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WATERS AND WATER ANALYSIS.

INTRODUCTION.

The object of this bulletin is to explain the terms used in a
chemical analysis of water and to put hefore the people of the Terri-
tory some of the work which has been done preliminary to a com-
plete examination of the waters of Arizona. It is not designed for
chemists but to familiarize the general public with the technical
terms necessarily used in giving data of water analyses. Some of the
chemical problems peculiar to our characteristic waters will be pub-
lished later in another form.

If the Bulletin succeeds in awakening an interest in the char-
acter of the waters and their effects on soils the Station will be con-
tented,

The Chemical Laboratory of the Agricultural Experiment Sta.
tion has been equipped for the purpose of investigating the agricul-
tural resources of Arizona. We invite correspondence in regard to
chemical problems connected with water supply, soils and soil depo-
sits, waste materials and fertilizers and the canning or drying of
fraits,  Any plant or substance likely to be of value to the agricul-
tural interests of the Territory will be analyzed free of charge, if a
sample i3 forwarded to the Station, The Station reserves the right
to use and publish in the interests of the Territory any results so ob-
tained. Before sending a sample it would be well to put yourself in
correspondence with the Station, as we may be able to save time
and trouble and can give you specific directions applicable o sam-
pling in that particular case.

All correspondence should be addressed to the

AGRICULTURAL EXPERIMENT STATION,
University of Arizona,
For the Chemist TrcsoN ARIZONA.
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DIRECTIONS FOR SAMPLING WATERS.

Water is such an important factor in the development of the
Territory, and its analysis helps to solve so many practical problems
that this work by the Agricultural Experiment Station is deemed of
great importance. To make these analyses of the greatest value it is
necessary that we have a large number of samples from all parts of
the Territory, and that in colleciing the sample every precaution be
observed against outside contamination.

Quaniity Needed.—Not less than one gallon or four wine bot-
tles full should be sent, and if a complete analysis is desired, as for
irrigation, effect on boilers or use in towns, not less than two gallons
should be sent.

Vessels to be Hised.—Place all samples in glass bottles or demi-
johns, never in eartharn jugs or tin cans. If the glass vessel is
not new it should be thoroughly cleaned by shaking violently with
a handful of coarse sand and a small amount of water, after which
the vessel should be rinsed several times. Often a thin deposit has
settled on the inside of the vessel which can be removed only by
persistent effort,

It is at once apparent that an unclean vessel would render the
analysis worthless, The corks if not new should be boiled in water
before being used. '

Method of Taking Sample.—Water, in all cases, should be
taken directly from the well, spring or stream when sampled, Do
not fill the vessel until it has been rinsed with the water to be
sampled. When the vessel is almost full insert the cork, cut it off
even with the edge and cover with sealing wax or beeswax. If a
gas escapes from the spring, a sample should be taken by inverting
a bottle filled with water over the bubbles and allowing the gas tore-
place the water. This bottle should be corked under water and
carefully sealed.

Marking and Sending Sample.—Every sampie should be plain-
Iy and carefully marked and accompanied by a full statement of Jo-
cality, source of water, depth of well, or flow of spring or stream, and
a sample of eflorescence if any 15 caused by the water  If rain has
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recently increased the volume or drouth decreased i, this fact should
be stated. It is also important that as far as possible a description
of the nature of the rocks and soils be given. Any facts concerning
the nature or characteristics of the water will be of value. In case
of warm springs the temperature should be given.

Water sampled according to these directions will be analyzed
free of charge,

Forward all packages by express, charges prepaid, to:

AGRICULTURAL EXPERIMENT STATION,
University of Arizona,
For the Ghemist. TucsoN, ARIZONA.

WATER ANALYSIR.

Waters generally partake of the nature of the surrounding seil,
and purity in waters is a comparative term. It is difficult for the
Chemist to prepare absolutely pure water and such water is never
found in the usual sources of water supply. Water is a universal
solvent and dissolves something from all substances with which it
comes in contact.

Rain Water ~No natural water is so nearly pure as rain water,
which however contains gases and particles of dust in solution. Rain
water has various degrees of purity; that collected in cities and
towns at the beginning of 2 shower being most impure. Rain water
often becomes very impure before reaching the cistern from con-
taminations on the roof or in the conductors. In this way too, the
cistern may become so foul that the water is unfit to drink.

Ground Water.—Water which flows over lime rocks, beds of
salt or alkaiine deposits is most heavily charged with mineral matter.
In regions where the rocks are composed of granite or quartz, which
are only slightly soluble, the water may contain as little as one part of
solid matter to one hundred thousand of water. Sea watet has
about 3840 parts of solid matter to one hundred thousand of water,
Between these two extremes there are varying amounts of solids in
solution,

Organic Contamination — Water which comes in contact with
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decaying animal or vegetable matter is most heavily charged with
nitrogenous matter and such water is unfit to drink. Such waters
are most dangercus for they are often perfectly clear and neither
taste or smell can detect the impurity.

Importance of Wazer #nalysis.—The subject of water supply
is of great importance but at the same time that the farmer considers
the subject of supply he should know something of its quality. In
countries where the rainfall is too light to wash the scluble salts from
the soil and where irrigation is practiced there is a constant accu-
mulation in the soil. The process of evaporation brings most of
these salts near the surface where they do most damage. If more
soluble salts are added and none leached out, there is after a time
such an accumulation as to prevent vegetable growth. Experience
in India has shown that where the water used for irrigation is heavily
charged with soluble matter, the soil in the course of years becomes
s0 heavily impregnated with these salts that it will nc longer support
vegetation,

The experience in some parts of California has been the same.
If the characteristics of the water are known in the beginning and
proper methods of leaching and neutralization are used no such re-
sults need oceur,

Matter in Suspension.—Some river waters are turbid and only
slowly settle clear. It does not necessarily follow that such water is
unfit for use, even before it is perfectly clear. The fact that some
cities use water which is not perfectly clear cannot definitely be said
to affect the public health. Larger particles of sand soon settle and
water flowing over sandy soil is usually clear, Turbidity is general-
ly caused by finely divided particles of clay which settle completely
only after several days. The cheapest method of treating such
waters is that usually adopted, of having several cisterns or tanks
and allowing the water to stand undisturhed at least 48 hours.

if turbid water is passed through a good filter it will become per-
fectly clear. This is ofien done but on a large scale is somewhat ex-
densive, In any case unless the filters are frequently and perfectly
cleaned it gives a semblance of purity which does not exist. Ifa
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fiter becomes foul it may make the water clear but leave nearly all
the organic impurity,

Matter in Suspension is the weight of solid matter which =
measured quantity of water would leave on the filter,

Matter in Solution.—Water may be clear and still carry con-
siderable solid matter in solution. This is shown by incrustrations
on boilers, tea-kettles and olias, but jt is a mistake to Supposs
thet all white deposits from waters are atkali. Alkaline sub-
stances have the property of combining with organic matter to form
so called “black alkali,” which is true alkali. The so called “white
alkali” is more frequently common salt, or mixtures of salt, lime,
and sometimes borax, which are not alkali.

Composition of Matier in Solution.—The substances most
cowmonly found disolved in water are soda and potash salts, lime
and magnesium salts, iron, silica, and aluminia,

These substances are present in such small quantities that they
cannot conveniently be represented in the usual method of percent-
age.

In reports from this Station the salts will be given in parts per
100,000 It is evident at a glance just what it means, If we speak
of water contaning zo parts per 100,000, it means that if roo,ooo
pounds of water were evaporated it would leave zo pounds of solid
matter.

STATEMENT 0F RESULTS.

A chemical analysis of water may be qualitative or quantitative.
A gualitative analysis shows the character of the substances present.
If the amount of any salt present is determined it is called a guan-
titative analysis, This is much more expensive and is not always
necessary., The character of the analysis will depend on the purpose
for which the water 1s to be used, In cases.where the importance
of the subject is sutticient a complete quantitative analysis will be
made. _

The result of the analysis may be recorded either as oxides of
the meials or as salts of the metals, In case the oxides of the
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metals are given they represent the cxact amount of these elements
present combinasd with oxygen, The elements are found in waters

combined with chiorine as ohforides, with sulphur and oxygen as
sulphates or with carbon and oxygen as carbongtes, The exact com-
bination cannot in most cases be determined and when the result is
recorded as salts—chlorides, sulphates and carbonates—these salts
represent the combinations which probably exist in the water, The
University water is, for illustration, recorded below in both forws:

AB OXIDES OF THE METALS,

PART3 PrR 100,100

Taotal Solide. .. ... . i e e vee W 20000
Sodinm Qxide ... e e i aaa 420
Potusninm Oride. .oy vo it trae i teas e crrraeun 0430
Caletum Ox de ool i i it 10
Muagnesium Oxide oo o e e 110
SBulphuric Anhydride, ... ..o i e 320
Silicon OR1de .o e e e ey e 200
Carbomie Oxide .. ... .. o o e e e L)
Chlorins. .. o e e e e 1.18

Torai Bolhds ... .. i i e 26,00
Sodiom Chlaride ..o o 153
Potussivm Chlende ..., ... o o o 050
Hodinm Silioabe. ....ir it ot i A 1,0
Sodiom Soalphate ... ..ol i e 320
Caloium Sulphate. . o iii i e it iiracerraees 238
Cateium Carbomate ... ... . ot cvaern .. 132
Magnesium Carbonate .............oiiieee on.. ... 350

EXPLANATION OF TERNS URED IN WATER ANALIRIS.

Total Solids is the term used to designate the amount of solid
matter obtained when a kndwn quantity of water is evaporated. It
is the amount of residue left in the soil by evaporation, If the total
soilds be again placed in water a certaln part will resist solution.

The insoluble part consists of silica, iron, carbonates of lime
and magnesia, and part of the sulphate of lime, This portion is
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termed fesidue fnsoluvie After Evaporation. The soluble part
consists of ihe soda and potash salts, sulphate of magnesia and part
of the sulphate of lime, The combined weight of these salis is called
the Residue Soluble After Fuaporation and it has a most important
bearing on waters used for irrigation

Glhatimetry.—An alkali is a substance which generally has a
soapy taste and feeling, the power to attract and decompose organic
matter and neutralize acids. It can be recognized by turning r3d
litmus paper blue. It is an undesirable constituent of some of our
waters and soils, It is known in its caustic forms as quicklime
(oxide of calcium) and lye (caustic seda or caustic potash.) In
waters it is seldom found in this form because of the abundance of
carbonic acid gas, with which the caustic alkalies combine to form
carbonates or so called “ mild alkalies.” Sodium Carbonate 15 a
common and typical mild alkali,

Sodfum and Potassium are classed as alkali metals, Most of
their salts, like chloride of sodium, {common salt} are neutral; some,
like carbonate of soda are alkaline; all ordinary salts of these metals
are soluble in water, There 1s such a resemblance between the salts
of these metals that for ordinary purposes a description of one will
apply to the other. Sodiun: salts are much more common.  Potash
salts would have more value as ferulizers.

Chloride of Sodium, or common salt, is seldom absent from
waters, It is harmless in small quantities and is readily distinguish-
ed by its taste

Sodium Sulphate (Glauber's Salt) is found in some waters, It
has a bitter taste and acts as a purgative. Mineral waters often con-
tain large quantities. e salt is not an alkali and is not poisonous
but it is not desirable in drinking waters in more than small quan-
tities,

Sodium Sificate is found in small quantities in some waters.
As usually present it is perfectly harmless.

Sodium Carbonate {Sal Soda) is the substance which gives the
distinctive reaction to alkali soils and waters. It has an. unpleasant
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soapy taste and in large quantities is undesirable in either drinking
or irrigation waters, Its harmful action in soils can be prevented by
the use of sulphate of lime (gypsum) which changes the carbonate
of soda to carbonate of lime and sulphate of soda.

Calefum and Magnesiun are classed as alkaline earths. As a
class their salts are less soluble than salts of sodium and porassium
and therefore much less harmful in irrigation waters, The calcium
salts are generally more abundant than magnesium,

Calefum arbonate, otherwise known as Calcite, Chalk, and in
a less pure form the *Calichi ” of our subsoils, is only slightly solu-
ble in pure water, When the water contains carbonic acid gas, how-
ever, it can hold in sclution comparatively large quantities, On
evaporation this does not again become soluble and doss the soil no
harnin, It is deposited onsthe sides of kettles and boilers, because
the heat baving driven the carbonic acid gas out of the water the
carbonate of lime is no longer held in soluticn,

Suiphate of Cafeium (Gypsum) is found as a constituent of
many waters, It is only slightly solable in pure water but when
the water contains common salt and some other salts in solution it
becomes more soluble,

After evaporation on the soil the sulphate of lime becomes in-
soluble and is bensficial,

Sulphate of Magnesia (Epsom Salts) is quite soluble in water.
It has a bitter taste and acts as a purgative, In small quantities it
is harmless, still it is not a particularly desirable constituent of drink-
ing or irrigation waters,

{ron and Manganese are sometimes found dissolved in small
quantities in waters. Iron is readily recognized by the dull red
deposit. It is not often present in sufficient quantities to do any
harm,

8itiva or Sand,—Certain combinations of silica with the alkalies
are soluble in water, and many waters contain a small amount of
silica in solution. It is not objectionable in small quantities.

Ghlorine in water is uswally combined with sodium or chloride



WATERS AND WATER ANALYSIS, e

of sodium or common salt, 1t is harmless by itself and in regions
where the amount of chlorides in the soil is large need excite no
suspicion.

Some chemists have used its presence as an indication of sew—
age contamination, and in regions where the amount of chlorine is
uniformly small, a water which contained a large amount would be
looked on with suspicion,

Organic Matter —When a water is evaporated to dryness and
the residue is heated there is sometimes a blackening of the depo—
sit and an odor of glue or burned hair. This is a proof that the
water contains  organic impurities, and such water, while not in-
jurious for irrigation purposes, is not safe to drink.

Free #mmonia.—Organic matter, vegetable and animal, con-
tains nitrogen. In the process of decomposition the organized
nitrogen breaks up into ammeonia and nitrates. On being distilled
the ammonia comes over first and can be very accurately measured,

Albuminoid Ammoniq,—After the free ammonia has been dis-
tilled from the water an alkaline permanganate is mixed with the
residue and the distillation is carried further. This decomposes the
organized nitrogen into ammonia, which is distilled and measured
as albuminoid ammonia. Thus the amount of free and albuminoid
ammonia is taken as a measure of organic impurity. A water which
contains considerable free' ammonia but no albuminoid ammonia
may be considered as organically pure. If, however, it contains
more than .o15 parts of albumincid ammonia per 100,000 1t should
be regarded with suspicien for drinking purposes.

A water might be pure at its source, whiie by the accumulation
of vegetable matter in the pipes or impurities in reservoirs through
which it passes it may become contaminated,

Hardness.—Waters are termed hard when they contain IIme or
magnesium salts in solution, as these salts ‘‘curdle the soap” by
forming insoluble compounds with the scap, instéad of making a
lather, as would be done with pure or soft water. If 10¢,000 parts of
water contains one part carbonate of lime in solution it requires a certain
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definite amount of soap to precipitate the lime before a lather will be
formed, A solution of soap is made of such a strength that one
cubic centimeter will just form a lather with water containing one
part of carbonate of lime per 100,000 parts of water.  Total hard-
ness is measured by the number of cubic centimeters of this soap
solution necessary to form a lather with a definite quantity of water
minus the amount which is required to form a lather with the same
quantily of pure water. Permanent Hardness is measured by the
number of cubic centimeters of the soap solution necessary to form
4 lather with the same quantity of water after it has been boiled.
This will be a less number as the carbonate of lime has been pre-
cipitated and the hardness remaining is mainly dve to sulphate of
lime or magnesium.  Temporary Mardness is ihe difference be-
tween total and permanent hardness and is the measure of the car
bonates of lime or magnesiu.  Such data is of value in compar-
ing waters and in estimating the value of a water for boiler use.

The figures in & water analysis must be studied with regard to
the purpyse for which the water is to he used. As various as are
the uses they may, for convenience, be divided into four classes:

Potable waters, '
Irrigation waters,

Boiler waters,

Mineral waters,

Potable Waters.—Under the head of potable waters would be
included all waters used for domestic purposes. It is of course
necessary that they contain no poisoncus or injurious salts or metals.
Water sometimes dissolves lead from lead pipes, copper from cop-
per tanks or arsenic from arsenical ores It is not regarded as
desirable that a water contain a large amount of total solids but it is
difficult to define the limit. If the quantity of sulphates of magne-
sium and suda be not too large and there is but little free alkali and
no organic impurity, a water which has eighty or even one hundred
paris of wotal solids to the 100,000 may be used for drinking pur-
poses without apparent ill effect, It is needless to say that a water
should be as organically pure as possible.

The a nount of free ammonia should not be excessive, buat it is
to the albuminoid amtonia that we should look with greatest care.
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A water containing more (han ,ors parts of albuminoid ammonia
should be looked on with suspicion ; less than that is generally, but
not always, safe.

frrigation Watergs.—Fxcept the filling up of ditches and canals
there is no objection to a water being used for irrigation purposes
which contains matter in suspension. This suspended matter may
contain valuable fertilizing material, especially for sandy lands where
clay helps so much to improve the mechanical condition,

The suspended matter in the water of the Colorado river was
analyzed at this Statior,, The sample taken May 22nd, 1891, river
23 feet high at the Yuma 8. P. R, R. bridge, gave the following
analysts :

PARTS PER 100,000
Suspended Matter, ... .ove.viviiiinienans A 230
Total Bolwls —Matter in svluotion......ov...... 30
Total Huapended and Soluble Matter 260

Of the 30 parts of total solids, 21 parts were again soluble after
evaporation,
The suspended matter had the following composition, expressed
in terms of percentage :
Water and Orgunic Matter ............

Mugpesra ............ P

Carbonie Acid ... ..o i i i ittt ana s
Phosphorie Acid........ooiveees o il ies

Total Nitrogen. ... .ocvcvvscee varsnmrnssnsiorns e
Chlorine..........ccoiiieiinannnian.

If thirty inches of this water were evaporated on an acre of soil,
there would be deposited from the matter in suspension 15,622
pounds ; from the matter in solution 2037 pounds, a total of 17,659
pounds of solid matter added to the soil. Of this amouni there

would be :

Cl8Y e i i it bes e e v e 3167 0 pounds.”
LMo, o ittt i s ey nso o«
Phosphoriec Acid ... ... c.ciii i naarans 133 =
NUrOgZen ... i ittt ittt v nsanaanan 84 =
Potash ... ..o vt iiiiicarar e 13306«

This amount of clay added to a sandy scil would materially help
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its condition, while the amount of Phosphoric Acid, Nitrogen and
Potash would be clear gain. This is all beneficial to the soil, but
there would be added at the same time a considerable amount of
solids soluble after evaporation. Most of this consists of Chloride of
Sodium {commeon salt}), Sulphate of Soda (Glauber'’s salt), and Sul-
phate of Magnesium. This, while not particularly beneficial to the
soil, would have no ill.effect for some years. As the land is planted
and becomes of more value, methods of neutralizing and leaching
could be used which would be simple, cheap and effective, Deposits
of gypsum are reported in various portions of the territory, and will
no douht be available by the time they are needed. A water having
a large amount of total solids, all of which was insoluble after evapor-
ation, would not be detrimental to the soil.

Boiler Waters.—Waters to be used in boilers should be as free
as possible from total solids. Here again, the kind of material plays

an important part.
Boilers are damaged by water in two ways—by corrosion and by

the formation of a deposit or scale. In the former case corrosion
may be the result of one or all of three different conditions,
1st,—Action of water on iron, especially when heated. 2nd.—The
action on the iron of the gases held in solution in the water. 3d.—'The
action of gases formed by the decomposition of salts at the high
temperature existing in the boiler. An ordinary chemical analysis
would not indicate the extent of this corrosion except in the latter
case, when magnesium chloride does most harm. Special work
would have to be done with individual waters to indicate a remedy.

To determine whether the total solids of a water will deposit 2
scale or a sludge, examine total and permanent hardness. While the
total hardness may be large, if the permanent hardness is small, it
indicates that the hardness is mainly due to the carbonates of lime
and magnesium  In this case simple boiling or the action of quick*
lime causes the catbonates to precipitdte, Kven if it be allowed to
deposit in the boiler it will be in the form of a sludge which can be
blown off, If the permanent hardness remains high, it indicates the
presence of sulphate of lime.  This causes a hard scale which is in
jurious to the boiler and difficult to remove.

A large amount of magnesium and chlorine is a bad feature ina
water unless the amount of carbonates is [arge.
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Mineral Wafers.—Not much need be said here concerning
mineral waters, It is often difficult to diaw the line between ordinary
drinking waters and niineral waters.  Mineral waters may be said to
be waters of various temperatures holding in solution certain quantities
of salts supposed to have a medicinal effect on the human system.
A chemical analysis does not not always explain the hypienic effect
claimed for the water,

The Station cannot undertake the analysis of mineral waters
except in cases where the interest would be more than local.

SGME WELL WATERS.

Water from University well, situated on mesa one mile north-
east of Tucson; soil a sandy loam, varying from three feet to nothing,
where subsoil is exposed,  Subsoil (calechi} cousists of carbonate of
lime, with about equal quantity of sand, with a small amount of iron
and clay and traces of phosphoric acid, in the form of a hard cement.

The subsoil is from four to seven feet in thickness, and below
this is found sand, formed from decomposed granite. At a depth of
eighty-four feet from the surface water was found, Well is abcut g5
feet deep ; water clear, cdotless and tasteless, with temperature of
76 T,

An analysis showed the presence of the following constitueits :

rarTs PR 100,000
1 =4

Total Bolide ..o it ie i i e it i1
SoJuble Salida ... ... . e 14.00
InsotubleaBolida ... ... et i e 1100,
Nodium Chlaride, . ...... .o cuvvveii et Ceeee... 183
Potussium Chleride e aaiiiaaaeree s 0 &0
Bodium Silicate. ... ..o v ittt i e 4 00-
Sodium Bulphate ... ..o il i e e e 320
Cateium Salphate. ... ... i ceae e . 238
Caleinm Carbonate ... ... .. i i ivaiann. 732
Magnesium Carbonate . ..o vvveceeiiiiiiin i 3.50
Free Ammonia........ ... ..... .. ... .. e . 0,002
Albumineid Ammmonia ... ..o e ey 0.005
Water of Comlanation ... ... oo, 157
Tatal HArdness ... cuve vece vt craecans cnnenneonns 106
Pormanent Hardoess. ... ... oot iii it vens cmenns 3.0

-

Femperary Hardness........o.ov e iiii i inn i
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This analysis shows a water free from undesirable substances,
excellent for domestic purposes, irrigation or boiler use.  The com-
paratively small amount of total solids, freedom from organic im-
purity and small amount of permanent hardness makes it a safe water
in every respect, The supply is abundant and can be reached any-
where on the mesa at depths varying with the elevation.

WWell water from ranch of Wm. Hartt, 18 miles south-east of
Tucson. Soil a rich loam with abundant supply of water at 40 feet.
‘Water is clear, odorless and tasteless. My, Hartt has a pump with a
capacity of 2,500 gallons per minute, and can irrigate a section of
land. The water is excellent for irrigation purposes, the large
amount of sulphates being an advantage. The analysis gave :

PARTS PER 100,000

TOtRl BOJIAE ..ot v vee e iien vinr e srsnnrer irneaann 33.00
Holuble Holida ... .o inni i i i b 2000
Totul Hardness .......oeeieeennauan b taaa s 21.60

Well water from the ranch of A. V. Grossetta, 3 miles south-
west of Tucson ; soil very sandy loam, with abundance of water a-
35 feet. Water is clear, odorless and tasteless. [t is a geod water
for irrigation but somewhat hard for domestic use, though it can be
much improved by being boiled. The analysis gave :

PARTE PER 100,000

Total Bolide. ... ..o ciiiire i e s ran s aa e 48.0
Suluble Solids . ... cvveivercien it e v 32.0
Total Hardnesa ... .... e iveana. b eiicaaraernaas 22.0
Permunent Hardmeas. .. .. ... ..oooiivvunionn i aan 65
Chionde of Sodinm. ... .civiiiiiirnrerianinianan-. 42
Bulphate of Bodinm ............ o oo 156
Sulphate of Lime....... e b te e aaee caesaare e 7.2

Carbonnats of Lime and Magnesia..................... 140
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SOME RIVER WATERS.

It is intended to make an extended examination of the waters of
the rivers of Arizona. A few analyses are given here to show some-

thing of the character of the waters, The samples taken. from the
Rillito and Santa Cruz differ widely, although the rivers at the point

of sampling are not more than six miles apart.

The samples frem the Gila and Colorado were sent by Mr. H,
W, Blaisdell, Those from the Gila were taken at his ranch, nine
miles above Yuma, while those from the Colorade were taken at the
8. P, R, R. bridge at Yuma, below the junction of the Gila. It is
interesting 1o notice, that while the water of the Gila 1s at times some-
what heavily charged with salts of sodium and lime, the waters of the
Colorado have but a moderate amount, The examination of the
water of the Colorado has not been sufficiently extended to make
positive statements, but the samples which have been examined show
a comparatively low amount of total solids in solution, and no
appreciable amount of substances injurious to vegetation. On the
other hand, the sediment carries large quantities of the elements of
fertility, which would be of special value on sandy lands,



RIVER WATERS,

E :. Tatal ! Ei?:glse ilns:éliggiel Totml Parmanant I Chisride Sulphate Cm-bcnams|

NAME CF RIVER, ! DATS SAMFLED. | sclide. Ev:f;:: ,,|Ef:;:: nl Hardness. Haordness. | of Sod:um. |°r Liona. - ;rg;,:::mu
Riliito ....... ‘March 5,791..] 10.., 5..0 5.... 4 ....2.01..2 .12 .I..4% ﬁ
Santa Cruz. .. March 5,761, 73..! 62.. 11. Joo2e L4500l Tl 48 | .20.0
Gila ......... April7,790...0 59.. 88.. 21....17.5.... 40.1..30.0.. 3.2... 15,1 |
Gila .ovunn. . MwSUU..%“7&.%w”%ﬂ_.MJH%i.M' 18.3 |
iGila oL May 20,790...102..1 97.. 15....33.6.... 9.0.| .842.178.]..192 |
Gila Lol Aug. 9,90...) 74..] 66.. 18....157... 100..0..53.4..] 56..! 6.5 1
(;ﬂa ....... INov. 18. 790 .| 44..] 43.. 12....167;5.. 6.0..]..27.0..| 45.... 83 !
Gila vonn.n . Dec. 2,7°90,..0 75..] 52.. 23....234.... 7.0..1..496. 8.6.....13.0 !

iGila . ooon. L [Dec. 16,7°90. .. 39.. 21.. 18..l..16.7..].,

|
[P Jawy 2, '90... 41.. 81.. 10..]..13.2... 237.. 3.3.... 6.9
Colorado. ... .. miayzg’go..., 38..0 24..0 9..1..17.0..0..

Ao o
or o W DO

|
| | ; ﬂ“M&W&&”°M
'[Colorado ...... ‘May 15,°91. 26.. 19... 7... .16.0..]. . : ,
IIColorado. . .... |_May 22, ’91 _30..| 21..7 9.. |






