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MOTTLED ENAMEL IN ARIZONA AND ITS
CORRELATION WITH THE CONCENTRA-

TION OF FLUORIDES IN WATER
SUPPLIES*

H. V. SMITH AND MARGARET CAMM^CK SMITH

INTRODUCTION

There are certain sections in Arizona and many parts of the world
where every native-born inhabitant has the peculiar defect of permanent
teeth known as mottled enamel. Mottled enamel is frequently referred
to as " brown stain/' or simply ** stained teeth/' but the staining is a
secondary phenomenon and should not be confused with the defect itself.
The most outstanding characteristic of mottled enamel is its dull, chalky
white appearance. Sometimes the whole tooth has lost its translucency
and presents an unglazed appearance but in milder cases, paper-white
areas are distributed more or less irregularly over the surface of the
tooth. (See Plate I.) The enamel may or may not stain later, the color
of the stain varying from almost black through orange-red to yellow,
hence the name " brown stain." Usually all of the teeth, though th|ey
may be mottled, are not stained, the stain being more pronounced on the
upper central incisors. The general tendency is for the stain to follow
the lip line, and this fact suggests that exposure to air and light may be
a factor in its production. In severe cases of mottled enamel, the
enamel is so defective that it is badly pitted and corroded and the teeth
are structurally very weak, the enamel tending to chip off. Mottled teeth
though perhaps no more subject to decay than normal teeth, do not hold
fillings well and deteriorate more rapidly. False teeth among young
adults in a community in which mottled enamel occurs are not uncom-
mon Mottled enamel is primarily a defect of the second or permanent
set of teeth, for only rarely have cases of mottled enamel of the tempor-
ary or deciduous teeth been observed.

^Contribution from the Department of Human Nutrition.
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The first report of the occurrence of mottled enamel in the United
States was made by Black and McKay in Colorado in 1916 (1). Since
that time endemic areas in many states have been reported. Figure 2*
shows the states in this country in which endemic areas have been re-
ported, whereas Figure 3 shows distribution of mottled enamel in other
countries of the world.

The cause of the mottling of the enamel of human teeth is now defi-
nitely known. In June, 1931, Smith, Lantz, and Smith (2) of this lab-
oratory, published in Arizona Agricultural Experiment Station Tech-
nical Bulletin No. 32 proof that this defect was caused by the action
of fluorides which were present in abnormal concentration in the drink-
ing-water supply of the afflicted persons. A defect similar if not identical
to mottled enamel was experimentally produced in albino rats, both by
the incorporation of the water residue from the drinking supply of an
afflicted community, St. David, Arizona, and also, by the incorporation
of 0.05 percent sodium fluoride in their ration. Analyses of the drink-
ing-water supplies of many of the afflicted families in St. David and a
few other endemic communities including Sacaton and Florence, re-
vealed the presence of fluorides in high concentrations as compared with
the amount found in the water supply of other regions in which mot-
tled enamel did not occur. About the same time Churchill (3) also re-
ported the finding of abnormally high concentrations of fluorides in
waters from Bauxite, Arkansas, and several endemic communities in
other states, although he did not attempt to prove any casual relationship
to mottled enamel.

With the cause of mottled enamel thus definitely established, in the
past year an extensive investigation has been carried on in Arizona for
the two-fold purpose of disclosing endemic areas in the State and
obtaining evidence from analyses of water supplies from both endemic
and non-endemic areas by which it would be possible to determine the
concentrations of fluorides in drinking water which interfere with nor-
mal enamel development.

•Since this bulletin has gone to press mottled enamel has been reported from
Nevada also.
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METHOD OF INVESTIGATION

COLLECTION OF M VTER1AL

Practically every community in Arizona with a population large
enough to warrant investigation, was visited. Examination has been
made of the permanent teeth of the children in trie public schools and
the presence or absence of mottled enamel noted and recorded. Oqly
those who were native to their individual communities, that is, had
been exposed to the environmental factors of their community since
birth or early infancy were considered in judging the prevalency of mot-
tled enamel in that community. This precaution of including only na-
tives in the study was found to be extremely important because of the
confusion of results obtained by the inclusion of a transient population
in the examination. False rumors as to the areas of distribution of
mottled enamel have in many cases been shown to be due to lack of
observance of this precaution.

At the same time that the tooth examination was made, the drinking-
water supply of the community was sampled and brought to the Uni-
versity laboratory for analysis. Care was taken to ascertain if there had
been any recent change in source of water so that the water sampled
could be justly correlated with the tooth condition found.

WATER ANALYSES

In order to have more complete information about each water tested
for fluorides routine analyses were made for the ions usually tested for
in the following manner. Calcium and magnesium were determined by
soap titration, chlorides by titration with silver nitrate using potassium
chromate as an indicator, sulfates by a turbidimetric method, carbon-
ates and bicarbonates by titration with N/50 H2SO4 using phenolph-
thalein and methyl orange as indicators and residue by evaporation on
a water bath and bringing to constant weight at 110° C.

The method used for the fluoride determination is given here in con-
siderable detail because rigorous attention paid to details is necessary if
results which may be duplicated and whose accuracy can be relied upon
are obtained. The volatilization method used in our preliminary work
did not lend itself well to routine determination. The method used for
the measurement of the fluoride content of the waters reported here is
essentially that of Fairchild (4). Further refinement of his ferric chlor-
ide method has made it possible to determine quantitatively small
amounts of fluorides.*

Certain of these changes were suggested by Selma Cottleib. State Chemist,
Kansas.
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The method used consists essentially of pipetting 100 cc. of filtered
water into a 250-cc. glass-stoppered Erlenmeyer or iodine flask, adding
a drop of methyl red indicator and bringing to slight acidity by adding
N / l HC1 drop-wise. Ten cc. of a filtered 20-percent NaCl solution are
added and then 25 cc, of 0.016 molar ferric chloride. To prevent hydroly-
sis the ferric chloride solution must be acid and each aliquot portion,
according to Fairchild, must contain 0.2 cc. of N / l HC1. Each liter of
ferric chloride then contains 4.325 gms. FeCl3 - 6H2O and 8.0 cc. of
N / l HCL

Two cc, of N / l HC1 are then added and the stoppered flask placed in
the water thermostat kept at 38° z 1°C. until the contents of the flask
reach the temperature of the bath. The flask is then quickly removed
from the bath and 10 cc. of a 5-percent solution of potassium iodide
added The flask is shalen and again put in the bath, this time for 30
minutes, when it is removed, cooled quickly, and titrated with sodium
thiosulfate, using starch as an indicator. If the sodium thiosulfate
solution contains 2.1754 grams per liter, each cubic centimeter will be
equivalent to 0.0005 gram of fluorine. Frequent standardization of the
thiosulfate solution is necessary. A distilled water control was run with
each set of six determinations.

While the method is subject to many errors, results may be duplicated
with reasonable accuracy, providing the time and temperature factors
are kept constant. This method gives higher results than the volatiliza-
tion method upon which the results included in the original work were
obtained.

DATA

An individual report of the findings in each community investigated
arranged alphabetically is given below. Data including the location of
the community, population/4" tooth condition found, source of the water
supply, and water analysis are given with the detail in which such infor-
mation was available.

* Population %nres were obtained from county clerks and the 1930 United States
Census Report.
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Fig# 4,—Distribution of mottled enamel in Arizona.
(Each circle or part circle indicates one water supply tested.)

A Communities visited in which mottled enamel was found.

O Communities visited in which mottled enamel was not found or re-
ported to occur.

3 Communities visited in which mottled enamel was found in rural dis-
tricts bni did net occur among users of central water supply.
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AJO

Population 4571 (Precinct)

Ajo is a mining town located in the western part of Pima County, 128
miles west of Tucson and 50 miles south of Gila Bend. The city obtains
practically all of its water from Well No. 1 owned by the Phelps Dodge
Corporation, operators of the New Cornelia Mines. The water comes
from a depth of 6S0 feet in volcanic rock, the top 200 feet of which is
alluvial fill.

Examination of the teeth of the native-born school children shows
mottling of the moderately severe type in 100 percent of the cases exam-
ined. No exceptions were found. Analysis of the water revealed the
presence of 5.8 parts per million of fluorides.

Blair's well is located about 14 miles southeast of Ajo. This is a 120-
foot well of unknown capacity, which is controlled by the Indian Service
of the United States Department of the Interior. Analysis of this water
as given below shows it to be relatively free from fluorides, containing
less than 1 part per million. This suggests a possible future source of
water for Ajo which will not cause mottled enamel.

ANALYSIS Of A TO W \ T E R

Lab. No,

Calcium
Magnesium
Fluorides
Chlorides
Sul fates
Carbonates
Bi carbonates
Residue

City Water
20467

Pp.m.
15.0
AO
5.8

17^0
100.0
17.0
90

506.0

AI.HAMBRA

Blair's Well
20468

P.p.m.
<X).O
8.0
0.9

44.0
40.0
24.0

220.0
3^4.0

Population 2483 (Precinct)

Alhambra is located ir the Salt River Valley 5 miles northwest of
Phoenix. It is a farming community and has no municipal water siijp-
fply. Private individual wells furnish water to all inhabitants for domes-
tic purposes. The average depth of those wells is about 100 feet.

No cases of mottled enamel were found among the native-born chil-
dren in the Alhambra School. Analysis of the water from the public
school well which is 271 feet deep shows a fluoride content of one part
per million. This well was drilled in 1930.
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ANALYSTS OF ALHMMfiRA WATER

School well
Ul». Xo. 20133

P.p.m.
Calcium 180.0
Magnesium 56.0
Fluorides l.o
Chlorides 366.0
Sttlfates 70.0
Carbonates Trace
Bicarbonatcs 132.0
Residue 814.0

ALPINE

Population 155

Alpine is located 26 miles south of Springerville in the White Moun-
tains about one-half mile from the San Francisco River. Private wells
of shallow depth supply water to the inhabitants of the small village.

Examination of the native-born children was not made by the writers
but no cases of mottled enamel native to this region have been reported.
The water analysis given below is that oi the water from the private well
of M. A. Hamblin. This well, which is 2S feet deep and which was dug
in 1926, contains 1.5 parts per million of fluorides.

ANALYSTS OF ALPINE WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

Private well
(M. A. Hamblin)

20844
P.p.m.

38.0
8.0
1.5

-10.0
40.0
0.0

234.0
3480

ARI1NGTON
Population 451

( Precinct including Gila Bend Indian Reservation)

Arlington is located on the Gila River in west central Maricopa Coun-
ty, 35 miles north of Gila Bend and 50 miles west of Phoenix. The
inhabitants are scattered on farms and ranches and derive their water
supply from private wells of shallow depth.

The few native-born children examined were found to have positive
cases of mottled enamel. Analysis of a sample of water taken from a
50-foot well at a gasoline service station showed a fluoride content of
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2.7 parts per million. The severity of the tooth defect found in this
community would lead the writers to believe that other well waters in
the region probably contain an even higher concentration of fluorides.

ANALYSIS OF ARLINGTON WATER

Private well
Lab. No. 20686

P p m
Calcium 00
Magnesium 8.0
Fluorides 2.7
Chlorides 44.0
Sul fates 75.0
Carbonates U.Q
Bicarbonates 146.0
Residue

Population 106 (Precinct)

Artesia is a rural community in Graham County located 11 miles
south of Safford. It is east of the Pinalino Mountains and has its drain-
age towards the Gila River. Individual artesian wells, most of them
flowing wells, furnish the wrater for drinking purposes.

Mottled enamel of the moderately severe type occurs among the na-
tive born. The teeth of some of the children show greater staining than
others. Analysis was made of a sample of water taken from the well at
the Artesia Store. This well is 400 feet deep and the water comes to
within 4 feet of the surface. It contained 6 parts per million of fluorides.

ANALYSIS OF ARTESTA WATER

Private well
Lab. No. 20094

Pom.
Calcium 520
Magnesium 8 0
Fluorides 6.0
Chlorides 170 0
Snlfates 2000
Carbonates 2 0
Bicarbonate*? 1460
Residue, 6Q6 0

ASHFORK

Population 894 (Precinct)

Ashfork is located about 60 miles north of Prescott and 20 miles west
of Williams. I t is a highway and Santa Fe Railroad junction point. There
is no local water supply. Water used for domestic purposes is hauled in
by the Santa Fe Railroad from Furo, a small station near Del Rio.



MOTTLED EVA MEL IX ARIZOXA 223

There are two wells at Puro. Well No. 1 is 275 feet deep and was
drilled in 1925. It is perforated at various depths so that the water does
not come from any particular level.

Well No. 2 is slightly deeper than Well No. 1, being 301 feet in depth.
It is artesian in nature although it does not flow without pumping. Dur-
ing drilling operations water rose to within 41 inches of the surface
when the drill reached 269 feet. These wells supply many of the towns
along the Santa Fe Railroad with water.

Examination of the native-born school children showed the absence
of mottled enamel in this community. Analysis of the water as given
below shows a fluoride content of 0.6 part per million.

ANTAIA'SIS OF ASHFORK
Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sul fates
Carbonates
Bicarbonates
Residue

AVONPALF

WATER
20702
P.p.m.

150
4.0
0.6

18.0
Trace

14 0
1320
2360

Population 1770 (Precinct)

Avondale is located in Maricopa County on the Phoenix-Yuma high-
way about 18 miles west of Phoenix. It is on the Agua Fria River near
the point of its confluence with the Gila River. Avondale is a farming
community and does not have a central water supply.

The 87-foot well of the Coldwater Commercial Company was sam-
pled, and subsequent analysis showed a fluoride content of 1.8 parts per
million. No mottled enamel was found in the mouths of the compara-
tively few native-born children who were examined.

AN AT, AST vS OF AVOXDALE WATER

Icih No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

Private well
(Coldwater Commercial Company)

20683
P.p.m.

52.0
41.0

1.8
218.0

75.0
00

178.0
640.0
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AZTEC
Population 296 (Precinct)

Aztec lies 19 miles east of Mohawk and 14 miles west of Gila Bend
on U. S. Highway No. 80. The Southern Pacific Railroad drilled well,
720 feet deep, supplies all of the inhabitants of Aztec with water. It is
cased all the way down but is perforated at a depth of 622-650 feet.

Only 5 native-born children were found, but all of these had mottled
teeth of a severe type. The high concentration of 12 parts per million
of fluorides was found upon analysis of this water.

ANALYSIS OF AZTEC WATER

Lab. No

Calcium
Magnesium
Fluorides
Chlorides
Sul fates
Carbonates
Bicarbonates
Residue

Railroad well
20570
P.pm.

80
4.0

12.0
290.0
200.0

14.0
27.0

836.0

BARKERVILLE

Barkerville is located in Pinal County 32 miles southeast of Florence
which is it nearest railroad point. It is a rural community and has no
central water supply.

Analysis was made of the well water belonging to L. W. Cruce which
is 385 feet deep, with the water rising to 344 feet. It was found to con-
tain less than one part -per million of fluorides. No mottled enamel has
been reported in this community.

ANALYSIS OF BARKERVILLE WATER
Private well

(L. W. Cruce)
Lab. No. 20716

Ppm.
Calcium 38 0
Magnesium 11.0
Fluorides 0.7
Chlorides 16.0
Sulfates 0.0
Carbonates 17.0
Bicarbonates 178 0
Residue 268.0

BENSON
Population 925 (City), 1250 (Precinct)

Benson is located 54 miles southeast of Tucson on the main line of
the Southern Pacific Railroad and on U. S. Highway No. 80. It lies in
the San Pedro Valley 7 miles northwest of St. T^avid. Water furnished
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to most of the inhabitants of Benson by a municipal plant comes from
an artesian well 800 feet in depth, cased its entire depth. This well was
drilled in 1927. Some of the private families on the outskirts of town
have private artesian wells.

Benson native-born inhabitants are free from mottled enamel, while
at St. David some of the most severe cases of any in the State were
found. The source of water is artesian in both places. A fluoride con-
centration of 0.9 parts per million was found in the city water, and 1.4
parts per million of fluorides in the private artesian well of C. L. Rucker
which is 450 feet deep.

ANALYSIS

Lab No

Calcium
Magnesium
Fluorides
Chlorides
Sul fates
Carbonates
Bicarbonates
Residue

OF BENSON
City well

20656
P p.m.

30 0
7.0
0.9

12.0
Trace

0.0
237.0
264.0

WATER
Pruate well

(C. L. Rucker)
21055

P.p.m
23.0
8.0
1.4

16.0
Trace
17.0

207.0
252.0

BISBEE {Lowell and Warren)
Population 8023

Uisbee is a mining city located in a canyon of the Mule Mountains, 26
miles southeast of Tombstone and 23 miles northwest of Douglas. It is
the county seat of Cochise County. Since 1907 Bisbee has obtained its
water supply from wells owned and operated by the Arizona Edison
Company. These wells average 350 feet in depth and are located in
Naco, which is 7 miles south of Bisbee. The water comes originally
from the San Jose Mountains. Lowell, with a population of 4,079, and
Warren with a population of 3034, are also supplied by this same water
system.

No mottled enamel occurs in the native-born of these cities who are
users of this central water supply which contains the low concentration
of fluorides of 0.7 parts per million.

ANALYSIS OF BTSBEE WATER
City supply

Lab. No. 20105
P.o.m.

Calcium 60.0
Magnesium 40
Fluorides 0.7
Chlorides 24.0
Sulfates Trace
Carbonates 10.0
Bicarbonates 198.0
Residue 254 0
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TOUvSK

Population 427 (Precinct)
Bouse is located in Yuma County, 140 miles north of the city of Yunia

and about 25 miles east of the Colorado River, from which it is separ-
ated by two mountain ranges.

The population of Bouse is scattered. No native-born inhabitants
were seen by the writers but a public health officer in that vicfnity
reports the occurrence of severe mottled enamel. Analysis of the 70-foot
well in the town, owned and operated by John Magin revealed the pres-
ence of 7.2 parts per million of fluorides.

ANALYSIS OF BOUSE WATER
Private well
(J. Magin)

Lab. No. 20679
P.pm

Calcium 90.0
Masrnesium 19.0
Fluorides 7.2
Chlorides 2780
Sul fates 500 0
Caibonates 140
Bicarbonates 173 0
Residue 13040

BOWIE
Population 119

Bowie is a railroad town located in the San Simon Valley in the north-
eastern part of Cochise County, 24 miles east of Willcox and 16 miles
west of San Simon. The drainage of this country is into the San Simon
Creek which is a tributary of the Gila River. Water for domestic pur-
poses is furnished by the Southern Pacific Railroad well which is 780
feet deep and cased its entire depth.

No school children whose sole source of water had been the railroad
well were found to have mottled enamel though children from the out-
lving districts who attended the consolidated school did show this dental
defect. Analysis of the railroad well water showed a fluoride content of
1.3 parts per million.

ANALYSIS OF BOWIE WATER

Lab No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Cart>onates
Bicarbonates
Residue

Railroad Water
20110
P.pm,
38.0
4.0
1.3

520
90.0

Trace
98.0

248.0
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BUCKEYE

Population 1077 (Ci ty) , 2447 (Precinct)

Bucke}e is located in the lower end of the Salt River Valley 36 miles
southwest of Phoenix on U. S. Highway Xo. 80 and the branch line of
the old Arizona Eastern Railroad which connected Phoenix and Hassa-
yampa. I t is about 2y2 miles north of the Gila River. Three sources
of water are available. The city wells, which are 104 and 525 feet deep,
respectively, naturally supply the greater portion of the population with
drinking water. The deep well is perforated between 143 and 178 feet.
The railroad well, 160 feet deep, which is cased to the bottom, has been
in use since 1908. This well supplies a small percentage of the popula-
tion with water.

Other sources of water are the shallow, private wells which furnish
water to a small number of people. The 126-foot well of Hans Tur-
kleson on the east edge of Buckeye is representative of several wells of
this type. I t carries 5.5 parts of fluorides while the city well and the
railroad well carry 2.3 and 2A parts per million of fluorides. The native-
born children of Buckeye were found to have mottled enamel ranging
from the mild to the moderately severe types.

ANALYSIS OF BUCKEYE WATER

City well Railroad well Private well

Ub . No.

Calcium
Magnesium
Fluorides
Chlorides
Sttlfates
Carbonates
Bicarbonates
Residue

20692
P.p.m.

8.d
4.0
2.3

50.0
60.0
0 0

163.0
332.0

2(1851
P.p.m.

15.0
11.0
ZA

76.0
75.0
14.0

127.0
412.0

(Hans Turkleson)
21063

P.pm
0.0
40
5.5

64.0
75.0
7.0

95.0
312.0

CANtLLE

Population 50 *

Canille is located in the eastern part of Santa Cruz County about 7
miles west of Fort Huachuca. Private shallow wells furnish domestic
water to the inhabitants of the community. The school well which is 20
feet deep furnished the sample represented here.

Mottled enamel has not been reported from Canille. The fluoride
content of this water is 0.8 parts per million.

Estimated.
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ANALYSIS OF CAN3XLE WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

CASA GRANDE

School well
20356
P.p.rn.

30.0
8.0
0.8

14.0
0.0

29.0
217.0
264,0

Population 1351 (City), 5047 (Precinct)

Casa Grande is located in Pinal County, 64 miles northwest of Tucson.
It lies in the Santa Cruz River drainage. The city obtains its water
from two wells owned and operated by the Arizona Edison Company.
Well No. 1, 150 feet deep, which is cased to the bottom was drilled in
1916 and well No. 2, 210 feet deep, which is cased only 160 feet down,
was drilled in 1922.

Only two cases of mottled enamel of doubtful history were found
among the school children although Casa Grande lies less than 15 miles
from the Sacaton region where the incidence of mottled enamel is 100
percent. Analysis of the water shows it to be very hard and quite salty
and to contain 2.6 parts per million of fluorides.

ANALYSTS OF CASA GRANDE WATER
City supply

Lab. No. 20124
Rp.m.

Calcium 128.0
Magnesium 26.0
Fluorides 2.6
Chlorides 174.0
Sulfates 180.0
Carbonates None
Bicarbonates 173.0
Residue 920.0

CASHION

Population 2306 (Precinct)

Cashion is located in Maricopa County on U. S. Highway No. 80, 12
miles west of Phoenix in the Salt River Valley. Cotton and alfalfa
are the two most important crops grown in this community.

An examination of the teeth of the school children was made and
mottled enamel was not found in the native born. Analysis of a sample
of drinking water showed a fluoride content of 1.1 parts per million.
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ANALYSIS OF CASHTON

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sul fates
Carbonates
Bicarbonates
Residue

CENTRAL

WATER

20687
P.pm
180.0
710
1.1

420.0
300.0

34.0
195.0

1456.0

Population 330 (District 12)

Central is a farming community l}ing in Graham County midway
between the towns, Pima and Thatcher. Water for household purposes
is piped in from the spring at the foot of Mt. Graham. Analysis shows
it to be soft and very low in salt content.

Mottled enamel does not occur among those who have used the cen-
tral water supply as their sole source of water. The sample analyzed con-
tained but 0.3 part per million of fluorides. However, as in the case of
Pima, Safford, and Thatcher, whose city water supplies are so low in
fluoride content as to not interfere with tooth development, wells in
the country surrounding these cities probably pick up the Gile River
underflow and do contain toxic amounts of fluorides.

ANALYSIS OF CENTRAL WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

CHANDLER

Population 1378

20174
P.p.m,

0.0
4.0
0.3

10.0
25.0
0.0

54.0
100.0

Chandler is located in Maricopa County, 8 miles south of Mesa and
about 10 miles east of the Salt River Mountains, on the Southern Pacific
Railroad, 23 miles southeast of Phoenix. The city derives its water
from two wells dug in 1926. Well No. 1 is 987 feet deep and perforated
at 300 and 325 feet. Well No. 2 is 335 feet deep and perforated at the
same level as Well No. 1,
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The school children who have used city water as a sole source of water
do not have mottled teeth, but many of those who live in the country
and drink from private wells, usually quite shallow, show the defect.
Analysis of the city water as given below reveals a fluoride content of
2.1 parts per million. Analysis has also been made of the water from
a private well owned by M. Rohrig, located \y2 miles north and J4
mile east of Chandler. This well is 80 feet deep and cased 45 feet. It
contains 5 parts per million of fluorides. The Brion well contains 2.1
parts per million of fluorides.

ANALYSIS OF CHANDLER WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sul fates
Carbonates
Bicarbonates
Residue

* Residue calculated.

City supply

20122
P.p.m.

S2.0
11.0
2.1

28W
55.0
5.0

98.0
686.0 *

Private well
(A. A. Brion)

21059
P.p.m.
218.0

49.0
2.1

364.0
500.0
34.0

295.0
1612.0

CHINO VALLEY

Population 200*

Private well
(M. Rohrig)

21061
P.p.m.
338.0

90.0
5.0

1540.0
800.0

12.0
151.0

4284.0

Chino Valley is an agricultural community about 17 miles north of
Prescott. The population of this valley is scattered on farms. Indi-
vidual private wells supply the drinking water.

No cases of mottled enamel were noted among the native-born scliool
children. The water considered typical of this valley was sampled from
the private well of Fred Haptonstall. The depth of this well is 135 feet.
It was found to contain less than 1 part per million of fluorides.

ANALYSIS OF CHINO VALLEY WATER

Estimated.

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

Private well
(F. Haptonstall)

20706
P.p.m.

15.0
4.0
0.9

14.0
Trace
14.0

120.0
196.0
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CLARKDALE

Population 5526 (Precinct)

Clarkdale is located in Yavapai County in the Verde River Valley
about 5 miles northeast of Jerome at the base of Mingus Mountain. Its
water supply, however, is not pumped from underground but is piped
from Haskall Springs, 3 miles south of Clarkdale. Here the sub-surface
water is collected in a timber tunnel 6 x 5 x 500 feet which rests on
cemented gravel. An emergency supply is secured from an infiltration
gallery under the Verde River, but this supply is seldom used for drink-
ing. It is, however, used for smelter purposes.

No cases of mottled enamel were found in Clarkdale. A sample of the
city water contained 1.2 parts per million of fluorides,

ANALYSIS OF CT ARKDALE WATER

Calculated.

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

CIAYPOOL

City supply
20491
P.p.m.

07.0
210

1.2
32.0

100.0
14.0

312.0
617.0*

Claypool is located in Gila County, a short distance north of Miami
on the Miami-Globe highway and the Southern Pacific Railroad. Like
Globe and Miami, its chief industry is mining.

The water used for domestic purposes is usually obtained from Well
No. 1, which is 102 feet deep and cased to the bottom, with perforations
in the last 18 feet. The well was drilled in 1920. This water showed a
fluoride content of 1.7 parts per million.

ANALYSIS OF

Lab. No.

Calcium
Ma&nesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

CLAYPOOL WATER
Citv supply

20667
P.p.m.
142.0
34 0

1.7
76.0

325.0
0,0

224.0
932.0
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CUFTON

Population 2343 (Precinct)

Clifton, a mining town, is located at the southern extremity of the
White Mountains. It is in Greenlee County, 30 miles northwest of
Duncan and 42 miles northeast of Safford. The San Francisco River
flows through the city, which obtains its water by infiltration from this
river. Two drilled wells, each 100 feet deep, are located on the banks
of the river, 2 miles above the city.

The water derived from these wells is moderately low in soluble salts
and contains 1.3 parts per million of fluorides. No cases of mottled
enamel among the native-born inhabitants were noted.

ANALYSIS OF CLIFTON WATER

City supply
I,ab. No. 20109

Ppm.
Calcium 52.0
Magnesium 11.0
Fluorides 1.3
Chlorides 66.0
Sulfates Trace
Carbonates 12.0
Bicarbonates 242.0
Residue 396.0

COCHISE

Population 119 (Precinct)

Cochise is located in the north central part of Cochise County, directly-
west of the Willcox Playa, 28 miles northeast of Benson and 12 miles
southwest of Willcox. The drainage is into the Playa. There is no cen-
tral water supply in Cochise, the water being obtained from private
wells.

No native-born children of the immediate vicinity of Cochise were to
be found in the school. Children reared in the surrounding country, not
only to the south and east but north, in the direction of Russellville were
found who had severe cases of mottled enamel. A sample of water was
taken from the school well which is from 50 to 60 feet-deep and cased
all the way down. This water was found to be quite hard. It contained
2.9 parts per million of fluorides. The shallow, 33-foot well of George
Anderson, which is located about 10 miles southeast of Cochise and is
definitely associated with moderately severe mottled enamel was found
to contain 5.1 parts per million of fluorides.
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ANALYSIS OF COCTIISE WVTER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sul fates
Carbonates
Bicarbonates
Residue

Residue calculated.

School well

20105
P.p m.

75 0
8.0

2.86
64.0

2000
2.0

193.0
60O.O

CONCHA

Private well
(George Anderson)

21O5S
P.p.m.

15.0
7.0
5.1

14.0
Trace

0.0
171.0
255.0 *

Population 458 (Precinct)

Concha is located in Apache County 18 miles northwest of St. Johns
and 48 miles southeast of Holbrook on U. S. Highway No. 70. The in-
habitants are chiefly Mexicans, primarily interested in sheep and stock
raising. There is no central water supply used by all of its inhabitants.
Some of the people use spring water which runs in open ditches from
its source in the nearby mountains to private earthen reservoirs. Others
obtain their water from privately owned wells.

Examination of the teeth of the school children showed that about
50 percent of them had mottled enamel which was severe in most cases
but mild in others. The remaining" 50 percent were free from this
defect. Further investigation disclosed the fact that afflicted children
were users of the private well water, whereas those not having mottled
enamel used the spring water for drinking purposes. Both the spring
water and well water were sampled and analyzed. The well water sam-
ple which came from the 100-foot well of the Ortega family was found
to contain 7.5 parts per million of fluoride but the spring water con-
tained only 0.9 parts per million.

ANALYSIS OF CONCHA WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

Spring water

20696
P.p.m.

15.0
7.0
0.9

14.0
Trace

0.0
171.0
176.0

Private well
(Ortega)

210693
P.p,m.

1S.0
4.0
7.5

34.0
300.0
31.0

4660
856.0
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CONTINENTAL
Population 171 (Precinct)

Continental is located in the southern part of Pima County 28 miles
south of Tucson and 39 miles north of Nogales. It is less than one-half
mile east of the Santa Cruz River. Water is pumped from a 200-foot
well, which is cased 45 feet, to a tank on a hill above town from where
it is distributed by pipe to the various houses in town.

The water is fairly low in soluble salts and contains 1.2 parts per
million of fluorides. Mottled enamel was not found in Continental.

ANALYSIS OF CONTINENTAL WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

Central supply
20097
P.p.m.

68.0
4.0
1.2

18.0
80.0
10.0

204.0
352.0

COOLIDGE

Population 471 (City), 894 (Precinct)

Coolidge is located in the north central part of Final County and is
adjacent to the Casa Grande Rnins 10 miles southwest of Florence and
20 miles northeast of Casa Grande. The Gila River flows about lyl
miles north of the village.

The municipal water supply which is owned by the Arizona Edison
Company was put into operation in 1929. As the settlement is so new
the effect of the water upon permanent tooth development has not been
demonstrated. Mottled enamel is primarily a defect of the permanent
teeth which begin to erupt at the age of 6 years. Analysis of the water
supply is given below. A fluoride concentration of 1.6 parts per mil
lion was found.

ANALYSIS OF COOLIDGE WATER

Lab. No. 20126
P.p.m.

Calcium 38.0
Magnesitmf 4.0
Fluorides 1.6
Chlorides 136.0
Sulfates 55 0
Carbonates 2.0
Bicarbonates 180.0
Residue 492 0
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COTTONWOOD

Population 1500

Cottonwood is located m the northeastern part of Yavapai County in
the Verde River Valley about 3 miles southeast of Clarkdale and about
2 miles from Jerome. Water is furnished for domestic purposes from
a well located in the Verde River bottomland.

Natives of Cottonwood do not show mottled enamel. The water sam-
pled contained 0.4 part per million of fluorides.

ANALYSIS OF COTTONWOOD WATER

Lab. No.

Cnlcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

DOUGLAS

Citv supply
20704
P.p.m.

>5.0
34.0

0.4
38.0
0.0
7.0

378.0
396.0

Population 9828

Douglas is situated in Cochise County on the International Boundary
between Mexico and the United States. It is 23 miles southeast of Bis-
bee. The city obtains its water from three wells municipally owned
which are located 3 miles west of Douglas. They average 355 feet in
depth and are cased to the bottom. The water is soft and does not con-
tain excessive amounts of soluble salts.

Every child examined who was born and reared in Douglas and
has used the city water supply was found to have mottled enamel of the
moderately severe type. In the majority of cases, the teeth were badly
stained. Analysis of the city water revealed the presence of 5.2 parts
per million of fluorides.

ANALYvSIS OF DOUGLAS WATER
Citv supply

Lab. No. 20104
P.p.m,

Calcium 15.0
Magnesium 0.0
Fluorides 5.2
Chlorides 184.0
Sulfates 100.0
Carbonates 26.0
Bicarbonates 144.0
Residue 724.0
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DUNCAN

Population 1090 (Precinct)

Duncan is located in Greenlee County 3-1 miles southeast of Clifton
on the Gila River, on U. S. Highway No. 180, and on the Lordsburg-
Clifton branch of the Southern Pacific Railroad, in the heart of a rich
agricultural district. There is no municipal water supply of drinking
water in Duncan, each family having its own shallow private well. Most
of the wells are in the bottomlands of the upper Gila River and are less
than 20 feet deep. The school well, however, is drilled 396 feet deep
and cased to the bottom to exclude any surface waters. Two samples
of water were taken to represent both the shallow and deep water sup-
plies.

All of the people born and raised in Duncan have mottled teeth of
the moderately severe and severe types. The school well water contains
8.1 parts per million of fluorides and a shallow private well about 15 feet
in depth was found to contain 7.3 parts per million.

ANALYSIS OF DUNCAN WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

School well

20108
P.p.m.

82.0
30.0

8.1
268.0
195 0
10.0

207.0
1036.0

Private well
(Cosper)

20107
P.o.m.
202.0
38.0
7.3

314.0
595.0

7.0
527.0

1528.0

EAGAR

Population 562 (Precinct)

Eagar is located in the southeastern part of Apache County about one-
half mile south of Springerville and 98 miles southeast of Holbrook. It
is in an irrigated, agricultural community. The water table is very high
so that an abundance of water can be had by digging 20 feet.

Examination of the school children disclosed the fact that about 60
percent of the so-called native-born had traces of white flecking on
their teeth. The condition was so very mild that it perhaps ought not
to be classed as mottled enamel. The other 40 percent of the children
examined were free from even this trace of dental defect. Analysis of
the sample of water from the school well, which is 50 feet deep and
another sample from a private well 20 feet deep showed the same fluoride
content, namely 1.8 parts per million.



ANALYSIS

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

OF EAGAR WATER

School well

20712
P.p.m.

60.0
45.0
1.75
24.0
33.0
36.0

359.0
464.0
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Private well
(J. Reticher)

20845
P.p.m.

53.0
49.0

1.8
54.0
50.0
7.0

371.0
536.0

In light of the survey as reported in this bulletin, it would appear that
a concentration of 1.8 parts per million of fluorides in the drinking water
is below the toxic level. I t is the opinion of the writers that the mild
white flecking occurring on the enamel of the teeth of so many of the
children raised in this community (which was not observed in other
regions) suggests the probability either that these children had access
at certain times of the year to other water which was higher in fluoride,
as for example at St. Johns, or else the food supply of the community
contained appreciable amounts of fluorides which, in addition to the 1.8
parts per million in the water, left a slight mark on the teeth of these
people. This point is being investigated further.

ELPRIDA
Population 100*

Elf rida is located in the Sulphur Spring Valley of Cochise County, 40
miles south of Cochise and 26 miles north of Douglas. Cattle raising is
the most important industry in this region. There is no central Wjater
supply in this village. Privately owned shallow wells supply the water
to individual families. Water was sampled from the 35- to 40-foot well
of A. W . Bouldin located near White Water Creek.

The water is low in soluble salts and contains but 0.4 part per mil-
lion of fluoride. Mottled enamel has not been reported from Elfrida.

ANALYSIS OF ELFRIDA WATER
Private well

(A. W. Bouldin)
Lab. No. 20855

P.p.m.
Calcium 45.0
Magnesium 48.0
Fluorides 0.4
Chlorides 28.5
Sulfates 33.0
Carbonates 0.0
Bicarbonates 215.0
Residue 292.0

* Estimated.
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FAIRBANKS

Population 197 (Precinct)

Fairbanks is in the western part of Cochise County and is situated on
the San Pedro River about 12 miles south of St. David. There is no
general water supply. Some of the families obtain water from the South-
ern Pacific Railroad well which is 280 feet deep and which is cased to
the bottom. Other families have private, comparatively shallow wells.

A sample of water from the railroad well and also a water sample
taken from the 90-foot well at the Borquilla Ranch, \y2 miles south
of Fairbanks, were analyzed for fluorides and found to contain 1.3
and 1.0 part per million of fluorides, respectively. In spite of its prox-
imity to St. David and the San Pedro River the water is low in fluorides
and mottled enamel does not occur here.

ANALYSIS OF FAIRBANKS WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

Railroad well

20099
P.pm.

80
0.0
1.3

100
Trace

50
171.0
264.0

Private well
(Borquilla's well)

21718
P.p.m

23.0
11.0
0.3

12.0
Trace
14.0

217.0
268.0

FLAGSTAFF
Population 3891

Flagstaff is the county seat of Coconino County and is located at
the southern base of the San Francisco Mountains. It is on U. S. High-
way No. 66 and the main line of the Santa Fe Railroad. It is 32 miles
east of Williams and 53 miles west of Winslow. Lumbering is an im-
portant industry. The Northern Arizona State Teachers' College is
located here. Flagstaff obtains most of its water from the San Francisco
Mountains by impounding in two concrete 50,000,000-gallon reservoir
water from springs, melting snow, and rain. In times of shortage, the
O'Neil Springs owned by the Santa Fe Railroad and operated by the
Arizona Lumber Company, are brought into use. These furnish 75,000
gallons daily. Again, four shallow wells 30 to 40 feet deep, situated in
the alluvial fill above the town furnish 30,000 gallons daily in times of
need. At intervals additional water is shipped in from Winslow.

Mottled enamel was not found among the native-born inhabitants of
Flagstaff. Analysis of a sample of city water obtained in February
showed the presence of LI parts per million of fluorides.
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ANALYSIS OF FLAGSTAFF WATER
Lab. No. 20699

P.p.m.
Calcium 0.0
Magnesium 4.0
Fluorides 1.1
Chlorides 12.0
Sulfates Trace
Carbonates 0.0
Bicarbonates 44.0
Residue 77.0H

* Calculated.

FLORENCE
Population 1318

Florence, which is the county seat of Pinal County, lies 67 miles north-
west of Tucson, and 68 miles southeast of Phoenix. It is on the Gila
River. In 1919, the city of Florence drilled two wells which are 200 feet
deep. The surface water is sealed off and the perforations begin at 50
feet. The water rises in the 18-inch casing to within 40 feet of the sur-
face. Previous to drilling of these wells, there was no municipal water
system, and private dug wells averaging 30 to 40 feet in depth, supplied
the water to individual families. A few of these wells are still in use.

Examination of the teeth of the school children showed that about 12
percent of the children did not have mottled enamel, whereas the other
88 percent had mottled enamel in a degree varying from very mild to
moderately severe. The city water was found to contain 2.7 parts per
million of fluorides and two shallow wells contained 2.9 and 4.-8 parts
per million respectively.

ANALYSIS OF FLORENCE WATER
City well Private well

Lab. No. 20481 20663
P.p m. P.p.m.

Calcium 135.0 142.0
Magnesium 34.0 34.0
Fluorides 2.7 2.9
Chlorides 434.0 474.0
Sulfates 170.0 180.0
Carbonates 0.0 0,0
Bicarbonates 278.0 285.0
Residue 1272.0 1420.0

FORT THOMAS

Fort Thomas is located 18 miles northwest of Safford. It lies close
to the Gila River and is on the Southern Pacif c Railroad and U. ?.
Highway No. 180. There is no central water supply in Fort Thomas but
many of the inhabitants haul their water from William Roade's Ranch
located about 3 to 4 miles east of Fort Thomas.

Examination of the teeth of the school children showed the absence



Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sul fates
Carbonates
Bicarbonates
Residue

Main supply
(Roade's well)

21102
P.pm

38.0
8.0
0.8

22.0
25.0
14.0
90.0

204.0
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of mottled enamel among the majority of the children. A few cases of
mild mottling were found and three cases of moderately severe mottled
enamel were traced to Ashurs t Analysis of the Roade's well water
showed it to be low in fluoride content, containing less than 1 part per
million. However, analysis of well water in the vicinity which probably
taps the Gila River underflow was found to contain a toxic level of
fluorides, namely 3.9 parts per million.

ANALYSIS OF FORT THOMAS WATER
Private well

(Tyler)
21101

P.p.m.
450.0
56.0
3.6

860.0
700.0
17.0

200.0
3056.0

GILA BEND
Population 1275 (Precinct)

Gila Bend is located in Maricopa County 80 miles southwest of Phoe-
nix, on the main line of the Southern Pacific Railroad and on U. S,
Highway No. 80. It is about 5 miles south of the Gila River. Canals
bearing Gila River water furnish water for irrigation in the immediate
vicinity. In Gila Bend, the Southern Pacific Railroad has six wells which
furnish water for both railroad and city purposes. Well No. 6, typical
of the group, was drilled in 1907 to a depth of 1,746 feet and was
cased to the bottom without perforations. Before 1007, wells 210 feet
deep were used, but the quality of the water was poorer than the present
deep wells.

All of the native-born children of Gila Bend were found to have mot-
tled enamel in a severe degree. Analysis was made of the railroad well
water and also of water obtained from an 80-foot level of the school
well during the process of drilling. The deep railroad well contained
10.6 parts per million of fluorides and the shallow well contains 5.6
parts per million.

ANALYSIS OF GILA BEND WATER
Railroad well School well

Lab. No. 20689 20977
P.p.m. P.p.m.

Calcium 7.0 121.0
Magnesium Trace 105.0
Fluorides 10.6 5.6
Chlorides 470.0 1200.0
Sulfates 100.0 550.0
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Carbonates
Bicarbonates
Residue

* Calculated,

7.0
370

1060.0

7.0
132.0

2881.0*

GILBERT

Population 1896 (Precinct)

Gilbert is located in southern Maricopa County, 23 miles southeast of
Phoenix and 7 miles south of Mesa. Tt is served by the Winkelman
branch of the Southern Pacific Railroad. Agriculture is its chief indus-
rty, cotton and alfalfa being the most important crops grown in the sur-
rounding country. Water is pumped by the municipality from deep wells
in the city into a 50,000-gallon storage tank.

No cases of mottled enamel among users of the city water supply were
found. However, certain school children who lived on the farms and
ranches in the surrounding country were found to have this enamel
defect. The city water has a fluoride concentration of 1.1 parts per
million.

ANALYSIS OF GILBERT WATER
Lab. No. 20118

P.o.m.
Calcium 52.0
Magnesium 8.0
Fluorides 1.1
Chlorides 300.0
Sulfates 40.0
Carbonates 5.0
Bicarbonates 117.0
Residue 711.0*

* Residue calculated.

GLENDALE

Population 3665

Glendale is located 9 miles northwest of Phoenix in the Salt River
Valley. It is an agricultural community producing chiefly alfalfa and
cotton. The city supplies water to the inhabitants from a well drilled in
1928, which is 1,001 feet deep % and cased 968 feet. There are perfora-
tions in the 16-inch casing to within 350 feet of the ground surface. In
times of emergency a 388-foot well is brought into service. This well
has been in temporary use for at least 12 years.

No cases of mottled enamel among the users of city water were found
among the school children. The water contains 0.5 part per million of
fluoride,

ANALYSIS OF GLENDALE CITY WATER
Lab. No. 20128

P.pra.
Calcium 30.0
Magnesium 8.0
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Fluorides 0.5
Chlorides 62.0
Sulfates 25.0
Carbonates 5.0
Bicarbonates 159.0
Residue 357.0*

* Residue calculated.

GLOBE

Population 7157

Globe is the county seat of Gila County and the home of the 'Old
Dominion Copper mine. It is located on Pinal Creek, 7 miles southeast
of Miami. It is on U. S. Highway No. ISO and the Southern Pacific
Railroad which connects with the main line at Bowie. The Globe city
water comes from a lime dike at the tweltth level of the Old Dominion
Mine, and is stored in a 750,000-gallon reservoir. It is chlorinated before
being distributed to the mains. The distributing system is municipally
owned.

Examination of the teeth of the school children showed that mottled
enamel was not present among those born and raised in Globe. The city
water was found to contain 1.8 parts per million of fluorides.

ANALYSIS OF GLOBE WATER
City supply

Lab. No. 20090
P.p.m.

Calcium 135.0
Magnesium 22.0
Fluorides 1.8
Chlorides 48.0
Sulfates 210.0
Bicarbonates 207.0
Carbonates 7.0
Residue 784.0

HASSAYAMPA

Population 75 *
Hassayampa is located on the Hassayampa River about 4 miles north

of the point where it empties into the Gila River. It is in an irrigated
region which is traversed by the Buckeye Canal which carries Gila
River water. This is an agricultural community and the population is
scattered. There is no central water supply, water being supplied by
private wells located on the individual ranches.

It was difficult to find inhabitants who had lived in the community all
their lives. Examination, however, of the children at Palo Verde Con-
solidated School disclosed 23 cases of marked mottled enamel among
the children who had always lived in the surrounding country. The water

* Estimated.
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of the L. W . Hardesty Service Station was sampled. This well is 140
feet deep, but not cased, so that water from all levels finds its \\|iy into
the well. I t showed a fluoride content of 2.7 parts per million. The
water examined is probably not typical of the water used by the major-
ity of the people in this region. The writers suspect the existence in
this region of private wells even higher in fluoride content.

ANALYSIS OF HASSAYAMPA WATER

Private well
(L.W. Hardesty)

Lab. No. 20584
P.p.m.

Calcium 382.0
Magnesium 75.0
Fluorides 2.7
Chlorides 1050.0
Sulphates 270.0
Carbonates 12.0
Bicarbonates 217.0
Residue 2988.0

HAYDEN

Population 2364 (Precinct)

Hayden is in the southernmost part of Gila County on the Gila River
a short distance below the point of confluence of the San Pedro and
Gila rivers. It is 28 miles southeast of Ray and is on the Southern Pa-
cific Railroad. The city derives its water from a series of 10 wells each
100 feet deep which are strung across the river bottom lands to inter-
rupt the underflow. Usually three of these wells are pumped at a time.
The quality of the water is the same from all the wells. The railroad,
desiring a softer water than that supplied by the Gila underflow, devel-
oped a spring in the mountains and have piped it to the city. This water
is not available to the residents except as they go to the depot and carry
it away.

Seventy-five native-born children in the third and fourth grades were
examined. Out of this number 30 had mottled enamel of a moderate
degree, 38 had mottled enamel of a mild degree and in 9 cases there
was no evidence of this tooth defect. The city water and the railroad
supply were found to contain 3 and 2.9 parts per million of fluorides,
respectively.

A well at the Pinal County highway camp about 9 miles west of
Hayden, because of its proximity to the Gila River, was also sampled.
The water was highly alkaline and contained 7.5 parts per million of
fluorides.
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ANALYSIS OF HAYDEN WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

City supply

20482
Pp.m.
97.0
26.0
3.0

198.0
260.0

12.0
293.0

1098.0

Railroad water
(Spring)

20484
P.p.m.

600
11.0
2.9

280
25 0
O.O

320.0
340 0

Final County
highway camp

20487
P.pm.

22.0
4.0
7.5

516.0
500.0
65.0

607.0
2016.0

HEREFORD

Population 70 *

Hereford is located in southern Cochise County about 17 miles due
west of Bisbee on the southern branch of the Southern Pacific Railroad.
Cattle raising is the chief industry. There is no central water supply.

The privately owned artesian well of J. B. Williams was sampled as
representative of the water used in this region. This well is 420 feet
deep and located % mile from the San Pedro River. It has been in use
for 18 years. Analysis showed the low fluoride content of 0.4 part per
million. Mottled enamel has not been reported from this vicinity.

ANALYSIS OF HEREFORD WATER

* Estimated.

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

Private well
(J. B. Williams)

20857
P.p.m.
23.0
8.0
0.4

16.0
Trace

0.0
220.0
232.0

HOLBROOK

Population 1115

Holbrook is the county seat of Navajo County, located on the main
line of the Santa Fe Railroad and on U. S. Highways 66 and 70. It is
33 miles east of Winslow. Water is furnished by the Holbrook Light
and Power Company to the city, from wells about 300 feet deep. Dis-
tribution is handled by the municipality. A small portion of the popu-
lation uses water from the railroad wells which are in the same general
location and of the same depth. Between the years 1923 and 1928 the old
Holbrook well, 150 feet deep, was the chief source of water, but it was



City supply
20695
P.p.m.

97.0
45.0

2.5
494.0
200.0

0.0
244.0

1416.0

Shallow private well
20698

P.p.m.
60.0
15.0
1.9

316.0
120.0

14,0
259.0

1016.0
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abandoned in favor of the deeper wells in 1928. A few shallow private
wells in the city are still in use.

A comprehensive examination of the teeth of the school children
native to Holbrook was not made. However, no mottled enamel was
found among the 25 children seen. Holbrook city water and private well
waters contain 2.5 and 1.9 parts per million of fluorides respectively.

ANALYSIS OF HOLBROOK WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

HUNT

Population 40 (Precinct)

Only a store and school house are to be found at Hunt which is on
the Holbrook-St Johns Highway in central Apache County. The water
supply comes from an artesian well 330 feet in depth. Analysis of this
water as given below shows it to be relatively free from fluorides, con-
taining only 1 par t per million.

ANALYSIS OF HUNT WATER
Private well

Lab. No. 20709
P.p.tn.

Calcium 30.0
Magnesium 7.0
Fluorides 1.0
Chlorides 100.0
Sulfates 55.0
Carbonates 14.0
Bicarbonates 159.0
Residue 392.0

JEROME

Population 4932

Jerome is located in the northeastern part of Yavapai County about
33 miles northeast of Prescott. Its chief industry is mining, most of the
inhabitants being employed by the United Verde Mining Company. The
city is supplied with water from Allan, Blowout, Copper Chief, Walnut,
and Iron Springs. This water is led by gravity into the town tanks and
mains.
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Examination of the native-born school children showed them to be
free from mottled enamel. The city water supply as tested contained 1.1
parts per million of fluorides.

ANALYSIS OF JEROME WATER
City supply

lab. No. 20490
P.p.m.

Calcium 97.0
Magnesium 34.0
Fluorides 1.1
Chlorides 18.0
Sulfates 120.0
Carbonates ^4.0
Bicarbonates 290.0
Residue 604.0 *

^Residue calculated.

JOSEPH CITY

Population 390

Joseph City is a small farming and stock raising community about 11
miles west of Holbrook on U. S. Highway No. 66 and on the main line
of the Santa Fe Railroad. Water is supplied from two sources. The
east end of town has, until very recently, used water from a well in
the immediate vicinity and the west end of town was supplied from a
well in the western part of town. Now the two systems are connected
and water comes from both wells. The well in the west of Joseph City
is 327 feet deep with water coming in from 80 feet to 300 feet. It was
sampled and analyzed and 2.8 parts per million of fluoride were found.

A low incidence of mottled enamel of a very mild degree was noted
among the few children examined.

ANALYSIS OF JOSEPH CITY WATER
City supply
(west end)

Lab. No. 20708
P.p.m.

Calcium 112.0
Magnesium 30.0
Fluorides 2.8
Chlorides 530.0
Sulfates 340.0
Carbonates 7.0
Bicarbonates 241.0
Residue 1568.0

KELVIN
Population 186 (Precinct)

Kelvin is a mining district in the east central part of Pinal County on
the Gik River about 30 miles east of Florence on the Southern Pacific
Railroad. Two sources of water were examined, one a central supply
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taken from an 85-foot well at the Kelvin store and the other from a
private well of John Sells. This well was originally a spring, but it was
developed by digging a 20-foot shaft and covering it over.

Both water supplies contain appreciable amounts of fluorides, 37 and
2.9 parts per million respectively. The comparatively few users of this
water who were examined had mottled enamel of the moderately severe
type.

ANALYSIS OF KELVIN WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

* Residue calculated.

City supply

20485
P.p.m.
1720
41.0

3.7
42.0

450.0
14.0

273.0
920.0

KINGMAN

Population 2275

Private well
(John Sells)

20488
P.p.m.
1720
320

2.8
400

4500
14.0

261.0
1039.0*

Kingman, the county seat of Mohave County, is located on U. S. High-
way No. 66 and the main line of the Santa Fe Railroad. It is the Ari-
zona gateway to the Boulder Dam. The city is supplied with water
from three springs at the Johnson Ranch and one at the Beal Ranch, but
during July, August, September, and October, when the peak load for
water is reached, water is pumped from a 290-foot well which is cased
all the way to the bottom but is perforated in the last 100 feet of casing.
The system in its present form has been in use since 1918. It is operated
by the Kingman Water Company.

No cases of mottled enamel were found among the native-born school
children examined. Their drinking water contains 1 part per million of
fluorides.

ANALYSIS OF KINGMAN WATER
City supply

Lab. No. 20703
P.p.m.

Calcium 52,0
Magnesium 26.0
Fluorides 1.0
Chlorides 20.0
Sulfates Trace
Carbonates 7.0
Bicarbonates 264.0
Residue 364.0
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LAKESIDE

Population 4S0 *

Lakeside is located in the southeastern part of Navajo County 57
miles south of Holbrook and 13 miles north of McNary. The inhabitants
are engaged chiefly in farming and cattle raising. A central water supply
piped in from Adair Spring, located about 2 miles southeast of Lake-
side, furnishes approximately 100 families with water for domestic
purposes. The system has been used since 1910 without any change in
the source of water.

Mottled enamel has not been reported in this vicinity. A fluoride con-
tent of 0.5 part per million was found in the water.

ANALYSIS OF LAKESIDE WATER
Central supply

Lab. No. 20846
P.pm.

Calcium 15 0
Magnesium 4.0
Fluorides 0.5
Chlorides 16.0
Sulfates 00
Carbonates 0 0
Bicarbonates 146.0
Residue 140.0

* Estimated.

LAVEEN

Population 960 (Precinct)

Laveen is in the lower end of the Salt River Valley in Maricopa
County about 10 miles southwest of Phoenix. The country wells range
from 100 to 150 feet in depth and often get seepage from irrigation.
The village drilled a well in October, 1930, at the school, which is 485
feet deep. Inasmuch as this water is of better quality than that of the
local private wells it is used by perhaps as many as 75 percent of the
families within a 5-mile radius.

Roughly, 80 percent of the children examined in the Laveen school
had mottled enamel varying from mild to moderately severe. As the
school well water is of too recent development to be associated with
the tooth condition noted, a shallower private well in the vicinity was
sampled. Analysis of both the school well water and the private well
located 9 E., 1 S., as given below, show a fluoride content of 2.5 and 4.5
parts per million, respectively.

ANALYSIS OF LAVEEN WATER
School well Private well

Lab. No. 20662 20666
P.p.m. P.p m.

Calcium 7.0 217.0
Magnesium 0.0 67.0
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Fluorides
Chlorides
Sul fates
Carbonates
Bicarbonates
Residue

2.5
2780
135.0
14.0
95.0

7340

4.5
750.0
800.0

0.0
271.0

2684.0

LOWER MIAMI

Lower Miami is in Gila County between Miami and Globe on the
Miami-Globe highway. Along with Miami and Globe, it is in the center
of a mining and smelting district. The water system is operated by the
Consolidated Utilities Corporation. A drilled well 90 feet deep, cased to
the bottom with the last 20 feet perforated, supplies water for domestic*
purposes. Water rises 30 feet in the pipe of this well.

Mottled enamel was not found among the native school children of
Lower Miami. Analysis of the city water as given below shows a fluor-
ide content of 2.5 parts per million.

ANALYSIS OF LOWER MIAMI WATER
Citv supply

Lab. No. 20087
Rp.m.

Calcium 225.0
Magnesium 38.0
Fluorides 2.5
Chlorides 62.0
Sulfates 765.0
Carbonate 0.0
Bicarbonat s 266.0
Residue 568.0

McNEAL

Population 150 (Precinct)

McNeal is in Cochise County about 20 miles north of Douglas on a
branch of the Southern Pacific Railroad, between Douglas and Cochise.
It is 40 miles south of Cochise in the Sulphur Spring Valley.

The moderately severe and mild types of mottled enamel were found
among the children in the McNeal school, most of v/hom lived on ranches
in the surrounding country. The private, 24-foot well of Anton Stukel
3J/2 miles west of McNeal was sampled, analyzed, and found to contain
3 parts per million of fluorides.

ANALYSIS OF McNEAL WATER
Private well

(Anton Stukel)
Lab. No, 20115

P.p.m.
Calcirm 3&0
Magnesium 4.0
Fluorides 3.0
Chlorides 54.0
Sulfates 120,0
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Carbonates 17.0
Bicarbonates 362.0
Residue 790.0 *

* Calculated.

MAMMOTH

Population 239 (Precinct)

Mammoth is located in the southeastern part of Pinal County on the
San Pedro River about 12 miles northeast of Oracle and about 25 miles
south of Winkelman. It is a small, agricultural community. There is no
central water supply.
< Every native-born child was found to have mottled enamel of the
moderately severe type on the permanent teeth and there was consider-
able stain present. A public well at the C. C. Clark store which was con-
sidered typical of the private wells in this community which furnish
water to the inhabitants of the village, was sampled and analyzed for
fluorides. Six parts per million of fluorides were found in this well
water.

ANALYSIS OF MAMMOTH WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

MESA

Population 3711

Public well
(C. C. Clark Store)

20483
Rp.m.
30.0
ao6.0

44.0
110.0

7.0
198.0
408.0

Mesa is located in the Salt River Valley 16 miles east of Phoenix,
and about 3 miles south of the Salt River. It is in the heart of the
irrigated district of the Salt River Valley on U. S. Highway No. 80 and
the Southern Pacific Railroad. From the years 1908 to 1925 water was
pumped from two wells 160 and 200 feet deep. They were cased to the
bottom. In 1925, a new well 430 feet deep was drilled and cased to the
bottom. This has been the entire source of city water since 1925.

Examination of the school children disclosed a 55-percent endemicism
of mottled enamel varying in degree from mild to moderately severe.
Further investigation indicated that those with mottled enamel were not
users of the present city water supply during the period of calcification
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of their teeth. The majority of them had used local private well water
during early childhood. Accordingly, two private country wells were
sampled in addition to the present city water. The results of the analy-
ses of all three waters as given below reveal the presence of only 1.3
parts per million of fluorides in the city water, whereas the private well
waters contained 3.1 and 2.9 parts per million, respectively.

ANALYSIS OF MESA WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sul fates
Carbonates
Bicarbonates
Residue

* Residue calculated.

City water
20119

P.p.m.
67.0
19.0

1.3
292.0

70.0
Trace
244.0
852.0

Chapman well
20121

P.p.m.
90.0
38.0

3.1
396.0
8S.0
2.0

488.0
1413.0 *

Standage well
20688

P.p.m.
38.0
11.0
2.9

468.0
165.0
67.0

376.0
1264.0

MIAMI

Population 7693 (City), 14,686 (Precinct 8)

Miami is in southern Gila County about 7 miles west of Globe on U.
S. Highway No. 180 and the Southern Pacific Railroad. It is the center
of the mining and smelting activities of many companies. The Arizona
Edison Company furnishes water to the city which comes from two
wells located in the city. Well No. 1 is a dug well 60 feet deep and
cribbed with 6 x 8 timbers. Large tunnels run out from the bottom of
the well, chiefly for storage purposes. Water from this well is used
to a greater extent than that from Well No. 2. Well No. 2 is drilled 96
feet deep, cased to the bottom with perforations the last 60 feet.

No positive cases of mottled enamel were found among the school
children. Analysis of the city water showed a fluoride content of 0.7
and 1.0 part per million in Wells No. 1 and 2, respectively.

ANALYSIS OF MIAMI WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

Well No. 1
20093

P.p.m.
142.0
15.0
0.7

30.0
350.0

0.0
107.0
268.0

Well No. 2
20858

Rp.m.
38.0
11.0
1.0

22.0
200.0

0.0
56.0

364.0
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MORENCI

Population 5108 (Precinct 2)

Morenci is located in the south central part of Greenlee County 7
miles northeast of Clifton. It is a mining center of the Phelps Dodge
Corporation. The Morenci Water Company has wells on the banks of
Eagle Creek from which water has been pumped for domestic purposes,
since 1908.

No mottled enamel was found in natives of Morenci. The city water
contains 1.7 parts per million of fluorides.

ANALYSIS OF MORENCI WATER
City^ supply

Lab. No. 20086
P.p.m.

Calcium 60.0
Magnesium S.O
Fluorides 1.7
Chlorides 46.0
Sulfates 20.0
Carbonates 5.0
Bicarbonates 293.0
Residue 404.0

NOGALES

Population 6006

Nogales is the county seat of Santa Cruz County, located 67 miles
south of Tucson. It is on the International Boundary between the United
States and Mexico. The Nogales water supply comes from shallow wells
with infiltration galleries under the Santa Cruz River. Well No. 1 is a
dug well 50 feet deep while Well No. 2 is dug to a depth of 60 feet.
The water from both wells is of the same quality. The height of the
water in the wells is governed by the water in the river. The water is
chlorinated before it is pumped into the mains.

No cases of mottled enamel were found in Nogales among the native-
born children. The water as tested has a fluoride content of 1.9 parts
T>er million.

ANALYSIS OF NOGALES WATER
City supply

Lab. No. 20101
'P.p.m.

Calcium 52.0
Magnesium 4.0
Fluorides 1.9
Chlorides 10.0
Sulfates 30.0
Carbonates Trace
Bicarbonates 1880
Residue 2940
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NUTRTOSO

Population ISO*

Nutrioso is located in southeastern Apache County 16 miles south of
Springerville and 10 miles north of Alpine. There is no central water
supply in Nutrioso, the water being furnished by individual shallow
wells, the average depth of which is 25 feet.

Water from the private well of Ernest Wilkins was sampled and
analyzed. Mottled enamel is not associated with this water. Its fluoride
content is 0.7 part per million.

ANALYSIS OF NUTRIOSO WATER

* Estimated.

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

Private well
(E. Wilkins)

20847
P.p m.
38.0
260

0.7
20.0

Trace
7.0

376.0
408.0

OATMAN

Population &A\7 (District 16)

Oatman is a gold mining camp in Mohave County, 28 miles southwest
of Kingman on U. S. Highway 66. The Tom Reed Gold Mine Company
furnishes water to ihe community as a public utility. The water conies
from a spring 5 miles northwest of Oatman and flows to the town by
gravity. This system has been in use over 20 years without any radical
change being made.

Native-born children of Oatman do not have mottled enamel of their
permanent teeth. A concentration of only 0.6 part per million of fluor-
ides was found in the city water.

ANALYSIS OF OATMAN WATER
City supply

Lab. No. 20707
P.p.m.

Calcium 30.0
Magnesium 7.0
Fluorides OS
Chlorides 260
Sulfates Trace
Carbonates 17.0
Bicarbonates 159.0
Residue 304.0
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ORACLE
Population 95 (Village), 386 (Precinct 8)

Oracle is in Final County, 38 miles northeast of Tucson and about 12
miles from Mammoth and the San Pedro River. There is no central
water supply, the inhabitants of this community obtaining water for
domestic purposes from private wells of shallow depth.

Only a few children who have always lived in this region were found,
but all of these had moderately severe mottled enamel of the permanent
teeth. Three parts per million of fluorides were found in the water sam-
ple taken from the 40-foot well belonging to the Roy Gonzales Service
Station.

ANALYSIS OF ORACLE WATER
Private well

(Roy Gonzales)
Lab. No. 20486

P.pm.
Calcium 105.0
Magnesium 26.0
Fluorides 3.0
Chlorides 8̂.0
Sulfates 60.0
Carbonates 22.0
Bicarbonates 368.0
Residue 524.0

PANTANO
Population 430 (Precinct)

Pantano is in the east central part of Pima County on the main line
of the Southern Pacific Railroad. It is about 30 miles southeast of
Tucson. The small population is served with water from the Southern
Pacific well which was dug in 1914. It is 37 feet deep and on the edge
of the Pantano Wash.

No native-born children of this small settlement were found. The
water sampled contained 2 parts per million of fluorides.

ANALYSIS OF PANTANO WATER
Railroad well

Lab. No. 19771
P.p.m.

Calcium 105.0
Magnesium 19.0
Fluorides 2.1
Chlorides 26.0
Sulfates 150.0
Carbonates 17.0
Bicarbonates 268.0
Residue 546.0

PARKER
Population 1315 (Precinct)

Parker is located in Yuma County on the Colorado River 145 miles
north of Yuma. A branch of the Santa Fe Railroad which connects
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Phoenix with the main line of the Santa Fe at Cardix, California, passes
through Parker . I ts industry is chiefly mining and stock raising. The
Colorado River Indian Agency School is located in Parker. The City
of Parker obtains its water from a well 134 feet deep located on a bluff
above the river. The Indian Agency has a well of its own 90 feet deep
located in the river bottomlands. N o native-born white children were
examined by the writers. However, Dr. Fred Bass, Indian Field Dentist
of the United States Department of Interior, reports mottled enamel of
a mild type in 100 percent of the Indian children raised in this region.

The water from a private well 135 feet deep and 5 miles south of
Parker in the river valley was also sampled. The children in the family
using this well water had pronounced cases of mottled enamel of the
moderately severe type. Analyses of the three samples of water from
different wells as given below show a fluoride content of 3.2, 3.2, and
5.2 parts per million respectively.

ANALYSIS OF PARKER WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

City well

20676
P.p.m.
220

7.0
3.2

264.0
195.0

7.0
117.0
856.0

Indian Agency
well

20685
P.p.m.
105.0
340
3.a

144.0
360.0

14.0
227.0

1020.0

Private well
5 miles south

20678
Ppm.

300
7.0
5.2

210.0
120.0

7.0
120.0
752.0

PATAGONIA

Population 710 (Precinct 4)

Patagonia is approximately in the center of Santa Cruz County, 43
miles west of Fairbank. It is in the heart of the cattle grazing country.
Most of the inhabitants of Patagonia obtain their water from private
open wells shallow in depth. A sample of water was taken from a 40-
foot well belonging to William Farrell. This well has been in use for
20 years.

A few cases of mottled enamel of a very mild degree were found in
Patagonia, but were not associated with the local water supply. It has a
fluoride content of 1.5 parts per million.

ANALYSIS OF PATAGONIA WATER
Private well
(W. Farrell)

Lab. No. 20103
P.pm.

Calcium 128.0
Magnesium 11.0
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Fluorides 1-5
Chlorides 10.0
Sulfates 240.0
Carbonates 14.0
Bfcarbonates 198.0
Residue 624.0

PEACH SPRINGS
Population 338 (Precinct)

Peach Springs is located in the east central part of Mohave County
on the main line of the Santa Ke Railroad and on U. S. Highway No.
66, 52 miles northeast of Kingman. Its water is obtained from two
sources, a well and a spring. The well is 1,003 feet deep, cased to 555
feet and perforated from 400 to 500 feet. The spring water is collected
in a cistern and pumped into the delivery tanks. There has been no
change in the water system since 1903 and it is used by all of the popu-
lation in the village.

Examination of the teeth of the school children showed the absence
of mottled enamel in this community. Analysis of the drinking water
showed a fluoride content of less than 1 part per million.

ANALYSTS OF PEACH SPRINGS WATER
City supply

Lab. No. 20700
P.p.m.

Calcium 52.0
Magnesium 25.0
Fluorides 0.7
Chlorides 40.0
Sulfates 25.0
Carbonates 17.0
Bicarbonates 217.0
Residue 348.0

PEARCE
Population 198 (Precinct)

Pearce is located in the central part of Cochise County on a branch
line of the Southern Pacific Railroad, 16 miles south of Cochise on State
Highway No. 81.

A central water supply furnishes water to the residents of the village,
the source of which is from the bottom of a 700-foot mine. Several cases
of mottled enamel were found among the school children but they were
traced to nearby ranch wells. No cases could be found in the natives
who had used the mine water all their lives.

ANALYSTS OP PEARCE MINE WATER
Lab. No. 20114

P.p.m.
Calcium 45.0
Magnesium 4.0
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Fluorides 1.3
Chlorides 24.0
Carbonates 2.0
Sulfates Trace
Bicarbonates 195.0
Residue 148.0

PHOENIX

Population 48,118

Phoenix, the State Capital and County seat of Maricopa County, is
the largest city in the State. It is in the south central part of the State
on several U. S. highways and on the Santa Fe and Southern Pacific
railroads. In 1907 the city acquired eight wells at Pope and Ninth
streets which ranged in depth from 150 to 400 feet. They were used
exclusively until 1922, when an infiltration gallery was installed under
the Verde River. In 1927 wells 80 feet deep were dug along the Verde
River which increased the amount of water to a considerable extent
but not enough so that the city wells could be discontinued during the
summer months. During late 1931 and early 1932 five new wells 2
miles below the old Verde River wells were put into operation so that
the sole source of water is now Verde River water. The city wells are
to be held in reserve for emergency.

Examination of the teeth of the school children in the Phoenix city
schools was made and no cases of mottled enamel were found among
the users of city drinking water. Many children were found with mot-
tled enamel however who had lived in the surrounding country on farms
during early childhood. Tn the Roosevelt School District about 5 miles
south of Phoenix located in the heart of the Salt River Valley irrigated
district, a higher percentage of mild mottled enamel was found. This is
a consolidated school and the children are representative of the outly-
ing districts south of Phoenix. Private wells of rather shallow depth
supply water for domestic purposes.

Analysis of both the Phoenix water and a well in the Roosevelt School
District are given below, and show a fluoride content of 1.3 and 3.5
parts per million, respectively.

ANALYSIS OF PHOENIX WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

City supply
19765

P.p.m.
60.0
26.0
1.3

32.0
70.0
10.0

234.0
308.0

Roosevelt School Dist.
20664

P.p.m.
82.0
37.0
3.5

670.0
350.0

0.0
493.0

1988.0
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PIMA

Population 980 (City), 1260 (Precinct)

Pima is a small agricultural community 8 miles west of Safford and- 5
miles west of Thatcher in Graham County. It is on the United States
Highway No. 180 and the Southern Pacific Railroad and lies very close
to the Gila River. Water is furnished to the inhabitants by the Pima
Water Company who operate a well with a spring intake located in
Cottonwood Wash 10 miles from the town at the foot of Mt. Graham.

No cases of mottled enamel among the users of this central water
supply were found, although many reports of the occurrence of the
defect in the vicinity of Pima have been received. A fluoride concen-
tration of 0.8 part per million was revealed by analysis of the city water.

ANALYSIS OF PIMA WATER
Lab. No. 2O095

P.p.rn.
Calcium 15.0
Magnesium 0.0
Fluorides 0.8
Chlorides 24.0
Sulfates 0.0
Carbonates 17.0
Bicarbonates 149.0
Residue 252.0

POMERENE

Pomerene is a small farming community located about 7 miles north
of Benson on the San Pedro River. Most of the inhabitants now haul
their water from the Pomerene school well which is an artesian well
over 610 feet deep and cased 560 feet, drilled in 1914. However, there
are many private wells still in use. Examination of the teeth of the
native school children revealed considerable variations among individ-
uals. Some had teeth free from mottling, whereas others had very mild
cases of mottled enamel and in still others the defect was quite severe.

Analysis has been made of the school well water and also of that
from several private families. The Coons well, which is also artesian,
663 feet deep and cased 640 feet, was drilled in 1920. The children in
this family do not have mottled enamel, therefore this water cannot be
associated with this defect. Analysis showed it to contain 1.4 parts per
million of fluorides. The Lofgreen well water and that of Pete Fenn
both artesian and both definitely associated with moderately severe mot-
tled enamel, contain 3.5 and 6 parts per million of fluorides, respec-
tively. A shallow well (49 feet deep) in the vicinity (East's) which is
supposedly not used for drinking purposes was also sampled and ana-
lyzed. A fluoride concentration of 7.5 parts per million was found in
this water.
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It appears that the school well which contains 0.9 part per million of
fl lorides and that of the Coon's family do not contain toxic concentra-
tions of fluorides but other wells in the region do, hence the variability
in tooth condition noted.

ANALYSIS OF POMERENE WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sul fates
Carbonates
Bicarbonates
Residue

School
well
19770

Pp.m.
30.0
4.0
0.9

16.0
Trace
17.0

195.0
292.0

Private
(Coon's)

19769
P.p.m.

30.0
8.0
1.4

18.0
15.0
7.0

212.0
252.0

Private
(East)

19768
P.p.m.

112.0
19.0
7.5

72.0
700.0
24.0

625.0
1584.0

Private
(Lofgreen)

21053
P.p.m.

8.0
8.0
3.5

14.0
Trace
10.0

202.0
240.0

Private
(Fenn)

19767
P.p.m.

38.0
4.0
6.0

18.0
Trace

0.0
242.0
361.0

PRESCOTT

Population 5517 (Ci ty) , 0816 (Precinct)

Prescott, the county seat of Yavapai County is located in the central
part of the county on the Phoenix-Ashfork branch of the Santa Fe
Railroad. I t is 136 miles north of Phoenix and 57 miles south of Ash-
fork.

Prescott has two sources of water. A gravity supply from the head-
waters of the Hassayampa River, Wolf, Banning, and Groom creeks
flows into Lake Goldwater, an impounding reservoir. Before going into
the mains it is passed through slow, sand filters and chlorinated. The
second source is infiltration water from Granite Creek. A 72-inch gal-
vanized iron pipe with J4-inch holes drilled into the sides every 4 inches
is buried across the creek under 20 feet of sand and gravel. By this
method the water is filtered before pumping and chlorinated as it leaves
the pump. The Granite Creek system is used only when the gravity sup-
ply runs low in the summer.

All of the children native to Prescott were free from mottled enamel.
The water suplpy contains 1.1 parts per million of fluorides.

ANALYSIS OF PRESCOTT WATER
City supply

Lab. No. 20661
P.p.m.

Calcium 22.0
Magnesium 4.0
Fluorides 1.1
Chlorides 14,0
Sulfates Trace
Carbonates 0.0
Bicarbonates 105.0
Residue 172.0
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QUARTZSITE

Population 112 (Precinct)

Quartzsite is located on State Highway No. 74 in the west central part
of Yuma County about 25 miles southwest of Bouse and 100 miles north
of Yuma, between the Dome Rock and Plomosa Mountains on the Tyson
Wash. Private wells are in use in the community which average 20 feet
in depth.

I t is a mining town with a transient population, hence no native-born
children of Quartzsite were found. However mottled enamel has not
been reported from Quartzsite. The shallow well belonging to Mrs .
Charles Koehn was analyzed for fluorides and found to contain 1.4 parts
per million.

ANALYSIS OF QUARTZSITE WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

Private well
(Mrs. C. Koehn)

20677
P.p.m.

90.0
19.0
1.4

80.0
60.0
0.0

317.0
456.0

RAY
Population 4102 (Precinct 12)

Ray is in the extreme eastern part of Pinal County 7 miles north of Ray
Junction and 36 miles northeast of Florence. It is a copper mining dis-
trict located in the Dripping Spring Mountains. The water supply comes
from many sources and since some of the population uses certain por-
tions before the supply enters the reservoir it is very difficult to trace the
water which any particular individual may have used. At the old Twin
Pump the well is 80 feet deep and water stands at 55 feet. This well is
in Mineral Creek above the town. More recently another well 100 feet
deep called New Twin Pump has been dug in Mineral Creek. This well
has two drifts one west and another extending 75 feet south. Still an-
other source of water is Devils' Canyon, which heads in near Globe on a
flat 7 miles upstream. A 3-inch pipe line brings 30 gallons of water per
minute to the village. Also a series of springs in Mineral Creek furnish
50 to 250 gallons per minute for domestic use.

No mottled enamel was noted among the native-born school children
of Ray. The city drinking water supply as sampled contained 1 part
per million of fluorides.
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ANALYSIS OF RAY WATER
City supply

I#b. No. 20088
P.p.m.

Calcium 9X0
Magnesium 19.0
Fluorides 1.0
Chlorides 38.0
Sulfates 90.0
Carbonates 0.0
Bicarbonates 290.0
Residue 324.0

RED ROCK

Population 31
Red Rock is in the southern part of Final County on the main line

of the Southern Pacific Railroad and on the Tucson-Casa Grande high-
way. It is 33 miles northwest of Tucson and 32 miles southeast of Casa
Grande. There are but two or three wells in the village and they are
all of the same depth, approximately 185 feet.

Analysis was made of the dug well water of the C. L. Brooks gasoline
service station, which was found to contain 1 part per million of fluor-
ides. The community is free from mottled enamel.

ANALYSIS OF RED ROCK WATER
Private well

(C. Iv. Brooks)
Lab. No. 20127

P.p.m.
Calcium 30.0
Magnesium 4.0
Fluorides 1.0
Chlorides 18.0
Sulfates Trace
Carbonates 5.0
Bicarbonates 154.0
Residue 236.0

RICE

Rice is on the Blue River about 20 miles north of the old townsite
of San Carlos, Gila County, and 19 miles east of Globe. It is an Indian
trading station and the home of a U. S. Government Indian Training
School. The Southern Pacific Railroad and a state highway serve the
community. The privately owned wells which supply water in the vil-
lage are shallow and usually without cover. The Indian School well is
84 feet deep with the casing driven into 6 feet of clay, and ending ir*
gravel. There are perforations at 60 to 70 feet and the main water sup-
ply comes in at 65 feet. This well water was not tested.

No native-born white children were found by the writers. The fluor-
ide content of the water from a 35-foot well at a filling station in the
village was found to be 1.9 parts per million.
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ANALYSTS OF RICE WATER
Private well

Lab. No. 20096
Ppm.

Calcium 60 0
Magnesium 8.0
Fluorides 1.9
Chlorides 30.0
Sulfates 45.0
Carbonates Trace
Bicarbonates 300.0
Residue 408.0

ROLL,

Population 610 (Precinct)

Roll is located in the Mohawk Valley about 50 miles east of Yuma.
It lies only 2l/2 miles north of the Gila River and about 7 miles north
of Tacna which is on U. S. Highway No. 80. It is a farming commun-
ity with a scattered population. There is no central water supply, each
ranch having its own private well.

The several native-born children examined showed mottled enamel of
the moderately severe type. Analysis of the school well water shows a
fluoride concntration of 3.3 parts per million. Analysis was also made
of water from the 200-foot well on the Sanguinetti ranch. This wpter
was definitely associated with cases of mottled enamel of the severe
type and was found to contain 6.7 parts per million of fluorides.

ANALYSIS OF ROIX WATER

Lab No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicaibonates
Residue

School well

19762
Pp.m
158.0
52.0
3.3

570.0
240.0

20
322.0

1612.0

Private well
Sanguinetti ranch

21690
P.pm.

0.0
00
8.7

3080
200.0
26 0

168.0
996.0

SACATON
Sacaton lies in Pinal County on the Gila River Indian Reservation

about 10 miles south of Chandler. The village of Sacaton lies about 3
miles south of the Gila River and the agricultural lands farmed by the
Indians lie in the old river bottom and extend for several miles along
the river. The United States Government maintains an Indian Training
Boarding School, several day schools and an experimental seed farm on
the Indian Reservation. A well about 400 feet deep at the Govern-
ment seed farm furnishes water for the families of the Government em-
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ployees and Indian Training School inmates. The Indians in the sur-
rounding territory, however, obtain their water from open dug wells
shallow in depth.

The incidence of moderately severe and severe mottled enamel is 100
percent among the Indians native to this region but no cases among the
white childrn who had always used the Government water supply could
be found.

Analysis was made of the water from the seed farm, Casa Blanca Day
School, which lies 12 miles west of Sacaton, and a shallow Indian well,
18 feet deep. Fluoride concentrations of 1.7, 6.5, and 5.1 parts per
million respectively were found.

ANALYSIS OF SACATON WATER

Seed Karm Casa i31?nca School Indian Well
Lab. No. 21062 19760 20130

Calcium
Magnesium
Fluorides
Sulfates
Stilfates
Carbonates
Bicarbonates
Residue

* Residue calculated.

P p.m.
230
80
1.7

54.0
750
12.0

156.0
384.0

ST.

P.om.
1040
20 0

8.5
320 0
70.0
19.0

268.0
973.0 *

DAVID

Pnm
1200
22 0
5.1

4780
300.0

7.0
268.0

1584.0 *

Population 250 *

St. David is located in the San Pedro Valley 7 miles southeast of Ben-
son. It is a rural community, and formerly was a thriving agricultural
center. A lack of sufficient amounts of irrigation water has materially
cut down the land used for agricultural purposes. The drinking water
is furnished chiefly by water from deep artesian wells which discharge
into earthen storage reservoirs. A few shallow wells are to be found in
the district.

An intensive investigation in this community showed that every child
native to St. David had mottled enamel of the moderately severe or
severe type. The only exception to the 100 percent incidence of mot-
tled enamel here was in the case of the Milton Curtis children who live
7 miles south of St. David. St. David is the community in which the
original investigation into the cause of mottled enamel was carried on.
For this reason a greater number of private water supplies have been
analyzed. As shown below, the fluoride contents range from 1.9 parts

Estimated
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per million in the Milton Curtis well, which is the only water the users
of which do not have mottled enamel, to 12.6 in the Goodman well.

ANALYSIS OF ST. DAVID WATER

Lab. No.
Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

Milton
Curtis
20660

8.0
0.0
1.9

10.0
Trace

5.0
85.0

156.0
^Residue calculated.

Private wells
A.J.
Busby
21057
165.0

19.0
11.2
14.0

500.0
7.0

49.0
876.0

ST.

Bert
Goodman

21121
23.0
40

12.6
12.0

200.0
12.0

132.0
512.0*

. JOHNS

McRae
21051
23.0
11.0

7.8
24.0
60.0
14.0

283.0
448.0

Riggs
21052

0.0
4.0

14.0
Trace
10.0

107.0
128.0

Roy
Curtis
21056

8.0
11.0
4.3

14.0
0.0

12.0
107.0
162.0

Population 1386 (Precinct)

St. Johns, the county seat of Apache County, is on the Little Colo-
rado River, 29 miles north of Springerville and 54 miles southeast of
Holbrook. Farming and cattle- and sheep-raising are the principal in-
dustries. For a part of the year, water for domestic purposes is obtained
from two springs controlled by the St. Johns Water Works. One spring
is 4 miles east of town and the other which is twice the capacity of the
first is 8 miles west of town. These two spring waters are mixed at the
reservoir before going into the mains. There are also in the immediate
vicinity of St. Johns, shallow wells which are called upon to supply some
water when the central supply is insufficient as is frequently the case,
especially in the summer months.

Examination of the permanent teeth of the school children native to
St. Johns and its vicinity showed considerable variation. Roughly, 20
percent had mottled enamel of the moderately severe type. Another 50
percent of the children had anywhere from a trace of white flecking on
the teeth to pronounced, although mild, mottling. The other 30 percent
showed no enamel defect.

Analysis of the spring water and also of water from the private well
of J. W. Heap is given below. The private well located on a small hill
50 feet above the bottomlands of the Little Colorado River was drilled
in 1920 to a depth of 125 feet. Water rises to within 22 feet of the sur-
face. It would appear as though water of the private well type with a
fluoride content of 7.3 parts per million and not the city water which
contained only 2.2 parts per million of fluorides was responsible for the
tooth condition found.
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ANALYSIS OF ST. JOHNS WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sul fates
Carbonates
Bicarbonates
Residue

City spring water

20711
P.p.m.

22.0
7.0

22.0
33.0
19.0

1900
328.0

SAFFORD

Population 1706

Private well
(J. W. Heap)

20848
P.p.m.
180.0
86.0
7.3

380.0
800.0

12.0
339.0

2072.0

Safford is located in the central part of Graham County on the Gila
River and is surrounded by an irrigated agricultural district. It is on
U. S. Highway No. 180, 86 miles east of Globe on the Bowie-Globe
division of the Southern Pacific Railroad. The county seat of Graham
County is located here.

Until 1928 three wells located on the Robinson and Riggs' ranches
about 3 or 4 miles southwest of town furnished water for about 9 months
of the year. During the other 3 months, mountain water was used. In
February, 1928, a dam was built in the Graham Mountains m the Fry
Creek watershed to impound the melted snow and rain. The reservoir
has a capacity of 480 acre-feet and seems to be sufficiently large at the
present time to supply the city water without having to resort to wells.
From the dam the water is carried in the open canyon for one-
fourth mile and then led into a pipe for transmission to the city. Mot-
tled enamel of the mild and moderately severe type was found in about
60 percent of the children examined in the Safford school. In each case
it was found that the persons so afflicted had not always used mountain
water, but water from a well in the community.

A sample of water from the Layton well at the east edge of town 32
feet deep was analyzed and found to contain 3 parts per million of fluor-
ides, whereas the mountain water now used by the city was found to
contain but 0.5 part per million of fluorides.

ANALYSTS OF SAFFORD WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides

City supply

20117
P.p.m.

15.0
00
0.5
6.0

Private well
(Layton)

20091
P.p.m.
158.0
34 0

3.0
386.0
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Sul fates
Carbonates
Bicarbonates
Residue

0.0
0.0

540
192.0

140 0
Tiace
520.0

11920

SAN SIMON
Population 549 (Precinct)

San Simon is in the northeastern part of Cochise County, 16 miles
east of Bowie and 34 miles west of Lordsburg, New Mexico. It is on
the main line of the Southern Pacific Railroad between Tucson and
Lordsburg. It is in the San Simon Valley, which drains into the Gila
River. There is no central water supply used by all the inhabitants of
San Simon. The village is in an artesian water region and private deep
artesian supplies are most commonly used as sources of water for do-
mestic purposes.

The railroad obtains its water from an 80-foot well which was dug in
1882. Since that time, however, the well has been cased and filled with
gravel. Analysis was made of water from the school artesian well which
is 845 feet deep and cased 780 feet as well as of the railroad well water.
Fluoride contents of 5.3 and 9.8 parts per million, respectively, were
found. All of the native-born inhabitants of San Simon have mottled
enamel of the moderately severe type.

ANALYSIS

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

OF SAN SIMON WATER
Railroad shallow well School

20113
P.p.m

52 0
40
9.8

560
2700

7.0
305 0
7160

artesian supply
2U116

P.p m.
15.0
0.0
5.3

10.0
8O.0
7.0

122.0
308.0

SAN XAVIER INDIAN R E S E R V A T I O N

Population 908 (Precinct)

San Xavier is located on the Santa Cruz River about 10 miles south
of Tucson. Papago Indians farm the bottomlands on the reservation and
live in mud huts which are built in groups around an open dug well.
The water is drawn with a bucket on the end of a rope which runs
through a pulley.

The teeth of the native children in the school at the Mission were
examined and mottled enamel of the mild type was found in every case.
There was comparatively little staining in the mottled areas on the teeth



One-half mile
N. W. of Mission

20478
P.pm.

45 0
80
3.0

32.C
90 0
22.0

244.0
412.0

20 rods
S. of Mission

20477
P.p.m.

60.0
4.0
1.8

36 0
120 0
19.0

234,0
432 0
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of these children, but the dull, chalky white patches as pictured in Figure
1 were present. Two wells were sampled, one about 20 rods south ot
the Mission on the east side of the road and another about one-half miio
northwest of the Mission, adjacent to the cemetery. The first well usually
contains 12 to 18 inches of water, and its total depth is 16j4 feet. The
second well is 42 feet deep. A fluoride content of 3.0 and 1.8 parts per
million was shown by analysis.

ANALYSTS OF SAN XAVIER WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sul fates
Carbonates
Bicarbonates
Residue

SCOTTSDALE
Population 2761 (Precinct)

Scottsdale is located in the eastern end of the Salt River Valley about
5 miles north of Tempe and 12 miles northeast of Phoenix in the dra'n
age area of the Salt River. It is an irrigated region and much of the
surface well water locally is seepage water from irrigation. General
farming and cotton raising are the principal industries.

Mottled enamel was not found among the children who were native
and had always used the central water supply. An analysis of Scottsdale
city water showed a fluoride content of 0.5 part per million.

ANALYSIS OV SCOTTSDALE WATER
City supply

Lab. No, 20120
P.p.m.

Calcium 38.0
Magnesium 8.0
Fluorides 0-5
Chlorides 188.0
Sulfates Trace
Carbonates 5,0
Bicarbonates 115.0
Residue 452.0 *

* Residue calculated.

SELIGMAN
Population 100*

Seligman is located in Coconino County 25 miles west of Ashf ork on
the main line of the Santa Fe Railroad and on U. S. Highway 66. It is

*Estimated.
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a section point on the railroad. There are no local wells in the town, all
of the water being hauled in by train from the Santa Fe water works
at Puro.

Analysis of the water used by the inhabitants of Seligman showed the
presence of 0.7 part per million of fluorides. Mottled enamel was not
found in this community.

ANALYSIS OF SELIGMAN WATER
City supply
(Puro Well)

Lab. No. 20702
P.p.m.

Calcium 15.0
Magnesium 4.0
Fluorides 0.7
Chlorides 18.0
Sulfates Trace
Carbonates 14.0
Bicarbonates 132.0
Residue 236.0

SELLS
Population 1300 (Precinct)

Sells is located on the Papago Indian Reservation about 60 miles
southwest of Tucson on the Tucson-Ajo highway. The U. S. Indian
Service maintains headquarters here for the administrative force at the
reservation. A government boarding school is located here. A well 85
feet deep at the agency headquarters furnishes water to the Government
employes, to the schools, stores, etc. Most of the Indians, however, live
on their allotments some distance from headquarters and use water
from various sources such as shallow wells, repressos, water holes, etc.
It is thus impossible to ascertain the quality of water which they have
used for drinking purposes.

No mottled enamel was found among the native inhabitants of Sells.
The water analyzed from the agency well contains less than 1 part per
million of fluorides.

ANALYSIS OF SELLS WATER

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

* Analysis by the volitalization method.

Indian Agency
headquarters well

P.pjn.
120.0
19.0
0.3*

42.0
Trace
Trace
351.0
670.0
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SENTINEL
Population 133 (Precinct)

Sentinel is located in the southwestern part of Maricopa County on
the main line of the Southern Pacific Railroad and the Phoenix-Yuma
highway. I t is in the Gila River drainage, being about 10 miles south of
the river. The railroad wells, three in number, furnish domestic water to
the entire population, although one or two local wells have restricted
use for garden irrigation, etc. At the present time water is being pumped
from wells 3 and 4, 1,082 and 1,030 feet deep respectively. Both are cased
to the bottom but well No. 3 is perforated from 1,030 feet to 1,082 feet
so they both draw water from the same stratum. Well Xo. 3 was drilled
in January, 1904, and Well No. 4 in 1916. Well No. 2 is used for emer-
gency and Well No. 1 has been abandoned.

The comparatively few native-born children examined had mottled
enamel of the severe type. Analysis was made of the railroad supply
which furnishes the water for drinking purposes and also of a 300-foot
private well in the village, and 7.7 and 9.3 parts per million of fluorides
respectively were found.

ANALYSIS OF SENTINEL WATER
Railroad supply Private well

Lab. No. 20673 20672

Calcinm
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residite

P.p.m.
15.0
4.0
7.7

220.0
150.0

17.0
56.0

732.0

P.p.m.
135.0
30 0
9,3

692.0
400.0
10.0
24.0

1936.0

SHOWLOW
Population 100 *

Showlow is located 21 miles northeast of McNary and an equal dis-
tance south of Snowflake. It is about H mile from Showlow Creek. The
inhabitants are chiefly engaged in general farming and cattle raising. A
spring in the south end of town, dug down 6 feet furnishes seven fami-
lies with water for domestic purposes. I t is owned by J. W . Nikolous
and has been in use about 45 years. Analysis of this water showed the
presence of 0.9 part per million of fluoride.

Mottled enamel has not been reported in this community.

ANALYSIS OF SHOWLOW WATER
Spring water

Lab. No. 20849
P.pm.

Calcium 53.0
Magnesium 8.0

* Estimated.



270 TECHNICAL BULLETIN No. 43

Fluorides 0.9
Chlorides 33.0
Sul fates Trace
Carbonates 7.0
Bicarbonates 232 0
Residue 260 0

SNOWFLAKE

Population 1259 (Precinct 3)

Snowflake is located in Navajo County about 30 miles south of Hol-
brook on Silver Creek. The inhabitants of this community are engaged
chiefly in farming and sheep-raising. A central supply of water fur-
nished by Snowflake Utility Company comes from a 400-foot well, which
was drilled in 1927. The well, which penetrates three strata of water,
is located in the south end of town 1 mile from Silver Creek.

The writers did not examine the teeth of the native-born children but
no mottled enamel has been reported in this village. A fluoride concen-
tration of 0.9 part per million was found in the city water supply.

ANALYSIS Ol

Lab. No

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

SNOWFLAKE WATER
City supply

20850
P.p.m
45.0
11.0
0.9

180
75.0
7.0

254.0
3560

SOLOMONVILLE

Population 1283 (District 5)

Solomonville is located in central Graham County on the Gila River
in a rich agricultural district about 5 miles east of Safford. There is no
central water supply, the water used for drinking purposes coming from
individual shallow wells.

Moderately severe mottled enamel is prevalent here as well as in much
of the country adjacent to Safford, where water from country wells is
used for drinking purposes. Analysis made of the 37-foot well water of
Fred Blake shows a fluoride content of 3.8 parts per million.

ANALYSIS OF SOLOMONVILLE WATER
Lab. No. 20715

P.pm.
Calcium 127.0
Magnesium 34.0
Fluorides 3.8
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Chlorides 374.0
Sulfates 180.0
Carbonates 0.0
Bicarbonates 4-Ut
Residue 1328.0

SOMERTON

Population 903 (Precinct 1), 1888 (Precinct 2)

Somerton is located in southeastern Yuma County in the Yuma Yal-
ley, about 15 miles southwest of Yuma and 4 miles east of the Colo-
rado River. A municipally owned water plant furnishes water to the
entire village although, being a rural community, a large number of
children in the school use water from private wells, which average 20
to 30 feet in depth. The city well was drilled in 1920 and is 216 feet
deep,

A trace of white flecking on the enamel of the teeth of the supposedly
native-born was noted in a very few cases. However, no positive cases
of mottled enamel were observed among the users of the city water sup-
ply, which was found to contain 2 parts per million of fluorides.

ANALYSIS Ob SOMERTON WATER
City supply

Lab. No. 20669
P.p.tn

Calcium 1120
Magnesium 41.0
Fluorides 2.0
Chlorides 368.0
Sulfates 255.0
Carbonates 5.0
Bicarbonates 276.0
Residue 1168.0

SONOITA

Population 88 (Precinct 14)
Sonoita is located in northeastern Santa Cruz county about 12 miles

northeast of Patagonia. Farming, stockraising, and mining are carried
on on a small scale in this community.

Mottled enamel is evidently not a problem in the Sonoita district, for
no native-born children with mottled enamel were observed. A sample
of water was obtained from the school well which is fairly typical of
the water of the community. The well is 235 feet deep and the water
has a fluoride content of 0.6 part per million.

ANALYSIS OF SONOITA WATER
School well

Lab. No. 20102
P.p.m.

Clacium 37.0
Magnesium 4.0
Fluorides 0.6
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Chlorides 12.0
Sul fates Trace
Carbonates 7.0
Bicarbonates 146.0
Residue 224.0

SPRINGERV1IXE

Population 565 (Precinct)

Springerville is located in the southern part of Apache County, 30
miles south of St. Johns, and is on the Little Colorado River. Stock
raising and agriculture are the principal industries. Individual, privately
owned wells supply the population with water for domestic purposes,,
These wells average 15 to 25 feet deep. The sample of water whose
analysis is given below came from a well at the United States Forest
Service headquarters, and was found to contain 1.5 parts per million of
fluorides.

Of the 40 children whose teeth were examined, eight were found who
had moderately severe mottled enamel and 21 children had a very mild
type of mottled enamel, whereas the remaining were free from the
defect. As the population is scattered, the writers suspect that the chil-
dren with mottled enamel had access, during at least part of their life,
to water of a different type and higher in fluoride content than this
analysis of Springerville water shows it to contain, which probably is
responsible for the tooth condition found.

ANALYSIS OF SPRINGERVILLE WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

Private well
United States Forestry Service

20705
P.p.m.
60.0
30.0
1.5

38.0
30.0

7.0
327.0
444.0

SUPERIOR
Population 4295 (Precinct 2)

Superior is located in the northwestern part of Final County on
United States Highway No. 180, 33 miles northeast of Florence and 21
miles southwest of Miami. It is also on the Magma, Arizona Railroad.
It is the home of the Magma Copper Company mine and smelter. The
water is supplied by the Arizona Edison Company. Part of the domestic
water is infiltration and spring water from the mountains. Some is
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pumped out of Magma mine, but water from this source is little used
now. Three wells, one the Layton well and two others known as the
Ruiz wells, are used only in emergency and because of sanitary condi-
tions are never used for drinking.

Examination of the native-born school children showed the absence
r mottled enamel in the city. Analysis of the city water supply revealed

the presence of 1.1 parts per million of fluorides.

ANALYSIS OF SUPERIOR WATER
City supply

Lab. No. 2O089
Ppm.

Calcium 45.0
Magnesium 40
Fluorides 1.1
Chlorides 18.0
Sulfates 20.0
Carbonates 0.0
Bicarbonates 161.0
Residue 220.0

TACNA

Population 12 *

Tacna is located 45 miles east of Yuma in the southern part of Yuma
County, 7 miles east of Wellton on the sandy Wellton Mesa. It is
about Ay2 miles south of the Gila River on U. S. Highway 80 and the
Southern Pacific Railroad. The well sampled at "Brother Noah's"
store is 101 feet deep and is largely surface water. Its fluoride content
was found to be 3.0 parts per million.

* Estimated.

AN \l,YSIS 01 T\(

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

?NF\ WATER
Store well

20680
P.p.m.
82.0
34.0

3.0
1678.0
380.0
12.0

100.0
3416.0

TEMPE
Population 2495

Tempe is located in Maricopa County on the Salt River, 9 miles
southeast of Phoenix and 6 miles west of Mesa. It is on the Picacho-
Phoenix line of the Southern Pacific Railroad and is in the heart of the
irrigated district of the Salt River Valley. Practically all of the city
residents use city water. Previous to 1929, three wells 135 feet deep.
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cased and not perforated were used. At that time, Well No. 4 was
drilled to the same depth, but the casing was perforated the last 40 feet
The sample of water analyzed is from Well No. 4.

Examination of the children in the city schools showed that users of
the present city water do not have mottled enamel. Many cases of mot-
tled enamel were found in the schools but they were traced to drinking
water from nearby country wells. A fluoride content of 1.1 parts per
million was found in the water from Well No. 4.

ANALYSIS OF TEMPE WATER
City supply

Lab No 20129
P.p.m.

Calcium 90.0
Magnesium 38.0
Fluorides 1.1
Chlorides 350.0
Sulfates 140 0
Carbonates 0.0
Bicarbonates 322.0
Residue 1084.0

THATCHER

Population 895

Thatcher is located in the central part of Graham County 3 miles
northwest of Safford. It is on U. S. Highway No. 180 and the Southern
Pacific Railroad. It is a rural farming community which uses moun-
tain water from springs at the foot of Mt. Graham for domestic pur-
poses, distributed by the Arizona Edison Company.

No mottled enamel among the children who used city water entirely
was found. Analysis shows that fluorides are present in this water in
a very low concentration, but country wells near by seem to exhibit the
typical Gila influence and to contain fluorides in such high concentra-
tions as to be toxic,

ANALYSIS OF THATCHER WATER
City supply

Lab, No. 20713
P.p.m.

Calcium 0.0
Magnesium 4.0
Fluorides 0.3
Chlorides 10.0
Sulfates 25.0
Carbonates 0.0
Bicarbonates 54 0
Residue 108.0

TOLLESON

Population 910
Tolleson is located 10 miles west of Phoenix in the Salt River Valley.
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It is in the heart of the irrigated district and about 4 miles north of
the Gila River. Cantaloupes, lettuce, and cotton are raised and live-
stock fattening is an important industry.

Mottled enamel was not found among the native-born of Tolleson.
The fluoride content of the water from the village store was found to
be approximately 1 part per million.

ANAUiSIS OF TOTXESON WVTER
Central supply

Lab. No. 20125
Calcium 83.0
Magnesium 41.0
Fluorides 1.1
Chlorides 310.O
Sulfates 75.0
Carbonates 2.0
Bicarbonates 171.0
Residue 816.0 *

^Residue calculated.

TOMBSTONE
Population 922 (Precinct)

Tombstone is located somewhat to the southwest of the center of
Cochise County, 26 miles northwest of Bisbee and 15 miles southwest of
St. David. It was formerly (until 1929) the county seat of Cochise
County. Water for domestic purposes is furnished by springs in the
Huachuca Mountains, 26 miles to the south. This water is distribuetd
by the Huachuca Water Company of Tombstone.

Mottled enamel was not found on the teeth of school children. The
fluoride content of this water is only 0.2 part per million.

A private well 4 miles west of Tombstone, 45 feet deep (Trapman
ranch) was also sampled and analyzed for fluorides. It too showed a
very low fluoride content, containing but 0.7 part per million.

ANALYSIS OF TOMBSTONE WATER

Lab No

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

City supply

20100
Pp.m.

45.0
4.0
0.2
8.0

Trace
10.0

142.0
228.0

Private well
(Trapman's ranch)

20717
P.p.m.

30.0
110
0.7

10.0
33.0
100

173 0
272.0

TOPOCK
Population 106 (District 12)

Topock is located in the southwestern part o£ Mohave County on the
Colorado River, 12 miles south of Needles, 50 miles southwest of King-
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man on U. S. Highway 66. A dug well, belonging to the Santa Fe Rail-
road, 34 feet deep, is curbed with brick and has been used by the entire
population of the village since it was dug in 1896.

Xo native-born children were examined in this community. A fluoride
content of 4.7 parts per million was found in the water tested.

ANALYSIS OF TOPOCK WATER
Railroad well

Lab. No. 20694
P.p m.

Calcium 22.0
Magnesium 4.0
Fluorides 4.7
Chlorides 2020
Sulfates 80.0
Carbonates 7.0
Bicarbonates 117.0
Residue 700.0

TRUXTON

Population 170 (District 22)

Truxton is located 12 miles southwest of Peach Springs in Mohave
County and 33 miles northeast of Kingman. A Government Indian
Training School is located here, but as perhaps none of the Government
school children were native to this region no attempt was made to exam-
ine their teeth. Analysis made of the well at the Government Training
School showed the presence of less than one part per million of fluorides.

ANALYSIS OF TRUXTON WATER
Indian Training School

Lab. No. 20710
P.p.m.

Calcium 75.0
Magnesium 56.0
Fluorides 0.4
Chlorides 94.0
Sulfates 120.0
Carbonates 22.0
Bicarbonates 2810
Residue 604,0

TUCSON

Population 32,506

Tucson is located on the Santa Cruz River in the northeastern part
of Pima County, of which it is the county seat. It lies on the Santa Cruz
River, 70 miles north of Nogales and 130 miles south of Phoenix. Water
for domestic use is secured from wells. Two water fields are in use
at the present time. The northern and eastern parts of the city are sup-
plied with water from four wells about 500 feet deep, the perforations
of which start at about 150 feet. These wells are in the Campbell Ave-
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nue residential district in the eastern part of the city. This water is
commonly referred to as u Rincon Water." It is fairly low in soluble
salts and is not exceptionally hard. The second and larger supply is
from 11 wells south of the city along the Santa Cruz River. The water
levels in these wells is about 40 feet. A larger supply of water can be
obtained from the Santa Cruz underflow and pumping is cheaper than
at the deeper, east-side wells. The salt content of this water is about
twice as high as the east side water. It is harder and must be more
heavily chlorinated.

Examination of the native school children in the different parts of
the city showed the absence of mottled enamel among the users of either
the north or south side city water, A few cases of moderately severe
mottled enamel were found in the Clearwater district among users of a
few shallow wells (still in use) near the Tucson Brick Yards. Analysis
of the several waters as given below show a fluoride content of 0.6 and
07 parts per million, respectively in the north and south side city water,
and 2.7 parts per million in one shallow well located outside of the city
limits near the brick yards.

ANALYSIS OF TUCSON WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

City supply
North side

13940
P.p.m.
45.0
8.0
0.6

47.0
750
0.0

125.0
3200

City supply
South side

20479
P.p.m

90.0
15.0

0.7
2*0
90.0
0.0

268.0
483.0

WELLTON

Private well
(Castro)

20480
P.p.m.

60.0
11/)
2.7

28.0
90 0
0.0

268.0
504.0

Population 781 (Precinct)

Wellton is located m Yuma County, 34 miles east of Yuma. It is on
a mesa about 4 miles south of the Gila River. Transportation facility
include the Southern Pacific Railroad and U. S. Highway No. 80. The
inhabitants of this region are chiefly engaged in general agriculture.
Three wells each drawing water from the same strata furnish water to
the population. The L. C. Spain well which supplies about 40 percent
of the water is 180 feet deep and has a 12-inch stovepipe casing which
is perforated between 75 and 148 feet. The railroad well furnishes a
similar amount of water, while a third well of like depth furnishes water
to the remaining 20 percent of the inhabitants.
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Mottled enamel of the moderately severe type was noted among the
native born children. Analysis of the water as given below shows a
fluoride content of 4,7 parts per million in the L. C. Spain well. Analy-
sis was also made of the water from the 32-foot well owned by R.
McDonald at Radium Wells which is located 6 miles west of Wellton
and a fluoride content of 12.5 parts per million was found. No children
who had used this water for a period of years were found.

ANALYSIS OF WELLTON WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Stil fates
Carbonates
Bicarbonates
Residue

Citv supply
(L.C. Spain)

20674
P.p.m.
90.0
4S.0

3.7
632.0
180.0

0.0
254.0

1456.0

Railroad
well
20852
P.p.m.

83.0
63.0

3.3
614.0
150.0

7.0
251.0

1612.0

Radium
Wells
20682

P.p m.
180.0
60.0
12.5

2184.0
1000.0

14.0
307.0

5184.0

WICKENBURG

Population 891 (Precinct)

Wickenburg is located in Maricopa County, 54 miles north of Phoe-
nix on the Phoenix-Prescott highway, on the Hassayampa River, and
Santa Fe Railroad. The water is furnished by a 25-foot dug well near
the river, which is cribbed with timbers most of the way down. No
material change in this well has been made since it was first dug in 1909.

No cases of mottled enamel could be traced to this water which was
found to contain 1.5 parts per million of fluorides.

ANALYvSTS OF WICKENBURG WATER
City supply

Lab. No. 20665
P.p.m.

/Calcium 52.0
Magnesium 11.0
Fluorides 1.5
Chlorides 30.0
Sulfates 60.0
Carbonates 0.0
Bicarbonates 281.0
Residue 372.0

W1LLCOX
Population 489 (Precinct 1), 840 (Precinct 2)

Willcox is located in the north central part of Cochise County, 75
miles north of Douglas. It is on the main line of the Southern Pacific
Railroad between Tucson and Lordsburg and on the 16-mile Mascott
and Western Railroad. Water is supplied to 92 families by the Willcox
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Power Company who pump water from a shallow ^ell 32 feet deep.
Mottled enamel which occurred in Willcox was not found among the

users of the city water. The cases which were found in the Willcox
schools were traced to waters from rural wells. Analysis showed that
the Willcox water sampled at the High School contains 2.4 parts per
million of fluorides. A rural well 90 feet deep belonging to D. E. Scott
located about 7 miles northwest of Willcox was sampled and it was
found to contain 3.3 parts per million of fluorides. Stewart's School
well which is located about 8 miles northwest of Willcox contains 1.2
parts per million of fluorides.

ANALYSTS OF WTLLCOX WATER
High School Private well Stewart School well

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Bicarbonates
Carbonates
Residue

supply
20111
P.p.m.

45.0
4.0
2.4

38.0
30.0

305.0
Trace
472.0

(D.E.Scott)
20476
P.p.m.

30.0
4.0
3.3

58.0
30.0

132.0
12.0

308.0

WILLIAMS
Population 2166

near Willcox
20475

P.p.m.
23.0
4.0
1.2

20.0
Trace
117.0

12.0
164.0

Williams is located in the southern part of Coconino County on the
main line of the Santa Fe Railroad, 36 miles west of Flagstaff. It is
frequently referred to as the gateway to the Grand Canyon as both rail-
road and automobile travel leaves the east and west arteries of travel
here for the 64-mile trip north to the canyon. It is at the foot of Bill
Williams Mountain from which rain and melted snow run into a 3 6 r

000,000-gallon capacity reservoir, and is distributed in mains to the
inhabitants by the municipality. Occasionally in the summer a water
shortage prevails and water is shipped in from Puro by the Santa Fa
Railroad.

No mottled enamel was found among the native-born inhabitants of
Williams. The fluoride content of the mountain water city supply was
found to be less than 1 part per million.

ANALYSIS OF WILLIAMS WATER
Lab. No. 21064

P.p.m.
Calcium 0.0
Magnesium 0.0
Fluorides 0-9
Chlorides 10.0
Sulfates Trace
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Carbonates W)
Ricarbonates 22 0
Residue 47.0 *

^Residue calculated.

WINKELMAN

Population 72Q

Winkelman lies in the southern part of Gila County, 37 miles south
of Globe and 1 mile east of Hayden. It is located at the junction of
the Gila and San Pedro rivers. The water for domestic use is furnished
by the Arizona Edison Company from wells located about 1 mile east
of town.

Practically every child native to Winkelman had a mild case of mot-
tled enamel. The fluoride concentration of the water sampled is 2.8
parts per million.

ANALYSIS OF WINKELMAN WATER
City supply

Lab No. 20489
Pom.

Calcium 82 0
Magnesium 15 0
Fluorides 2.8
Chlorides 272 0
Sulfates 130.0
Carbonates 7.0
Bicarbonates 276.0
Residue 855 0

WINSLOW

Population 3917
Winslow is located in the west central part of Navajo County on the

main line of the Santa Fe Railroad and on U. S. Highway 66. It is 33
miles west of Holbrook and 60 miles east of Flagstaff. Water is fur-
nished the entire population by the Santa Fe Railroad Company which
pumps water from the underflow of Clear Creek 5 miles south of Wins-
low, after which it is run through settling tanks, chlorinated and boosted
into the city mains. This system which was installed in 1903 has not
been changed materially since.

Mottled enamel was not found in the native-born of Winslow. The
fluoride concentration of the water is 0.7 part per million.

ANALYSIS OF WINSLOW WATER
Citv supply

Lab. No. 20697
Ppm.

Calcium 0.0
Masrnemim 7.0
Fluorides 0.7
Chlorides 54.0
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Sulfates 0.0
Carbonates 0.0
Bicarbonates 68.0
Residue 188 0

WOODRUFF
Population 200 '

Woodruff is located in Navajo County about 15 miles southeast of
Holbrook and about 7 miles southwest of the Petrified National Forest.
It is on the Little Colorado River. A 60-foot well which was drilled
through sandstone in 1930 now supplies the water for most of the in-
habitants. It is located about one-fourth mile from the Little Colorado
River.

Analysis of this water reveals a fluoride content of 2 parts per mil-
lion. No .mottled enamel has been reported from this community.

ANALYSTS OF WOODRUFF WATER

* Estimated

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonates
Residue

Central supply
(since 1930)

20851
P.p.m.
68.0
15.0
2.0

IQ.O
180.0
24.0

185.0
600 0

YUMA

Population 4892

Yuma is located on the Colorado River in the southwestern part of
the State about 20 miles north of the \n>ona-Me::ico boundary. A short
distance north of the city the Gila River unites with the Colorado River.
Yuma is a supply town for the inhabitants of the rich Yuma Mesa and
Yuma Valley where citrus fruits and many agricultural products are
grown. The city of Yuma obtains its water directly from the,Colorado
River. It is desilted, chlorinated, and pumped into the mains.

Examination of the teeth of the school children showed .the absence of
mottled enamel among the users of city water. Some moderately severe
cases of mottled enamel were found and traced to local,wells in the
country east of Yuma.

Analysis has been made not only of Yuma city water and the Fourth
Avenue school well which are not associated with mottled enamel but
also of the Jones well located a few .miles east of Yuma and water from
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the well at the North Gila school, both of which are definitely assorted
with mottled enamel. A fluoride content of 2.0 and 2.5 parts per million
were found in the Yuma City and Fourth Avenue school waters respec-
tively. On the other hand the Jones well and the North Gila School well
waters were found to contain respectively 3.2 and 9.1 parts per million
of fluorides.

ANALYSIS OF YUMA WATER

Lab. No.

Calcium
Magnesium
Fluorides
Chlorides
Sulfates
Carbonates
Bicarbonatcs
Residue

Fourth Ave.
School well

20675
P.pm.
82.0
30.0

2.5
142.0
300.0

7.0
171.0
8S0.0

Private well
(Jones)
20701
P.p.m.

67.0
26.0
3.2

360.0
40.0
24.0

210.0
961.0

North Gila
School
19761

P.pm.
52.0
19.0
9.1

298.0
715.0
67.0

468.0
2088.0

City Water
Colorado River

P.p.m.
20S59

45.0
15.0
2.0

66.0
2O0.0

7.0
155.0
600.0

SUMMARY AND DISCUSSION OF DATA

Summarizing the data collected for each individual community brings
out the following points:

The survey disclosed about 45 towns or rural districts in Arizona in
which mottled enamel is endemic, including A jo, Arlington, Artesia,
Aztec, Bouse, Concha, Cochise, Douglas, Duncan, Florence, Gila Bend,
Hayden, Hassayampa, Kelvin, Laveen, Mammoth, Mohawk, Oracle,
Parker, Pomerene, Roll, Saint David, Sacaton, San Simon, Sentinel,
Solomonville, Winkelman, Wellton, etc. The degree of mottled enamel
found varied from very mild to severe as shown in Figure 1. Figure 4
shows a map of Arizona upon which the regions visited and the tooth
condition found are indicated.

Analyses of 110 public and 75 private water supplies in Arizona show
a fluoride content ranging from 0 to 12.6 parts -per million. It is inter-
esting to note that most of the affected places, although not all, lie along
two rivers, namely the Gila River and the San Pedro River, which flow
into the Gila. Fortunately the more populated districts, the larger cities,
are not afflicted for the most part so that the percent of total population
with mottled enamel is low. In several places, for example Safford, Pima,
Thatcher, Phoenix, Buckeye, Mesa, Tempe, Chandler, Tucson, Willcox,
Bowie, and Yuma, the inhabitants of each city itself using the city
water are unaffected, but mottled enamel occurs in the adjacent rural
communities which have private water supplies.

The differences in fluoride concentration found in the waters tested
could not be correlated with differences in depth of water supply nor in
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type of well. The belief that artesian or deep-well water is more likely
to contain high concentrations of fluorides and to be more frequently
associated with mottled enamel was not borne out in this State. In mam
cases, the deeper wells in use by the municipalities show a lower fluoride
content than do the shallower private wells in the surrounding country.
Artesian water from great depth, deep-well water, shallow-dug-well
water, surface waters, and spring waters have all been found to ha \e
abnormally high concentration of fluorides in certain regions.

Both the shallow-well water and the artesian supply at St. David
contain comparatively large amounts of fluorides, whereas the artesian
supply at the nearby town of Benson does not. The shallow railroad
well at San Simon contains more fluorides than the deep artesian supply
in the same place. The shallow well water in use at Concho contains
toxic amounts of fluorides whereas the spring water used by some fami-
lies does not. The deep, railroad well at Sentinel was a more concen-
trated source of fluorides than the shallower private well tested in the
same community, and at Sacaton, Mesa, etc., the reverse is true for the
deeper Government well at Sacaton and the city well in Mesa are lower
in fluoride content than are the shallow Indian, or privately owned n r a l
wells in these places.

In some communities water tested from different sources was all found
to contain toxic amounts of fluorides whereas in other communities,
water from one source contained fluorides, and water from another
source did not. In San Simon and St. David, both the artesian and
shallow-well water contained abnormally high amounts of fluorides. In
Pomerene, two of the artesian supplies tested contained less than one
part per million of fluorides, whereas three other wells in the immediate
vicinity, one a shallow and two artesian, contained from 3.5 to 7.5 parts
per million. Prediction from location as to what to expect in the way
of fluoride content of water supply in a given region seems impossible.
Each community presents its own problem and each must be dealt with
individually.

Endemic communities in which the mottled enamel was found to be
of the moderately severe and severe type shown in Figure 1 in which
not only the major surface of the tooth was mottled but the enamel was
frequently pitted and badly stained, were found to be using water with
a fluoride content in excess of 5 parts per million.

Fluoride concentrations in the water supply varying from 2.7 to 5*
parts per million were always associated with mottled enamel varying
in degree from mild to moderately severe. With the higher concentra-

*As stated above, fluoride concentrations reported here are considerably higher
than those obtained by use of the volatilization method used previously.
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tions in this range a greater proportion of the enamel of the tooth wa&
defective and usually there was more staining. Mild mottling of the
type shown in Figure 1 in which chalky white patches were scattered
over the enamel, was usually associated with a concentration of fluorides
around 3 parts per million. Staining of these teeth was comparatively
rare.

On the other hand, the evidence indicates that waters having a fluor-
ide concentration varying from 2.0 down to 0 p.p.m. do not interfere
with normal development of the enamel to the extent of causing observ-
able mottled enamel Fluoride concentrations in the drinking water sup-
ply in the range from 2 to 3 parts per million seem to; have a variable
effect. This is probably the borderline range of concentration which
produces mild mottling in some cases, characterized by dull white fleck-
ing of the enamel without stain, more severe mottled enamel in other
cases and no mottling in perhaps SO percent of the cases. A difference
in apparent individual susceptibility to the dental defect produced by the
action of fluorides was noted in several instances. Why, in those com-
munities where the concentration of fluorides amounted to approximately
3 parts per million, some children had mild cases of mottled enamel,
other cases were moderately severe and still others were free from this
defect, is a matter for conjecture and further consideration. There are,
no doubt, a number of variable factors involved in individual cases.

In a great many cases the observable variations in occurrence of mot-
tled enamel among the school children and the variation in intensity
when it did occur, could easily be traced to temporary difference in
water supply. For example in St. Johns, Arizona, only about 70 percent
of the native-born children possess mottled enamel. The severity of the
enamel imperfection when it was present varied from a trace, through
mild, to moderately severe. For the greater part of the year the imme-
diate residents of St. Johns receive their water supply from two moun-
tain springs, one on the east and one on the west side of the town, which
are mixed together. When this supply fails, as it does frequently in
the summer time, recourse is had to local wells. Analysis of the city
spring water showed a fluoride content probably too low (1.5 p.p.m.) to
be the cause of mottling. Analysis of a well water at the edge of town
showed a fluoride content of 7 p.p.m., which is sufficient to produce mot-
tling of the severe type. Intermittent use of this water no doubt has
left its mark on the teeth of many of the inhabitants of this community.

Another illustration of this sort of variation may be seen at Safford
where the city water is obtained from a reservoir on M t Graham, and
is practically free from fluorides. Children who have used this water
all their lives are free from mottled enamel. Many children in the Saf-
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ford schools, however, were found with mottled enamel of variable
severity. These children, undoubtedly, at some time during their early
years when their permanent teeth were forming, had access to private
water supplies on the surrounding farms and ranches. Analysis of the
water from a shallow well at the edge of town showed a fluoride con-
tent of 3 p.p.m., whereas the sample taken from the neighborhood of
Solomonville, 6 miles east, contained 3S) p.p.m., and an artesian water
supply at Artesia, 11 miles south, was found to contain 6 p.p.m. of fluor-
ides. Variation in residence with accompanying change in water supply
during the critical period of tooth calcification, even for comparatively
short periods of time, has undoubtedly frequently left a mark upon the
teeth of certain children of this district.

Difference in apparent individual susceptibility to the dental defect
produced by the action of fluorides may also be due to difference in gen-
eral nutritive condition. It was repeatedly observed that some children
who obviously came from the poorer classes, where standards of living
were lower and food selection probably of necessity more restricted,
showed the defect in more pronounced degree than the rest of the group.
Experimental work in progress in this laboratory has suggested the in-
fluence of certain dietary deficiencies on susceptibility to the destructive
action of fluorides in the drinking water.

Another factor now being investigated is the possible variation in
fluoride content of the food supply which might play a considerable
part in causing differences in degree of the enamel imperfection. Some
communities are non-agricultural, whereas others raise a large portion
of their own food supply. The fluoride content of water is no doubt
a direct reflection of the fluoride content of the soil and underlying
strata with which it comes in contact. Rock phosphates containing nor-
mally from 3 to 4 percent (5) fluorides are widely distributed in Ari-
zona. Black mica, which is present in many Arizona soils, has been
shown by Dana (6) to contain as much as 4.23 percent fluorides. Fluor-
ides are also commonly present in igneous and volcanic rocks. Most of
the endemic communities in Arizona are non-agricultural and therefore
the fluoride content of the food supply bears no relation to the fluoride
content of the local soil. The food thus cannot be considered a contrib-
uting factor to the occurrence of mottled enamel in most of the com-
munities studied.

The data given in this bulletin have disclosed the endemic occurrence
of mottled enamel in many sections of Arizona and further established
the presence of fluorides in drinking water as the chief causative factor



286 TECHNICAL BULLETIN No. 43

in its occurrence. Concentrations of fluorides above 2.7 parts per mil-
lion have been found to be definitely toxic. Elimination of this distress-
ing and disfiguring tooth defect is a matter of prevention which can at
this time be accomplished only by a change in the water supply of the
afflicted communities to one which does not contain toxic concentrations
of fluorides. Unfortunately this is not easily possible in every section
and a great economic problem is involved. Methods of treatment of pub-
lic water supplies for the removal of toxic concentrations of fluorides
are now being investigated in this laboratory.
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