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INTOOOOCTION 

At the request of Dr. Frederick Margolis, M.D., and in association 

with '!he Up john Canpany, this research problem w.s initiated as a 

participation in the investigation of whether or not fluoride ingested 

as a constituent of the Upjohn 47-M liquid vitamin preparation is 

retained in an infant's body to the same extent as is fluoride ingested

as the sodium salt by itsel.f--either in solution or in tablet form. The 

retention patterns rray be studied indirectly by measuring the amounts 

of fluoride excreted in the urine and in the feces during each of a 

series of equal time intervals after administration of the various 

fluoride preparations. 

Because of experience in these laboratories it was decided to 

attempt to use the method of fluoride analysis developed by Megregian 

(44). His procedure basically involves the determination of fluoride 

spectrophotanetrically by reduction of the degree of complex formation 

between eriochrane cyanine R and zirconium by preferential caa;pleXi.llg 

of the latter with fluoride. To accanplish the objectives of this 

study it w.s necessary to exhaustively examine various aspects of the 

Megregian method. 

In order to link this thesis project to the total clinical 

investigation, there is presented herein a brief history of the samples 

prior to their receipt for analysis in these laboratories. Also reported 

is our treatment of the samples prior to application of the Megregian 

method. 



EXPERIMEllTA.L POOCEilJRE AND DISCUSSION 

Administration of Fluoride and Collection of Samples. 

2 

Fluoride was administered in each of three forms to different 

male infants, ages one to two years, at the Plymouth State Home and 

Training School, Plymouth, Michigan. Medication A (Med. A) consisted 

of 2.0 mg. of fluoride as sodium fluoride in eight ounces of water, 

and was given over a period of eight hours or more, starting at the 

beginning of the first collection period. Medication B (Med. B) was 

to consist of 2.0 mg. of fluoride incorporated into a liquid vitamin 

preparation, but one-half dose (1. 0 mg. fluoride) was g1 ven due to a 

miscalculation. The entire amount was given at the beginning of the 

first collection period. Medication C (Med. C) consisted of 2.0 mg. 

of fluoride as sodium fluoride in tablet :form, and again the entire dose 

was given at the beginning of the :first collection period. 

Urine and feces specimens were collected for a forty-eight hour 

period after the administration of' the various fluoride preparations. 

Urine specimens were collected in eight consecutive six-hour periods. 

Feces specimens were pooled over longer time intervals, generally ' 

about twenty-four hours. Unfortunately, no base line samples were 

collected before administration of the fluoride preparations. 

Med. A (fluoride water) was administered to three different 

patients, Med. B (:fluoride-vitamin preparation) was administered to 

four different patients, and Med. C (fluoride tablet) was administered 

to three different patients. In some cases the administration of the 

various fluoride preparations was repeated on the same patients for 

a second forty-eight hour test period. One each of' the Med. A and 



Med. C patients and two Med. B patients were so treated. However, 

the data for this second test period tor the Med. A and Med. C 

patients had to be discarded. This was due for the foniter to the 

loss of some of the medication and for the latter to imcomplete 

collection of samples. The second test period data for the two Med. 

B patients involved was complete and was averaged in with the first 

test period results of all four Med. B. patients. 

Drying and Ashing the Samples. 

3 

In order to prevent fluoride from being lost in the drying process, 

the samples must be made alkaline. Moreover, a "fluoride timtive" is 

needed to prevent loss of fluoride in the ashing process. Calcium 

hydroxide (6, 11, 50, 51, 53) acccm,;plishes both of these functions, 

and was used in the present series of determinations. Fi.xati ves that 

ba-ve been used by other authors include aluminum nitrate (12), calcium 

acetate (10, 6o), calcium carbonate (66), calcium phosphate (54), metallic 

copper (66), nagnesium acetate (9, 6o), a mixture of magnesium acetate 

and magnesium oxide (21), potassium hydroxide (31), and sodium hydroxide 

(23, 37, 53). 

In the present series of determinations a 0. 5 � lime suspension 

was prepared as described in Official Methods of Analysis of the Assoc­

iation of Official Agricultural Chemists (32), except that the suggested

extra purification of the calcium oxide was not carried out. Determina­

tions of the fluoride content of the calcium oxide (Fisher, low in 

fluorine) used were ma.de in order to provide a correction, but the 

amount present (about .003 to .004 mg. per 25 ml. 0.5 � suspension) 

was deemed insignificant when compared with other sources of error in 
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the ex;perimental procedure. 

The fluoride-free water used above and elsewhere in the ex;periments 

was prepared by distilling from slightly alkaline solution water that 

had been previously distilled and passed through a Bantum Replacement 

Cartridge for the Barnstead deionizing apparatus. 

To each urine sample in the polyethylene bottle in which it had 

been collected was added twenty-five ml. of freshly shaken lime suspen­

sion. The contents were then shaken and poured into a pre-weighed pyrex 

beaker. The bottle was then rinsed with fluoride-free water and the 

rinsings were added to the beaker. 

F.e.ch of the stool samples was placed in a Waring blender, followed 

by twenty-five ml. of' freshly shaken lime suspension and enough fluoride­

free water to permit thorough blending. After homogenization the con­

tents were poured into a preweighed pyrex beaker. The blender was then 

rinsed with fluoride-free water and the rinsings were added to the bee.ker. 

The beakers were then placed in a drying oven at about 150° F 

( 65° C) for one week. Since not all the samples were completely dry, 

the temperature was then raised to about 200° F ( 93° C) for three days. 

Drying was still not complete in some of the urine sam;ples--due partly 

to crust formation--so the temperature was raised to about 250° F 

(121° C) for one day. The beakers containing the dried samples (plus 

calcium oxide) were weighed, and the weight of dry samples (plus 

calcium oxide) was calculated for each specimen. Portions of the 

dried samples were placed in previously ignited and weighed porcelain 

crucibles. The crucibles containing the sample portions were then 

weighed, and the weight of dried sample (plus calcium oxide) portions 

were calculated. The sample (plus calcium oxide) portions in the crucibles 
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were charred for one hour at about 4oo° C in a  muffle furnace with the 

door open. In this time charring was complete enough that there was 

no danger of flaming with concomi ta.nt loss of sample on stronger heat­

ing. 'Ihe samples were then ashed over-night in a muffle furnace at 

about 6o0° C. 

It bas been warned (32) that some contamination of samples by 

fluoride from the walls of the IIU:ffle furnace may occur. On detennina­

tion of the samples it was found that the results from one portion of a 

particular sample indicated over fifty times as much fluoride in the 

total sample as did the results :fran another portion of the same sample. 

On checlci.ng back it was found that the first mentioned portion bad 

accidentally been heated to 1000° C in the muffle funmce. Since this 

was the only variable in the procedure it seems probable that at this 

higher temperature fluoride was more effectively driven out of the 

walls of the muffle furnace and was trapped by reaction with the calcium 

oxide present in the sample portion. 1'his suggests a way of preparing 

a muttle furnace so that the danger of its contributing to fluoride 

contamination during the ashing process may be reduced. The t'u.rnace 

need only be set at 1000° C while containing vessels filled vi th 

calcium oxide until analyses show that no additional fluoride is being 

released. 

Distillation of Ashed Samples. 

Fluoride is often separated from other constituents of the ashed 

sample by same form of distillation process (1, 6, 7, 10, 11, 14, 15, 

19, 21, 22, 25-28, 35, 37, 39, 4o, 42, 43, 46, 47, 49, 50, 51, 54-56, 

60, 61, 63, 64). Steam distillation (1, 21, 37, 46, 51) from acid 
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solution--usually some modification of the Willard and Winter method 

(6, 15, 25, 26, 28, 4o, 49, 63, 64)--is often used. In scae cases a 

double distillation (6, 15, 26, 63) is necessary. The acids most 

frequently used are sult'uric (6, 15, 21, 22, 27, 35, 37, 42, 50, 54-56, 

61) and perchloric (1, 10, 11, 15, 19, 21, 46, 51). Depending on the

conditions of distillation, fluoride comes over as silicon tetrafluoride, 

SiF4 (22, 42, 50, 55), as hydrofluosilicic acid, H2s1F
6 (19, 35, 39),

or as hydrofluoric acid, HF (21.). Several authors (6, 43, 46) have 

suggested adding silver sult'ate or silver perchlorate to the distillation 

vessel to prevent evolution of chloride as HCl. 

In the present study steam distillation of hydrofluosilicic acid was 

carried out from perchloric acid using special fluorine stills (33). 

Each ashed sample was soaked in the crucible for about one-half an hour 

with fluoride-free water. The soaked ash was then broken up vi th a 

stirring rod, slurried, and poured into the still through a long-stemmed 

funnel. (In cases in which the ash could not be broken up with the stirring 

rod, an agate mortar and pestle set was used.) Then as much as possible 

of the sample clinging to the stirring rod and the crucible was rinsed 

into the still with fluoride-free water. 'l\renty ml. of 7<:flp perchloric 

acid was to be added to the still. A portion of this was first used to 

rinse the crucible and stirring rod. '?he rinsings were added to the 

still. i'he remainder of the perchloric acid was then added to the still. 

Silver perchlorate solution was then added to precipitate the chloride 

present in the sample, thus preventing its evolution as HCl. Ten ml. of 

approximately .34 !i silver perchlorate was sufficient for the stool 

samples. Since the urine samples contained more chloride than did the 

stool samples, larger amounts or silver perchlorate were necessary. 
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Either saturated or nea.rly saturated silver perchlorate was therefore 

used for the urine samples in order to keep the volume added at a 

minimum. The amount required varied from twelve drops to over two­

hundred drops. The silver perchlorate was added to these samples in 

twelve drop portions with mixing after each addition. When the sus­

pension fonned on initial addition of silver perchlorate became coagu­

lated it was known tba t enough had been added ( 48) . 

Initially, much trouble with bumping was encountered in the 

distill.a.tion. Bumping was often so vigorous that some of the solution 

in the still splashed over into the receiving flask. One of the critical 

factors seemed to be the intensity of the flame produced by the Fischer 

burner under the still heating-bath jacket. In order to penni t accurate 

reproduction of a given flame intensity the positions of the needle 

valve and the air inlet adjustment on the Fischer burner, once set, 

were lef't alone, and the gas flow was regulated by adjusting the gas 

line valve until the fluid in a maocaeter attached to the system reached 

a given level. Ethanol was used as the manometer fluid since it bas a 

relatively low density and thus provides greater sensitivity. 

A satisfactory procedure was worked out as follows: 1. After addi­

tion of ashed sample, perchloric acid, ail ver perchlorate, and rinsing 

water to the still, these were mixed by gently blowing through the steam 

inlet. Otherwise the more dense perchloric acid tended to layer on the 

bottom; then when the still was heated the perchloric acid would be 

heated above the boiling point of water and, on mixing with the solution 

floating above it, would produce violent bumping. 2. With the steam 

inlet tube clamped shut, the Fischer burner was turned on at a gas 

pressure of about 8 mm. of ethanol. 3. When the volume of solution 
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in the still :fell below forty ml., steem was admitted at such a rate 

that about :five ml. o:f distillate was produced per minute; and the gas 

pressure was turned up to 20 lIDll. o:f ethanol. 

The source of the steam used above was that described by Huckabay 

et al. (33). A heating coil--ma.de by wrapping nichrome wire in a 

spiral around a piece o:f glass tubing--is immersed in water in a two­

liter :f'lorence flask. This water must be made slightly al.lm.line with 

sodium hydroxide in order to prevent any fluoride present :f'ran distilling 

over with the steam and contaminating the samples. Adding phenolphtha­

lein provides a convenient method for making sure the solution is basic.

The coil is connected to a powerstat for easy control of the rate of 

steam production. 

The distillates vere collected in 100 ml. volumetric :flasks. 

One ml. o:f' approximately 0.1 � sodium hydroxide and five drops of o.z{o 

phenolphthalein indicator were placed in each collection :flask before 

collection of distillate was begun. 'l'his helped determine in doubtful 

cases whether or not bumping over of the acid solution from the stills 

into the collection flasks occurred during the beginning of the dis­

tillation, the time of greatest danger of bumping. The one ml. of base 

added to the collecting flask was enough to neutralize about one-ba.l:f' 

of the acid that nonnally distilled over. Collection of distillate 

was stopped when only about 99 ml. had been collected. The 0. 1 M 

sodium hydroxide was then used to titrate the remainder of the acid 

that had distilled over. This served to give an indication as to 

whether or not bumping bad occurred during the latter part of the 

distillation and an estimation of the acid content of the norma.l 

distillates. The distillates were then made to volume in the collection 
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flasks, mixed by inversion, and stored in 4 ounce polyethylene bottles 

pending determination. 

With seven out of the first tvelve urine ash samples an inordinate 

amount of acid was found in the distillate. This was at first attributed 

to bumping, but addition of silver perchlorate to one of the distillates 

produced a copious white precipitate--indicating that chloride bad been 

distilled over as HCl. Thus the need, as discussed above, was discovered 

for the addition of more silver perchlorate to the urine ashes in the 

stills than to the stool ashes. 

When bumping over into the distillate occurred the distillation 

was nevertheless continued until about 100 ml. had been collected. 

This solution was placed in a beaker and neutralized with l � sodium 

hydroxide. One ml. of the base was added in excess. 'nlen the solution 

was evaporated to dryness in the drying oven, and the residue subjected 

to redistillation. Stored distillates in which mold developed and dis­

tillates containing an excess amount of acid due to distillation of 

HCl were treated in a similar manner. 

Detennination.of Fluoride. 

Many methods of determining the isolated fluoride have been 

described in the literature (1-8, 10, 13-18, 20, 22, 24, 27, 29, 34, 

36, 38, 39, 41-43, 45, 47, 50-52, 57-59, 61-65). Titration and 

colorimetric techniques were most often used. Ti trants used include 

ferric chloride (50), sodium hydroxide (34), thorium nitrate (1, 5-7, 

10, 14-18, 39, 43, 59, 64), zirconyl nitrate (7), and zirconyl chloride 

(36, 41). Indicators used for the various titrations include sodium 

aliza.rinsulfonate (1, 2, 43), alizarin red (16, 17), aluminum--a.l.uminon 
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lake (5), zirconium--al.izarin (10, 18, 39, 59, 64), and zirconium-­

purpurin (7, 36, 41). Colorimetric methods include the use of the 

:following ree.gent pairs: alizarin and thorium nitrate (97), aluminon 

and aluminum ( 5, 6), salicylic acid and ferric ammoniUJR sulfate ( 8), 

ammonium thiocyanate and ferric chloride (24), titanium and hydrogen 

peroxide (13-15, 45, 57, 62, 63), titanium and perhydrol (20), alizarin 

and zirconium or zirconyl ion (51, 58, 65), sodium alizarinmonosulfate 

and zirconyl chloride (3), and benzidine and molybdate (an indirect 

method in which silicon is determined) (22, 42). The basis for most 

of the above colorimetric procedures is the partial decolorization of 

complexes formed between the given reagent pairs by canpetition of 

fluoride ion tor the metal ion involved. Gravimetric techniques 

(29, 34) have also been employed. 

In ·the present study a modification of the colorimetric method 

developed by Megregian ( 44) is used. Megregian' s method involves 

partial dissociation by fluoride of a complex formed by the inter­

action in acid solution of zirconyl nitrate, ZrO(N0
3

)2, with eriocbrome

cyanine R. The structural fonmtl.a of this dye is shown in i"igure I 

in the appendix. Both the free dye and the complex are colored, but 

they have absorption me,x;ima, at different wavelengths. 

Two reagents, called A and B, are used in the Megregian method. 

Reagent A consists of l.8o0 grams of eriocbrane cyanine R dissolved 

in distilled water and diluted to one liter. Reagent B is made up by 

dissolving 0. 220 grams of zirconyl nitrate dibydrate in about 50 ml. 

of distilled water, adding 700 ml. of concentrated hydrochloric acid, 

and diluting to 1 liter with distilled water. Five ml. of each of 

reagents A and B is pipeted into fifty ml. of the unknown fluoride 



11 

solution. 'l'he resulting solution is well mixed, then read on a 

spectrophotometer against a reference solution made up by adding 5 ml.

of reagent A and 5 ml. of hydrochloric acid of the same concentration 

as in reagent B to 50 ml. of fluoride-free water. The results are 

compared with a previously run standard curve. 

However, in measuring the absorbances of standard fluoride samples 

with a Beckman 00 spectrophotometer against the reference solution 

suggested by Megregian it was found that the absorbances of the standards 

relative to the reference solution were not stable, but dropped off w1 th 

time (See appendix, table I. ) . Megregian bad stated that a 3° C 

difference in temperature produces a change in relative absorbance equi­

valent to 0.01 p.p.m. of nuorid.e. It was therefore suspected that the 

changes in absorbance observed might be due to heating of the solutions 

in the cell compartment of the spectrophotometer. It should be noted 

that the spectrophotometer suggested by Megregian is the Beckman B 

spectrophotometer. This instrument bas a more open cell compartment 

than does the 00, and thus might be less likely to cause heating of the 

cells. That such heating does take place in the 00 was confinned by 

use of a previously calibrated tbennistor inserted through a hole bored 

in a special cell compartment cover into a water-containing cuvet 

(absorption cell) in the cell compartment. As is shown in figure II 

in the appendix, after an ini tia.l lag of about one minute, the water 

was heated at a rate of about one-half a degree centigrade per minute 

for about six minutes, after which the rate of further heating declined. 

By allowing the setup to equilibrate over a long period of time it was 

shown that the temperature in the cell ccmpe.rtment was about 35° C. 

The Megregian scheme involves mee.suring a solution of high absolute 
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absorbance against another solution of high absolute absorbance. Thus 

the changes in relative absorbances observed could have stemmed from 

changes in the absolute absorbance of either the reference solution or 

the fluoride solution. Or the absolute absorbances of both the reference 

solution and the fluoride solution might have changed, but at different 

rates and/or to different degrees. Several efforts were therefore made 

to develop methods of measuring the absolute absorbances of the various 

solutions. In one attempt a variety of inorganic salts that form colored 

aqueous solutions were used in an effort to find stable reference solu­

tions. Among these cobalt nitrate seemed most suitable. Solutions of 

high absorbance can be ma.de up, and the slope of its spectral curve 

is slight at the wavelength ( 528 milliDicrons) involved. Stepwise 

reference solutions were made up with equal concentration increments 

such that equal absorbance increments of about . 5 were obtained. The 

first reference was measured against air, the second reference against 

the first, etc., until the absorbance range of the fluoride solutions 

was reached. This tedious procedure, however, did not give consistent 

results. · A similar series of steps was attempted by using varying 

amounts of reagents A and B in water solution, again without good results. 

Another attempt at measuring the absolute absorbances was ma.de 

using the Beckman B spectrophotometer. This involved adjusting the 

absorbs.nee to .(X)() at sensitivity setting 1 with air as the reference, 

reading the absorbance of a cobalt nitrate reference solution at a 

sensitivity setting of 3, setting the absorbance at .(X)() for the cobalt 

nitrate solution at a sensitivity of 1, and reading the absorbance of 

the fluoride solutions at a sensitivity setting of 2 or 3. Each in­

crease of 1 in sensitivity setting makes the indicated absorbance about 
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. 5 less than the actual relative absorbs.nee. This method pemitted the 

elimination of several of the cobalt nitrate reference solution "steps." 

But results were again not reproducible. A similar method was tried 

with the 0.1 selector switch setting on the W, again without much 

success. At this setting the transmittance scale reading must be 

multiplied by 0.1 (divided by 10) to get the true transmittance. There­

fore "l" must be added to the absorbs.nee reading to obtain the true 

absorbs.nee, since: 

AO.l = log lfrO.l

and�= log 1fr1 = log 1/(0.lTO.l) = log lfro.l + log 1/0.1

= 
AO. l + l

A0_ 1 and T0_ 1 are the absorbs.nee and transmittance readings, reSl)ecti vely,

at selector switch setting 0.1; � and T1 are these readings at selector

switch setting l, the nonnal. postion. Use of' the 0.1 setting thus in­

creases the measuring range of the instrument by one absorbance unit. 

However, the sensitivity is very poor at this setting. A relatively 

large movement of the absorbance sea.le produces only a slight J10vement 

of' the null.-meter needle. Thus accurate resul.ts cannot be obtained. 

It may be appropriate at this point to indicate a disadvantage 

common to methods involving the spectrophotometric measurement of 

the difference in absorbance between two solutions each of rather high 

absolute abosrbance. This is that any volumetric errors involved in 

making up the solutions will be multiplied. For example, suppose the 

absolute absorbances of a range of concentrations of unknowns from 10 

to O p. p. m. are from 3. 000 to 3. 500, respectively, and that a reference 

solution of' absolute absorbance 3. 000 is used. A solution containing 

5 p. p. m. · should give an absorbance of 3. 250, providing Beer's law holds. 
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If' a volUJ1etric error of' 11, were made in preparing this solution the 

error in the absolute absorbance would be 11,, or .032. 'l'he error in 

concentration of unknown, however, 'WOUld be .032 x 10 p.p.m. /. 500, or 

.64 p.p.m., or 1'11,. 

It should be mentioned also that the setting of the 11sensitivity11 

control of the 00 a:t"fects the accuracy with which the spectrophotometric 

measurements can be made. With the sensitivity control turned :f'ully 

counterclockwise the absorbance setting must be changed by . 016 to 

produce a change of 1 di vision on the null-meter; whereas with the 

sensitivity control fUlly clockwise the absorbance setting must be 

changed by only • 0016 to produce the same change on the null-meter. 

Thus the null adjustment is ten times as sensitive when the sensitivity 

control is full clockwise as when it is :f'ull counterclockwise. The 

fact that the null needle tends to fluctuate in the former case, thus 

making reading more difficult, is more than compensated for by the in­

crease in accuracy. Despite the vascillations of the needle, absorbance 

readings are more reproducible. 

In an early experiment a portion of reference solution was heated 

to about 38° C, and its transmittance. dropped to about 95'1, ( 1. e. , its 

absorbance went up) compared vi th that of unheated. ref ere nee solution. 

As the temperatures equilibrated, however, the absorbances of the two 

samples approached each other. This suggests that the heating of' the 

reference solution produced no penoo.nent effect, but merely shifted the 

equilibrium conditions. A repetition of this experiment conf'irmed that 

the heating and cooling have no permanent effect on the absorbe.nce of 

the reference solution, but that the absorbance is significailtly 

different at different temperatures. 



15 

If the absorbances of the fluoride solutions do not change 

appreciably with temperature, or at least do not change as rapidly as 

does the absorbance of the reference solution, the previously mentioned 

drop in absorbance of the fluoride samples w1 th reSl)ect to the reference 

solution (See table I in the appendix.) is explained. This view gains 

support from the fact that while there was considerable change in the 

absorba.nces of the fluoride solutions relative to the reference 

solution, there was comparatively little change in the absorbances of 

the fluoride solutions relative to each other. Contrast tables I and 
-----

II in the appendix. The differences in the values listed in table II 

for each concentration are within the experimental error in setting and 

reading the spectrophotometer, especially when it is considered that 

each value in table II was cal cul.a ted from two absorbance readings, each 

with its own inherent error. 

Unfortunately, although this data was gathered at the outset of the 

project, the above relationship derived from tpe data was not noticed 

at the time. It was not until much later (but before the unknown 

fluoride samples were analyzed) that use of the Megregian reference 

solution was abandoned in favor of a suitable fluoride solution as a 

reference. This was done previous to the above discovery in an attempt 

to reduce the number of variables involved in the procedure. 

Another departure from the Megregian procedure was the add.1 tion 

of hydroxyl.amine hydrochloride to both reagents A and B. It bad 

been noticed that the reagent B bad developed a distinct yellow 

tinge. The same results were obtained on making up a fresh solution 

of the reagent using different sources of zirconyl nitrate and 

hydrochloric acid. Previous reports in the literature (6, 39) have 
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pointed out that the presence of oxidizing a.gents such as tree chlorine 

tends to cause bleaching of dyes being used in colorimetric methods. 

It has been StJ8gested that sodium nitrite (39) or hydroxyl.amine hydro­

chloride ( 6) be used to reduce any strong oxidizing agents present, 

thus preventing the bleaching of the dye. That there indeed was an 

oxidizing agent present in reagent B was contirmed by shaking a portion 

of this reagent with potassium iodide solution in the presence of carbon 

tetrachloride. On settling, the carbon tetrachloride layer was colored 

deep violet, indicating that the iodide had been oxidized to tree 

iodine. Since reagent B contains some nitrate (:from the zirconyl 

nitrate) and hydrochloric acid in :fairly concentrated form, it is 

suspected that these tvo react to produce free chlorine. 

Twenty-five drops of 1 � hydroxyl.amine hydrochloride per fifty 

ml. of reagent B were sufficient to cause the yellow color to alJDost

(if not completely) disappear and to remain at a very low level. 

This amounts to about 0.025 moles of hydroxyl.amine hydrochloride per 

liter of reagent. To be on the safe side reagents A and B were both 

made 0. o4 � w1 th respect to hydroxyl.amine hydrochloride. Except for 

this they were made up according to the directions cited above given 

by Megregian. 

Addition of sodium nitrite to the reagent B produced a deepening 

of the yellow color; and the foI'D8tion of a colorless gas which turned 

brown and acquired a pungent odor on e.x;posure to air indicated the 

production of nitric oxide, NO. Sodiwn nitrite was therefore deemed 

unsatisfactory for addition to reagent B. 

Megregian (44) StJ8gested the use of sodium arsenite to prevent 

bleaching by oxidizing agents, but this suggestion had been over-



looked at the time. On testing the arsenite compound later it was 

found tba.t it produced fizzing when added to reagent B, and did not 
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permanently destroy the yellow coloration. 

unsatisfactory for addition to reagent B. 

So it also was considered 

Megregian bad suggested 

its use as an additive to the developed fluoride solutions or to 

reagent A. '!'here is no reason to believe that it might not have been 

satisfactory when employed in this way. But since the hydroxyl.amine 

hydrochloride seemed to work, its use was continued. 

Besides its intended function as an antioxidant the hydroxyl­

amine hydrochloride appears to bestow other desirable qualities on rea­

gent A and on the developed fluoride solutions. The reagent A con­

taining hydroxyl.amine hydrochloride does not foam as much on mixing 

as does the ordinary reagent A. Neither are bubbles as likely to form 

in the pipet used to measure out the reagent, and if bubbles do fom 

they are much easier to break. Previously it had been necessary to 

completely empty the pipet on the frequent occasions when bubbles 

formed. Also, developed fluoride solutions can be more easily poured 

from the polyethylene bottles into the cuvets without spilling. These

facts suggest that an increase in surface tension is involved. Another 

advantage of using reagents containing hydroxyl.amine hydrochloride is 

that cleaning of the cuvets a:rter use is made easier. It had been 

found previously that on rinsing and filli'ng the cuvets vi th distilled 

water following a determination the water slowly took on a pink colora­

tion. 'l'his indicated that some of the eriochrome cyanine R bad been 

adsorbed to the walls of the cuvets. It was found that soaking in 

dilute n1 tric acid was necessary to remove the adsorbed dye. When 

reagents containing hydroxyl.amine aydrochloride are used, the dye 



does not cling as tenaciously and may be removed by repeated rinsing 

with water. Here too, however, the use of dilute nitric acid 

facilitates removal of the dye. 

In the light of factors discussed above the following procedure 

was evolved for the determination of fluoride samples. Fi:rty ml. 

each of three fluoride standards (. 050 mg. /50 ml. , . 025 mg. /50 ml. , 
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and . 000 mg. /50 ml. ) and a number ( usually about fifteen) of unknowns 

were pipetted into 4-ounce polyethylene bottles. Five :ml. of the 

reagent A made 0.04 !! in hydroxyl.amine hydrochloride was added to each 

bottle, followed by five ml. of the �ent B made 0. 04 !! in hydroxyl­

amine hydrochloride. The contents of ea.ch bottle were mixed thoroughly. 

A portion of the reference solution, which contained .o6 mg. fluoride 

per 50 ml., was placed in the first cuvet; the three standard solutions 

were placed in the other three cuvets. The solutions in the cuvets were 

allowed to sit in the cell compartment of the Beckman ru spectrophoto­

meter ten minutes before a reading was taken. The purpose of this 

waiting period was to permit temperature equilibration. After this 

first reading the solutions were still left in the instrument and a 

second reading was taken after an interval of about seven minutes. 

This served as a check on the first reading. If the readings agreed 

within an absorbance of . 001 they were considered satisfactory. If 

not, a third reading was taken. This whole process was repeated with 

a second set of' cuvets while the first set was being rinsed with 

fluoride-free water, soaked in dilute nitric acid, rinsed again with 

fluoride-free water, rinsed with the next set of solutions to be 

determined, and filled with these solutions. 'l'hus while the solutions 

in one set of cuvets were being subjected to temperature equilibration 
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in the instrument the other set of cuvets was being cleaned and filled 

w1 th the next groUJ? of samples to be determined. 

'l'he ro is provided w1 th a special II check" setting which. provides 

an electrical circuit equivalent to that fanned when the absorbance 

potentiometer is set at zero. The convenience of this setting was 

discarded in the present experiment. Instead the potentiometer circuit 

was left in throughout. The absorbance was set at . 000 w1 th the 

reference solution in the light path. After the absorbances of the other 

three solutions were read, the absorbance of the reference solution 

was read just as if it were an unknown. This gave a check on any 

fluctuations that might have occurred in the instrument. If the read­

ing came within� .001 of .000 it was assumed that no significant 

instrumental fluctuations bad taken place. Operational errors have 

also been discovered by the above procedure. In at least one case the 

fact that the phototube positioning knob had been accidentally bumped 

during a series of determinations was discovered. In another case it. 

was ·-found that the cuvets bad not been properly positioned when the

original zero setting with the reference solution bad been me.de. 

After all the unknown solutions bad been run the standards vere 

checked in each set of cuvets. The average of the absolute values 

(i.e., regardless of sign) of the changes in absorbances of each of 

the three standard solutions in this final reading frQm the absorbances 

found in the initial reading are given in table III in the appendix. 

Twenty-eight runs are averaged. The standard d.evia tions and the ranges 

of changes involved are also given in the table. An error of . 001 in 

absorbance represents a fluoride error of about .00012 mg. fluoride 

per 50 ml. unknown. Therefore an error of . 004 in absorbance represents 
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a fluoride error of about . 005 mg. fluoride per 50 ml. unknown. Since 

most of' the w1lmown samples contain from 50 to 200 times this amount 

the error here is seen to be negligible. This is especially so when 

it is camps.red with the error resulting from incomplete recovery of 

fluoride in the distillation process. 

In sane cases the absorbance of the unknown was lower tba.n··.tbat 

of the .050 mg. standard. This w.s due to the fact that the unknOWD con­

tained more fluoride than the standard. Such samples were determined 

by diluting a known volume of developed unknown with a known volume 

of developed standard zero fluoride solution, or by diluting a known 

volume of' undeveloped unknown with a known volume of undeveloped zero 

fluoride standard and then adding 5 ml. each of reagents A and B ( each

0. o4 � in hydro:xylamine hydrochloric acid) to 50 ml. of the mixture.

'lbe agreement of the two methods in the values found for the total 

milligrams of fluoride in samples was not particularly good: egs., 

. 265 vs • .  248, .12'7 vs . .  119, . 512 vs . .  502. Again, however, the 

error is probably less in most cases than the error due to incomplete 

recovery in the distillation process. 

Attempts were made to arrive at cell (cuvet) corrections by 

placing the same solution in all four cuvets, setting the absorbance 

to zero with the first cuvet in the light path, and reading the 

absorbances of the other cuvets. Water and developed solutions 

containing . 05, . 02, and . 00 mg. fluoride per 50 ml. were used. The 

cell correction obtained seemed to depend on the solution used, but 

not in any consistant manner. Since the correction was rarely over 

. 005 absorbance uni ts it was disregarded. 

Since the wavelength calibration of a spectrophotometer may be 



off it is not safe to use a wavelength of maximum absorption as 

reported in the literature w1 thout first checking to see that the 

given wavelength setting holds for the instrument being used. Thus 

early in the project a spectral curve was run using various fluoride 

standards versus the Megregian reference solution. When a new 
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instrument arrived a new spectral curve had to be run in the vicinity 

of the wavelength of maximum absorbance. When the wavelengths were 

recalibrated on this instrument, a spectral curve again had to be run. 

A curve a.lso had to be determined for the Becknan B spectrophotometer 

when experiments were done w1 th this instrument. Finally, when the 

Megregian reference solution was discarded in favor of a standard fluoride 

reference solution, another standard curve had to be run. This was 

due to the fact that the wavelength of maximum difference of absorbance 

between the fluoride solutions and the Megregian reference solution 

� � correspond to the wavelength of maximum absorba.nce of the 

fluoride solutions. 

An attempt was ma.de to prepare a single reagent ccmbining rea­

gents A and B in the presence of hydroxyl.amine hydrochloride, but 

a considerable a.mount of the dye precipitated out, presumably due to 

the acidity of the solution and the concentration of the reagents. 

'!be structure of eriochrome cyanine R (See figure I in the appendix. ) 

is such that a decreased solubility in acid solution would be expected. 
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RESULTS 

Distillation Recovery. 

In an attempt to determine whether or not all the fluoride bad 

come over in the first 100 ml. of distillate, second and sometimes 

third and fourth 100 ml. portions of distillate were collected. Tests

involving the distillation of sodium nuoride by itself showed very 

close to 1� recovery in the first 100 ml.--.0496 out of .0500 mg. o! 

fluoride in each of two cases, and .098 out of .100 mg. of fluoride in 

each of two other cases--and very little if any fluoride in the second 

100 ml. However, when second 100 ml. portions of distillate from urine 

and stool ash samples were collected they almost invariably contained 

significant amounts of fluoride. The average amount for 46 feces 

samples, expressed as percent of the amount found in the first 100 ml., 

was fJ1, vith a standard deviation o'f 61,. The range was fran "-3.1'1," 

to 3'i!I,. For 22 urine samples the average amount was lc:Jl,-with a standard 

deviation of 71,. The range was from 11-0.76'1,11 to 25'1,. Third and fourth 

100 ml. portions of distillate collected also contained significant 

a.mounts of fluoride, sometimes even more than did the second 100 ml. 

The presence of fluoride in distillate collected after the first 

100 ml. nay probably be attributed in large degree to entrapment of 

fluoride in the cO]?ious silver chloride precipitate fo:nned on addition 

of silver perchlorate to the mixture df ashed sample and perchloric 

acid in the distillation vessel. As previously mentioned, it is 

necessary to precipitate the chloride in order to prevent it from 

distilling over as HCl and interferring vi th the determination. A 

fair amount of silver chloride in the fonn of small clumps is carried 
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by the bubbles formed above the boiling liquid to the upper walls of 

the distillation vessel and adheres there. Also, sometimes large bard­

to-break-up lumps of silver chloride form at the bottom of the distilla­

tion vessel. It is suspected that the fluoride found in 100 ml. por­

tions of the distillate subsequent to the first 100 ml. is due to s1ow 

leaching of fluoride from these clumps of silver chloride on the still 

wall and at the bottom of the still. A larger amount of fluoride would 

be expected to be leached and to distil over into a given 100 ml. of 

distill.ate if same of the silver chloride on the walls were washed by 

the boiling solution back down into the stills, and/or if a large 

lump of silver chloride in the bottom of the still partially broke up. 

In the other direction, significant amounts of fluoride saae­

times rennin in the stills following a distillation even after 

attempts to clean the stills. This carries over into the next dis­

tillate, thus tending to raise the results. The amount of fluoride 

thus carried over has been as much as . 01 mg. following the distil­

lation of a high fluoride sample. This has been shown by subsequent 

"still blank" detenninations. 

A few attempts were also made to study distillation recovery by 

ad.ding var-ying known amounts of fluoride to equal portions of a 

hanogenized pool of samples. For comparison, some portions would 

have no fluoride added. All portions would then be taken through 

the drying, ashing, distillation, and detennination processes. Then 

the fluoride found in given portions to which a known amount of 

fluoride had been added would be compared with the amount of fluoride 

present in portions to which no fluoride bad been added. If recovery 

were loc,fo the difference between the two would be the a.mount of 
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fluoride added to the given portion. The results of these f'ew studies 

were tmduly inconsistent, presumably due to experimental mixups and to 

the necessity of redistillation in several instances. More work needs

to be done along these lines before meaningf'ul results can be obtained. 

The one thing that was ascertained was that not all the fluoride came 

over in the first 100 ml. , since appreciable amounts were found in the 

second and subsequent 100 ml. portions. 

It can readily be seen from the above para.graphs that additional 

experimentation needs to be done on the method of isolation of 

fluoride. 

Spectrophotometric Determination. 

'fhe present study (See figure III in the appendix.) and that of 

Megregian ( 44) showed the fluoride standard curve to be nearly linear 

in the range of fluoride concentration from .000 to .050 mg. fluoride 

per 50 ml. of solution. Therefore only a three point check--.000, 

. 025, and . 050 mg. fluoride per 50 ml. of solution--was made f'or 

each day's group of' determinations. All measurements were made 

against a solution made up in large quantity containing .o6o mg. of 

fluoride per 50 ml. and the proper amounts of reagents A and B. 

Since the higher the fluoride content the lower the absorbance, this 

produced a solution that would likely have an absorbance smaller 

than that of the . 050 mg. standard � when different batches of' 

reagents A and B were used in making up the standard. '!'his reference 

solution apparently varied f'rom day to day, thus producing incon­

sistent absorbances of the standards relative to it. Consistent 

results for the standard solutions could be obtained, however, by 
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subtracting the absorbance of the .050 mg. standard from the absorbance 

of each of the standards. This value was also subtracted from the 

absorbance readings of the unknowns to put them on the same scale. 

For a given batch of reagents A and B all the absorbance values found 

for each given standard relative to the . 050 mg. standard were averaged 

to determine a point on the standard curve for that ba� of reagents. 

Four such series of average values, along w1 th their standard deviations, 

are given in table IV in the appendix. 

Fluoride Excretion Patterns in In:ranta w1 th Various Forms £!

Dietary Fluoride Supplementation. 

The results of the study are summarized in tables V, VI, and 

VII. (See appendix. ) and displayed in graphical form in figure IV

(See appendix.). In each case the average amount of fluoride in the 

feces per six-hour urine collection period is calculated by dividing 

the total amount of fluoride in all the feces collected during the 

forty-eight hour test period by eight, the number of urine collection 

periods. This is added to the a.mounts of fluoride in the urine during 

the various collection periods to obtain, at least approximately, the 

total amount of' fluoride that would be expected to have been excreted 

per six-hour urine collection period had fecal output been continuous 

rather than intermi ttant. 

Due to incomplete recovery in the distillation process it is 

probable that on the average the fluoride values listed in tables 

V, VI, and VII (See appendix.) should be increased by at least 1(11,. 

It can be seen from the graph (figure IV in the appendix) that 

the form in which the fluoride was administered had no essential 
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effect on the excretion pattern. It will be noticed that there does 

seem to be an lag in fluoride excretion by patients given medication A 

(fluoride water); but this is not unexpected since this medication was 

given over a period of eight hours or more whereas medications A and B 

were given in one "lump" at the beginning of the experiment. 

It should be noted that the percentage values shown in tables V 

and VII and in figure IV are based on the amount of supplementary 

fluoride administered, and do not take into account any fluoride that 

may have been present in the nonoo.l diet. Unf'ortunately oo base-line 

samples were collected. However, one of the reasons that the Plymouth 

group was selected for the study was that the fluoride content of the 

water supply there was negligible. 

Duplicate portions of most of the dried fecal samples and a few 

of the dried urine samples were subjected to the ashing, distillation, 

and determination processes. A cooiparison of the results obtained with 

these duplicate samples is shown in tables VIII and IX in the appendix. 

Values for samples with 'Which redistillations or other anomaly pro­

ducing factors were known to be involved are not included in the 

tables. In order to put the data fran the various pairs of determina­

tions on a common basis, the percent deviation of the individual values 

from their average was calculated for ea.ch pair of duplicates. From

the information given in table VIII it can be seen that the range of 

deviation from the average for the si.xteen stool samples listed is 

:from o.c,I, to 6.81,. The mean of the deviations of these duplicate 

samples from their averages can be calculated to 2. l'/,. Table IX 

reveals that with four urine samples listed the range of deviations 

from the average is from 0.11, to 3.6<fo. The mean of these deviations 

is 1. fJI,. 
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The fluoride content of urine and feces samples which had been 

collected from infants during consecutive time intervals after the 

adminstra tion of fluoride in various forms was measured.. Fluoride when 

ingested as a constituent of the Up john 47-M liquid vi tam.in prepara­

tion apparently shows a nearly identical excretion pattern--and, 

presumably, a nearly identical retention pattern--in infants as it 

does when administered as plain sodium fluoride, either in water 

solution or as a tablet. 

Techniques in various stages of the analytical procedure were 

established which improved the reproducibility of the results. The 

most important of these were improvements ma.de on the colorimetric 

detennination of fluoride as outlined by Megregian--especially when 

the Beclalan IXJ spectrophotometer is employed as the measuring instrument-­

by subs ti tu ting a developed standard fluoride solution for the reference 

solution suggested by Megregian, and by allowing the solutions to 

undergo temperature equilibration in the cell compartment of the 

spectrophotometer before taking the measurements. 

The total range of fluoride observed in the unknown samples 

studied was frcm 0.00 mg. to 0.37 mg. Measurements on portions of 

distillates collected after the fluoride had supposedly been isolated 

from the distill.and for determination indicated that on the average at 

least lelf, of the total fluoride content of the samples was not recovered 

during the utilization of the procedure herein described. Thus it 

can be seen tba t more work needs to be done on methods of quantitative 

separation of fluoride from other constituents of the ashed biological 

materials. 
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- APPmDIX -

TABLE I. 

Changes in absorbance of various fluoride solutions relative to 

Megregian (44) reference solution between successive readings of 

the same solutions. The samples are left in the cell compartment 

for the entire series of readings. 

(mg. F 1st 2nd 3rd 4th 5th 6th 
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per 50 ml.) reading reading reading reading reading reading 

0.01 
+

. 477 - . 002 . 472 .471 .470 .469 .468 

0.02 • 410 � .003 . 392 . 392 . 390 . 388 

0.03 • 334 • 328 . 325 . 324 . 323 

TABLE TI. 

Changes in absorbances of fluoride solutions calculated relative 

to the solution containing 0. 03 mg. F /50 ml. by subtracting its 

values as listed in table I from the values listed for the other 

fluoride solutions. 

Cone. 
(mg . F 1st 2nd 3rd 4th 5th 6th 
per 50 ml.) reading reading reading reading reading reading 

· o. 01 .143 .143 .145 . 145 .145 

0.02 .o67 .o64 .o67 .o66 .o65 

0.03 .000 .000 .000 .000 .000 
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TABLE III. 

Averages in twenty-eight runs o-r the changes in absorb&nces of 

each of the three standard. solutions relative to the .o6o mg. F 

reference solution before and after the various series of 

determinations. 

Standard. Average 
(mg. F /50 ml. ) Change Range 

:050 
+ 

. 003 - . 002 .000 to .O()'f

. 025 
+ 

.oo4 - .oo4 .000 to .014 

.000 
+ 

.004 - .003 .000 to .009 

TABLE rv. 
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Averages in several series of determinations of the abso:rbances of 

various fluoride standard solutions vs. the standard. solution con­

taining .050 mg. fluoride per 50 ml. '?he figures following the 

absorbance values are the standard deviations. The different series 

were necessary due to use of different batches of reagents A and B 

and/or to other changes, such as using a different pipet · 1n.. place of 

a broken one. 

A B C 

Series: (9 det'ns.) (6 det 'ns.) (18 det'ns.) (10 det'ns.) 

. 050 mg. F/50 ml. .000 .000 .000 .000 

.025 mg. F/50 ml. 
+ 

. 202 -
+ 

.003 .214 - .004 
+ 

.201 - .004 .197: . 002 

.000 mg. F/50 ml. 
+ 

. 442 - .003 
+ 

. 458 - . 005 
+ 

. 436 - . oo6 .420: .003 
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TABLE V. 

Results of the Plymouth fluoride study. 

A-1-a: 6 

12 

18 

24 

30 

36 

42 

48 

rrr
3
rv

4 

. 0571 . 0919 

.o646 

.0839 

.0761 

.o664 

.0484 

.028o 

.o496 

II 

II 

II 

" 

II 

II 

II 

y5 

.1490 .149 

.1565 .3o6 

.1758 . 481 

.168o . 649 

.1583 . 8o8 

.14o3 . 948 

. 1199 l.o68

.1415 1. 209

vu
7 

A-1-b: (Rejected, since sane Med. A was lost). 

l Code for patient and test period involved. A-1, A-2, and A-3
refer to three patients who received Med. A. A-1-a refers to the
second test period for patient A-1. Similar coding is used for
patients receiving �d. B and Med. C.

2 Hou.rs at the end of urine collection periods. 

3 Mg, F- in urine excreted during the 6 hour collection periods.

4 -
Average mg. F in feces per 6 hour urine collection period; cal-

culated by dividing the total F- in all the feces samples involved 
by 8, the number of urine coll-?ction periods. 

5 Total. mg. F- per 6 hour collection period.

6 -
Cumulative total mg. F .

7 Percentage of F- per 6 hour urine collection period (
mg. excreted

(V) x 100/2 mg.) for A and C; (mg. excreted (V) x 100/1 mg.) for B.

8 Cumulative 1, excretion. (VI x 100/2 mg.) for A and C; (VI x 100/1
mg.) for B. 

30 
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TABLE V (cont'd.). 

I
l

11
2 

III3 IV4 v5 VI6
VII7 

VITI
8 

A-2: 6 .o696 .o684 .1379 .138 

12 . 147 
ti .2154 . 353 

18 .0770 " .1454 . 499 

24 . 253
II . 3214 . 820 

30 .0803 
ti .148'7 .969 

36 .108 " .1764 1.145 

42 .0332 " .1016 1. 247

48 .0365 
" .lo49 1. 352

A-3: 6 .o8o4 .0436 .124o .124 

12. .285
II . 3286 .453 

18 .309 ti . 3526 . 8o5 

24 .147
" .1906 .996 

30 .0810 " .1246 1.120 

36 .0748 " .1184 1. 239

42 .0354 " .0790 1. 318 

48 .0394.
If .o830 l.4ol

Ave. of 6 .137 .137 6.8 6.8 
A-1-a,
A-2, 12 .234 . 371 11.7 18.6 
and 

A-3: 18 .225 . 595 11. 2 29.8 

24 .227 .822 11.3 41.1 

30 . 144 .966 1.2 48.3 

36 .145 1.111 7.2 55.6 

42 .100 1.211 5.0 6o. 6

48 .110 1. 321 5,5 66.o
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TABLE V ( cont ' d. ) • 

Il II2 III3 IV4 v5 VI6
VII

? VIIIS

B-1-a: 6 .0558 .0305 .o863 .086 

12 .0553 " .o858 .172

18 . o656
" .0961 .268 

24 .0300 " .o6o5 . 329 

30 . 0390 II . o695 .398 

36 .0570 II .0875 . 486 

42 .0562 II .0867 . 572 

48 .0439 " .0741'- .647 

B-1-b: 6 • 0000 .0484 .01'84 .048 

12 .1525 
II 

,2009 .249 

18 .0336 II .0820 . 331 

24 .0563
" .lo47 . 436 

30 .0367 " .0851 . 521 ---

36 .0257 " .0741 . 595 

42 .0478 " . 0962 . 691 

48 .0309 " .0793 , 771 

B-2-a: 6 .0257 .0468 .0725 .072

12 .04ol 
II .o869 .159 

18 .0269 II . 0737 . 233 

24 .0172
" .o64o . 297 

30 .0364 II .0832 . 38o 

36 .. o4oo 
II .0868 .467 

42 .0269 II . 0737 . 541 

48 .0216 II .o684 .6o9 
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TABLE V ( cont ' cl. ) • 

Il n2 III3 IV
4 v5 VI6 VII7 

VIIl
B

B-2-b: 6 .107 .0320 .139 .139 

12 .107 
II .139 . 278 

18 .0100 
II .0420 . 320 

24 .0537 " .o857 . 4o6 ---

30 .0460 II .078o .484 

36 .0513 
" .o833 . 567 

42 . 0292 " .o612 .628 

48 .0309 
" 

• o629 . 691 

B-3: 6 .217 . 0312 .2482 .248 

12 .133 
II .1642 .412 

18 .0344 II .o656 . 478 

24 .0743 
II .1055 . 584 

30 . o629 
" .0941 .678 

36 .0686 
" .0998 . 777 

42 . 0125 " .0437 .821 

48 .o621 II . 0933 ,914 

B-4: 6 .116 .0468 .1628 .163 

12 .0796 " .1264 .289 

18 .0707 
" ,1175 . 4o7 

24 .o411 " .o879 .495 

30 . 0328 II .0796 .574 

36 .o637
II .1105 . 685 

42 .0157 " .0625 . 747 

48 .0427 
" .0895 . 837 



TABLE V ( cont' d. ) • 

I
l n2

III3 IV
4 v5 VI6

VII7 VIII
8 

Ave. of 6 .126 .126 12.6 12.6 
B-1-a,
B-1-b, 12 .134 .260. 13.4 26.0 
B-2-a,
B-2-b, 18 .079 .339 7.9 33.9 
B-3,
and 24 .o85 . 424 8.5 42.4 
B-4:

30 .o82 . 506 8.2 50.6 

36 .09() . 596 9.0 59.6

42 .071 .667 7.1 66.7 

48 .078 . 745 1.8 74. 5

C-1-a: 6 . 310 .0658 . 3758 . 376

12 . 367 11 . 4328 .8o9 

18 .08o7 11 .1�5 . 955 

24 .177 fl . 2428 1.198 

30 .0550 II .1208 1. 319

36 .0569 " .l.227 1.441 

42 .0286 II .0944 1. 536

48 .102 II .1678 1. 704

C-1-b: (Bejected, since collection was incomplete). 

C-2 : 6 .2o8 .0529 . 26o9 .261 

12 .186 11 .2389 . 500 

18 .069 
fl .1219 .622 

24 . lo6 11 .1589 . 781 

30 .0592
II .ll21 . 893 

36 . 0755 
II .1284 1.021 

42 . 04545 II . 0984 1.120 

48 .0534 fl 

.1o64 1.226
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TABLE V ( cont ' d. ) • 

I
l 

II2 rn 3 IV4 v5 VI6
VII

7 
VIII

S 

C-3: 6 .14o .0582 .1982 .198 

12 .219 " . 2772 . 475 

18 .175 " .2332 ,708 

24 . 0574 II .1156 . 824 

30 .0561 II .1143 .938 

36 .o630 II .212 l.o6o

42 .0124 II .07o6 1.130 

48 .0428 " .1010 1. 231

Ave. of 6 . 278 ,278 13.9 13,9 
C-1-a,
C-2 , 12 . 316 . 595 15.8 29,8 
and 
C-3: 18 . 167 . 762 8.4 38.1 

24 .172 .934 8.6 46.7 

30 .116 1.050 5. 8 52.5 

36 .124 1.174 6.2 58.7 

42 .o88 1. 262 4.4 63.1 

48 .125 1. 387 6.2 69.4 
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TABLE VI. 

SUMMARY1
: Tot.al mg. fluoride excreted in 48 hours.

Urine & 
Urine Stool Stool 

A-1-a . 474 . 735 1.209 

A-1-b

A-2 . 805 • 547 l. 352 

A-3 1.052 . 349 l. 4ol

A(Ave.) , 777 . 544 1. 321

B-1-a . 4o3 .244 . 647

B-1-b . 383 · . 388 . 771

B-2-a. .235 ,374 .609

B-2-b . 435 . 256 . 691

B-3 .664 . 250 . 914

B-4 . 463 . 374 . 837

B(Ave.) . 430 . 314 . 745

C-1-a 1.177 .527 1.704 

C-1-b

C-2 . 803 . 423 1.226 

C-3 . 765 .466 1.231 

C(Ave.) .915 .472 1. 387

l 
Tables VI and VII contain s\lllllllries of some of the pertinent 

data found in table V. The coding (A-1-a., etc.) is the same as 
in table V. 
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TABLE VII. 

SUMMA.RY
l

: Percent fluoride excreted in 48 hours.

Urine & 
Urine Stool Stool 

A-1-a 23.7 36.7 6o.4 

A-l•b

A-2 4o.2 27.4 67.6 

A-3 52.6 17.4 70.0 

A(Ave.) 38.8 21.2 66.o

B-1-a 4o.3 24.4 64.7 

B-1-b 38.3 38.8 77.1 

13-2--a. 23.5 37.4 6o.9 

B-2-b 43,5 25.6 69.1 

B-3 66.4 25.0 91.4 

B-4 46.3 37,4 83.7 

B(Ave.) 43.0 31.4 74,5 

C-1-a 58.8 26.4 85.2 

C-1-b

C-2 4o.2 21.2 61.3 

C-3 38.2 23.3 61. 6

C(Ave.) 45.8 23.6 69.4 

1 
Tables VI and VII contain SUIIIIIB.ries of some of the pertinent 

data found in table V. The coding (A-1-a, etc.) is the same as

in table V. 
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TABLE VIII. 

Comparison of amount of fluoride found for total samples using two 

different sample portions: 1Stool samples 

I2 II3 III
4

rv
5 v6

.125 .127 .126 .001 o.8

.o632 .0662 .0647 .0015 2.3 

. 569 .565 .567 .002 o.4

.276 .273 . 2745 .0015 0.5 

.244 .241 .2425 . 0015 o.6

.102 . ()()4 . ()()8 .oo4 4.1 

.158 .158 .158 .000 0.0 

. 07()() .07ll .0710 .001 0.1 

. 162 .156 .159 . 003 1.9 

. 276 .253 .2645 .0115 4.3 

. 206 .192 .199 . 007 3. 5

.107 .ll8 .1125 .0055 4.9 

.166 .145 .1555 . 0105 6.8 

.150 .149 .1495 .0005 0.3 

.o6ll . 0586 . 05985 . 00125 2.1 

.0357 . 0348 . 03525 . 00045 1. 3

1 Samples with which redistillations or other anomaly producing factors
were known to be involved are not included. 

2 Total fluoride in the sample as found by analysing the tirst sample
portion. 

3 Total fluoride in the sample as found by analysing ·the second sample
portion. 

4 Average value for total f1uoride found in the sample by analysis of
the two sample portions. 

5 · Deviation of the indi vidua.1 values from the average value.
6 Percent deviation of the indi vid.ua.l values from the average value.



TABLE IX. 

Comparison of amount of fluoride found for total samples using two 

1 
different sample portions: Urine samples . 

I
2 

II III V 

.200 . 215 .2075 .0075 3.6 

.0703 .0676 . <>6895 . 00235 3. 4 

. 0593 .0590 . 05915 . 00015 0. 3 

. o455 .0454 . 04545 .00005 0.1 

1 
Samples w1 th which red.is till.a tions or other anomaly producing 

factors were known to be involved a.re not included. 

2 
The column headings are the same as in table VIII. 
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FIGURE II. 

Heating of Distilled Water in the Cell Cau:partment 

of the Beckman W Spectrophotometer 
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FIGURE III. 

Fluoride Standard Curve 
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FIGURE IV. 

Cumulative Fluoride Excretion in Urine and Feces 

by Infants after Ingestion of Supplementary Fluoride 
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