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II Utah's Water Supply
I'll ;l I Paper Delivered Before The State Medical Association.

Hfi The nvcrago Individual judges of
,',' the quality of a drinking water by'

means of his .special senses of sight,
J Binoll and taste. Water that Is turbid

or omits a disagreeable odor Is unrc-- J

scrvedly condemned, while clear! ; sparkling' water free from odor !s

just as unqualifiedly pronounced
pure. Those of us who aro familiar

' with tho history of typhoid epidemics
UBS and have had opportunity to examine
JBH ' drinking wnter by means or special
mBj methods know how fallacious such a
IB crude Judgment Is. Water that Is
IB clear and sparkling may contain tin;
IB gcrniB of typhoid fovcr or may bo
tmm polluted with sewage which, In tho

lj course of decomposition, gava rise
'lIBI to carbonic acid, it takes many bll-lA- E

' lions of bacteria to render a glass of
Ik water perceptibly turbid and It ro-

le quires considerable fresh sewage to

If Impart to It n fecal odor. On tho
I other hand a turbid water, nlthottgh

I I ' objectionable from nn aesthetic point
IJj of view, may bo entirely wholesome
li 1 and n dlsogrceablo odor may bo duo
m t to Inoffensive vegetable compounds

or harmless algae. Doing thus unable
to form n ready Judgment of tho
quality of a drinking water wo were
obliged to seek tho aid of tho chtm- -

' 1st, who, It waB supposed, could read- -
'

i ily detect by means of chemical an- -

nlysls tho injurious substances In tho
water under suspicion. However, It

!' soon became evident that tho findings
I of the chemist were purely relative
j and would havo to bo properly In- -

tcrpretcd beforo they could bo of any
value. The object of a chemical

jj analysis of water is to discover
A whether or not pollution with object- -

, tlonnblc organic impurities has taken

Ijj . place. Uy "objectlonablo organic Im- -

i purities" wo understand those which
jj ' are from human or animal sources

and are capable of conveying tho
H germs of disease. In other words,
I wo look for fecal contamination, In- -

I J nsmuch as tho germs )t typhoid fo- -

j ver, cholera, dysentery and other
I j intestinal disorders aro excreted with
I f tho feces, and together with tho

feces gain access to tho water, in
j mlnuto quantities organic matter, ov--

I en If derived from sewage, is not in
I

i itself Injurious; It Is only that such
j ' matter may become tho carrier of
If disenso germs that It becomes a
I L matter for serious consideration.
If Therefore organic matter derived

Hf, I fiom plants or vegetables, rcmovc-- l

MM If from tho possibility of Infection wllH

Bifil II' disease producing bacteria has no
Iff f significance from a sanitary stan-

dstill! 1 1 point, and its presenco in drinking

I'll water in no ny renders U unwhole- -

ft I some- - H Is evident then that tho aim
B jj of tho chemist Is to discover, first, tho

IB presenco of organic matter which

B'li j would Indlcato pollution, ond second,

BJff Mi to determine the sourco of such or- -

BWI i
j ganlc matctr. Dead organic matter

tl ( In water, as elBowhcro, is not in a
I f state of stability. Through tho

BJj' 1 agency of certain bhctcrla, In tho
'Hi' presence of oxygen, It continuously

Hlj undergoes certain changes, becoming
BE, i resolved Into simpler Inorganic com- -

Bjnii i pounds. The nitrogenous substances
BBffl arc converted Into nmmoula and

Httf tho latter Into nitrous and finally
BBI$ nitric acid, the two acids combining
flVvj '; with bases usually present to farm
BjWj nitrites nnd nitrates respectively. This

! process Is n beneficial one, for by Its
means purification of polluted wnter

BjSI Is brought about and tho decaying
BBS organic matter Is converted Into use- -

BB't 'u' I'lnnt food. Theso changes nro

Kfl ' going on continuously bo long as
BBi ,' there Is a supply of dead organic
BB' ' matter and the necessary bacteria

ore prcBcnt. It would follow then

IsKl-
-

that the organic matter In a water
would be mado up of; that portion

mtt that has not as yet undergono dlsln- -

BBt ;
i 'cgratlon (not yet broken up) that

Baf portion that has passed tho stago of
BHF , ulhumlnold nmmonla and finally all
BBM 'he intermediary products of that por- -

BBjQ 'ion that Is undergoing or has under- -

BBJS gono disintegration. Tho quantlta- -

Hil tlve relation of theso products of oxl- -

BBvf , datlon to each other ns well as to
j tho unoxldlzed nitrogenous matter

BBS ' will depend on the original amount of
BBBE ) 'he organic matter nnd tho rapidity
BBBff k with which oxidation has tnken place.
BBBM For example, tako a, samplo of water;
BBb if the chemist after analysis finds
BBBI ' 'hat It contains relatively largo
BBBt v amounts of albuminoid and free am--

BBflr I monla together with nitrates and nl- -

BflBj I
t

trntcs, tho Indications would bo that
BBKi ? such water Contains n largo amount
BflB'l of organic matter In n stnto of In- -

BBB; completo oxidation; In othor words,
BBB tho contamination Is recent. On tho
BBB other hand the presenco of nitrates
BBB t (the end products of disintegration)
BBB In tho abseneo of nitrites with only
BBB I Bmall amounts of freo and albuminoid
BBBJhJ ammonia, would Indicate completo ox- -

flBBP ldatlon or a provlous pollution. There
BBB & nro a fow reasons why tho data se--
BBBK! j cured by a chemical analysis are In

BB ' I
BBBl'i "
BBBjev; " mb.

accurnto: (1) In grouud water
freo ammonia may. bo tho rc- -

suit of the oxidizing action of Iron or
other metals on tho nitrates present,
while in surfaco waters It may be
produced by tho nation .of n fungus.
(2) tho nitrites found In deep well-wat-

may be tho result of tho re-

duction' of nitrates' uormnlly present
In tho soil nnd consequently Is no In-

dex to organic pollution. Tho chem-

ist in other words may detoct organic
pollution In n water, but ho Is unable
to stato definitely wbether such pollu-

tion Is of animal or vcgctablo origin.
Hero let mo state that n water pol-

luted with organic matter of a vege-

table origin, may not bo tho best
kind of water to drink, but may bo
nevertheless harmless. (3) then tbo
last and most serious objection Is that
water may bo entirely freo of or-

ganic pollution nnd yet contain the
germs of disease. Numerous

havo been cited, showing
that water pronounced on chemical
ovldenco to bo nbovo suspicion has
been proved to hnvo caused serious
epidemics of typhoid fever nnd dysen-

tery. This leads us to the considera-
tion of tho most Importnnt phase of
water examination thnt of bacteriol-
ogy. Dy means of Koch's plato meth-

od of isolation wo nro nblo to detect
tho specific cause of disease. I will
not attempt to discuss tho details of
tho bacteriological examination of
wnter, suffice It to say that the value
of tho results obtained depends upon

tho experience nnd technique of the
sanitarian; ho has many obstacles to
overcome, but that ho has been suc-

cessful nnd Is becoming moro nnd
more proficient Is shown by nn ever
decreasing death rato and a dimin-

ishing frequency of epidemics. I

hopo thnt I havo succeeded In making
clear to you what is meant by tho
terms, "Pure nnd Impure Drinking
Water." If I havo you will tho more
readily appreciate the facts to be
submitted concerning "Utah's Water
Supply." Because of tho many dif-

ferences peculiar to various sections
of the state, differences In altitude
nnd climate, differences In rain-fal- l,

differences In geological formations,
differences In location as to compara-
tive proximity to mountains, etc.;
differences in soil nnd dralnnge, and
differences in tho habits and customs
of people, it would bo manifestly Im-

possible to enter Into moro than a
general discussion of tho wnter ques-

tion, I will thcreforo attempt to
point out to you In a general way

the problems confronting us as n state
and will assign to you tho task of
ndaptntlon. All water from whatever
source obtained, comes originally by
precipitation from the atmosphere. In
many places tho rain or bhow wnter
Is tho only sourco of supply. This Is
usually collected as It falls upon tho
roofs of buildings and conveyed by
gutters and pipes to cisterns, where
It is stored until needed. In all
probability rivers and smaller streams
supply tho larger number of cities

' and towns In the United States. When
tho river or stream can bo tapped
near Its sourco, or beforo n largo

! number of manufacturing establish-
ments can empty their wasto products
Into Its current, or beforo It receives
the sewngo of a considerable number
of Inhabitants living on Its banks,
tho wnter can generally bo considered
safe Among tho minor objections to

this sourco of supply nro tho liabil-

ity of most streams to become turbid
In tlmo of freshet, and tho dUcolor--

atlon of tho wnter from dissolved
coloring matters If tho stream flows
through a marshy or peaty region,
Tho organic matter contnlned In tho

water of somo streams even when pol-

lution by sowago ond manufacturing
refuso Is absolutely oxcludcd, may,

howover bo tho cause of disease. For
example, certain authorities claim

that tho water from streams In Ne-

braska, Wyoming and Utah contain
organic matter varying In amount .10

to .28 parts per million, and thnt tho

dlseaso known as Mountain Fever Is

duo to this largo amount of organic
mnttcr In tho drinking water. Tho

sourco of this organic matter scorns

to be tho melted snow which makes
up n largo portion of tho streams.
Tho most serious objection to tho
ubo of river water for domestic pur-

poses Is tho employment of Btreatns
as carriers of refuse from manufac-
turing establishments, or of tho sow-ag- o

of cities ond towns. It would
bo very easy to clto Innumerable In-

stances where typhoid fever epidemics

aro directly trnceablo to such forms
of pollution, but I will tako It for
granted that you aro familiar with
such facts; If you aro not It Is your
own fault, for our worthy secretary.
Dr. Beatty, Is an enthusiast on the
subject and hns to my knowlodgo dls
scratnntcd useful Information nmonp
you by means of tho monthly bulle

tin. A few years ago It was a gener-

ally accepted theory that running

wnter purified itself after flowing a

dlBtnnce of ten or twelve miles, and

the comforting nnd rcasurrlng doc- -

trino Is still held by many. The rea-

sons ndvnnced for such n theory were:
'

(1) --That tho movement of tho wa-

ter produced an extra surface avail-

able for oxidation purposes; (2)

Thnt tho volume of water bearing

down upon nny given nrca beneath,
it weakened the vitality of certain
bacteria. (3) Thnt the Influence of

light (the sun's rays) wob Inimical

to tho growth of bacteria. (4) That
tho presence of vegetation (nlgae)

hos a marked Influence In tho re-

duction of organic matter In water.
(5)Thot by reason of tho dilution of
polluting Bubstnnccs with largo quan-- '
titles of pure wnter, tho percentage of
Impurities Is lowered and tho percent-
age of oxygenated water Is raised.
(C) That by virtue of sedimentation,
nnd n to tho banks of
rivers and streams of solids in suspen-

sion a largo number of bacteria are
removed. Ilenco lake water contains
ns a rulo very fow bacteria. (7)'
That tho process of oxidation will
tako 'sro of great quantities of Im-

purities. At tho present tlmo wc can
no longer accept this theory of self
pti' ltlcntlon of streams; we. believe
that, It the Inflow of sewago and
other refuso Is not excessive, running
water will regain comparative purity,
but as It Is Impossible to computo
tbo degree of pollution wo can never
feel confident h to when a stream
ence pollu'od, tecomes fit to use

utMin. The wnlcr from fresh wnter
lakcB nnd ponds Is generally to bo
preferred to rle: wnter for domcutlc
utse. It Is less liable to become tur-

bid from tlmo to time nnd except in
tho case of Rtnuil ponds, tho Inflow
of bowac !') r.ot likely to cause

(fouling of .ho wnter to any serlou-c.len- t.

When the supply can be
drawn from large lakes, as Is dono
In Chicago and other cities on tho
great lakes, ;io purer or better Bource
could be ilealicd. In such cases tho
Intnko should be far enough from
pboro to avoid the possibility of sew-
age contamination. The water 'n
small Liken and reservoirs sometimes
becoine-- J (iffcnnlvb In tnsto and odor
somewhat resemblinc cucumbers, due
to a minute fresh water-sponge- , the"
Spougllla Fluvtatllls. Another odor'
described as tho pig-pe- n odor is duo
to tho decay of certain species of
nlgae. Wo do not know whether or1
not these nlgao aro In any way pro-- '
judicial to health. Hero let mo
state that the purification of water
by means of freezing is In no wny
nbsolutc as was formerly believed. A

considerable number of bacteria, In-

fusoria and other organisms remain
In tho I eo nnd retain their vitality, so
that when thawed they rapidly multi-

ply.

We now como to tho course of
supply of wnter for most persons not
aggregated In largo communities, such
as cities and towns, springs and
wells. Ordinarily sprln-g-wate- .r Is
clear, cool and sparkling with a re-

freshing tnsto nnd uniform tempera-tur-o

nnd may bo recommended for
. domestic use whero attainable. Spring-wnte- r

usually comes from a source
at a great depth below the surfaco
and after it has pel cola ted through
thick strata of soil before appearing
at tho surfaco 'of soil It looses most
of Its organic Impurities. Howover,
It may becomo Impregnated with

gascouB substances as well
as organic pollution In Its paBsago
over tho surfaco, or through tho up-

per strata of soil. Thcreforo a spring
contemplated for municipal ubo bIiouM

bo tapped ob It Issues from tho
ground; It should bo nnalyzed for
purity (chemically and bacteriological-ly- )

and If found to bo puro should bo
absolutely protected from possible
contamination. Well water Is deriv-

ed from those strutn of tho soil
which aro the most likely to be
contaminated from the products of an-

imal and vegotabio decomposition, and
tho unwholcsomeness of tho water Is
universally proportional to tho degree
of of tho soil with tho
products of decay. Artesian water
may bo a good water for domestic
uso, but very often coming from a
great depth as It does, It becomes

Impregnated with Iron or othor min-

erals to such an extent as to rendor It

unfit for uso. A good wnter for do-

mestic uso should possess tho fol-

lowing qualifications:
(1) It should bo colorless, trans-

parent, sufficiently aerated, of uni-

form Jemperaturo throughout the
year, and without odor or decided
taste.

(2) Tho mineral constituents
(magnesium and llmo salts) should
not bo present In greater proportion
than 4 or 0 parts per 100,000. Moro
than this gives to water that quality
known as hardness,

(3) --Thoro should bo but llttlo or
ganlc matter prcsont, and no llvlnr
or dead animal or vegotabio organism

(4) The wnter should be free from

ammonia and nitrous acid and should

contain but very small quantities of

nitrites, chlorides and sulphates.
(O It should contain less than

ono milligram of lead per litre.
G It should contain no patho-

genic bacteria and but few water
bacteria.

Now that wo know what a good po-

table water Is, let us apply this
knowledge to our own conditions nnd I

sco Just how far short of tho Ideal,

the sources of BUpply In Utah will
come. I shall endeavor first to des-

cribe existing conditions ns accurate-
ly ns possible; then I shall give you
slmplo tests in order that you may
bo able to investigate conditions for
yourselves, nnd lastly after you havo
satisfied yourselves concerning the
cxlstenco of certain conditions 1

shall attempt to suggest remedial
measures. As tho chief source of wa-ite- r

supply In tho country and In tho
villages and small towns of Utnh Is
derived from ground-water- , It is Im-

portant thnt wo havo n, clear under-
standing ns to what Is menut by tho
term ground-wnter- . At a variable
depth below the surfaco of the
ground, n stratum of earth or rock
Is found through which water passes

j with difficulty, If at all. Abovo this
there 1b a stratum of water which
moves from a higher to a lower level,
nnd which varies In depth at differ-
ent times according to tho amount
of precipitation (rain or snow-fall- )

and according to tho level of the near-
est body of water toward which It

I flows. This stratum of water is
termed ground-wate- r, and has within

, the last few years assumed conside-
rable Importance from Its apparently
close relation to the spread of certain
of the Infectious diseases namely ty-

phoid fever, cholera, dysentery, etc.
, Tbo direction of horizontal flow of

ground-wate- r Is always toward the
drainage area of the district, usually
toward lakes, rivers or the sea.
Ralus. Irrigation or a rise- - In tho
river, will cause a rise In tho ground-- (

wnter, while long continued dry weath-
er, or a low stage of tho river which
drains oft the ground-wate- r, causeB a
fall In the latter. No doubt many or
all of you realize theso truths con-

cerning ground-waters- ; at least you
have observed the rise In the level
of the well ct the advent of tho Irri-

gation season and its subsequent fall
at Its close. It may bo difficult to
convince some of you that there Is
a direct relationship between the
rise and fall of tho ground-wate- r and
the prevalence of disease. But If
you will stop to realize that between
the lovel of the ground-wate- r and tho
surface, thero Is a stream of earth
more or less moist, due to previous
saturation from rain-fal- l or Irrigation,
and thnt In this stratum of soil, tho
processes of decay and putrefaction
are continually going on, you will
appreciate how easy It would bo for
such pollution to work Its way Into
your source of supply (your well).
Wo will say for examplo thnt tho area
upon which a house or town Is built
Is In a moist state from any cause
whatsoever and that the processes of
decay ore active, tho ground-wate- r ris-

es, tho ground-ai- r becoming charged
with carbon dloxldo nnd other prod-net- s

of decomposition, Is forced out
of tho pores of tho soil by the rising,
ground-wnter- , nnd escapes Into tho
external air, or through cellars and
basements Into, houses, and may

thero cause disease. Tho saturation
o! tho soil with water prevents tho
further development of tho bacteria
of decay, and this Is checked or pu-

trefaction may tnko place. If now

the ground-wate- r sinks to Its former
level, tho processes of decny again
becomo active In tho moist stratum,
and largo quantities of carbon dlox. 1

ldo-an- other Inorganic compounds 1

are produced. If tho germB of dls- - j I

easo have been Introduced Into tho.l
soil they also multiply, and by gain-(- I

Ing access to tho well or stream I

from which tho drinking water Is ob- - j I

talued, they may causo Infection. A I

great authority has laid down tho 'J
rulo that a soil with a persistently
low stago of ground-water- , say 5jJ
metors below the ground, Is healthy; ,1

a persistently high stago of ground-- , I

water less than ono and ono-hal- f mo-- ' 1

tcrs below tho surface, Is unhealthy; I

whllo a fluctuating lovel of ground- - j
wnter, especially If tho changes are I

sudden nnd violent, Is very un-

healthy. This would lead us to ex-

pect that places where this fluctuation
Is very great would show a largo mor-

tality from such diseases as aro at-

tributed to Impurities In tho soil.
In certain localities of India cholera
Is nover entirely absent, Calcuta Is

ono of these places. Tho rainy son-so-n

heglps about tho first of May

and continues until tho end of Oc-

tober. During tho noxt six months
thero Is comparatively llttlo rain. Tho
deaths from cholera begin to

from Octobor and reach their
height In April. Tho annual death

rate was 1,013 of thoBu 1,238 died la

tho rainy senson and 2,775, .nearly
three-fourth- died during the period

cf dry weather. I might cite sever-

al Instances In the history of our
own Btnte regarding the relationship
between the prevalence of typhoid

fever and tho subsidence of the
ground-wate- r level, but will not take
tho tlmo for I think you are con-

vinced. If you havo read 1he month-
ly bulletin Issued by the Stnto Board
of Health, you havo observed that
typhoid fever, n preventable disease,
occurs moro frequently than nny
other dlseaBo and that It stands
among tho first ns n cause of death.
It has been: said by a great authority
that the prevalence of typhoid fovcr
In n community Is a true Index of

tho sanitary Intelligence of that com-
munity. If we accept that statement
ns true where in the scale of human
Intelligence would wo of Utah como?
In some sections of our state where
condtttons aro extremely bad, It
would bo Imposslblo to npproach tho
Ideal In a sanitary way, but thero Is

no community howover situated that 19
cannot bo improved and rendered H
relatively lmmuno from typhoid fover ll S
If ordlnnry Intelligence is displayed IS l
I think that I can positively state that
thero nro no more than flvo or six
communities In tho entire stato of Ij
Utah depending upon surface WelU I UB
for their sourco of water supply, thnt I
aro glylng nny thought to the' pro. I
tectlon of tha't supply from contamln- - I Sec
atlon of any sort. Small comrnuni I
tics that derive their supply from I
small streams give no thought to the I
protection of that stream from pollu. 1 S

tlon; animals havo access to the I Ho
stream at all times and tho percent- - a&sage of organic matter In Its waters fv'of
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Most disfiguring skin eruptions. T0'

wicfula, pimples, rashes .etc., are due '

tc lmpuro blood. Burdoca Bbod Jilt tbi
tcrs to a cleansing blood taa'.i Makes tb
you . clonr-eye- d clcnr-braluo- clear- - bui

ekinned. it
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Pacific Reclamation Company I ;r'1 el'
fl thtwviw Dealers In v.v H

I th

Farm Lands, Town Lots, Stocks And Bonds 1
M

" 1 s

I Wc Handle I I
I Metropolis Town Lots And Irriga- - 1

;

ted Lands, Metropolis Dry Land I ,

I Farms. Cache Valley Farms, Davis I 1
;

I County Orchards and Lands. I 1

$ m

! Stocks And Bonds ; jj !

I You Will do Well to Call And sec Us First.

J 11 West Center, - - Logan, Utah I
I -- I

Excursions East X
Via j

Oregon Short Line .

Union Pacific Railroads
Very Low Ma' 18 25 31; June 5 8 12, 13,

20- - 22' 29i Jl,ly 3' 12, 20; Au8USt 2- -

rUPeS mO
w

jo, 23, 31; September 4 and 5. Limit,
October 31, 1012. I

Denver I
Omaha I
Kansas City . ,:..- -, I

Chicago I
St. Paul I

rlinneapOllS seo nny Oregon Short Lino ngom for
rates nnd further particulars, or wrlto

And Many Other d. B. Durley, General Passenger
Points agent, Salt Lake City, Utah

'jr
i
Travelers To Colorado and The East

Should select a route famed tor its
, Scenic Attractions and Superior Train Service.r THE DENVER & RIO GRANDE RAILROAD

-- WnrW "Tho Scenic Lino of tho World."
Llul Tn's route offers tho "Back East" travelers moro var--1

J led scenic attractions, that can bo oeeu from tho car win- - m
(lows without oxtra expense for sldo trips, than nny other 1

II 'I ,im-- '' IMllfl apeclal low round trip fares to Pueblo, Colorado Springs IillllH Denver and principal eastern points, on sale" IIIIIIU May 18, 25 and 31, 1912. I
June 1, 5, 8, 12, 15, 20, 22. and 29, 1912. I

July 3, 12 and 30, 1912. 1
August 1, 2, 10, 23 and 31, 1912.

A September 4 and C, 1912. I
Through standard and tourist sleeping cars dally to I

Denver, Kansas City, St. Louis, Omaha and Chicago. I
SUPERB DINING CAR SERVICE. I

n r'nros and full particulars will bo cheerfully furnished I
UlPllirn on npplcatton to any Wo Grande agent. I
I II I III r A, tlenton, Cen. Agt. Pass. Dept. F. Fouts, Aaent,
! lulUlU Salt Lake City, Utah. Ogden, UtahH

Frank A. Wadlelght, General Passenger Agent,
Denver, Colorado. K


