutions. (V:W - 10'1; residual fluoride 

concentration in mgIL) 

Clay type Contact timc, h 2 4 6 8 12 24 48 

Fired S, res idual F', Illg L" 2.25 2 1 2 1.9 1.75 U5 1 25 

NS, residual F', m!; 1: 1 22 2 1.95 1.8)( 1.72 1.53 1 2 

%F' removed 55 58 60 62 65 69 75 

Ou ll .. l1e S, residual F·, mg L" 1.4 1.3 1.2 1.2 0.9 0.9 0.' 

NS, res idual F', Ill!) 1.,1 1 .3 ~ 1.26 1.2 1.06 0.9 0.88 0.8 

%F· removed 71 7 74 75.6 78.7 ., 82 83.7 

S. res itllHiI F', Illg L'I 10~ 0')5 0 9 0.8 0.7 0.65 OA5 
ROB 

NS. rc~idual F'. mg 1.,1 1 119 0.8 0.75 0.7 0.65 0.4 

%F' removed 79 ,I ., 84 86 87 91 

S. residual F', ms L'! 1 09 0.8 0.76 0.7 0.6 OA5 
WilB 

NS, residual F' , ms 1..1 0.95 085 0 .8 0.7 0.66 0 .6 0.4 

80 82 84 84 .S 86 88 9 1 
%F' removed 

S, residual P , illS L·I 1.5 \.4 1.3 1.2 1.1 098 0 .9 
Shano 

NS, residual F', Illg 1; 1 1 4 1.3 1 2 1.1 0.96 09 OS5 

70 72 74 76 78 804 82 
%F' n::mo, red 

S, rc~idual F', illS L·I 14 125 11 1 05 096 08 06 

Debre Sin;l 

NS, rc,: idual F . illS 1; 1 1 J 1 2 1.1 1 . 09 08 0 _5S 

72 75 78 79 !I08 8' 8' 
'%1'" rC lllu\'c, l -r 
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Kuru Korl S, residual F', mg L-! 1.2 1. 1 I 0.9 0.8 0.7 O.S 

NS. residual F', mg L-I 1.1 5 l.l 0.9 O .~S 0.8 0.6 O.S 
%F- removed 7(, 7~ SO ~2 84 86 90 

Dcjcn S. residual F', illS 1; 1 12 l OS I 09 0.8 0 6 OS 
NS, residual F', ms L-1 1. 1 LOS 0.96 o 8S 0 .78 064 0.46 
'Yof'- removed '" 79 80 82 84 " 90 

Fiche $, rcsiUlwl F\ mg L-) 1.2l:1 1.1 0.88 0.79 0.72 o 6~ 0.48 

NS, rcsidmll l:-, IIlg L-j 1.2'1 1.08 0.84 0.76 069 0 62 0 .47 

%f'- rcmo"cd 74 6 78.8 82.4 84 2 85.6 86 4 90 1 

Chancho S, residmll P , IIIg L" 1.1 5 1.08 I 0.86 0.8 0.15 0.7 

NS, residual F', III g L-1 l.l I 0.91 a.S2 0.76 0.75 0.68 

%1'- removed 77 78,4 80 82.8 84 8S 86 

Ambo S, residual P , ms L-1 1.25 1.06 0.96 0.85 0.78 0.67 0.'1 1 

NS. rc~ idu al F', mg L-1 1.21 104 0.94 0.84 0.76 0.6S 0.39 

%F- removed 75 76.8 80.8 "' 84 .4 86.6 91 8 

HololH S, residual F', mg 1; 1 l.OIl 0.68 0.58 0.53 0.47 0.4 0.26 

NS, rc~ idunl F', IIlg V 1.02 0.62 0.57 0.52 0.47 0.39 0.26 

%F' removed 76.'1 86.4 88.2 89A 90.6 92 94.6 

Wolisso S, residual P , mg L-1 1.2 1.1 5 l.l LOS I 0.96 0.78 

NS, residuul F', mg L-l U K l.l LOS 1.02 0.98 0 .92 0.74 

%F' removed 76 77 78 79 ~O 80.8 M A 

Wolikilc S, residmlll>, mg L·I 0,6') 0.51 0.44 0.39 0.3 0 .2 1 0.15 

NS. n.:sid lwl F". IIlg [:' (I ( ,(. n, 0 4,1 0.3<) 0.29 0 22 o 15 

%P removed )16.2 '90 90.8 92 .2 9' 958 97 

HOSSHll ll S . residual P . nlg L" Uti 147 1.42 1.36 12 I 0.98 

NS, re.~ idua l F", IIIg L I U 4 1.4 5 1.4 1.34 I 15 0.96 0.94 

'JI" I~~ n:ll ul\'Cd (,)0( 1 70 6 71 6 72 8 7. 80 80.4 

'1' .. 1111 S. re,i .!lIal F . II I!! L 1 I " 1 ,12 ]16 1.2M I I 098 0.76 

Bolio NS. re:-idual l' . III !; I I 
I If> 1 47 I 32 1 26 I 096 0.72 

%F' removed 711 J 71 6 728 74.4 78 ~2 M.8 

BUlujira 5. rcsidwlll>. mg L" I 25 1.2 l.l 1.02 096 0 .88 0.65 

NS, residual 1:-, Illg L" 1.23 1.1 8 1.05 I 0.92 0.86 0.62 

%F' removed 75 76 78 79.6 80.8 82.4 87 

Robe 5, n.-sidual F', mg L·1 1.32 1.26 1.2 1.1 5 I 0.96 0.82 

N5, residual F', mg L·
I 1.3 1.24 1.2 \.1 2 0.98 0.92 0.8 

%F' removed 73 (, 74~ 76 77 80 SO.8 83.6 

S. residual F', ms I;' II I 02 0.98 0.82 0 67 0 .52 0 .4 6 

Assclla 

NS, n.:siduill F' , mg L'\ 1(1 1 I 0.96 0.78 . 0 63 OS 0.43 

%F' removed " 79 6 80 4 U 6 866 896 90 8 
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Dodo lla S, residual F', mg L'I \.06 I 088 078 066 0 .&8 0 42 
NS, residual F', mg L'I 1.02 096 082 076 062 0 4< 0 4 
%F' removed 78,8 80 824 8" 87 .,. , 916 

Table I I, Effect of contact time on th ..: Iluoride rCllIo\'al I I ith 50 .. of 20 '-1,)" I ' lOO e ~ ampc«.rom 1111 ot WOm,L ' 

standard Iluoridc solut ion for both stirred and non'~l irr~-d .;o lution~ (V W - 10 I r~Mlulll lloondc 

concentration in mg L'I) 

Clay type Contact of time, 11 2 , 6 8 12 2' 

Fired S, residual F', mg L" 3 2. 16 2 ' 22 2 

NS, residual P , illS L'I 2.9 2.75 25 232 21 185 

%F' removed 70 12 74 76 78 80 

Gullalle S, residual F', IIlg L'L 1.75 I 62 1.52 I " 1 21 095 

NS, residual F', mg L'I 17 16 I 5 145 1 2 092 

%F' removed 82,5 ." 848 85 3 879 905 

ROB S, residual F" mg L'I \.6 15 1.4 IJ 1 2 09 

NS. residual F., mg L" 1.55 \.' I 3 125 I I 0 85 

%F' removed 84 85 86 87 88 91 

WBB S, residual F', IlIg L·1 \.9 \.8 16 14 1 3 I I 

NS, residual P. rug L'L 185 17 I 5 1 3 I 25 I 

%F' removed 81 82 " 86 87 89 

Shano S, residual F', iUg L'L 2.2 19 1.1 16 1 5 125 

NS, n:sidual F', Ill !! L" 2 I 185 165 I 5 " 12 

%F' removed 78 81 83 , I 85 875 

Debre Sino S, residual F', mg L" 1.9!l 185 1 66 1 54 142 1 2 

NS, residual F', Illg L" 19 18 1 62 1 52 1 38 I 12 

%F' R."IIloved 80 5 IU .5 KJ II 84 6 858 88 

Kara Kori S, residual F', mg L" 18 16 14 I 3 I I 09!l 

NS, residual F', mg L" 17 1 56 IJ 1 2 I I 09 

%P removed 82 " 86 87 89 905 

Dejen S, residual F', IlIg 1.." 17 165 14 I 28 1 08 09 

NS, residual F', IIIg L" 1.6!l 15 I 38 1 25 105 085 

%F' removed 83 8J ,!l 86 872 892 91 

Fiche S, residual F', 1118 L" 168 I SS 145 138 1 26 II' 

NS, residual P . mg L'L 165 I 5 142 1 36 I II I 12 

%F' renlO\'ed 832 845 855 I 86 2 874 886 
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· 
Chancho S, res id uOII F', mg L" 1.15 1.68 1.62 1.54 145 138 125 

NS, residual r', IIIg 1. '1 1.12 1.64 \.{, 1.5 1.42 1.36 1.2 
%F' removed M2.5 83.6 83 .8 8' 6 85.5 862 87.5 

Ambo $, residual F", mg L-' 1.64 1.5 I.. 1.22 1.1 098 059 
NS, residual r", mg 1;1 1.6 \.47 US 1.2 1.08 0.95 0.58 
%F' removed 83.6 85 86 876 89 902 941 

HolOla S. residual F', Illg L" 1.5 0.9 0.82 073 0 .67 05. 0.34 

NS, residual r", mg 1.-' 1.47 0.9 0.8 0.72 0 .67 0.56 032 
%F" removed " 91 91.8 92.7 933 94.4 9 •• 

Woli""o S, residual P , mg L·l 189 1.86 1.78 1.62 I . 125 I 

NS, rcsidwli r', Illg 1..1 
I" 1.8 \.75 1.6 1.56 1.2 0.9 

%oF' removed " 814 82 .2 83R 8' 85 90 

Wolik it..: S. residual F' , illS I:' n 'J 075 0.54 045 0.38 03 0 19 

NS, residual F .. tllg I. ' o XC, MIl US3 0 4'1 038 0.28 0 18 

"1,, 1-' r"':l11nv.:d '11 n s 916 955 962 97 98.1 

[lossan:1 S. I\:sldu:III:-' IIlg L"' 22 zOX 2 1.9 1.18 162 1.46 

NS. n.:sidual r', Illg I;' 215 2.0·1 1.9 1.85 1.72 I.. 1.4 2 

%F" removed 78 79.2 80 81 82.2 83 .8 85.4 

Tullu Ballo S, residual P, mg L-1 2.1 \.98 1.94 1.88 1.76 1.58 I.' 

NS, res idual P, mg I;' 2 1.92 1.9 1.82 1.72 1.S6 1.38 

%F' fCmoved 79 80.2 30.6 31.2 82,4 84.2 8. 

But~i ir:' S, residual F', mg L·I 1.5 \.38 12. 1.08 0.89 0.83 0.54 

NS, n.:~itlual F', III !; 1:1 1 '111 1.35 1.22 102 0.118 08 053 

%F' re lllo\,(:u " 86.2 87,4 39.4 91.1 91.7 94 ,6 

Robe S, residual P , IIlg L,I 2 1.85 1.62 1.53 1.28 I 096 

NS, residual F', IlIg L" 1.8 1.7 1.55 1.48 1.2 0.95 0.9 
'I ~<' 

' </0 

%F' removed '0 81.5 8H1 80 87.2 90 90,4 

A~sdl:l S. residual F', IIIg 1; 1 " 1.76 1.56 145 12 096 085 

NS. residual F', 111£ L,I 1.75 1.72 1.5 1.42 1.1 092 08 

%F' removed " 82,4 84.6 85 .5 88 90' 915 

Dodoll ;1 S, rcsidunl F', 111£ 1; 1 I 65 1.54 1.42 128 1.1 09 0.82 

NS, residual r'. 111£ L·
I I. 1.52 1.4 125 I 088 08 

%F' removed lG.5 84 .6 86.8 87 .2 89 91 922 
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Figure 13 . Residual fluoride concentration of 500 mL standard fluoride solution (10 mg FoIL) as n 

function of time of contact with SO g fired (B), Gullalle (C), RBB (0), WUB (E), and 

Shano (F) clays. 
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. fl ·d central ion of 500 IllL standard fluoride solution (10 mg lolL) as 

Residual uon e con 
a function of time of contact with 50 g of Ocbre ina (G), Karakori (H), Oejen (I), 

Fiche (J), and (hanchO (K) clays. 

68 

, , 



' .6 

~ 
CJ) 1.2 
E 

<> 
c 0.8 
8 
• u 
"§ O. , . 

~ L~"---7;~:::·-=:;;===::=:~··'J (ij - . 

~ 01020 30 40 ro ) 

~ contact time I hJ 

Figure" IS . Residual fl uoride concentration of 500 rn L standard fluoride solution (10 mg r oIL) as 

a function of time of contact with 50 g of Ambo (L), 1-lo10ta (M), Wolisso (l\~ , 

Wo li kite (0), and Hossan (P) clays. 
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Table 12. Effect of contacl limc 011 Ouoridc r ~ ' 1 ' 1 0 0;1110\ 11 \\'111 5 g of 6 clay sample from 500 mL of 12 8 Ins 1.-1 Wonji 

Sima ground water (PI I : K 2) ~ b I . . or 01 I shm."tlllJuJ non· stim.:d SOIUlioll$ (V W - 10 I ) 

Clay lype 

RUB 

Gullallc 

Ambo 

Ho10la 

Chuncho 

Wolikile 

Figure 17. 

Conlacllime, h 

S, residual P , illS L-\ 

NS, residual P , IlIg L'l 

%F' removed 

S, residual P, IlIg L'\ 

NS, residual F', IlIg L" 

%F- removed 

S, residual r", Illg L-1 

NS, residual P , mg L" 

%F" removed 

$, residual r , IIIg L'! 

NS, residual r ', Illg L" 

%F" removed 

S, residual F", mg L" 

NS, residual F , IIIg L·1 

%F' removed 

S, residual P , mg L'\ 

NS, residual r , mg L'\ 

%F" removed 

::J 1.6 

il> E 1.2 

2 

1.38 
U(j 

SitS 

1.05 

1.05 

91.0 

1.65 

1.62 

86.2 

1.50 

1.48 

88.3 

1.70 

1.65 

85.8 

0.91 

0.90 

')VI 

1 
oF.· • . ~ \ 
" \ , \ ' 

• 6 8 

1.15 0.84 0.65 

LlO 0.82 062 

90.0 93 .0 9" 6 

0.91 0.76 0.65 

0.117 0.74 0.62 

92.4 93.7 9.\6 

1.39 1.20 1.0 

1.36 1.1 5 0.97 

811.4 90J 91.7 

1.26 1.20 0.96 

1.26 1.1 5 0.91 

90.2 90.6 9" 

1.54 1.49 126 

1.5 1.47 1.22 

87.2 87.6 895 

0.78 0.66 046 

0.68 0.56 0<0 

<).1.0 ')5.0 9<1 II 

.• *1'..._ . ___ 
,l os ',,:, \\: . Of' 

[-L~"~==~~~~~~~ 
ro '" _ ,0 
~ 0.' . .:::-- . --- _ .c o ... . __ J; 

u; ' - 6 · 

~ 00 " _ 0102030.0 

Time of Contact (h) 

12 24 " 0.54 041 o 14 

010 0.38 0 11 

95.5 966 990 

0.8 037 024 

0 ' 6 035 020 

96.0 97 .0 980 

OJI4 0.59 0 48 

0.80 0 .58 0.46 

93 .0 95 1 960 

080 0 .52 0 ' 0 

0.78 050 OJ6 

93.75 960 96 .9 

10 095 0.78 

0.95 090 0.74 

91.6 920 93 .5 

0.3 5 023 0 12 

0.32 0.20 0 10 

')70 980 99.0 

. fl .d ,ntralion of 500 mL of 12.8 mg FoIL Wonji han ground waler 
Residual UOf! e conc 

c . ft · C of contact with 50 g ofRDD (13), Gull alle (C), Ambo (0), Halala 
as a lunctlOn a 1111 • 

(E), Ghancho (F), and Woliki lC (G) clays 
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9..t. Ellc rt flf p ll 

The result obtained (Table I J and Figures 18-21) showed th at the dcfluoridation efficienc)' 

is lower in the low and high pH range. The lower defluoridation efficiency in the low pH range is 

attributed to protonation of fluoride , i.e., the W complexes a portion of fluoride ion, forming HFl ' 

or HF (HF +F- = HF2-), thus reducing the concentration of free fluoride available for adsorption 

The lower defluoridation efficiency in the high pH range is accounted for interference from 

hydroxide ion, since both OH· and F· are isoe leclronic and have the same charge, similar ionic radi i 

( 1.36A and I.4A , respectively). The rcsu lt obtained showed that an optimal defluoridation I' l l was 

5-7 which encompass the pH of5.0 and 10.0 mg L-] standard fluoride so lution. However, the I' l l 01 

most natural water is in the range pH 8-9. Thercfore, dcfluoridation efficiency of clays are lower for 

natural \vaters than the standard fl uoride solution. 

Table 13 . Effect of pH on fluoride rcmoval with 50 g of20 clay samples from 500 mL of 10.0 IIlg 

L-] standard fluoride so lut ion at constanl contact lime of I h for both stirred and non-

sti rred so lutions . 

Clay Iypc pH oflhe solulion ) 5 7 9 

Fired S residual F-, mg L'] , 1.5 2.7 2.9 3.45 

NS, residual F·, illS L·I 3.4 2.65 2.' 1.4 

%F· removed 65.5 71 71 65 

Gull:il1c S, residUlIII~~. IIlg L·I 3 1 2 1 2.7 1.2 

NS. residual r·. Ill !; 1:1 1 1 96 2.65 3.16 

%F· relJloved (i') 79 7J 68 

s rc~ idllal F. til)! I 
, 

" 15 1., 2.9 
lUll} 

\'. ro.:~ idllall· . III!! I ·1 
, , 1 ·' 1.7 2H 

n::lHn\ cd " " " 71 
""I 

S lesidlwll··. tIIg I 
; ; 2~ 3 3.115 

wnn 
N~. rc~ id u:ll l·~ . Ill!! I: ' .\ 2 1 226 2.9 16 

67 75 70 615 
%F· r.:moved 
S. n:sidllill F·, mg V 12 25 1 1.4 

Slwllo 
NS. residual t;"-. IlIg t ·1 32 2.<1 2.9 l.l 

6" 75 70 66 
%P removed 
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Ochre Sina 5, rcsidunl F', illS L'I 2.7 
. 

1.65 2.3 3 
NS, rcsiuu:II I:', illS 1;1 2.(.4 1.54 2.3 3 
%F' removed 7.1 815 77 70 

Kara Kori 5, residual p . mg L'I 3.6 2.8 3.1 3.9 
NS, residual P, mg L'I 3.5 2.7 3 3.8 
%F' removed 64 72 69 6 1 

Dejen S, residual P , mg L'I 2.9 2.1 2,64 3 

N5, residual F', ms L'I 2,64 2.0 2.52 2.96 

%F' removed 71 89 73 ,6 70 

Fiche 5, residual F', illS L'I 3 2.3 2.75 3.25 

NS, residual P, illS L'I 2,9 2.2 2.65 3.2 

%F' remuved 70 77 72.5 67.5 

Chancho S. residlHlI F', illS L·I 2:; I 1.65 2.1 2.5 1 

NS. residual F', ms 1; 1 2.2 1 1.6 2 2,01 5 

%F rcmn\'cd 77 lD,5 79 7< 9 

Ambo S. n;~ idll:ll F'. mg t 'l 2.52 1.5 2.1 ,.. 
NS, re~id llill F'. mg 1: 1 2 H IA 2 2.7 

%F' removcd 74,8 85 89 82 

S, residual F', mg L'I 2.3 IA 1.9 2.52 

Holola NS, residual F', mg L'l 2.22 1.3 1.88 OA5 

%P' removed 77 86 81 74 .8 

Wolisso S, residual P , Dig V ]A 2.3 2.6 3.6 

NS. re~idllll i F'. illS 1: 1 :U 2.3 2.55 3.45 

%F' removed 66 77 7< 64 

Wo lik ilc S, rcsiduul F', illS 1; 1 2.< 1.3 1.5 3 

NS, residual P . mg L·1 2.35 1.28 1.46 2.9 

%F' removed 76 87 85 70 

Hossam. S, residual I:', JIIS V 3A 2.6 2.8 3.7 

NS, residual F'. JIIS 1;1 3.3 2.5 2.75 3.65 

%1:' reIllOVc.-d 66 74 72 63 

Tullu 00110 S. residual F'. ml; 1;1 12 2.3 2.8 3.3 

NS, residual F', 1118 1; 1 2.5 2.1 2.75 3.25 

%P removed 66.' 77 72 67 

BUlajira 5, residual F', IIIg !-'I 3 1.7 2.3 3,24 

NS, residual F', mg L·1 2.9 1.6 2.25 3,16 

%P removed 70 83 77 67 .6 

Robe S, residual P , mg L·1 2.74 1.64 2.13 3 

NS, residual F', illS L·1 3.66 1.6 2.1 2.9 . 

%F' removed 72 83,6 78,7 70 

72 



Assclla 

Dodolla 

S, residual P , Illg L't 2.58 1.83 2.42 
NS, residual F', Illg L·t 2.52 I.. 2.3 

o/oF'" removed 74.2 81.7 75.8 

S, residuaJ P , Illg L·t 2.56 I.. 2.4 

NS, residual P , IIIg L·t 2.53 1.75 2.25 

%F' removed 74.4 82 76 

.. 0, __________ _ 
• 

3.5 ~ 

30 

'§, 
E 2.5 

, ,; 
, c 
1 8 2.0 

• :g 
g 1.5 
~ 

" :§ 1.0 L:--~C---;-~-;---7-~~~~ 
345 6 789 

~ pH 

3 

2." 

70 

2,92 

2.88 

71' 

Figure 18. Residual fluoride concentration as a function of pH of 500 mL of standard fluoride 

solution (10 mg FIL) of Fired (8 ), GlIllalle (e), RBB (0), WBB (E), and Shano (F) 

clays. 
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Figure 19. Res idual fluoride concentrat ion as a function of pi-I of 500 mL of standard fluoride 

so lution (10 rug F"/L) for Ocbre Si na (G], Karakori [1-11 , Oejcn [I], Fiche [J) , and 

Chancho [KJ clays . 

Figure 20. 
. d 1 fl ·d concentration as a function of pH of 500 mL of standard fluoride 

Res l ua uon e • 
so lution (10 mg F"/L) for Ambo [L] , I loloHl [~'1 1 , Wolisso [NIt Wolikite [0], and 

Hossana [P] clays. 

74 



• 

,.,[:-. --------

~ 

'" E 

' .8 

ti 2 .• 

8 
~ 2.0 
";3 
a 
~ 1.6 

1il - -;-, -:-----t-~._7--7-..J 
~ 4 5 6 7 8 

, 
pH 

Figure 2 1. Residual fluoride concentration as a function of pH of 500 mL of standard fluoride 

solution (10 mg F-IL) for Tullu Bolio [QJ , Butajira [RJ , Robe [SJ , Assella [TJ , and 

Dodolla [UJ clays. 

9.5. Defluoridation Capacity of Clay Samples 

Defluoridation capacity of 50 g of 20 clay samples on 500 mL of 10.0 mg L"' standard 

fluor ide solution at constant contact time of I h was calculated and given in Table 14. The 

defluoridation capacity order of the clays are therefore, Wolikite clay > Chaneho clay > RBB clay 

> Holota clay> Dodolla clay > Fiche clay > Ambo clay > Dcjen clay > WBU clay $ Wolisso clay 

> Gullalle clay> Debre Sina clay = Butajira clay> Hossana clay > Assella clay > Robe clay = Kara 

Kori clay > Shano clay = Tullu Bolio > ftred clay-Among the clays studied, therefore, Wolikite clay 

was found to be the most efficient, but fired clay was found to be the least efficient of the 

defluoridation.This might have been due to geochemical elTect in the former case and due to 

temperature effect in the latter case. 
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Table 14. Defluoridation capacity of 50 g f I o cay samples on 500 mL of 10.0 mg L-' standard fl uoride solution 31 

constant contact time of I h 

Type of clay Defluoridalion capacity Type or clay neOuoridalion capacity 

(mg ,'/Kg) (mg F'IIKg) 

Fired 138.0 Ambo 16] .0 

Gullalle 158.0 Holola 168.0 
RBB 170.0 Wolisso 160.0 
WBB 160.0 Wolikite 178.0 

Shano 150.0 Hossana 154.0 

Oehre Sina 156.0 Tullo Bolio 150.0 

Kara Kori(Wollo) 152.0 Butajira 156.0 

Oejen 162.0 Robe (Ani) 152.0 

Fiche 164.0 Assella 153.0 

Chancho 172.0 Dodolla 167.0 

9.6. Defluoridation Capacity ofeJay Samples on Wonji Shoa Ground Waler 

Defluoridation capacity of 50 g of 6 clay samples on 500 mL ofWonji Shaa ground water 

( 12.8 mg F- L't) at constant contact time of 1 h was calculated and is given in Table 15. These clay 

samples were selected due to their efficient defluoridation capacity. Among the clay studied Wolikite 

clay was found to be the most effic ient, but Chancho clay was found to be the least. Wolikite clay 

presumably has larger active sites or binding surfaces than Chancho clay. 

Table 15. Defluoridation capacity of 50 g of6 clay samples on 500 mL ofWonji Shoa ground wafer ( 12.8 mg P L·
I
) 

at constant contact time of I h 

Type of clay 
Defluoridalion capacity (mg p i !Kg) 

RBB 
220.0 

Gullalle 
210.0 

Ambo 
213 .0 

Holota 
2 18.0 

Chancho 
205.0 

Wolikite 
230.0 
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9.7. RegeneratinlDesorptiOIl Ex periment . 

This experimental finding suggested that it is poss ible to regcnerateldesorp the fluoride-clay 

co mplex using sodium hydroxide solut ion and the regenerated clay can be reused for dcfluoridation 

T 

L 

he resu lts obtained in Figures 14-1 6 showed that 50 g of regenerated Wolikite clay reduced 10 I11g 

.\ standard fluo ri de solution down to approximately 2 illS L-t at constant contact lime of 1 h. The 

pe rcentage of fluoride removal capacity was ca lculated to be 80 %. This experimental result 

dicates that the clays can be regenerated and reused for dcfluoridation at household and community 

sc ales . 

T. "lilk 16. Effccl ur III<I ~S of rcgcllcr:l1cd Wuli~ il..: clay 011 III mg [; 1 SllUld llrd tluol'idc solUlion 

nass of clay, g 

, residual F', mg/L S 
f-,N S, residual P , mg/L 
, YoF' removed 

10 

2.7 

2'" 

73.0 

20 30 40 

2.54 2.38 2.2 

2.' 2.36 2.1 

74.6 76.2 78.0 

T able 17. Effect of volume of 10 mg L" stnndmd Iluoridc solution 011 regenerated Wolikite clay 

Vo lume of solution, mL 100 200 300 400 

1.60 1.75 2.00 2.10 
S, resid lwl F', mgIL 

1.5() 1.70 1.95 1.98 
NS, res idual F', mglL 

%F' rcmoved 84 .0 !U.5 80.0 79.0 

T able 18. Effect of timc on regenerated Wolikite cluy 

12 24 
contact time, h 2 4 6 8 

0.86 0.78 1.20 1.10 0.98 
S, res idual F·. mgIL 1.40 

1.0 0.95 0.82 0.75 
NS. residual F', Illg/L \.35 \.10 

89 0 90.2 91.4 92 .2 
%F' removed 86,0 ", 0 

. 
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9.8. Proposed Mechanism 

Stoichiometric release of OH· from clay by nuoride has been reponed by Dickman and Bray. 

[5 1-52] who concluded that fluoride replaces the hydrox ide ion found in the clay. Many researchers 

[34, 43, 51 -52] have found that anion adsorption/ion-exchange on clay minerals are aqua groups 

(-M-OH1") and hydroxo groups (-M-OI·I) Therefore, adsorption/ion-exchange of fluoride by clay 

minerals may involve either of the following equilibria depending up on the surface of 

stereochemistry of the clay mineral s. 

(i) 

o 

+ F- + 01-1- (ii) 

-
+ F- - (iii) 

o o 
OH2 

""'/ + N,OH =="' / ""-OH + NaF (iv) 
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Further, the partial desorption of n . d f 0 uon e rom I Yo ( w/v ) NaOH solution is explained due to 0 11-

= F-exchange phenomena a d '( fi h n I un er suggests the possible occurrence of fluoride-clay complex 

that can not be easily desorped as shown in mechanism (iv). 

so il s 

This was confirmed by measuring the pH of the solution after it had been loaded with clay 

for time effect of Wolikitc cl ay soil. 

Example of change of pI-{ ofWolikilc clllY ~o il for 10.0 mg 1." !il:lndunl nuoride solution. 

Time. h 2 4 " • 12 24 48 

pi-I 7.2 7.4 7X 8.0 8.10 8.4 

By mlxmg water and clay, the color of mixture of clays and fluoride so lution turned 

brownish or grayish depending on the color of the clay used for dcfluoridation. The turbidi ty of Ihe 

m ixture was higher at the beginning, however, graduall y reduced as the clay ' part icles get 

sed imented. Sti rring retarded sedimentati on. 

After nearl y 24 h the particles gel sedim cnlcd and the solution became very clear. No major 

hydrochemical changes (apart from reduction in nuoride concentration) seemed to take place in the 

mixture during the defluoridat ion process The chemical reactions take place are not known in detail , 

but adsorption/ion-exchange is most likely to play pivotal rolc. 

The denuondating efficiency of fired clay ch1 ps is very poor among the used clays All the 

clay soils Llsed have been ~een [0 reduce fluonde concentration from standard fluoride solution, 

however, more quickly in the stirring condit10ns due to the homogeneity of the solution. There is no 

s ignifi cant difference between stirring and non-stirring samples j n the reduction of fluoride 

concentration. The laboratory studi es on the used clay samples indicate mat clay soi ls may be used 
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to improve the quality of high fluoride d . k' I . ' fill IIlg water a l national, -community and household levels 

10. CONCLUSION 

III 0 stan an lluonde solution caused a detrease in the fluoride The immersion of clay soi l ' I d in ' . 

concent ration in al l sampl es In most c S 'S I I I . . a. c a Ie ali ve y s mrp decrease III Ihe fluoride conCenlratlon 

was observed for all control ling factors 1\ is 10 be emphasized th at there is a great tendency in the 

fluoride bind ing capacity of high land soi ls. The altitude is most likely irrelevant; the crucial point 

might seem to be whether precipitation and surface waters have depleted or enriched the soil as to 

fluoride. The best defluoridating agent was found to be unfired black and red so ils however there • • 

was no systematic difference between black and red clay soil s in fluoride binding capacity. l'lence, 

black and red clay soils from the Ethiopian high land may be used for inexpensive and efTective 

removal of excessive fluoride in the drinking water 

The fired clay chi ps was the least among the defluoridating media used. This accounts for 

the effect of firing temperature which greatly influence the fluoride binding capacity of the clay SOil 

The firing steri lizes the soil, and reduces the inherent tendency of soil ing of water. Moreover, fi ring 

requi res energy, and may thereby increase local deforestation and so not recommended to usc fired 

clay chips . It is evident that the fluoride bindi ng process is enhanced by stirring the NaF solution 

However, stirring does nothing 10 do with increasing the total fluoride binding ca paci ty of the clay 

soil s. 

Based on the defluoridation capacity of clay soi ls it may be concluded that I Kg clay soi l 

is sufficient to absorb approximately 200 illS F" . Accordingly, I Kg clay soi l may reduce the 

fluoride content of20 L of water from 10 0 Illg L·I to 1.5 Illg L·
I
. Twenty litre water would seem to 

be sufficient to meet the need for drinking and cooking in a low sized family. 

Therefore, fluoride depleted topsoll lllay be able to reabsorb fluoride, and thereby remove 

excess ive fl uoride frolll high fl uori dc ground watcrs 

so 

1 



The result of th is study, make it poss ible to outl ine preliminary guidelines regard ing the 

defluoridation of waters at commun ity and vill age levels. 

Excessive fluoride in waters can be efficiently removed by the use of nalural clay in the 

Ethiopia high lands. The pH of5~6 may be maintained 10 maximize the defluoridation. A 128 mg 

L-
t 

fluoride containing natural water has been brought down 10 Ihe values of the maximum 

permissible level of 1.5 mg L-t fluoride by simply mix ing wi th clay. 
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