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PART A

FLUORINE



INTRODUCTION

Fluorine, the most active of the elements, constitutes
one tenth of one percent of the outer halfwmile shell of the
earth, It is the twentieth most abundant in both land and
ntqu. Voloanio gases, as well as the waters of hot springs
in volcanio areas, have been known to contain flnorinoz. Al=
though widely diffused in nature, large depcsits of its mine
erals are of rare oocourrence., Major minerals of the element
are oryolite and fluorspar, It is oftem found associated with
rock phosphates.

As early as 1850, Forchammer determined the fluorine oone
tent of sea waters, Wilson commented on its frequent presence
in boiler scales, and Carles determined the concentration of
the ion in mineraliszed ntemz.

Traces of fluorine are present, almost universally, in

plant and animal tinuesl.

1l DMoKay, Fo 8¢ Mottled Enamel: The Prevemtion of Its
further Production through a Change of the Water Supply
at Oakley, Idae Jo Ame Dental Assoo'n. Vole20, pe.1l48
(July 1938),

2 PFitoh, W, E¢ Mineral Waters of the United States and

American Spas. New York, Lee and Febiger. p.76, (1927).



The element has been found to be a common, if not essential,

oonstituent of bonols.

3¢ Newth, Ge 8¢ Inorganio Chemistry, 12th Ed. New York,
Longmanse pe347, (1907)e



Sinoce early in 1931, oconsiderable attention has been
brought to bear upon the subject of fluorides in drinking‘water
supplies, following the disoovery of high fluoride conocentrate
fons in waters consumed by persons afflicted with the dental
defect known as mottled enamel,

Analyses have been made, in the course of this study,
of a ocomparatively lerge number of Missouri waters, The waters
analyzed have besn collected and made awailable by the Missouri
Geological Survey and Water Resources, They have been seoured
from diverse sources and inoclude surface wateres end underground
waters from different geologioal formations, throughout the
State of Missouri,

Mexnry of the waters analyzed in this study are of a highe
ly saline type and not clessed as drinking waters, Their cone
sideration is based upon the more gemeral purpose of showing
fluorine concentration in natural waters of Mssouri, and not
upon the correlation with mottled enamel,

At this time of writing, no information has been found
with respect to the possible presence of mottled enamel any=-
where in the State of Missouri, Certein waters, used as publie
drinking-~water supplies, have been found to ocontain high cone
oentration of fluorides. It is to be hoped that commmities
using these supplies mey be surveyed for the presence of mott-
led enamel, This with a view to changing the water supply, or

otherwise correcting the condition.
3



FLUORINE AND MOTTLED ENAMEL

(a) Desoription of Mottled Enamel

Dean‘ desoribes mottled enamel as a dystrophy of the
enamel, "the permanent teeth erupt, presenting a dead white or
opaque appearance, sometimes being pitteds In a high percent-
age of oases, and in ocertain arees, these teeth later take on
& oharacteristioc brown stain, This developmental dystrophy is
peouliar to the native=born children of an endemioc area, or
those taken into the area very early in childhood."

Dﬂns olassifies mottled emamel diagnosis, given in ab-
straot form in the following menners
Normal == The usual translucent structure, semi-vitreous in
echaracter, Enamel surface is smooth and glossy, usually of a
pale creamy white color. Enamel showing hypoplasia not chare
acteristic of mottled enamel is considered norml,
Questionable == Aberrations of translucency ranging from soat-
tered white fleocks to ocoasional white spots, 1 to 2 millimetres
in dlameter.

4o Dean, Ho To Distribution of Mottled Enamel in the United
Statess J. Am. Dental Assoo'ne Vole20, pe321 (Feb, 1938).
6¢ Dean, H, Te Classification of Mottled Enamel Diagnosise.
Je Ame Dental Assoc'ne Vole2l, ppel421=8 (Auge 1934)e
4



Very Mild ~= Small paper-white areas scattered or streaked
over the tooth surface, Small pitted white areas are frequent.
Mild -~ White opaque areas involve at least half of the tooth
surfacee Faint brown stains sometimes appear, most generally
on the uppsr incisors.
Moderate =~ Generally all of the tooth surface is involved,
Minute pits are often present and brown stain to a disfigure
ing extent,
Moderately Bevere == To the eye, a greater depth of enamel
appears to be involved. 8moky white appearance is often note
iced, as well as pitting on ell tooth surfaces, If brown stain
is present, it is deeper in hue.
Severe -- The form of the teeth are at times affected, Deep
and confluent pits are present, Staining is more common and
ranges from chocolate«=brown to black in colore This is identi-
fied with MoKay's corrosion typee

Aocording to Ge Ve Blacke, the ocause of the injury is
coincident with the absence or destruction of the ocementing
material between the enamel rods in the outer layers of the
tooth enamel,

6s Reed, Jo Jo Mottled Enamel, J. Am., Demtal Assoo'ne

Volel9, pe1986 (Nove 1932).



(v) History of Mottled Enamel

7
Je M, Eager , past Assistant Surgeon of the U, S, Publie
Health Service, first noticed the condition, desoribed as motte
led enamel, in the teeth of Itallian emigrants coming from

Pozzuoli, a commmity near Naples Italy. Twenty=six years

later, in 1927, MoKay’ reported that a change in the water
supply had prevented eny new oases from occuring,

H, A. F‘ynn7, of Denver, first commented on the ocourence
of mottled enamel in America, in a paper read before the Coloe
rado Dental 8ooiety (1909),

In the following years, meny endemic areas of mottled

enamel were discovered in the United States. MoKaya o in 1925,

made an examination of the teeth of school children at Oakley,
Idaho, He found that every ohild in this commmity, whish se=
csured its water supply from a nearby warm spring, had a hunde
red percent mottling of all permanent teeth, And, om the other
hand, he found that the ohildrem of a single family, dwelling
near Oskley and obtaining its water supply from a different

source, were entirely free of the defeot,

T7¢ Walker, Jo 8¢ Mottled Enamel, Je Am, Dental Assoo'ne
VOlozo, p.1867 (Oo‘b. 1933)0
8¢ MoKay, Fo Se Mottled Ensmel: The Prevention of Its
Further Produstion Through a Change of the Water Supply
at Oakley, Ida. ope oite pe 1.
6



Oakley changed its water supply, in consideration of
this oconvinoing evidence that something in the water was the
cause of the prevalent mottled enamel, Eight years later, in
1933, MoKay re-examined the teeth of children in the village
who had used the new water supply during the period of their
dental caloification. No new cases had developed, and cases
of mild mottling, at the time of the change, had growm no worse.
The above case constitutes one of the most striking exam=
ples that a faotor in the drinking water is responsible for
mottled enamel,



(o) Correlation of Mottled Enamel with

Fluorides in Drinking Water

H, Vo Churohillg, of the Aluminum Company of Amerioca, end
Margaret Smithm » of the University of Arizona, independently
assigned the ingestion of fluorides as the specific cause for
mottled enamsl, early in 1931,

churohillg, engaged in the spectroscoplo examination of
waters from a deep well at Bauxite, Arimnsas, noticed the pre-
sence of unsuspected quantities of fluorides. He examined waters
from other endemis areas, and invariably found high fluorides
oconcentrations,

At about the same time, Margaret Smithlo and her oco=workers
at the University of Arigona, identified fluorides in the waters
from the many endemic areas of that astate,

Impressed with the presence of fluorides in these waters,
Smith undertook a biological test of the affect of fluorides on
the tooth enamel, 8She fed albino rats with concentrated waters
from high=fluoride sources. To another set of test animals,

9¢ Churchill, H, Vo Ooccurrence of Fluorides in Some Waters
of the United States. Inde and Enge Chems Vo0le23, pp.996-
998 (1951),

10, 8mith, M, Ce, Lantz, Eo Me and 8mith, H, Vo The Cause of
Mottled Enamel, a Defect of Human Teeth. Univ, of Aricz,
Agri, Exp. Bta, Tech. Bule Noe32 (1931),

8



she fod sodium fluorides In every instance, the young animal
dmlopod mottled enamel, or a lesion in every way identiocal
with it,



(d) Distribution of Mottled Enamel

Instances of the enamel dystrophy have been reported in
11
China, 8pein, Mexico, Italy, Holland , end in the Bahama
Islands, Barbados, Cape Verde Islands, and in South American

oomtrioclz.

A number of swrveys have been made in this country, the

most notable of which is that of Deant®,

Aooording to Dean's survey, the defect is partioularly
serious, or widespread in Arizona, in the Panhandle region of
West Texas, and in an area embracing portions of the two Dakotese

Areas of mottled enamel are reported in five of the states
bordering Missourl, These are: Arkansas, Illinois, Iowa, Kane

sas, end Tennessee,

11, Reed, Jo Jo Mottled Enamel, ops cite pe_§ _

12, Kehr, R, W, Dental Deficiencies and Drinking Water.
Jo Am, Water Works Assoo'n. Vole23, pe228 (1931),

15¢ Dean, H, Te The Distribution of Mottled Enamel in the
United Stateses Publio Health Repe V0le48, ppe 70334
(June 1933),

10



He reports 97 endemic areas, ocouring wvariously in the
several states of which he makes partioculer mention; Arizona,
Arkanses, Californie, Colorado, Idaho, Illinois, Iowa, Kensas,
Minnesota, Mississippi, Nevada, New Mexico, North Carolina,
North Dakote, Oklahoma, Oregon, South Carolina, South Dakote,
Tennesses, Texas, Utah, end Virginia.

It is of interest to note that Dean's survey revealed no
endemic areas in the New England states, east of the Appalach-
ien Mounteins, where Churchillu has reported fluorine to be
absent from the water suppliess His findings with respect to
the distribution of mottled emamsl, widespread in the Mid-Western
and Western United States, eagrees with Churchillt s:u further
statement that "traces at leest of fluorides are to be expected

west of the Appalachians,"

14, Churchill, He Ve Ocowrrence of Fluorides in some waters

of the United Statese ope cite po_8 o

11



(e) Concentration of Fluorides in Waters

Causing Mottled Enamel

The concentration of fluoride which will cause mottled
enamel, contradistinet from that which will not, can scarcely
be stated with any great degree of examctness,

Hol(ayls states, "a range from 140 to 13,7 parts per mill=
ion in fluorine would seem to indicate & narrow margin betweem
totel immmity and a severe manifestation of this lesiom, and
a 8till more striking conjeoture is that, with immmity at 1,0
part per million, there should be & typical coocwrrence st 240
parts per million, s in one known commmity in the West."

He Vo Sm.’ﬂl:.hl6 finds that concentrations as low as 0.9
perts per million of fluorine are found definitely associated
with mottled enamel,

At the present stage of knowledge on the subjeot, any
congentration of 0,2 or over perts per million of fluoride
should be considered dangerous,

16, MoKay, Fe So Fluorine Content of Certein Waters in Rew
lation to the Production of Mottled Enamel, J. Am,
Dental Assos'ne Volel9, pel718 (Octe 1932),

16¢ Smith, H, Ve Determination of Fluorine in Drinking
Water, Inde & Enge Chem,, Anale Ede Vole7, pe24,

(Jane 1935).
12



METHODS OF ANALYSIS

() Modern Methods

In the words of Churehillu, "quantitative estimation of

fluorides if fraught with diffioulty.," In his reported work,
be adapted Fairohild'sm method for fluorides in rock phosphates
to the determination of fluorides in water.

After making 100 mlse of sample just aocid with hydroe
chloric aoid, he added ferrio chloride solutiom in excess of
that required to resot with the fluorides present., He then
added hydrochloric acid and potassium lodide, and placed the
sample in a bath, held at 38° C. for ome houre The exoess of
ferrio chloride, over that required to reaot with the fluorides,
liberated iodine from the potassium selte Titration of this
free iodine with sodium thiosulphate solution, using starch as
the indioator, served es a basis for the oalculation of the

fluorides present in a given sample,

17, Churchill, H, Vo, Ocowrrence of Fluorides in Some Waters
of the United States. Ind. & Enge Chems V0l.23, pe997,
(Sept. 1981),

18, Pairohild, J. Ge Method for Determination of Fluoride
in Phosphate Rooke Je Wash, Acade of Soie V0le20, peldl

(1950).
13



1¢

Margaret Foster  noted factors that temded to give

high results in the use of the Churchill procedure and suggest-
ed & colorimetrio methodzo.

The intensity of the color produced by the complex come
pound of potassium thiocyanate with ferric iron is less proe-
nounced in the presence of fluoride ion, Foster compared the
fading of the thiooyenate ocolor produced by a kmown concentrate
ion of fluoride with that produced by the unknown oconcentretion

of fluoride in the sample,

19, Foster, M, D¢ Sources of Error in the Use in Water
Analyeis of Falrohild's Method for the Determination
of Fluoride in Phosphate Rock. Ind, & Eng, Chem,,
Anal, Ede Vole5, pe238 (1933),

20, Foster, M. Dy Colorimetric Determination of Fluoride
in Water Using Ferrie Chloride, Inde & Enge Chem., Anal.
Ede Vole5, pe254=8 (1933),

14



Thompson and Ts.ylor21 made use of the fading in color
of an alizarine=-zirconium lake, in the presemce of fluorides,
as suggested by DoBoorza. They found that, in the applicatiom
of e colorimetric technique to original water samples, the
fading rete was influenced by the presence of chloride and
sulphate ions. They added sodium ohloride and magnesium sule
phate to the color standards used, and compenseted for the
effeot of chloride and sulphate ions in the sample, This proe=
ocedure proved entirely satisfactory in the analysis of fluoride
in sea water, where the amount and ratio of chlorides and sule
phates approaches s constent value. Corrections were applied
to the fluoride analysis, based on the comparative ohlorinity

of a partiocular sample analyzed.

21, Thompson, Te Ge, and Taylor, He Je Determination and
Ocourrence of Fluorides in SBea Water. Ibids Voleb,

DeBTed (1933)e

22, DeBoer, J. Hy and Basart, J. Eine schnelle mmssanalytis-
oche Bestimmmg des Fluors such in komplexon wnd unloslichen
Fluoriden. Zeit, anorge allgem, Chem. Vole162, pp.213-20
(19264).



Willerd and Wintorzs geparated fluorine from interfering
ions by distilling off the fluorine "as hydrofluosilicioc acid,"
in the presence of glass beads and perchloric aocide They tite
rated the distillate with thorium nitrate, using ziroconium nite
rate and alizarine, or alizarine alone, as the indicator.

Armstron524 found that the colored compound of ferric irom
with acetylacetone faded to en extent proportional to the oon=
centration of fluorides present in a sample. He applied this
property of the substence to a colorimetric scheme of analysis.

sanchiszs modified the procedure of Thompson and 'Jfls.ylor26
applying it to the determination of fluorides in waters which

veary greatly in their content of chloride and sulphate ioms,

23¢ Willerd, H, He, and Winter, O Be Volumetrioc Method for
Determinetion of Fluorine. Inde & Eng. Chem., Anale Ed.
Vol.6, ppe T=10 (1933).

24, Armstrong, W. Ds Colorimetric Determinatiom of Fluorine.
Ibide Vole6, ppe 3002 (1933),

26, Sanchis, J. M, Determination of Fluorides in Natural
Waterse Ibide Vole6, ppel34=5 (1934),

26, Thompson, T. G., and Taylor, He¢ Je Determination and
Ocourrence of Fluorides in Sea Water, Ibide Vole5,

pPpe 87=9 (1933),

16



He substituted hydroohloric and sulphuric acids for the salts
of these acids, used by his predecessors.
Sanchis® method was used for the determinations to be

reported in this writing, and shall be fully described in a

later seotion,

17



(v) Comparison of Analytiocal Methods

The many plans of analysis, evolved within reoent years,
must give results which are in close agreement if they are to
be used interchengeably to define toxic limits of fluoride con=
tent, This is of pearamount importance in establishing a limite
ing fluoride content of watere used for drinking purposes,

A recent publication of H. V, Smth27, already mentioned

(pe 12), demonstrates that the methods of Fosterze, of Sanohiczs,

and of Willtrdso, give results which are in substantiel egreement,
Smith, at the same time, found that the method of Faire

ch11d31, when applied to the analyslis of fluorides in waters,

gives results which average two to three times higher than those

given by the three methods mentioned above,

27, Smith, He Vo Determination of Fluorine in Drinking Water,
ope olte pe 126

28, Foster, M, Ds Colorimetric Determination of Fluoride in
Water Using Ferrio Chloride. ope oite pe 146

29, 8anchis, J. Me Determination of Fluorides in Natural
Waters, opes cite pe 164

30, Willard, He He, and Winter, O¢ Be Volumetrie Method for
Determination of Fluorines ope oite pe 16,

31, Pairchild, J. Ge Method for Determination of Fluoride

in Phonphato Rocke OPe cite. Pe 13,



At the present time, it is highly desirable that the
nethod of analysis be given when reporting the fluoride con=

centration of a mater,

19



(¢) The Application of Sanchis Method

The method of Sanchis was selected for the present work,
at the suggestion of Dr. W, Te Schrenks It was found to be
well adapted to the simultaneous analysis of a large number of
water samples, having & varied mineral content,

A desoription of the method, and of tests made to verify

its scourscy and ite limitations are here given,
DESCRIPTION OF SBANCHIS METHOD
REAGENTS s

Standard fluoride solution == 2,2)1 gms. of ce.pe. sodium fluoride
wore dissolved in distilled water to make one litre of stook
solution. 10 mls, of this stock solution were diluted to one
litre with distilled water, and constituted the standard flu-
oride solutione (Each ml. was the equivalent of 0,01 mgse of
fluorine).

Indicator == Two solutions were made., BSolution (&) conteined
0el7 ge of alizarine sodium sulphonate dissolved in 100 mls, of
distilled watere Solution (b) conteined 0487 ge of zirconium
nitrate dissolved in 100 mls, of distilled water. Solution (a)
was added to solution (b), slowly end with constant shakinge
This was permitted to stend, with occasional shaking, for sevw

oral hours. 20 mle, of this latter solution were diluted teo

20



100 mlse with distilled water, and constituted the indicator

solution. Hydrochloric acid (3N). Sulphurioc acid (3N).

PROCEDURE:

A series of nine Ystandards" were prepered in 250-ml,
Erlenmeyer flasks, at the time of analysis of samples, Each
standard contained, respectively; 0¢0, 245, 650, 7e5, 1040,
1640, 2040, 250, and 50,0 mls. of standard fluoride solutiom,
diluted to 100 mls, with distilled water., Theso standards were
equivalent to the wvalues given, in parts per million, when a
100 ml, sample of water was analyzed.

The samples for analysis were taken in 100 ml, portions

when the following three oconditions were presont:

I, The water oontained less than 500 parts per million of
chloride ion,

II, The weter contained less than 360 parts per million of
sulphate lon.

111, The water contained less than 240 parts per million of

fluoride ion.

When necessary, the water to be analyzed was diluted with
distilled water, and 100 mls, of the diluted sample was used

for the analysis,
21



The samples were placed in 250-ml, Erlemmeyer flasks,
and oarried through the following details of procedure, simul.
taneously with the standards.

2 mls., respectively, of the hydrochlorioc acid, of the
sulphuric acid, and of the indiocator solution, were added to
each sample and to each stendard.

The samples and the standards were placed upon a "hote
plate™, heated just to boiling, and removed fraom the source
of heat, These were permitted to stand, at room temperature,
for a period of about 12 hrs., usually over night,

The standards were transferred to 100-ml, metched Nessler
tubes and made up to the mark with distilled water, Each une
known, in turn, was transferred to a 1l00-ml. Nessler tube,
and compared with the colors of the standards.

Colors were matohed by interpolatiocn between the stand-
ards, end in a form of color ocomparator i1llustrated on the
following pagees In any instance where a reddish precipitate
had settled in the flask, this was dissipated by swirling the
contents of the flask, before transference to the Nessler
tubes Colors were more distinot, and more readily matched at

ebout 20°C, than at higher temperatures.

22
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TESTING SANCHIS METHOD

Tests were made of Sanchis method for determining fluorides
in order to determine the reproducibility of analysis and the

offect of interfering ions.
Test I,

A series of synthetioc waters was prepared, containing
known amounts of fluorine, added as sodium fluoride., Little
variation was found between "Fluorine added" and "Fluorine

found.,® The results of this test are shown in TABLE I (pe. 26).

24



TABLE I,

Fluorine Fluorine added Fluorine found
mgs./100 mls, Peo Po M, Pe Py M,
0,01 Ol Oel
0.02 0e2 042
004 Oe4 044
04086 0.8 0.6
0408 0e8 0476
0610 1.0 1.0
Oel2 1.2 1.2
Oel4 1.4 1.4
0,16 1.6 1.6
0.18 1.8 1.8
0422 242 242
0424 244 2.4
0428 2.6 248
0.28 2.8 2.6



Test II.

The original fluorine ocontent of natural waters was de=
termined, Known amounts of fluorine were added, and the total
fluorine content of the sample was re-determined. The "Fluorine
found" was substantially equal to the "Original Fluorine" plus

the "Fluorine added." The results of this test appear in TABLE

II,.
TABLE II,

Description Original Fluorine Fluorine

of Sample Fluorine added found

PPN, PP, PJPoM,

Bannister, 0.4 1.0 led
Jackson Coe

Jackson Co, 0.4 1.6 1.9
Houston, 0.1 240 240
Texas Co.
Dr. Bernet, 240 1.0 249
Marion Coe

26



Test III,

In order to test further the reprodusibility of fluoride
determination by Sanchis method, a series of natural waters
were selected and analyzed, in duplicate, The samples select=
od for this study covered the range from 0.1 to approximately
5¢0 parts per million.

TABLE III contains; (a) a tabulation of the dupliocate
analyses, with an average value of the five analyses made on
each water.

Deviation of a single analysis from the aversge analysis
is slight up to a fluoride ooncentration of about two parts per
nmillion. On the basis of this test, all water samples containe
ing above two parts per million of fluoride were diluted before
analysis, This is ome of the three oonditions necessitating

dilution of the sample before analysis, as has been mentioned
(p. 10)0

a7



TABLE II1I,

(a) Tabulation of Samples Analyzed

Fluorine
Looation of Sample Source* Labe Noe. PJ.P.M,
Union, Franklin Co, S 78 0.1
Brunswick, Chariton Co. 5 47 03
Jefferson City, Cole Co. 8 60 06
Fredmar Farm, 8t. Louis Cos W 102 1,0
Dr. Bernet, Marion Co. W 28 242
Iake Hill, 8te Louis Co, w 290 340
Meyer, Cape Girardeau Co. \J 93 6e2
(b) Tabulation of Repeated Determinations
Determination Samples
(1) (@) (3) (4) (5) (8)
First Oel 03 066 102 1e8 360
Becond Oel 0e5 0o6 1ol 2,2 840
Third Ocl 003 006 10 28 342
Fourth Oel 03 065 10 242 2,8
Fifth Oel 063 06 069 244 340
Average Oel 0e3 0462 1,04 2,18 3,0
* Bource, S z Surface water; W gz Well sample.
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Be2
640
6o
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Test IV.

The effect of the presence of chloride on the analysis
for fluorine was determined, It was found to have no more
than a slight effect upon fluorine determinations when present
at concentrations below 500 parts per million. This is in
agreement with the findings of Sanohissz.

When chloride ion is present at a concentration high
enough to influenoce the determination, the apparent fluorine
oontent is less than the actual., This appears in TABLE IV,
on the following page, which shows the effect of the presence
of varying ooncentrations of chloride ion upon the apparent

ooncentration of fluorine,

32, Banchis, J¢ My, Determination of Fluorides in Natural

Waters., ope 0ite pe 186

29



TABLE IV,

Chloride Ion Aotural Fluoride Apparent Fluoride
added added present
P.P.M, PoPole P.PoMe

50 0eb 0eb
100 0eb 0e6
160 0e6 O0eb
200 065 0eb
250 0.6 Oeb
300 06 065
360 065 066
400 046 046
450 0eb 046
500 046 Oe4
600 046 063
700 0.5 028



Test V,

The effect of the presence of sulphate ion on the
enalysis for fluorine was determined., It was found to have
only a slight effeot upon fluorine determinations when it was
present at oonoentrations of below 350 parts per million,

At concentrations of 350 parts per million of sulphate
ion, and above, the effect of the interfering ion is to make
the apparent fluorine analysis greater than the aotual cone
centration of fluorine present in the sample.

The results of this test, showing the influence of sule-

phate ion upon the analysis for fluorine is given in TABLE V,
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TABIE V,

S8ulphate Ion Actual Fluorine Apparent Fluorine
added added present
PoPoMe PoPo.M, PoPoM,

50 0e5 046
100 0e6 0eb
160 , 0eb 066
200 046 06
250 0eb 0eb
300 0eb 045
360 Oeb 0.6
400 0.5 076
460 06 0.8
500 0.6 09
600 06 1,2
700 0eb 1.4



(d) TPluoride Content of Missouri Waters

The waters analyzed for fluoride content were supplied by
the Missouri Geological Survey and Water Resources,

Analyses for the more oommonly determined constituents of
natural waters were made by Mre R. Te Rolufs, Chemist of the
Survey., These are avellable for reference in the files of the
Survey,

TABLE VI of this thesis lists the waters analyzed in alpha
betiocal order, according to the county of origin.

Wherever possible, the geologloal or surface origin of the
water is given, Thls information, in every oase, was supplied
by persomnel of the Survey,

Information with respect to the TREATMENT of waters, in the
oase of oity waters supplies, was supplied by the Swrvey., The
symbols used to represent the type of treatment are identiocal
with those published by MISSOURI WATER AND SEWERAGE CONFERENCE,
AND STATE BOARD OF HEALTH, "“Key to Symbols: C -= ooagulation,
8 == sedimentation, F == filtration, D == chlorination, M ==
softening, and I =~ iron removel." 53
33, B8eventh Annual Missouri Water and Sewerage Conference.

Vol, III, pe 69. (Oocte 223, 1951).
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The ocontent of ochloride ion, sulphate ion, and the total
dissolved solids of each water are tabulated with the acoomp=
anying fluoride ion content. These are included as they serve
to oharacterize the waters to & certein extent.

Manganese and iron content of the waters are inoluded in
this tabulation (TABLE VI) as s matter of convenience, and
constitute a portion of PART B of this thesis.



COUNTY

Atchison

Audrain

Ban?y

LOCATION

S8avarmah

Tarkio

Mexioo

Vandalis

Cassville

Exetear,
St.L. & San
Francisco
Rye

Lamay,

ORIGIN OR TREATMENT
FORMATION
S8OURCE

Impounded reservoir CeSoFodD,

210t well; water from
glacial drift,

1208 well; mixed water
from rocks of Mississe
ippian to Gunter age. C.S.M.%D.

1315* well; mixed waters
from the 8t, Peter for-
mation of Ordovisien
age to rocks of Cambre
lan age.

1200* well; water from
the Gunter formation of
Canbrian age.

869t well; water from
the Roubidoux fexrmation
of Ordovician age.

Water frem a surface

supply. CeS. &Do

Minden Mines 904%* well; water pro-

sohool,

bably from the
Roubidoux formation,

* fknalyses by Re Te Rolufs,

35

F Cl
0.4 1.5
0.8 101.2
0.7 30.5
242 1362.2
0015
0420 Te2
0.15 2.7
248 5241

27.8

617.7

107.4

36440

7840

46,3

44.0

*
DISSOLVED
SOLIDS

121,0

123040

36740

3369.,0

287,0

128,0

91040

M

0403

0,03

0406

004

0403

0,04

0405

0606

Fe

0406

04,07

0.06

0407

0015

0.07

0620



COUNTY LOCATION

Bates Adrian

Ge Argembright
SE/SW 33-42=30.

Humes~Sinclair
Coal Coe,
SW/XE/¥E,

39 N.,, 33 W,

Brothers,
NW, 12240=29,

Walter Martin,
NE.:1 11=40=30,

Benton Werssaw

TABLE VI. CONTI®D,

ORIGIN OR
FORMATION
SOURCE

44% test well; water from
the lower Pleasanton
formation ef Pemnsylvan-
ian age.

402% well; water from the
Bartlesville formation of
Pemnsylvanian age.

1618% well; water from the
Cotter formation to the
Cambrien

276% well; water from the
Cherokee formation of
Permgylvanian age.

4356* well; water probadly
from the Cherokee for-
mation of the Pemnsylvan=
ian age.

622' well; mixed water
from the Cotter formstion
of Ordovician age to the
Proctor formation of
Cambrian age.

TREATMENT P

0.8

069

1.6

1,1

1.1

0.4

Cl

17,7

229,8

6292,7

116.7

1069,.,4

2349

1162.1

16.9

43146

78574

0.26

18.8

DISS8OLVED
SOLIDS

226060

1036.0

12844,0

1840,0

2442,0

518,0

046

0.03

0607

0.0%5

0.02

Fe

030

0.50

0407

0O

0.16

0,07



COUNTY

Cass

Cass

LOCATION

Texas=Empire Pipe
Lino co.. 3 llio
west of Cole Camp

Ashland

Belton, well #S,
14-46-33,

Belton, well i,
14-46=38,

Kyte
NE/WW 17=46-35.

Myron A, King

Pleasant Hill

Scott and March,
SW/NE/NE 2=46=35,

TABLE VI, CONT'D,
TREATMERT F

ORIGIN OR
FORMATION
SOURCE

336% well; water from
the Gasconade forw
mation of Cambrisn

g8,

475% well; water from
the Jefferson City
formeation of Ordo-
vician egee

245' well; water from
the Belton sand and
the Ladore shale of
Permsylvanien age.

245 well; water from
the Belton sand and
the Ladore shale,

245 woll; water from
the Ladore shale

790% well; mixed water
from near base of
Cherokee formation

Impounded reservoir.

820! well; water from
roocks of Pemmsylvan=
ian age.

CeSe&D,

CoSeFolDe

0.6

0.6

1.0

0.4

2.5

0e?

0.2

0.6

Cl

4,5

12.4

22,5

28.4

98.9

5286,1

4.0

18,9

80

42,2

66,7

109.3

31,7

Oe

141.6

DISSOLVED Mn

SOLIDS

417.0

58060

509,0

888,0

869,0

9932,0

31360

308.,0

0,04

04,08

0406

0.16

0.04

0406

0.18

Fe

0,056

0010

0.16

0680

1.10

0.06

0406

0430



COUNTY

Caldwell

Chariton

Christian

Clay

Clinton

Cooper

Ccle

Crawford

TABLE VI. CONT*D,

ORIGIN OR
FORMATION
SOURCE

LOCATION

Bamiltom Impounded reservoirs
water from the glaciel
arift,

Camdenton 405* well; water from

the Gunter formetion

Q. O, BHunter,

z.m. m.

Brunswiek Water from Grand River.

Ozark 440% well; water from
the Cotter and Jeff-
erson City formations.

Smithville Platte River; water
after purification.

Platitsburg River water after puri-
fication,

Boonville Missouri River water
af‘ter purifiocation,

Jefferson Missouwrl River water

Civy, after purification.

Cuba, 600f well; water from

the Roubidoux and
Gunter formmtions,

TREATMERT

CeBeFe&De

CeSeFo&De

Ce8eFe&De

CoeS FolDe

Ce 8¢& Do

CeSeFedDle

F Ccl
0.2 2.2
0.2 2.2
Oelb 6.2
03 1149
Oel
0.2 6.6
063 5.7
0eE 2843
0,36 3.5

80

82.9

1,9

10,1

127.4

177.8

124,.9

142,.8

16646

18.5

DISSOLVED Mn

SOLIDS

189,0

32040

430,0
327.0

37140

32360

326.0

36840

270,0

0408

0.14

0605

0,01

0,03

0405

0603

0,03

0.08

0,04

Fe

0406

0.10

0607

0406

0408

0.086

0407

0405

0,07



COUNTY

Carroll,

Dallas,

Durklin,

Franklin,

Franklin

Gentry,

Greene,

LOCATION

Carrollton

Buffalo

Hormersville

Sullivan,

Unionm,

Washingtom

Stanberry,

Springfleld,

Fullbright,

TABLE VI,
ORIGIN OR TREATMENT
FORMATION
SOURCE

Creek water after
purification. CeSoFo&D.

662! well; water from
the Gunter formetion.

Water from shallow well
in the alluvium,

825 well; water from
the base of the Potosl
formation of Cambrian

age.

River water after treate
mt. C.So&D.

965' well; water from
the Jefferson City and
Potosi formetioms.

Water from a group of
shallow wells in river
bottom,
Mixed water from springs
river wells, and lake;
after treatment, CoE€eFodDe’

Water from a spring.

39

CONT'D,

F Cl
0.3 7.6
0,2 4.0
0.8 6548
0.2 242
0,10 1,8
0,26 4.0
Oe4 109,11
0.1 4.4
060

80

87.6

4.7

3648

1246

56848

12,6

DISSOLVED
SOLIDS

263.,0

27640

37360

33740

139,0

46140

1442,0

234.,0

M¥n

0.03

0+C3

0.50

0.01

0,03

0,07

0,03

0,02

0.0

Fe

0.07

040

010

06,07

0.10

0607

0.10

006



COUNTY

Grundy,

Harrison,

Harrison,

Howard

Howell,

LOCATION

Trenton,

CeCeCe Camp

TABLE VI. CONT'D,
ORIGIN OR TREATMENT

FORMATION
SOURCE

River water after puri-
fication, CoSeFo&D,

103! wells water from

at Eagleville. the glacial drift.

CeCoCo CQ‘I@

760 well; water from

at Eagzleville. the Chercokee formatiom.

Ridgeway,

Bethany,

Clinton

Windsor,

Fayetto,

Glesgow,

West Pleins

1174% well; water from
the lower Cherokee
formatiom.

Water from Impounded
reservoir. CoSeFedDo

River water,

1117t well; water fram
the Cherokee formaticn
of Pennsylvanisn to the
Eminence formatiom of
Cambrian age.

Water from Impounded
reservoir, CeBFo&D.

River water after puri-
fioation. CoBoFodDs

Mixed waters from the
Cotter formetion to rocks
of Pre=Cambrian age.

F Cc1
0.4 3.6
0e3 10,8
2.4 1502,1
248 1210,8
0.3 4,9
0e¢3 20,0
0e6 6.7
004 4.0
0.6 25,2
Oel 14.6

80

204,7

610,7

176042

156,8

91.8

6346

199.4

18,7

DISSOLVED Mn

SOLIDS

21540

686,40

4150,0

517140

33640

290,0

358,0

211.0

394,40

46340

0.0b

0.24

0406

0.03

0.03

0.02

0402

0,08

0010

Fe

0610

0610

0,10

0420

0.15

0,05

0.06

0,07

0407



COUNTY

Jackson Bannister,

TABLE V1. CONT'D,

LOCATION ORIGIN OR TREATMENT F
PORMATION
SOURCE
Willow Springs, Mixture waters from the
Cotter to the Eminenoce
formatiens, 0.26
1540t well; mter from
36wdB8=38, the Jefferson City
formation, O.4
E.A. Deickman, 396! well; water from the
7909 Holmes St Lexington coal horizon
Kansss City. of Pemnsylvanisn age. 0.1
E, Haysler, 3756* well; water from the
SE 5=48=33, Lexington coal horison.
Gas well, making water, 068
Hoffman Drug 360t well; water from the
8tore, 45th & Bartlesville formation of
Main st., Pennsylvaniean age,
Kanses City. 0426
Chas, Nigro, 740t well; water from the
72nd and Grend Bertlesville formation,
Kanses City. 0426
Seers, Roebuck 128% well; water from
Co. Kansas City Pleistocene sediments, in _
abandoned valleys, 0.15

Summe Dairy Co. Water from Pleistocene
Kanses Citye sediments, in an abandoned
velley.

0.10

cl

3.6

22114.0

14936,0

16564.,0

1635040

15646,0

15,0

9.7

80

3¢9

1166,0

0.2

0.0

1.0

0.0

28,0

11,6

DISSOLVED Mn

SOLIDS

257.,0

46119,0

33449,0

36041,0

39790.,0

34636.0

458,0

37940

0,08

0.28

0.02

0.70

0,08

0,03

Fe

0.0

0.10

0,10

4,00

04086

0406



COUNTY

Jackson

LOCATIONR

Woolf Bros QLdyo

Kansas City

Malkow,
20=47=29,

Judd 0il Co.,
Boten Lease

NE/FW/NN, 23-

48-31,

Judd 0il Co,,
Frost Lease
SE/SW/¥W,
224832

Judd 01l Co.,

Klopmeyer Lease
near Martin City dueing water from the
8gquirrel Sand,

Tribble Fee,

SE/NE 30=48-82

Judd or Dallas 500
0il Co., Lester from the Squirrel Sand.

Lease, 6=47=33¢ (settling tank).

ORIGIN OR

FORMATION

SOURCE

2056¢ well; water from
sediments of Pleisto-

cene age.

506 well; water from
the Cherokee formation

370" well; water from

the Squirrel Sand of
Pennsylvanian age.

402t well; water from

S8quirrel Sand.

20 to 25 wells, aversage

dOpth of 360%,

423" well; wmater from
the Squirrel Sand.

‘é * well; waber

TABLE VI, CONT®D.

TREBATMENT F Cl

0.16 24,7
0.6 91649
0.5 7954,2

025 10711,7

0,30 1513C,7

026 6610,8

0410 15667.,0

50

52.3

1.6

0.0

3.7

0.0

1.2

DISSOLVED Mn

8CLIDS

52040

2324.,0

14670,0

19413,0

2936940

1213640

29516,0

0.06

0.03

Oel0

0402

0480

0.10

Fe

0+40

0040

Oelb

00,10

5,00

04,07



COUNTY

Jackson

Jasper

LOCATION ORIGIN OR
FORMATION
SOURCE

Gail #2 or 413! well; water from
Elliot #2, rocks of P lvanian
sge. (gas m

Po.CelcIntyre 314' well; water from

/S0 /eW the Peru 8and of

w4832 Pemnsylvanian age.
(gas well)

RuffeDuck #1, 357 well; water from

10=47=33¢ the Peru 8and,

Ruff, 686' well; water from

¥E/SE 235-47=33 the Bartlesville Sand.

YoM.Colo, 322* well; water from

Atherton Camp +the Lexington coal

11-&-31. horizon.

Jasper 601t well; water from

the Cotter formation,
Joplin 246 or 400°' well,

Webb City Water from three wells,
850 to 1400! in depth.
Water probably from
the Roubidoux formation.

TABLE VI. CONT*D.

TREATMENT

F

0e26

0.20

030

0.20

1.2

03
0,156

O.4

cl 80
4
16260,6 0.0

11111,7 1.0

10787,0 0.0

11718,9 43,6

5796¢2 447

28,7 1899

840 186,0

4,0 19,5

DISSOLVED Mn

SOLIDS

27922,0

21100,0

20616,0

20824,0

106760

686,0

508,0

345.,0

0.24

0.10

2400

5,60

0.04

0.02

0.02

Fe

0.10

0,30

93,C0

57400

0430

0406

0.06

0,10



COUNTY

Jefferson

LOCATION

Eiseman # 1,

S SW NV,
14-42=5

Eiseman # 2,
SEe SWeNW,
14=-42=5

Wmne Klein,
Kimmnswick, Ho,

Wme Kraft
SE=SE=lE=
15=41=5

Liverty Gun
Club, Horine
Missouri

St. Lo. Lead COO’
Herculaneum, Moe

Ste Jos, Lead Coe
Herculaneum, Mo,

TABLE VI. Conttd,

ORIGDN OR FORMATIONAL IREATMENY
SOURCE

450" well; water from
Ste Peter Sandstone of
OFddvician age.

465 £ 10* well; mixed

waters from the Joach-
Im=Plattin formations

of Ordovician age.

Water from the Busberg
sandstone of Mississippian
agoe

780" well; water from the
Roubidoux formation.

Drilling well; water from
the 875! level.,

480'; well; water from the
St. Peter sandstone

1000 well; water from the
Roubjidoux formetion

F C1

04 1.8

025 346

0e 35 445

0,10 2,3

0e25 1367

030 13.5

S04

6.0

3849

28,0

2345

260l

15.6

DISSOLVED Mn
SOLIDS

347,0  0O.l4
436,0 0,14
343,0 0,08
347,0 0,04
36260 0403
371s0 0404

0+35 93840 7842 2241,0

0.06

Fe

0,10

0,08

04,05

0,05

005

0607



COUNTY

Johnson

Lafayette,

Lﬂia’

LOGATION

Holden,

Warrensburg

Edim.

Knox City School

NE=NE=-SE-
28=62=10

Higginsville

Lexington,
Odessa,

Canton,

Canton O & GeCo.

14-62-6

TABLE VI Cont'de

GRIGIN GR FORMATION
SOURCE

Water from impounded
reservoir, after
purification

1000 well; water from
Jefferson City form-
ation

Water from impounded
reservoir, after
purification

166" well; water from
glacial drift

Well producing from
732! to 830' depth
Missouri Rliver water;
Impounded water

River Water

941! well; water

from the StePeter
sandstone

TREATMENT F Cl

CeSeFe&De

COSOFO &:D.

CeSe & Do
CeSeFe&De

CoSoFed&Pe

0ed 365
Oe7 10443
0025 267
1,00 965
035 4,0
07 3000
062 267
0e2 7ol

SO4

3349

3742

2944

1464,1

4563

18265
T1e6

65646

4e1 183163 108363

DISSOLVED Mn

SOLIDS

188,0

49540

139,0

273340

154,0

489,0
230,0
213,0

494640

0,03

0,05

Oel4

0606

0,03
0,02
0605

0.06

Fe

0010

Oel0

0610

020

0,07
0,056
0620

0.10



COUNTY

Lewis,

Lincoln,

Linn,

LOCATION

WeHe Thomas,
LaGrange, Moe

LaBelle, Mo

GeS.Washburn,
La Belle,Mo,

Se Holh'b‘bi.ngly,
LB.BOIIO,MOO

Prairie Pipe
un. Co-,
Moscow Mills

Troy,

Brookfield,

Guy Heady
N orth of

Browning

TABLE VI Cont'd.

ORIGIN OF FORMATION
SOURCE

TREATMENT

Well water from the
St.Peter sandstone

102! well; water from
the glacial drift

725 wells water from
rocks of Silurian or
Ordovician agese

420" well; water from
rocks of Mississippian
agee

740' wells water flows
from Ste.Peter sandstone
at 700"

325! well; water from
rocks of lower Mississ-
ippian age

Water from impounded
reservoir after pure
ification.

CeSoeFe%De

168 proppesct hole; water
from rocks of FPemmsylvandan
age

F

Se6 292843 1059,0

063

0.6

Oe6

2.2

000

065

0.6

Cl

124,9

6e3

1746

708

3¢5

4,0

8761

S0
4 SOLIDS
698640
15844 916,40
5426 130340
242,0 729,0
13146 75760
209 354,0
5967 201,.0

41568 125440

DISSOLVED Mn Fe

04056 0,05

0003 0,07

0006 0,07
Oel4 0,36
0.03 0,16
0408 0407
0,03 0,06

0003 0610



COUNTY

Macon,

Marion,

Miller,

Monroe,

Montgomery,

Morgan.

LOCATION

Marceline
La Plata,
Macon,

AeCoBross,
W5 17=58=5

Dre.Bernet »
Hannibal,Mo.

Palmyra,
Lakeside,

Monroe City,
Paris
Wellsville,

Veraailles,

TABLE VI Cont'd.

ORIGIN OR FORMATION
SOURCE

TREATMENT

Water from glacial
drift

Water from impounded CeSeFe&De
reservoir

Water from an impounded CeSeFe&Ds
Lake

700! well; water fron
Ste. Peter sandstone

1435* well; water from Ste.Peter
Roubidoux formations

Spring water after CeSeFe&De
troeatment

200' well; water from

Gunter formation

Lake Water CeSsFe&De
Salt River water CQS.F.&D.

Water from impounded
regervoir

1100* well; water poss=
ibly from Potosi formation

47

F Cl

CoeSeMeFe&kDe 0e2 366

0626 242

0e36 3¢5

244 807461 118443 17757,0

202 60470 1042,5 1297240

0¢15 41,1

0.15 642

0620 247

030 4,9

0620 247

0630 4,0

S0y

36e2

49,4

5247

9545

4.4

5746

13165

10646

1156.8

DISSOLVED Mn Fe

SOLIDS

162,0

16360

192,0

540,0

2l7.0

13240

27560

192,0

70340

0007 0615

0401 0610

0e04 0040

0e05 0620

0,04 0,06

0s02 0,07

007 0620

0,05 0,06

0e04 0,05

0.14 0,086

0.056 0,10



COUNTY

Nodaway,

Oregon,

Pemiscot,

Perry »

LOCATION

Hopkins,

Maryville,
Thayer,

' steele'

Frohna Creamery
Coe

Theoe Welloyers,
0ld Appleton,lo,.

Perryville,

Vim, Ponder,
C NEf 34-13

Theoe Tansg,
SH=NE-35~34=12

TABLE VI Cont'4,

ORIGIN OR FORMATION

SOURCE

Several Shallow wells,
water from glacial

drift

" River Water

308' well; water poss=
ibly from Jefferson City

formation

25! wells; water from the

alluvium

505' well; water from the
Plattin and Joachim format-
ions of Ordovician ages

186" well; water from the
Jeachim formation

Water from Saline Creek CeSeFe&De

186! well; water from Plattin &
Joachim formation

498' well; water from
StePeter sandstone

TREATMENT

C.s.F.&D.

F Cl
0e3 6263
0e2 3ol
0e2 2744
0e25 10.6
248 262
S5e2 Tel

0e2 262
60 666
0635 28,7

50,  DISSOLVED ¥n Fe

SOLIDS

15947 64440

436 23440

49 675460

21e2 63660

1072,0 19504,0

Sel 35940

19,1 203,0

36245 1033.0

377 642,0

0¢12 0610

0406 0006

0403 0607

Oel6

0¢01 0¢ 50

0¢05 035

0603 0,10

0607 0620

0.06 0620



COUNTY

Phélps,

Pike,

LOCATION

Rolla,School
of Mines

Rolla, Mo. # 3
Mo.Gen,Utl.Co,

Bowling Greenm,

Bob't.Burns,
16=53=1

Clarksville,

Eagles Lodge,
Louisiana, Moe

Bugene feller,
Louisiana, Moe

TABLE VI Cont'de

ORIGIN OR FORMATION
SOURCE

TREATMENT

600' well; water from
Roubidoux formation
to Gasoonade formation
of Cambrain age.

Water from the Potosi
formation at 800'
Water from Impounded CeSeFe&Ds
Reservoir after purifi-

cation

455' well; water from
St.eter sandstone

Water from StePeter
sandstone

1750 wells water from
Roubidoux and StePeter
sandstone

720' well; water from

rooks of Mississippian
age to the Joachim of

Ordovician age

49

F cl SQ‘
Oel 2,7 3008
0625 23,4 2046
0e30 4,9 42.4
0.6 1l4.1 33.9
1,0 54,9 81,7
362 45 4940 10026
lel 3400,6 283,1

DISSOLVED Mn PFe
SOLIDS

335¢0 0405 0610
27340 0,02 0,07
154,0 0e05 0,07
464,0 0,14 0,07
6530 0,06 0,07
957500 0,07 0,05
6986,0 0660



COUNTY

Pike,

Pettis,

Platte,

Polk,

Putnamn,
Ralls,

LOCATION

FeHeMoElroy,
C 23=53=1

Rob'teMays,
Ira B, Wight,
SHoNE,15=52=1

Sedalia,
Weston,
Humansville,

CeDeThorpe

Unionville,

Spal ding »
Albert Rowland

Mo JoJones farmi,
NE$,NEZ, 28=55=4

TABLE VI Cont'd.

ORIGIN OR FORMATION TREATMENT F Cl
SOURCE
410! well; water from 0356 243

Ste.Poeter sandstone

413* well; water from 0:50 2,7
St.Peter sandstone

316! well; water from 0635 560
StePeter sandstone

Lake water after purifi= CeSe.Fe&Dse 0,20 1,8
cation

75" well; water from CoSeFolMe&Ie 040 5,7
Missouri Valley alluvium

Water from flowing spring 0e25 36l

Lake water 070 8e4

Flowing well; water from
StePeter sandstone

2205' wells water from
Joachim formation to
Pre~Cambrain

S0,

12,8

2762

2643

29.4

99

14.4

144.6

2060 591704 1100,1

3020 666742 104444

DISSOLVED Mn Fe

SOLIDS

337

348

414

98

661

222

394

12497

156385

0el0 0630

0e 50 0607

0003 OC 05

0s04 0,07

0603 0,07

0s01 0610

0.09 0,40

025



COUNTY

Randolph,

LOCATION

Moberly,

SteCharles, St.Charles,

Wentzville,

Stee Genevieve,

St.LouiB )

Stee Genevieve

Ba.ll‘li.n.ﬂb. »
Huber Sanitar-
ium

Ballwin, Mo.,
Huber Sanitar—
jum

Geoe Baumhoff,
Kirkwood
Belcher Hotel,
SteLouis

Desloge Farm,
HEall's Ferry Rd.

TABLE VI Cont'de

ORIGIN (R FORMATION TREATMENT
SOURCE

Lake water after CeSeFe&De
Purification

Water from Missouri CeSe&De
River

814" well; water from
Ste.Peter sandstone

Yater from well in
the alluviim

200! well:water from Keokuk
formation of Mississippian
ago.

800! well; water from
Ste.Peter sandstone

987* well; water from
St.Peter and Cotter form-
ations

2200' wells water from
Ste¢ Peter sandstone

1470* well; mixed waters

51

F Cl
063 267
0e65 16,8
068 6e2
015 80,4
Oe3
1.8
28
442
261

S0

7561

13069

2946

109,0

DISSOLVED Mn Fe
SOLIDS

204,0 0603 0,05

32660 0401 0,10

40340 0605 0435

943,0 0007 0,07

0.01

0,04

0,056

0,03



TABLE VI Cont'de

COUNTY LOCATION ORIGIN OR FORMATION TREATMRNT F Cl SO DISSOLVED Mn Fe
SOURCE ¢ soLIDs
Stelouis, Fenton, 823! well; water from 205 45457 5636 977440 0615 0020
Joseph Weil Ste Peter and Cotter
formation
Friedmar Farms 327' well; water from 1,0 0,03
Telegraph Rde rocks of Mississippian
age
E.Kessler, 215! well; water from Oel 648 27,0 311.0 0,07

NE=SE~)9=44=5 Kirmswick formation of
Ordovician age

Kirhood,llo. River water after COSOFO&D. Osl Te5 17,9 147.0 0,01 0,05
purification,

Lake Hill 1800' well:;water from 30 0,03

Near Valley Park St.Peter sandstone

Pond,Mo., 429'»well; water from

Big Chief Hotel Plattin-Joachim formations OelS 342 15.4 397.0 0604 0407

St.Louis,Moe Water from Mississippli CeS.M.F. 0635 0,01

River after purification & De

St.Louis,Moe Water from Mississippi 0e36 0/05
before purification

62



COUNTY

St., Louis

Saline

TABLE VI Cont'd,

LOCATION ORIGIN OR FORMATION TREATMENT F Cl SO,

SOURCE

Valley Park River water after purification C.S.&D. 0.2 3.5 30,2

White Mineral 1190' well; water from St,

Springs Peter and Roubidoux formations
Aldhouse 180* well

W/SE/S 28-

50-21,

Bomhake, 90=100' well; water from the
NE/SE/ 17=  glacial drift

50=21,

Le Black 296' well; water probably

from rocks of Mississippian

NE/NE/ 29-  age.

49=19,

S. H, Black, 606' well;y water from the
7 miles West Burlington formation
of Slater, llo,

Blosser et, 1425 well; water from rocks
al., NE/NE- of Cambrian age.
20=50=21

2.8

201 478,0 92.4

0.3 844 7569

069 39648 92,2

0.0 9.8 30. 9

1903.1
0,65 0,0

DISSCLVED
SOLID

195,0

1428,0

27640

1171,0

640,0

428760

0,03

0,03

0,06

0.07

0.04

Te

0,07

0,30

0.20

010

0.10

0.04 0,80



COURTY

Saline

LOCATIONR

Brown, SE=NE=SA
T50=20

Fo Brown, NE=NWSW
9=50=20

Te do mﬂs‘
Mi=SE=SE«
20=50=19

Te E. m"y,
SWH=NN-3W,
16w50=19

W. Fields,
SE~N=N 34w52=20

Po Fulkerson,
SH=Ni=S" 29=50=22

He Ao Gregor,
SE=SN T=50=19

I, We Griffis,
Nelson, Missowri,

M, Hardin, SE-SE
17=52=20

TABLE VI. CONT'D,

ORIGIN OR FORMATION
SOURCE

112! well; water from rooks
of Pennsylvanian or Miss-
issippian age

157 well; water from the
glacial drift

298¢ well; water from
rocks of Mississippian
agoe

351* well; water from
rocks of Mississippian

age

600%=700!' well; water from
Jefferson City formation

510t well; water from the St,
Peter sandstone

427 well; water from rocks
of Misgissippian age.

334* well; water probably
from the St. Peter sandstone.

1oo£t well

TREATMENT P cl

0.35

0e2 3.2
0e6 8063
0.4 342
1.0 36
0.76 19.4
0.7 32
2.8 2146,.6
0455 261.6

80

10.9

2748

47,5

16,7

244,2

6743

DISSOLVED Mn

8OLIDS

34740

56740

378,0

47040

62740

340,0

4721.,0

837.0

0.08

0.18

0401

0,04

0,06

0.01

0,02

0403

0.06

Fe

0.07

0607

0.0

0415

0430

00

Oel5

0,35



COUNTY

Saline

LOCATION

Hite, NE/NW/SW 3-50-

21

He Ho Eyland, NE/SE

34=50=21

Chris. Johmn, NE/NW/

NW 1-49-22

Frank Lawless, NE/

NE/SW 23-50=20

B, Leimkudhler,
NE/NW 17-50-19

McAllister, SW/NW
54=-48=22

Marshal, Mo.

Marshal Ice Coe

TABLE VI, Cont'd,

ORIGIN OR FORMATION
SOURCE

255' well; water probably
from the Cherokee formation

460' wells water from rocks
of Mississippian age

575' wells water from rocks
of llississippian age or the
St., Peter sandstone

260! wellsy water from rocks
of Mississippien age

232' well; water from rocks
of Mississippian age

496" well; water from rocks
of Mississipplan age

150 well; water from glacial

drift

130* well; water from the

Cherokee formation

TREATLENT

F Cl S04

0.9 2342,1 301.2

1s5 198 5le4

206 T12e5 55863

0.35 289 10,1

0.6 643 55.8

0es8 230e4 110.7
0e35 157.3

42,0

040 6098 89,9

DISSCLVED
5CLIDS

5114,0

614,0

1641.0

414,0

45140

1067,0

634,0

1537.0

In Fe

0432 0,50

0,03 0435

0606 0420

0480 0630

0.03 0,30

002 0,10

0008 0. 50

0,10 0,20



COUNTY

Saline,

LOCATICN

MoeSchool for
Feeble Minded,
NE=NE=11=50=21

I»Bs0'Dell,
NB=SE-19-50-19

Page Milk Coe,
SW=NWe1 55021

Reyneldgs ’
NE=-NBe4=50=21

Je JeRobertson
N=SE=11a50=23

Saline Oil Cos,

NE=SE=NE=19=51=22

TABLE VI Cont'd.

ORIGIN OR FORHATICN
SOURCE

231t wells water from
Cherokee formation

265' wells water from
rocks of Mississippi or
Permsylvanian age

135! well; water from
glacial arift

110" well; water from
glacial drift

480" well; water from
rocks of Mississippian
age or from the Ste
Peter sandstone

1250' welly water flowing

from Roubidoux, Gas—
conade and lower format-
ions

TREATMENT

F c1 SO,
SOLIDS

0e5 17648 18345 77840

0.6 346 23e2 45140

004 11,0 22,0 3420
0645 Te5 949 186.0

0,40 Oe& Be6 248,40

3600 8505e1 1468.2 18262,0

DISSOLVED ¥n Fe

0.08 0,10

003 0,36

0e18 0620

0402 0,10

Oel4 0425



TABLE VI. CORT*D,

COUNTY LOCATION ORIGIN OR TREATMENT F cl S0 4 DISSOLVED Mn Fe
FORMATION SOLIDS
SOURCE
Sallire, 8later, Mo. River wmater 0.2 12,8 50.4 266,0 0,03 0.10
L. Smith, 439% well; water prob-
ME/8W/8W ably from the St.
88.52-20 Pmr 3’m.t°n‘o 0085 22.1 59.3 503.0 0006 0.12
Sweet Bprings, 600t well; water from
Mo, the Burlington to
Cotter formations. 1.2 892,6 65,6 2219,0 04,02 0,10

Nolend Taylor, 351t well; water pro-
NE/¥W 29=49-19 bably from the St.

Peter sandstone 1,3 2364.0 274.1 5286,0 0,35
Zahn, 107t well; water from
SE/SW/XE. glacial arift.
9=E0m21 . 0.36 Tel 34.8 264.0 0,04 0,06
Zahn, 251* well; water from
SE/SW/W, the Cherokee formt-
9mE0=21 . ion, 2.2 2812.8 377.8 5227.0 Co056 0410

Schuyler, Lancaster, Mo. 30* well; water from
School. the 61‘01..1 drift, 0686 10.8 281,7 7760 0,03 0,07

Lancaster School 267* well; water from
EoReAe Woll, the glacial drift, 0,80 325 1541,3 2629,0 04,04 04,086

Lancasters North 47t well; water from
gide of Bourt- the glaoclal drift,
house 0e30 460,0 354,5 2042,0 0404 0,60



COUNTY

Taney

Texas

Vernon

Warren

TABLE VI Cont'd,

LOCATION ORIGIN OF FORMATION TREATMENT F cl S04 DISSOLVED 1m
SOURCE SOLIDS
Forsyth, ¥Xoe Well water from the Roubidoux
Consolidated formation
school, 0.1 267 Te4 282,40 0603
Rockawavaeach 425' well; water from the
; Jefferson City and Roubidoux 0625 3.1 11,9 458,40 0.02
Houston, Mo, 700’ well; water from the
65=30=9 Gasconade and Gunter
formations : 010 346 4,1 288,0
¥rs, Falor,
NE: NEi 29=38-32 813' well; water from the
Bartlesville to St, Peter
sandstone 1.0 T42,4 75,5 1787,0
Horton Gun Club, :
Nevada Os & Ge 2018*' well 0.8 0.12
Co. near Rinehart,
Vissourl
Warrenton, Moe 900' well; water from the
Jefferson City and Roubidoux
formation 1.4 376 6643 444,0

Fe

0.20

0,07

0,07

0,15

0,10

0.10



COUNTY

Scott

Shelby,

Sullivan

LOCATION

We A, Pruner,
NE/SE
29+66=14,

Benton, Mo.

Illm’ E.

Bikeston, Mo.

Shelbina, Mo,

lﬂ.l&n, m.

ORIGIN OR
FORMATION
SOURCE

260' well; water from
the glacial drift

16500% woll; water pro=-
bably from the Cotter
formation

921! well; water from
the St, Peter sand-
stone.

412% well; water from
the alluvium.

Water from Salt River

Water probably from
the city leke

TABLE VI. CONT!D.

TREATMERT

CeSeFokD,

C.S .F.w.

59

F

0e35

0420

0426

030

0.70

0.40

Cl

17846

26.6

4.0

6.6

Sel

5e3

80

166,56

10.9

8,8

1.0

85.4

11&.6

DISSOLVED Mn

8OLIDS

1404.0

388,40

352,0

173,0

196,40

289,0

0,06

04,03

0.18

0.14

0.06

0,06

Fe

0406

0.06

04C6

0.05

0010

0460



COUNTY

Worth,

Wright,

LOCATION

Grant Clty,

Mansefield,

TABLE VI Cont'd.

ORIGIN OR FORMATION TREATMENY F
SOURCE

35 wells water from Oe4
glacial drift

615! well; water from the 0.2
Roubidoux and BEminence
formations

C1

6e6

DISSOLVED Mn Fe

SOLIDS

25440

298,0

0el10

0,01 0,25



DISCUSSION OF FLUORINE IN MISSOURI WATERS

(a) Source of Water with Relation to

Its Fluorine Content

All of the waters that were obteined from surface supe-
plies, and from unoonsolidated and recent geological formate
ions, were comparatively low in fluorine content. Seventy
one waters of this type were analyzed with the results as are
shown in TABLE VII (p. 62).

Thirty two waters of formations of Pemmsylvanien Age
were anslyzed for fluorine content. This group of waters
varied in fluorine oconcentration between the limites of 0.1 end
248 parts per million, Twenty two waters of this origin were
from wells in middle western Missouri (Jackson, Cass, Bates,
and Vernon Counties) and, in many instences, were obtained
from formations associated with the occurrence of oil and gas.34
Fourteen waters from oil and gas formations, in Jackson County,
were of comparatively low fluorine content == from 0,1 to 044
parts per million. Waters from similer formational sources,
in the southern counties of this area (Cass, Bates, and Vernon),
ranged in fluorine content from 08 to 245 parts per million.

Two waters from the Cherokee formation of Pennsylvanlen Age, in

34, F, O, Greene: Biennial Report of the State Geologist

(M.ssouri), Appendix II, p, 5 (1933),
8l



TABLE VII,

Number of Fluorine Content
Samples in P,P.M,
Highest Lowest Average

Impounded Reservoirs 12 0e6 0.2 0,31
Lakes ] 0.7 0e1 0,30
Rivers and Streams 24 0e7 0e1 0433
Springs 3 0e26 04l

Alluvial Deposits 7 068 Oel 0,33
Glacial Drift 19 0«85 0ol 0637

All Surface Supplies and

Unconsolidated Formations 71 0686 0ol 0631



Hearrison County (north centrsal Missowri) had fluorine concene
trations of 2.4 and 248 parts per milliom, respectively,

Boruff and Abbottss report fluorides in waters obtained
from formationsa of Penusylvanian Age, in Illinois,

Twelve weters were obtained from formations of Mississ-
ippian Age. The fluorine content of these varied from 0 to
le5 parts per million. It is worthy of note that waters from
the Mississippian rocks, in southeastern Kansas have been res-

ponsible for severe mottling of the enamel, Kohr36 seys,

"The Chetopa district, a known endemic area, was reported from
Coffeyville, Oswego, Chetopa and Pittsburge "The Chetopas area
obtains its water from the Mississippian formation, which is
supposed to have a catohment area in the Ozarks in southwestern
Missouri and northwestern Arkansas,"

Thirty nine waters from the Ordoviocian rocks in Missouri
varied greatly in fluorine content, as is shown in TABLE VIII
(Pe 68)e Two waters from the Jomchim formation contained 5.2

and 6,0 parts per million of fluorine, respectively.

36, Boruff, Ce 8., and Abbott, G, Bse Determination of
Fluorides in Illinois Water. Inde & Enge Chem,, Anal,

Ede Vol. 5. PPe 236=8 (1933).
%6, Kehr, Re We Dental Deficlencies and Drinking Water,

Jeo Am. Water Works Assoo'ne Vols 23, pe 219 (1531),

63



These were obtained from wells in Perry County (southeastern
Missouri), Another well in Perry County, that of the Frolma
Creamery Co., produced water from the Joachim formation, that
contained 2,8 parts per million of fluorine. Geologists of
the Missouri Geologiocal Survey examined well«drillings from
this latter well, They identified "garnet-like" orystals of
fluorite in portions of the drillings from the Joachim formate
ion.

The 8t, Peter Sandstone of the Ordovician Age produced
some waters of high fluorine contente Boruff and Abl:»ot:i.'.85 R
report fluorides in the waters of the 8t, Peter Sandstone of

Illinois,

Waters obtained from formations of Cambrian Age in
Missouri were relatively low in fluorine contents Thirteen
of these oontained from Q.1 to 067 parts per million of flue

orine,

86, Boruff, C. 8, and Abbott, Ge. Be Determination of
Fluorides in Illinois Water, Ind, & Enge Chem,, Anals
Bde Vole 5, pPDe 236=3 (1933),



TABLE VIII.

Fluorine Content

Ordovician Number of in P.P.M,
Pormations Semples Highest Lowest Avorsge
Plattin 1 0416
Joachim 4 640 1.1

Ste Peter 13 4.2 0425 240
Cotter 7 1.8 Ol

Jefferson City 6 1,8 042

Roublidoux 8 340 0e2

All Ordovician
Age wmaters 39 640 0.1 0492



(b) Possibility of Mottled Enamel

in Missouri

In an investigation of the literature on the subject,
no account has been found of the oocourrence of this dental de=

feot in the state of Missouri.

36
Dean ', in his survey of mottled enamel in the United

States, sent questionnaires to eleven "oomponent dental soo=
feties" in Missouri, He received only five replies, His re-

38,37
ports » reveal no areas of mottled enamel in this state,

According to his mpz?, "showing distribution of individual
Questiomaires,” he surveyed only a limited region in southe
western Missourl, near the Chetopa, m‘”SG endemic area.
The concentrations of fluorine in Missouri waters, that
have been reported in this thesis, would indlocate the advise
ability of a further survey of Missouri for the ocourrence of

mottled enamel,

56, Dean, He Te The Distribution of Mottled Enemel in the
United States. ope oite Do 39 o

37, Dean, Ho Te The Distribution of Mottled Enamel in the
United Stetess ope oite Do _30 o

38, Kehr, R W Dental Deficlencies and Drinking Water,

OPe oite Pe uz [



Five areas of undetermined boundaries each have been
found to contain at least one water supply that possibly mey
be the cause of mottled enamel, These are tabulated in TABLE

IX (peB8 )e

e7



TABLE IX,

FLUORINE CONTENT
REGION LOCATION IN P.P.M,

North Central, Ridgewny, Mo., 2.8

Harrison Countye

East Central, Warrenton, Mo., 1.4
Warren County.
Vandalla, Mo., 2.2

Audrain Countye

Central, Sweet Springs, Mo., 1.2
B8aline Countye

Southesstern, Frohnae, Mo., Creamery Co., 2.8
Perry Countye

Southwestern, Minden Mines 8ochool, 28
Barton Countye

68



REMOVING FLUORINE FROM WATER

Wherever an alternate water-supply may be used, this
should be substituted for the one having a dangerously high
oonoentration of fluorine, A number of instaunces are reported
where this course has been followed, Specific examples ares

Bauxite, Arkansas, Chetopa, Kansas, and Oskley, Idaho.

Churohi11%® , in his pioneer peper on the subject of
ocorrolation of mottled enamel with fluorine in the water sup=-
ply, states: "Two questions are raised by the discovéry of
unsuspected amounts of fluorine in drinking waters:

First, what physiologiocal effects may be produced by these
fluorides?

Becond, what can water chemistry contribute to the concentrat-
ion ocontrol of fluorides?"

Considerable progress has been been made in answering
the first of these two questions, a8 is revealed in the exw
tensive literature on the subjeot of mottled enamel.

With regard to the second of the two questlons raised
by Churchill, three periodical publications have been found

dealing with the subject of fluorine removal from waters.

39, Churchill, H, V4 Ocourrence of Fluorides in Some

Waters of the United 8tates. ope. oite pe 13

69



Some of the methods suggested in the publications ment-

ioned are, as follows:

(o) 40. Dosage with aluminum compounds and subsequent re

moval of the floce

(b) 41, Filtration through e river-sand containing two pere

oent, by welight, of powdered aluminum,

(o) 42, Absorption of fluorides by an activated cerbon,

with the hydrogension concentration of the water

meintained at a (pH) velue of 3,0, or lesse

Beveral experiments were performed as were suggested

40
by (&) , of the above.

(a) Experimental Fluorine Removal

by Dosege with Aluminum Sulphate

The following procedure was useds

Pour gallons of the Missourl 8chool of lfines tap water,

oontaining Osl parts per million of fluorine, were placed in a

S=gallon stone=ware Jjare

40,

41,

42¢

Boruff, C. 8, Removal of Fluorides from Drinking Waters.
Inde & Enge Cheme Vol. 26, pp. 69=71 (Jan. 1934),
Kramer, 8¢ Ps The Removal of Fluorides from Water by
S8and Filtration, Bolence. Vole 80, pe 593 (1934).
MoKee, Re H. and Jolnston, Wo We Removal of Fluorides

from Drinking Wetere Inde & Enge Cheme Vole 26, pp.848=
61 (1934),



A kmown amount of fluorine, as sodium fluoride, wes added
to this water,

The ocalculated amount of lime and sodium oarbonate, to
give theoretical softening, was added, with the further addite
ion of 170 parts per million of aluminum sulphates The water
was stirred vigorously for thirty minutes, and the floo pere
mitted to sub-sides

After the complete subsidence of the aluminum sulphate
floo, the residual fluorine concemtration was determined.

The record of several experiments that were performed

by this procedure appears in TABLE X (pe. 78 )e

Discussion

The experiments recorded indicated that the dosage of
waters with excessive amounts of aluminum sulphate, during
softening, may be expected to remove soms fluorine, under ox=
perimental oonditions, This lends corroboration to the pube
1ished work of Boruff,®s

Time did not permit any further extension of the ex=

periments here indicated.

45, Boruff, C. 8. Removal df Fluorides from Dpimking Waters.

ope 0ite Pe 63 o



TABLE X.

INITIAL FLUORINE RESIDUAL FLUORINE

TREATMENT IN PJP.Me IN P.P.Me
Boftening and Aluminum sulphate, 2.0 1,2
L] ] L] L] 2.4 1.5
L] L] ] " 4.4 3.0



(b) Experimental Fluorine Removal
By Percolation of Fluorine-bearing

Water through S8and and Powdered Aluminum

An attempt was made to remove fluorine from watere by
the method of Dr, 8, P. Kramor“.

The water was percolated through a filter bed consisting
of a olean, high=silica sand, intermixed with powdered alume
inum, &s in Experiment I (p. 74). No reduction of the fluorine
oontent of the water was secured.

Pergsonal correspondence with Dr, Kramer revealed that
he had used an Ohio River sand, which he stated,* "has a re-
latively high oontent of calecium carbonate and of aluminum
silioates,"

Dre Kramer supplied sand and aluminum that he had used

in his experiments, These were used for Experiments II and

111 (pa75,79+

s Letters from Dr. 8. Pe Kramer, National Institute of

Health, U, 8. Publioc Health S8ercice, Washington, D. C.

44, EKramer, 8, Po The Removal of Fluorides from Water by

Band Filtration. ope cite p._T0 &
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Experiment I,

A sand, obtained locally, was soreened to 40-mesh, and
was washed free of dirte To this sand was added two percent
of powdered aluminum (Merck)

The sand and aluminum mixture wes placed to a height of
fifteen centimetres in a glasa tube, This tube was 90 centie
metres in length and 2% contimetres inside diametere. A cotton
plug, two inoches in thiokness, served to retain the sand and
aluminum beds The prepared filter tube was held in a vertical
position by a olamp attached to e stande A one-litre tap-
funnel was supported above the filter tube.

A solution of fluorine in distilled water was prepared
by the addition of 25,0 parts per million of sodium fluoride.
This ocontained 1143 parts per million of fluorine.

One litre of the fluorine-containing water was permite
ted to percolate through thg prepared filtere. The filtrate
was colleoted in 100 millilitre "outs." These were mﬂlyud
for residual fluorine,

The above filtration required 3 hours.

No reduotion in the fluorine content of the water was

obtalined,
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Experiment II.

The mixture of sand and aluminum (2% by weight), sup=
plied by Dr. Kramer, was charged into the filter tube of
Experiment I, to a depth of 60 ocentimeters., This change was
by the advice of Dr. Kramer+, The sand used was about 20-mesh,

The procedure of Experiment I was useds The filtrates
were analyzed for their residual fluorine content with results
as eppear in TABLE XI (p., 76 ).

The above filtration required 4 hourse

% Personal commmiocation.
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TABLE XI.

RESIDUAL FLUORINE

IN P.P.K.

Initial Water 11,3

Cuts 1=4 (inclusive) Yellow in color; not determined.

Cut b 7.6

" 6 Tod

I 4 7.0
8 6.6

“ 9 60
10 6.2

TABLE XII,.
RESIDUAL FLUORINE

IN P.P.M.

Initial Water 11,3

Cuts 1=4 (inclusive) Yellow in color; not determined.

Cut & 2.6
Y 2.4
L 2.4
L -] 243
" 9 242
" 10 262
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Experiment III.

Dr. Kramer supplied a second sample of his sand, which
was soreened to 40-mesh, In admixture with this sand, he
supplied aluminum powder which had been washed with acetone,
The washing with acetone served to remove traces of oil from
the powder. Its wetting properties were much improved.

This experiment was performed using the above sand, and
aluminum in two percent admixture. The procedure wes substante
ially the same as in Experiments I and II,

The filtration required 8% hours.

Results of this experiment appear in TABLE XII (p.76 )e
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Experiment IV,

This experiment served to repeat Experiment III, with
slower filtration through the filter~bed.

Approximately 12 howrs were used for the filtration,
The extension in time of filtration was secured by maintaining
only a very slight head of water above the upper surface of
the sand and aluminum bed,

The f£irst four ocuts again were yellow in color and their
fluorine oontent wos not determined. The remaining 600 millile
itres of the filtrate was removed as one oute The fluorine oon=

tent of this last out was found to be 0,5 parts per million,



Discussion

Under certeln laboratory csonditions, it was found
possible to deorease the fluorine content of a water by per=
solating the water through a filter bed of sand and aluminum,
This is a proocess that has been originated by Dr, 8, P, Kramer,
of the NATIONAL INSTITUTE OF HEALTH, Washington, D Ce In a
personal commmnication, he informs that he has epplied for a
patent on his process.

The foregoing experiments (pp. 74=T8 ) appear to indioate
that the removal of fluorine from water, by percolation through
a sand and aluminum filter bed, may be dependent upon the follow

ing faoctors:

() The kind of sand that is used.

(b) The degree of wetting of the powdered aluminum by the
percolating waters.

(¢) The time of contact of the percolating waters with the
sapd and aluminum in the filter bed.

Time did not permit an extended investigation of this

method for removing fluorine from waters
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SUMMARY

A brief history of mottled enamel and of its asscciation

with fluorine in drinking water has been presented,

A brief history of methods for determining fluorine in

water has been presented,

Tests of the acouracy and of the reproducibility of
fluorine analysis by the S8anchis method have been des=

oribed,

A total of 207 Missouri waters have been analyzed by the

8anchis method,

The fluorine ocontent of 207 Missourl waters, as analyzed
by the Sanchis Method, has been found to range from O

to 6.0 parts per milliom.

A total of T1 Missouri waters, that were obtained from
surface supplies, and from unconsolldated geological
formations, have been found to contain from O.1 to 0486
parts per million of fluorine, Thess have been found
to have an average fluorine ocontent of 031 parts per

million,
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SUMMARY CONT*D,

The fluorine contemt of 136 waters from rocks of Cambrian,
Ordovician, Mississippian and Pemnsylvanien Age, in

Missouri, has been determined.

The possibility of the occurrence of mottled enamel in

Missouri has been disocussed,

An investigation of some methods for removing fluorine

from water has been made,

A map has been prepared, showing the distribution and

fluoride oontent of ocertain Missourl waters,
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PART B

MANGANESE



INTRODUCTION

Manganese and iron are often found associated in nature,
The presence of manganese in waters may be expeoted whenever
iron is present, Coraon® states, "Waters which contain mane
ganese always oontain iron,"

Usually, manganese owes its presence in water to the
decomposition of organic matter in mangeniferous soils, Sube
sequent leaching of the soil by humio, carbonic, and sulphurio
acids, present or formed in percolating waters, dissolves the

48
mangenese,

Waters containing iron and mangenese are clear and withe
out ocolor when first drawn, They possess no more than a slight
content of dissolved oxygen. Exposure to the oxygen of the air
precipitates red iron oxide and the darker~oclored hydrated
mangenese oxide. This accounts for the familiar turbidities

in some waters.

46. Corson, He Ps Ocourrence of Manganese in the Water Sup=
ply and in an Inorustation in the Water Mains et Mt.
Vernon, Ill, Univ. of Il1l, Bul, No. 10, pe67 (1913),

48, TWeston, Re 8¢ Manganese in Water, Its Occurrence and
Removele Je Am, Water Works Assoc'n, Vole 23, p.l272,
(1931).
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Many reports on the prewvelence of manganese in waters
have appeared in the literature. Monfortq:? states that mane
ganese is rarely aebsent from ground and surface waters.

Janzlg and Monts.‘néa believe that nearly all waters oontain
manganese in verying concentrations. Corson states, "man-
ganese is of rather uncommon ococurrence in water, although many
waters oontain at least traces of the element,"

The ordinary ocontent of mangsnese in ground waters is
quite low, The New Jersey Department of Health found that
238 of the potable water supplies of that state ranged from

50
0403 to 0620 parts per million in manganese content,

47 Monfort, We Fe Iron and Manganese Troubles. Water
Workse. Vole LXV, pe 169 (1926).

48, Janzig, A. Ce and Montenk, I. Ae High Manganese Efflue~
ents from Idle Filters. J. Ame Water Works Assoc'n.
Vol. 21, p.1319 (1929),

49, Corson, He Pe Ooccurrence of Manganese in the Water
Bupply and in an Inecrustation in the Water Mains at
Mt, Vernon, Ille oOpe oite DPe 82 o

50s Weston, Re 8. Manganese in Water, Its Occurrence and

Removale ope citse De B2 o
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Corson examined waters from a variety of sources eand
found the following distribution of manganese conecentrations:

11 streams == from 0602 to 940 parts per million of manganese,

5 " -~ less than 0,02 " " »
60 wolle == from 0403 to 2.8 " " R
87 " == legs than 0,03 " " .

1 spring =~ 7.8 " " ,

3 " 0. " ",

6 " == contained no manganese.

)
Monfort 1 states that he found 445 parts per million of
ninganou in a water from Excelsior Springs, Mo. This was
the highest content of manganese that he found in a Missouri

water,

6le Monfort, We Fo Iron and Manganese Troubless ope 0it,

poﬂo
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MANGANESE BACTERIA

Many waters contein certain thread-like organisms, com-
monly associated with iron and mangsnese. These thread bacteria
have the effect of precipitaeting iron end mangenese in the form
of their oxides,

Considerable conjeoture has been aroused concerning the
1ife process of these organisms, Jeusaem52 examined & number
of Texas waters for mengsnese, and for the thread bacteris.

He found the two both co=existent, and each present independ-
ently of the other. His conolusion was, "manganese is not a
food requirement for the orgenisms which oxidize mangenese.
The oxidiging of the manganese by these organisms seems rather
to be an independent funotion,"

Schorler, as reported by Zapffoss » found that growth
energy is afforded the beoteria when they decompose irom or
mangenese bicarbonstes, The irom or manganese ion is not cone
sumed by the organism, but adheres to its muocilaginous sheathe,
There it is oxidized to the corresponding oxides The role of
the organism in depositing the oxides would appear to be that

of an "organic" oatalyste

62, Jessen, F. W, Manganese Baoteria in Waters of Texase

J. Am, Water Works Assoco'n. Vole 24, pe 87 (1932),
63, Zapffe, C, The History of Mangenese in Water Supplies

and Methods for Its Removel, J. Am. Water Works Assoc'ne
Vole 25, Pe 660 (1933).
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The effect of the presence of thread bacteria in publie
water supplies may be either good or bade In the first case,
their property of precipitating the oxides of iron end mane
ganese may be used in deferrization end in demnganization.54'55
Agoording to Weston, it is better to depend upon surface cone
taot with acoumilations of hydrated oxides and organisms, than
upon over~dosing with alkali, for the removel of manganese
from weaters,

In a filter plant, where no specific efforts are made
at iron and manganese removal, thread organisms may deposit
the oxides and hydrated oxides of these elements on the filter
sande WYWhen the filter is permitted to remain idle for an
interval and then put back into use, a high concentration of

66
iron an mangsnese may appesar in the filtered water,

64, VWeston, R S. Manganese in Water, Its Ococurrence and
Removal. ope cite pe 82 o

86¢ Zapffe, C» The History of Manganese in Weter Bupplies
and Methods for Its Removele ope cite pe_86 o

66, Jansgig, Aes Co and Montank, I, A, High Manganese Efflu=-

onts from Idle Filterse ope oite pPe_§§ o



The re=solution of menganese is due to the lack of oxygen in
the stagnant water in contaot with the filter 'bed.57

Thread bacteria are often responsible for the formation
of undesirable inorustations in water mains. This is evidenc~
ed by the feaot that such inorustations have been found to
oontain larger proportions of manganese than iron, when Creno=
thrix is present in the water.* This may occur when the water
oconteins more iron than manganese in solution,

In genernl, the bad effects of threed bacteria in water
outweigh the good. Removel of manganese from water, when
necessary, may be seoured by more effeotive methods than by

the biochemiocal o:no.58

# Thig thread bacteria favors the menganese oompounds in

water, in preference to those of iron.

67 Boynton, P, and Carpenter, L. V. Manganese and Its Re=
lation to Filterse Je Am, Water Works Assoo'n, Vole24,
Pe 1348 (1832),

68. Zapffe, Co The History of Manganese in Water Supplies
and Methods for Its Removele Vole 25, ppe 6738 (19383)e
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METHODS OF ANALYSIS

Numerous methods are availeble for the determination of

60
mangeanegse, Three methods; the Persulphat959 , the Periodate

and the Bismxthateel, appear to be favored for the determinate
ion of this element when it is present in water, Each depends
upon the oxidation of manganese to tho colored permenganate
fon, Colorimetric ocomparisons are mede with standards oone
teining known amounts of mangenese, Each of the tliree rea-
gents, used in the respective methods, sot as oxidants, There
should be little choice between the methods based upon this
proporty of the reegent,

The presence of chloride ion interferes with the de=
termination of menganese by the above methodse In the Per=
sulpbate method, it is removed by precipitation as silver
chlorides Taking to "fumes" with sulphuric aoid removes

ohloride in the Bisrmthate and Periodate procedures,

69¢ American Publioc Health Association. 8tenderd Methods
of Water Analysis, Seventh Edition, New York. (1933).
Pe 5le

60, Ibide peb2.

6le Association of Officiasl Agrioulturel Chemists.
Mothods of Anelysis, Third Edition. Washington, (1930)

pe. 418.
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A speocisl distinotion between the use of sodium bismute
hate and of sodium periodate lies in the faot that en excess
of the former reagent is insoluble and must be removed from
the sample by filtration. On the ocontrary, the periodate is
soluble and colorless; an excess may be permitted to remain
in solution., Periodate stendards may be prepered whioh are
stable for monthss The inclusion of a suitable excess of the
reagent protects the permangenic ion from incidental reduction,
end preserves the stendard from deterioration, Bismthate-
developed standards, on the other hand, are extremely sensitive -
to reduction, as they oontein no excess of oxidizing reagent
in solutions These must be prepared at the time of their use.

Both the Bismuthate and the Periodate method were used
for the determination of manganese in Mssours waters, Cone
sistent and comparable results were secured with each, A
slight preference was given to the former as more repid analy-
ses were made in handling a large number of samples when it
was used,

Using the Bismuthate method, snd e sample of 500 mls, in
volus, it was found entirely practicable to determine mengan-
eso in waters at a ooncentration as low as 0,02 parts per mille
ione In addition, the positive presence of manganese below
this conoentration oould be readily discerned, When manganese
was present at a concentration below 0,02 parts per million, it

was reported as 0,01 parts per million,
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The Bismuthate Method

500 mls, of the water sample (proportionally less when
the manganese content of the sample was above 0,10 parts per
million) were meesured into a pyrex beeker., A few drops of
oonocentrated sulphuric acid were added, and the sample wes
placed on & sand=bath for complete eveporation,

The residue from evaporation was treated with 20 mls,
of 1 3+ 1 sulphuric acid, and heated until evolution of fumes
of sulphur trioxide had ceaseds The fuming was repeated es
of'ten as necessary to drive off all volatile anions, particul-
arly chloride. Except in the ocese of highly saline weters,
two fumings always sufficeds A heating at higher temperatures
sometimes proved necessary to eliminate carbonaceous matter
from the residue, A Meeker type burnmer provided the heating
necessary for elimination of ohloride and oarbon.

The fumed residue from the above was taken up in 40 mls.
of dilute nitriec acid (1 voluem of oconcentrated nitric acid
diluted to 4 volumes)s 0.50 grams of sodium bismuthate were
added, and the contents of the beaker was stirred to break up
the fused sulphates adhering to the bottome The beaker was
placed on & hot-plate, and heated to the appearance of the

permanganic ion colors



Heating was continued until the contents of the beaker had
evaporated to & volume of ten to fifteen mls,

After removing the beeker from the hoteplate, and coole
ing to 20° Centigrade, a second 0660 gram portion of the bise
muthate was added, After stirring and permitting to stend for
sbout § minutes, the maximum permenganiceion ocolor had develop=
eds The sample was then filtered through an asbestos mat in a
Goooh orucible (which had been previously ignited and washed
with e four percent potassium permanganate solution, followed
by washing with distilled water), Insoluble bismuthate and
other undissclved matter in the beaker was washed on to the
filter met with dilute sulphuric acid (1 volume of concentrated
sulphurioc acid made up to 40 volumes with distilled water).

Filtrate was transferred to a 50 ml. Nessler tube, and
made up to the mark with the 1 : 40 dilute sulphurie acid,
Comparison was made immediately with standards prepared as
below:

S8tandards == Prepared by adding 1, 2, 3, 4, & 6 mls, of &
potessium permanganate solution (containing 001 mgse of
menganese per millilitre) to a series of 650-ml, Nessler tubes,
and diluting to 60 mls, with the 1340 dilute sulphuric acid.

Whenever the mangenese content of & sample exceeded 0610

parts per million, & second determination was mede in which a
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proportionally smaller volume of water was used for analysis,

The Periodate lMethod

This method of analysis was used exsotly as published
in Steandard Methods of Water Analysis, Ameriocan Publio Health

Associstion, New York, Seventh Edition, 62, (1933),
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DISCUSSION OF MANGANESE IN MISSOURI WATERS

184 Missouri waters have been analyzed for their mangsnese
oontent. These have been tabulated in TABLE VI (ppe. 36=60)
of this thesis, Mre. R, Ts Rolufs, Chemist of the Missouri
Geologloal Survey has analyzed these waters for their iron
ocontent, The results of his analyses appear in tabuletion
with the manganese determinations,

A map has been prepared (Bsck Inset of this thesis) which
shows the geographical distribution of the waters analyzed for
their manganese and iron ocontent, This map distinguishes, by
symbolio representation, those waters containing 0,06 or over,
parts per million of manganese and those waters oontaining
0,30, or over, parts per million of iron plus manganese. This
scheme of representation is quite arbitrary when applied to
all waters, regardless of their use. It has special signifi-
cance when the domestic water supplies alone are oconsidered.
According to the best information available, the sum of these
two elements may not exceed 0430 parts per million without
complaints from the users of the Iater.sz
62, Janzig, A. C., and Montank, I. A. High Manganese

Effluents from Idle Filters. op. cite pe 83.
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Honfort 63

states that the presence of so little as 0,05
partd per million of mangonese in waters mey cause serious
operating difficulties

The manganese contents (highest, lowest, and average)
of the waters analyzed in this project are represented in
TABLE XII (pe 98 ), with reference to their surface and
geological origins. This tabulation is for convenience of
representation, only. The waters analyzed were too few in
number end unequally distributed to be truly representative
of a particﬁlvar source classification.

Waters of moderately high mengenese ocontent were
found in many counties throughout the state of Missouri, Two
waters from Jacksom County ocontained 2,0 and 6.6 parts per
million of manganese, respectively (ppe 48 )e The highest
mangene se content of eny city weter supply, analyzed In this
thesis, was that of Hornersville, Dunklin Countye. It con=

tained 0,50 perts per million of mangeneses

63, Monfoert, We Fo Iron.end Menganese Troubles. ops oit.

Pe 88,



TABLE XII.

A. BSurface S8upplies and Unoonsolidated Formations

Manganese Content
Number of in P.P.M,

Waters Highest Lowest Average

Impounded Reservoirs 1l ol4 01 o04
Lakes 6 «09 .02‘ #0456
Rivers and Streams 23 «08 0l «036
S8prings 4 «06 <01
Alluvial Deposits 6 50 «03
Glacial Drift 13 o18 «03 «08

Be Consolidated Formations by Geologliocal Ages

Canmbrian 12 o40 0l
Ordoviolan 37 28 o0l
Mississippian 16 «80 01
Pennsylvanian 22 5.60 «08
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SUMMARY
A brief discussion of mangenese in water has been
presented,
184 Missouri weters have been analyzed for their
menganese contente
The manganese content of 184 Missouri waters has
been found to range from 0,0l to 5.60 parts per
million.
A mep haes been prepared showing the distribution and

the mengeanese content of certein Missouri waters.
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