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MAP A.— Dussolved solids in untreated public water supplies of the United States and Puerto Rico,1962.
(Average weighted by population served)

MAP B—Hardness of untreated public water supplies of the United States and Puerto Rico, 1962.

MAP C.— Sodium in untreated public water supplies of the United States and Puerto Rico, 1962.
(Average weighted by population served) :

MAP D.— Fluoride in untreated public water supplies of the United States and Puerto Rico, 1962.
(Average weighted by population served)

(Average weighted by population served)

FINISHED WATER SUPPLIES

-

: [
RSN 7/ A
KKK, ﬁ/ e

X O & 4
>

b

% % / A
’>< B &4 ;_)2« >, 4 & 75 e < X XX 5
XX /<_/‘\‘,XX)\X X/Xx\\(, ¢ / s P MONT AN XX > ’ '/ //
RTH QAKOT}& ////// SOOI ,o’::::: e W MINNESOTA 2
R RN XX MINNESOTA ,o.,o,o,o{ot:}o";}oo 5 oot
RIS/ Ao oorterenssssees . A
RRAORERKS /) SRR SN
P € .09 4 % o e ¢ wISCONSIN ,4’
1 ‘ ! \ § WSS K XX o %% ‘(,,/,« / SO S
2 NN 150U Dakoray

..... \ 9%
. N4 x XN X \K)/‘))(\xy X
X X B X NN X %.0.9.9.$.9.4.0.¢

) ¥ X ’(ﬁl)_,xy <

RRSEK: 2028 *‘%x %‘& :

15070 \X o000 %% %0 tr\)&%/ O e %e%%:

sty e e R ARRXSS
VADASSSY, OO oSoteles

ey 7A
KKK / ; R KRR R IERAHAEILKS ;
‘ AN r / IS SIS PN N0 005620202202 % %% 27 .
o V0.4 %, A /// " BRSS >\ XS >‘>(_ A A A / 4 e )/>(\ / /
2000002006760 % % %% s L RRRIRIIRRERIERIEY, ’ SO ootels //\ | <
c s statnte  SOLORADG RS RRRR S % 0% gt i X9 TRGINIA T8 ,
A L L RIRRRRLLRRIKY \ 4RI K% XXXHXRKARIK MISSOURI CRNTERY \ APV NS> y
KR 35 MISSOURI” & SRICHXRN 0 K ANS ASCHHK 00 G, KT X \X;X/- 2 4
S5 Y772/ 0000 s oINS e St boretatetate G447 N /// D ¥
OOt ore ot eSOt v &”‘3’:’:’0”&0"’:‘:’:’0 I G40% SRR K / / A4, WASHINGTON:
,.00:0::20:0’029 54 ' WASHINGTON &:::0:0:0’0’0.0:0‘&0%‘\0:0 #’ WASHINGTON, SN / Y, #° WASHINGTON, Lkt CAROLIND )
RRRRERRESEIROER RS - : 02005 osesesesele, = <7 X /?'/ % 5 D 2 Lyl i
‘.”..’ » ’ .. / J D C X % X D C / P e Nos g 3 A
RS sss © R Tt/ A pon &
A 2 4 > -~ h f0) / f
00: ‘té: OKiAHOMA :::. //K/ "‘::...00.00 5 Sk, I 3 CiROLINA
st R = . s o il
:.,.:.6 X 0.:::.:,::&:,;::. ////// / f Dissolved solids, ‘oS00 % %% QR Hardness,. In @ Fluoride, in
,0::.;.’0‘.. %’ X '0’ //¢ & in parts per million CRRIRIRK < parts per million parts per rr;illion
KRR e oSatesasetaseesetess >4 N 4 0-20
g ...::0. fé“ 0’& <> y F{’ %068 \X( EX CXSEX, // [\ 2 : SO
0%%-0.9.9.0,.9,0.9.0.4. ‘QQ "Q. Q. 3 % %% ’%x,(y//y’@’// . : : @
St R =l | ; i
- QRHRIHRIILILILHS s3rtetelels: STEXAS KX AR i ... =@ % : > 7 21-40 E
QO 5 LXK XXX Codaes Bl f 90%?
KRS S 5 SRS CHSHRK LRGN X777 2 » R b2 %
RRHRHLHL HRHR oo,::o % R o2e%e% L ] \ W €4 77
RSSR CREIKIIIAIIIKS RIS <A T OUISIANA \\ho= 61120 i / /
R taseseteloleleletatetsltotele QR RRIRAK R A B _ , AAAARK
CRRKKKL X 9200 LI KKK ICK A l ALASKA ALASKA < 0.6-1.0
SRS L od0l0%0 0% %% % XK 9o 0% %e%%’ : g
R RIS = L SRR Talia™ TN = N 22
© ; KX 00’:’@0’0}0"0 ’ tetetetetoleleteleleetete! EO0CHKS - Do 2
S QR RRAS - ORRAX A 2e%e%0%%, 121-180 15 e
T Sessasesetetete® . °® RIS L . HAWAII ¢ Greater than ; HAWAII Ll
) R HAWAII Dlesesesssese ARIHRH
HATAL &, G5 i r : " : .
2 XN G h % DO A Setee Greater than ) e '
2 Rossassses / ; reater than . ) A0S0 180 £ S ; PUERTO RICO
® DS NPT % PUERTO RICO > 500 .‘.-"“vt.l....-;‘:ﬁ“ N Q ’.“ PUERTO RICO ”‘ i PUERTO RICO § Insufficient e e i
s P -~ data -
. . . . . : MAP G.— Sodv in finished public water supplies of the United States and Puerto Rico, 1962. MAP H.— Fluoride in finished public water supplies of the United States and Puerto Rico, 1962.
MAP E.— Dissolved solids in finished public water supplies of the United States and Puerto Rico, 1962. MAP F.— Hardness of finished public water supplies of the United States and Puerto Rico, 1962. odium in fi public water supp f

(Average weighted by population served) (Average weighted by population served) (Average weighted by population served) (Average weighted by population served)

TABLE 1.— Hardness values (population weighted) of finished water and the population served by the public water systems of the United States and Puerto Rico, 1922, 1932, 1952, 1954, and 1962

IMPORTANT ASPECTS OF THE WATER
QUALITY IN PUBLIC WATER SUPPLIES

INTRODUCTION

Municipal water systems in the United States and Puerto
Rico supply water for many commercial and industrial uses
as well as for domestic uses. It is generally known that our

water resources are unequally distributed throughout the-

country, but it is not quite so well understood that the quality
of our water resources also is variable. This hydrologic in-
vestigations atlas shows, State by State, some of the chemical
quality aspects of our public water supplies. This information
can be used to evaluate the suitability of the public supplies
for many uses—among them, manufacturing processes, food
processing, cooling water, and domestic use.

The eight maps depict the dissolved-solids, sodium, and
fluoride contents and the hardness of untreated and finished
water supplies of 1,596 municipal water systems as of 1962.
The information shown on the maps is discussed in the fol-
lowing text. Although maps of nitrate concentration were
not prepared, the text discusses the sources and amounts of
nitrate present in public supplies. Published and unpublished
data used in this report were obtained from local, county, and
State agencies, and also from the files of the district offices
of the Water Resources Division, U. S. Geological Survey.
Their cooperation is gratefully acknowledged. The published
data are listed under “Selected References.”

In the past 40 years many changes havetakenplace in our
Nation’s public water supplies which have affected the quality
of water served. Among these changes one of the most impor-
tant has been the search for better quality raw-water sources.
Many cities were able to obtain new sources of supply and
consequently the finished-water supplies were of better qual-
ity. This statement isstrikingly illustrated by the State of
Arkansas. In 1922, Arkansas’ public water supplies had a
Statewide average hardness of 149 ppm (parts per million);
as a result of using better sources of water, finished-water
hardness in 1932 was 106 ppm, by 1952 the hardness was down
to 42 ppm and this hardness was maintained through 1962.

Another important change has been the improvement
in municipal water-treatment practices. For example, in 1962,
28 of the 100 largest cities in the United States softened their
water in contrast with 1922 when only 2 of these 100 cities
softened their water (Durfor and Becker, 1964). However,
not all cities changed their water sources or treatment prac-
tices and, consequently, in some areas the finished-water sup-
ply has changed little over the years as is shown by the State
of Texas. In 1922, the Statewide average hardness of public
water supplies in Texas was 136 ppm, in 1932 it was 135 ppm,
in 1952 it was 132 ppm, and in 1962 it was 143 ppm. The
hardness values of finished water (average weighted by pop-
ulation) for the United States and Puerto Rico over a 40-year
period are shown in table 1.

The U. S. Geological Survey has been studying the quality
of public water supplies for more than four decades. For
1922, Collins (1923) reported on 307 localities (36 percent of
the Nation’s total population); for 1932, Collins, Lamar, and
Lohr (1934) reported on 670 localities (46 percent of the total
population); and for 1952 Lohr and Love (1954) reported on
1,315 localities (58 percent of the total population). The pres-
ent report surveyed 1,596 localities. Table 1 shows for each
State, the District of Columbia, and Puerto Rico the number
of municipal water systems included in this survey, the total
population served, and the percentages of the State popu-
lation and the urban population served by these systems. For
the United States and Puerto Rico these figures represent a
total of 103 million people or 81 percent of the urban population
and about 57 percent of the total population.

The term “urban population” is used here as defined by the
U. S. Bureau of Census (1963): “The urban population com-
prises all persons living in (a) places of 2,500 inhabitants or
more incorporated as cities, boroughs, villages, and towns
(except towns in New England, New York, and Wisconsin);

(b) the densely settled urban fringe, whether incorporated or
unincorporated, of urbanized areas; (c) towns in New England
and townships in New Jersey and Pennsylvania which contain
no incorporated municipalities as subdivisions and have either
25,000 inhabitants or more or a population of 2,500 to 25,000
and a density of 1,500 persons or more per square mile; (d)
counties in States other than the New England States, New
Jersey, and Pennsylvania that have no incorporated munici-
palities within their boundaries and have a density of 1,500
persons or more per square mile; and (e) unincorporated places
of 2,500 inhabitants or more.” In this investigation many
water consumers living in “nonurban” areas received water
from municipal water supplies. These nonurban consumers
account for the fact that in some States the percentage of
urban population served exceeds 100. For example, the Dis-
trict of Columbia water system furnishes water to several
nonurban areas in nearby Maryland and Virginia and thus
the percentage of urban population and State population given
in table 1 is 144.

DISSOLVED SOLIDS

Map A depicts the dissolved-solids content of untreated
water used for public supplies in the United States and Puerto
Rico. No effort has been made to subdivide these data into
ground-water or surface-water supplies. For each State the
average dissolved-solids content has been weighted by the
population served; this method gives an accurate picture of
the dissolved-solids content of the water used by the majority
of the population in that State. On map A and map E (dis-
solved-solids content in finished supplies) the dissolved solids
are classified as follows: 0-100 ppm, 101-250 ppm, 251-500 ppm,
and greater than 500 ppm.

Water boiled in a dish leaves a crust of salt composed prin-
cipally of silica, calcium, magnesium, sodium, potassium, bi-
carbonate, carbonate,sulfate, chloride, nitrate, and some water
bound in the residue. Upon heating this residue, most of the
water of crystallization is expelled and most bicarbonate is
converted to carbonate. The residue dried at 180°C (called
residue on evaporation) approximates the quantity of anhy-
drous chemicals in solution and is used as an indication of the
dissolved-solids content of water.

The amount of dissolved solids in a stream is ever changing.
Generally, the smallest amounts of dissolved solids are found
near the headwaters and the largest amounts are found near
the mouth. As an example, Minneapolis, Minn.,draws water
from the Mississippi River near its headwaters and its raw-
water supply has only about half the amount of dissolved
solids as does the raw-water supply of New Orleans, La.,
which draws water from the Mississippi near its mouth. The
amount of dissolved solids in streams also varies with stream-
flow. Generally the minimum concentration of dissolved
solids in streams occurs when streams are in flood; as the
streamflow decreases, the concentration of dissolved solids in
streams generally increases. A map showing the modal dis-
solved-solids contents of streams in the United States has been
prepared by Rainwater (1962). Many cities impound stream
water to provide for extended periods when water consump-
tion exceeds streamflow. Water is diverted from streams
into storage reservoirs (off-stream reservoirs) during periods
of high streamflow when the dissolved-solids content of
streams is at a minimum; the dissolved-solids content of water
in these reservoirs is consistently lower than the average
annual dissolved-solids content of the streams. Water col-
lected in reservoirs located on streams (on-stream reservoirs)
also is uniformly low in dissolved solids because the inflow
flood water, which is low in dissolved solids, further reduces
the dissolved-solids content of the water already in the reser-
voir.

The dissolved-solids content of ground water and the chem-
ical composition of the dissolved solids depend largely on the
rock formations of the area and generally do not vary greatly
with time. Some rocks, such as granite, are nearly insoluble
in water and have little influence upon the water in contact
with them. Other rocks, such as limestone and dolomite,
under certain conditions are highly soluble; water in contact
with these rocks may dissolve large amounts of minerals.

Ground water is in contact with rocks for a longer time
than is surface water and thus contains more dissolved min-
erals than adjacent surface water. Consequently, in a peren-
nial stream the maximum dissolved-solids content occurs
when the streamflow is low and is maintained by ground
water.

Most municipalities treat the raw-water supply before
serving the water to the consumer. Water may be chlorinated
to make sure that the water is safe; the water may be filtered
to remove suspended matter; the pH of water may be adjusted
(usually with lime); the water may be aerated to remove iron
and manganese; and the water may be softened by the ad-
dition of lime and soda ash or, in a few places, by cation ex-
change. Softening by lime and the removal of iron and
manganese generally lower the dissolved-solids content; most
other municipal water treatments slightly increase the dis-
solved-solids content.

Water containing more than 500 ppm of dissolved solids
should not be used for drinking water if other less mineralized
supplies are available according to drinking water standards
promulgated by the U. S. Public Health Service. ‘“Although
waters of such quality are not generally desirable, it is recog-
nized that a considerable number of supplies with dissolved
solids in excess of the recommended limits are used without
any obvious ill effects” (U. S. Public Health Service, 1962a).
In many locations, efforts are made to obtain an adequate
public water supply with small amounts of dissolved solids.
However, a person accustomed to drinking water with a mod-
erate amount of dissolved solids may complain about the “flat
taste” of drinking water that has less than 100 ppm of dis-
solved solids.

Figure 1 shows the dissolved-solids content of water served
to the millions of people in this survey. For example,29 million
people (28 percent) receive water containing 100 ppm or less,
72 million people (71 percent) receive water containing 250 ppm
or less, and 89 million people (86 percent) receive water con-
taining less than 500 ppm.

Public water supplies of the United States furnished 6,080
mgd (million gallons per day) of the 20,400 mgd used by in-
dustry in 1960 (MacKichan and Kammerer, 1961). Water is
used in industry for three principal purposes: cooling, steam
generation, and processing. About 95 percent of the water
used in industry is for cooling; in cooling water the dissolved-
solids content generally is of little consequence. A much
smaller fraction of industrial water is used in the generation
of steam. For boilers operating at pressures greater than
2,000 psi the water inside the boiler should contain less than
500 ppm of dissolved solids; at pressures of 300 psi or less the
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FIGURE 1— Population served public water supplies with
dissolved-solids content equal to or less than
the amounts shown, 1962

dissolved solids in the boiler water should be 3,500 ppm or less
(Betz, 1962). Water used in processing comes into contact with
the product being manufactured. The recommended limits of
dissolved solids for process water are as varied as the indus-
tries that use water; some industries limit the dissolved solids
in process water to less than 200 ppm, whereas other indus-
tries can use process water containing thousands of parts per
million.

HARDNESS
Map B shows the average hardness for untreated public
water supplies. For each State, the District of Columbia, and
Puerto Rico the average hardness has been weighted by the
population served. The hardness classification used here is:

Hardness range
(in parts per million

of calcium carbonate) Hardness description

0-60 Soft.
61-120 Moderately hard.
121-180 Hard.

More than 180 Very Hard.

Hardness of water—caused principally by calcium and
magnesium—is a measure of the amount of soap required to
form a lather. Before a lather can form, part of the soap
molecule must react with the calcium and magnesium in the
water to form an insoluble curd. The smaller the amounts
of calcium and magnesium, the easier soap suds are formed;
conversely, the greater the amounts of calcium and magne-
sium, the more soap curds are formed and the more soap is
consumed. Not many years ago the hardness of water was
determined in the laboratory by the amount of soap solution
needed to form suds. Today, hardness is calculated by deter-
mining the amount of calcium and magnesium in the water
and expressing the results as the amounts of calcium car-
bonate chemically equal to the amount of calcium and mag-
nesium in water. Aluminum, iron, manganese, and other
heavy metals in water also consume soap, but the amount in
which they are present in the water is generally small and
their effect on hardness is insignificant.

Washing with hard water requires more soap than washing
with soft water. Some people think that synthetic detergents
are as effective in hard water as in soft water. However,
most synthetic detergents contain about 30-50 percent seques-
tering ingredients that react with calcium and magnesium,
the hardness components of water. A recent study indicated
that three times the amount of synthetic detergents was re-
quired for water with a hardness of 400 ppm than for water
with a hardness of 0 ppm (Aultman, 1957).

Hard water not only consumes excessive amounts of soap
and detergent in homes and laundries, but also can be bother-
some in industrial processing of foods and beverages, textile
dyeing, and manufacturing of paper and synthetic rubber.

Many municipalities soften their water supply. The prin-
cipal softening agents are lime and lime-soda ash, which con-
vert the dissolved calcium and magnesium into bulky precipi-
tates that settle out of the water as sludge. Also precipitated
are iron, manganese, strontium, and possibly other trace
elements. A few cities soften their water supply with a cation
exchange system that replaces calcium and magnesium with
nonhardness-causing sodium.

Water low in hardness usually has a low pH and thus can
accelerate corrosion of metal surfaces, therefore some cities
with “soft” water (hardness 0-60 ppm) add a small amount
of lime to their water to raise the pH and thus slightly in-
crease the hardness.

Map F, using the same classification as for untreated public
water supplies, shows, by State, the hardness of finished water
distributed by public systems. The population-weighted hard-
ness values of finished water and the population served for
each State, the District of Columbia, and Puerto Rico are given
in table 1.

SODIUM

Sodium is a metal found in most waters. It and potassium—
another alkali metal—generally occur in much smaller concen-
trations than calcium and magnesium. In humid areas
sodium is present in many surface and ground waters in tens of
parts per million or less; tidal streams and streams affected by
high-sodium waste waters may contain more than 1,000 parts
per million. In arid regions, gtreams and ground waters con-
tain more sodium than they do in humid regions; and streams
and ground waters receiving waste water from irrigation and
drainage from sodium beds may contain several thousands
parts per million of sodium. In some areas, for example in
southern Louisiana and southeastern Texas, sodium in soils is
exchanged with calcium and magnesium in ground water; as
a result the ground water is enriched in sodium and the hard-
ness of such water is low or nonexistent.

Map C shows the Statewide averages of sodium in untreated
public water supplies. On this map and the map showing
sodium in finished public water supplies (map G) the sodium
content in water is grouped as follows: 0-20 ppm, 21-40 ppm,
41-60 ppm, and greater than 60 ppm. For two States data
were insufficient to calculate reliable population-weighted
averages. Municipal water-treatment practices can raise the
sodium content of public supplies. Soda ash (sodium carbon-
ate)—used to raise the pH and used in conjunction with lime
to soften water—increases the sodium content of water.
Cation exchange for the removal of calcium and magnesium
(softening) also increases the sodium content of treated water.
No common municipal water treatmentlowers the sodium con-
tent of water. Demineralization and distillation remove dis-
solved minerals (including sodium) from water, but these
techniques are not commonly used in municipal water treat-
ment.

Sodium in domestic water supplies is of current interest in
planning sodium-restricted diets. These diets may limit the
daily intake to 500 milligrams or in some cases to 100 milli-
grams (National Academy of Sciences, 1954). In many areas,
the sodium content is low enough to be ignored; however, in
some public water supplies the sodium content must be con-
sidered in the design of low sodium diets. For example, water
with a sodium concentration of 40 ppm contains 40 milligrams
of sodium per liter (about 1 quart) of water, thus a daily con-
sumption of 2.5 liters (about 2.5 quarts) of water would pro-
vide 100 milligrams of sodium; 2.5 liters of water containing
60 ppm of sodium would provide 150 milligrams of sodium.
Consequently, before effective sodium-restrictive diets can be
designed the sodium content of water must be known.

FLUORIDE

Fluoride is an element found dissolved in most natural
waters as a result of dissolution of fluoride from minerals
such as amphibole, apatite, and fluorite. Map D shows the
population-weighted average of fluoride, by State, in un-
treated public water supplies. On this map the fluoride con-
tent is grouped as 0-0.5 ppm and 0.6-1.0 ppm. In most raw
waters used for public supplies the fluoride concentrations
are less than 1 ppm. However, in some local areas the fluor-
ide concentration in untreated water for public supplies ex-
ceeds 5 ppm but the population involved does not affect
State averages.

Interest in these small amounts of fluoride in water was
engendered by their effect upon tooth enamel. For more

‘than 60 years the staining on enamel of teeth has been under

investigation. Before fluoride was proved to be the cause of
mottled enamel it was reasoned that some trace element in
water caused the dental defect (McNeil, 1957). It was sub-
sequently proved that fluoride concentrations of about 0.6 to
1.7 ppm reduced the incidence of dental caries and that con-
centrations greater than 1.7 ppm also protected the teeth
from cavities but caused an undesirable black stain (U.S.
Public Health Service, 1962a). For further information on
physiological effects of fluoride the reader is referred to a
selection of papers on the subject printed by the U.S. Public
Health Service (1962b).

’

As a result of the cavity-preventing property of fluoride in Arkansas Board of Health, Bureau of Sanitary Engineering, Hardness of water, in parts per million Population served
water many municipalities have artificially introduced small 1961, Arkansas municipal water supplies—chemical data. (average weighted by population served)
amounts of fluoride into water supplies. Fluoride is added as Aultman, W. W., 1957, Softening of municipal water supplies:
sodium ﬂuoride,.sodium silicofluoride, or fluosilicic acid. The Water and Seyvage Works, v. 104, no. 8, p. 327—3?,4. : 1922 1932 1952 e 1922 1932 1952 1954
amount of fluoride added to water depends upon the recom- Betz Laboratories, Inc., 1962, Betz handbook of industrial (307 cities) (670 cities) (1,315 cities) (thousands) (thousands) (thousands) (thousands)
mended optimum level and the amount present in the natural water conditioning, 6th ed.: Philadelphia, Pa., Betz Labora-
water. The following statement and table are from U. S. tories, Inc.,425 p. T T 53 52 55 e 283 608 1,149
Public Health Service (1962a). California Department of Public Health, Bureau of Sanitary i &3 - 53
“When fluoride is naturally present in drinking water, the Engineering, 1962, California domestic water supplies. ST R " 16 ot ‘
concentration should not average more than the appropriate Collins, W. D., 1923, The industrial utility of public water sup- Arizona.......... 21 Bt 46 §
upper limit shown in the table. Presence of fluoride in aver- _ plies in the United States: U. S. Geol. Survey Water-Supply Arkansas________ 149 106 42 - “ =1 ap -
age concentrations greater than two times the optimum values Paper 496. California________ 172 133 118 1,800 3,408 9,907 -
in the table shall constitute grounds for rejection of the supply. Collins, W. D., Lamar, W. L., and Lohr, E. W., 1934, Theindus- Colorado__ . _____ 144 122 107 330 418 754
“Where fluoridation (supplementation of fluoride in drinking trial utility of public water supplies in the United States, Connecticut . ___. 25 24 29 N 826 1,144 1,504 .
water) is p_ractlced, the average fluoride cor}ce_ntratlon shall be 1932: U.S. Geol. Survey Water-Supply Paper 658. S o = 60 - - 172
kept within the upper and lower control limits shown in the Durfor, C. N., and Becker, Edith, 1964, The public water sup-
table.” plies of the 100 largest cities in the United States, 1962: D'%t;;fltn?f)ia 8 0 %6 438 503 303
U. S. Geol. Survey Water-Supply Paper 1812, - . = 148 - 204 573 1480 i
Gregg, D. O., Meyer, E. L., Torgy, M. M., and Moulder, E. A., EIRRR.... sree. 5.2 29 '
Recommended control limits — 1961, Public water supplies of Colorado,1959-60: Colorado Georgia____._____. 27 41 % et P 158
Annual average of maximum Fluoride concentrations in mg/1 [ppm] State UniV‘, Agr Expt Sta. Gen. Ser. 757, 128 p. Hawaii_____._____ . e _ 51 . I & 328
dally wir femperatayes’ B ; Hanson, Ross, 1961, Additions to public ground-water supplies o 91 85 119 36 66 226 -
ower Optimum Upper " o S i
in Illinois: Illinois State Water Survey Bull. 40, Supp. 2. Hlinois 156 148 156 3,435 4,759 5,450
50.0-53.7 0.9 1.2 7 Indiana Board of Health, 1960, Data on Indiana public water M - - i - 873 1,321 1,881 B
53.8-58.3 8 11 15 supplies: Indiana Board Health Bull. S. E. 10. A i 8 g
58.4-63.8 8 10 13 Kulp, W. K., and Hopkins, H. T., 1960, Public and industrial Towa............ 298 2 212 ' -
gﬁ‘gizg'g ; 'g 1(2) water supplies of Kentucky: Kentucky Geol. Survey Inv. Kansas__ ... ____ 316 274 176 223 500 803 -
79.3-90.5 6 7 8 Cire. 4. Kentucky .. ____ 90 105 102 387 606 963
Lohr, E. W., and Love, S. K., 1954, The industrial utility of Louisiana 54 62 68 431 620 1,203 :
Based on temperature data obtained for a minimum of five years public water supplies in the United States, 1952, pt. 1, Mai 18 15 20 127 251 411 .
. . . . . BINC .o wn i wimas
States east of the Mississippi River; pt. 2, States west of o . .
the Mississippi River: U.S. Geol. Survey Water-Supply Maryland.. .- & 5 - i
Between 1945 and 1962, the number of communities that Papers 1299 (pt. 1) and 1300 (pt. 2). Massachusetts___ 14 21 23 2,668 3,120 3,644
added fluoride to water increased from 6 to more than 2,000. MacKichan, K. A.,and Kammerer, J. C., 1961, Estimated use of Michigan__ . ____ 134 137 115 1,722 2,772 3,869
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