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INTRODUCTION 

This research problem was done in connection with the 

fluoride ba1ance studies on twelve children at Plymouth 

State Home. The retention balance studies of fluoride by 

children can be studied indirectly by meas1,1ring the amounts 

of fluoride excreted in the urine and feces after ad.minis

tration of the fluoride in water or in vitamins as sodium 

fluoride. The fluoride balance study was repeated, because 

in the previous study (19), there were no samples collected 

for a base day in which the fluoride was not given. The 

previous data also indicated that fluoride retention was 

merely a function of the interval of administration 

regardless of how the fluoride was ad.ministered. 

The administration of fluoride and collection of 

samples was done at Plymouth State Home. Fluoride was 

administered to two groups of six children, each two to 

three years old. The children in group A were given 4.0 mg. 

of fluoride as sodium fluoride (8.8 mg.) in eight ounces of 

water and ingested by each child over a period of twelve 

hours or more on the first fluoride day. The children in 

group B were given 4.0 mg. fluoride as sodium fluoride 

(8.8 mg.) in vitamins and each child ingested the total 

amount at the beginnir-g of the £iret fluoride day. 

Urine samples of the children in the balance study 

were collected over a seventy-two hour period in twelve 
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hour intervals and every twenty-four hour period marked as 

first, second and third fluoride day. Feces were collected 

for a seventy-two hour period. The total amount of 

fluoride excreted in the feces over this period was 

divided by three to give the daily fecal-excretion 

of fluoride. 

Before administration of the fluoride to the children, 

twenty-four hour urine samples of each child were collected 

in twelve hour intervals for the base day of urine samples 

and twenty-four hour fecal samples were collected for the 

base day of feces of each child. 

In order to quantitatively determine fluoride in 

urine and feces it is often necessary to evaporate or dry 

the samples to concentrate the fluoride. During the 

process the liquid sample must be alkaline to prevent the 

loss of fluoride compounds that are volatile in acid 

solution. The possible loss of small amounts of fluoride 

during evaporation is due to the water reacting with the 

samples at the drying temperature forming hydrofluoric 

acid, which volatilizes as HF, or reacts with any silica 

or silicate present, such as the glass of the container, 

to form volatile silicon tetrafluoride. McClure (9) noted 

relatively greater losses for smaller amounts of fluoride 

and found a difference in the magnitude of the loss of 

fluoride in slightly alkaline solution depending on the 

type of container used for the evaporation. 
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Biologica1 samples for f1uoride analysis are usually 

aehed, because of a sieni�icant quantity of organic 

material. which is present in the samples (l) (ll) (12). 

Some of the organic material may volatilize during the 

distillation to cause subsequent interference in the 

fluoride determination. Ashing of the biological samples 

must be done in the presence of a fixative, that is,a 

substance which will tie up all the fluoride in a non

volatile form. Examples of such fixative.,a.re: calcium 

hydroxide (5), calcium oxide (12), magnesium acetate (3) 

and magnesium oxide. 

An important factor in the isolation of fluoride 

is the volatility of silicon tetrafluoride and its ready 

formation in the presence of dehydrating acids. In 1933, 

Willard and Winter (18) developed. a method for separating

fluoride from interferences by distillation ae fluoro

silicic acid and Huckabay (6) designed an apparatus heated 

by tetrachloroethane (b.p. 146
°
c) under reflux to give

better and simpler control of the distillation. The 

advantage of steam distillation over the direct distilla

tion is that steam distillation requires less time for 

the distillation of a given volume and also decreases 

bumping of the solution. 

It was sho,m. ( 7) that the best operating temperature 

range fox- the d.istill.ation of fluoride is 138-140°0. 
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F1uoride is quantitatively recovered in a re1ative1y 

short time near that temperature. A 1ower temperature 

does not 1essen the initia.1 rate of recovery, but the 

l.ast of the fluoride distill.a on1y s1ow1y. This may be 

due to the presence of sma1l. amounts of conipl.ex fl.uorides 

which require the sl.ightly higher temperature for their 

rapid dissociation, or it may be because of fluoride 

absorption on the g1ass surface within the still, but it 

is minimized by the passage of perch1oric acid vapor with 

the steam. There is also considerab1e bumping as the 

temperature is raised and this can be reduced by the 

addition of steam. 

The presence of boric acid, al.uminum sa1ts or 

gelatinous silica in the sample retards volatilization 

of the fluoride (13) (15). It is advieab1e (14) to 

remove chloride because the additional. hydrochloric acid 

in the distill.ates may interfere in the spectrophotometric 

determination of fluoride. McClure {9) recommended the 

addition of a sol.uble sil.ver ea1t, the eu1fate or 

perchlorate, to the distil.1ing chamber to avoid 

distil.ling hydrochloric acid and to fix chloride, bromide 

and iodide in an insoluble form. 

A spectrophotometric method is the most convenient 
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methods for fluoride depend on the formation of a 

oolor1ese complex of a meta1 ion with fluoride ion, 

upon the addition of fluoride ion to a solution of a 

colored meta1-dye complex. Thu• the decrease in color of 

the solution ie a function of the tendency of the fluoride 

present to combine with the meta1 and this decrease in 

color can be used as the basie for an anal.y-tica1 method 

for fluoride. 

The fluoride in the distillate• were determined 

by a spectrophotometric method. which was developed 

by Megregian (10) using Zirconium-Eriochrome Cyanine 

R Lake, This method depends on the bleaching action of 

fluoride ion on the lavender colored metal dye complex 

formed when 0irconyl nitrate, ZrO(N0})2, reacts with the

eriochrome cyanine R in acid solution. The bleaching is 

due to the formation of a stable colorless metal fluoride 

complex (16) (17). 

A new reagent, Amadao-F, has recently been introduced 

for the determination of fluoride (2) (8). The colori• 

metric method is based on 'the blue color �hich fluoride 

ion forms with the lanthanum complexes of 3-amino

methylalizarin-N.N. - diaoetic acid. In contrast to the 

usual bleaching of the color by fluoride, thi• reagent

is "positive" and in addition ., is free from the 

usuai interference. 
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The purpode of this research was to study the above 

methods for f1uoride separation and a.nal.ysis and to 

improve them so that more re1iab1e resu1ts cou1d be 

obtained for the f1uoride content in urine and feca1 

collections. 
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APPARATUS AND REAGENTS 

Apparatus 

Beckman Model DU Spec�ro�hotometer, eq�ipped with 
l..00 om. col.ls. 

liuoke.bay distillation apparatus. 

Reagents 

Reagent A: Erioohrome Cyanine R (1.800 grams) was 
dissol.ved in f1uoride - free water and 
di1uted to one liter. 

Reagent B: Zirconyl nitrate dihydrate (0.220 grams) 
was dissolved in 50 ml.. water. To the 
�iroonium sol.ution was added 700ml. of 
oonoentruted hydrochloric acid, and the 
mixture was dil.uted to one l.iter with 
fl.uoride-free water. 

Amadac - F: A carefully bl.ended sol.id mixture of 
partial.1y hydrated sodium acetate, 
acetic acid, stabil.izers, lanthanum 
nitrate and 3 - amino-methyl.a1izarin
N.H-diacetio acid (al.izarin complexan). 
The concentrated sol.ution was made up 
to contain 100mg. of Amc.da.c-F per mi. 

Sodium fluoride, 70'f& perchl.oric acid, concentrated 

hydrochloric acid, magnesium acetate� sil.ver perchlorate, 

sodium hydroxide, sodium chloride and potassium ch1oride 

were reagent grade chemicals. 
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EXPERIMENTAL 

1. Spectrophotometric Determination of Fluoride
with Zirconium Eriochrome Cyanine R Lake�

Since there has been some disagreement as to the 

particular reference solution which should be used for 

the spectrophotometric determination of fluoride (19) 

using zirconium eriochrome cyanine R reagent, two kinds 

of reference solutions were studied and the absorption 

spectrum of each was determined. The Megregian reference 

solution (10) was prepared by adding ten ml. of reagent A 

to 100 ml. of fluoride-free water and to this was added 

ten ml. of a solution containing seven ml. of concen-

trated hydrochloric acid diluted to ten ml. with fluoride-

free water. Another reference was a fluoride reference so-

lution which.was prepared by pipetting five ml. of each 

of reagents A and B into fifty ml. of a solution con

taining 0.050 mg. standard fluoride. These two re:f'erences 

were used for setting the zero point of the spectrophoto

meter. Five ml. of reagent A and five ml. of reagent B 

were added to fifty ml. of water containing from 0.000 mg. 

to 0.050 mg. of fluoride. The absorbance of each sample 

was read in the wavelength range of 500 to 540 m� against 

each of the two reference solutions. 

The wavelengths of maximum absorption were determined. 

The stability of the reference solutions weTe also studied 
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by measuring the absorption at 532 mp of the solutions 

against a fluoride-free water blank for a four day period. 

The relationship between absorbanbe and concentration 

was studied by adding five ml. each of reagents A and B

to 50.0 ml. of water containing 0.000 to 0.050 mg. fluoride. 

The absorbance of each of the samples was read against 

the two reference solutions at 532 mp and 534 mf• The 

standard curves, using both of the reference solutions 

were prepared by plotting the abosrbance values versus 

the fluoride concentration. 

The interference of chloride ion in the 

spectrophotometric method was studied by adding from 

50 mg. to 5.0 g of chloride ion as NaCl, KCl and HCl 

to 50.0 ml. of water containing 0.000, 0.025 and 0.050 mg. 

of fluoride. The reagents were added and absorbances 

measured against the Megregian reference solution. 

2. Study of Fixing Agents

Calcium hydroxide, calcium carbonate, magnesium 

acetate and magnesium oxide have been recommended as 

fixing agents for fluoride during the evaporation and 

ignition process. It appeared that magnesium acetate 

would be a convenient reagent because of a concentrated 

and homogeneous solution would be prepared and thus would 

permit the accurate addition of reagent to each sample. 

A comparison study was made of the use of magnesium 

acetate and calcium hydro�ide as fixing agents. Known 
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amounts o� 0.000, 0.050 and O.l.00 me. fluoride standard 

were added to 50. 0 ml.. a1iquote of a urine aaaple, followed 

DY either five ml.. of'°" magnesium acetate or� maaneaium 

acetate or twenty-five ml. of 0.5 M. calcium hydroxide as 

fixiq a.cents. �e •amplea were evaporated, ignited and 

distilled and the fiuoride ion concentration ietermined. 

1!1:le urine •ample which contained 0.000 mg. of added 

:tl.uo.ride waa ueed as a control blank. 

Larae amount• o:t fluoride in a large volume of 

urine sample were also studied. Ten ml. of 6°" maanesiwa 

acetate as �ixing aaent was added to 200 ml.. urine samples 

containing from 0.50mg. to 1.25mg. fluoride and also to 

water samples containing large amounts of fluoride. The 

urine and water samples were subjected to dryina, a.shine 

and distillation, foll.owed by the spectrophotometric 

determination o:t fluoride. 

3. Distillation

The determination of fluoride ion in the presence

of other substances depends on the distillation :trom a 

glass vessel of fluoride as gaeeoue fluoroailicic acid 

from a solution of perchl.oric acid. The fluoroailicic 

acid is carried out of the apparatue with water vapor. 

In order to determine the effect of sample volume 

and the rate 0£ distillation, 0.100 mg. P'-was added in 

volumes of 20r1l. and 5ol. to the distilling chamber, 

followed by 20 mi. of 70� perchloric acid. One hundred 

m:L. of disti11e�e was collected within fifteen minutes 



for fast distillation and within thirty minutes for 

slow distillation. 

To study the volume of disti11ate taat must be 

col1ected for complete recovery of the f1uoride, 50 mi. 

portions of distillates were collected in volumetric 

flasks from distilling chamber, which contained 20 m1. 

of 70% perchloric acid and 20.0 ml. of sodium fluoride 

solution containing 0.100 mg. of fluoride or 10.0 ml.of 

s�diuni fiuoride solutipn containimg 0.050 mg. fluoride. 

The rate of distillation was adjusted to approximately 

3 or 4 ml. of distillate per minute. The amounts of 

fluoride in the distillates were determined by the 

spectropho�ometric method. 

Urine samples were also used to study the collection 

of distillates. Fifty ml.-. urine samples containing 

0.050 mg. F·and 0.100 mg. F-as sodium fluoride, and five 

ml. of 60% magnesium acetate were dried and ashed. These

ashed samples were disti11ed using 20 m1. of perchloric 

acid and a few drops of silver perchl.orate. The distillates 

were collected in both 250 ml. fractions and in three 

fractions, consisting of two 100 ml.. portions and one 

50 ml. portion. The distillates were neutralized with 

0.1 N sodium hydroxide to a faint pink co1or with the 

addition of two drops of pheno1phtha1ein indicator. The 

f1uoride was determined by the spectrophotometric method. 

The chloride present in the urine samples was 

removed by adding si1ver perchlorate, which formed 
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insoluble silver chloride. The effect of chl.oride ion on 

the distillation of fluoride was determined by a.ddina 

varying amounts of chloride ion as sodium chloride to 

samples containing 0.100 mg. fluoride ion. The amount

of chl.oride added ranged from 10 mg. to 200 mg. The

distillations were performed in the presence of 20 m1. 

of 70'fo HC10
4

, with and without adding silver perch1orate 

to precipitate the ch1oride. Two hundred m1. distillates

were collected and the fluoride content determined 

spectrophotometricall.y. 

4. Procedure for the Determination of
Fluoride i� the Urine and Feces Samples

Collected for the Balance Study. 

The volume of each urine sample was measured and 

the entire sample placed in a beaker. Ten m1. of 60'fo 

aqueous magnesium acetate solution was added as a fixing 

agent. The mixture was evaporated down to approximately 

0 
20 - 25 m1. in a drying oven at 65 C. The low temper-

ature was used to avoid spattering. The entire concen

trated sample was transferred quantitatively to a 

previously ignited and weighed 30 ml. porcelain crucible. 

The whole sample was dried in the oven at 93°c and 

tinal.1y at 120
°

c. 

Each of the feces samples was placed in a blender, 

followed by ten mi. of 60% aqueous magnesium acetate and 

enough fluoride-free water to permit thorough blending. 

Mter homoaenization, the feces samples were transferred 

l2 



to a preweighed beaker. The blender was rinsed with 

fluoride-free water and the rinsings added to the beaker. 

The eamp1es were dried in an oven at about 65°c for a 

week, then at 93°c for three days al'ld finally at 120
°

C 

for a day. The beakers containing the dried samples were

weighed. The entire dried samples were placed in 

preignited and weighed crucibles. 

The crucibles containing the dried urine a.nd feces 

samples were placed in a muffle furnace. The temperature 

of the muffle furnace was raised gradually. The samples 

were charred for an hour at 400
°

C and then ignited 

over-night at about 6oo
0
c.

The feces samples required a temperature a little 

higher than 6oo
0
c and longer ignition time than the urine 

samples. The urine samples required an ignition 

temperature lower than 6oo
0
c to prevent fusion. 

A portion of each ashed samples was weighed and 

allowed to soak in the crucible £or a few minutes with 

fluoride-free water, then transferred into the distilling 

chamber through a long stemmed funnel and the crucible 

washed with a minimum amount of fluoride-free water and 

a small amount of 70% perchloric acid. Twenty m1. of 70% 

perchloric acid was added to the sample solution. 

Saturated si.il.ver perchlorate solution was added dropwise. 

to precipitate the chloride present in the samp1e. The 

samp1e solution was mixed by gent1e blowing through the 

steam inlet of the disti1ling vessels. The steam inlet 
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was stoppered and the vessel heated to the boiling point 

of tetraohloroethane (b.p. 146
°
c) within 10-15 minutes. 

The rate of steam passing through the solution was adjusted 

until approximately 4 or 5 mi. of distil1ate per minute 

were collected. 

The dietillates of each sample were collected in 

two 100 mi. and one 50 ml.. volumetric flasks which 

contained 0.25 to 1.0 mi. of approximately 0.1N NaOH to 

keep it &l.ka.line to phenolphtha1ein. The distillates 

were stored in polyethylene bottles. 

Five ml.. of reagent A and five mi. of reagent B 

were added to a-50.0 ml. portion of the distillate con

taining no more than 0.050 me. of fluoride and mixed 

well. The spectrophotometer was set at zero absorbance 

at 532 my. with the Megregian reference solution and the

absorbance readings of the distillates were taken within 

five minutes after the reagents had been a.dded. The 

amounts ot fluoride were calculated from the fluoride 

standard curve. 

Some of the urine samples became fused because of 

high ignition temperatures. In order to obtain a portion 

of the fused substance for dieti11ation, the fused sample 

was dissolved in a minimum amount of 70'/, perchloric acid, 

then diluted with fluoride-free water in a 50 mi. vo1umetric 

flask and stored in polyethy1ene bottles. A five ml. 

portion of these sample solutions was disti11ed and 

fluoride determined. 
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5. Study of Amadac - F Reagent.

The use of Amadac - F as a reagent for fluoride was 

studied in order to compare its applicability with the 

zirconium eriochrome cyanine R reagent. Five m.1. of 

Amadac - F concentrate were added to 25 m.1. volumetric 

flasks which contained 0.000, 0.010, 0.025, 0.050 and 0.100 

mg. of fluoride. The so1utions were diluted to volume 

and allowed to stand for one hour. The solution which 

contained zero amount of fluoride was used as the blank 

and the absorbancesof the fluoride containing SaJJples 

were measured in the region 540 to 650 mf• A standard

curve was prepared by measuring the .a.bsorbance, at the 

wavelength of maximum absorption of solutions containins 

�rom 0.010 mg. to 0.050 mg. of fluoride against a

reagent blank. 

The stability of the blank was determined by 

measuring the absorbance of the blank against fluoride

free water. The rate of formation and stability of the 

fluoride complex were also studied in a pure water medium,

2� (v/v) acetonitrile-water, 20% (v/v) acetone-water a�d 

2� (v/v) dioxane-water media (20). 

This reagent was used to determine fluoride in 

water and urine samples. In the analysis of urine samp1es, 

20.0 ml. of distillate was pipetted into a 25 m1. 

volumetric flask, fo11owed by five m.1. of Amadac - F 

concentrate. After an hour, the absorbance was read 

at 620 mµ agai�A+, the b1ank. 
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RESULTS AND DISCUSSION 

l. Spectrophotometric Determination of Fluoride
with Zirconium Eriochrome Cyanine R Lake

The reagent, zirconium eriochrome cyanine R, is very 

sensitive, for even the addition of a minute amount of 

fluoride ion causes deeolorization, that is,oonversion 

from the dark col.or to a light orange color due to the 

formation of the colorless complex, ZrF6=, and liberation

of the free dye. 

The wavelength of maximum absorption for the Megregian 

reference solution was found to be 532mp and for the fluo

ride reference eol.ution, 534mf• 

Standard curves were prepared from absorbance 

readinas at both 532ffif and 534mp (Table I) of solutions:

containing the reagent and varying amounts of fluoride. 

Table I.

Data for Standard Curves 
A 532mµ. 534mJ1 

Fl.uoride (Megregian (Fluoride 
Concn. Ref. SoJ.n.) Ref. So1n.) 

O.OOOmg.F150m1. 0.7961 0.4.90 2 

0.020mg.F150m1. 0.609 0.296 

o.025mg.Y/5om1. 0.565 0.243 

0.050mg.F150ml.. 0.340 O.Ol.4

0.060mg.F150ml.. 0.270 

0.070mg.F150m1. 0.202 

]. . Average of ten determinations. 
2. krerage of three determinations. 
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Using the Megregian reference sol.ution, the straight line 

portion is in the range of 0.000 to 0.050mg./50m1. of 

fl.uoride, with onJ.y a slight deviation in the range of 

0.050 to 0.070mg.F150mJ.. Lambert-Beer's Law is al.so 

fol.l.owed using the fl.uoride reference solution, with on1y 

a slight deviation in the 0.050mg.F150m1. sampl.e. The 

resu1ts in Table II indicate that the Megregian reference 

sol.ution is very stable. It was found that the addition 

of hydroxyl.a.mine to the Megregian re�erence did not 

increase the stabil.ity as had been previousl.y reported (19). 

1st day

2nd day 

3rd day 

4th day 

Tabl.e II. 

Stabil.ity o� Reference Solutions 

1 

A532111f 
A2 

532m,-i
(distil.l.ed water used as the bl.ank) 

0.830 0.640 

0.830 0.640 

0.828 0.645> 

0.830 o.642

l.. Megregian. reference solution. 

2. Megregian reference sol.ution +

,. Fl.uoride reference sol.ution. 

1,180 

l. .175

1.170

1.160

NH
2
0H. 

The effect of the addition of varying amounts of 

chl.oride ion on the determination of fl.uoride was found 

(Tabl.e III) to depend on the form in which the chl.oride 

ion was added. In the ease of HCl., the decrease in 

absorbance, which produces high resul.ts for fl.uoride, is 

probably due to the hydrogen ion attacking the dye. When 
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Chloride ion 
added as 
NaC1. (grams) 

0.000 
0.050 
0.100 
0.200 
0.500 
1.0 
2.0 
4.0 
5.0 

Chloride ion 
added as 
XCl.. (grams) 

0.000 
0.500 
1.0 
2.0 
4.0 
5.0 

Chloride ion 
added as 
HC1. (grams) 

0.05 
0.10 
0.20 
0.50 

Tab1e IIL

Interference of Chloride Ion 
----------------

Absorbance* 

(0.000mg. 
F150m1.) 

0.800 
0.790 
0.790 
0.780 
0.110 

0.740 
0.740 
0.760 
0.110 

o.aoo

0.755 
0.120 
o.655
0.570
0.550

0.775 
0.760 
0.120 
0.660 

(0.025mg. 
F;l3om1.) 

0,.570 

0.548 
0.540 
0.550 
0.620 
0.655 

0.570 
0.530 
0,.512 
0.495 
0.452 
0.440 

(0.050m,a. 
F150m1.) 

0.350 
0.340 
0.341 
0.335 
0.3:50 
0.348 
0.375 
0.480 
0.52s 

0.355 
0.3:,7 
0.335 
0.325 
0.335 
0.335 

0.3:,5 
0.329 
0.:,21 
0.315 

* Abeorbance measured at 532 mp
against Mearegian reference so1ution.
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sma11 amounts of potassium chloride and sodium chloride, 

of the order of lOO�g. er, were added to the f1uoride 

standards, the absorbances were u...�affected, but the 

presence of 1arge amounts of eodi�:m chloride resulted 

in high absorbs.nee readings and low fluoride values. 

The effects of sodium chloride and potassium chloride are 

different, which might be due to the presence of 1arge 

amounts of sodium or potassium ion, the sodium presum-

ab1y having a different effect than the potassium. The 

extent of the interference depends on both the amount 

of t�e chl.oride sa1t added and the amount of f1uoride 

present. Therefore, the reduction of the chl.oride ion 

concentration is necessary before the fluoride determination. 

2. Study of Fixing Agents

The resu1ts of the comparison study of the use of 

the two fixing agents, calcium hydroxide and magnesium 

acetate are shown in Tab1e IV. The use of magnesium 

acetate has increased the percentage recovery of the 

fluoride. The magnesium acetate solution is homogeneous 

rather than a suspension, which is the case of the ce.J.cium 

hydroxide so1ution (5). The use of magnesium acetate 

therefore, permits the addition of the same amount of 

fixing agent to each sample. 



Tab1e IV. 

Comparison of Ca( OH) 2 an.d r,tg-acetate as
F1uoride Fi�ing Ageni� in Urine Se.mples 

Fixing Agent 

Ca(OH)2 (25m1. of 0.5M)

Mg-acetate 
(5m1. of :,�) 

Ma-acetate 
(5m1. of 6°") 

Sampl.e 

50ml..urine+0.050mg.F-

50m1.urine+0.050mg.F-

50ml..urine+O.l.00mg.F· 

50m1.urine+0.050mg.F-

50ml.urine+0.100mg.F-

Fl.uoride 
Found * 

0.046me. 
0.045mg. 

o.-049mc. 
0.050mg. 
0.092mg. 
0.091mg. 

0.050m•· 
0.049q. 
0.09:,q. 

0.096mg. 

*Corrected �or fluoride found in 50ml.
of urine before addition of fluoride.

Table V. 

%Recovery 

92.0 
90.0 

98.0 
100.0 

92.0 
91..0 

100.0 
98.0 
93.0 

96.0 

Recovery of Large Amount of Fluoride Ueina 
Macneeium Acetate as Fixing A.cent 

(10ml. 6� Ma-acetate as fixinc agent. 
200ml. of distillate collected.) 

Sampl.es Fluoride Found1 �Recovery 

Water samples 2 0.500mg.F-in 4ml.. H20 0.499mg. 99.8 

1.000mg.F-in 8m1. H20 1.o:,1ma. 10:,.7 

1.250mg.F·in 10m1. H20 l.. 291.mc, 10,., 

2.000mg.F-in lOml.. H20 1.911.mg. 95.6 

l.OOOmg.F-in 200m1. H2o 0.914mg. 91.4 
l.250mg.F·in 200ml. H20 1.244mg. 99.5 

Urine ee.m.pl.ee 
2oom1. urine+o.500mg.F· 0.424mg. 84.9 

200ml. urine+l.OOOmg.F- 0,845mg. 84.5 

200m1. urine+l.250mg.F· 0.970mg. 77.6 

1. Corrected for fluoride found in the eampl.ee
before addition of f1uoride.

2. Ca.l.culnted using weight of ashed samp1e.
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The data in Table V shows that the recovery of fluoride 

is lower when a large volume of urine sample containing 

a large quantity of fluoride is analyzed. This, however, 

was not noted in the water samples. Since urine samples 

generally do not contain as much as 1.250mg. of fluoride, 

the low percentage recovery is no serious �roblem. 

3. Recovery by Distillation

In an extensive study of the distillation of fluoride, 

it was found that the recovery of fluoride is inversely 

proportiona1 to the still input volume (Table VI). The 

recovery data, ae shown in Table VI, a1so indicates that 

the amount of fluoride distilled depends directly upon the 

rate of distillation. The samples for this study were not 

ashed. 

Table VI. 

Recovery of Fluoride by Distillation from Varying 
Sample Volumes and at Varying Distilling Rates. 

Sample 

0. l.00.ing,..F� ·•

10.050mg.F 
20.100mg.F 
20.050mg.F 

Sample Volume Fluoride Found5 %Recovery 

20 0.093mg. 3 93,0 

5 0.098mg. 4 98�0 

5 0.050mg. 4 100.0 

20 0.069mg. 4 69,0 

5 0.044mg. 88.0 

1. Distilling rate: 6-7m1./min.
2. Distilling rate: 3-4m1./min.
3. Average of five determinations.
4. Average of two determinations.
5. 100ml. of distillate collected.
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The percentage recovery of f1uoride, when added in 

larse amounts, as sodium f1uoride, to water and urine 

samples and then ashed has been shown in Tab1e IV. It 

appears from the data in these tab1es that there is good 

reco•ery of the &d.ded fluoride from either the ashed or 

the aqueous eamp1es of water. The recovery ·of fluoride 

by disti11ation from water samples, containing from 0.050 

to 2.00ms. of fluoride, was found to be satisfactory. 

The recovery of fluoride from urine samples was 

found to be inveree1y proportional to the fluoride level 

a.nd the vo1ume of urine samples (Tab1e IV and V). The 

resu.1ts obtained al.so indicate that f1uoride is lost 

during the evaporation process of the urine samples and 

not during the disti11ation. 

Tables VII and VIII show the effect of the volume 

of distillate collected on the recovery of fluoride. 

These reeu1ts indicate that in order to obtain near1y 

complete recovery of f1uoride, it is necessary to collect 

at 1east 250m1. of dieti11ate, since a significant amount 

of f1uoride is etil1 present in the last fractions. The 

volume of disti11ate necessary to collect for complete 

recovery depends on the amount of fluoride present. 

It is shown from Tab1e IX, that by co11ectina three 

fractions of disti11ate total.ing 250m1. more f1uoride is 

apparent1y recovered than when one 250ml. portion is 

co11ected. This ia part1y due to the fact that most of 

the f1uoride distil1ed over in the first 100ml. fraction 
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Tabl.e VII. 

Disti11ation Study 

A. Sampl.e: 0.100mc.F120ml.. distil.l.ed from 20m1. 70% HCJ.04
Fraotion Vol.. of F in �Recovery Cumu1ative 

No. Fraction Fraction Recovery 

l. 50ml..
2 50m1. 

:, 50ml.. 
4 50m1. 

5 50m1. 
6 50ml.. 

Totals ::,ooml.. 

0.04::,q. 
0.026mg. 
0.015mg. 
0.009mg. 
0.005mg. 
0.002mg. 

0.100mg. 

43.0 
26.0 
15.0. 

9.0 
5.0 
2.0 

100.�

4:,.0 
69.0 
84.0 
9::,.0 
98.0 

100.0 

B. Sampl.e: 0.050mg.F710ml.. distilled from 20m1. 70'/o HC104

1 50m1. 
2 50ml.. 
::, 50m1. 
4 50m1. 

5 50m1. 

TotaJ.a 250ml.. 

0.025mg. 
0.014mg. 
0.007mg. 
0.005mg. 
0.000mg. 

0.051mg. 

Tabl.e VIII. 

50.0 
28.0 
14.0 
10.0 
o.o

102.�

50.0 
78.0 
92.0 

102.0 
102.0 

Diatil.l.ation Study in the �resenee of Sodium Chloride 

Sampl.e: O.l.OOma.F720ml..+50mg. CJ.l5ml. distil.l.ed from HCJ.04
With .AgCl.04

Fraction No. Vol..of Fraction Fin Fraction �Recovery 

l. 50ml.. 0.046mg. 46.0 
2 50ml.. o.o:,0mg. :,o.o 

:, 50111. 0.0l.5q. 15.0 
4 5om1. 0.007mg. 1.0 

5 50ml.. 0.004mg. 4.0 

Total.e 250ml. 0.102mg. 102.�

Without AgCJ.0
4 

l. 5om1. 0.050mg. 50.0 
2 50ml.. 0.0:,1.mg. 31..0 
:, 50m1. 0.014mg. l.4.0 
4 50m1. 0.006mg. 6.0 

5 50ml.. 0.004mg. 4.0 

Totals 25om1. 0.105mg. 105.orl,
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Tabl.e IX. 

Effect of Vol.ume of Diatil.1ate on the Recovery of Fiuoride 

A. Singl.e 250m1. vo1ume of distillate co1l.ected.
Sampl.e �t. ff F if 5� 

Al.iquot Total. F 
sti l.ate foun) factor (found) 

50ml..urine(bl.ank) 0.0148mg. 5 o.074q.

50ml..urine+0.050mg.F- 0.0244 5 O.l.22
0.0241 5 0.121.

50ml..urine+O.l.OOmg.F- 0.0:,07 5 0.154 
0.031.a 5 0.1.59 

B. 250ml.. of distil.l.ate co11ected in three fractions.

Sampl.e Amt.of Fin iliquot Tota.1 F 
each fraction factor (found} 

50ml..urine (bl.ank) 

tl 
0.056

1.m&. 2 
2 0.01.11 2 0.072mg. 
3 0.0044 l. 

50ml..urine+0.050mg.F-

tl O.l.044
2 

2 0.01.35 2 0.121 
3 o.oo:,o l. 

�l.� 0.0790 2 

2 0.0374 2 0.121. 
(3) 0.0045 1 

50ml..urine+O.l.00mg.F-

tl O.l.270 2 

2 0.0340 2 O.l.64
3 0.0032 l. 

ll.l O
.l.278 2 

2 0�0:,60 2 O.l.68
(3 0.0037 l. 

Net F Recovery
(found-bl.ank) 

0.048mg. 96.0'!,
0.047 94.0 

0.080 80.0

0.085 85.0 

Net F Recovery
(found-blank} 

0.049mg. 98.0� 

0.049 98.0 

0.092 92.0 

0.096 96.0 



of distillate. The greater the amount of fluoride in the 

distillate, the lower the absorbancy reading because of 

decolorization of the dye. At lower values of absorbance 

the readings on the spectrophotometer become more accurate, 

that is, at high concentration of fluoride. So collecting 

250ml.. of distillate in three fractions is·more reliable 

taan collecting a single 250ml. distillate. Further 

studies of the distillation of three fractions versus 

one fraction shou.1d be done in order to c�early 

demonstrate and to explain a difference, if one 

actually exists. 
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In using perchlorio acid in the distillation of 

ashed samples without the addition o� silver ion, a 

variable quantity of chloride wou.1d come over in the 

distillate. From a comparison of the amounts o� sodium 

hydroxide required to neutralize the distillate of samples 

to which silver perchlorate had been added and samples 

to which no silver perchlorate had been added, the chloride 

present in the sample must distill over as hydrochloric 

acid. The distillation of hydrochloric acid was prevented 

by the addition of su�ficient silve� perchlorate to 

precipitate the cb1oride. 

The data in Tab1e X confirms that the disti1lation 

in the presence o� si1ver oh1orid• precipitate was found 

entirely satiefaotory and the silver chloride p�ecipitate 

did not retain any f1uoride. The results of the disti1-

lation a1so ehow that s1i&ht1y high resu.1ts are obtained 



for tl.uoride when the chloride is not removed as sil.ver 

chloride. The high results may be due to the fact that 

the hydrochloric acid which distil.ls over requires the 

use of more sodium hydroxide to neutralize the distill.ates 

a.nd it was previously shown (Table III) that the 

absorbance of the solutions used in the spectrophotometric 

method are affected by the presence of sodium. chloride. 

Table X. 

Effect of Cbl.oride on the Distillation 
of Fluoride from \'later Samples 

M4i.Cl.-added Mg.Fluoride added Mg.Fluoride Found* 

(NaCl) With AgCl.04 Without AgCl.04

0mg. 0.100mg. 0.097mg. 

10mg. 0.100mg. 0.102mg. 0.104mg. 

20mg. 0.100mg. 0.1041118• 0.107mg. 

50mg. 0.100mg. O.l.02q. 0.104mg. 

lOQma. O.lOOq. 0.102q. 0.105mg. 
200mg. O.l.OOmg. 0.099mg. 0.107mg. 

* 

Fluoride distilled from 70'/, percbl.oric acid. 
200ml. volume of distillate collected. 

The recovery of fl.uoride was satisfactory when silver 

perch1o:ate was added to remove the chloride ion and 

bumping of the solution during the distillation process 

was decreased to some extent when the precipitate was 

kept continuously agitated by steam entering the mixture. 
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The amount of f1uo�ide recovered varies with the type 

of material. analyzed and the 1eve1 of fluoride present. 

With water sampl.es, there was a.l.most total. recovery of 

fluoride. However, the recovery of fluoride was 

considerably lower in the urine and feces samp1ea. 

4. Resu1ta of the Determination of Fluoride in Urine and
Feces Samples of the P1ymouth Fluoride BaJ.ance Study

The results of the fluoride analyses of the urine and 

feces sampl.e of the children in the bal.ance study are 

summarized in Tabl.es ll, XII, and XIII. 

In the balance study, the children in group A were 

given 4.0mg. of fl.uoride as sodium fluoride (8.8mg.) in 

eight ounces of water and those in group B were given 

4.0mg. fl.uoride as sodium fluoride (e.amg�) in vitamins. 

Fluoride was given in the two forms to determine if there 

was a significant difference in the balance of fluoride 

depending on the method of administration. The urine 

samples were col.lected in twelve hour periods for one 

day (base dar) before the administration of fluoride 

and for three days followinc the administration of 

fluoride. The feces samples were collected in a seventy

two hour period after the ad.ministration of fluoride and 

a twenty-four hour period before the fl.uoride was given. 

The twelve hour urine samples were anal.yzed individua1l.y 

in order to eetabl.ish a f1uoride excretion pattern. The 

results shown in Tab1e XII are in agreement with a previous 

etuey (19). Most of the fl.uoride was excreted in the 
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Pa:tient 

.A•l. 

A•2 
A•3 

A-4

A-5

A•6

Average 

B•l. 

B-2

B•3 

B--4 

B•5 

B-6

Average 

Tab1e XI. 

F1uoride Ana.J.ysis of Urine and Feces Samp1es for Base Day 

Urine Sam
}

l.es
\mg.F sum of 

Feces Sam
�

1es Total. Fl.uoride 
(mc.F {mg .F) 

1st 12 hrs. 2nd 1.2 hrs. 24 hours 24 hours (urine+feces) 

0.1.1.5 O.l.67 0.282 0.077 0.359 

O.l.15 O.l.26 0.241. 0.084 0.325 

0.288 0.075 0.363 O.l.89 0.552 

O.l.81. O.l.90 0.3.71 0.052 0.423 

0.074 0.096 O.l.70 0.055 0.225 

0. l.l.2 0.156 0.268 0.062 0.330 

O.l.48 0.1.35 0.283 0.087 0.370 

O.l.63 0.162 0.325 0.062 0.387 

0.131 O.l.22 0.253 0.041. 0.294 

O.l.63 O.l.83 0.346 O.l.05 0.451. 

0.150 0.096 0.246 0.1.22 0.36a 

0.080 0.093 O.l.73 0.041 0.21.4 

0.147 0.150 0.297 0.125 0.422 

0.139 O.l.34 0.273 o.oa:, 0.356 

I\) 
0) 



Tab1e XII.

P1uoride Anal.ysis of Urine and Feces Samp1es 
Col.l.ected after Administration 0£ Fluoride 

Feces Urine (mg.F) Tota1 
Patient (mg.F) (Hour at End of Collection Period) (me.F) Excretion 

l.2 24 36 48 60 72 

A-l. 0.1.39 0.836 0.586 0.476 0.351. 0.203 O.l.26 2.71.7 67.9 

*A-2 0.224 0.256 0.446 0.412 0.400 0.252 0.376 2.366 59.2 

A-3 0.479 1..046 O.l.59 0.71.4 0.408 0.354 0.232 3.392 84.8 

A-4 0.354 0.693 0.71.9 0.390 0.225 0.229 0.272 2.882 72 .l. 

A-5 0.865 0.794 0.589 0.270 0.092 0.21.8 0.258 3.086 77.2 

A-6 0.785 0.795 0.531 0.642 O.l.75 O. l.91 0.1.53 :,.272 81.8 

Average 0.474 0.737 0.505 0.484 0.275 0.241. 0.236 2.952 73,8 

B-l. 0.480 l..009 0.248 0.347 0.247 0.272 0.274 2.877 71..9 

B-2 0.326 0.855 0.21.0 0.212 0.1.88 0.259 O.l.98 2.248 56.2 

B-3 0.338 0.958 0.267 0.320 0.273 O.l.93 O.l.98 2.547 63.7 

B-4 0.253 0.886 O.l.56 O.l.88 0.085 0.246 0.068 1..882 47.1 

B-5 0.222 0.776 O .,l.65 0.109 0.170 0.091 0.086 l.. 619 40.5 

B-6 0.435 0.932 0.281. 0.184 0.189 O.l.89 0.164 2.374 59.4 

Avera{le 0.343 0 .. 903 0.221. 0.227 O.l.92 0.208 O.l.64 2.259 56.5 

*¾oz. fluoride water l.oas



tiret fluoride day and the� the excr�tion decreased 

in the second and third f1uoride days. 

In Table XIII is �reeented a summa.ry of the total. 

amount of f1uoride excreted by each of the patients tor

a seventy-two hour period after the administration of 

the f1uoride and a1ao the amount of t1uoride inceeted by 

eaoh patient at the start of this st\.ldy. The difference 

between the amounts excreted and ingested is the fluoride 

ba1ance. A positive ba1ance shows retention of fluoride. 

For the patients in group A, the f1uoride bal.ance for 

the period, expressed as a percentage, ranged from 

+15.2 to +40.9, with an average of +26.�. The percentage

of ingested f1uoride which was excreted in the urine over 

the same period varied from 53.6 to 72.8, with an averaee

of 61.9. The percentage which was excreted in the feces 

ranged from 3.4 to 21.6, with an average of 11.9. Por 

the patients in group B, the f1uoride ba1ance for the 

seventy-two hour period ranged from +28.1 to +59.5�, 

with an average of +43.5�. The percentage excreted in 

the urine varied from 34.9 to 59.9, with an average of 

47.9 and that in the feces raneed from 5.6 to 12.0, with 

an average of 8.6. In this study, �t was found that 

the percentage of ingested f1uoride excreted in the 

feces was considerab1y 1ower than that excreted in 

the urine. 
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Tabl.e XIII. 

Fl.uoride Bal.ance Data 

Fl.uoride Ingested !!&:,_ £! Fl.uoride Excreted Fl.uoride Baiance
Patient Forms Hg.of F Urine Feces Total. �mg.} b�) 

A.-l. water 4.0 2.578 O,l.39 2.71.7 +l..283 +32.l.
*A-2 water 4.0 2.1.42 0.224 2.366 +l..634 +40.9
A-3 water 4.0 2.91.3 0,479 3.392 +0.608 +l.5.2
A-4 water 4,0 2.528 0.354 2.882 +l..118 +l.8.0
A•5 water 4.0 2.221. 0.865 3.086 +0.914 +22.9
A-6 water 4.0 2.487 0.785 3,272 +0.728 +l.8.2

Average water 4.0 2,478 0.474 2.952 +l..048 +26.2

B-1. vitamin 4,0 2.397 0.480 2.877 +1.123 +28.l.
B-2 vitamin 4.0 l..922 0.,26 2.248 +1.752 +43.8
B-3 vitamin 4.0 2.209 0.338 2.547 +1.453 +36.3
B-4 vitamin 4,0 l..629 0.253 l..882 +2.l.l.8 +52.8
B-5 vitamin 4,0 l.,397 0.222 l.. 61.9 +2,381 +59,5
B-6 vitamin 4,0 1..9:59 0.435 2.374 +l..626 +40,7

Average vitamin 4,0 l.. 91.6 0.34:, 2.259 +l..741. +43,5
*¾oz. fl.uoride water l.oas.



The absolute amounts of :f:Luo'!'id.e retained by the 

patients were not obtained because onl.y one D&ee day ot 

urine and feces samples were collected. (Tabl.e XI} and 

this is not a rel.iab1e measure ot the average excretion 

after inaeetion of natural. tl.uoride. 

On comparing group A and group B, it can be eeen 

that there is a areater retention ot the fluoride when 

it ie given in the vitamin preparation than when it is 

•iven in water. An explanation for this is not imma

diatel.y obvious. The a.mount ot fl.uoride retained by the 

body was found to be considerably higher than expected,pre• 

aumably because equilibrium. was not reached in the 

body. It is predicted that the a.mount of fluoride 

retained by the body will decrease as e�uilibrium is 

approached (4). 

Some urine samples become fused because of high 

ignition temperature and since these samp1es were hard 

to mix it was difficul.t to take a homogeneous portion 

for distill.ation. In order to determine the fl.uoride 

in these fused samples, the samples were dissolved in 

perchl.oric acid and aliquots of these sol.utions were 

used for distil1ation4 This �rocedure proved to be 

reproducibl.e a.ad fairly accurate as shown by the resul.ts 

in Tabl.e XIV. 

Duplicate portions of some ashed samples were 

subjected to disti1lation and the amount of fluoride 

det1:1rnu.ned. in -'.;he distillate. A comparison o:f the 
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reeu1 ts is shown in T-'.l.b;.e XV. It ap!)ea.rs f'rom this 

data that the range of deviation from the average for 

the fifteen urine sampl.es is from 0.4� to 4.0�. The 

mean deviation is 1.7�� 

Total. 

Urine 

Tabl.e XIV. 

Fl.uoride Found in Urine and Water Sampl.es 
Using Five Mi. iliquots of HC104So1utiona for Distil.l.ation. 

J.st 2nd '.5rd 
Sam.pl.e iliquot Uiquot A1iquot Aver

,
e Deviation �Devn.

(ma.) 

1 0.25:, 

2 0.207 

Water Sampl.e 

0.050mg.F-

0.025mg.F-

(mg.) (mg.) (mg . 

0.25:, 0.255 0.254 

0.221 0.221 0.21.4 

FJ.uoride Found 
(mg.) 

0.049 

0.022 

(mg.) 

0.001 

0.007 

� Recovery 

98.0 

ee.o 

0.4 

:, . :, 
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Tabl.e XV 

Coapariaoa o� �otaJ. �l.uori4e Conteat &8 Determined on

Two Differeat ?ortiona of Aahed Urine Sample•• 

Zptal. Fluoride!!! the Sampl.e Devn. 
l.at Portion 2nd Portion Averaae from Ava. �Devn. 

0.117mg. O.l.12ma. 0.1145mg. 0.0025 2.2 

O.l.69 0.166 0.1675 0.0015 0.9 

0.592 0.580 0.586 0.006 1.0 

0.359 0.:,42 0.3505 0.0085 2.4 

0.200 0.206 0.203 0.003 1.5 

0.125 0.127 0.1.26 0.001 0.8 

0.457 0.4:,4 0.4455 0.01.1.5 2.6 

0.408 0.41.6 0.412 0.004 1.0 

0.242 0.262 0.252 0.010 4.0 

0.279 0.297 0.288 0.009 3.1 

0.884 0.873 0.8785 0.0055 o.6

1.042 1.051 1.0465 0.0045 0.4 

0.703 0.725 0.714 0.0ll'l. 1.5 

0.40'3 0.41.2 0.4075 0.0045 1.l.

0.:,47 0.:,61 0.354 0.007 1.. 9 



5, Study o� A.�adac-F Rea�ent 

The wave1ength ot maximum absorption for tke f1uoride 

comp1ex with Amadae-F was found to be 620mp. This system 

was found to obey Beer's Law (Tab1e XVI) from 0.000 to 

0.030mg. of f1uoride in twenty ml.. The rate of co1or 

deve1opment and the stabi1ity of the comp1ex formed are 

shown in Tab1e XVII. It is apparent from the resu1te in 

this �ab1e, that the abeorbal'lce of the species reaches a 

maximum in approximate1y 35 to 45 minutes and the species 

is stab1e for twenty-four hours. Tlui.s s1ow rate of co1or 

formation was overcome by the introduction of water 

so1ub1e organic so1vents. The rate of formation of the 

comp1ex and a1so the reagent sensitivity were enhanced by 

deve1opiq the co1or in 2°" (v/v) aeetonitri1e-water or 

acetone-water or dioxane-water media. In an acetonitri1e

water medium, the absorba.nce of both the f1uoride specie• 

and the reagent b1ank was found to be stabi1ized in 

15 minutes (Tael.e XVIII). 

Tab1e XVI. 

Beer's Law Study of the F1uoride Amadae-F Syatem 

mg. F120m1. 

0.000 
0.005 

· 0.01.0
0.025
0.030

0.040
0.050

A*620D!}l 

0.000 
0.096 
0.203 
0.484 
0.570 
0.675 
0.740 

*Aviar(6.£e o:t foW!' deteraiD&tione.
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1'abl.e XVII. 
Ra-te of Porma.tion and Stabi1ity of the 

P1uoride Amadac•F Spec�•• 

Time !162� *A620Df,1 Reagent 
(min.) O.OlOq.P120mJ.. o.045mc.712om1. llla.nk 

5 0.108 0.610 0.540 

15 0.197 0.690 0.540 

,5 0.210 0.715 0.540 

45 0.216 0.720 ---

75 0.218 I 0.725 ---

85. 0.216 0.725 ---

105 0.215 0.725 ---

1.15 0.216 0.725 0.,540 
,.. - - - .-, - - _, - .. - ... - - - .. ... - - - - - - - - - � - - -

24 hour 0.216 0.72� 0.540 

25 hour 0.206 0.715 0.540 

27 hour 0.206 f).710 0.540 

*Abeorba.noe vs. diatil.l.ed wa.ter

Ta.b1e XVIII.

Stabil.izinc Effect of Organic Sol.vent in the 
�l.uoride Amad.ao-F S�eciee 

(2°" CH3CN • H20)

Time Reagent *As9emp. *A59�
(min.) BJa�k o.025mg.Ft2om1. o.050mg.P12om1.

0 1.02 1.25 l..'4 

5 1.04 1.}8 1.41 

10 1.06 1.44 1.51 

15 1.08 1.47 1.58 

20 1.08 l.47 1.58 

45 1.09 1.49 1.60 

*Absorbance ve. diatil.l.ed water



The wave1ength of .::ia:;:imum ab3orption i::1 thia so1vent 

was found to be 598mp.. 

A compari■on of �he reau1ta obtained ueing tke two 

reagents, Zr-Eriochrome Cyanine R and Amadac-F, for the 

determination ot f1uoride in water a.ad urine sam.p1e is 

shown in Tabl.e XIX. The use of Zr-Eriochrome Cyanine R 

gives a more accurate determination of urinary fl.uoride 

than the Amadao-F reagent. The Amadac-F rea,cent is 

Tabl.e XIX. 

A Compa.rison ot the Two Reagents:
Zr-lh'iochrome Cyanine R and Amadac-F 

Samp1e Fl.uoride ! Fl.uoride Found
E.C.R. E.C.R •. .Amada.c-F

Reagent Reagent Reagen-t 

Water Sampl.e
1

O.l.00mg.F15ml.. 0.0963 0.0953 96.o 95.0 

o.05oq.Fj5m1. 0.0504 0.0484 l.00.0 96.0 

Urine Sampl.e2 

0.010mg.P150ml.. 0.009 0.008 90.0 80.0 

0.025mg.F150m1. 0.020 0.020 80 .. 0 80.0 

0.050mg.F150m1. 0.049 0.048 98.0 96.0 

O.J.00mg.Ff50ml.. 0.093 0.080 9:,.0 80.0 

1. 200ml.. distill.ate co11ected.
iliquote of distil.l.ate anal.yzed with the
two reagents.

2. Ca(OH)2 used as fixing agent.
200ml. distillate col.l.ected.

:,. Average of four determinations. 
4. Average of two determinations.

preeumabl.y more seneitive than the Zr-Eriochrome Cyanine R 

to other substances distilled from the urine aampl.es. It 

is posaibl.e tb.at Amadac-F coul.d be used for a rapid and 

simpl.e me�hod for the determination of fl.uoride in 

water sampl.e.e,. 
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SUMMARY AND CONCL'l;SIONS 

F1uoride ba1anee studies were carried out on two 

groups of six chi1dren which were two to three years o1d. 

In g%'oup A. the chi1dren ingested the f1uoride in water 

and in group B, the ehi1dren ingested f1uoride aa sodium 

f1uoride in a vitamin preparation. Genera11y, the resu1ta 

indicated that the f1uoride in water and vitamin was re

tained to some extent by the chi1dren, However, the 

amount retained waa greater when the f1uoride was given 

in vitamins than in water. The f1uoride excretion pattern 

was a1moet identical. to that of a previous study (19). 

Most of the f1uoride was excreted in the first f1uoride 

dq and then the excretion deoreased in the second and 

third f1uoride days. 

The procedure for determininc f1uoride in urine and 

feces inc1uded a pre1iminary ashiq treatment with mag

nesium-acetate as a fixing agent, It a1so ino1uded the 

separation of f1uoride by steam disti11ation as f1uoro

si1icic acid from a perchlorie acid so1ution, and the 

measUrJ!ment of the decrease in absorbance of the Zr

Eriochrome Cyanine R species caused by the formation of 

the stab1e zirconium f1uoride comp1ex. Severa1 improve

ments were made in various stages of this anal.ytica1 

procedure in order to increase the reproducibi1ity and 

re1iabi1ity of the resu1ts. Modifications in the procedure 

ine1uded the use of a different fixing agent, ignition of 
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the tota1 dried samp1e v.nd colle<":f;io:.1 of 25Oml.. 

of distillate. 

The recovery of fluoride from urine sample■ was 

found to be inverse1y proportiona1 to the aaoUJ1t of 

fluoride and the volume of the sample. Over a range of 

0.50 to 1.25mg. ot t1ueride in 2OOml.. of.urine, the 

recovery was about e2� and iB. the ranee ot 0.050 to 

0.100mg. of fluoride in 50ml.. of urine, the recovery was 

about 9�. Almost total. recovery wae obtained from water 

samples eontainina trom 0.050mg. to 2.OOq. ot t1uoride. 

The uee of Amad.ac-F reagent wae inve■tigated. It 

wae shown that thi• reacent can �e used for the deter

mination ot t1uoride in water. Further work on thie 

reagent should be the deve1opment of a very rapid method, 

without aehinc and disti11ation, for the determination 

ot the fluoride content in well water. 
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