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ABSTRACT 

In tiH r •. •n t p~ s t there has been an increasing interest 

11
, th d ·t •rmination of the fluoride content in foods. The 

lluot"i • analy~is has been carried out using mainly the fluoride 
ion 5 ·lective electrode. This interest has arisen due to the 
need to evaluate the total fluoride intake per day from both 
water and food and hence establish any correlation with 
incidences of dental fluorosis or caries. This has led to the 
development of various methods for tL c release of fluoride ions 
which may exist in inorganic or organic forms. The methods 
include ashing in the furnace, acid digestion, oxygen bomb, 
Schonig r oxygen flask combustion • pyrohydrolysis and direct. 
diffu~10n. The latter method has gained popularity especially 
for lo fluoride concentrations· Available literature sl ows 
difft!rtnt values of fluoride con tent even for the sam foods cmd 
this may b attributed to rndhodology' accuracy and /or the 
pr'oce:,sing of th foods. 

m thods of fluot·it.h:: an ty 5 •1s d' re ISCUS!:i d <.tnd 
comp ,. d in thi 01 • 

to h\.lndl m ny st mpl •s ;)r 
op n hing m tt od h 

lot ·d. Thi in at , 
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h ff l of o.~luminium and silicon on diffusion has been 

tud1 d. In rd •r to minimi se interference, it was found 

n t y to u~ perchloric ac id and low amounts of samp le 

(( 0.5 ) for diffusion. 

The u~e of different buffers in the measuring solution has 

also b en investigated. It was found that TISAB II alone i s 

not effective in presence of aluminium ( .1 2mgl but 1 • 4M sodium 

citrate plus T I SAB II buffer was effec tive even in presence of 

up to SOmg aluminium. 

Fluoride content in different types of soils has be n 

analysed . For mobile fluoride ammonium lactate was used as the 

extracting medium. Values obtained with ammonium loctate were 

compared with those obtained using eit11er water, 1M hydrochloric 

acid or sodium citrate plus EDT A. Ammonium lactate wa!:> found 

to give higher values than either water" or ~odium citrate plus 

EDTA ut it was sel cted for fluoride extraction be uu~ • of it• 

id u s xtracting m dia for oth r common ion:> in th oil. 

T tr ction tim , pH of th xtr tin t m di nd mount o 

th mpl found to b imp rt nt f tor 11 fluor id 

ct" n y cant nt, or ar ic rn tt r n oil 

an rt lucri cumul li '' 

t II m t " 

II 
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tt i. t1on of fluoride cont nt in the same type of 

l diff •r •nt places. For examp le, Solanum 

k • 13o~oria 
- 1 

ontain d 29.98 IJg g while th t 

r m i mbu contained 3. 82 IJg g 
1 

fluoride. Vegetables of 

th s rn ~ family grown in the ~arne loca lity accumulat d 

- 1 
. almost the same amount ( Cucur itd sps 7.16 IJ9 g and 

1 
Cucurbita pepo 7. 32 IJg g fluorid ) . 

Plants picked from the shores of KLnyan I k •s w r • 

found to have higher fluoride cone ntr tions or example 

Eup£::rus laevigatus (from Lak - 1 
Nakuru, 1110 mg I ) contain 

10 9 IJg g-
1 

fluoride, while those grown at a distanc • rorn 

th same lake especially Begua rtia robyn contained 32. Ou pg c - l 

fluorid~. It as found that, u to 98 ~ of fluoride in 

acid labil nd th mount of fluori in te s foun t 

d p nd on th ag of th t pi nt. ol 1 th I I II t, 

igt r tl luorid c n nt tion. 



D 

Tiron 

H OS 

T iFS 

TISAB 

A 

(viii) 

VIATIONS 

fran 1, 2- cyclohexan di<lmino-tetr~ c tic 

1, 2 ethylenediamino tetraac tic acid. 

Pyrocatechol 3, 5 disulphonic s lt. 

Hexamethyldisi loxane. 

Trimethylfluorosi ldne. 

Total ionic strength ddjustment bu I ·r. 
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IIAI T R I 

lu rin ranks thirteenth in abundance in the eurth's 

ru t. It is found in such min rals as apatite ( alcium 

fluorophosphate), fluorspdr (cal iurn fluoride) and cryolit • 

(sodium aluminium fluoride). Large scale production of fluor in 

started during the second world war wh •n Uranium hcxufluoride 

as required for atomic weapons. Recently it ha:s b • •n USt!d 

"' the production of fluorocarbons for use s r rop •ll<mt. 

Fluorine compounds are emitt d to th\! atmosph r • through 

various industries for example, brick, hos att! f rtiliz r, 

ste I, aluminium, c ment and fluorite industrie:s. Fluorin 

compounds e:tr e al o fou •• u in I nts, oil nd not nwlly in 

nt in lo concentrati Since fluorin • corn1 our c.J 

II p rt o tt ilonrn nt, it i not lJ rri mg t1 t r t 

ont in mount of lly, lu 

t t I 

nt 
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norm tru tur I Zipkin et al 1962]. A SLirvey 

in th Unit d States showed that, the incidence 

w ::, lower in naturally high fluoride areas 

s of low fluoride areas [Bernstein et al 1966], 

th incid( nee of aortic calcification was reduced in 

hie h fluoride areas. Fluoride has a high affinity for calcium, 

magnesium and mangane~e and this causes it to interfere with 

the activity of many enzymes and as a result may adv rsely 

affect the function of the endocrine processes. Long term 

intake of large amounts of fluoride causes skeletal fluorosis. 

In Kenya, bont:! fluorosis has been observed among residents 

in Thindigwa coffee estate ( Kiambu), Kenya Brewc.-ies ( N iro i), 

agadi and Kerio Valley. The fluoride concentrati n of drinkir 9 

ter in these areas was found to - 1 e above 10 1119 I 

pre alence and severity of dental fluorosis in K ny 

High 

communi 1 s 

have also been report d [ 1anji an Kapil 198 ). Vor k lon 

on the d t rmination of fluorid I v ·Is or ur ,. ul d 

ho'l in y flo tl a , til 

quit 0.1 - 0.7 - 1 
hi I '" I 

ly 0.1 -50 
- 1 

T ry m I . 

oun lrl tl II y. 

all 
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1 :2 - u ID CONTENT IN FOODS 

n tJl t hi fluorid from wa t~r, beverages and food. 

nt nt fr m th food varies considerably according 

nd how it is grown and prepared. Climatic conditions, 

nc fluoride emitting industries also aff ct the fluoride 

co1 ccntration [Perkin et al 1980 J. Fluoride levels in most 

foods are bc,vw 1 1-'9 g - 1 
with exception of t a which accurnuliltc 

-1 
8- 00 J..19 g fluoride [Waldbott 1978, Und rwood 1962, Pur.ves 1977]. 

About 90~ of fluoride in tea is water soluble and one cup of te 

-1 may contain upto 0. 5 mg I fluoride. This means th<.~t, norm<.~ I 

intake of tea will increase the fluoride intake per day. Fish <.~nd 

other sta foods are known to contain high fluoride concentration · 

(approximately 250 J..19 g 
1
). Spenc r ·tal (1970) inv ·~ti9 t 

the fluoride balance of adult m n aft ·r ating fo d suppl rn nt d 

~ ith fish protein concentrate a d found that, til d ily luor·i 

int k incr as •d f om 1 . 2 f.JC 
- 1 

to I • 
- 1 

fluorid I )'. 9 ~·~ 
l. 

Oth r lyf s of m dt cant i 0.2 - . 0 ~~ 
- 1 

fltiOI i hi I 

nd mil • oor cure f ·rfu rid 1 : 1 

h· ntr tion 0 dif r nt tyJ 

'no 
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TABL 1:1 · LUORID CO NTENT IN FOOD. 

S I - nsing flour 

Uncooked nee 

Baking Powder 

intc::r wheat 

Coffee seeds 

Spinach 

luorid 
1 (j.Jg g ) 

0.2 1.6 

0.2 1.8 

(0.2-0.4 

2.3-3.0 

0. 8-3. 1 

5.3-8.1 

Reference 

Sher lock ( 1984) 

Becker and Bruce (1981) 

12.4-17.6 Akinos et al (1972) 

18.1-24.6 

0.57 Taves (1983) 

Purified salt 4.0 

Crude sea salt 

-ish protein 

Fish 
concentrate 

II 

Tun fi 

18-55 

1200 

20-760 

20 

1050 

(0 .2-2 .0 

3.52-4.0 

15.0 

7.0 

0. - . 8 

0.0 

0. - . 0 

0. - . 0 

Kumpulainen and Koivi toin r ( 1977) 

Sherlock (1984) 

K et al (1969) 

Moller (1982) 

B rg and H ug ( 1971) 

Sh •rl ( 1 811) 

umpt I in n and Kot i toin n (I 77 ) 

II u~ (1 71) 

8 ) 

( 1 

) 

177 



- 5 -

h tm unt flu rid in plants varies according to where 

om • plants are capab le of accumu lating 

h wn in tabl • 1:2 dep nding on the nature of 

TAB 1:2 

GROWN NEAR FLUORIDE MITTING INDUSTRIES 

Food Source of Normal Found 
1 ) Pollution Fluori-de ( IJ9 g 1 ) · luoride ( f.J9 g 

Aluminium 
factory 

Peach II 0.21a 3.2- 21.9 

Carrot II 0.22-2.0 a 
5.0 

Su~ r~hos-

~ 
industry 

heat gr in II 0.7 - 2.0 2.b 

r II 3. 8b 10. 7l 

lum II l. 

PII II 8 

c rn 0.7 1. 

c 0. 1 7 

. 1 
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,r , u,, rt: for umulate 400 times the normal value 

ill ., urnulat' 35 times the normal value when 

nm nt with high fluoride. Cabbage leaves and 

abo b~en known to accumu late fluoride. 

h fluorid content of fruits and vegetables is normally 

- 1 a d it seldom exceeds 0. 2- 0.4 1-19 g fluoride. Some roots 

re also known to contain high fluorid content for example 

cassava and yams [Murray 1986]. In cereal!>, fluoride tends 

to accumulate in the outer part of the grain with level s 1ich 

- 1 are normally belo 0. 5 j.Jg g fluoride [Becker and Bruce 1981] 

although higher levels have been reported in winter wh • t 

from S eden which contained 0.8- 3.1 IJ9 g- 1 fluorid 

In vegetatiun, the fluorid concentr tion v<.~ri •s am ng th 

species and the age of th plant. l n most c s s, old I · v 

are found to contain high r fluori cont•nt th n 

High fluoride cont nt m y hav som · toxi 11 d l ·tr i111 ·nt 

in pi nts such s crasis nd hi P711, 

il r · u tio1 o ro tt rn I. 

rnul to o flu ri 

T to 0 
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b n ::.t. li • l J Hh t pi nts can convert atmospheric fluoride 

t 

fl ~ori 

IH • lly orniJin d form part ly volatile which escapes 

tom la. There are also plants which are capable 

bing fluoroacetat and fluorocitrate from inorganic 

r Ming Ho Yu and Miller 1970 I Pet •rs and Shorthouse 

t 967]. Lettuce hCJs been found to form fluorou tr te from 

fluoroacetate and then defluorinate it produ ing inorganic 

fluoride which is easily released in wat r [Ward t~nd lluskisson 

1972]. Fluoro-oleic acid from toxicarium plant has also been 

identified as one of the organic fluorides in plants f Hall 1968). 

1 :3 FLUORIDE CONTENT IN SOIL 

T e fluoride content in he soil also vari s f om on · pi 

to th other depending on th ty of th soil. T l I 1 : 3 

sho s the fluorid cont L of soil rnpl fro.n dif 

countries [Smith 198 } . It is cl •&~r t lla t I tfl I It 

ri tion in lu rid co t t rom on · country to r tl , .. 
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1: P T D LUORIDE CONCENTRATION IN 

5 
- 1 

(pjCJ ). 

n y Range Mean Reference 

rmany 80 1100 530 

Ja an 260-2500 370 

t e Zt::dland 68-540 200 

s eden (sandy soil) 43- 198 90 

s eden (clay soil) 248-657 450 Smith (1983) 
i 

United States . 10-7070 290 

or ay {sandy soi l) 11 5 

or way {clay soil) 288 -yd (1983) 

1-' 

Th av ilability of soil fluorid to pi nts 1 .nds on th form in 

hich t e ftuorid occur . or • x , fll p I , i r • U ,II i r iwn 

cont ining oil th fluo id is our i a c I i lllll hi 11 

h • ry lo olubility I d t Url 

d ry littl il for pi r 

t I h luor ly 

In 

• t 
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,. v riou:s processes that increa5~ the fluoride 

il Vol anic eruptions contribute large amounts 

f urf.:t ::.oils by way of ash depositions. Most 

1 t lu wat r extractable hence available for pl<:~nts. 

tn o mer as s fluoride in the soil by <:~ddition of 

tdiz •rs. Long term experiments have shown that, extensiv 

use of phosphate fertilizers can lead to an increase in the 

fluoride content of some crops like potatob und le<.l fy vegetables. 

Fluoride containing pesticides also have been found to increase 

the total fluoride in the soil [Beck rand Bruce 1981, Oelschl~g·r 

1971] 

The geology of Kenya is mainly char cterised by variou:s 

landscape formed by the proce::.s of faulting n vole ni 

ruption 1nainly known as the ift Vall •y. Although mo t o 

th ol anic activity lies ithin t Rift V II y, som of th 

1 ,. , in· t vole nos li rnor • th n 100 m out id· th Ri t 

alley for •xampl t. K Kilim nj. r o r 1 ·It n. 

in ic t t1 t mo of ur '" n I y 

tt •ole ni 

n 
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hi h lu r 1 h ntt nt in it is grown in fluoride rich soils 

tn n l m. y LH 1 ontributor to fluorosb. 

1. ANA YTICAL M THODS 

Th succ •ss of em investluulion of biologicul effect~ of 

tluorid in the body depends abov • ull, on an accurot • rnethocl for 

d termining fluoride. The method shou ld be applicabl to th 

determination of fluoride in soils, plants, food~, anirn I tis!:>ue, 

body fluid and water. Many methods for fluorid • Jnt~lysb 

have been used with limiting amount of success. 

fur a long time, total fluoride l termin tion has rcli d upon . 

the cldssical Winter - Willard distillation method of the osh ·d 

sample folio ed by visual or o u irn •t ic ur ly::.is. I · nt 111 ·thad 

... h· h use ion sel ctive lectrod h v b n 

found to b e i r and r li bl • for th ani:Jiy 

[ 'j ng 1 821. Otll r m th hi e ll 

n 

rn 

·- Ct rom to r f y. m 

orption p tr m tr , pol ro 

In pi 

b 

lop d an l 

of at ,. 'unpl • 

IUOI i 

m 

ti n 
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hing m thod using ashing and fusing agents like 

id , m n ium chloride [ Eyd 1982, Taves 

I bil fluoride, acid diges.tion [Villa 1979, Stuart 

0] d diffu ion [Hall 1968, Taves 1968] methods have 

b n used. Total fluoride in the soil is analysed by fusion 

of the sol sample with a strong alkali or by pyrohydrolysis 

hile for labile fluoride, different extraction media have 

been used. 

The use of all the above methods by various inv stigators 

has given conflicting results as regards to the fluorid cont nt 

in certai foods and biological snmpl s ns seen in tabl 1:1. 

The conflicting results may be due to interfering ions which 

might have not been taken care of or du to nnalyticnl 1 ror 

1 : 5 OBJECTIVES. 

In I c nt y ar , th r h s n n in 1 a in c ll 

in fl orid Is m tll 1 t t I 

•·n 

hie h pr of d ,t I or in ny . 1\ 

m in b u on in 

0 n 
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,. t d , a m lhod for fluorid analysis in foods 

is r li bl , ch •ap, accurate and 

to b 'stablished. This would involv a 

tudy of: -

·1. h hing and diffusion methods of th sampl s. 

2. The ffcct of interfering ions, m inly aluminium ,iron 

and silicon on diffusion. 

3. The effect of interfering ions in the m a uring solution. 

Different buffers and their ability to r •rnov intt!rkring 

ions. 

In order to determine factors thdt uff • t fluoride I v ·I 

in foods and plants, it would b nee ssary to det rnrin • th 

labile fluoride in the soil. Thi was to • don· by fir· 

de eloping a m~thod for det rrnining th • I bil" fluor·id in th • 

soil. 

H ing d th m tho I ,u ur· ·y of til flu 

cont nt in ariou 111 I 

c rri out. 
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HAPl R 2 

lr RATUR REVIEW 

A R VI -W ON THE METHODOLOGY OF FLUORIDE 

ANALYSIS IN FOODS AND PLANTS. 

Tt e recommended AOAC Methods for det rmining fluoride 

ldck the sensitivity for accurately determining microgram levels 

of luoride in foods. The main problem is the high contamina lion 

from furnaces which result in high blank values, the ~lown ss 

and questionable accuracy of direct standard addition rnethod:s 

using fl wride selective electrode [ Dabeka and Me enzie 1981]. 

For a long time, determination of fluoride has prov d to b on 

of th most difficult in analytical ch mistry [ \clu 1933, \cdon I l 

1965) and so far no on method has be n r comm r d d. Ho 

the dt:!t rmination of small amount of luorid in iolo 

m t rial I s n cilit t 

for th i01 

ion I cti 

1 

ion I H II 8) 0 

nt 

y tl 

p 1 ti n o t luo 

r ith 

0 I . 

doJ ti n ot 

011 tl 

nt h 
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or ilut min r I cids L Compton 1970]. However care 

l t t. kt n u ing th latter two b cause they may leach 

DRYING: 

Dryiny of th ' sample is very ne essary cs ecially when 

one is dedling with dry weights instead of fresh weights und can 

be a source of analytical error. Samp les are dried using a lamp 

0 at temperatures of 80 -100 C for 6-12 hours d ;ending on th 

nature of the sample. Other workers have dried s mples in an 

oven set at 60 -80°C [Cooke et al 19761 Villa 1979] I or s t t 

100-130°C [Levaggi et al 1971 1 Baker 1972 1 McQuaker ar d 

Gurney 1977 I Jacobsson and McCunn 1972) for 12- 48 tout 

High temperatures ~hould t avoided in ord •r to r ·due· to s • 

of olatil fluori 

Tl r due into "' po d 1 

nd to hi ty . 

urn 

) 

l 



- 15 -

p r I I ·~ should pass through a 60 mesh 

f O.Snm and smaller) [Cooke et al 1976]. 

t tn inc , th samp le s an: mixed thoroughly and then 

tn ith r plastic bottles which are tightly closed or 

plastic pap(;:r bags to avoid any contamination. 

2:3 SAMPLE PREPARATION: 

This involves the decomposition of organic m t rial nnd the 

conversion of the fluoride to inorganic forms for sub::. quent 

determination. It is important that, during preparCJtion, the c 

should be neither loss nor contamination of the sampl . Sev r·a l 

methods have been used namely. ashing i:lnd fu ior , pyrohydt oly i , 

oxygen flask combustion and acid dig •stion. 

' : 3: 1 0 : 

A hulg of biolo i I m t ri 

unctio• s:-

) It troy II i r n1 m tt 1 

r ly di till or r 

) 

1 v t o imt 

tr 

n 
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lk li m di . The method has been restricted 

n Ml l bi lo lc I samples where cations such as 

llll ' Ill Ill .l 1r n ar not present in sufficient concentrations 

\ t m. mt rf ·r with the ion- selective electrode analysis. 

I n lk line solutions are us d as fixatives, it is necessary 

to them to dryness and char the ash on a hot plate 

or n er an infrared lamp before fusing. This method h s 

been used widely by various workers mploying temperatur s 

in the range 450-600°C and ashing for 6-16 hours [Baker 1972, 

cQuaker and Gurner 1977, Eyde 1982). At t mperatur s 

above 600°C, there is a possibility of: 

(a) overflowing and thus reducing the fluorid content, 

(b) converting the fluoride into vola til form for •x mplc, 

into silica t trafluoride (SiF
4

) or hy rog •n fluo icJ (H -) 

hich escap r ducing the fluoricJ cont nt. 

ost of the <.1 hinSJ ont in ttll 

moun o fur n 

r m d o c! 

r m h II o tl 

At hi t t mr I tur 

h 

tt 

ht I 

r 
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in th ru ibl "S w r completely covered during th 

~ ~ 1 !!s:; r ( 1968} found that a furnace, which had 

for 10 years~ when used to ash roughage for 

, , 12, 24 dnd 48 hours at 540°C gave consistently 

-1 g valu s of fluoride i.e. 20, 21, 23, 28 and 37 J-Ig g 

ori d •• He also found that, the blank value in the ov n 

increased with increasing ashing time. 

lnorder to avoid contamination, it has be n sugg sled that 

furnaces should be lined with gas tight nick I or platinum 

casings to prevent the fluoride diffusing from the clay furnac s 

to the sample. 

The main fixing agent which has been used is sodium 

hydroxide. cQuaker and Gurney ( 1977) us d 6 cm 3 of 17M 

sodium hydroxide followed by filtration at ~ H of 8- 9 to 

remove aluminium, iron and silicates. Oth r fixing a nt hich 
h ve b n used ar rnagn sium chlori d [ T v 1 83 , ar i ., .• tn d 

Ro 

li 

1966], magn sium 

i um I y dro id f Ito 

nk rlu {1983 ) h 

u d 

urin di 

hydro 

d by 

d1 ro 

id [R 

u d 1 

ium y 

nd 

hy 

Si g 

0 i I 

1 78 1 nd 

It II 8). 

n 
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n th ,. fi ing ag "'nt, sodium carbonate - zinc oxide 
mi 'tur I Louw .,n J Richard 1972 J has been found to give 

I dmond 1969 j • 

:3:2 PYROHYDRO~YSIS 

The sample, held in a platinum boat~ is mixed with some 
reactive oxides such as tun~stic oxide or vanadium pcntoxide 
and placed in a tube heated to between 600-1200°C. A flow of 
nitrogen gas mixed with suoPrheated steam is then passed over 
the heated sample. In some cases, superheated steam is 
replaced with moist oxygen. The procedure takes 15-20 minutes 
and hydrogen fluoride gas liberated is condensed and coli ct d 
in sodium hydroxide. When elements such as sulfur and phosphorous 
are present in tht: sample, they are carried over with fluori 
and will interfere with color·imetric and titrim tric rn thod of 
analysis for fluoride I B rns t al 1972, 

VenKat warlu 1983). Pyrohydrolysis h s b n ppli •d in tl' 
analysis of om biological mp s urin ncl or· no 'uorld 

mpound ( V n Co h 1 6 ) , t , tob o, hum n t 
b ct ri n 1 8). rk r ( Cl m nt t 

n 1 71' u r 1 1 1 u ll 
m tt od for 1 I nt m 
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to b , Tht' mat 'rial used to construct less expensive 
unit n. rn •I iii .1 or r;,unic materials normally react with 

f rrn ornpl •x •s which interfere with the ion selective 
tr·od nd h nee reduce the amount of fluoride . 

2:3: 3 .. 
SCHONIGER OXYGEN FLASK COMBUSTION METHOD 

The method involves mainly combustion of the sample 
in a platinum wire gauze with oxygen in a sealed glass flask or 
Schoniger oxygen flask. The sample, folded in a strip of 
ashless filter paper is burnt in an atmosph re of oxyg n confined 
in a flask containing few mili litres of either water, an alkaline 
solution or a buffer as an absorbing media [Moody •t al 1976, 
Levaggi et al 1971, Vandeputte et al 1976]. Different amounts 
of sample have been used ranging from 25mg to 50 mg. Som 
researchers have used sampl s mix d vith potaossiurn c:hlor·. t • to 
facilitate complete d struction. 

Although th m thod qui k nd rn my rnplt .Ill l 
naly d p r day , It su ff r f om t 0 di d v nt 9 , r m •ly :-

wh I p yr tt flu 

b d by II I Jy 

i . 

b) lu 0 h 0 Hl n 
tt in 
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2:3:4 DIRECT ACID DIGESTION 

A i 1 digl stion involv s either (a) addition of acid to Ill} I .\1 f .lllowtn~ to digest at room temperature or (b) 
<:~mpl' and then distilling. Villa ( 1979) used 

the samples for 25 minutes and n ly for fluoride using fluoride ion selective electrode at pH 1. But his method has some setbacks in that, with 0.1M perchloric acid most of the s<Jrnple rrldy not be dige~ted completely and at pH 1-4, the fluoride ion complexes with hydrogen ions and is not sensed by the fluoride selective electrod . According to Stuart ( 1970), the direct acid dig stion is inaccurate and cannot be employed in organic samples because it does not giv the total fluoride. Ke et al ( 1969) dig sled the sampl with perchloric acid in the presenc of silver p •rchlorat nn i distill d the mixture. The silver perchlorate in this cas reacts with halogens to form insolubl halid s. 

AgCI04 ( 

Anoth r di 

t hi h 

n 

= Cl, Br, I. 

rc '' 

ith or· 

u 

AgX( ) 

tt 

u 
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iii) A mi tur f on ntrat d nitric acid and perchloric 

I } 

.1 l Hwn bufll r d with sodium c:~cetate-CDTA buffer 

.tl ll 7<> I . 

ri il id ll3auman 1 968]. Several different 

n lyti <1l rPaSJ nt grac.J • of phosphoric acid yi ld 

ignificant fluoride contamination which lowers precision 

especially with samples of low fluoride conl nt l Villa 1979]. 

'einstein et al (1965) used semi automuled lechnicon 

autoanalysis to distil the plant samples. Acid bds •xtrc~ lion 

at room temperature has been used [Jacob~son et al 1977, 

Johnson 1976, Gyoerkoes 1970 J. 

However in comparison to other acids, perchloric acid is 

prefered because it has the lowest blank valu . 
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1. mf of Uw •II in volts 

t, nd lrd rnf 

I luoricl<• ion ·on ·enlrd lion 

It h<l b< n hown Uwt, <l!> long <lS lh' ionic str •nglh is kept 

con t nt (at 1M), the measured electrode potential is proportional 

to the luoride concentration [Srinivasan and Rechnitz 1968]. Th 

ionic strength is kept constant by th addition of i th r sodium 

chloride or potassium chloride lShirashi et ul 1973, l3ugg 197G, 

Kauranen 1977]. 

2:4:2 THE EFFECT OF pH 

The acidity or basicity of th measuring solution me y 

affect the fluoride ion selective el ctrod in wo w ys t r nt 

and Ross 1966] . 

1. ct. This is produc d wh n th olution 

has a pH( S. At this pH, trod in 

th fluorid cone ntr i n. Th1 d d to th 

form tion o f) 

not d by n 

to li, t 

u 

n 

( . ) 

) 

). hi 

( 1 

h i 

8) } 
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of fr lu ri pr ~ nt vari s with the hydrogen ion concentra-

ti , f i . : 1 hows thnt a ten fold decrease of the hydrogen 

1 n 11 l nt r. 1i n giv s a tenfold increase of the free fluoride 

1 11 ·r'l ntr tion. At high hydrogen ion and low fluoride ion 

n ntration, quilibrium (2: 2) is the predominant one but at 

lo · hydrogen concentration and high fluoride concentration both 

quilibria (2:2) and (2:3) are present with HF; as th 

predominant complex. However, other work rs have postulat d 

I the formation of additional polynuclear sp ci s II(IIF) 3 but 

Srinivasan and Rechnitz ( 1968) found that, at low pH only F , 

HF and HF 2 are present with HF; ns the highe t cornpl 'X. 

The fluoride selective electrode will only s nse th fr 

fluoride ion but does not sense the bound fluorid ( HF or HF;). 
Hence the amount of fluoride sensed by the lectrod will b 

lower than the actual fluorid cone ntration 

produces the negative ff ct. 

2. 

Th hydro yl ion ,. iII int ith tl in th t, tl 

hydr·o yl ion t c got m ch ly ~lh I ni 
r dii ith th flu ri ion. II 

th hyd 0 ion lu id i n 

dir tl p 

u 
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more to h dro id ion rath r than the fluoride ion. Frant and 
Ro { 1 u ) h.w" hown thut th best pH is in the range of 
1 ll . - ,. 0. 

S PARA"! ION OF FLUORIDE I-ROM INTERFERING IONS 
Since the fluoride electrode senses the free fluoride ion 

activity, the presence of fluoride complexing ag nts like 
aluminium, iron, silicon, magnesium and calcium ffects the 
observed potential. This gives a higher pot ntial with a 
negative effect on the fluoride ion concentration. Aluminium is 
the most serious common cationic interferance in the fluorid 
analysis [ Kauranen 1977, McCann 1968, Edmond 1969, Rix et al 
1976] although if iron, magnesium, calcium and silicon ar 

present in high concentration during m asur m •nt '' y will 
interfere [Shira~hi et al 1973]. Aluminium int rf r ~ with th • 
fluoride analysis by the formation of compl x s uch s :-

2 3-AIF , AIF
2

, --------- AIFE . In this compl x. tion, tl tot 
fluorid ion cone ntr· lion IF~ I combin with lurninium n 
b pr· s d s (Shir hi t I 1 73} : -

~) 
( 

lr rd 0 tl nd i n , tt 
in 
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hi illlf lit Hl. t the nmount of fluoride complexed with 

tlum11li\11n r ny oth •r int rfering ions, should be less than 

• fluorid •. The complexation with interfering ions 

• . l k n care of by (a) distillation, (b) adding decomplexing 

ag nts (which form stronger complexes with the int rf rin 

ions and hence release th fluoride), (c) pr it italian 

at high pH, (d) ion exchange, (e) adsorption and (f) diffusion. 

2:5: l DISTILLATION 

For a long time, the Willard-Winter distillation m thod has 

been used whereby fluoride is distilled either as fluorosilicic 

and /or hydrofluoric acid depending on cone ntration. Nommic 

( 1953) has reported that when fluorid is pr s nt in th • sampl 

in low concentration \ 0. 5 IJg fluoride), it distils s hydrofluot ic 

id but at a onccntl'ation of 3. 0 p~ fluo1 id , ,,bout It ~ of t1 

fluoride distils as fluorosilicic cid { H2Si 
6). 

nd ulphu1 ic cid ll v n u d or di till 

bl nk lu I 'n l 

p rchloric cid pr In ddi lor , pr 

ir t r d ll n 

(J 

J II 

rchlot i 

tion ut 

un 

II 

ht 

id 

o I 

n t 



- 27 -

iii) A larg olum has to be collected. This neces sita tes 

n Lf'ltr, tion of th distillate. 

1 h' ompl •xing agents form stronger complexes with the 

i·n rf •ring ions and thus decornplex the fluoro comp lexes releasing 

fr e fluoride ions. The complexi ng agents include CDTA, EDTA, 

citrate and are contained in different types of buffers. The 

buffer solution also helps in: 

a. providing a background of high and constant ionic 

strength. 

b. adjusting the pH of the solution. 

So far the buffers that have been used include: 

1. TISAB I - an acetate- chloride solu tion containing 

sodium citrate . 

2. TISAB If - which is an ac tat - chlorid solution ontaining 

CDTA. 

3. 

4. 

5. 

7 

TISAB Ill - it co tains ammonium c 

chloride, .c tic cid nd COT 

TISAB IV - hich 

ci , r· i 

TIS B li­

D 

u 

(hydro 

I m d of Or ntr 

ym hyl min m th n 

u 0 u 

llHTlOI iurn 

l hlo1 i 

d hu11 

lu 
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Citr butf ,. j~ th ught to be a better complexing 

u nt f t luminrum and h s b 't!n recommended [Shirashi 

t t II I 7 .nr \lrwn 1977, Vi k ry and Vick ry 1976, Duff 

lfl tu r't 1970]. Th' aluminium ions complex with citrate 

r · ning mainly aluminium citrate and trace amounts of aluminium 

h drog .. n i trate ,md aluminium hydroxy c itra le. 

Interfering ions have also been removed by precipitating 

them as hydroxides at e'ither pH 8- 9 [McQuaker and Gurn y 

1977, Eyde 1982] or pH / 9 [Baker 1972]. Howev r, it ha s 

been shown that at pH/9, aluminium hydroxide and si licat s 

are appreciably soluble and may pass into th filtr t . 

Phosphoric acid as a precipitating agent ha s been used ( Baum nn 

1968, Louw and Richard 1972] and like in the abov , th r i s a 

risk of fluoride co-precipitating togeth r with silica . 

2;5:3 10 

Anion X 'lang r ~•sin h v ,lob•l\lJ d. luor i I 

ill b less s r ongly b orb d mong th • uni nt nion hit 

polyv I nt ion lik nd I o ph. rll b d 

tron ly. c tion ch n in I m 

tior u h luminium d iror ' 1 7 ) . 

In 
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uulk of int r c1 ing substanc s can be analysed. It is also 

p ibl 

>I .llt\J 

n nt rat ' fluorid ~ quickly from a large volume 

h1 c ,11 iurn phosphate adsorption method has 

., \\1 ly u d by Venkateswarlu et al ( 1 983) to determine 

fl of"id in a wide variety of biological samp les for example,in 

milk, saliva and urine. 

Adsorption on magnesium oxide has also been emp loy d. 

The method involves boiling the solution containing fluorid and 

the interfering ion with magnesium oxide. Most of th fluoride 

is adsorbed onto the magnesium oxide almost instantan ously. 

It is possible to adsorb as much as 10~g fluorid per milligram 

of magnesium oxide [ Venkateswarlu and Narayanarao 1957 ] . 

2:5:5 DIFFUSION 

The method uses sulphuric acid or p rchloric acicJ to 

s par t fluorid as hydrog n fluorid' which t1 pp d by • 

layer of sodium hydroxid in a clo d sy t rn. Th yst Ill I 

pi c d into n o n 'l 60°C, Ot 16- 2 I our· Th 

hydrog n fluor·id into th 0 ium hydr·o ·id l.ty I 

h t ,. PI d iurn lu rid f 

thi m thod h v d I Sin r nd r·m r r 1 
H II 19 r d d 9 J • 

R u li 
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HF ( H) iO i(CII
3

) 3 ---:i> (CH
3) 3SiF + (CH

3
)
3
Si0H 

(2:6) 

( II II ~ II r· (2:7) 

1 h I S is hydrophobic, very volatile and it readily diffuses 

into th sodium hydroxide layer wh re it is hydrolysed. 

(2:8) 

The silanol condenses, returns to the acid, and th cycle is 

repeated. Taves (1968) found that when 19.7 ~9 of HMOS is 

present ,85. 5 ~9 of fluoride diffused from a bone sample in one 

hour. 

2:6 \ETHODS FOR FLUORIDE ANALYS15 IN SOl 

Soil samples hav a ver·y div •r·s • rnin"t'<ll com1 osition 

and some of the chemic I constitu nts may hind ,. P• ,., lion of 

fluorid . Th r for I ci I proc dur for· th pr· pt 

tion prior 0 th tot luor id b 

H II ( 8) u d t lu r id II 

) h h or lu d r 

Ju IU • 

-
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The fluorid i:; o found in organic form corning from dead 

nim f • n J 1 f,lnt I N{)mmic 1953]. The total fluoride in soil 

r~ th< urn of th ~ three types of fluoride. 

ik in plants, total fluoride in th soil has been for 

ul ng time carried out using the Willard - Winter distillation 

method followed by "ither ti lra tion or colorimetric analysis. 

Recent methods which use ion- selective electrode hav also 

been applied to fluoride analysis in the soil. But unlik plants, 

soil contains high concentration of aluminium, iron and silicon 

which interfere with the fluoride analysis. McQuaker and 

Gurney ( 1977) suggested that 0. Sg of dig sted soi l sarnpl 

diluted to 100 cm
3 

may contain more than 2 mg 1- 1 aluminium 

together with iron levels in excess of 200 mg 1- 1. B 11 ck 

( 1972) indicated that, at a level of -1 
mg 1 fluorid , a 

suppression of 1 O% occurs if either 2 mg 1 
- 1 

lurninium or 

200 mg 1 
-1 

iron ar pres nt. 

Different fusing ag ts h v b ·n u for fluor id 

analysis in th soil amp I ·-
1. Sodium carbon t - zinc o id II nd Cr ic sq, 

J n r , d p lov 72]. Tt u d 

Sh II nd Cr i ( 195 ) I o point 

of luori by Ho t, 

in o pi il 
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It · r d t hi tt ncb to low 'r the fluoride r covery especially 

in orH. ininCJ high ca lcium and phosphorous content. 

c dium p roxiu • followed by zinc sulfat ( Chu and 

h f •r 1956]. The samp le was decomposed with sodium 

p 'toxide followed by the precipitation of silicates and aluminium 

ions using zinc -;ulfate. During the precipitation process, 

fluoride ions may be precipitated togeth r with silicat s and 

aluminium ions reducing the fluoride recovery. 

3. Potassium hydroxide [Hall 1968] and sodium hydroxide 

[Oelschi.\:Jger 1968, Eyde 1983]. The two fusing ag nts ar • m inly 

used in the samples which contain high silica content. 

4. Direct distillation [Seel et al 1964]. The direct distill tion 

method is mainly applied for rock phosphate samples. Th 

method is slow and only 2-3 samples can b an fy~ d p r d y. 

Perchforic- phosphoric acid mixture has be n u d for distill tion 

esp cia fly for sampl s containing zirconium. 

5. Pyrohydrolysis : Th 

pi nts but in soil, 

c,.yoli t • nd 

to 

7. 

Lithium 

mpl ·. 

r th 

r·ock 

t tr 

i l is 

1 ho ph 

or t . 

proc dur h 

m inly ppli d to 

t [P t r nd 

u p i 

m th t of 

nt in in 

cl 1 7 ) . 
r 0 di tilltti I 0 

rll 

77 
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L il flucwidC' in th' soil is of great interest because it 

th an influence on the fluoride in the plants. 

111 th u in£.1 cliff r ent rea9 nts have been us d to 

• tt· < t fluorid from lh soil. For example:-

1· . \' ater extraction: - This gives the most loosely bound 

fluoride. The amount of fluoride extract d is low because 

the fluoride in the soil is in form of compounds lik calcium 

fluoride and magnesium fluoride which are sparingly solubl 

{ ommic 1953, Brewer 1966]. Water extraction for fluorid 

has been used in many places. For exam pi , extraction of 

"ater soluble fluoride in Belgium soils was found to range from 

0.1-8.0 1-19 9-
1 

fluoride while the soils in Sw d n show d high •r 

values [Smith 1983]. Eyde ( 1983) found that, from c l y ::,o il s, 

more than one quarter of the fluoride extract d by 0. 01M 

hydrochloric acid could b xtr· c t d by wat 1 • il w. 

-1 1 fo11nd to contain 12 !-19 9 wat r solubl" fluot id CJn<.l 9 p -

of 0. 001 1 hydrochlo• ic acid tt• Ctc bl fiUOI id . 

2. C lcium chlorid 0.0 
' 

[ n nd 'iddow on l 71 . 

AI hough lcium kno ~ n to form 

n r d 0 71) 

no pr I pit tfon of lu 

c lllJ rl 

m 

It • 

7 I 
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Aluminium ompl xc::. with fluoride to form soluble complexes and 

ir ' 1~ t t • tl"d t fluoride from aluminium complex, sodium 

h td added. This method reduces the fluoride 

t' ry b c use the fluoride ion co-precipitate together with 

· luminium hydroxide. 

It. Acid extraction: Different acids have been used for 

example, hydrochloric acid [Eyde 1983, 1985], perchloric acid 

or sulphuric acid [Hall 1968, Maclenahen and Schuiz 1976, 

Brewer 1966, Zimmerman and Bertland 1978]. 

5. Other extracting media which have been u sed ar : -

citrate solution [ Nommic 1953], acetic acid [Zimmerman and 

Bertland 1978] and sodium citrate - EDTA solution [ Ur umova 

et al 1982]. 

During the extraction of the labile fluoride, diff r nt 

ratios of the soil to the extracting m dia hav b n u d . 

In wat r, extr ction r tios such s 1:1, 2:1, 1 : 50 ( w / v) h v 

b n us d I Br· • r 196 , y 83j. fh xtr 1 tirH tim 

h s b n found to I n im1 o•·t.mt fd tot nd t i Ill • 

r· nging from 15 minut 'to 16 h llr 1\ u d. 
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IIAPT - R 3 

XPI RIM NTAL PROCEDURES 

All the reagents us<:!d in this work were of analytical 

grade. Solutions were mad with eith r Milli Q water 

(Distilled water further purified in a millipore Milli Q syst~m) 

or distilled water. 

Sodium Fluoride Stock Solution: 1000 mg I 
1 

fluoride solution 

was made by dissolving 2. 21 Og sodium fluoride ( pr viously 

dried for 2 hours at 120°C) in water and dilut d to on lilt 

1 he solution was stored in a plastic bottl 

Standard Fluoride Solution: The standard s lutions in th 

- 1 
range of 0. 025-10 mg I Yere pr p r d by rial dilution o 

the stock solution. 

Ami tur of 58.00 hlot i ! , 

12.00 cml gl ci I c tic cid, 07.00g 

nd 0.29 g citr t dihydr di olv in a 0 n 

r. 

dium h or d llu 



- 36 -

a id n th oltrm<.~ adju::;t d to the mark. This was stored 

in n I it l f I l i bot tl . 

II : To approxim<.ll ly 500 cm 3 of water, 58. Og of ...._..;;..... _____ ..;.. 

odium chloride, 57.0 cm 3 glacial acetic acid and 4. Og COT A 

ere added. The solution was warmed slightly and stirred 

in order to dissolve the solids. The pH of the solution was 

adjusted to between 5. 2 to 5. 5 with SM sodium hydroxid 

(approximately 150 cm 3 5M NaOH} and the solution diluted to 

one litre. The solution was stored in a plastic bottle. 

0. 5 1 Sodium hydroxide in methanol: Sodium hydroxide p llets 

(2.00g) were dissolved in 2.00 cm 3 water and dilut d to 100 cmJ 

with methanol. 

Calcium Hydroxide-fluoride free: This was pr· p r d by 

dissolving 147. Og calcium chlorid in 900 cm 3 wat r in on1... 

litr flask and 5. Og tertiary calcium phosph t dd cJ to 

th solution. Th su f n ion p at ill in 

nd I ft to t nd o rnit h • Th mi tUI thr lJ h 

125 mm Col d fil · r p r. t 1 r lion tl 

r turr b k to th n i n 

u 
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pr ipit t ::. .lllow d to s ttle and the supernatant solution 

J l. mh I. n" pr • ipitat wa s wash d se veral times, each 

l1111 ll 1 c 200 mJ wat •r, I •a ving for six hours to settle and 

th •n d nting. Six to eight times washings were found to be 

ud qu t •. The calcium hydroxid suspension was transf r d 

into a plastic bottle and diluted to one litre with water. 

Sodium citrate - EDTA Solution: This mixtur was prep r •d by 

dissolving 147. Og sodium citrate dihydrate and 2 . 50g EDT A in 

500 cml water in a one litre volumetric flask. The p i I of th 

solution was adjusted to 6. 0 using 1M citric acid and the volume 

made to the mark with water. This solution was 0 . 5M and 

6. 7x 10-
3
M with respect to sodium cit rat and EDT A r sp clive: ly. 

Ammonium Lactate Solution: A mixture of 1158 .4 em o t lcJCiill 

ac tic acid, 511.8 cm 3 lactic acid and 322 crn 3 of 25¥, , rnruuni 

solution in a two litr Ia k as mix d hor ouc hly. 'h ulution 

as I ft st nding o 

m rk u ing 

prio1 u 

rnig 1t ncJ th n th vo urn 

1 cm 3 of t1 i oluti n dilu 

in 

II. 

A lu 1 

I ' 

0 h 

t i 1 
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(AI ( 
3 in w. t r and dilut d to on litre. The 

r d in one litre plastic bottle. 

- 1 
1000 rn g 1 iron solution was made by 

dissolving 8. 63g hydrated ammonium I ron (Ill) sulphate 

[ H4Fe(S04) 2 .12H 20J in water and diluted to one litre. The 

solution was stored in one litre plastic bottl 

Silicon Standard Solution: A solution containing 10 mg ,- 1 was 

made by mixing 1.30g of hydrated silicic acid powder 

( Si0
2

. nH
2 
0) with 5 cm 3 water. 1. 52g of sodium hydroxicl 

pellets were added to the mixture and shaken gently. After 

complete dissolution 30 cm 3 water w re add d and allow d to 

cool. The solution was then dilut d to SO rn 3 wi th wa nd 

stored in a plastic botll •. 

3:2 TS: 

1. Ffuorid cti 

2. luor·id ion-

3. Ooubl jur c ion 

in I jun ion 

0- 01 - 00 

c rod m tr·oh 1 • A 0 

tt d , or ion m 

n 

1. 

4- 0 - 00. 

07 - 1 o. 
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3:3 APPARATUS: 

3:4 

(a) 

(b) 

CnJcibl ·~: Ni I Ll (SO cm 3 ) and platinum ( 30 cmJ). 

Mu fl • fur n.1 • C ll•nkarnp Model J. Din Serial No. 

69091 134. 

~l·,k•r burn•rs 

Schoniger oxygen flask (Quartz) 

Plastic beakers (2.5- 10 cm 3 ) 

Plastic bottles ( 50-1000 cm 3 ) 

Plastic filter funnel (50 cm 3 ). 

Polystyrene petri dishes (SSmm diameter) 

and 5 cm 3 Finn pipettes with polypropylene tips 

cm3 glass pipette 

Volumetric flask 10- 2000 cm 3 

Oven Gallenkamp Cat. No. OV.OSO AP. No. 3A 163GA. 

Shaker GFL Model 3015 

CALl BRATtON CURVES: 

with TISAB II: 5 . 0 cm 3 of each fluorid 

solutions were placed in 10 crn 3 plastic 

of TISAB II 

calibr t 

fluot id 

pi tic 

th 

.0 m 

added. Th solution 

ins rum nl · 

nd TISAB II: 2 

rd luti n pi 

nd 3.0 cm 1 1 

t n ir ,. 
II 

b 

standard 

ak r· i.lr d 5 

u d to 

m3 of h 

10 m 

I u 

ml 
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3:5 RECO ERY EXPERIMENTS: 

3:5: 1 fLUORID AT DIFFERENT pH VALUES: 

Ill im nt w r' c rried out using 2. 0 mg ,- 1 

flu lutions diluted 1:1 with TISAB II using 

J 0 Ill h f th •s • !:>Olutions. The pll was adjusted to 

1 l11• r ns.J' pH 0.5 to pll 12 u!:>ing lillie amounts of either 

concentl"ated hydrochloric acid or 5M sodium hydroxide. The 

'.'olumes of acid or base required were in the range 0. 02 cmJ to 

0. 1 cm 3 • 

3:5:2 RECOVERY OF FLUORIDE AT DIFFERENT ALUMINIUM 

These experiments were carried out by mixing standard 

fluoride solutions with standard aluminium solutions. Th 

- 1 final solution had a concentration of 2. 0 mg I with r sp ct to 

fluorid but the aluminium cone ntration rang d from 0- 300 m 1- 1 9 . 
The fluorid cone ntration was d t rmin d by ith r TISA 11 

or both citrate buff r and T I SA B II. Fo1 xampl , to 

olution that - 1 as 2. 0 mg I fluorid nd 2. 0 rng 1- 1 

luminium, - 1 0. 0 cm 3 of 4 mg I uorid d rd olu ion 1 d 
10.0 ern of m 1- 1 luminium mi d . id int o {)llt I 
p tior . ortion llo ·-

( : 1 , I 
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I IML NTS AT DI FFERENT I RON(III) 

xp rim •nts with a lum in iu m were repeated 

iron cone ntrations ranging f rom 0- 490 mg 1- 1 

f a luminium. 

The samples used inc luded vegetab les, p lants and 

soils. These were collected from various parts of the country 

and put in plastic bags. In the laboratory the vegetable and 

plant samples were washed with de- ionised water for about two 

minutes and dried at 80°C for 48 hours. The dry samples w re 

ground to a fine powder and stored in sealed plastic bag s . The 

soil samples were also dried at 80°C for 12 hours, ground to a 
fine powder and stored in sealed plastic bags. 

3: 7 ASHI 
~~~~----------------------~~~~ 

( ) In th 
_;_;__.:.:,.;,;;...~;.;.......--

About 0 . 2-0 . Sg g ound mpl 

in ni k I or (I t in um c r·u ibl 2.0 m 

lcium hydro id u p ion · t n 

tf n t orou hly mi d u 

n o dryn 

d 

ig h d ccu r t ly 

nd 2.5 ml 

m1 I 

r d ( lmm 

n 
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(b) On an op n flam (usin_g_M eker burner). 

About .. - 0. r.CJ vound sample wer weighed 

(I .Ut 1t •ly in ni k( I ru ibl . 2.0 cm 3 water and 2.5 cmJ 

11 ium hy r id • su!:ip •nsion were then added. The mixture 

wu thoroughly mixed using a steel rod. Evaporation to 

d1·yn •s and harring was done on a hot plat for 45 minutes. 

The sample was then ashed on a M_eker burner for 20 minutes 

a follows:-

i) 10 minutes at a slightly lower temperature with the 

crucibles half covered until the sample was completely 

carbonized. 

ii) 5 minutes at a slightly higher temperature with the 

crucibles half covered until the ash turned whit . 

iii) 5 minutes at a fairly high temperature (about ! of the 

crucible red i.e. at approximately 800°C) with the 

crucibles complet •ly cov •red. 

3:8 DIFFUSIO 

After th crucibl s ith th sh d sarnpl h d ool d 
to room t m1 ~r tur , 2.5 cm 3 dd d folio d by 
.o cm 3 of 8 p r·chloric acid. Th dd ith 

th cru ibl bout thr qu Th mi ur· 

II u ir n llo to I. .o Ill 

d 
t 

0 
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This layer h d b •n pr par d by placing 0. 2 cm 3 of 0. SM sodium 
hydroxi I' in mdh.ln I on th.. over, allowing it spread and then 
dryin in n n for three minutes at 60°C. The petri dish 
·ont 'Ills w r mix d carefully by slow swirling and the petri 

0 dish plac d on a tray and put in an oven set at 60 C. After 
20 hour:s in the oven, the petri dish cover was removed and 
allowed to cool in a dessicator. The sodium hydroxide layer 
was dissolved in 2. 5 cm 3 acetate buffer ( 1:1 v /v) and the 
solution analysed for fluoride. A blank having only calcium 
hydroxide and water was treated similarly. The value obtained 
for the sample was corrected using the value for blank. The 
set up for diffusion was as shown in Fig. 3:1 below. 

It----Petri dish cover con to inin9 
sodium hydro~t i de Ioyer . 

c 0 10 
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The diffusion proc dur w s also adopted for: 

i) Sttmdilt d flu r·idl' olutions in oruer to establish the 

pffi illy. 

i i) A h 

fluori 

rnpl • ontdining known amounts of added 

3:9 RECOVERY OF FLUORIDE AFTER DECOMPOSITION 

OF SODIUM CARBONATE WITH PERCIILORIC ACID: 

About 1. Og sodium carbonate was weighed accurately 

in a plastic beaker. 2. 0 cm 3 water and a known fluoride 

concentration were then added. The mixture was shaken 

gently and 8. OM perchloric acid added slowly with: 

(a) No lid. 

(b) The lid covering three quarters. 

and the diffusion carried out. 

3:10 DIRECT DIFFUSIO : 

About 0. 2- 0. Sg ground sample w re w igh d ccu r· t ly 

nd plac d at th bottom part of th p ~tri dish cont. ining 

0.2 cm 3 of 0.5 silv r sulph t ·2.5 cm 3 dcJ d 

rd th n mi d thorouc hly u ing rod ( 1 rnm di Ill t I ) • 

. 0 ml of 7. 2 ulphu ·i cid dd d 0 th I 1i ur nd 

p t rl di h lmm di ly cov r d h p tt i dl h Th 

dl h cov r u ium 

n 
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The petri dish cont nts w r mix d carefully by slow swirling, 

plac d on tr y nd put in an oven set at 60°C. After 

20 holtr in th • o •n, tfll.' rwtri dish cover w<1s removed and 

dllow to I in J d :;sica tor. The sodium hydroxide layer 

Wil di - olv•d in 2.5 cm 3 acetate buffer (1 :1 v/v) and the 

·olution analysed for fluoride. A blank value having only 

sulphuric acid and water was treated similarly. The value 

obtained for the sample was corrected using the value for blank. 

3:11 SCHONIGER OXYGEN FLASK COMBUSTION: 

The procedure followed has been described by other 

workers [Moody et al 1980, Levaggi et al 1971, Thomas and 

Amtower 1969]. However, in this work, Quartz flasks were 

used in place of pyrex flasks. The absorbing media was 

citrate buffer (pH6) rather than TISAB II or sodium hydroxid 

For samples low in fluoride, 1.0 cm 3 citrat buffet· and 

1. 5 cm 3 water was used, while for sampl s with high fluo 1 id 

th volumes w re doubled. 

shown in Fig. 3:2 b low. 

The set up for combustion wa as 
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Cork . 

t----+------ Cork hold ing platinum 
wi r ,e gauze 

rg 3 2 /1. ch malic dragrom o 

~----Quartz f lask . 

• 

Flask f illed wi th 
OKygen 

Platinum wire gauze 
hotdlnQ < 50m9 sornpte 
wra pped in a f i Iter pope r 

--7"--- 2 · ~cm3 
ObSOt bitiQ 

media 

Sc 16nig r o 9 n flo 
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After combu i r , th lourl s solution was allowed 

to tnnd in th 1 r 30 minutes with occasional shaking 

<Ill I til ll I Ill I litO pl<l~li beak~r. 2.5 crn 3 TISAB 11 

H1 lution and lysed for fluoride. A blank 

only the filt r paper and absorbing solution was 

tr at d similarly. The value obtained for the sample was 

or-reeled using the value for the blank. 

A calibration curve was obtained using fluoride 

standard solutions containing same concentration of citrate 

and TISAB II as in the sample. 

3:12 SOIL SAMPLES: 

Different extraction media for fluoride in soil w re 

tried out. 

3:12:1 VATER EXTRACTIO : 

Soil sample, 1. Og was weigh d accur t ly in so crnl 

plastic bottle and 20 cm 3 r add d. Th mixtut 

h r for 1 hours nd th I filt d u i r f It rn 

filt ,. p p r. 2 m f tl fil ,. i in 

3 cm 3 of 1 ci l . t buf r d t 

t 2 ur . t .. hour , .0 II 

d n lu 1n u 

II 
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3:12:2 AMMO IU \ LACTAT EXTRACT ION: 

(.t) Ab ut 1.0 <Hnt I w s weighed accurately in a 150 cmJ 

I I t1 t i t t I n J 100 m3 of ammonium lactate solution added. 

1 h rtli l Ul ~ \.1 hdk n for H hours and filtered. 2. 0 cmJ of 

th ampl re placed in a plastic beaker I 3. 0 cm 3 of 1M 

itrat buffer add d and left standing for at least 2 hours. 

5. 0 cm 3 T I SAB II was then added and solution analysed for 

fluoride. 

(b) lnorder to establish the best conditions for the 

extraction I the ammonium lactate extraction was repeated as 

below: 

i) Using different amounts of soil samples e.g. 2.0g
1 

3.0g 1 4.0g but keeping other quantities as in (a) 

above. 

ii) Varying the shaking time from 1 hour to 4 hours . 

iii) Using 1.0g soil samples spik d with known mounts 

of fluoride. 

• :12:3 SODIUM CITRAT -- DTA EXTRACTIO : 

( ) About 1. Og oil mpl C Ul t ly in o 

100 cm 3 pi tic bottl n 0 crn 3 0 o ium i r t D 

r g nt d. Tt rni ur h k n or 1 h lit 

d rid 

J 

I) 0 
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k for 20 rninutes and then leaving 

or ~~ hours. 

- TJSAB II EXTRACTION: 

Th xperiments above 3:12:3 using sodium citrate -

EDT A \ ere repeated using sodium citrate - T I SAB II reagent 

as the extracting media. 

3: 13 

3: 13: 1 

TEA SAMPLES: 

EXTRACTION OF WATER LABILE FLUORIDE: 

About 1. Og of processed tea was weighed accurately, 

added to 250.0 cm 3 boiling water and allowed to boil for 

30 minutes. The mixture was quickly filtered while hot. Aft r 

cooling, the volume of the filtrate was adjusted to 250 cmJ. 

2. 5 cm 3 of the solution were placed in a plastic beak r, 2. 5 crnl 

TISAB I I added and solution analysed for fluo ide . 

3: 13:2 Same procedur in 3: 13: 1 was r p at d. 

i ) u~ing di f ·r nt amounts d t •a - 0. 
' 0. Sc , 

1. Og, l.Sg rd 2.5g. 

ii) u inc lO.Og { , t ht) ur pr 

:3 r to bli h r I luo 1 

h 

I I u 

II 
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Aft r cooling, th v lumt: of th filtrate was adjusted to 

250 un 1 
·HHJ H'l 1ly i for fluoride as in 3:13:1 above. The 

I' ' idtJ • pld ed back into the beaker and 

~ 0 111 \ t r .add d. This was again allowed to boil 

for 15 minut followed by filtration, volume adjustment and 

fiLwride analysis. This treatment of residue tea leaves being 

reboiled for 15 minutes, filtered etc. was repeated until the 

final filtrate showed most of the fluoride had b en extracted. 

A total duration of 2 hours was found necessary. 

3: 13:4 The procedure in 3:13:3 3bove was repeated using 

10.0 g (wet weight) of unprocessed tr~a samples . 

3: 14 .:....:A:.:...:N:.:....A.:...:L::....:Y_:S:...:.I.=..S_O.::._:_F_T_O..:__T_A_L_A_L_U_M_I_N_I U_M_I_N_V_E....:C:....:E::...:._T~ 8_ ~ 

PLANT AND TEA SA, 1PLES: 

WET DIGESTION USI C H
2
S0

4 
__ _ 

11XTURES: 

A mixtur cont in inc SO. 0 crn 3 of 65 nitri 12.5 Ill 

o 70\ p rchloric cid and 5. 0 cm 3 of 6 ulphuric id 

f r· p r d in 250 cm 3 n k. 

bl , pi nt or· lllJI,0. - 0. h 

ur l ly into SO. 0 em' 
0 

f I lu II 
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mixture had dis~pp r· d. Th t •mp rature was then again raised 

to 350- 370° until .1 rin c f . nd ns 'd sulphuric acid was 

obtain • J on th w r r art of the flask. This mixture was 

llhtint tin •d ut 1"'11 t mp •ruture for 10 minutes and then allowed 

to I. ft r· cooling, 20 cm 3 of water was added and the 

mi tur reboil >d for a further 20 minutes. The mixture was 

then diluted using water so as to obtain a solution approximately 

0. 3 l sulphuric acid ( pH..>O. 15). The aluminium concentration 

was then determined using an atomic absorption spectrophotometer. 

Aluminium standard solutions used for the calibration 

curve were also prepared containing approximately 0. 3M 

sulphuric acid. 

3:15 ANALYSIS OF ALUMINIU IN SOIL SAMPLES USING 

10. SM NITRIC ACID: 

About 1. Og soil sample was w ighed ccurat ly and 

20.0 cml 10.5 nitric acid added. Th mixtur was I ft 

standing on a hot at r bath for 8 hours n filt r· d whil. 

I ot. Aft r cooling to room t mp r tur , th • volum dju d 

50.0 rn 3 ith r. Th lumir ium on ntrntion ll '1\ 

d rmin d u ing n tomic 

Aluminium t olutior u 

ur on ir n ppr 

I • 
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0 · TH RESULTS: 

n lysed in duplicate and two 

d t .rmirwti n mpl carried out. For those samples 

wh r' th duf li t •s did not agree, 2 to 5 determinations 

arri d out, while five determinations were performed 

for· th blank samples. 

The standard deviation for the measurements was 

found to vary from 0.0-1.9~. It was noticed that, for these 

determinations, the best reproducibility was obtained with 

finely ground sample. The complete decomposition of the 

sample and the removal of interfering ions also played a big 

role. 

Since the analysis of fluoride was carried out using 

a Radiometre pH meter which gives potential and orion pH 

meter odel 407A which gives concentration, both pot ntial 

-1 
(volts) and concentration (mg I ) readings w r tak n 

depending on the meter being used. 

Th time of response for th I ctrod wa m int in d 

n 2 to 5 minut s d p nding on th fluorid one ntr· ion 

of tl s rupl • nd th or ntr tion in th 1 r· rou 

rh ly i . For ampl s ith lo luorid 0 c lt th 

rod ook lon r· to bili d t 5 mir ut k n 

,. tor . i 11 tly 
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acetate buff r dilut d 1:1 ft r thorough washings of the 

el •ctrod • with ' ·ll ,. . 

1lil r.1th n .urve u ing the fluoride standard solution 

w Oil v ~ry day b for the sample analysis and frequent 

r calibr tion of the electrode (about 3 times per day) was 

found necessary in order to maintain the accuracy. This was 

also found necessary because of the drifting of the electrod 

after continuous analysis of the samples especially those with 

low fluoride content. 

The variation between potential and log [ F- ] is not 

linear over the whole concentration range. At low fluoride 

concentration, the variation deviates from linearity hence it 

was prefered to use two calibration curves. One for the low 

fluoride concentration ranging from 0. 025- 0. 25 mg 1- 1 with a 

correlation of 0. 9556 and the otter for high fluoride 

- 1 
concentration ranging from 0. 25- 10.0 mg I with a corr lation 

of 0.9999. 



- 54 -

CIIAPT I 4 

4:0 

11: 1 10 

SOLUTIO 

4: 1 : 1 pH EFFECT. 

The pH of the solution was varied by addition of either 

acid or base. Figure 4: 1 gives the results of the pH effect at 

a constant fluoride concentration of 2 mg 1-l. As mentioned 

earlier, hydrogen and hydroxyl ions interfere· with the fluoride 

analysis. From fig. 4:1, it can be seen that, at a lower pH 

( pH<4. 5) there is a negative deviation of the curve. At this pH 

most of the fluoride is complexed while at pH >8 . 20 a positive 

deviation occurs. Above pH .> 8. 2 the electrode responds mainly 

to hydroxide ion. From fig. 4:1, it is apparent that fluoride 

analysis can only be carried out between pH 4. 5 and pH 8. 2 . 

At pH 5.0-6.0, th curve shows that th el ctrod has s•n d 

-1 
only 2 mg I fluoride. 

In th pr sent ork, n asur rn nts curTi d out at 

pH 5.5-5. 7 . This pH dopt d id 

I y u d for r pping hydro n fluorid A ior I n 

di ol in r (pi 5.2- .3) • und h I H 

. - 5.7. t or H r 

(J H . ) nu d 

I l ). 
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4 : 1 :2 EFF CT 0 ALUMINIUM. 

A di u ~ rli r, lurninium interferes greatly 

wi lh th • fu 1 i I • nw ur •m n t. In order to remove the 

lnt ·rl ·r •n •, Lliff•r nt comp l "xing agents have been recommended. 

In thi w tk , liSAB II (containing CDTA as a complexing agent) 

and citrate- TISAB II buffers are cotnpared at different 

aluminium concentrations but at a constant fluoride concentration 

( 2 mg 1-l) . Table 4:1 shows that aluminium interferes greatly 

with the fluor ide analysis. A fact which had been found by 

Eyde ( 1982) and Kauranen ( 1977). Addition of T I SAB II which 

contains CDTA as complexing agent did not minimise the 

interference of aluminium. The data shows that, in pres nc of 

TISAB II, only Jess than 2 mg ,-
1 

aluminium can be tolerated 

whereby 90 ~ of the fluoride is recovered. Thi s means that, once 

. -1 
the sample is suspected to contam more than 2 mg I 

aluminium, TISAB II cannot b us d s a cornpl xing .~ 9 nt. 

The results show that, the problem can b limin t d by adding 

th citrate buff r ( H 6.0) to the solution nd l ttin it 
nd f 1 

t st 2 hours b ore dding Tl SAB II to adju h 1 If nd 

ionic tr· ngth. In pr ~ •nc o citr t h tl.t 

SO mg ( luminium c n b d .h r by 0 fl 01 id 

r 



TABLE 4:1 

Aluminium 
( mg ,- 1 ) 
added I 

0.0 

1. 0 

2.0 

5.0 

10.0 

20.0 

50.0 

100.0 

150.0 

200.0 

250.0 

300.0 

-
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FFECT F A UMINIUM ON 2 mg 1-
1 FLUORIDE 

SOLU T I N IN PI S - NCE OF TISAB II AND 

Fluoride TISAB II CITRATE I TISAB 
-1 0 0 (mg I ) 0 0 

present Recovery Recovery 

2.0 100.0 100 .0 

2.0 95.0 100.0 

2.0 90.0 99.5 

2.0 81.0 99.5 

2.0 70.0 98.0 

2.0 50.5 93.5 

2.0 32.0 90 . 0 

2.0 20.0 73.5 

2.0 16.5 61.0 

2.0 5.0 14.0 

2.0 3.5 .0 

2.0 3.0 8.0 

_I 

II 
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Leaving the sampl ing for t I ast 2 hours in the 

pr sene of itr t blJ ff r h lp in the d complexation of 

flu r <~lurnin ~ t nd also the complexation of 

<~lllllllnillm wtlh ll ' it <.~t' buff ' r. Cone ntration of the citrat 

pluy · an import nt role. When less than 1M citr<~te buffer in 

til 
- 1 

solution \ as used only 1 Omg I aluminium could be 

tolerated and as a result less than 1M citrate was found not 

to be effective. This had been suggested by Shirashi et al 

( 1973) and Kauranen ( 1977). 

4: 1 :3 EFFECT OF I RON. 

Iron has also been cited as a fluoride complexing agent. 

Unlike aluminium, iron does not interfere greatly with fluorid . 

analysis as table 4:2 shows. 
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TABLE 4:2 IRON ON 2mg 1-
1 

FLUORIDE IN 

CITRATE !· 

11 1\ II. 

I ron (Ill) Fluoride TISAB II CITRATE + TISAB II 
-1 

( mg I ) 
-1 

(mg I ) '":, Recovery ~ Recovery 
added present 

0.0 2.0 100.0 100.0 

1.0 2.0 100.0 100.0 

2.0 2.0 100.0 100.0 

5.0 2.0 100.0 100.0 
I 

10.0 2.0 100.0 100.0 

20.0 2.0 99.0 100.0 

50.0 2.0 97.5 100.0 

100.0 2.0 96.5 99.5 

200.0 2.0 93.5 99.0 

490.0 2.0 64 .5 97.5 

In tt pr nc of TISAB II, it i po ibl to to I Ul 

200rng I 
-1 I r·on (Ill) by 93.5 luori 

h nt i r. 

7. n 

0 tr n u 

II 
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Unlik nt::. nd f ods which contain low amount 

of th int 1 rin 1 n oil :)<ltnpl 'S have been quoted to 

< ont,lin hiqh one t•ntr". ltion of th' • interferin9 ions 

Gurn y 19771. Th se interferences can ~'le 

b dding citrate buffer. It was also found not 

n ar·y to adjust the pH to 8. 5 for precipitating out these 

cations so that they could be filtered off as reported by 

McQuaker and Gurney (1977), Eyde (1982) and Baker (1972). 

Since 1M citrate was capable of complexing the cations, it 

was found that at a fluoride concentration of 1 mg 1- 1, a 

suppression of 1 0~ occurs if either 2mg 1-l aluminium or 

200 mg 1- 1 iron are present [ kQuaker and Gurney 1977]. 

In the presence of TISAB II at a concentration of 2mg 1- 1 

fluoride, table 4:2 shows that a suppression of 1 0 ~ occurred in 

the presence of 2 mg 1-
1 

aluminium or 200 mg 1- l iron( I II). 

After adc...Jition of citrate, a suppre - sion of lO C:, occurr •d nly 

above so mg 1- 1 aluminium whil a suppr ssion of 3 w s 

-1 
produced in pres nc of 490 mg I I ron (Ill). 

:2 ooos 
A TS. 

:2: 1 01 

In n 0 riou or Ul n 

un in 
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te hniqu, r produ i ilrty .wd cl ' Ur<.l y of results. It is 

al o not v ry 

<rdc.l • J to 

I Vl • ilv(r p rchlorate (0.4 nmol) was 

in ord r to suppress interference from 

n • p ially chloride which would otherwise oth r· h ll 

n u tr· I i th alkaline layer, thus preventing the reaction with 

th diffus d hydrogen fluoride. This would lower the fluoride 

r covery. Silver sulphate used by Stuart (1970) and Hall (1968) 

could not be used here on account of the high concentration of 

calcium from the fixing agent used in ashing. Sealed vess Is 

h<.lve been used for diffusion but in this work in a c.ordurH , 

with 1arshall and Wood ( 1969), it was found that scaling of th 

dishes in order to avoid losses of hydrogen fluoride was 

unnecessary. Disposable polystyrene plastic petri - dishes w re 

used. It was found that, depending on where th dish s were 

bought, sometimes, it was difficult to achieve a uniform lay r 

of sodium hydroxide on the lid. To avoid thi s , the lids w •r 

wiped with acetone prior to the spread i ng of t 

Xid . 

sodium hydro-

T h d i ffus ion m thod as t i h fluor i 

olut ion ( 1-17 mg I 
-1 fluorid ) nd 0 I y 0 

7. 6-102 Tab I Q:3 giv ry v lu for nd d 

olu io l u in > rch loric id. 

Tt tl r 0 id in 

(1. 

7. 

II 
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TABLE 4:3 F IC I N Y OF DIFFUSION USING STANDARD 

L OLUT ION . 

luori (m ,- 1) M an 0 Recov ery 0 

\ld \ 

1. 0 97.0 + 0 .5 

2.0 99 .0 ± 0. 8 

3.5 99. 7 ± 1.0 

5.0 98.0 ± 0 . 2 

10 . 0 100 . 0 ± 0. 5 

17 . 0 102 . 9 ± 1.0 

Thomas et al 1969] have done. The increase in yield with 

longer diffusion time in presence of silica and aluminium is 

discussed later otherwise 20 hours was found to be a good 
diffusion time. It has been suggested by Eyde ( 1982) th t 

there is a chance of losing fluorid during th addition of 

the acid prior to diffusion du to ef rv scene This w s 

t st d nd tab I :4 sho v lu 0 a in h n st ndar·d 

luorid olutions mix d 0 rum on rcJ 

tr ith p rch oric cid. It foun t, th I 

t l 'rougt in id 

h u y u 

n 8 

no 
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TABLE 4:4 RECOV R OF FLUORIDE AFTER DECOMPOSITION 

___ IUM CARBONATE WITH PERCHLORIC ACID 

-1 Lid luorid (mg I ) Mean 
added ~ Recovery 

No lid 2.0 99.3 .!. 1.5 

No lid 5.0 95.5 ± 1.5 

No lid 10.0 98.5 ± 1.0 

Lid on 2.0 100.6 ± 0.5 

Lid on 5.0 1 00. 1 ± 1.0 

Lid on 10.0 100. 1 ± 0.5 

4:2:2 INTERFERENCES DURING DIFFUSION. 

Workers using diffusion for separating fluoride se m 

generally not to have considered the influence of ven sm 11 

amounts of aluminium and silica on th diffusion rat . Tabl s 

4: s and 4: 6 show the eff ct of aluminium and silicon ,. sp c i ·ly 

on di fusion using p rchloric acid nd ulphuric cid rn di 
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TABLE 4:5 EFFECT OF ALUMINIUM ON DIFFUSION. 

FluoridP (If ) lu111inium (J1U) Mean ~ Recovery 
•• fd< d t-- 4.tlM 112504 4.8 ,'V1 HCIO 

4 

10 100 99.3 .t 1.0 100.0 ± 0.5 

10 200 91.7 -1 1.2 99.5 I 1.0 

10 500 86.7 :!.. 0.4 99. 1 ± 0.8 

1 0 1000 70.8 :t 0.3 99.0 .!:: 0.5 

10 2000 59.7 ± 1.0 93.0 .± 0.2 

TABLE 4:6 EFFECT OF SILICON ON DIFFUSION. 

Mean % Recovery 
Fluoride {J.Jg) I Silicon {J.Jg) 

added 4.4M H
2
so

4 4.8M HCJO 
4 

2 2050 92 . 0 - 1. 0 99.4 - 0.5 

2 5100 87.0 - 0.0 91.6 - 1. 0 

2 10300 86.0 - 1.0 83.2 - L2 

10 lO:.~U tb. .!. 0.4 u.u .!. 1. H 

10 5 00 80.5 1.0 5.0 - 1. 

0 10300 7 . - 0.5 I • 0. 
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aluminium in 20 v g t bl' nd pl. nts in the present work 

(table 5:12) 

180 1350 ~ 

wu 

diffu·i 11 an 

v 

- 1 

( lfl ' 

lhi 

lurninium on entration ranging from 

hi indic t •s that only <675 ~g aluminium 

nly 0. 2- 0. Sg sample was used) during 

did not greatly interfere. At 60°C, the 

diffusion l mperature, silica forms a viscous gel in both acids 

and this leads to trapping of hydrogen fluoride and water into 

the newly formed micellar spaces of silicic acid. This reduces 

the diffusion rate into the sodium hydroxide layer. 

Increasing diffusion time from 20 to 40 hours in the 

presence of 10300 ~g silicon increased the recovery of 1 o ~g 

fluoride from 81.9 to 92.2% in perchloric acid • 

The interference of silica was stronger at higher concentration 

of perchloric acid. Thus values of 66.9, 80.8 and 85.0% were 

recovered for difrusion times 16, 20 and 40 hours respectively 

when the concentration of perchloric acid was 7. OM. As the 

silicon content of plants and vegetables was found to b low r 

than 10000 ~9 9 -l silicon, diffusion time was m intain t 

20 hours for practical reasons. If a v ry iscous g ~r wa 

noticed after diffusion (indicating a high co c ntr tio of ilicon}, 

th an lysi was r p at d using m II r igh . 

r·om t bl 4:5 nd :6, It pp · nt U 

cid g v th b t r ov ry. o c lclum hydr 

ti h n t n nt 

by 

ul 
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4:3 FURNAC- AND OPEN FLAiv1E ASHING. 

4:3: 1 

It 1111 • •n m •ntion •d in chapt r 2 that, some 

fl~rllil • , d p nding on the lining material and time for 

u ·hing, mit fluo·ride and thus contaminate the samples. 

High blank values have also been reported. In the present 

work, a muffle furnace that had been in intermittent use for 

about 20 years was used for ashing and tested for blank 

values obtained during ashing in the furnace and open flame 

ashing. 

TABLE 4:7 COMPARISON OF BLANK VALUES FROM FURNACE 

AND OPEN FLAME ASHING. 

I Ashing method Time Blank valu 

Fluoride (1-Jg) 

Furnace at 600°C 6 hours 0. 23 - 0. 03 

II 8 hours 0 . 3 1 - 0. 0 

II 16 hou r o. Go 0.02 -
Op n (I m 20 mir u t s 0.06 - 0.02 

r·om h t bl , it i ni k 

,. 0 1 nu ir n lm 

Ju 
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COMPARISON BETWEEN FURNACE AND OPEN FLAME 

ASHING. 

Th r ult I tain d wh n samples were analysed 

u ing lhr .. <.Jill•r,nt rn thod <Jre pr•::;ented in table Lt:B. 

hin in th' furnace were done using 30 cm 3 platinum 

b aus ashing using nickel crucibles was often 

incomplete after 6 hours. It was found that after 30 minutes 

(the recommended time) and at 600°C, there was a blac k residue 

Which showed incomplete ashing while at a temperature of soooc 

recommended by Vickery and Vickery ( 1976), it was found 

that, there was alot of overflowing of the salt especially the 

tea samples and this introduced a big error. 

From the values given (table 4: 8), it can be noticed 

that in almost all the samples, the values increased significantly 

(20-80%) when ashing was performed on an open flame using 

Meeker burner instead of in the furnace. Th s s rnpl •s 

Were also found to contain a substantial concentration of silicon 

for example, pumpkin leaves (Cucurbita p po) contain d 10300 

~9 g -l silicon. It has be n pointed out that, 'm )I cont ininc 

silica should b fused with odiurn hyd oxid l 0 I chi:J 1 1 t 

or pot sium hydroxld (Hall 19 r A , 
k bu1 n r ith fin hort ly h 

t ur (800- 850°C) o r u 0 

I h ilic 

u 
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~ COMPARISON BETW EN ASHING/D IFFUS ION METHODS 

AND OXY G N 

c urry powder 

T ea leaves * 1) 

2) 

I Celery _Apium 
g_raveolens 

P~rnpkin leaves 
~rbita pepo 

~rbita sps 

·Sora ~urn nigrum 

~ate ' Brassica 

~ 
Cabb 
~ Brassica 

Sporabolu s 

A rna 
~ 

p io 

A MFTI!OD. 

- 1 luoride {!Jg g ) 

As h ing in the 
fu rnace 

( 6 hou r s ) 

9.9 ± 0.3 

256.0 ± 1.2 

349.6 ± 0 

6.1 ± 0 

10.6 ± 0.1 

4.5 ± 0.45 

28 . 1 ± 1 . 0 

14.6 ::t 0. 1 

4.7 ± 0 .1 

51. 6 - 1.2 

9. 2 - 0 . 9 

7 . 2 - 0.01 

95.6 - 1.5 

Ashing on 
Meeker 
Burner 

(20 minutes) 

9.4 :t. 0.1 

6.3 ± 0.12 

18.9 ± 0.5 

7.1 + 0.4 

30.0 ± 0.1 

14. 2 - 0.1 

5 . 5 - 0 . 2 

59.0 - 0 . 1 

1 .8 - 0 . 1 

9.1 - 0.3 

9 . 8 0. 

om t o 

Oxygen flask 
Combustion 

10.4 + 0.4 

265.0 :t. 5.0 

345.0 l. 5.0 

26. 3 + 2.3 3 

32. 2 .!: 3 .0 

23 .0 0. 1 

59 . 6 0 . 3 

12.0 .o 

- 0 . 5 
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silicium- oxy - flu rt whi h binds fluorid more strongly. 

How v r, thi w rk how th t wh n using calcium hydroxide 

whi h i d f1 and a moderate increase of 

t •rnp •t tur th last 5 10 minutes resulted in an 

in y i ld rather than a loss. Samples with low silicon 

cont nt gave similar results with both ashing methods. 

I 

Ashing l.Og of a hay sample (containing 3400 ~g g - 1 

silicon) alone or spiked with 10- 80 ~g fluoride gave yields 

which increased with increasing temperature (up to asooc) 

during the last 10 minutes period. With this calcium hydroxide 

matrix, the yield of fluoride did no decrease when the heating 

was maintained at this higher temperature for 20 minutes or 

if an even higher temperature was applied with the whole nickel 

crucible red during the last 10 minutes. Heating too long at 

too high temperature might increase the blank s and would 

shorten the life of the nic k el c rucibl s and th r for as h i n 

was stopped a fter heating for only 5 minutes at a ou t ssooc . 

OX YGE 

Som luorid v lu obt in d by 0 y n 

combu ion m 0 in 

0 lo hi 0 

(30- 0 ) k n 
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method. So f r tt i di n. p n y r •mains unexplained but 

th mpl m nt in vol tile organic compounds that 

urin 11 r 1ng inc the ashing temperature is high 

'llOU h h arbon fluoride bonds. Th blank value 

us in o yg n flask method was found to be 0. 031 1-1g fluoride 

and this allows even low fluoride values to be determined using 

oxygen flask method. 

4:5 COMPARISON BETWEEN OPEN FLAME ASHING AND 

DIRECT DIFFUSIO METHOD: 

Hall ( 1968) suggested that, with most plants, the total 

fluoride is also the diffusible acid-labile fluoride. Taves ( , 983 ) 

analysed 93 individual foods comparing : 

i) an ashing method with magnesium chloride as a fixing 

agent followed by diffusion with hexamethyldisilox n 

( H DS) at room temperature with 

ii) Direct diffusion without pr vious sling. 

After ashing .only thr e sampl found to 1 v v lUI 

th n 25 ¥, high r than tho obtain by di•· ct diffu ion. Si 1 ,. 
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TABLE 4:9 COMPARISON OPEN FLAME ASHING AND DIRECT --------
Dl U I N. 

-
Fluoride 1-'9 9 

- 1 
~ Fluoride 

<llllpl \ dir ct 

Ashing on Direct Diffusion di ffw;ion 1 

eeker Burner 5.8M H
2
S0

4 
ashing 

~ 

*TN1 258.0 ± 1.5 251.0 ± 1. 0 93.3 

*TK1 (dust) 256.0 ± 1.0 250.8 ± 0.5 98.0 

*TC2 289.0 ± 0 270.9 i. 0.2 93.7 

Tea from Sweden 204.5 ± 0. 1 168.0 ± 0. 1 82.2 
market 

Lettuce 9. 1 ± 0.3 6.6 ± 0. 1 72.5 
. ~ctuca sativa 

I Pumpkin leaves 18.9 ± 0.5 4.4 ± 0.0 23.3 
~curbita pepo 

~m nigrum 30.0 ± 0. 1 18. 1 ± 0.5 60.3 

'<ale 14.2 ± 0. 1 6.2 - 0.4 43.7 
.~ 
~ 
Cabbage 5.5 - 0.2 2.5 - 0. 45.5 
~ca oleracea 

T a mpl 
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are pr sent d in ~: 9. Th values found for five 

v tab I rllf I • n tly d by dir ct diffusion were in the 

rc.Hl f th • valu s obtained with the ashed method. 

Only for th . •a m I •s did direct diffusion give nearly the 

m yi ld ( 82-98% of the ashing value). From the present 

results, it can be concluded that, most of the fluoride in tea 

leaves is acid labile and easily extracted while in other plants 

and vegetables, a large portion of the fluoride is covalently 

bonded to carbon and not accessible by direct diffusion. This 

fluoride which is covalently bonded to carbon needs to be 

fused with an alkali before diffusion in order to make it acid 

labile. 

4:6 ..:...:..::~:....::...:::..:..:...:~:..:.:...:......::..:....::..:..::..:.=..:..:..~------FLA ~S H 1 NG. 

In order to investigate the r cov ry 1 sodium flu rid 

standard was added to some samples b for ashing. A n 

from table 4: 1 o below I the r coveri s rang d 74 o 03 

Hay and pumpkin leav s \ ith high silicon cor 

r co ry (74 - 93 ) th n th' oth r 

'Orn 93- 03 . Th r mpl 

I y U of g noti d 

nd 

mpl 

r di u 10r 

I ic g v 

i I 

Tf 

k1n 

lo ,. 

0 

0 

y 

r 



- 73 -

I._ABLE 4:10 LUORID ADDED TO SOME SAMPLES --RECOV R 

PRI II INC ON OP N FLAME. 

,_ 

11npt , Fluoride in Fluoride 
Recovery a 

Sample added 

(~g 9 1 ) 
,___ (~g) ( ~) 

Hayb 1. 25 5 81.2 I 1.9 

" II 10 88. 1 I 2.0 

" II 20 91.2 -t 1.5 

" II 80 94.5 ± 1. oc 

Pumpkin leavesd 18. 9 5 77.3 .t 1.7 
~urbita pepo 

" II 10 74.0 .!.. 1.0 

~an thus hybridus 11.8 10 97.0 - 0. 1 

Lettuce Lactuca sativa 9. 1 5 92.8 1.5 

" II 10 102.7 0.5 

l<ar Brassica intergri fol@ 14.2 5 11.0 . 0 

II II 10 . 0.7 

) . b mpl r·om n nd t nd rd d viation (n = 
i r i r AI. 

c 
0.31 Si, 0.08 

mpl or dt 

n nt .o I. 
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To study if th fluorid was r tained by the nickel 

crucibles, tho u d for ashing of the spiked hay 

mpl in t lbl II : I l ( - 80 IJ fluorid' added to 1g sample) 

w 'r clr full h with wat r after withdrawing the required 

"Ill I f lh lution for diffu ion. About 0.2g of 

diurn hydro ide and a few drops of water were then fused in 

th covered crucibles by heating for 1. 5- 2.0 minutes on a small 

flame. The melt was then analysed by diffusion as a Sdmple 

using only 1 cml of acetate buffer diluted 1+1 to dissolve the 

alkaline layer on the lid. The amount found was 1.8':, (mean of 

8 analyses) of total fluoride present at ashing, independent of 

the quantity of fluoride added to the hay. Obviously, it is 

necessary to clean the crucibles between ashing. For cl aning, 

potassium hydroxide was prefered to sodium hydroxide b caus 

the melting point is lower and thus the at ack on th cr ucibl 

Will be less serious. 

The expected sum of loS!:> ,s c us d Y th r t ntion o 

fluorid in th crucibl s and t pr lurninium 11 

ilicon at diffusion amoun s to abou 7 for y I d 13 

Pumpkin I s. For h y, h ·y 0 

r Ot r r1uch from 
r 

r o 
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Y OR THE ANALYSIS OF LABILE 

m thods for labile fluoride extraction 

xtraction was compared with ammonium 

tr· tion. The latter method was studied more in 

d t il and it as adopted since in some laboratories, it had been 

used to extract chloride, sulphate, phosphorous, calcium and 

iron available to plants. Urumova et al ( 1982) suggested that , 

sodium citrate-EDTA mixture gave the best results for the 

extraction of available fluoride. Therefore, the ammonium 

lactate method was compared with Urumova's method. 

4:7:1 SOIL PROPERTIES: 

Four different soils namely:- Medium clay, 

organic, loam silt and sandy loam w re taken a d sorn of th 

characteristics determined as shown in t bl 4:11. Th s soils 

re u ed to establish a technique for th x ractio il 

fluorid u ing ammonium I c olu io [ L r n and iddow on 

971]. 



n 

: 11 so 

7.2 

.3 

.0 

r oil 

CHARACTERISTICS OF SOl L SAMPLES USED. 

Org nic 
att r 
% 

3. 3 

73 

3 .2 

1. 9 

Clay Ammonium Lactate (J,Jg g - 1) 
Matter ~----.---.....----

% p K Ca Mg e 

25 - 40 112 3850 2400 420 226 

0 14 135 3420 252 5150 

5- 15 164 130 350 23 156 

2- 5 73 125 660 24 176 

19 . 3 03 

5.0x1 0 3 

7.5x10 3 

6.5x10 3 

-1 
(1-J g 9 ) 

Fe 

SO . Ox 0 3 

31 . 0x10 3 

29.0x10 3 

12.0x10 3 

ho n b ca use they ha ve di e rsified properties especially the factors which 

h mo nt o f fl u o r ide r e leased in t he soil namely pH, organic matter and clay matter. 

Si 

78 

240 

250 

130 
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4:8 COMPARI N SODIUM CITRATE- EDTA AND 

AT -TISAB II AS EXTRACT ING 

Ml l I 

DTA has bc~n cited by Urumova et al 

(I 8 ) lh b xtracting media for the labile fluoride. 

th sodium citrate- DTA and TISAB II have been widely used 

as buffering and complexing agents in fluoride analysis. Many 

workers have complimented sodium citrate to be the best 

complexing agent for aluminium which interfet·es with the fluoride 

analysis. In the experiments of soil analysis, sodium citrate is 

added to the extract and left standing for at least 2 hours. 

This is to allow its complexation with aluminium to take place. 

Since Urumova et al ( 1982) have quoted sodium citrate- EDT A to 

be the best extracting media, it was thought necessary to 

compare the extracting capacity with that of sodium citrat -

T I SAB II which has be n U!> d in th se exp rim nts as 

complexing agent. Urumova et al ( 1982) r comm nd d a h kin 

p riod of 20 minutes and th n let i t s nd or 4 h ur s. 

1i work ho d t l t 1 hour sh kin tim 

omp r d o 20 minut h kin lu h llr ) 

r ul ho n in bl 

our 



tl p 

0 

OF SODIUM CITRATE- EDTA AND SODIUM CITRATE-TISAB II (1 :20 w! v). 

- 1 Amount of Fluoride Extracted ( ~g g ) after 

1t hour Shaking 20 minute Shaking 
+ 2hr standing 

Sodium Citrate­
DTA 

53.6 

11.7 

11.6 

Sodium Citrate­
TISAB II 

1 1 . 2 

39.8 

11.9 

13. 1 

Sodiu m Citrate 
- TISAB II 

11 . 7 

48.2 

12.3 

9.7 

Sodium Citrate 
- EDTA 

11.4 

39.6 

12.0 

9.0 

Sodi m Citrate 
-ED TA 

10.2 

42 . 4 

10.8 

7.9 

-...! 
co 



- 79 -

Extraction of th ml u sing 20 cm 3 of sodium citrate-

D T A for II h tu· 0 min11h CJdV a very viscous deep 

brown olution, n indication that some organic matter was 

.i19 • l •d ilnd th i might interfere with the electrode. Hence, 

it was not advisable to keep the solution standing for 4 hours. 

To reduce the viscosity and the brown colour, the volume of 

the extracting media was increased from 20 cm 3 to 40 cm3. 

This also helped to extract more labile fluoride from the soil 

sample. The data obtained is given in table 4: 13. Apart 

from the organic soil where the fluoride increased by s. a ~ and 

sandy loam ( 1 s. 7%), the amount of fluoridE: in the other two 

soils increased with a factor oreater than SO%, showing 

that, most of the available fluoride is left in the soil when a low 

volume (20 cm l ) is used for extraction. 

TABLE 4:13 

Soil Typ 

oil 

It 

THE A OUNT OF FLUORIDE RELEAS ED USING 

20 cm 3 A D 40 cm 3 SODIUM CITRATE-EDTA. 

Amount of luot'id -1 
g } 

20 cm 3 LIO cm 3 

11. 18 2 

53.6 • 7 .8 

.7 1 . 
11. 1 . ' .7 



Th refor , 40 m 

h kin w u 
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dium citr t -EDT A and 1 t hours 

in th oth •r experiments. It was also 

con lud d th t, odium citrate TISAB I I can be used as an 

lrucling m dium instead of sodium citrate-EDTA since they 

gav similar results. 

4:9 

4:9: 1 

EXTRACTION USING AMMONIUM LACTATE SOLUTION. 

SOIL:SOLUTION RATIO. 

Different soil: solution ratios were considered in which 

the volume was kept constant ( 100 cm 3 ) and the amount of 

soil varied accordingly. From fig. 4:2, it can be seen that 
I 

there is a progressive decrease of the amount of fluoride 

extracted in all the four soils used. As the amount of soil is 

increased from 1. Og to 5. Og, the total amount of fluorid 

extracted decreased. Although 0. Sg sampl would giv high 

total fluoride content, it was thought not to be a good amount 

to use because the electrode took along tim to st biliz 

during m asurement. This may lso gi 

,. adings fall in th 

ld thought to b 

non-linear r gion. 

th b mount c u 

bi nc th 

u d 

it 9 ui · b 

r·, ding In ddition, 

ior , 1. Og 

h oil ont In h or nt, i n 

lo • m un th 

rir ion . 
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to be establi h d . Th hort r th tim , the better the 

m thod p i II wh n m ny ' amples have to be analysed .' 

It c.1r1 m tabf • 4: 14 below that, the amount of 

fluori ' tr ct d increases as the shaking time increases 

up to 2 hours. But the increase is not ve ry big. 

TABLE 4:14 
- 1 

AMOUNT OF FLUORIDE (J.Jg g ) EXTRACTED 

AT DIFFERENT SHAKING TIMES. 

Soil 
Shak ing Time (Hours) 

Sample 
1 1 H 2 4 

' 2 

Medium clay 50.0 55.5 58.0 58.5 57.5 

Organic 128.0 150.0 152.5 153.0 153.0 

Loam silt 43.5 50.0 55.0 56 . 5 55 . 5 

Sandy loam 30.0 35.0 37.5 37.0 36.0 

l 

After 2 hours, increas of th sh ing tim did not h v , n 

ff ct on the fluorid d. Thi indic lh t. u 

quilibrium is attair d b for 2 Th r 01· 

1 ~ hour tak n to b t 1 b 

Sho, t ,. tim 
f r 

mpl y 

h in 
n 

) 
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comparison with 5 y · h king w s thought to be too long 

' P • i~lly If Ollt' i d •aling with many samp les. The 

quilibrium lso <:lttained very quickly before 2 hours are 

ov 'r and h n e shaking for a longer time does not improve 

th results. 

4:9:3 CO 1PARISON OF EXTRACTING MEDIA: HYDROCHLORIC 

ACID (1M), AMMONIUM LACTATE, SODIUM CITRATE­

EDT A AND WATER. 

The data showing the amount of fluoride extracted from 

1. Og soil sample by different extracting media and shakrng for 

1 t hours is given in table 4: 15. From the table, it car be seen 

that, the amount of fluoride extracted increases with the 

increase in the acidity of the extracting media. Wat r giv s th 

lowest amount of fluoride content and this is the most avail bl 

fluoride for the plants in the soil. Comparison of rnmoniurn 

lact te and sodium citratc-EDTA methods sf o s th t, th mount 

of fluoride released increased by a facto gr r th n 2. 7 in 

th ammonium I ctat than in odium citr olution. 

Th diff r nc may b tt ribut d 0 th di nc pH o 

th t 0 
hicl r pH - 3. 75 or 

ofu· ion nd pH = 6.0 for odium 

lu ion d I l h 



TABLE IJ: 15 

._ 

Soil 
Sample 

Medium clay 

Organic 

Loam silt 

Sandy loam 

'-- -
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rLUORID (f-19 g -
1 )OBTAINED 

_W.;...I _;......;;..;..;...r R NT EXTRACT ING MEDIA . 

A UN 0 

1 HCI Ammonium Sodium citrate 

pH=O lactate - EDTA 

pH= 3. 75 pH 6.0 

147.0 58.0 18.2 

226.0 152.5 56.7 

139.0 55.0 19. 6 

114. 6 37.5 13. 4 

Water 

20.0 

28.0 

9.0 

3.0 

higher than that found with ammonium lactat , which indicat s 

that, the soils contain some fluoride bearing minerals which 

Will release fluoride when extracted in 1 ' hydrochloric acid. 

For organic soil, the fluoride increased 1' tim s wh n xtr.actcd 

With hydrochloric acid. 

Ammonium lactate as m ntion d arli r, h b n u d 

in oth r laboratori 5 to extract v riou ion from th oil in 

Ord r to d t rmin th amount of th s ion il bl 01 pi ll 

of 1 bil luor·id in th oi u in 

tt . r fot COlJI b don in tf " 
oth r ion • rom 
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aluminium as shown in t bl 4:11, while other soils had lower 
valu s. It i from the table 4:16 that, medium 
clay oil h ts lh "i h t mount of iron but low levels of 

ilicon. h moun of th se ions released in ammonium lactate 
solution during extraction are low and hence do not interfere 
with the fluoride analysis because they are complexed by the 
buffer. 

Some Kenyan soils were also analysed for the labile 
fluoride and the data is presented in table 4:16. As observed 
from the previous soils, the fluoride extracted increases with 
the increase in the acidity of the extracting media. The data 
shows that, the amount of fluoride in 11 of the samples 
extracted with hydrochloric acid increases by a factor of two 
in comparison to the amount extracted with ammonium lactate 
solution. For the other three samples, the amount of fluoride 
increased three times. It has been previously pointed out that, 
most of the fluoride in volcanic soils is water and acid labil 
and this may explain why th re is no big differ nc in the amount 
of fluoride extracted by both ammonium I ctat and hydrochloric 
cid. 

Both nd odium citr - DT A rn di. g v lo 
luor·id cone ntr tion in comp ri on to h o h r t o but 

iu v lih lu lhn c1on. 
Tt co ir ' c ium 

n 



Soil Org nic Ammonium Lactate Nitric Acid Fluoride Extracted Using 
u pH t t r Extraction Extraction 

p K Ca Mg Fe AI Si Water Ammonium Sodium 1M HCI 
Lac ate Citrate-

EDTA 

4.5 30 1250 2020 420 4000 2900 120 12.6 91.7 16 . 3 147.3 

.8 3.2 80 1600 1840 226 2200 1900 85 13 . 8 82.0 6 . 1 136.7 

I y 7.0 7.8 40 900 3200 580 1600 1400 105 14.7 86 . 0 15.6 135.0 

s. 2.8 30 515 1960 360 3300 2400 125 9.7 92.7 18.9 153.7 

5.2 60 1300 3600 268 3000 2400 115 12.4 88.3 19 .0 153.0 

.s 5. 1 12 1000 3800 380 4000 2900 130 10.9 86.0 17.0 157.0 

8.0 IJ.O 51 2200 20600 360 2800 2600 185 41.7 282.0 102.5 937.7 

5. ILS 30 700 1120 216 7700 10400 135 6.9 78.0 11.9 116.7 

5.8 6.9 34 300 1380 340 8300 8200 185 6.6 74.0 11.6 115.0 



Cl 

ol Ammonium Lactate 
pH Extraction 

p K 

7.7 2.5 54 480 

5.0 0.9 20 265 

7.9 1.8 77 335 

.3 5.2 340 850 

5. 3.6 20 405 

-1 
II one ntr tion values in ~9 g 

Ca 

6400 

1120 

9800 

5000 

1820 

Mg 

420 

252 

460 

480 

250 

Nitric Acid Fluoride Ex racted Using 
Extraction 

Fe AI Si Water Ammonium Sodium 1M HCI 
Lacta E Citrate-

EDTA 

2100 1900 150 18. 1 83.7 20. 1 222.3 
0: 2300 2300 11 0 7.4 86.0 8.4 144.3 ..... 

3200 3600 155 38.9 143.0 47.7 394.5 

6000 4200 220 7.9 89.0 17.9 158.5 

8900 3600 120 6.9 84.0 15.5 156.7 
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amount of fluorid, ith , II th xtra ting media in comparison 

to the oth r oil m I 

Lj: I u R XPER IMENTS. 

1 n order to investigate the recovery, sodium fluoride 

standar·d was added to some samples before extraction and the 

amount of fluoride recovered is shown in table 4: 17 below. 

TABLE 4:17 

Soil 
Sample 

Medium clay 

Organic 

Loam silt 

Sandy lo m 

As c n b s 

0 

r 

77. 

FLUORIDE ( 'b ) RECOVERED USING AMMONIUM 

LACTATE MEDIA. 

-1 
Fluoride (J.lg) added Fluoride (J-19 g ) to 

present in the 1. og sarr1ple 
sample 

50 100 200 

58.0 80.0 87.5 83.8 

152.5 94.0 90.0 93.7 

55.0 91 . 4 92.5 96.7 

37.5 100 . 5 97.0 95.0 

n fr·orn th t bl bo I ap rt from cl y oil ht 

0 r·y ' 0 I th otl t il c v 

rom 90 0 00 . ium 

0 tl lu nt. In 

n 
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low recovery of fluor i c in m dium cl y soil. It is also 

app r nt thi.lt, th fluorid r covery is achieved from 

th m fy il. mmi ( 1953) proposed that, when fluoride 

udd d into th • !)Oil, it is bound and hence not easily 

r cov r d. His poor recovery was due to the fact that, after 

adding the fluoride standard to the soil, the samp le was left 

standing for a few days. During this time, complexation of 

fluoride by other ions may have taken place. Preliminary work 

carried out whereby fluoride was added into the soil as sodium 

fluoride solution mixed thoroughly and then dried at 37oc 

showed that, after leaving it for 1 day I less than so~ fluoride 

was recovered. Huang and Jackson (1965), Perrot et al 

( 1976) also reported that, added fluoride in the soil b com s 

immobile and hence not easily extracted. 
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CHAPTER 5 

5:0 FLUORJD- N NTRATION IN VEGETABLES , 

5. I CONCENTRATION IN VEGETABLES: 

In this section, values of fluoride in vegetables 

collected from various parts of the country are reported. 

The samples were analysed by open flame ashing followed by 

diffusion method. The values of the fluoride concentration 

are reported in table 5:1 as the range in brackets, mean and 

the overall mean while the actual fluoride concentration is 

reported in Appendix l. 

5: 1 : 1 TERERE {AMARANTHUS): 

Amaranthus has fluoride concentration ranging from 

4.21-16.25 JJ9 g 1 and an overall mean of 7.82 1-'9 g - 1 exc ·pt 

for two samples which had a fluorid cone ntra ion of 

0.42 JJ9 
-1 -1 

g and 0. 89 JJ9 g Sampl s rom ru w ., 

coli c ed along ru- 'anyuki high ay ·h h y h d b n 

int 1 pi nt d with pot s. Ap r t from tt ir flo n 0 

vole nic oil on h (m inly rom t. ) lh 

hu might 
fluo ·id li r • 

hi c or· mi ht 
lu n 

or o 
T 

J • 

I. 
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TABLE 5:1 FLUORIDE CONCENTRATION (!Jg g -
1

) IN VEGETABLES 

Locality 

Kiambu 

Thika 

8. 17 
(7.90-8.50) 

5.28 
(4.72-5.83) 

Rift Valley I 8. 57 
(0.89-16 .25} 

Molo 

Njoro 

Njeri 

Kirinyaga 

Nairobi 

Embu 

Kisii 

Kisumu 

15. 19 

9.41 
(8.32 - 10.50) 

0.66 
(0.42-0.89} 

7.37 
(5.30-11.84) 

9.20 
(8.94-9.45) 

9.41 

12.07 
(11. 8- 12. 5) 

.s 
(5. - . 3) 

ENT LOCALITIES. 

Cab bag 
§rassica 

oleracca 

0.70 
(0.42-0.92} 

1. 51 
( 1. 29-1. 79) 

6. 11 
(5.04- 7.80) 

1. 45 
(0.91 - 1.83) 

0.98 
(0.56-1.32) 

0.58 
( o. so-o. 71) 

1. 68 
(1. 12-2.40) 

7. 03 
(6.24-7.82) 

15. 0 

{ 

Pumpkin leaves 
Cucurbita 
~ 

9.16 

3. 14 
(2.49-3. 78) 

8.29 
(1.14-1 8.98) 

11. 19 

12.17 

5.63 
(5.23-6 . 14) 

3.00 
(2.48-3 .51) 

1. 33 
(1.21-1.45) 

9 . 61 
{8.64-10.57} 

4.6LI 
(2.94- .34) 

3.82 

.33 
(8. 8- 7 

( . 

( 

Kahurura 
Cucurbita 
~ 

5.88 
(3.21 - 7.33} 

3.71 
(3.11-4.31) 

7.87 
(6.88 - 9.62) 

3. 9 
(3.4 - 4 . 5 ) 



TABLE 5:1 CONTINUED 

Locality 

K iclmbu 

Thika 

Rill V.JIIey I 

Molo 

Njoro 

I 

Murang'a 

Nyeri 

Kirinyaga 

Nairobi 

Embu 

Ki ii 

Ki umu 

1. 74 
{0.87-2.79) 

1. 37 
(0.84-1.74) 

4.65 
(4.56-4.74) 

2.70 
(2.30-3.10) 

6.42 
( 1 . 30-11 . 54) 

8 .0 1 
(5.69-10.32) 

8.22 
{7.96-8.47) 

. 35 
(3.95- .75) 
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l ·ttu 
LJctuca 
tivJ 

6.03 
{3.01 -
9.05} 

G.J9 

MJn<.~gu 

So lanum 
nigrum 

3.82 

2. 9LI 

(2.73- 3.14) 

Spina h 
.Spinacea 
oleracea 

Kale 
Brassica 

integrifolia 

4.29 5.28 
(1.68- 10.32} (0.48 - 14.68) 

4.3 3 1. 29 
(1.14- 1.43) 

1U.G~ 3.07 3.71 
(1.30-5 .69) (7.32 - 29.98) (1.G8-5 .3G) 

1. 44 

3.88 
(3.25-4.50) 

2.86 
{2.45- 3.28) 

0.42 
(0.31-0.52} 

0.95 

4.38 
(3.92 5. 12} 

3. 73 
(0.42 - 7.80) 

0.67 
{0.40- 0.86} 

14.69 5.89 
( 13. 63-1 5. 75) ( 1 . 35- 1 0. 06 

4.33 

1. 73 
(1.18 2.27 } 

2.68 
(1.92 3 .88} 

.77 
( 0 . 11 8- 3 . 0 6 ) 

1. 49 
(0.48- 3.90} 

1 . 11 
(0.31 - 2.32) 

4.59 
(2.9 - 6.2 ) 

2.19 2.83 
.85-2.52} (0.52-5 . 01) 

( 7 • 

• 7 ' • 3 

1. 73 
(1.5 - 1. 

• 7 

( . 
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5: 1:2 CABBAGE (BRASSICA OLERACEA): 

Cabb g rnmonly u:s d vegetable in most 

hom t •a Is. I h • llJ td • con ntration ranges from 

O.LI2 15.10 p - I ith an overall mean of 2. 92 pg g - l. 

Th fluodd cone ntration of cabbage was found to be 

gen rally low except for the samples from Kisumu, Embu 

and rift valle y with a fluoride concentration of 15.10, 

6.24-7.82 and 5.04-7.8 J,Jg g-
1 

respectively. The samples 

from rift valley were collected at Kaptombesi where it was 

irrigated by one of the seasonal springs draining into lake 

Bogoria. Fertilizers might also have contributed. Generally, 

cabbages have very low fluoride although a value of 

18 J,Jg g -l has been reported from Kericho [ Owuor 1985 J. 

This value is thought to be on a higher level. Cabbage 

have been reported to be capable of accumulating up to 

297 J,Jg g - 1 fluoride [Sherlock 1984] wh n grown n r a 

fluoride emitting industry. A value of 9 · 6 J..l9 g -l fluorid 

was recorded (Waldbott 1978, Jon 1971]. 

5: 1 : 3 LEAVES (CUCURBITA P PO): 

In th p t, pumpkin I v 

p ci lly in ur r g' . T y d or· m 

00 to h r. Pumpkir 
ound o ont in 

ub t n m ur 0 lu rid rom • 1 -

lh n o n o 

- 0 ~ 

- 1 
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present work. Th 9 nd siz of the leaves did not show 

a big d i ff • r n t1. I y of young leaves and old leaves 

(pick d rom th m pi nt) gave 6. 75 and 7. 32 1-1g g - 1 

fluorid' r p ly. Th ~ sample with the highest fluoride 

( 
- 1 

18. 98 1-'9 g J as picked from Kijabe which is in the rift 

valley hence high fluoride in the soil. 

5: 1:4 KAHURURA (CUCURBITA SPS): 

This plant belongs to the same family as the cucurbita 

pepo and recently it has gained a lot of popularity for mashing 

food replacing the pumpkin leaves. It gave a fluoride 

- 1 

concentration ranging from 3. 11-9.62 1-1g g and an overall 

-1 
mean of 5.80 1-1g g The sample with the highest fluoride 

-1 
concentration ( 9. 62 1-1g g ) was collected from Nairobi 

(*Kariobangi sewage) area where sewage sludge a nd effluen t 

ar·e used. This might have contributed to th high fluorid 

concentra tion pr sent. Cucurbita sps was found to ccumulc t. 

almost the same amount of fluoride as pumpkin I v h r 

grown in th same ar· a. For x mpl , th 

7. f ' JJ 

fluor·id . 

ngi 
h 

lu 

mpl 

- 1 
9 

Oil t d 

hil 
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5: 1:5 KUNDE (VIGNA UNGUICULATA): 

Kund mmonly ll d as a vegetable. Table 

5:1 show th t, th lu rid cone ntration ranges from 1. 30-

11.54 pg with th man ranging from 1.37- 8.22 J.Jg g - 1 

c.lnd th 
1 

m n of 4. 90 !Jg g for twenty three samples 

cull ct d. Two samples were exception with a fluoride concentra-

. -1 
tron of 0. 84 and 0. 87 f.Jg g as shown in appendix 1. The 

-1 
sample with the highest concentration ( 11.54 JJg g fluoride) 

was collected from Kirinyaga in a rice farm. In this farm, the 

soils are highly irrigated and are kept constantly wet. It is 

possible that, this type of irrigation makes the inorganic soil 

fluoride to be readily available to plants. The next sample with 

10.32 J.Jg g- 1 fluoride was collect from Nairobi area (Kariobangi 

sewage) where the sewage sludge and effluent might have 

contributed to high fluoride. 

5: 1:6 LETTUCE ( LUCTUCA SAT I VA) : 

Lettuce has been reported to b good accumul tor 

of fluoride and it is capabl of ccumul ting from 0. 1 p 
- 1 

-1 
fluoride (normal valu !>) to q4 J,Jg 9 fluorid h 

n r fluorid Hitting indu r·y I ' ld 0 1 78]. 

lu from diff r nt b n r rt d Jo 

972). Th pr nt ork 

ti n i ro ( 3. 01. 
h t 

n nty 1m hi h r u 

:7 
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samples, from Kiriny g nd MoJo (rift valley) with a 

fluorid con ntr tin f 0.31 - 0.52 IJ9 g - 1 and 1.44 J,.Jg g - 1 

r sp' tiv •ly. J h .... 11npl • with the highest fluoride 

con •ntrt~tion o 
- 1 

. 8 IJ9 9 was collected from lake 

Bogoria park. The lake has a fluoride concentration of 

1200 mg 1- l ( Njen9a 19821 and this may explain the high 

fluoride content in the sample. 

5:1:8 SPINACH (SPINACEA OLERACEA): 

Spinach has been reported to be a good accumulator 

of fluoride when grown near fluoride emitting industries. The 

reported normal value for spinach is 2. 82 J,.Jg g - l fluoride 

[ Kumpulainen and Koivistoinen 1970]. The present work shows 

that the fluoride concentration varies from 1.35- 10.32 J,.Jg 9
- 1 

with the exception of three samples with fluoride cone ntration 

-1 

1·anging from o. 40-0.95 IJ9 g The sample with th high st 

- 1 

fluoride concentration ( 10.32 J-19 9 ) was collect d fr·om 

Kiambu (Thindigwa coff e es ate} wh r th • w t r us d for 

irrigation had high fluoride cone ntr·ation. Pr iou wo k 

ho d th wat r to contain 10 mg I fluor id 

Th amount 0 fluorid ccumul t d hi 

hi h r th n th I por·t d norm 

hi h fuo id on ( 1 • 0 fJ 

Unlik oth r 

in on ir 

82J. 

3. tim 

- 1 
). 

ur 
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5: 1 :9 KALE (BRASSICA INTEGRIFOLIA): 

Thi is th mo::;t omrnonly eaten vegetable in Kenya. 

It mainly .1t n t th r with ugali. Fluoride values range 

fr 111 0. ~1 - lll.llll ~H 
- 1 Values ranging from 

7- 55 p 
- 1 . g fluonde have been reported [ Owuor 1985] and 

this is thought to be on the higher side. Sample with the 

high ~st fluoride concentration ( 14.68 1-19 g - l) was collected 

from Kiambu (Thindigwa coffee estate) and might have derived 

the fluoride from the water used for irrigation. Samples 

from Meru and Embu also had a high fluoride concentration of 
-1 5. 73 and 5. 01 f.J9 g respectively. Values for Kale have 

-1 been quoted as 0.16-3.0 IJg g fluoride on a fresh weight basis 

[Jones et a I 1972] . 

5: 1 : 10 OTHER VEGETABLES: 

These are rare vegetables and are available only at 

various places. The fluoride concentrations of these veg tables 

are present d in table 5. 2. 

Tl samples contain high fluorid cone ntration ranging from 

2 . 29-32.83 1-1g g-
1 

fluorid Borag (32.83 1-'9 g- 1 fluorid 

from omb sa ha h high st uorid cone ntr tion folio cJ by 

nugr k (18. 9 1-' 
-1 - 1 g ), p kiri (11.21 1-'9 9 ) ,n I 

( 3.9 ) . 



TABLE 5:2 

Lo .. lity 

Rift Valley 

Nairobi 

Kisii 

Kiarnbu 

Kisumu 

Embu 

Nyeri 

Nairobi 

Mombasa 

Ny ri 

omb sa 

omb 

omb 
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- 1 NTRATION (pg g ) OF OTHER 

V G lA 

Sample 

Fenugreek 
Trigonella foenum graecum. 

Thageti 
Gynadropsis gynandra 

II II 

Cerely 
Apium gravealens 

A path 
Corcharus aloitaris 

I 

Borage 
Baraga afficinaris 

tl II 

II II 

II II 

Togora 
Erucastrum arabicum 

chunga 
Luctuc 

Fluoride 
- 1 

(J-19 9 ) 

18.65 

10.05 

2.29 

6.30 

13.99 

3.51 

4.93 

6.45 

32.83 

3.29 

6.73 

11. 21 

2. 0 



- 99 -

5:2 FLUORID CONC NTRATION IN FOODS: 

lluorin un i in • II p rts of the environment 

h n e it n t lH 1 ri in that all foods contain fluoride 

.uHI t<> pr 1 n· 1 nu• 11 ithout fluorid is a r al challenge. 

T Jbl' 5. 3 how th concentration of fluoride of some commonly 

.:~t n foods in the country. 

5:2: 1 WHEAT AND MAIZE FLOUR: 

The fluoride concentration of wheat and maize flour is 

-1 - 1 
low with values of 2. 02 lJ9 9 and 1. 21 lJ9 g respectively. 

This agrees with the previous work where wheat flour was 

-1 
reported to contain 0.2-1.8 lJ9 g fluoride [Sherlock 1984] and 

- 1 
maize flour approximately 0. 7 J-l9 9 fluoride [Waldbott 1978]. 

5:2:2 BA A AS: 

Bananas were found to contain 1. 24-4.63 l-l9 g - 1 fluorid 

1 t was noted that banana pulps (without pe Is) contain d 1 ss 

fluoride than those with pe Is. Th fluoride cone ntra tion of 

- 1 
th p Is rang d from 0.13- 2.52 1'9 g hich i 10.5- 54.4 % 

of th tot I fluol'id Thi impli t1 t lot of fluorid 

cor ntr t d in th p. I Dri d b n n p b n 

d d hi 51 
- 1 

lu lid r 1-l in 

t to only 
- 1 

luo id cor urnp ul i n 

n oin n i l 

n r I r 
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TABLE 5:3 FLUOR I 

IN Dl NT TYPES OF FOOD. 

Loc lity <:~mpl Fluoride 
-1 

(~g 9 ) 

Shops Wheat flour 2.02 

laize flour 1 . 21 

Murang'a 1 Bananas (with peels) 1. 24 

Bananas (without peels) 1. 22 

Bananas (with peels) 4.63 

Bananas (without peels) 2. 11 

Kisii Bananas (ripe) 3.60 

Kisumu Bananas 2.30 

Kiambu Sweet potatoes (with peels) 6.60 

Sweet potatoes (without peels) 4.06 

Murang'a Sweet potatoes (white) 0.75 

Swe t potatoes (brown) 2.48 

Kisii Sweet potato s ( hit ) 0.95 

s t pot to s (bro n) 3.87 

Ki umu Sw potato ( hi 2.LI1 

5 pot 0 {lbo , n) 1 . 1 

rro oot l. 00 

h 0.7 

u 
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5:2:3 SWEET POTATOES: 

Sw w r ound to contain 0. 75 - 6.60 1-' 9 9
- 1 

fluori Jt> with lht l r < n w 1•t potato s recording higher 

v lu lhcJn wht t p tato s. Like bananas, sweet potatoes 

with p 'I contain high fluoride than without peels. That 

m~iln · th P" Is contain 2.54 Jl9 g -
1 

fluoride which is 38.5~ 

of the total fluoride. Again the level is lower than that 

reported in literature where 75% of the fluoride is found in the 

peels of sweet potatoes [ Kumpulainen and Koivistoinen 1977]. 

5:2:4 IRISH POTATOES AND ARROW ROOTS: 

These show low fluoride content than the sweet 

potatoes although, according to Taves ( 1983) Irish potatoes 

should contain higher fluoride ( 0. 494 J-Jg g - 1) than sweet 

-1 . 
potatoes (0.209 J-Jg g fluonde). The value of fluoride in the 

present work is higher than that reported in the literature by 

Taves ( 1983). The difference may be account d for by th 

fact that, while the pr nt work gives the tot fluorid , T v s 

( 1983) r port d th acid labi I~ fluorid . Arro roots do not 

cont in v ry high fluorid cone n r ion. 

lly id th • th v u · or th tu 

r high Inc th hough to ont In th n 

0.5 ~ luorid [ Kumpul in n t d ol i oin r 1977 J. 

0 



- 102 -

beverages like pa sion fruit nd II y Ito which contain 9. 98 

- 1 
and 7. 93 mg I flu tiv ly can contribute significantly 

to th • tot\.11 fluor id' inw r dJy. Fruits have been reported 

to ·ontdin v r lo\ flu rid cont •nt I Phantumvanit et al 1987) 

d d I" 'Slllt, it WOllld b xp •ctcd that fruit juices should contain 

low fluoride content. However, fluoride content may be 

incr· ~ased in the juices by the fluoride content in the water used 

for processing. 

TABLE 5:4. FLUORIDE CONCENTRATION IN BEVERAGES. 

Beverages 

Ribena 

Passion (fresh) 

Passion (pep ) 

Hey- Ho 

Tree top (orange) 

Supa squash 

Lime (fresh) 

P psi cola 

Fan til 

Co col 

Sprit 

r t (I mon) 

'" 

Fluoride (mg 1- 1) 

0.84 

0.46 

9.98 

7.93 

( 0. 1 

0.34 

1. 08 

2.06 

0. 19 

0. 19 

0. 19 

0.17 

0. 

8 

o. 2 

0. 
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Lime juic (fr sh) nd p psi cola also show high 

values of fluorid n ntrJtion while all other beverages 

- 1 
an, ly d h ld I w r th n 1 mg I fluoride. This is in 

gr 'lll'nl with wh t h b n reported by Sherlock ( 1984) 

thut b v rag 
- 1 

contain less than 1 mg I fluoride. 

B k r and Bruce ( 1981), have reported that fruit juices 

contain less than 0. 5 mg 1-l fluoride. The data shows that 

-1 
sodas contain less than 0. 20 mg I fluoride while the beers 

-1 
contain less than 0. 5 mg I except guiness. Most of the 

fluoride in the soda comes from the water used. The Nairobi 

-1 City Council water was found to contain 0. 13 mg I fluoride. 

5:4 FLUORIDE CONCENTRATION IN BABY FOODS: 

Four different types of baby foods from supermarket 

were analysed for acid labile fluoride and table 5:5 shows 

the fluoride concentration. 

TABLE 5:5 FLUORIDE 

FOODS. 

S mpl luor id 

ctog n 0. 18 

Promil 0. 

0. 

2 
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The data shows that, th fluorid concentration is lower than 

0.30 
- 1 

A ult, th y do not contribute 1-19 g r 

v ry ignifi ntly u, fluorid content taken per day. Baby 

foo i huv' · ·n r p rt d to contain very low amount of 

fluorid' ( 0. 65 J.1 
- 1 

~ ) [ PhantLimvanit et al 1987]. 

5:5 FLUORIDE CONCENTRATION IN PLANTS: 

Some plants from Rift Valley lakes, Naivasha, Nakuru 

and Bogoria were sampled and analysed for fluoride concentra-

tion. The plant samples were collected from these lakes to 

find out whether they accumulate any fluoride especially when 

growing near or next to highly fluoridated water from the lakes. 
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TABLE 5:6 FLUORIDE CONC ENTRATIOtLli!g g - 1
) IN PLANTS. 

Locality 111 ~ I Fluoride Fluoride 
Concentra - Concentration* lion _

1 
(IJ9 9 ) 

of t~l water 
(mg I ) 

Luk Nuh.uru . u peru s laevigatus 10 11 9.66 140.00 
Cyperaceae 

Lake Nakuru Piuchea 32.06 140.00 
Beguaerti rob~ns 

composite 

Lake Nakuru Sesbania speciosa 99.20 140.00 

Lake 
Conyza 69.92 1200.00 Bogol"ia 

Lake Sporabolus spicatus 51.60 1200.00 Bogoria 

Lake Sphaeranthus 
162.04 1. 50 Naivasha Napierce ross 

Lake Polygon urn 
Naivasha Pol~9ona 24.75 1. 50 senegalense 

Refe r nee nga (1 98.2 ). 

It c n b not d f r om tabl 5:6 t h t, ap rt f r om 

up ru II th oth r pi r t mpl cont in d 

luorid cone ntr ion r ngin r·om 2 . 7 5 ~9 g - l to 1 2. 0 

d rom h hor o 

hi 1 0 

J • 

10 u 

- 1 

- 1 
I 
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Comparison of this sam pi with c:moth r sample ( piuchea) 

collected appro im t ly 100 m tr :s from the lake shores 

show •d tlhlt, it urnullt •d fluoride 32.7 times higher 

th<.~n tlwl llll in 1 1u h a. Oth r plants collected from lake 

Nakuru ·ont in high fluoride. Sesbania speciosa was collected 

100 rn •tr :s from Lake a kuru entrance towards the lake and 

it was found to contain 99.20 ~g g -
1 

fluoride. This plant 

might have accumulated the fluoride from the dust coming from 

the lake. 

Samples from lake Bogoria did not show high fluoride 

as would have been expected. Lake Bogoria was found to have 

a fluoride concentration of 1200 mg 1-
1 

and this high 

fluoride would have been expected to have a high influence on 

the plants. Conyza plant with a fluoride concentration of 

69.92 ~g g-
1 

was picked near a hot spring. The hot spring 

showed a fluoride concentration of 60 mg 1-
1 

[ Njenga 1982]. 

Sporabolus spicatus (51.60 ~9 g-
1 

fluorid) was pick d at lak 

Bogoria park. Sporabolus was us d for dir ct diffusion xp rim nts 

and it wa found that 87. go. fluorid was acid labil . 

Th r was big di ff r nc for th s mpl s pick d t 

-1 
1 k iv ha ( 1. 50 mg I fluorid ) . r nthu t :s 

fluorid cone n r tion 6. 55 tim high 1 th n th t found in 

oly onum. Both pi t th 0 ' 
I k . hi iff r n 

t l t 

II o lu h 

m ''· 
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In gen t•, I, it • n bt :-.. id lh<'lt most of the plants 

found growing in th , r good accumulators of 

v •ry hi~h fluoride con tent. fluorid • c.111d 

5:6 f-LUORID CONCENTRATION IN TEA: 

5: G: 1 PROCESSED TEA . 

Tea is commonly used as a beverage in the country. 

The tea infusion contains higher fluoride concentration than 

most drinking-water supplies or beverages hence it contributes 

significantly to the total fluoride intake per day. The amount 

of fluoride released when tea leaves (different weights) are 

boiled for 30 minutes is shown in table 5:7 below. 

TABLE 5:7 FLUORIDE RELEASED WHEN DIFFERENT WEIGHTS 

OF TEA LEAVES WERE USED. 

Weight of tea leaves (g) Total fluoride (~g) in 250 cml 

0. 1 75 

0.2 105 

0.5 150 

1.0 275 

1.5 353 

2.0 00 

2. 
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From the table, it can be s n that, the amount of fluoride 

released incr 

th t tho p 

lik ty to t.lk 

12 5 em 1 } • 

d with th of weight. This means 

wh n rm lly drink concentrated tea are 

17 - 1 .5 J-19 fluoride (taking 1 cup of tea 

b n widely reported to be a good 

ccurnulator of fluoride and can accumulate up to 400 mg ,-1 

fluoride which is water extractable and this gives 0. Smg 

fluoride for any cup of tea consumed [Waldbolt 1978]. An 

experiment was carried out to check whether all the fluoride 

content in tea was released when 2. 5g was boiled for 30 minutes. 

The amount of fluoride extracted after every 15 minutes is 

shown in Fig. 5:1. The histogram shows that 350 J-Ig (which is 

46.8% of total fluoride) is released in the first 15 minutes. 

When the same sample was boiled two times ( 15 minutes each), 

475 J-Ig fluoride was released instead of 425 j.Jg fluoride released 

when 2. 5g was boiled for 30 minutes. Total amount of fluorid 

extracted after boiling for 2 hours was 747.5 J-Ig fluorid . 

This means that, it may be possible to extract all th 1 bil 

fluoride present in tea with water. 

h n t a (,-om th farms is tak n to th 

tr t ith r d with hot air until it i I ft ith 

20 moi ur con nt nd th n cut in o m II p i 

olio d 

d or 90 minut 

i r n t n 

mp 

kil n 

factory it i 

ppro im t ly 

n 
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~ 
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0 
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0 
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40 

12 0 

10 0 

8 0 

60 

40 

20-
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Broken pekoe on (BPI) I 1 o n mix d furnings ( BMF) I 

dust and furnin 

1 h' iII r nt r d ~ from various factories were 

analy · for total and acid labile fluoride and the data is 

pr s nt d in table 5:8. On analysis of different tea grades, 

it was found that about 80.0-98.7% of the fluoride is acid 

labile. Becker and Bruce ( 1981) have suggested that about 

40-90~ of the acid labile fluoride is extracted during brewing. 

TABLE 5:8 

Locality 

Murang'a 

Kiambu 

II 

y ri 

II 

II 

ict 0 

TOTAL AND LABILE FLUOR I DE CONCENTRATION 

-1 
(!Jg g ) IN TEA. 

Total Labile Cf, of 
Samples* Fluoride Fluoride Labile 

-1 - 1 Fluorid (!Jg g ) ( !Jg g ) 

Pekoe furnings 257.7 251.0 97.4 
I ( PFI) 

Dust 256. 1 250.8 97.9 

Furnings 201.9 189.5 93.9 

Dust 349. 3'~5.0 98.7 

Brok n mix d 1 12.0 100.5 8 • 7 
urnir g (8 . ) 

u nir 8 • 0 70.5 3. 

Du 2 .0 7. . 0 

0.7 
) 
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Unproces d mpl from a farm were dried and 

analysed for comp ri n. Th old I aves (4th and 5th leaves) 

wer • found to ont Jill hi h r fluorid cone ntration than the 

young 1 1v (4.8 tirn•s high r). Table 5:9 shows the 

fluorid • con •ntr tion in the two samples. 

TABLE 5:9 
- 1 

FLUORIDE CONCENTRATION (pg g ) OF OLD 

A D YOUNG TEA LEAVES. 

Sample Total Fluoride Labile Fluoride Y, of labile 

-1 
(j.Jg 9 ) 

- 1 
(j.Jg 9 ) fluoride 

Old leaves 
(4th & 5th 578.9 550.0 95.0 

leaves) 

2* leaves 121.0 118. 5 97.5 
plus a bud 

2 leaves plus a bud: The first two I aves and th 

These are the leaves picked for processing in th 
bud. 
factori s. 

Comp ri on of th data from t bl s 5:8 and 5:9 how u t 1 

fluodd cont nt in th two v plu bud low •r th n 

th t of th d t a. Thi my b in d by h f c t 

th t :-

from th c ory mi ur 0 1 ny t mpl 

dif r n rm h nt I 

0 uol"id • 

h 
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c. Contamination of th sampl from the picking up to 

when th mpl • k d for selling after processing 

flu rid v •1. 

d. ontumin t1 11 <JI o may occur in the factory where the 

5:6:2 

uir u 'd tor i h ring, fermentation and firing may 

contain some fluoride. The firing cabins are surrounded 

with clay and this may contribute in increasing the 

fluoride content. 

UNPROCESSED TEA. 

In this section, the fluoride concentration of the 

samples collected from various places is presented. Also 

fluoride concentration of different clones are compared. 

Comparison of 2 leaves plus a bud, 4th leaves, bottom leaves 

and the branches is also done mainly on a wet weight basis. 

Four different cion s w r col ct d from a ,. • • r·ct 

st tion and water labile fluoride analy d as follow : 

) 

J 

) 

t 

a) 

b) 

c) 

dJ 

mpl 

n 

2 I av s plu 

Fourth 

Bot om 

Br nch 

old. T 

I 1 

I 

bud 

rom our di 
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The pH r os i tant indi th t th cion can only do well 

in either pHO.O or pt-1) 7 .0 f r xampl • clone STC 5/3 

hould b • 1 I tnt wh r • the soil has a pH) 7. o 

<Jnd th t i · why it i r •d to as high pH resistant. 

Th fluorid _. cone ntration in different clones is shown in 

Table 5:1 o belo\ . From the table, it can be seen that, apart 

from clone 6 / 8 (low pH resistant) with low fluoride concentra-

tion, all the others have accumulated almost equal <.trnourHs of 

fluoride concentration. 

TABLE 5:10 

Clones 

Clone STS 5/3 

(High pH 

resistant) 

Clone T 14 / 3 

(High pH 

r sistant} 

Cion 6/ 8 
(Lo pH 

i t ntl 

Cion 31 / 11 

(Lo pH 
i t nt) 

FLUORIDE CONCENTRATION (pg g - 1) IN 

2 leaves 

plus a bud 

28.4 

26.8 

16.0 

28.0 

Fourth 
leaves 

1 21 . 1 

124.6 

2.0 

25.0 

Bottom 
leaves 

285.3 

280.0 

1 7.5 

1 0 

Branch 

25.0 

15.0 

1 . 

.3 
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It has been point d out that soi ls with high pH 

contain high fluorid ~ hi h l n b r I as d to p lant 

[ Omueti nd J n 7;). A r suit, the high pH resistant 

should t and accumulate high f luoride content. 

Thi · i · I •uri mdi <.~l d by th" old leaves. The fluoride 

cone ntrdtion in these samples especially the shoot is low 

probably because the plants were young ( ~"'5 years old) and as 

a result they had not accumulated a lot of fluoride. These 

samples were also picked during the dry season when most of 

the ions from the soil were not labile and hence not readily 

taken up by the plants. But the main observation which can 

be made is that, the fluoride concentration increases with the 

increase of the age of the leaves and also the age of the plant. 

The bottom leaves which are normally hard and coarse have 

higher fluoride concentration than the fourth leaves which in 

turn have accumulated higher fluoride concentration than th 

young leaves. The shoot and the branch contain d almo~t th 

same amount of fluoride. 

The bottom 1 av s w re also boil d fo 15 rninut s, 

d cant d and th proc ss r p d for 1:! hoUI to find out 

h th r· II th fluorid · - r d in t fir t 30 minut 

Fig. 5:2 b lo giv ul t. 

From th hi tor m, t i h fllO id ont nt (210 •' ) 

15 ul 

0 

o I o 
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Unprocessed t a s mpl s from other areas were 

analysed for fluori 

From th . t,bl , 1t 

con 'ntr\lli n in r 

t s mpl ha h 

d t is presented in table 5: 11. 

pp rent that the fluoride 

with the age of the leaves. TKA4 

lowest fluoride content both in youn g 

"nd old I aves in comparison to other samples. These leaves 

were picked from the nursery and were 1 year old and although 

they were very young they had accumulated a lot of fluoride 

compared with the fluoride concentration found in different 

clones. The fluoride apart from coming from the soil may also 

have come from the fertilizers which is normally added to the 

soil before the plant is planted and as the plant is growing. 

The main fertilizer added is NPK (25% nitrog(':n, 5% phosphorous 

as phosphorous pentoxide and 5% potassium as potassium oxide). 

When the tea plants are in the nursery, they are also highly 

watered (2 times a day). This makes the soil fluoride labile 

and easily accessible to plants. 
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TABLE 5:11 FLUORIDE CONCENTRATION (J.Jg g- 1) OF 

T A AV OM VARIOUS PLACES. 

Lo lity. 2 I av s plus a buct Bottom leaves 

Murung•a 

™, 68.5 628.0 

TM 2 
70.0 665.3 

TM 3 
50.0 436.4 

Nyeri 

TNY 1 
42.5 483.4 

TNY 2 
60.0 559.8 

Kiambu 

TKA 1 
22.3 513.5 

TKA 2 
45.0 576.0 

TKA3 
31.0 613.8 

TKA4 
18.2 390.0 

Diff rent tea samples (unproc ssed) coli ct d from diff r nl 

f rms. 

5:7 

om v bl mpl n ly d lumir urn 

n r d 

- 1 
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aluminium h x fluorid (AI 
3
). Th d ta shows that, high 

aluminium on ntr t i n ompani d by high fluoride 

one ·n tr.t lion • on ::>a mpl e (Kale). 

TABLE 5 : 12 AND FLUORIDE CONCENTRATION 

Sample Fluoride Aluminium 
-1 - 1 

(~g 9 ) (~g 9 ) 

Pumpkin leaves !8.98 1 180 
Cucu rbi ta pepo 

Kale 14.40 180 
Brassica integrifolia 

Terere 11.84 1350 
Amarant t-. us 

Kahurura 7 . 16 680 
Cu cu t· b i t a sp s 

L ttuc _ 9 . 05 1110 

C r ly 6.30 364 
Apiu m grav 

5.04 394 

0 not urnul t 

n 

0 u ul um. 
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Two plants sampl d narn ly, Eupherus laevigatus and 

piuchea wer also n ly · for luminium and were found to 

nd 0 
- 1 

luminiurn, respectively. 
contain 1095 p Higher 

oluruinium v,Jill • a pc ( 
1 [ C<.~nnon 19601 in plants have 

b n r port • . 

5:8 

Fluonde in tea is found in two forms: - organic and 

inorganic. The latter constitutes the highest amount 

of fluoride. The inorganic fluoride is thought to be in combi -

nation with either calcium, magnesium, aluminium, manganese, 

sulphur and iron or combined with some transition elements [Spiers 

1983]. Although fluoride is thought to accumulate in plants in 

form of aluminium hexafluoride, aluminium in tea plays a very 

small role and analysis of aluminium in tea showed that, in 

comparison with vegetables, there is very low amount of the 

element in tea. The total aluminium content in tea is shown in 

-1 
table s: 13 and ranges from 640-940 ~Jg g aluminium. 

- 1 

Values of aluminium in tea as high as 2050 ~Jg g 

h b n r port d [ Vick ry d Vick ry 1976]. An ly is of 

t infu ion I o t ow d th t p rt from fluor id , lurninium w s 

d. Som luminium in t h b n r port d to b 

1 83] nd no v il bl or compl ·i ng 

83) p r d h t, i t only 

nd t 

lu1 1r11 m 1 
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TABLE 5:13 ALU INild.J._CONC NTRATION (~g g - 1} 

IN 

Sam pi Aluminium - 1 
(JJg g } 

TN
1 

Pekoe furnings I (PFI} 660 

TC
1 

Dust 940 

TC 3 
Broken mixed furnings (BMF} 850 

TK
1 

Dust 640 

TT
2 

Furnings 736 

TT
3 

Broken mixed furnings ( BMF} 704 

4th and 5th leaves (unprocessed) 1153 

* Tea from different factories. 

When 4th and 5th leaves were analysed for aluminium, 

th y were found to contain higher aluminium cone ntration 

-1 
( 1153 J.l9 9 ) than in the processed leaves. Sam trend was 

obs rv d for fluoride cone ntration. This m ans that, th 

luminium ccumul tion in lso inct a .. s • ith h • g of 

tt 

u 

Vick r·y nd Vick ' 

luorid ccumul ion m y 

tion. 

0 

- 1 
I 

cJ out 

cond ry on u nc 

bi 
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solution. Vickery and Vick ry ( 1976) r porled that, with 

o. 25M sodium citr t bu f r, it w. possible to analyse 1. Og 

sample of onun •t iII t 1 H t<1in1t1CJ 2050 1-1g g 
1 

aluminium. 

In tlw •.,llupl(• '""'IY I' I fc r t~lurninium, the maximum obtained 

Wc.lS 1350 p 
- 1 1 hb m ans that, this amount of aluminium 

will not int rf r during analysis. Furthermore, it has 

also been ~hown that, when perchloric acid was used for 

diffusion, 93°, fluoride was recovered in presence of 2000 1-'9 

aluminium. Since all the plant, vegetable and tea samples 

were ashed and diffused, the aluminium did not interfere with 

the fluoride analysis. 

5·9 FLUORIDE CONCENTRATION IN THE SOIL: 

Soil samples were collected from different parts of the 

country and analysed. Classification of the soils according 

to the soil texture showed that the soils can be classified into 

five categories as follows: 

a. Clay soil 

b. Clay loam soil 

c. Sandy clay soil 

d. S ndy lo rn oil 

Lom oil 

h pH of th oil found to r r g rom H 5. 0- 8. 9 
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The fluoride cone ntr tion is also presented in 

fig. 5:3. ach hi nts th labile fluoride in 

ach soil t xtur •. h flu ri on ntration in clay soils 

rang• from 7. - 10 
- 1 

~c c with a mean fluoride concentration 

of81.8p - l whil clay loam soils contain fluoride concentration 

-1 - 1 
ranging from 33.0 ~g g - 282 ~g g The mean fluoride 

- 1 
concentration is 89.0 ~g g Clay soils contain high aluminium 

content in form of aluminium hydroxide and a~ a result, when 

fluoride ion comes into contact with clay soils, there may be 

ion exchange between fluoride and the hydroxide ion. Previous 

work done on defluoridation of water using clay pots showed 

that, clay pots removed the fluoride from the water. The pH 

of the water was found to increase and this proved that an 

exchange mechanism takes place when fluoride ions come into 

contact with hydroxide ions [Njenga 1982]. Clay soils have 

been reported to contain high fluoride content [ Nommic 1953, 

Omueti and Jones 1977]. 

Sandy soils were found to contain fluoride concentration 

-1 
ranging from 74.0 ~9 9 

- 1 
- 86.0 ~g g , with an ov rail m an 

- 1 
of 81.3 ~9 g luorid hil th ndy loam soils cont in d 

fluorid ntration r nging from 21.0 pg 9 
- 1 

71.5 pg 
- 1 

cone -

nd lu of 42.2 pg g 
- 1 

fluorid S ndy m n oib norm lly 

cont in ry lo cl y nd or·g nic m tt r cor t nt t n , th y 

lly · port d to cont h lo r luorld ont nt th n 

ol Omml ur· 1 8 ) • Th 
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Two lonm oil • mplt wt r n lys d and they had 

fluoride cone •ntr ti ll 
1 - 1 

f 8 . 0 1-19 9 and 88.3 IJ9 9 . Due 

to low 1 vPI~ of I y Jnd 1' anic mcHter, loam soi Is may be expected 

t ont.lin v •ry I w flu rid" content [ Nommic 1953]. 

It is apparent from fig. 5:3 that, all the five soil types 

have almost similar fluoride content. This may be due to the 

presence of volcanic soils which are found almost all over Kenya 

and volcanic soils are normally said to be rich with labile 

fluoride [Smith 1983]. Apart from clay and organic matter 

content, the soil pH has been reported to be an important 

factor which affects the fluoride content of the soil. The 

present data in appendix 2 shows that, there is no clear 

variation of fluoride content with respect to the pH of the soils. 

Omueti and Jones ( 1977) found that the amount of soil fluoride 

released increases with the increase of soil pH. Work done by 

Larsen and Widdowson ( 1971) also showed that, for any 9iv n 

pH, ther was an upper limit to fluoride concentration with the 

limit b ing lowest at pH 6. 0. Again th pres nt data do s not 

how thi kind of limit. How v r, apart from th thr ctor 

bov th rna imum fluorid cone ntr tion rn y 0 b d rrnin d 

by th fluorid - oil b ring 

tr d u in mmonium 

il om 

n old 

lu 

n II 



- 125 -

The total fluorid hould b hi h r than th I bile fluoride. 

rour soil ~1111 I· h.1 iJ fluorid \ concentration above 

100 ~9 g tr <l tabl • fluoride in these soils 

mi~ht b • -.1s on •qu •n • of pollution by different types of 

pollutants. Samples A and 8 had high fluoride content due 

to pollution from industrial emission. The samples were 

collected near diatomite and cement industries, respectively. 

Fluoride emitting industries have been reported to increase 

the fluoride content in the environment [WHO 1970]. The 

high fluoride content in sample C may be coming from the 

fertilizers added to the soil. Work done by OelschlHger ( 1971) 

showed that fertilizers added to the soil increased the fluoride 

concentration of the soi I. In sample D, the high fluoride may 

have come from the sewage effluent and sludge added to the 

soil. 



I 
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CHAPTER 6 

C N LU I N 

In thi w rk , m thod s for fluoride analysis in plants 

foods nd oil - hav b een established. The results of Chapter 

4 show that open flame ashing using a Meeker burner followed 

by diffusion can be used for fluoride analysis in foods and 

plants. The results also show that, diffusion method using 

perchloric acid instead of sulphuric acid was capable of removing 

interfering ions and can be carried out in presence of even 

2000 l-Jg aluminium and 5100 l-Jg silicon whereby a recovery of 

above 93 % fluoride is achieved. However, if high amounts of 

these interfering ions are indicated the analysis should be 

repeated with smaller weight of the sample . From the results 

of this work and the fact that, perchloric acid has lowes t blank 

value than sulphuric ac id, it is r ecomme nde d for diffu s ion of the 

a shed samp les . 

The res ult s of t h is work also show tha t op n lam shing 

u sing c tcium hyd r oxid as a fixa t iv gave h ig her fl uorid valu s 

th n hing in t h fu rn c Op n ft m s h ing is d 

b Ct U 

in 

th a hing is mor· compl 

rom ilicon i 

t d i fu i n m t 10d "~ 

bla ks ar lo r nd 

th high r t ' p r tur 

ound · o iv lo , fluor id 

hi n . Ho h d 
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losing volatile fluorid c mp und , it is unsuitable for samples 

with low cont nt 

((SOmg) 

w •t hod i nly r 

homo n ity. 

us only a small amount 

k n for analysis and because the 

ry samples with sufficient 

hm ov r an open flame with the recommended 

fixuliv' foil w d by diffusion, can be applied to wet samples. 

The recovery of the fluoride added to the sample and ashed 

with open flame followed by diffusion was good and above 90~ 

fluoride was recovered. It was also found that, there was no 

fluoride lost during the addition of the acid to the ashed 

sample. Therefore from the results of this work, open flame 

ashing using calcium hydroxide as a fixative followed by diffusion 

was found to be a better method compared to ashing in the 

furnace and other methods. The result of this work also shows 

that, the method is cheap, accurate, reliable and reproducible. 

The plant and vegetable samples analys d were found to contain 

180-1350 ~g g-
1 

aluminium and this amount of aluminium did not 

ith th diffusion m thod. Th r fo 0 n fl m 

t in olio by diffu ion m · ho c n d f r th 

Ju n, ly nd v nd i c 

o I mpl 

1 uf 1 com tr 

un II 
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citrate buffer was found uit~ bl for r moving the interfering 

ions in th m , urin 1 h.1ti n n h nc , it is recommended 

inst cld of Al3 II wh n dealing with samples 

cont<.~inin9 high m unt of interfering ions. The pH of the 

solution was found to have an effect on fluoride analysis. 

B low pH 4. 5, there was a negative deviation while above pH 8. 0 

there was a positive deviation. Hence fluoride analysis could 

only be carried out at pH 4. 5-8.0 although pH 5. 7 is recommended 

since it gave 100'b (±0.0) recovery. 

In this work, it was also found that, ammonium lactate 

solution can be used for the extraction of labile fluoride. The 

amount of the sample, and shaking time were found to play an 

important role and therefore, 1. 0 g sample in 100 cm 3 ammonium 

lactate gave the highest total fluoride in comparison with the 

higher weights. Also low amounts of interfering ions were 

released when 1. 0 g sample was used. It was found that 1 i 

hour shaking time was enough for equilibrium to b establish d 

and h nc r comm nd d for the extraction of labil fluorid . 

Comp ri on of ammonium lactat method with water, sodium 

citr DT A nd hydrochloric show d th t, mmo ium 

I ct high r fluorid v lu th n i th r odium 

A m thod r v lu h n I yclr hlor i 

id. Th r th p rt rom cl y oil h ch 
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estimate the amount of av il bl fluoride from the soil to the 

plants. 

Ch pt r 5 pr nt r sult::i on the application of the 

mcth ds, th' p 11 fl 111 hing follow d by diffusion was 

oppli d for th an<Jiy i of fluoride in vegetables, plants and 

food sarnpl s. The results show that, some vegetable samples 

can accumulate high fluoride depending on where they are 

grown. For example, solanum nigrum, amaranthus, spinach, 

cabbage and pumpkin leaves. The vegetables were also found 

to contain higher fluoride values than the reported normal 

values. Most of the foods contain low fluoride content except 

the tubers which were found to contain higher fluoride levels 

than the normal values. It was also found that, plants growing 

near the rift valley lakes contain high fluoride content. 

In Chapter 5 it was found that, most of the fluoride 

content (82-98%} in tea is acid labile while about 40- 90 % is water 

labile and hence available for absorption. The fluorid content 

in tea was found to vary with the age of the leav s with th 

young I ave showing lower fluoride I vels than the old r I av s. 

- 1 o t of th b v rag s analy d contain d less than 1. 0 mg I 

fluorid ith th xc ption of four dif r n b v r gcs hil th 

b by food cont in d n 0. 3 119 g- luorid • 

1 0 

ur y of h 

th cour ry h 

0 

fluori In oil 

con 

rt 
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play a major rol on th fill ri ccumulation. 

It h b n u that, the fluoride content in 

food , b 'V 'rt:~g nd w t r may be a contributor to fluorosis. 

Whi I this may b tru for beverages and water, foods may be 

contributing very little fluoride to the total fluoride intake per 

day. Not all the fluoride in food reaches the blood-stream 

because it is either of organic origin or complexed with the metal 

ions. Aluminium, magnesium, calcium and manganese when 

present inhibit the fluoride absorption and hence it is excreted. 

The vegetable samples were found to contain substantial amount 

of aluminium as the results show and this might reduce the 

fluoride absorption. However, it is not yet well established in 

which form fluoride occurs in plants and vegetables. And in 

order to establish the amount of fluoride consumed per day from 

foods, it is necessary to determine the occurrence of fluoride 

in plants. 

The fluoride in tea could be a greater contributor to 

fluoro is since 82-98% fluorid wa found to b acid labil and 

h nc av il b 'l 

on cup of t 

or 

l p y, 

m on ri 

or b orption. Th re::>u t on t a shows t at 

( 125 cm 1 } m 176.5 - 212.5 ~g 

let, ho m y u OUI lit I 0 

ou 56 8- 6800 1-' luor·id con urn 

ut n n ly to h 

0 r 

r 
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of fluoride in t 

pr v nt d ntul 

nd wh th 1 th fluoride in tea can 

for fluorid' •muly 1 

po sibl to d t rmin 

from th foods. 

It hop d that, with the method 

in f and plants available, it will be 

th amount of fluoride taken per day 
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FLUORIDE CONCENTRATION (~g g-1) IN VEGETABLES. 

, r r Cabb ge Pumpkin Kahurura Kunde Lettuce anagu Spinach Kale 

.. ,Amaranthus Brassica leaves . Cucurbita Vigna Lactuca Solanum S12inac~a B[s:!SSi!;;a 

ole@c~E Cucurbita ~; unguicu - sativa nigrum oleracea integrifolia. 

eeeo. lata 

. 2 0.92 9. 16 7.33 1. 55 3.01 3.82 1. 68 0.84 

7. 0 0.75 7.10 0.87 9.05 2. 18 0. 77 

.so 0.42 3.21 2.79 2.96 0.48 
10.32 0.48 

14.40 
14.68 

I s. 3 1. 79 2.49 3. 14 1. 14 

.72 1. 45 3.78 2.73 1. 43 

1. 29 

II t .25 5.50 2.38 1. 74 6.39 7.32 5.36 5. 15 

0. 7.80 1. 14 1. 53 29.98 1. 68 5.69 

5.04 i8.98 0.84 4.88 

10.59 
1. 30 
1. 63 

I 5. 1 11 . 19 
1. 44 0.95 4.33 

0 
12. 17 

2.27 
1. 18 



I .75 1. 83 5.53 4.31 4.74 3.25 4.01 3.88 

10.50 1. 62 6. 14 3. 11 4.56 4.50 3.95 2.24 

5.23 5. 12 1. 92 

0.56 2.48 2.30 2.45 0.42 0.48 

1. 07 3.51 3. 10 3.26 2.96 3.06 

1. 37 7.80 

' 

'"""h.. '1, cr. . 3 4.33 5.20 5.89 4.29 

. 57 10.24 3.54 

. 3 5.33 2.73 

5 92 7.67 5.30 

6. 18 

-.;: 
0 

r 0. 2 0.50 1. 21 1. 30 0. 31 0.86 0.48 

0.89 0.52 1. 45 11.54 0.52 0.76 0.90 

0. 71 
0.40 0.52 

3.90 

,_,, 

. 6.24 2.94 4.56 7.96 6.24 2.52 1. 89 

5 7.82 6.34 3.42 8.47 2.94 1. 85 1. 82 
. 4.91 

I 5.01 

12 5 3. 72 4.75 9.67 8.62 5.73 

1 8 6.85 3.95 8.98 7.48 
. 



I • 21 2.qo 10.57 9.62 5.69 1. 35 2.32 

• 11 1. 12 8.64 7. 12 10.32 3.55 0.69 

. 30 1. 33 6.88 
10.06 0.31 

lL 
8.91 
8.59 
q,33 

r ru 6.75 7. 16 
7.32 

. 1 3.82 
9.57 4.43 

,. 
1. 85 

l! 
I U 

15. 10 
1. 53 
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APPENDIX 2: FLUORIDE CONCENTRATION (~g g- 1) IN 

DLFFER NT SOIL COLLECTED FROM VARIOUS 

ART KNY J1 . 

::, it lLII pH 
Fluoride Mean \ 

- 1 
(~g 9 ) 

Clay soil 6.5 95.0 
7. 8 92.5 
7.4 107.5 81.8 
7.5 95.0 
6.5 79.0 
7.3 66.5 
5.6 69.0 
6.9 57.5 
7.0 66.5 
7.4 70.0 
5.0 101 . 5 

Clay loam 7.0 60.0 
6.4 40 .0 
6. 2 55 .0 
7.0 33.0 
6.4 46.5 
6.3 51.5 89.0 
6.4 91.7 
5.6 92.7 
7.0 86.0 
8 . 0 282 .0 
6 .5 86 . 0 
7 .9 143 . 0 

S ndy loam 7. 6 21. 0 
7 . 8 21.5 
8 . 4 50 . 0 42 . 2 
8 . 6 34 . 6 
8 . 3 71.5 
8.9 54.5 

I y I y I m .8 82.0 
7.7 83.7 
5.0 8 .0 81. 
s. 78.0 
s. 7 .0 
5. .0 

.7 


