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THE SOEPTION OF FLUORIDE ION

Introduction

The recent discovery that even very small concentrations of fluorides in
drinking waters are sufficient to camse the serious dental dystrophy commonly
known as mottled enamel, has aroused widespread interest and concern. PFederal
and State surveys have been conducted to determine the geographical distribution
of the malady, and the fluoride contents of water supplies.

County dental surveys, conducted by the United States Public Health Depart-
ment with the cooperation of local dentists, have located the regions throughout
the gountry where mottled enamel is endemic and among these localities is an area
in southeastern North Dakota and adjacent territory in South Dakota and Nimnesota
where domestic water supplies are obtained almost exclusively from the artesian
wells of the Daketa Sandstone formation. In this district the dental lesions
have been found to be especially severe.

Daring the past two years the writer has assisted Professor G. A. Abbott,
of this University, in making a comprehensive survey of the fluoride contents of
the deeper ground waters of the State with speecial attemtion to the artesian
waters of the Dakota Sandstone basin. This fluoride survey was conducted in co-

~ operation with the State Geological Survey, first, uander provisions of the Fed-

eral Emergency Relief Administration and, later, with the assistance of a WPA
project which is still in progress. A field survey was made by Professor Abbott
in person, beginning with the counties where mottled enamel had been reported to
be moest severe, and later the study was extended to include practically all of
the Dakotz Sandstone basin in which artesian wells are found. Dentists, physi-
cians, school administrators, well drillers, farmers, and other citizens, were
interviewed, conditions were studied and numerous representative water samples

were collected and returned to the University chemical laboratory for complete
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analysis. With the assistance of a specially trained competent staff these
waters were then analyzed, not merely for fluorides, but for complete mineral
contents, following the standards of precision of the United States Geologiecal
Survey. The writer served as assistant chemiet in the FERA project, and as
Supervisor of the WPA project under the direction of Professor Abbott.

The results obtained in the study of the artesian waters are interesting
and surprising in that the distribution of fluorides was found to follow well
defined areas or zones which could be mapped with regular contour lines en-
closing the areas of different fluoride concentrations, ranging from about 3
parts per million of fluoride in the outermost zone, through successive concen-

trie areas of increasing values, finally converging teo a small district im the

vicinity of Lidgerwood where the maximum value of 9.9 per million was found.

The correlation of the analytical results with the data obtained from the
dental surveys was found to be complete and convineing. In every locality where
the dental lesions nio pronounced, the drinking waters ccntained notable
amounts of fluorides; while in districts where fluoride-free waters are used,
mfthd enamel was found only among those who have moved into these districts
from localities where the artesian waters are used for domestic purposes. The
degree of severity of the dental lesions was found to follow the contours of
the fluoride map.

The recognition of these conditions has created an insistent demand for
practical methods of fluoride removal, not only for use with municipal supplies,
but especially for the individual domestic supply in those regions where arte-
sian water is the only available supply. Although considerable research on this

problem is in progress, no entirely satisfactory method has been developed.
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- History of the Problem
In 1918 a definite relationship was noticed between the occurrence of mot-

thl enamel and the use of certain waters for drinking purposes. Various inves-
~ tigators attempted to determine some constituent in the water common to the
', endenic areas which might cause the malady, but no progress was made until 1931
. vhen investigators at the Arizona Agricultural Ixperiment Station reported that
M had found fluorides present in all waters causing mottled enamel .l

~ This announcement created quite a stir among chemists, dentists, and phys-
| ‘_ iologists. Physiologiste from various parts of the country immediately began
experimenting to determine the physiological effects of fluorine. This was done
mainly by feeding varied amounts of the compound to rats and dogs, noting care-
fully the effects produced. Chemists, on the other hand, were busy analyzing
waters in order to dotoniﬁo which waters contained fluorine and to what extent.
Using the information that was furnished by the physioclogiste and chemists,
dentists began the work of correlating data and checking the various areas in
which mottled enamel was present with the amglyses ¢f the water for that partic-
ular area. From the investigations that have been carried out it is now believed
that from .8 to 1 part per million of fluoride will cause mottled enamel when
consumed by children during the period whem their teeth are being formed.®
Animal experimentation has definitely shown that other serious effects are
cauged by fluorides, such as, alteration of bone structure, removal of blood
calcium, hypertrophy of the thyroid gland, high blood pressure, and mervous dis-
!rhr..a"’ﬂ"

The distribution of fluorides in waters in the United States was checked by
spectrographical methods by H. G. Churchill, who found that fluorine was present
in Bauxite, Arkansss; Colorado  Springs, Colorado; Kidder, South Dakota; Lidger-
wood, Nerth Dakota; and Oakley, Idaho. In addition to the above cities,

fluorine was found to be present in Cincimnnati, Ohio; Milwaukee, Wisconsin;
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f Birmingham, Alabama; Pittsburgh, Pemnsylvania; Bast Saint Louie, Illineis; Kan=

 sag City, Missouri; Tolede, Ohio; Cleveland, Ohio; Detroit, Michiganm; Peoria,

Illinois; Indianapolis, Indiana; Buffale, New York; Davenport, Iowa; San Fran-

eisco, California; Minmeapolis, Wirmesota. Later a survey was conducted by

~ H. T. Dean, dental surgeon of the United States Public Health Service, who found

that there were 97 localities im which mottled enamel was prevalent.® The prin-
cipal regions on his list by states are:

(a) Arizona. Nottled enamel is prevalent along the Geila and San Pedro
rivers.

(b) Arkensas., At Bamxite, Salem and Park counties.

(e) California. Benton Hot Springs, ‘ontecello, Las Legas, Elsinor
Hot Sprimgs, Warner's Ranch, north of San Diego, Maricopa.

(d) Colorade. Colorado Springs (this is the first area in the United
States where mottled enamel was reported an endemic). Powers
county.

(e) Idaho. Oakley and Casses. Also in Okyhee county.

) Illinois. Miscellaneous areas using water from deep wells.

Iowa. At Ankeny.

) Kansas. Reported in Chetopa, LaCrosse, Utica, and Bazine.

) ¥innesota. At Graceville im Big Stone county and in Traverse

county.

) Mississippi. At West Point, Brookville, Macon, and Montecelle.

) Nevada. (Clark county.

1; New Mexico. Imna county end Grant county.

m) HNorth Carolina. Horry and Beri counties.

n) North Dakota. At Oakes, and in Dickey, Rangom, Sargant, and Rich-

land counties.

) Oklahoma. Texas and Beaver counties.

) Oregon. Opal Springs, Jefferson county.

) South Carolina. Horry, Berkely and Chesleston counties.

) South Dakota. Extensive throughout the state. The geological

arese run into North Dakota.

) Tennessee. Areas are guestionable.

) Texss. Widespread (northweet of Fanhandle portion seems to be

worse area).

) Utah. Beaver county.

; Virginia. Southampton counties.

Viyoming. V¥right county and aleso in Nansemong county.

From the results of the above survey it may be geen that the distribvution
of fluorides is very general. lore complete surveys have been made in the vari-
ous states since the general survey made by H. T. Dean which will modify his
report to some extent, but it has been shown that in most inetances his report

was generally correct.
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pg Jii Fluorine Discovery and Eistory
LT In order to give a better understanding of the problems involved in this
111 regsearech a brief summary of the history, occurrence and properties of fluorine

g i - 12 included.
In 1529, Agricola mentioned the mineral now kmown as fluerite. H. Sghwan-
Al | hardt is reported to have etched glass by the action of sulfurie seid on fluwo-
glo | rite as early as 1670, and C. C. Scheele in 1771 concluded that the etching was
due to the formation of a peculisr acid which he called flussaurer. The isola-
tion of fluorine was finally completed in 1886 by Henri Molsan whe prepared the
element by the electrolysis of a solution of potassium fluoride in amhydrous
hydro-fluoric scid, using an uppnro.ﬁu made entirely of platinum. TFluorine gen-
erally eeccurs in rocks of igneous origin; for example, some of the -iurah con-

taining fluorine ares fluorite (CaF2), cryolite (la.3AH5). apatite (CaF)Cal(Poy)s,

fluelite (m,n,). chiolite (WY}), sellaite (MgFo). Fluorine also occurs
in some phosphates and numerous silicates, such 28, topaz, tourmaline, amphibole,
lepidolite, and vesuvianite.

Properties of Fluorine
Fluorine, whieh is the first member of the Halogen family, is the most chem-
ically active element known, uniting with silicon, hydrogen, carben, and almost
every other eompound in the dark, except with oxygen with which it forms no com-
i . pounds. It is a pale yellow gas at ordinary temperature; when liquified becomes

b more yellow and its selid form is pale yellow to white. The gas has a very ir-

ritating smell and acts quickly on the eyes and mucous membrane. Them in contaect

with the sidin it causes severe burns and the destruction of tissues. Inhalatien

B )
N elther of the gas or hydrogen fluoride fumes is known to result in loss of volce
;'u“ and even death. Fluorides with which this problem is chiefly concerned, are
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very stable. The fluorides of the alkaline earths are insoluble, but

o
R

dlver, tin, and antimony fluorides are soluble in water. The most inmsoluble

1t being caleium fluoride.

From the observation of its properties, the problem of removal of small

v of fluorine from water may be seen to be very difficult since it in-
lm the removal of guantities of fluorides well below the natural solubility
d fluoride bearing rocks and minerals. Thus, calcium fluoride, commonly known
as fluorspar and regarded as an insoluble mineral, dissolves in water to the ex-
}  tent of 16 parts per million, corresponding to a concentration of about 7.8

| parts per million of fluorine. _M we consider that the maximum safe limit is
placed at about 0.8 to 1.0 part per million of fluoride, it is clear that any
effective method of removal muct be able to reduce the fluoride concentration
well below the matural solubilities of fluoride bearing mimerals. Direect pre-

cipitation of insoluble fluorides by addition of chemical reagents seemed gquite

hopeless, snd the only meithods which held any promise of success were the physico-
chemical processes involving the possible sorption of the fluoride ion upon the
surfaces of active materials. Accordingly it seemed well worth while to make a
systematic study of the sorption of the fluoride iom by various active absorbd-
ents in order to learn as much as possible about the process and with the hope

that thig information might lead to a practical method of fluoride removal.

Review of Previous ¥ork
The Work of Boruff

C. §. Boruff of the Illinois State Water Survey reports that he has removed
5 parts per million of fluoride, which he added to the University tap water, by
treatment with aluminum nlphnu.g His method consisted in the addition of 170

parts per million of aluminum sulphate, ctirriiag 30 minutes, letting stand 18 to

24 hours and filtering. This reduced the fluoride to 1 part per million or less,




Arsaey

yoviic

puvior
gt o
Bt s
® Ines
e tRo
itanfq
$oetls
d [fow
pd dain
plogod

iuets
gdusg

Bd A8

Lr 2z the amount of aluminum sulphate added, also diminished the amount of
juoride removed. Double coagulation by addition of 85 and 50 parts per millien
sulphate respectively, alse gave satisfactory removal. In both ex-
riments the amount removed increased with the dosage, the optimum pH being 6.7.
loruff also reports that satisfactory removal was obtained by filtering through
alumina or by agitation with sctivated alumina followed by decantation.
gh synthetic zeolites removed flueride but had a small capacity. Some removal
you ted with co-precipitation with excess lime. He was unable to get more than
'.  slight removal by the use of sodium aluminate, commercial bauxite, sodium sili-
\“, silica gel, or ferric salts.

The Work of Johnston and McKee

Iike Boruff, R. H. McKee and W. S. Johmston of “olumbla University found
that removal of fluorides by use of iron or aluminum sulphates was not practical.
i ‘&mzﬂiu by the using of siliceous materiasls was also attempted, but gave

" only negative results. Sorption with carbon, however, did show some promise.

~ Their bm results were obtained by using the residual carbon of the seda-pulp
industry which had been activated with acid. This activated char gave complete
 adsorption but only after the pH of the water had been reduced to 3 or lower.

The Work of Kramer
Fluorides were reported to have been removed by S. ¥. Kramer by use of a
: contact filter consisting of washed river nmll to which had been added 2 per cent
 powdered slumimum metal by weight.}l Iy 1s claimed that this filter was able to
remove 30 parts per million of flueride.

Analytical Methods Used

Thewmlidity of this research is very largely dependent upon the choice of
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Ly methods used. All analyses of waters were carried out according %o
Mn outlined in the Standard Methods of water Analysis, with the ex-
of the fluoride determination.

 The quantitative estimation of fluoride in waters has been a subject of a
% ¢ deal of research. lNumerous methods have been proposed. The method recom-
ended (non-standard) in the Standard Nethods is the Orurehill modification of
the Fairchila method invelving the sddition of a dilute ferric chlorids solutien

T
A

. m of that required for the reastion: 1-913 4 3WaP 1'01'3 4 3HaCl. The

‘expess ferric chloride is then determined iodimetrically. A blank is run in a
ilar manner and the amount of excess ferric chleride found in the determina-
‘tlon is subtracted from the excess ferric chloride determined in the blank. The
ﬂjl’um. represents the smount of ferric chloride reacting with the fluerine.
ﬂi method was found te be both tedious and inaccurate, and was not considered
M use. As a more suitable method which gave accurate results and at the same
time 1s mich less tedious, a modification of the Sanchis method made by Professor
Abbott was chm.m This method depends on the red coloration imparted to an
alazarine solution upon the addition of zirconium nitrate. Zirconium nitrate re-
 agts with fluoride to form zirconium fluoride. This latter resction removes
m:iui from the alasarine zirconium lake solution and thus causes the alaz-~
p&u solution to assume its original yellow. The fading being in proportion te
,‘h amount of fluoride present. Sulphates and chlorides interfere but this is

~ overcome by the addition of a relatively large excess of sulphate and chloride

~ ions.

- A. Detail of Abbott's Modified Method for Fluoride Determination in Vaters

To 25 Ml. samples in Nessler tubes, add 4 ml. 3N double aeid (3N HCl mixed

with 3N S0y). Make up to 50 ml. mark with distilled water. Make up standards

sodium fluoride solution and treat in the same manner as the samples. To both
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’ and the samples add exactly 1 ml. of the zirconium alazarine lake

ator. After the indicator has been added to all standards and samples, mix
‘and thoroughly by inverting the tubes a number of times. Allow the stand-

samples te stand for 20 mimutes at which time readings may be started.

dons: The mumber of mls. of standard matched x .1 x ¥O gives the parts

b o Tiearids.

‘ Samples that were turbed or colored could not be determined directly by this

-

bh The eolering could not be removed by shaking with cream of alumina be-
.' i8¢ part of the fluoride would thus be removed. It was, therefore, found nec-

to use the distillation method for velatilizing fluoride.

B. Distillation of Colored Semples

- A sample of 100 ml. was placed in a 250 ml. distilling flask. Twenty-five
of concentrated sulfuric acid was added and the resultant solution brought to
1ing. The imitial bdoiling point of 110° ¢. quickly elevated as the solution
18 concentrated by distillation; when the boiling point of the selution rose to

240° G. 1t was held at that temperature by the sddition of dlstilled water, which

) 28 admitted to the flask by = caplllary tube extending from a separatory flask

t0 the bottom of the distilling flask. The distillation was continued at 140° G,
until 95 ml. of the distillate had been caught in a 100 ml. volumetrie flask.

B

distillate was made up to the mark and an aligquot portion used for the deter-

To justify the choice of this method, tables are included showing the

. effect of interfering substances, Table I, and, also the sensitivity to knowmn
 amounts of fluorides added te symthetic and natural waters, Table II. The dis-
. tillation method for eolored samples was also checked and is included in

- Zable 1.
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Table I
present up to 3,000 p.p.m. (as HpsOY) ne interference
present up te 3,000 p.p.m. (as Wall) No interference
present up to 5 p.p.m. no interference
present up to 200 p.p.m. no interference
present up to 50 p.p.m. no interference
present up to 5 p.p.m. no interference
present up to 5 p.p.m. no interference
present up te 5 p.p.m. no interference
Table II
“Wamber : Fluoride ! p.p.m. of ¢ Total ¢  Fluoride in
of H in : Fluoride t Flueride ¢ Original Sample
‘%h ! p.p.m. : Added : Recovered : After Distillation
: 3 : t ?
¥ 190 t Colered : 1.2 : 3.8 : 2.6
] 3 : :
N 197 t .8 s 1.2 : 2.0 : .8
? H : s
N 103 : .6 H .8 t 1.% t .6
H : ¢ :
B 93 H .8 : 1.2 8 2.0 ! .8
? 3 3 :
¥ 101 ! 3.4 : R : 3.6 (4) 3.4
1 2 ' !
¥ 86 ! 1.2 : .8 ! 2.0 : 1.2
: : : t
¥ 200 : .6 t N : 1.0 :
$ ! : :
¥ 241 : 3.6 t 1.2 t 4.8 :
- : 1 : $

In the latter part of the research it was found that the determination of

and Bartow, as outlined in Standard Methods.

~ gmall amounts of lead was necessary.

The method used was the method of Hanford

The method was chosen because it

wvas slaple, mpid, and gave sufficiently assccurate results when lead was under
.3 parts per millioen.
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All analyses were made with apparatus as recommended in Standard Methods.

gonts used were of certified purity.

dmum dishes were used for evaporation of total solids and platinum crucibles
used for ignition. The fluoride determination was run in carefully matched
sgler tubes and the standard fluoride for the standards and the indlcator were

with retested EXAX-Blue line 1 ml. pipettes graduated to hundredths. All

A. Aluminum sulphate as a means of removing fluorides: Aluminum sulphate

shaken with standard fluoride water contalning 5 parts

of fluoride.

Parts per million of

Mp(s0y); added
1.0 moem e e e e e e e e E e G W A W ae e e e
5.0 O e G Ee e W W e W W W G M an W A m e e we W e
10,0 = = @ = @ ¢ % o o = e m ek -mm- - o-e-
15.0 @ e B w w w W Em w mm wm w m ee a w me  ee ae e
200 = = e s e s e rccrc et r s ... -
ﬁ.o W AR e e W R ae B s W e R s R W e e o wa e e o
. .° - am R e A W S W MR W s e W W W s e e e W o e
”.o - e w . e e - -.— - s s e e S S e e W =
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B. Artificial zeolites: Fifty grams of Professor Follin's reagent type
permutit wes made into s filter and charged with 10 per cent sodium chloride
‘solution. Standard sodium fluoride water (5.0 parts per million) was poured
through and the filtrate was tested for fluoride removal.

Number of W1l. Parts per million
poured through remaining in filtrate
100.0 @ = = = = @« = - e v e = = = = === = a= 0.0
2000 = = = = = 0 = c = o " " - .- -——--- 0.0
WP vetsssbocacsososbsses 0.4
m.@—---—-—-r———‘-*—-----—-- 0-‘
900.0 « « o = & = 0 2 o = - - .- .. m--- 1.0
1,0&.6----—------.---------—- 2-0
1,200.0 = = = = = = = = = = = = = o = === = - k.0
1N00.0 =« ¢ ¢ v+ = o = o = a = - - - - - - - - - 6.0
1,800.0 = = =« = = = = = = v = = e - - - - - - 8.0
z'mco—-‘-----’-‘-“-‘"‘-"P 12-0
2,500,0 = = =« = = = = =« w = = = = -, == - .- 15,0
3,000.0 » = = = = = = = = = = - - --—-a - -- - 18.0
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Other types of zeolites, both natural and artificial have been tried with
ng results, but it was found that the best results were with the reagent

permutit.

€. Aluminum hydroxide: A contact filter was prepared by intimately mixing

freshly precipitated aluminum hydroxide with washed lske sand. This filter re-
d all but 1.5 parts per millien of fluoride.
Aluminum hydroxide shaken with fluoride water and allowed to stand a few

‘hours removed fluoride. The removal being in proportion to the amount of

_ﬂ(ﬂ):; added. The amount of aluminum hydroxide necessary was too high to make
this method practical.

D. Hematite: A contact filter was made with 100 grams of hematite broken
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up into particles about the slze of heavy gravel. A secondary filter, consisting

. N,9.9

of a layer of wood charcoal superimposed upon 50 grams of washed lske sand, was

made and placed below the hematite filter to act as a clarifier., The filter was
~ prepared by washing with 1 to 5 hydrochloric acid, followed by activation with
3 per cent ammonium hydroxide.

fumber of M1, Parts per million
poured through . Fluoride in
‘ Filtrate
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edni om E. Zircon as a means of removing fluoride: Zircon sand was placed in 2
Bl 2 %5 bed to form a contact filter and was used as removal sgent.
- Fumber of M1. Parts per million of
poursd through Pluoride remaining
Waroo%y in Miltrate
1&.0“‘--—-‘--‘ ——————— - - 0.2
W'ﬂ“’\ zw.o-—ﬂ—--.‘--o--‘—-—'-O- 0.2
. .o----O--—--ﬂ-c--- ----- A 1.
::" &.o-‘--—--—u—-.----v----c-——o g,s
' F500.0 = = = = = = = = = = = = = = = = e b
m-o-"-‘ ....... - e R W W R A e > W - 5.0
m,o‘-c-o-—-—ooa-——--‘-—u—- 5.0
m.o--—;,--- - e S AP en R e W W e W A W 5.0(4)
P.P.M, fluoride
F
s //
{ 4 7
: £
i w
| /
£ A
£ /
i /
! . 7
£ ]
g a
€ 200 Hoo §oo foo
S
Ml. poured through filter
R LB
) F. Silica gel as a means of removing fluorides:
(1) Siliea gel, which had been activated by moist heat for twe hours under
N diminished pressure, was generated with 10 per cent sodium chloride. This ma-
B terial was then made into a contact filter.
& Results: only slight removal.
i (2) Silica gel was charged in a 10 per cent solution of caleium chloride,
washed free from chloride and made into a contact filter.
S

Results: removal was only slight.
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G Speclally treated zeolites:

3 8¢ Ded ” (1) A contact filter was prepared of = zeolite. A solution of cobalt ni-
o ate was then poured through so that the zeolite was completely charged with
goo
. A diluted solution of ammonia was them poured through and the filter
zé ighed and used as a removing agent.
5 .'A Results: some removal but only a slight capaeity.
mnmrlltormpmd in the same manner as the above with the
007 peption that nickel nitrate was used.
- - ,
:'°o Results: Removal was obtained, but the capacity was so small that the
RN ould not be considered promising.
| (3) A mangsnese zeolite filter was prepared by treating the zeolite with
_'; wus chloride.
2 Results: negative.
i - (4) Chromic chloride was placed on a zeolite filter.
. R .
"‘_ ~ Results: Fluorides were removed, but the capacity was too small to make
; $his method prastical. |
:,‘ " (5) Zireonium nitrate was used to prepare a zirconium zeolite f'i_ltcr.
P Number of Mls. Parte per million
;. . poured through Fluoride in Filtrate
m-«.-t‘n.‘con-ca-uo——‘-h-ov- Q.a
B 200 « & » = = & o = = = = = - ,E.-—-—-—--aw- 0.0
_.V . W NE AR Ss M es Wm We B G WA e W e e W = W W e e e 60
() mqmueﬁqoao-aowuoovﬁago-q o,:
I m-ﬁcﬁﬂdqnu——oooqccnnnuan o.
i -'mcohuﬁutwa.-‘--——-a ------ 0-6
*lﬂlm!—b md-—-o‘---——-—-o——ao——-- 1.0
X MOOOQOOOGO-—--‘---—-*——-— S.h
*131“!93 mwucuoﬂcn-—-a-——---—»c-- 3.6
l'mppooﬁo—om'—on-\ ————— - e e e e 5,0
',ﬁ 1‘w¢~-—¢-d-n¢---o-’-~—~-—ooo-o- 5‘0
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e the hydroxide was formed on the filter by use of 3 per cent ammonia.
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pmer in Filtrate
[‘!M. Bf’{3 1,0& - e A W an W AR s W e Wh @ W A R W W W e o e O.h
2.@ S R WD MR @R e P S N W S aE SR e R W Ee W - e e - 0.1
‘E) z'm-nnum“wuﬁoﬂocbﬁocnn - an o 0.2
’MDOOOO&--tn‘b--‘-—#mé--—u 0.3
hﬂ-ﬂ' 5'mq ® e e G Mk G s e W W G e M e e W e - e we W e D,s
m "m - SR AR R ER R S MR R R e M S e s W T e e A W W e 1.0
T.m--‘.-‘--n—&o-—&-n.--a-- 0.6
‘,mo*---*----—--upu----—o-— 0.‘
s.m-'ocﬁnﬂt———-Q-sobvu-o‘- 1.2
lo'm A A Es W W R R Ay E we e W e o = - - em e s W 1.6

L



=
3=

ey

P,P.M. fluoride

R R

e

N

/

il e
2,600 4, 000 g ooo F, 000 /6000

I\

Ml. poured through filter

H. OCarbon as a means of removing fluorides: The data of Johneton and Me-
fiin was checked and confirmed by the results obteined. A further study of
gorption by use of charcoal and sctivated charcoal was considered inadvisable,
therefore, especially sinee the required pH is well in the acid range which
makes the method impractical.

I. Powdered aluminum metal was mixed with washed lake sand in the manner
deseribed by 5. ¥. Kramer, but no removal was sccomplished. This method was alse

red independently by Hjalmer i'et.rnon. working in this department, who also
8 unable to duplicate Mr. Kramer's results.

J. Zeolite plus lead chloride as a sorption agent: A filter was prepared
by pouring a 10 percent solution of lead nitrate through a contact bed of zeo-
ite. The lead zeolite thus formed was activated by use of a 10 per cent sodium

de solution. The activation by sodium chloride resulting probably im the
ation of an inseoluble, basic lead chloride.
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Farther experimentation with this type of filter has shown that it is more
to generate the zeolite with a 2 per cent instead of a 10 per cent
of sodium chloride a2s there was much lesa mass action on the lead by
weaker solution, and at the same time there was a sufficient amount of
lde for activation.
Another problem encountered in this method is the plumbo-solvency of cer-
B Satevs. 2% 18 o well known fash that lead fa & cumslative peteen and Shat
tration of over 0.1 parts per million of lead in potable waters cannot be

jerated. It was, therefore, deemed necessary to put in a lead removing unit
' low the main filter. This was easily accomplished by use of a bed of zeolite
lch possesses a very great capaeity for lead removal. It has been shown that
- seolites will remove completely, approximately one and a half times their own
~ welght of lead.!3 By use of such a secondary filter in connection with the zeo-
1ite plus lead chloride primary filter, 1t was found that a fluoride-free, lead-
~ free filtrate could be obtained.

Regeneration of the primary filter was easily accomplished by use of a 20

- per cent sodium chloride solution. The secondary filter was best regemerated by
using a 10 per cent sodium nitrate selution.

 Interpretation of Results and Conclusions
| (a) Zeolites, both artifical and synthetic, will remove fluorides, but the
: ecapacity is too small to make the method practical.

(b) Zeolites treated with manganese, nickel, zirconium, cobalt, and chrom-
~ {um also remove fluorides but hlﬂ too small a ecapacity.

(¢) Zeolites, used as a base on which ferrie hydroxide was precipitated,
- gave satisfactory fluoride removal, and showed a good capacity. This method was
' handicapped, however, by the difficulty of preparing a filter which would give
~ duplicate results.
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(d) Activeted charcoal will remove fluorides from waters after the pH has

l(:\.;:.:)s sed to approximately three. This method is considered impractical,
e " both costly and diffiecult to use.

L El;j (e) The 2 per cent powdersd aluminum metal in sand as recosmended by Kramer
’h_”h"’ jave absolutely no removal, dtw the method was doubly checked by the author
‘ * also independently checked by lir. “eterson.

" Samnnd (f) Zircon sand will remove fluoride but has slight capacity.

::: ::j {2) Zeolite lead nitrate may successfully be used to remove fluoride. How-
} fod y this method must be modified to include a lead removing filter. The fil-
::':m'g thus modified could be used to do efficient work as a fluoride removing
“Hosx t, but only under careful supervision and continuous checking to prevent oc-
. of lead in the finished produst.

E) This method is interesting as demonstrating that fluorides candte removed

tm Mi ' without leaving a texic or harmful ingredient in the water; but, 1t is almest
o i certaln that health officials would condemn any method begimning the use of lead
'J. : gompounds. With competent supervision the method would be perfectly safe; but
weo 'tM: it is not "fool-proof" and in the hands of ignorant or careless attendents it

K  might contaminate the water with lead.
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Summery

The significance of fluorides in drinking waters is discussed from the
standpoint of the occurrence of mottled enamel, particularly from the
artesian waters of North Dakota.

Analytieal methods for the determination of small concentrations of fluo-

rides are reviewed and criticized, and a satisactory method is deseribed.

The problem of fluoride removal ie discussed, and the difficulties pointed
out.

The study of the sorption of fluoride ion on a variety of active materials
is deseribed and experimental data presented.

A successful method of removal is deseribed; but one which would likely be
for bidden by health authorities on account of the use of lead compounds.

It is suggested that the principles invelved in this method might be applied
to the use of some other metal of less teoxic properties.

A Bibliography of the literature is appended.
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