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Method of . excessive fluoride removal from potable water: A 
fluorosis preventive measure 

. 1· 2 3 H. J. M)engera , H.l. Mosha and F.W. Mtalo 
'ArusIIaW_HastlrPW1, P.0.1Io:I3020, ArusIIa, Tanzania, 'CemnI Oral Hlilhh UnI!, MlnIsIryorHeahh, Dares Sala3lll, P.0.1Io:I273, DaresSala3111 Tanzania, 'Depanmem 
of. 0vII EnaIneerfnI. UnMriIty or Dar es Salaam, P.O. BOll 53131, D3I" es Sala3111 T~nla 

AIartde R!IIIOV3I apablDty on heat U1!ab!d bone ... stucled boch In balch and filter CDlumn In the laboratory. field soules of filter 
"aJbnn were canted out with 30 defIuoItcIadon unlls InstaIbdon In 30 rancbnly selected households In Kltefu village where fluorosis 
Is a ...... problem. 1.aboi3lDly I1!5Uhs pve fluoride renIOV3I capacity of 3.8 mg fluoride per p..n heat treated bone at a resIclJai 
ftuortde CXJI'Ia!IIIratIon of 7.88 mg/L usInc a filter column. On batch experiments apacides r.qed between 3.5 CD 4.6 mg fluoride 
per p..n heat treated bones. In boch cases thelnldal fluoride c:ontent of the .... water ... 8.5 mg/L and a Contact time of 30 
mlnub!s. field I1!5Uhs pve a fluoride R!IIIOV3I capacity of 12~41 rng fluoride per p..n heat treated bones. The total OII11uladve fluoride 
11!InCM!d ... 21,102.3 mi at a I'1!SklIaI ftuorIde content of 0.31 mg/L m.n an Inidal fiuor1de level of 2.8 CD 3.2 mgIL The total 
wIume of water treated ... 8,250 Ihres. Palat3b1Dty p;nmean iiJre within the aoceptable Ibnhs, pH V31ue less Ihan 8.5 apparent 
colour less dian 50 PtCoIL and nubIcIty less Ihan 5 NTIl. Taste and odour were not displeasing. BacterioI0gIcaI CJJaIIty pve nO count 
total coIIfonns per lOO·mL 

Introduction 

Tanzania has problems of high fluoride in some· of 
Its surface and groundwater sources. In some places 
of the amounts of fluoride In drinking water 
exceeds the general Worid Health Organization 
(WHO) guideline of 1.5 mglL (1). The regions 
severely affected by excess fluoride In their water 
sources are Arusha, Kilimanjaro, Mwanza, 
Shinyanga and Singida. This has been well 
established by the Soil and Water Laboratory of the 
Ministry of Water at Llbungo Dar es Salaam, as well 
as by Brokonsult AB a Swedish firm which was 
commissioned in 1978 to undertake aswdy for the 
Rural Water Quality Programme in Tanzania (2). 
When executing the Water Master Plan 
Programmes, more water samples were collected 
and analysed for physical and chemical parameters 
In"whlch fluoride was one of them (3). 

In Shinyanga region water samples from shallow 
wells have recorded concentradohsas high'as 60 
mglL, while for drilled boreholes a figure of 49 
mglL fluoride was .recorde~ (4). In Slngida values 
of up to 67 mglL fluoride were "obselVed In shallow 
and deep aquifers (5). In Arusha Region, Arumeru 
District Is the most affected Where.values offll,loride 
up to 80 mglL were. recorded from a borehole. 
Sprtnas gave values as high as 15 - 63 mglL (6, 7). 
As a result people In these regions using water 
sources with fluoride above 1.5 mglL suffer from 
dental, skeletal and In some cases cripplfng 
fluorosis. 

Defluoridadon has been considered to be one the 

possible methods of reducing excessive fluoride in 
potable water, but due to lack of appropriate 
technolgy and unavailability of resources to support 
research on appropriate defluoridation methods no 
proper defluoridation programme was laid down to 
solve the problem of excessive fluoride in potable 
water. As a result the country adopted a temporary 
standard for rural water supplies of 8.0 mglL 
fluoride (8). If the guideline set by the WHO was 
adopted, then Tanzania would have 30% of its 
water sources as· unsuitable for domestic 
consumption (9). 

The problem of excessive fluoride In potable water 
was realized by the Government as eariy as 1950. 
However it Is only in 1980's that the Ministries of 
Water and Health, took concrete steps towards 
solving this problem and as a result various 
de fluoridation methods were considered for use in 
Tanzania. 

Amongst the solutions was the development and 
testing of household defluoridatlon device which Is 
appropriate, affordable and acceptable to Tanzanian 
conditions. 

This paper reports on the results a defluoridadon 
unit which used heat treated bone media. Thirty 
defluoridation units were field tested for a period of 
nine months in Kitefu village Arusha region 
Tanzania. 
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,Hatedak and medIods 

Heat acdvadon of raw bones. The cattle bones 
collected were soned, cleaned and heat tteatedfor 
ftuorlde removal process. The actlvadon was . done 
by using a' locallY developed kiln plckedwllft: a 
IdI0p3m of wooddiarcoallnto JO kllopams of raw 
bones. Wlch dtIs method combustion took place aU 
the dme wlchln the aerated kiln. Smoke and vapour 
escaped through che chlmneyflxed at the top and 
this slow process of eXtracdng and burning of the 
remaining organic' matter from the bones' allowed 
the bones to be dry and to be organic free. When 
dry bones were put hi che enclosed compartment. 
the maximum temperature of 55-8°C to 55CJOCwas 
reached within 6 to 8 hours dependillj on':the type 
of bones put In the kiln for: activation. !Alr entered 
the kiln by a sucdon process and temperatUre was 
monitored after every 30 minutes. The bumlng was 
camed OUt In' an aerate kiln. To Improve the 
aeradon, two pipes of 12.5 mm diameter were 
Incorporated. The smoke and vapour escaped 
through a chimney at the the top. Once the 
charcoal had'lgnlted, the bones were fed into the 
kiln. The kiln was capable of handling about 10 kg 
of unbroken raw bones. The burning of che bones 
was camed out for about 1 8 hours. The material 
was unpacked from the kiln chamber the following 
morning. The set up of the organic removal kiln Is 
as Indicated In Figure 1. 

Milling and Sieving. The burnt bones were crushed 
after unpaCking. This was achieved by manually 
pounding and sieving using standard sieve sizes. The 
particle size diameters ranges used In the columns 
are 0.5-1.4' mm and greater than to 4 mm. 

Analysis of Samples. Water samples were collected 
from the treatment unit In clean plastic botties for 
physical and chemical analysis. The analysis was 
done using field Hach test kit spectrophotometer 
DR 2000 and digital dtrator. Analysis of fluoride In 
the water samples collected was canied out at room 
temperature with Orion Research Model 
701 Aldigital Ion analyzer flxed with comblne~ 
fluoride electrode. Interpretation of the fluoride 
results after the analysis was based on a standard 
curve. The analysis methods foltow-the international 
recommended n Standard methods of the 
examination of water and wastewatern (10). 

Packing of the deftuoridadon unit and testing In 
household. 

" 
Total amount of media packed Into the column was' 

1.7 kg. The ftlter column was of 54 em long PVC 
pipe of a diameter 80 mm. This was packed with 
heat activated qttle bones, botttllDlayer 3()() 
palllS' parddeslze greater than 4 _" in1ddle layer' 
l,200gramsdl,meterO.5 - t,4 mm and top layer 
diameter areater' than 4 film. BOttom layer was 
meant to, bold the media and the top layer, for 
enel'lY dispersion and some ftuorlde uptake. FlQw 
-rate In the column was 4.5 IItreslhours for a 
retendon dme of 30 minutes. Thirty household 
deftuorldadon units packed wlch heat activated 
bones were Il1$talled In IQtefu village' In December 
1995. ' 

The fluoride remo~1 .process taking ,place In the 
defluorldadonunlts was based on flltradon and 
a~orpdon. Fluoride was adsorbed on the surface of 
the heat treated bOnes. 
For the first 3 months the treated water gave a 
residual fluoride concentradon of 0.13- to 0.22 
mglL from an Inldal fluoride content of 2;8 to 3.2 
mglL. The amount of water treated was '20. to 30 
IItresl day for the period of nine months. This water 
was used for drinking and cooking purposes only. 

The media used had a capacity of 3.S1 mg fluorid~ 
per gram heat treated catde bones based on batch 
tests In che laboratory: Flow rate used in' che 
operation of', the devices was 4.5 IItreslhr. 
Dimensions of the unit were 54 cm long and a 
diameter of 80 mm. The retendon· dme was 30 
minutes. The quallt)' of the water produced by the 
devices gave a pH value of less than 8.5 and 
apparent colour of less than 50 PtCo/L. Taste and 
odour were not displeasing and no complains were 
registered from the Reople using the defluorldators. 
The water quality parameters were recorded in 
August, 1996 after nine months of continous 
operation of the units In the househoids were as 
follows, residual ftuorlde concentration of 0.31 
mglL, pH values 7.8' to 8.4, colour 0 to 50 
PtCo/L and turbidity 0 to 5 NTU. Bacteriological 
analysis gave nil count total collfonn per J 00 inL. 

It has been reported that the media can remain 
active for more than three months before 
replacement is considered but no conflnnative, 
Infonnation has been given. The same period has 
been noted In Thailand (11) -with no daJa to 
conflnn the period the defluorldators operated In 
the communities. 
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Figure 1: Low cost kiln for bones activation by heat treatmenL 
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The device fluoride removal capacity was at its peak 
in the first two months after which it slightly 
dropped and fluctuated between 2250 and 2400 
mg for the rest of the seven months (Feb. to Aug. 
1996) which was still considered to be a high 
removal capacity (Figure 2). The monthly and 
cumulative fluoride removed during the operational 
period were as shown in Figure 3 whereas the 
amount of fluoride removed and accumulated in 
the filter column and the quantity of water treated 
by the unit as a function of operating time are as 
presented in Figure 4. The average monthly 
fluoride removal capacity [by weight of heat treated 
bone (HTB)] in relation to average monthly 
residual fluoride is as presented in figure 5. The 
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fluoride removal rate was observed to 
decreaseproportional to the utilization time as 
presented in Figure 6. 

Bacteriological Quality 

Random treated water samples were collected from 
10 out of the 30 units being filed tested and were 
analyzed for coliform bacteria. The results obtained 
showed that water from 6 households gave nil 
count andl 4 gave some counts as indicated in table 
1. After a month the same houses were revisited 
and sampled for the same. All the samples gave nil 
count total coliforms per 100 mL. 

I 
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Figure :2 Monthly fluoride removed plotted against the unit operating time . 
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Figure 3: Monthly and cumulative fluoride removed as function of operating 
time. 
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Figure 4: The amount of fluoride removed 1and accumu1ated in the fi1ter co1umn and 
quantity of water treated by the unit as frinction of operating time. 
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Figure 5: Fluoride removal rate p10tted against number of months the unit operated 
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Figure 6: Fluoride removal rate plotted against number of months the unit operated 

Table 1: Households checked for bacteriological quality of the water treated by the units. 

Name of household 

. Village Chairman 
Moses Urio 
Eliopokea Nicodem 
Senyaeli Ndewario 
Tuwati 
Joseph 
Lokeli Akyoo 
Elishila Sarakikya 
Waryaeli Urio 
Sangito Ayo 
Tap Water 

Conclusions 

Presented in this paper are the latest ,results 
obtained following a nine months period of testing 
the household de fluoridation unit. Even at the 
nineth month of opreration in field condition the 
units were still able to reduce excessive fluoride and 
the residual fluoride was 0.31 mg/L. Based on the 
results obtained by this study it can be concluded 
that at low fluoride concentration the rate of 
fluoride uptake by heat activated bones is good and 
can last longer than what has so far been reported 

Total cbliforms count per 100 mL 

9 March 1996 1 3 April 1 996 

14 
0 
13 
19 
1 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

in the literature. 

The recorded ·fluoride removal capacity of 12.41 
mg fluoride per gram heat activated b?ne at a 
residual fluoride content of 0.31 mg/L IS one of 
the highest values ever reported from fi.eld 
operating units. This is 32.7% of the theoretIcal 
fluoride removal capacity of 38 mg/g heat 
activated bone. The initial fluoride concentration of 
the treated water ranged from 2.8-3.2 mg/L. But 
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all calculations were done using the minimum value 
of 2.8 mg/L. 

No bacteriological quality problems were observed. 
The incidence reported in the paper originated 
from house to mouth contamination. This has been 
overcome by health education to beneficiaries on 
cleanness. It is concluded that the media 
preparation method is perfected. 

The defluoridation method is simple, acceptable, 
appropriate and affordable. It works better with 
water that has low fluoride concentrations. While 
additional studies are required to check the efficacy 
of the defluoridation unit with high fluoride 
concentration waters this unit is considered to be 
appropriate and can be recommended for use in 
endemic fluorosis populations. 
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