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E rapid development in jerigation farming that followed the
passage of the Reclamation Act in 1902 continued in many areas
until essentially all available ivrigation water was utilized. Less at-
tention was then paid to the quality of the water than to the quantity,
As u result, in sonte areas waters of very poor gualily have been used
for irrvigation, but nore recently mueh greater importance has been
attached to their quality. This interest may be due, in pavt at Jeast,
to the fact that significant changes have taken place in thé quality of
certain irrigation waters as a result of upstream diversions and drain-
age rettnrns,  These changes, by increasing the salt content, have been
making the waters less desivable for agricultural use.

In distriets irrigated from wells, changes in quality often take place
when the withdrawal of water from the underground reservoir exceeds
the replenishment. In some wells the quality has been improved; in
others it has become poorer.

It is not always possible to anticipate the direction or rate of change
of quality in ground waters. Changes in both surface and ground
waters are still in progress and cun be expeeted to continue as long us

1 fubmltted for publicatlon April 9, 1048,
T00452—-48 1
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there is active development in irrigation or drainage. They should
be determined from time to time and the facts made use of in the man-
agement of irrigation systems. Methods of determining the changes
in water and of interpreting analyses us given in this bulietin may be
summarized as follows,

SUMMARY

Natural waters vary greatly in the conecentration and composition
of dissolved constituents and correspondingly in their suitability for
wrrigation use. Limits for several constituents have been proposed by
tlifferent workers and in greneral the values are in good ngreemoens. .

An estimate of the quality of an irrigation water is usually based on
a chemicul analysis, and the estimate can be no better than the analysis.
This bulletin discusses methods of analysis, their accuracy, and the
siginifieance of the severn] constituents in respect (o the soil and to
plants.

Analyses of typical surfuce and ground wakers are given in a sevies
of tables. Other tnbles show the eflect of repeated diversions along a
river chansnel and the vaviation in composition with rute of flow,

The interpretation of an analysts s considered and & procedure
oullined. .

COMPOSITION OF IRRICATION WATERS E

Trrigalion waters vary greatly both in concentratiap and congposi-
tion ol the dissolved salts. Bowe of the constilventsare héelicig] to
plants, obhers in moderate concentration nppeir (o have Batle dfect
on plants orsoils, while still others mpair plant growibebr aveharmgful
(o goils.  THE majer zenstituents inelude the eations=Zealeipm, weg-
nesiuns, and sodinm—and the aailens-—bicarbounle, sulfate, and chlo-
ride,  Potassinm, carbonate, nitvate, silica, nmd boron may b& predent
but vsually only in Jow concentrations.  Sinall quantitics of ether sub-
sbanees may be found in sonie waters, bhut their influenceon the quaBity
of the wiuter for trrigation use 18 pot important and they are nsually
noglected.  The fotnl concentration of dissolved salts varies froma .
fow parts per mithion (. pom.) to several thousand.  Most herigation
walers fall within the range of 100 to LO00 p. p. mu. with o few ay
high us 5,000 p. p. m., the higher concentrations being used on the more
tolerant crops.  Aceurate anakyGenl methods for most of the constitu-
ettty huve been available for many years, o that the older published
analyses that represent carelul work on veprescutative samples are
fully trustwortiy and ave of great value as a frame of refevence.

The interpretarion of the mnalysig of an irrigation water is lavgely
empirical, being baved on field observation, experience, and plant-
tolerance resonveh,  Signilivantly, however, there is good agreement
on thig subject among the workers in this field.  An interpretation of
an analysis should take into constderation the effect of the dissolved
anlts on both the plunts and the soil. These two reactions ¢an he
stadiod separately in the Inboratory. and a consgiderabie body of
valuable information s available.  In the field, however, any plung
response, whelher faverable or untavorable, niust be recognized as
the restlt of these twe reactions operating simultancously.  Pres-
ent standards of qualily of irrigation water nre presented helow, to-
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gethor with a new procedure that tukes into account the cifect of the
water on the soil as well as on the plants, o

'The objectives of this bulletin are: (1) To discuss the signiticance
of the several dissolved constituents; (2) to show the analyses of
certain typical waters and the vuariation in composition of natural
waters; (32 to diseuss the interpretation of analyses and propose u
new procedure that takes into account the effect of the wnter on the
soil; and (¢) to present analytical methods of acceptable accuracy..

REVIEW OF LITERATURE

Severnl important articles on the composition of natural waters
have been pub’ished. Collins and Howard (9, 10)* have indexed the
analyses of natural waters of the Unijted States. An investigation,
participated in by the United States Geological Survey and the then
United States Reclamation Service, was bequn in 1905 to study the
witers .]il{e'ly to be used on the reclamation projects. 'This was re-
ported by Stabler (38) in 1911, and the data ave important as a
frame of reference for more recent analyses. ‘I'he surface waters
of Californin were studied in 1905-08 by Van Winkle and Eaton
(46). Forbes (19) investigated the quality of the water of the
Colorado River at- Yuma in 1900-0L. More recent studies include the
Rio Grande Joint Investigation (43) and the Iecos River Joint In-
vestigation (48). Current work on the Rio Grande, cavried on co-
operntively by the United States Seetion of the luternational Bound-
ary and Water Commission, tlie United States Bureau of Reciamation,
and the United States Bureau of Plant Industry, is reported in the
Water Bulletins (22) of the International Boundary Commission.
The United States Geologieal Survey has been uetive in quality-of-
witter investizations in the West. ’1‘?19 findings are publisied in the
Water-Supply Papers of that agency.

Ground waters are extensively used as irvigation sources in certain
purts of California and have been the subject of a number of quality-
of-water investigations.  The California Division of Water Resources,
cooperating with the United States Bureau of Plant Industry, made
a detailed survey of the irrigation waters of the South Coastal basin,
which comprises parts of San Bernardino, Riverside, Orange, and
Los Angeles Counlies (8£). 1In connection with the study of the
nccurrence of boren in nntural walers, the United States Bureau of
Piant Industry has published several pupers (12, 75, 45} that contain
a lavge number of analyses. In addition to the ubove, a great many
unpublished analyses that are available for reference are on file at State
agricultural experiment stations and United Stutes Department of
Agricultnre Inboratovies.

Methods suitable for the analysis of irvigation waters have tieen
assembled and published by the Asseciation of Official Agricultural
Chemists (4£) and jointly by the American Public Health Association
and tho American Water Works Association (1), The methods used
by the United States Gieological Survey are described by Collins (8),
and those in use at the Rubidoux Laboratory of the United States
Burean of Plant Industry, Soils. and Agricultural Engineering are
deseribed hy Wilcox and Malcher (49).  Inaddition, there e several

* Italle suwbers in parentheses vefor 1o Literature Cited, p. 20,
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procedures that are useful. Scofield (30) described the electrical con-
ductivity methed. The Barber and Kolthoff (5) methed for sedium
is used with only slight modification. Potassium (43) and boron (47)
are determined by the procedures worked out by Wilcox. Methods
of reporting and accuracy are discussed by the above (1, 4, 8, 48}
and in additien by Magistad, Reitemeisr, and Wilcox (7). Theinter-
pretation of an analysis in terms of plunt response or soil reaction is
discussed by Scofield {32), Eaton (12), Wilcox and Magistad (90),
and Magistad and Christiansen (25).

METHODS AND ACCURACY
COLLECTION OF SAMPLES

Samples of water for analysis are colletted in clean containers,
preferably glass bottles, of one-haif galion capacity. Bach container
should be rinsed with the water to be sampled just before taking the
sample and filled nearly full. It is a wise precaution to tie the stopper
in securely, store in a cool place, and transler to the laberatory
promptly. Samples from surface streams should be taken from run-
ning water and if possible at a gaging station. Samples of ground
water should be collected after the well has been operuting for some
time, in order to nvoid stagnant water. Euch sample should be marked
by a nane or number sullicient to identify it and should be accom-
panied by a detailed description that should include (1) the date of
collection; (2) eollector's sample number, nume, and address; (3} the
name of the stream, or, if a well, the name of the owner; (4) the loca-
tion; (5) the discharge; (6) for a well, the depth, casing diameter,
depth to upper perforations, static level, draw-down, temperature,
odor, and color; (7) the approximate acrenge served by the water;
(8) the condition of the crops and the reason for eollecting the sample,

MEeTHODS OF ANALYSIS

The methods used for the unalysis of an irrigation water should be
as expeditions as possible and yet yield results of the desired accuracy.
The appendix gives a set of procedures that have been in use for
many years and have proved satisfactory. Neither the semiquantita-
tive fisld methods nor the highly precise technigques used in research
work are inciuded, ns these have little place in quality-of-water work.

MEeTHODS OF REPORTING

The results of an analysis of a wauier can be reported in any one of
several units. Parts per million is the unit in which most of the
older anulyses are reported, while milligram equivalents per liter
{me./L.) or equivalents per million {e. p. .} have come into use more
recently. ‘This latter unit {e. p. 1n.) is preferred for the cations and
anions, because the data, being in terms of the chemical equivalent
weights of the ions, are more essily checked for accuracy and are
more readily compared or classified. The unit, equivalenis per mil-
lion, was suggested by Committee D-19 of the American Society for
FPesting Materials and was adopted by that seciety at its meeting in
1941 {(2). It is defined as n unit chemical equivalent weiglt of o
constituent per million unit weights of solution. Equivalents per
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million and milligram equivalents per liter are numerically identical
where the specific gravity of the solution is 1.0. The percentage dif-
ference between the true specific gravity and 1.0 is less than the
analytical error in most cases involving irrigation waters. Boron is
reported as p. p. m.; dissolved solids (D. S.) ag p. p. m. or ss tons
per ucre-foot (t. n. £.).

ACCURACY

An estimafe of the precision or reproducibility that may be ex-
pected for each determination from the above methods under ordi-
nnry conditions is shown in table 1. This table is based on studies
made independently by two workers and represents the experience of
several years and inany thousands of water analyses,

Tanee L—Marimum deviations from the mean that may be expected
tn the course of unalyses of successive portions of the same sample;
the deviations may be either negative or positive

" Low tolal salinity ‘High total salinity

' — |
Ion or rubsiance determined i ; !
“Coneen-| Tlevia- * Coneen-| Devia-
Pirriion [ {ion i tration Lion
Electrienl conductivity (03 10¢ al 23° { !

L TR SN0 ¢ 10 ‘5, 000 30
Dissoived solids (I, 83 ... ... peopema. 350 10 '3, 500 a0
Toran (B) . .ooon .. ool oL oML HET I 02 4.0 .05
Celeinm (Ca) .o ..o .. eopom 2.0 05, 20,0 .1
Magnesivm (Mg) ... ..o 2.0, .10 2000 .2
Sedium (Na).. ... ... . .. __e.pom.o 2.0 L2 20,0 .05
Biearbonate {HOCO0____ .. oo pom._ 20 N 5.0 .15
Sullate (SO0 .. e et 2.0 b 250 .2
Chloride (D anas o0 Lo ponmt,, 20 . .10 300 .2

Approximale maximum devintion .. ... BT i 1.0

At the Tower conventration shown in talile 1 ilie maximum deviation
between anjons il cations is (L3 e poome, which is § pereent of the
mean, while at the higher eoncentration t « deviation s 1.0 e. p. m,,
representing 2 pereent. T devintions substaniially greater than these
are ehcountered. ervors o¢f analysi= or calenlation wre indicated and
the winrk should be repeaded,

There wre certain derived vahies that are helpful in judging the
acenracy of an analysis ov in foenting an errot. The nuierienl value of
the ratio, eleetvical conductiviry  times 107 divided by anions
{ L0 X105 anions). shonld be between $0 and 100 for mozt waters, In
hurd biearbonate or sulfate waters the valne may drop below 80, while
in soft chloride walers the value sy be above 110 This term is
analogovs to equuvalent conduetanee ol single-saly solutions.  The
numerical vidue for the ratio, dissolved solids in tons per acre-foot
tivided by eleetrical conduetivity (120 8, in toa, £./BC X 105), should
be belween (LOOOS and 0000 in most enxes, A third ratio, dissolved
selidls I tons per acre-fool divided by anions (1. 8. in £ . £./anions),
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has a value of about 0.09. These values are based on experience, us
there is very little published information on mixed-salt solutions such
as natural waters.

DISSOLVED CONSTITUENTS AND THEIR SIGNIFICANCE

This section lists the more important constituents that occur in
natural waters and outlines the significant facts in respect to their
chenistry, their effect upon the soil, and their velution to plant growth.
It slmul(rbe recognized that many of these effects ave compliented and
interrelated, and often the effects of several constituents are additive,
so that it is not always possible to segregate the reaction of each con-
stituent. The constituents are considered in three groups: (1) Minor
constitnenis; (2) anions and eations) and () total concentration of
constituents.

MinoR CONSTITUENTS

In this group are included boron, silica, Huoride, nitrite, sulfide,
phasphate, iron, aluminum. ammonia, hydrogen ion as measured by
pH, and organic matter. These constituents usually occur in low con-
centrations and, with the exception of boron, are not of great impor-
tance in their relation to the soll or plants.  They serve to characterize
the water and often are useful in tracing the source of replenishment
of ground waters.

BORON

Boron {chemical symbol B; atomic weight, 10.82; valence 3) oceurs
in nature in many forms but principally as borax (tincal), caleium
borate (colemanite), ov as boric acid in hot mineral springs or geysers.
It has been found in all irvigation waters thus far examined, arthough
the concentrations may vary frem mere traces to several hundred
p. p.m.  In acid waters, boron would appear as un-ionized boric acid
(]—EBOa) , while in alikaline waters of pH below 9.2 both Foric acid and
tetraborate ion {B,0;) would be present, and at pH 9.2 only tetra-
borate could occur.  Metaborate (BO.) forms in solutions move alkn-
ling than pH 9.2. Most ordinary compounds of boron are soluble in
water to the extent that they wre toxic to plants (16, p. 45), so that
there is no known method that is economically feasible for precipitat-
ing or removing boron from an irrigation water.

Boric acid in neutral or acid solution reacts quantitatively with such
polyhydric nlechols as mannitol or glycerol to libernte 1 hydrogen ion
for each molecule of borie acid present.  This reaction is made use of
in the determination of boron.  Boron, in the concentrations found in
irvigation waters, has no noticeable cffect on soil. Tt is fixed to some
extent by soil, especially upon drying, but most of it is released upon
successive washings with water {7¢). Boron is an essential element
for normal plant growth, but at concentrations only slightly above
optinum it is exceedingly toxic to many plants,  Eaton (2}) reported
that many plants made normal groweh in sund cultures with a trace
{0.03 to 0.04 p. p. m. B), and that injury cecurred in a number of cases
in cultures of 1 p. p. m. horon.  The role of boron in the plant is not
thoroughly understood, although there is a large body of Literature on
the subject.  Trrigaiion water containing more than 1 p. p. m. of boron
is likely to cause injury to the more sensitive plants (35).
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SILICA

Silien (Si0.; molecular weight, 60.06) occurs abundantly in nature,
nncombined in erystalline and amorphous forns and combined with
bases as the silicate minerals. Tt is sparingly soluble in hot water and
more soluble in carbonute alkali. Nutural waters contain from 1§ to
50 p. p. m. silica, It is a major constituent of all soils, but the small
quantity carried by the jrrigation water appears to have very little
effect, either physical or chiemical, on the soil. Silicon, probably in the
form of silicate ion, is absorbed by all plunts and in large quantities by
the grasses in which it is deposited in the epidermis, forming n dense,
protective cowting.

FLUORIDE

Fluoride {(IP; alomic weight, 12.00; valence 1) occurs chiefly as {luor
spar (CaF,) and cryolite (SNaF.ALl,), but it often is present in sig-
oificant quantities in natuea) waters, particularly hot springs. Inm the
Tow concentrations Tound in irvigation waters it has little or no effect
on seils or growth of planis. Tt i Lnportant in human nutrition in
that small quantities sre necessary for the normal development of the
teeth, while higher coneentiations produce  serious dental disorder
known as mottled enamel. The injury occurs on the permanent teeth
at the time they are forming but befove they erupt. As littie as 1 to 2
p. p.m. ﬂuori(?e in the domestic water used by children will cause a
mild to moderate mottling of the tecth, according to Smith (37).

NITRITE

Nitrite {NO:; molecular weight, 46.008; valence 1) is not present in u,
normal irvigation water. Its presence in a water signifies anaerobic
conditions, such as sometimes prevail in a stagnant well. Nitrite is
assumied 1o be an intermediate step in the oxidution of organic nitro-
gen to nitrate, thus protein nitrogen to ammonia to nitrite to nitrate,
The nitrites are readily soluble and if present in an irrigation water iv:
low concentration would not adfect the soil chemically, although a
disturbance of the microbislogical equilibrium might result, Poorly
neraled soils often contain measurable quantities of nitrite, which has
been shown by Klotz and Sokolott (22) to be associated with conditions
toxic to citrus and avocado (rees.

SULFIDE

Sulfide sulfur (8; atomic weight, 32.06; valence 2) is a constituent
of a large number of important miverals, as pyrite, sulfide of iron;
galeny, sulfide of lead: cinnabar. sulfide of mercury, and others. In
natural waters it usunlly appears as hydrogen sulfide and is easily
detected by the odor, even :n very low concentrution. Waters from
many deep wells along the trough of the San Joaquin Valley in Cali-
fornin contain substantial quantities of this constitueat. These wa-
ters are low in sulfuie, lower in fact than the replenishing waters, and
low in calcinm and magnesium.

Euton ({2, 73} culled allention to these fucts und suggested that
the sutfide was derived from sulfate by anaerobic reduction and that
the corresponding oxidlation involved the conversion of curbon in re-
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duced forms, possibly petroleum gas, to carbonate, which precipitated

the ealciom and magnesium, Sulfide as such is not nsually detevmined -«

i the analysis of an ireigation water, but satisfuctory methods are “.

availuble if it is desired.

Hydrogen sulfide, in the concentrotions found in natural waters,

has no apparent effect on sulls, probably due o the fact that it is rap-

wdly oxidized to sulfate in a well-rerated soil. A definite prejudice by

water users sgainge sulfide waters may be dug to the presence of other
-constituents, such as sodinm and boren, that are wsually found in

such waters, The effect on plants is not harnful under conditions

where oxidation can tuke place vapidly and may be beneficial as a

source of sulfur.

PHOSPHATE

Phosphate (PO, (orthophesphate); molecular weight, 94.98;
valence 3) 18 n canstituent of neardy ali igneous vocks and cceurs in
small quantities in all goils.  Vast deposits of caleium phosphate are
Tound tn Uhis conmntry, in Canada, and elsewhere, and are the principal
source of phosphate for fertilizer nse. The selubility of calcium
phosphate 1s very low in neuteal ov slightly alkaline soltitions, and as
a result only traces are found in most naturnl waters of the West.
The smalt quantify of phosphate hronght o the soil by the irrigation
witer has no noticeable elfect, either physical or chemieal, on the soil.
It 35 probuably precipilated as tricafchm phosphate,  Phosphate is
one of the most importunt substinces in plant nutrition, and its pres-
ence in o water is therefore desivable. Many aveas in the irvigated
West are either deficient in phospluite or the phosphste is not wvail-
tble, and in (hese nreas lavge quantities of the superphosphate type of
fertilizer wye used.  Orthophosphorie acid is being used to a Timited
extent as a sonree of phosphale in southern California snd Avizona,
The acid is allowed to drip into Lhe irrigation water at a weir box
just betfore distribution on the Tand.

IRON

Iron (Fo; atomic weighl, 52,85 : valence 2 {ferrous) and § {(ferric)y,
nex( ro nluminm, is the most abundant metal. There are nindreds of
mineral species of which iron is 2 normal constituent, and during the
process of weathering many of {hese heeose Incorporated into the soil.
Tron, either ferrous or foreie, is relatively insoluble i nild alladi such
as that foumd in mosk western walers, 'Thoe concentration of ivon in
solbon seldom exeeeds & fow tonths of & part per million, but some
witers carvy sullivient tron in colloidal suspension (o be troublesome
1 nsed Tor domestie or indostrial purposes, due to the formation of
seale deposits,  Inosoil the aetion of the eoltoidal Jron is to cement
finer particlos info larger ngeregales,  Lron is an osseniia) element in
plant nutcition and is present in suflicient quantity in practically all
soils.  Fron ehlorosis. That is vecognized in many areas and on nany
species, does not appear to be caased by a deficieney of Tron in ihe soil
but rather to the nahility of the plant 46 uiilize the iron,

ALUMENLUAL

Mominum (Al stomie weighi, 26,97 ; valence 3) is (he most abun-
dant wetal in pature and is wn important constituent of clays. It
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Iy relatively insoluble in mildly alkaline waters but quite soluble in
ditute acid or strong alkali. In the low concentrations ovdinarily
present inirrigation waters it ins no noticeable effect on soils or plants.
In higher concentrations, such as nre encountered in ncid soils, toxic
reactions are recognized in muny plants. In small quantities it is
a normal constituent of wmost plants bul is not thought to be essentinl
to plant geowth,
AMMONIUM [ON

Ammonin {NH,; moleculny weight, 18.0:4; valence 1) is found in
some Tunarolic and in stagnant walers, but is ordinarily not present
i well-nerated waters, A Incge quantity of anmmonin gas handled
in pressure eylinders is used ng n nitrogen fertilizer. It is introduced
inlo the ivrigation stream in fow concentration, but at frequent inter-
vals. It was shown by Fireman and coworkers (£7) that ammoniam
silts produce some unfuvorable reactions in the soil, tending toward
defloceulition and impermenbility, hut these elfects nre probably not
Jasting, us the oxidation (o niteate is nsually rapid. The small quan-
tity that might be found in natural waters would have litile effeci. on
the soil. and wny effect on plants wonld probably be beneficial.

HYDROGEN 10N AS MEASURED DY il

Hydrogen don (11 atomice weight, LO08; valence 1} which is {he
eation part of all neids, is less widely distributed than the element,
hydvogen, which forms nbout enc-ninth part by weight of water, and
is therefore Tound ahuost everywhere in nature. Some mineral springs
confain Tree acid, Many seils in the humid regions are acid, as
diffeving from the nrid soils {hat are characteristioally alkaline, " An
understanding of the neid-alknli equilibrium in an agqueous solution,
sueh as nonnfuead water, involves aelear visualization of three con-
cepts: (1) The totat acidie hydrogen present; (2) 1he fraction of the
aeidic hydrogen that is dissociated and appears as hydvogen ton; and
(%} the equilibrinm between hydrogen and hydroxyl lons that is vepre-
sentod by the plLl seale,

Considering these three poinis in order, the total aeidic hydrogen in
w solntion includes hoth the andissoeinded hydrogen and the hydragen
ion. L ds determined by titeation with siandard alknli wued is veported
in units of quantity ws equivatents or milligram cquivalents,

When an aeid s dissulved Dnowaler, o part of The aetd molecules dis.
socintes 1lo posttively and vegatively charged fons: thas, for hydro-
chlovie acid: Hydrogen ehloride moleeule - hedvogon {on, positively
charged Eehloride Ton, segatively chavged. The strength of an aeid
is depenilent upon the proportion of hydeagen fons (o undissoctded
scid molecnles, Such strona aeids s bydrochloriv, niteie, and sulfurie
dissoctate almost completely in dilute ~elution,  Weal actds are only
partinlly dis<oeinted s for instance, aeetie aeid in normal solution con-
tains less than 1 pereent ydrogen ion anil borie acid fess (han 041
poreent. .\ measure of the hydrogen ion concentmtion indieates (ho
acidie intensity of the solition and is veportod asz pH value,

[ water o in wpieous solutions of weid ov alkali, the product. ob-
tnined by multiplying the coneentmtion of hedrogen jons by the con-
cenfration of hvdraxyl oo is a constant, thus: (F) (OT0 ) = Ko,

THIGS 1% @
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where Kw has the rounded value 10+, This means that in acid solu-
tions the concentration of hydroxyl ions is extremely low, and, con-
versely, in alkaline solutions the concentration of hydrogen ions is
extremely low. Also, from this relationship, it is possible to express
concentrations from strong acid through neutral o strong alkali in
terms of hydrogen ion concentration. These values ave awkward to
handle, so for purposes of simplification the negative logarithms are
used. These negative logarithms of the hydrogen ion concentration
are referred to as pEl wmis, i. e, pH=—log,, {(H*'). The pH scale
starts at 0 on the acid side and extends through neuiral at pEL 7 to
pH 14 in stvong alkali. To illustrate these refationships, consider &
neutral solution such as pure water {hat has, by definition, equal quan-
tities of hydrogen and hydroxyl ions, or from the above equation
(16 {107yOH-=10", TIf the hydrogen ion concentration is taken
as 107 equivalents per liter, the pH= —log,, (H7y= —log,, (10-7)=T.

ORCANIC MATTER

The eolor in the nalural waters of the West is due slwost wholly to
organic matter. ‘Fhis colot interferes to some extent with some of the
anatytical procedures but probably has no detrimental effect on either
soils or plants.

ANioxs AN CaTioNs

In this group are considered the cations—ealcinm, magnesium, so-
dium, and potassium—-and the anions—carbonate, bicarhonate, sulfate,
chloride, and nitrate. These are grouped together becaunse of their
rather gencral occurrence and the faet that most detailed water analyses
include them. “These constitute the bulk of the dissolved constituents
and very largely determine the quality of the water,

CALCIUM

Caleium {Ca; atomic weight, 40.08; valence 2} is one of the most
abundant metals, but it is never found in nalure uncombined. Itisan
essential constituent of many minerals and rocks. Of agrienltural
importanee ave limestone {ealcium carbonate), gypsum (ecalcium sul-
fate), and calcium phosphate.  Caleium is found in nearty all natnral
waters, soils, plant tissue, and animal bones.  The salts of calewm vary
rreatly in solubility, the cavbonate and phosphate being relatively
insoluble in water but veadily solnble in acid. The sulfate, gypsum
{CaS0,.2H.0), is soluble to the extent of about 30.6 e. p. m. (2,634
p. p. m.}, and the chloride and nitraie are both readily soluble i water.
Hard water, as the term is ordinarily used. is characterized by a high
concentration of caleium or magnesinm, or hoth.  These (wo 10ns pre-
cipitate soap, forming scum that is objectionable,  The term is used
in n slightly different sense in connection with analyses of rigation
waters., If the proportion of caleium plus magnesinm to tolal eations
is high, the water is said to he hard, regardless of the total concentra-
tion. This will be discussed below under Sodinm.

To a great extent, the cations present in the soil solution determine
the physical as well as the chemical properties of the soil. A ealcium
soil is Triable and easily worked, permits water to penefrate readily,
and does not “run together” or puddle, when wet. These reactions
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will be considered in more detail under Interpretation of a Water
Analysis.

Calcium is essential to normal plant growth. It is abundantly sup-
plied by most irrigation waters and soils of the West, although there
18 some gvidence that calcium is not available in the presence of car-
bonate alkali (24, fp. 205-211). Calcinm deficiency is recognized and
g widespread in the humid regions of the eastern part of the United

tstes.

MACNESIUM

Magnesiwm (Mg ; atomic weight, 24.32; valence 2) is abundant in
nature, being a normal constituent of such igneous rocks as the amphi-
boles, pyroxenes, and micas. Tule and serpentine are silicates of
mugnesivm, and dolomite is a carbonate of magnesium and ealeium.,
Mincral springs and sea water contain relatively high concentrations,
while most natural waters contain some magnesium, The carbonate,
the hydroxide, the oxide, and the phosphate of magnesium are spar-
ingly soluble in water but readily soluble in ucid. Most of the other
compeunds are water-soluble. The reaction of mugmesiom jon with
the soil is much like that of ealeium. It is essential to plant nutrition
and can replace calciwn partially bub not comnpletely. It is an im-
portunt constituent of the chlorophyll of green plants.

SODILM

Sodium (Na;atomic weight, 22,097 valence 1) is widely distributed
andt is the most abundant of the alkall metals. It is a constituent of
mitny igneous rocks and rock salt.  Most fresh wuters contain at least
mensurable concentrations of the clemenr, while in sea water the con-
centration is high, All of the common salts of sodiumn are water-
soluble.  Sodium, like the other cations, when applied to the sotl in the
irrigation water reacts with certain c¢luy minerals known as the base-
exchange material of the soil. Unfavorable physical conditions re-
sult when sodium is the predominant cation, As long as the total
concentration of the water in contact with the soil remams unchanged
the adverse effects develop slowly.

If the total concentration is lowered substuntially, as by a change in
qualily of water or Ly a wood rain, the soil undergoes a very pro-
nouneed change, both physicul and chemicul, When wet, the soil
deflocculates or “runs together” and becomes sticky and impervious.
On drying, Iarge cracks and havd clods form, making it difficult to
worle into n seedbed,  Chemiceal changes take place that result in the
formation of carbonnte {black) alkali, The so-called “slick spots”
sometimes found in irrigaled ficlds und the playas of the desert ave
usunlly alkali areas. Reclamation of alkali soils involves, among other
things, the replacement of the adsorbed sodium by caleium or mag-
nesitm and the removal of the sodinm by leaching. This can often be
accomplished it a high ealeium (hard) wnier is wvailable for the leach-
ing, otherwise it may be necessary to apply gypsum or some other
soluble caleium salt to the soil before leaching, In this connection,
Scofield (34) summarized {he results of n series of reclumation experi-
ments in the frequently quoted statement: “Hard water makes soft
land wnd soft water muakes hard tand.”?
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The ordinary crop plants develop normally with little or no sodium
available to them so that, it sodium is essential, the requirement is very
low. It is taken up freely from saline soils by many plants, but it
appenrs to serve 1o olher function than to increase the osmotic concen-
Lration of the cell sap and thus retard desiceation. TIn higher concen-
trations sodium ion is toxic to planis,

The ndverse effect on the soil is more closely related to &he ratio of
sodium in the irrigation water to total eations than to the absolute
concentrution of sodinm. This vatio is called the “petcent sodium”
(percent Na) and is defined by the following equation, in which con-
centrations ave in ferns of equivalents, as e. p. ow.:

Percent Nu:____j}filﬁl_q@___
UMb No-HIK

POTASSIUBL

Potassium (K; etomic weight, 39.096 ; valence 1) is found in many
rocks, but is move abundant in igneons than sedimentary rocks, It 1s
1t constituent of many of the complex silicates that make up the soil,
Great deposits of potassium minerals nve found in the saline beds near
Stassfurt, Germany, and Carlsbad, N. Mex,, and the element is abun-
dunt in the brines of Senrles Lake, Calif.  The soils of the West ave, in
genernl, well supplied with potassium, and there ave only a few areas
that nppear to be deficient. ' With the exception of the silicate minerals,
most of the compounds of potassium ave readily soluble, but the con-
centration seldom exceeds a few tenths of an equivalent per million in
soil solutions or natural waters. The veaction with the soil is similar

to that of sodium, but the effects are not so harmful. Potassium is
essential to plant growth und is one of the three major plant-food
clements.

CARBONATE

.

 Curbonate {C0,; molecular weight, 60.01: valence 2) in the form of
Timestone (ealeium earbonate), dolomite {ealeimm angl magnesium car-
bonnte}, nnd iron enrbonate 18 widely distributed. The first two are
constituents of Tertile soils and often used as soil amendments., Alkali
enrbonates nre often present in mineral springs but only in traces in
most. naturel waters, The eavbonntes of the alkali bases, sodium and
yotassium, wre water-seluble, but the carbonates of the alkaline-earth
Brges. enleiun and magnesim, and of the heavy metals are quite in-
sohible in wiker bt soluble in acid. 1€ soluble earbonate in the irriga-
Lion water is applied to the soil one of two veactions tukes place.  Tnthe
absence of caleinm or magnesium the seil beeomes nlkaline and takes on
the unfnvorable characteristics deseribed wider sodium, above. If an
excess of n soluble ealeium salt such ns gypsum is present, calcium
carbonate is precipitated and little change i the soil 18 noted,  Alkali
earbonate, sueh as sodium carbonate, is undesivable in the irrigation
water winl soil solution and is extremely toxic to plants.

BICARBONATE
Bienrhouates {FICQy; molecular weight, 61018, aalence 1) ave not

found to nny extent in nature except in solution in natural waters.
Caleium bicarbonate is more soluble than the normal carbonate, but the
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eompound is unstable and is kuown chiefly in solution. A 1-is§ in
teniperature or evaporation results in the loss of carbon dioxide and'the
precipitation of caleium carbonate, thus:

Cu (HCOOs) =CaC0:4-C0; +H=0

Most irvigution waters earry some ealeium bicarbonate in solution, so~
that from these waters enleium carbonate is deposited in the soil. This-
renction is of great importance in irvigation agriculture, as it tends.
to keep an excess of caleium in the soil. Curbon dioxide that is given-
off by plant rools nnd micro-organisms adds to the bicarbonute content
when dissolved in the soil water, The equilibriunt involving carbonate,
bicurbonate, earbon dioxide, und the cations not only determines the
pH of the water but also holds the pH reasonably constant for long
periods of time, This equilibrinm pH value for most natural wateyrs of
the West £alls betsveen 7.5 and 8.5,

Plants use large quantities of carbon dioxide in the process of
photogynthesis. In the ease of lund plants the carbon dioxide is taken
from the nir in guseous form, while inagquatic plants the earbon dioxide
15 in golution, possibly entering the plunt ns bicarbonate ion. The
bicarbonate in solution in irrigation walers is probably of little direct
importance in plant nutrition.

SULFATE

The most abundant sullate (SO, molecular weight, 96.06; valence 2
compound in nature 38 (e caleium salt, eypsum (CaS02H0). Tt
veems in depogits of greal extent and is ulse widespread in lower con-
centration in both solls and waters, Sodinm and magnesium sulfates.
ave readily soluble, while ealeinm sultate is sparingly soluble. (See
under Calcium, nbave.)  Sullate has no characteristic ackion on the soil
other than to ineresve the salinity, Sulfur is an essential element in
plant nutrition, and in the form of sulfute it is readily available to
plunts.

CHLORIDE

Chloride (Cl; atomic weight, 334575 valence 1) us a constituent of
sodinm ehloride (vommon sult) is found as rock sult and in solution
in sen and natural waters. The common chlorides are all soluble, so
that the concentration builds up in soil solutions or drainuge waters.
(See tuble 4, below.) Plants develop normally in solutions containing
only traces of chloride, so that if ¢hioride is essential the quantity re-
quired is small. Tt inhibits the growth of most crop plants and be-
comes definitely toxic at moderate concentrations. Formerly, the
chloricle concentration wus used as the mwost important criterion in
judging the quality of au irvigation water, i. e., the less chleride the
betler the water.

NITRATE

Nitrates (NOy; molecutnr weight, 62.008; valence 1) are not found
in extensive deposits in the United States. The principal source of
nitrate is Chile, where the material is recovered as an impure sodium
nitrate.  All the nitrate salts ave soluble and eusily lost by leaching.
Fertile soils contain nitrate that is presumed to come from the oxida-
tion of nitrogenous organie matter or from the fixation of ntmospheric
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nitrogen by soil organisms. Surface waters contain only traces of
nittate, while ground waters often contain measurable quanlities but
usually less than 1 e p. m. NO,. These concentrations huave little

effect on the soil, but the continued use of sodium nitrate fertilizer
may impair its structure and permeability (17). Nitrate is one of the
three major clements in plant mutrition and is usually the first to
become Jimiting in tiis arid soils of the West. Nitsute promnotes a
guceulent type of growth that is desiiable in forage crops when ade-
quately supplied with water, but less nitrate is needed when the crop
consists of tubers or fruit.

Toral CONCENTRATION OF CONSTiTUEIITS

"The usual water analysis affords three measures of total concen-
tration: (1) Electrieal conductivity; {2) total anions; and (3) dis-
solved solids. The significence of each is given below.

ELECTRICAL CONDUCTIVITY

In an aqueous solution such as o natural water, 2 large proportion
of the inorzanic salts dissolved in the water are jonized. Thus sodium
chloride (NaCl) ionizes to form positively charged sodiam ions (Na*)
and negatively charged chloride ions (Cl-). These charged ions con
conduct an electric current, and use is made of this property in the
dotermination of conductivity. The electrical resistance, between
platinum electrodes, is measured with a Wheatstone bridge, using a
previously calibrated conductivity cell. The electrical conduetivity
(BC X102t 25° C.},* which is calculated from the above measurement,
is reiated to the total ions present and correlates well with plant
response.

TOTAL ANIONS

In any solution, the number of equivalents of positive ions (cations)
must equal the number of equivalents of negative ions {amions).
"Then, either total anions or total cations expressed in terms of equiv-

alents can be used satisfactorily as a measure of total salimity.
Anions have been used almost exclusively, because, until recent years,
it was not possible to make a direct determination of sodium, one of
the principal constituents of the catiens.

e expression “clectrical conduetiviby is synoaymous with “specific elec-
tricnl conductance” The standurd unit for conductivity is the muo/om. It
is snck & large unit thai most natural waters have a value of much less than 1
auit. For instance, the Colornde Niver sample (No. 106642, table 2) has @
condnetivity of G.0011T mho/em. For purposes of convenience in recording or
expressing such results, the velue in mhbo/umn. is multiplied by 10° (decimat
point woved 6 places to the right) and reported as BCX10° at 25° €, Muech of the
eartier work on aatnral waters was reported as KX16° at 25° €. This value
mulfiplied by 10 gives BEOX10® at 23° C. The relation between the several
metheds of reporting conduetivity is shown below, using s an example, the
conduactivity of the Colorndo River, menticned ubove:

Ed -={. 00117 wnho/ew,

BOX 10°=1.17 millimhos/em,

BOX1P=117 {IKX10%)

120X 10°=1,170 micrombos/em,
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DISSOLVED S0OLIDS

The value for dissolved solids (D. 8.) is obtained by evaporating to
dryness an aliquot of the water and weighing the dry residue, The
water must be freed from such suspended matter assilt.” The weight of
the dry residue is corrected for the aliquot portion taken and reported
ng dissolved solids in parts per million or in tons per acre-foot (t. 4. £.),
T. a, f. is obtained by muitiplying p. p. m. by the constant 0.09136,
and is used in estimates of salt balance in irrigated aveas (33).

There is no simple relationship between the three methods of in-
dicating total concentration. For natursl waters, the following pive
approximate values:

EBCX10°X0.7=D, 8. in p. p. m.
BOX10"-100=e. p. m. aniong,

SicNiFicANcE oF CoONSTITUENTS

Of the minor constituents, boron is the most important. In the con-
centrations found in certain irrigntion waters it is toxic to many plants,
but extremely small quantities are required by all plants. The concen-
tration of boron ig one of the three criteria by which the quality of a
water is judged, the other two being total concentration and percent
sodium.

The cations—ealcium, magnesium, and sedium—react with the base-
exchange material of the sotl and determine very largely the physical
character of the soil. Calcium and magnesium, in proper proportion,
maintain the soil in a good condition of tilth and structure, while the
opposite is true if sodivm predominates. Under conditions of high
salinity, chloride is often the principal anion, owing chiefly to the fact
that the chloride salts are soluble,

Considering the three methods for expressing total concentration,
electrical conductivity is most used in characterizing a water, total
anions (or total cations) is used for checking the aceuracy, and
clisselved =olids is used in salt-balance studies.

TYPICAL WATERS AND VARIATION IN COMPOSITION
Sunrace WATERS

There are presented, in the tables that follow, the analyses of a
number of surface and ground waters. These ave typical of the nat-
ural waters of the West, and all are being or have been used for irriga-
tion. Surface waters vary considerably, depending on flow, so that
the analyses shown should be recognized as representing the condi-
tions at the time the sample was taken but not necessarily the high
or low extremes. Except as noted, the analyses were made by the
Rubidoux Laboratory, of this Bureau, using the methods hervein
described.  Analyses of a series of 12 surface waters arranged in
ascending order of conductivity are given in table 2.

The first five analyses of table 2 represent watcrs of low total salinity
and are lew in boron and percent sodium as well. These are excellent
irrigation waters. Sample No. 16920 is from Cache Crecle in north-
ern Calilornin and is characterized by its high boron content. This
water causes injury to boron-sensitive plants, but is satisfactory for
stich tolerant crops as sugar beets and alfulfu, The next three, the




PanLe 2. —Chemical analyscs of surface walers of important streams from which water is diverted for irrigation
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. 1 From main eansl on Sunnyside Project, composite sample for

August 1943,

At Tisdale, a large éapacity weir, approximately 35 miles above

& Sacramento, July 13, 1945. :

¥ At ‘Wenatchee, Wash., Nov, 25, 1935.

¢ From canal at Huntley, Mont., June 7, 1940.

5 From ¢anal near Scottsbiuff, Nebr,, May 23, 1945.

$ At Capay Dam, Yolo County, Calif., composite sample for
August 1941, )

1 Near Vernalis, Calif.; Aug.- 10, 1933.

8——=5F—CQ10!

8 At point of diversion of Rocky Ford High Line Canal, Pueblo
County, Colo., July 21, 1944,

- % At El Paso; Tex., compasite sample for August 1945,

10° At Yuma, Ariz., composite sample for Aug. 1-10, 1942,

1At Ashurst-Hayden Dam, Ariz,, Aug. 2, 1933, i .

12 Near Orla, Tex., 19 milee downstreani from Red Bluff Dam,
composite sample for Aug. 1-10, 1943.  Analysis by U. S. Geological
Survey (21, p. 70).

13 Trace.
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San Joaquin, the Arkansas, and the Rio Grande, are waters of med-
erate sadinity. ‘These streams in the upper reaches are of low salinity,
but these sumples were collected at sites within or below the ivrigated
areas that mre influenced by drainage return flow. Such waters are
sutisfactory on woll-drained land, but are not so satisfactory if drain-
age is impaired.

The next sample (No. 16642) is a representative analysis of Colo-
raclo River water as delivered to the Imperial and Yumn Valleys since
the completion of Tloover Dam.  {See table 5 for analyses prior to the
construction of the dum.) The concentration has not been subject to
the fluetuation ocewrring before sturage began. The boron and per-
vent soelitm are ow. and it is & satisfactory water on permeable soils,

Gila River water (sample No. 7546) has a higher total salinity and
sodium pereentage and is, characteristienlly, a chloride water, as differ-
ing from the Colornde, which is a1 sulfate water.  This water is used
on well-drainml soils without much dilieulty, but on heavier soils de-
floceulution and bopermeability often develop.

“The last analysis is From the Pecos River and represents the water

avaibuble for irrigation in the Peeos and Barstow areas. The choice
if crops is limited to the more tolerant species, and furming is confined
almost wholly to the light, well-drained soils. A study of the salinity
problenss of the aren was made in connection with the Pecos River
Joint Investigation (42).

GCrouxp WATERS

Analyses of a series of representative ground waters from areas
where wells constitute the principat souvee of irrigation water are
given in table 3.

The first two analyses of table 3 are typical ground waters from two
fertile ivrigated areas.  They vepresent excellent supplies that, under
normal conditions, enuse no trouble cither to plants or the soils. The
next analysis (sample No. 18005) is of a water that might be expected
to canse unfavorable reactions in the soil. Large quantities of early
potatoes wre produced in the area, and it has been found that waters
of high sodiwm pereentagze, sueh as this one, tend to malke the soil less
permeable,  Fhis makes it necessary to hold the water on the fields
mueh longer. Fo overcome this. it has become the practice to make
a generous application of gypsum before planting.

The next two waters ave from the Avvin area southeast of Bakers-
field. The frst {sanple No, 18067) is of satisfactory quality and has
produced good crops for many years. The other (sample No. 18071}
is from a well not Tar nway thai is entirely unfit for irrigation beeause
of the high boron mul sodium percentage.  Only the most boron-
tolerant plants survived the use of this water, and it has since been
discontinued.

Saniple Noo 13397 is from a well vear the highway between El
Centro, Calif.. and Yuma, Ariz. and represents the ground water in
e desert. Tt is interesting to note that the water is of relatively high
chloride and low sulfate content. resembling more nearly the Gila than
the Colormio River water. '

The next two (samples Nos. 17069 and 8340) are representative
waters of modernte salinity and are considered good wells in the areas.
A sample (No. M084) from Ventura County, Calif,, is rather high in
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both salinity and boren, but a good orange grove is being irrigated
with this water.

Many years ago a large planting of deciduous trees was made in the
western part of Fresno County. The trees did not do well, and the
.cause was assumed to be velated to the irrigation water. Only in re-
cent years has it beer shown that the trcuble was caused by a high
boron content in the water., Sample No. 18646 1s one of the better
waters that is still in vse on cotton and grain. The high sodiun
produces unfavorable raactions in the soil that are eusily vecognized.

Boron is not given for the artesian water used in the vicinity of
Roswell, N. Mex., but from other samples it is knowu to be low. deod
yields of the legs sensitive crops ave produced.

The lust analysis {sample No, 1§H3) represenis a highly saline
water that under most conditions would not be suitable for irrigation,
It is typieal Gila River underflow and is being used fairly successfully
on very perineable soil for the production of alfulfu and Bermuda
gruss seed.

Vaniation n Coxposition

The effect of irrigation diversions and drainage veturns on the com-
position nid concentration of the water in the main channel of a river
18 shown in table 4. Data from cight stations on the Rio Grande are
shown, the upstream station being at Otowi Bridge near Santa Fe, N.
Mex., und the lower one ot Fort Quitman, Tex.. about 86 miles below
ElPaso, Irrigation developments nre all along the viver, exceptalong
the reservelr section from San Murcial to Caballo.  The values are
weighied means of monthly composite samples for the yaar 1945,
weighted in each case in proportion to the total flow,

It is apparent that as the total flow decreares, owing to irrigation
use, the total eoncentrabion as measured by electrical conductivity or
dissolved solids increases (fable 4},  Likewise, both bovon and percent
sodium incrvease.  This table emphasizes the difficulties that may
bhefall water usgers in the lower veaches of a viver, ivolving bot
quality ag well as quantity of water rvesulting from upsiream
developments.

Usually, though not wlways, the quulity of the waler il n stream
varies with the flow and is better during flood periods.  The Colerado
Kiver exemplified this to o marked degree prior to the completion of
Hoover Dam. To ilhustrate this, a number of analyses of the Qolorado
River, as swapied ol Yoma, Ariz, are reported in table 5. The first
12 analyses cover the vear 1932 at approximately monthly intervals.
Puring this time the discharge varied from less than 3,000 ¢ £ s, to
more than §0,000. The maximum econductivity was 1,900, and the
minimum 446,  The ast analysis In table 5 represents the quality of
water at Yuma 5 years after the Lake Mend Reservoir was put in
operation. The composition has remained very constant since storage
began. .

Ground waters show vurintions in composition that arve related in
most cases to the steata from which the waters e pumped.  Some
of these differences are iflustrsted in the analyses reported in table 6.

The fisst two saniples ave from wells in the vieinity of Talent, Oreg.
The first is chaructoristic of o shallow stratum, while the second repre-
sents deeper water.  Tn this ease, the shaltow waler is of excellent
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TasLe 3.-—Chemical analyses of waters of representative irrigetion wells

Irrigation well No.

Items of comparison

182031118032 2 18067 *1 18071 41153973 {17969 &| 85407 ;14084 * | 18646 18443 1

Electrical conductivity (ECX 10
at 25° C oot
Percent sodium

Cations:
Calcium (Ca)...ooiioo €.
Magncsium (Mg) e e.
Sodium {Na)......o... e.
- “Potassium (K)........_¢.

Total. oo i iz e.

Arnions: :
Carbonate (CO;) .. .. e.
Bicarbonate (M1COy).._.e. p. in__
Sulfate (SO o ov-_ e p: m..
Chloride (Cl)ioo ..o e p.m_.
Nitrate (NO3) ... .oo.oe.p. m._

Total._.____. e e p.m..
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1 lrrlgatwn well, 0.5 mile NW of Indio, Riverside County, Calif.,

Dec. 9, 194
C Irnggtlon well, 11 miles west of Lancaster, Los Angeles County,
Calif,, Sept. 12, 1044,

3 Irrigation \\ell 10 miles north of Bakersfield, Kern County
Calif., Sept. 5, 1944.

s Irngahon well southeast of Bakersfield, Kern County, Calif.,
Oct. 10, 1944,

s Gray s well, Imperial County, Calif., between El Centro, Calif.,
and Yums, Aru Feb. 14, 1941,

°Irr|gsuon “ell 1.5 miles northwest of Carpinteria, Santa
Barbara County, Cale Aug. 11, 1944,

7 Irrigation well, 2 miles south of Hollister, San ‘Benito County,
Calif., Apr. 19, 1934,

¢ Irri ation well 2 miles southeast, of Fillmore, Ventura County;
Calif., June 24, 1940

¢ Irngatxon well near Huron l‘resno County, Calif:, an 31, 19486.

1 Well in sec. 15 T. lOS , hear oswell Mex July
24, 1940. Analyals by U. S Geologlc&l Survey (48, p. 118 analysu

No. n.

) Irrigation well, 5 miles southwest of Roll, Yuma County,
Ariz., Aug. 19, 1946,

12 Trace.
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TanLe 4.—Weighted mean concentration of water samples from eight stations on the Rio Grande for 1946

Station

Items of comparison

Otowi San f{Elephautf Caballo vLeasburgk
Bridge ! |Marcial 2, Butte? { Dam* | Dam!

Total discharge, acre-feet 1,131,550 {813,750 839,690 ;882,920 | 814,170
Electrical conductivity (ECX10%vat 25° C)eviiineunne s 280 567 662 740 778
Percent sodium cowceaaacoun vt o ot e 24 41 42 | 43 44
Boron (B) o e mi e me i e f s e p. p. m.. .03 .10 .11 L1 .12
Dissolved solids (1D, 8.) coimiiiccimr e emnemnn t.oa. f.. .26 .51 .59 . 63 .69

Cations: ,
Caleium (Ca) acoociooiiuiiimncuian i e p. 1. 67 . 56 . 90 3.13 .23
Magnesium (M) e e commiime s bmmsas e. p. .49 .80 . 08 1. 08 .13
SOdium (Na) e ccevvmoomm e manascmdimmmommewsC Py . 69 ,.30 . 76 3. 20 . 43

Tottlyoeoeoon mcaaiomia il b e. p. . X . 64 7.41 .79

Anions: :
Carbonate<bicarbonate (CO3+HCOg) o ean e p. m.. . : S 2, 89 . 84 4,
Sulfate (SO v oiin e nc e n ¢. p. M. . . , 3.24 . 53 5. . 51
Chloride (C oo imcmcimaans e e e e. p. M. .14 . . 1. 40 .53 1 3 . 60
Nitrate (NOs)ecemvooncmcacicsmme s e mmmm == e. p. Moo *) . .01 .01 . .02

LOtAL - oot e e i m e @ P MM 2 5-72 6.75 1 7.54 7911 12.53 | 29.53

1 Near Santa Fe, N. Mex, Samples and. discharge data by 5 About 2.4 miiles above the International Dam. Samples and
U. 8. Geological Survey. : discharge data by International Boundary Commission.

* At the upper end of Elephant Butte Reservoir. . Samples and ¢ Hudspeth  County, Tex.  Samples and discharge data by
dischiarge data by International Boundary Commission. U. 8. Bureau of Reclamation. ,

3 Reservoir outlet. Samples and discharge data by U. 8. Bureau i Approximately 80 miles below the International Dam at El
- of Reclamation, Paso. Samples. and discharge data by -International Boundary
+ Samples and discharge data by U. 8. Bureau of Reclamation. Commission, :  Trace.

» | o

4
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TasLe 5—Chemical analyses of water samples from the Colorado River at Yuma, Anz

Date collected

e o
Ttems of comparison 1932

Mar. | Apr. | May | June | July Sept. 3 . | Dec.
12 10 3 7 10 . 10

‘izlxxij)l(‘ No... . 3970 5601 -5789] 5900|  6104] 06229; 6434 5 6683 680! 6963
Diseharge, .o cueownen ) 2, 890|11, 200}17, 600{29, 000}83, 500{62, 00014, 10, 4007 5, 4, 76} -4, 3204

FEleetrieal conductiv n\' )
¢ i 1,720] 1,300 1,110] 746 357 446 I, 1, 860 1, 1,790

) , 45 48 37 33 30 S 30 44 43 43
Boron (B) : - .24 01210 L1 L1800 . .07 : .14 . .27
Dissolved solids (D. 8. .a.f 1.65 1.19] 1L .69 . . 39 2.00f 1. . 1. 79
pli . 8.4 . 8.0 2 8.1 7. 8 X L A

‘Cistions:
Caleium (Ca) . s et iimmina e.pan.. . 4, § . 3. . 05 5. 28 . 02
: Magnesium (Mg) .o, cocoinnne ¢.p.m... 3 3.¢ . A . . L3802 . €4
T Rodittm (Na) . v e cni et e.p.in.. 8. 48 8. C , 3: 3 A . . . b, 34
“Potassium (IO« . vusmmmcanioas e.pm..fe ool . . , 28]

;l‘otal__--‘_---.,___-_., __________ e.p.m._| 18.97| 18 . . O 8 . 6 . 54 12 . 28

Anions: : :
Carbonate (003, o uoo ol o e.p.am_. { ,
Bicarbonate (H (6107 U e.p.an_. i . . . . . , . .70
Sulfate (SO4) acccacerooota €PN ; 8. . 34 . 19 3 . . 7. . 26]

ASN - NOILVOIMEI ¥Od HAIVM 40 ALrIvad dAHI

Chloride (Cl) . o vicomimacaaaal €.p.m._ . 50] L. . . , . 35
Nitrate (NO3) e cmme e r e e.p.m__ .09 . R . . .13

Tobalooooee it aeoios epam._| 19,22 18,93 13. 111 11. 98! 7.011 5 67 4.531 12.84 21. 44
V.(41, 42). e 1'Méaii'value derived from V. 8. Geological Survey dats (43, p:.80).
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PanLe 6.—Chemical analyses of ground waters, showing variation in composition due to depth and to length of time of
pumping

Date collected

Items of comparison e i ,_L?.Bi 1945

MOct. . Apr. Aug. Apr. Apr. Apr. . ', Apr. Apr;
252 44 17 3 173 8 ) 183

Sample No 8541 | 18427
Well depthe i oe feet.. 220
Pumping time. . .« coicwearane oo HOUrs. . .
Eleetrical conductivity (ECX10° at 25° C.).
Percent sodium. . cone e iinn M me mmm
Boron (B). ., p. p.mc.
Dissolved solids (D. 8.) .. c bimanns t.oa. .
pH.. .. :
Cation:
Caleium (€C8), cvmewicsicewan-C P
Magnesium (Mg) . p.In..
Sodium (NA) . - ciaiceimanomann €. p. M.
Potassium (I) conosinsincnaas ¢, p.m..,

Total. o enininnanan ¢, p. M.

Anions: ]
Carbonate (CO3) . ormcamomeeann e. p. ... 0
Bicarbonate (HCOg) o mvcocnn SGop.mol] 3 . i , . 99 .6 3. 2 . o . 99
Sulfate (SO0 - v crmmaicmacionna e.p.oin._] . . . . .87 . 90
Chloride (CDuee e er o cneannn e.p.om.| . 1,3 . .95 . 1 . . 60 . .70
Nitrate (NOa) . - cecvemmnnisana ¢. p.m.. . : . .41 . . .26 . . 1.75

Total. o idmmcmce e e, p. Mm._ .72 . . 3. 6. 22 1. 34

1 Shallow well, % mile west .of Talent, Oreg, s Irrigation well -in- Coachella Valley, Riverside County, Calif.
2 Irrigation well, 2 miles east of Talent, Oreg. . Bamples collected at intervals from the start of pumping to 36 hours.
3 Trrigation well, San Benito County, Calif. ¢ Trace.
¢« Same. well as number 8541.  Sample:collected from an inflow

of water into the casing at a depth of 38 feet, which was above the

static water level. : .

HUNILTADINOV 30 1434 S ‘0 ‘396 NIXATING TIVOINHOIL
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quality and the deeper water is of poor quulity, Samples 8541 and
18427 wre from the same well.  No. 8541 represents the well as
pumped for irvigation use and is a mixture of water from several
waler-bearing strata,  The well was subsequently abandoned beenuse
of the very poor quality of the water. In 1945, it was discovered that
water was flowing into the well above the static water surface. This
inflowing waler was sampled (No. 18427} and found to be of excellent
quality. “Samples Nos. 18758 to 18767 nre from the sume well and
were collected during the course of a 36-honv irvigation run. The
totnl concentration inereased as well us the concentration of each ion.
This is the exception mther than the rule, ns most wells remain re-
markably constant in composition for long periods of pumping.
Anotherinteresting feature of this water is the relatively high nitrate
concentration.

INTERPRETATION OF ANALYSES OF IRRICATION WATER

Au interpretation of n chemieal analysis of an irrigation water
should take into considoration the effect of the dissolved sults on both
plunts and <oil.  These two reactions ean be studind separately in the
thoratory, awd o considerable body of valusble information is aviil-
able. Tu the field. however, plant response is the result of these and
other reactions operating simultaneously, and the effect. of eavh re-
uetion cannot he distingnished readily. "Adtempts have been made to
anticipate the effect of waier on 1 $61l by means of eqeattions of the
nimss-laow type (24, 2030 Factors not ineluded as yarviables in the
equittion, suctt ns deninnge, soil texture, and type of clay mineral
present. profoundly stfect the equilibrinn, nnd the results obtained
from sueh equutions may he questionnble. Accordingly, the scheme
for interpretation, presented below, is Inrgely empivical and is buased
aqn experienee Lo a great extenl, 1t is worthy of note. however, that
earlier proposads (22, 27, .02 50) agree very well, and agree exnetly
as ty the upper ot of tutal concentraiion,

Three charaeteristios of & waler must be kuown in order to make an
estimade of the quality: (1) The tolal concentration, (2) (he percent
sodimm, and (3Y the concentration of boron.  The totn] concentration
enn be expressed in terms of eleetrien! conduetivity, total equivalents
per million of snions {or cations), or dissolved solids. 18 only dis-
solved solids is kuown. vorresponding vidues for conductivity o
equivalents per million, for use in (able 7. ean he approximated, as
shown under Dissolved Solids (p. 13). Percent sodium is defined
under Sodivm (p. 11, The effeet of horon concenteation on the
fuality is disenssed in a subsequent paragrnph.

The permissible Jimits for electrical conductivity and percent
sodimn, as suggested Ly Scofield (42 p. 286), are shown tn table 7.
While it is possible to classify frvigation waters reasonably sabis-
factorily by reference to table 7, especially ns regards electzical con-
duetivity, it is thought that a belter elassifieation o respeet to sodium
pereentage can be made by means of o diagram.  Soeh a dingram is
shown in figure 1. The Timits for clectrical condnetivity in the dia-
granm are similar 1o those i table 7 and cover the sune vange.  "The
percent sodinm ix shown in an inverse curvilinear relat ionship to con-
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ductivity. This relationship of high sodium percentage associated
with low total concentration in each class seems reasonable and appears
to fit the observed facts. - :

TOTAL GONCENTRATIGN AS ELECTRIGAL CONDUGTIVITY

100°. 500 1,000 1,800 2,000 2,500 3,000 3,500
| | ] |m1'al}.t]
OUaTFUL .
e
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18003 UNSUITABLE
[+
PERMISSILE
3 Tw
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Ling
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: |
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NT—
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TO TO TO
" 6000 PERMISSIBLE UNSUITABLE uusulnauz’
o i T S DR i
[} 5 ) 15 20 28 30 »

TOTAL CONCENTRATION IN EQUIVALENTS PER MILLION
Fiayre 1,—Dingram for use In Interpreting the analysis of an irrigation water.

The diagram in its present form has been in use for more than 2
years und has proved useful in the interpretation of water analyses.
The horizontal axis of the diagram (fig. 1) represents total concentra-
tion in equivalents per million. The related values for electrical con-
ductivity are shrown on the upper wargin.  Three ordinates divide the
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scale at 7.5, 20, and 30 e, p. m. into four classes of water, based on total
concentration alone. The vertical axis represents the pereent sedium
in the irrigation water, Thres curves complete the diagram and form
the upper boundaries, in terms of percent sodium of the several classes
of water.

TasLe 7.—Permissible limits for electrical conductivity and percent
sodium of several classes of irrigation water

Clasaes of water
Tlectrical Percent
conduekivity sodivm
Railing Crade
BOX 1dtat 26° C.

1] Bxgellenb. o oo eeaa oo <250 <20
2| Goeod. o e 250 to 750 28 to 40
3| Permissible. ... ____ 750 to 2, 00D 40 to 60
41 Doubbful. .. . 2, G600 to 3, 000 60 to BO
E| Unsuitable_ o oo oL >3, 60D p-3.11)

Using the two characteristics of a water, the percent sodium and
total concentration s coordinates, locate a point on the diagram. The
position of the point determines the quality classification to which the
waler is assigned, For instance, sample No. 18042 of table 2 is from
the Colorado River at Yuma and has a sodium percentage of 39 and
total coneentration of eations of 12.06 e. p. m. The corresponding
point is located on the diagram in the avea marked “good to per-
missible,” and this designation, therefore, becomes the quality classifi-
cation of the water, Points representing a number of the waters
reported in the tables ave shown on the ﬁiagram and are identified
by the smnple numbers. The points macked “Elephant Butte” and
“County Line” represent annual weighted means (tubls 4) and ave
not identified by sample numbers,

Efrect oF BoroN CONCENTRATION ON QUALITY

The ocenrrence of boron in toxic concentrations in certain irrigation
waters makes it necessury to consider this element in grading the
quality. S-ofield {32, p. 286) proposed limits for Loron that have
proved satisfactory and are recommended. They are shown in table 8,
The crop groups suggested by Baton (12, p. 9) are shown jn tabie 9.

TapLe 8.—Permissible limits for boron of several classes of irrigation

waier
Classes of water o
Sensitive erops Scm;igf;;nnt Tolernnb crops
Rating Grade
Popom, Pop.om P op om,

1| Exeellento oo ... <0, 33 <0, 67 < 1. Q0
21 Good. . __ 0. .33 te |, G7 0.67 to 1. 33 1,900 to 2. 00
3 | Permissible. .. _______| .067i01 00 .33 1o 2. 00 2,02 to 3. 00
4 | Doubtfal_ _____ e 1,006 to 1,25 2. 00 to 2 50 3.00103.75
& | Unsuitnble.__________ 1,25 =2 5D =875
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TaniLe §.—Relative tolerance of crop plants to boron

{In each group the plants first named are considered a3 being more sengitive and
the last named more tolerand)

Sensitive

Semitolerant

Tolerant

Lemeon

Crapefruit

Avocado

QOrange

Tharnless blackberry

Apricot,

Pench

Cherry

Persimmon

Kodotn fig

Grape E"Sult.snina and
Moalagn)

Apple

Pear

Pium

Amerienn elin

Navy bean

Jerusaiem-artichoke

Persian {English) waluut

Black walnut

Pecan

Lima bean
Sweetpotaio
Beli pepper
Tomato
Pumpkin
Zinnin

Qng

Milo

Corn

Whent

Rageed Robin rose
IMield pea

Radish

Sweet pea

Pima cotion

Acaln catfon
Potato

Sunflower (iative)

Carrot

Lettuce

Cabbage

Turnip

Onion

Broadbean

Gladiolus

Alfzlia

Gurden beet

Mangel

Sugar heet

Palm {Phoenis canariensis)
Date palm (P. daclylifera)
Asparagus

Athel {Tamariz wphiytle)

Rerative ToLerancE oF CroP Prants 70 Sait CONSTITUENTS

In most irrigated aveas there ave tracts of land that for one reason: -
or another (usnally ]!)001' drainage) eontain excessive concentrations:

of sait in the soil.

f such aveas ave farmed it is necessavy to select.

and plang crops that are sufliciently tolerant to withstand the salt.

Hayward and Magistad (20, p. 21) list the mor
in the order of ncreasing tolerance to salt

e important crop plants.
constituents in the soil

solution. This list is not complete but vepresents the best information:

now avatlable,

Discussion or MeTHOD OF INTERPRETATION

Any method for the interpretation of analyses assumes that the:

water will be used under average conditions as related to soil, perme-

ability, drainage, quantity of wafer used, climate, and crops, and is:
not direetly applicable where unusual sitnations are found. The-
scheme here proposed is no exception, and it must be emphasized

strongly that the conditions mentioned above should be considered in

cvaluating » water. To illustrate, water No. 18443 of table 3 is classed.
as unsuttable and would be so under most conditions. By copious use

of the water on 2 very permeable, well-drained soil, a limited numnber-
of crops are grown. ~Conversely, water from the Colorade River, at

Yuama (sample 16642}, is used satisfactorily on thousands of acres.
of diversified crops, but where drainage is impaired salinity conditions:
develop quickly,
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APPENDIX
METHODS OF ANALYSIS
ELECTRICAL CONDUCTIVITY
Arrararos

{¢) Whentstone bridge suttible for electrieal conductivity mensurements.
(¥) Conductivity cell, either pipette or immersion type. The coll coustnnt
should be approxtmately 1.0 reciprocn] centimeter,

ReaceNTs

(e} Standard pomssivm ehloride solntion, 001 N, This is the standard rel-
erence solution, a3 at 23° € has an cleetrien] eonductivity of 14131.8X10-%
{0.0014118) (28).

Pruocenore

~ Place four tubes of the standard potassinm chloride solution (a)
in & water bath. (For subscquent sets of deferminations, diseard the
first tube of potassium chloride solution, shift the others one place,
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and insert a tube of fresh solution.) Pluce two tubes of each sample
in the bath, adjust the temperature to 25° C., and hold at this tempera-
ture for 20 to 30 minutes. Tf the room temperature is very far from
95° C., it is better to adjust the temperature of the bath to approxi-
mately that of the room and hold at thut temperature until equilibrium
is aitained. Rinse the electrode in three of the tubes of potassium
chloride solution, transfer it to the fourth, wil read the resistance,
This resistnnee multiplied by the known electrical conductivity of
the standard rveference solution at 25° C. (0.0014118) gives the cell
constant, C,, corresponding to the temperature of the observation.
Rinse the electrode several times in one tube of the sample, transter
il to the other tube, and reud the vesistance, R, “The electrical con-
ductivity (JCY nt 252 CLof the snmple s enlentated from the equation :

R '-g_‘
| =R,

This is multiplied by 1LO00L00[ 1] and reported as EC X 10°at 25° C,,
or as EC, micrombhos “vin. at 25° C.

HYDROCEN 10N CONCENTHRATION, L
(£, po2310

Electrometric methods using the quinhydrone, hydvogen, or glass
electrode or colortmet rie methods involving indicators ave npplicable.
The colorimetric pracedure is sulliciently aceurate for this work.

DISSQOLYED SOLIDPS

{4, p. 629, wodified)
Procenons

Allow the sample fo stand antil adl the sediment has seltied and filter
it necessary to obtain a perfectly clear liguid. Evaporate 100 to 250
ml. to dryness in a weighed platinum dish. Dry to constant weight
at 105° (o L1107 (., eool, and weigh. If a [00-ml. aliquot is taken,
grums of vesidue multiplied Ly 10000 equals paets per million and
this value mudtiplied by 0.00136 equals tons per acre-Foot.  Report as
t.a. f.

BORON

(370 Lop. 8D

The prineiple involved in the titration procedure proposed by Foote
{48} forms the hasis Tor the eleetrometrie titration method deseribed
Below, Xi has leng been known that when an unbutfered solution of
mixed salts contuining bovie acid i3 titrated to 4 point near pH 7.0
aned mannitol then added, the sohition heeomes weid. Foote observed
that the quantity of alkali veyuired o titrate the solution back (o the
initind pIl s an acenrate mensure of the boron preaent.

PThe choiee of apparatus For the elect rometrie Titration of boric acid
shonld he determined by the instruments available, the number and
kind of analyses to be made, and the frequency of use. Tf plant
mnferial as well as water analvses ure (o be nade. aealomel electrode
should be nsed.
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A rather simple set, involving only a galvanometer and shunt in
combination with quinhydrone and calomel electrodes, is suituble for
ordinary water analyses and is deseribed by Wilcox (7, p. 87). The
seb described below 1s recommended where o large numiber of deter-
minations are to be made on waters of different chloride concentration,

Arpararus

(&) Volentlomstor, or a *péf motes”

{4} Motor sthrrer,

(¢) Eleelroden, guinbydrene and @3 N ealomel, Othor clectrode privs that
have boen Touwnd satistietory : Quinhydrono g saiurnted enlowmel; glass nt
soturitted calemel. Whete ate, no doubi, other electrode combinntions that might
be nsed, Hot their suitability should be judged on he bugis of sensliivity und
stabitity, The following statements ave offored us 0 gulie.

Sengiiivity.—At the cod point, in oo unheiered solution, & single drop of
20230 N sodlnin bydroxide shoold detleet the pabvinometer 5 fo 10 seale
diviglons.  The galvavemetor used hag o sensidviiy of 6085 micronnipere pir
geule division,

Stabltitp.—"Che end point should be stable wilh litlle, if any, more Arift than
oceurs i the pofentiomelric measuremont of plo o this eonnection, 16 hay
bemt ehservesl that fraces of ieon appenring as o conbunlontion s the g
hydrone cause o #low delft fo e weid sioe,

Ropid cquitibrigm—Gloss vioetrades of very high reslstance wauld prohuily
Le unssiistuctory, beeauso of (hoe stowness with whiell couillbeium is renched.

Reaceyrs

fay (labydrone, reagest guniity, free from heavy motils,

(&) Bromoihymoel-bue fadicalor selution, 1 pereent,  Mothvived may he sub-
siltuted,

(o) Sulfarle neid.  ApproxXimately 1T N,

() Sulfurie aeid,  ApproXinmtedy 0,02 X,

() Bodhue hydreoxide, Approximatoly 4.5 N, curbonale-Tree,

(/1 Rodinm hydroxide,  Standoard 00231 N, carbonate-free, T ml. is eguivalent
{o 020 g 1,

{#) Borie acid solullon,  Digseive 05718 gm, rengent gride, dry HLE8B0; in
distilivd water, and dgiiute to 1 dier, One ol conenins 0.7 g, 13, Phis selution is
used in stnndardizing the NaOU ().

(R} Munnitod (nutapited, ventznl, 'The Biank Lirndion for 5 pm. of mannitod
shouht not excesd 01 ml of the standned GHNL N Nudtl {g).

Puocenrag

Transfer 250 ml of the wiler to a -H-ml. beaker. (Pyrex boro-
silicade glassware can be used. but new glassware must be cleaned with
avid.)  The aliquot should not contain nove than the cquivalent of
L mg of elemental boron, 11 the sample i high in bovon, fake a smaller
adiquot and dilute (o 250 ml, with distitled water. Add a drop of
browmothymaol-blue indieator (6 and weddily with 1 N sulfurie aeid
fe), adding about 0.5 ml. inexeess. Bring to a boil, stir, cautiousty at
first. then vigorously. to expel envbon dioside. (ool to room len-
perature in z water bath.

Adjnst the potentiometer and set if at pIf 7.1 With the switeh in
the electrode civenit open, ntraduce the electrsdes and stirver into
the solution.  Start the stiveer and add exrbonate-free 8.5 N sodium
hydroxide () o approximate neatrlily as shown by the bromoe-
thymol blue,  Add aboul 0.2 e quinhydrone. Close the switeh in the
electrode civenit. The galvimometer should indieate approximate
badatice.  Adjust with cither 00251 N sodiom haadroxide or 0.02 D
seilfurie acid until the galvanometer shows no deflection. The gal-
vanomeber shiould be steady, showing at most only very slow dinft.




34 TECHNICAL BULLETIN ¢62, U. 8. DEPT OF AGRICULTURE

This is the initin] point of the titration. Add 3 gm. mannitol, Tf
borie neid is present, the indicator will change to the ncid color and
the galvanometer will swing to the side indicating an exeess of acid.
Add standurd 0.0231 N sodium hydroxide {f) until balance is again
indieated on the gulvanometer. This is the end point. Revord the
volume of standard sodium hydroxide used between the initial and
end points of the titration.

The burette should be of such aecuracy that the volume of standurd
alkali ean be estimated to 0.01 wml. From the gross volume, n blank
corrvection is deducted, which is determined by substituting boron-iree
distilled water for the sumple and procecding as directed above, The
equivilency of the standard sodium hydroxide is establishing by titrat-
ing aliquots of (he boric neid solution {g). The standard sodium
hydroxide solution {f), if exactly 0.0231 N, is equivalent to 0.25 mg.
B per ml. or, if & 250-ml sampie is used, each ml. of sodium hydroxicfe
i equivalent to L p. p. . of B, Report as p. p.m. B.

CALCIUNS

(&, malified)
Reacexes

{re) Lydrochiorie el (T-41).

{&) Oxalie neld splution, TN,

(o) Ammonium bydroxide (14-1),

{d) Smlfuric nefd, coneentrated,

{4} Standard potnssiue permnnganaie selutlon, 8.0 N,

Procepoue

Acidify 250 ml. of the sample with dilute HC] {¢) and add 1 ml
oxalic acid solution (). Heat to builing. Neutralize with am-
montum hydroxide. An excess of the oxalic acid is added gradually
(10 ml. is usually suilicient) with constant siiering,  Add ammonium
hydroxide to the hot solution until just alkaline, to methyl orange.
Allow to eool for several hours and until the precipitate of calelum
oxninte seltles, during which time further additions of ammonium
hydroxide may be necessary to keep the solution faintly alkaline to
methyl orange.  Fiiter through quantitative paper and wash thor-
onghly with water vulil free from soluble oxalates.  (Designate the
fittrate and washings as solwlion 4 and reserve for the determination
of magnesium.)  Puncture the tip of the [ilter paper and wash the
precipitate into o clean beaker, {The beaker in which the caleium
was precipitated can be used if free from soluble oxatates.)

Ditute 5 inl. concentraied sulfuric nciil () to 50 ml. with water and
pour this hot solution through the filter paper, followed by several
portions of water or until the volume is approximately 100 ml.  Heat
nearly to boiling and titrate the liberated oxalic acid with the stand-
urd potassium permanganate solution (e} to a faint pink color, The
filter paper is placed in the beaker toward the ead of the titratiown.
Subtract a blank, usually about 0.15 ml. It an aliquot of 230 ml, is
uged, the volume of standard €.05 N potassium permanganate solution
minus a blank, multiplied by 0.2, will give Ca ne. p. m. Report as
Caine p.om.
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MACNESIUM

{3, p. 642, modified)

ReaveNts

{r)} Hydrochlerie acid {HCI).

(#) Dlanmmoninm hydrogen phosphate solution, 10 percent. A fresh lot of this
reagent should be prepared Tor ench set of snmples.

(e} Ammonium hydroxide (1-4-1).

() Annnoniom hydroxide, coucentrnted.

(£} Ammonium hydroxide (540)),

Procevone

Evaporate solution A (sec caleinm procedure above) to approxi-
mately 100 ml. and cool. Acidify with hydrochloric acid {a), adding
sullicient excess so that the solution wile remain acid after addition
of 10 ml. of dismmonium hydrogen phosphate soluiion (»)., Add
ammonium hydroxide {(1+1) {¢), drop by drop with constant stirring,
until the solution is strongly alkaline. After a few minutes add 10 ml.,
concentrated smmonium hydroxide (d). On the following day, filter
on ashless paper and wash with dilute ammonium hydroxide (5+95)
{(e).- Transfer the paper with the precipitaie to a porcelain crucible,
dry, ignite, and weigh as Mg, P.Q,. If a 250-ml. a\iquot is used, the
weight in grams of Mg.P;Q; multiplied by 71.85 equals Mg in e. p. m.
Report as Mg ine. p. m.

S50DIUM

{5, modifled)

REAGENTS

(a) Uranyl zine acetnte: Uranyl aceinte (2FLOY, 300 gm.; zine ncetate
{2HLO), 000 gm. ; neetie acid, 30 percent, 270 nl.; water, 2430 inl. Transter the
walta to w large bottle and gidd the ncetle acid and water. Shake or stir until
the salts nre disselved, This may take several days. Ordinurily theve is suf-
ftelent sodium ag an impority in the salts to saturate the vengent with sodinm
ucanyl zine acedute,  [£ not, add n small quantity of u sodimm salt or a gram or
more of godium uranyl zin¢ aeetnte precipitnte, Filter the reagent just before
usg,

(&) Ethyl nlcohol saturnled wlth sodimm urnny! zine neetate precipitate. Tt
1 peveent by yolumae of concentrated acetit acld in ndded fo the aleobiol before It
g suturnted with the sedit triple snlt, the solubllity of the salt i reduced and
the stuhility of the reagent iy increased.

(¢} Ether, anhydrous, ¢ 1%

Procepory

Transter to a Pyrex beaker an aliquot of the sample sufficient to

ive 30 to 200 mg. of the triple salt (usually 10 to 20 ml.). (Should
the residue become dry, silica may be dehydrated and interfere with
filtration.} Cool, Add 20 ml. of the filtered uranyl zine acetate re-
agent (¢). Stirthe solution and allow to stand 1 hour or longer, with
repeated stirving if the quuntity of precipitate is very small. Filter
through a crucible of medinmm poresity. Transfer the precipitate to
the filter by means of a rubber policeman and u small wash bottle
filled with filtered reagent. Wash the precipitate 5 times with 2-ml,
portions of the filtered reagent. It is inportant to have the erucible
and the precipitate free of the rengent before washing with alcohol.
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As soon as the reagent, has drained away completely, wash the erucible
4 times with 2-ml. portions of the suturated aleohol (). Remove the
aleohol by suetion and wash twice with ether {¢). Continue the sue-
tion until the precipitate is dry. Allow the crucible (o stand in a
desicentor 1 hour and weigh. Return the crucible to the suction, ap-
paratus and wash with small portions of water until all the seluble
materizl i dissplved and has passed {hrough the crueible. Wasgh with
alcobol and ether, dry, and weigh, as before, The difference between
the twe weighings represents the weight of the sndhon precipitate, If
# 10-mb aliquot of the smnple s used, the weight of the triple salt in
srpms multiplied by 65.02 gives N ine. p.m. Report as Na jn e p. m.
The triple sult is vepresented by the formula:

(U0,) ZnNa (CILC OO, 61,0,

The procedure, as deseribied, reduves errors due te small gnaniities of
phosphale.
POTASSIUM
£

Ruacexrs

() Nitrie neid, N, _

f8) Prissding vobaliiniteiie splntion, Prepare an aqpeens solution contnining
1 pta, of the sl of feaeent gualivy In vael 5 miy, altewing 5 mi. Jor ench deter-
minntion.  Filler Wefore vse. The selution is stnble for sowe time, bat i ig pref-
eruble to make up a fresh lot lefore it et of determinng lons,

() Nitede weld, (hEH N,

fod Vihnl aleolnd, 95 peccent,
Puotepens

Transfer 16 {o 30 ml. of the sample to 2 Pyrex beaker,  Add a few
drops of ditule sodium hydrvoxide und evaporate to 5ty 10 mb. (o elim-
inate amitoniun jon, whieh interferes with the determination of potas-
stant. Add water to lo-ml volume and nentralize with aitvie acid {a).
Adter the salls are in ~elution, add 1 mi of N niteie acid and 5 mb of
the sodium cobnltinitrite selution (Y, Mix and allow fo gtand for 2
hours ab vot more than 207 L I the quantily of precipitate is very
sidl, A destrable 1o allew the sample to stand Tor a longer time and
at n lower temperature 8 fo 15 (L), Filter ihrongh o glass or
poreelein cvneible of Hoe porasity, the tue welght of which s known,
using 0.01 N nibrvie netd i wash hottle to make the transter. Wash
10 times with 2.l portiens of the dilute psitrie aeid and 5 times with
ol portions of aleohol. The temperature of the wash solutions
ghould be the smme as the souples.  Continee (he suetion untit ihe
aleobol s removed and the preeipitate i= dev. Wipe the outside of the
erpcible wiihoeloth, dey for | honr at 1107 ¢ cool in a desiceator, and
weigh, T a 200l adiquot of the seple is wsed, the weight of the
precipitate in grams naltiplied by 2202 eguals Win e, p. ;. Report
as B0 e poome The preeipitate is represented by the formula:
W.NaCo i NOSLILO.

CARBOXATE AND BICARBONATE
400 63, malifledn

This defermination is often relevved to as “total atkaliniiy.”  Tonay
wmelude, inaddition te carbonaie amd bicarbonate, other weak anions
steh as borate, phosphate, silicate, and other chemieal-,
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Puroceoors

To 50 wl. of the sampie, add a few dirops of phenolphthalein, and if
a pink color is produced, titrne with 0.05 N sulfuric acid, adding a
drop every 2 or 3 seconds untif the pink color disappears.  Multiply
the buretie rending in milliliters by 2 to obtain carbonate in equivalents
per million. ‘1o the coloriess solution from this titeation, or.toe the
original solulion if no color is produeed with phenolphthalein, add 1
or ¥ drops of methyl orange, and without relilling the burette continne
the titration to the first change in methyl orange color und nofe the
total veuding,  Designale the solution ns & and reserve for deternning-
tion of chlortde, 10 earbonate is absent, the total Lurette reading in
millititers is numericaily equal o bicarbonute in e, p. m. I ¢arbouate
is present, multiply the veading with phenolphthalein by 2 and subiract
this fgure front the total reading of the buretle,  The dilierence in
milliliters is vwnerically eqund 1o e p. i of bicarbonate, Blank
determinations should be yun with the reagents and eovreetions made
iFnecessary,  Reportas CO;and HCO, ine. pom.

SULFATE
(4, po 052, musdified)
Reaonns

(i) Concenleaied hydeosehlorie seid.
{6) Buarium ¢hloride selution, 10 peeeent,

Procepuis

Neutrudize an alignot of 200 mil. of the saauple with hydrochlorie acid
() to woethyl orange amd add Lml in excess. Heat to boiling nnd
add an excess of buriwn chloride solution {5) drop by drop with con-
stant stisring. Fvaporate on the water hath for several howrs, during
which thme the vohinne shiowkd be redueed to about 50 ml. After cool-
ing, lilter the precipitate of bartum sulfate theough [ine-{extared ush-
foss filter paper and wash with water uniil free of ehlovide.  Transfer
rhe Bliey paper to a tared poreelain eracible and place ina cold, woll-
ventilated naffle furnace, which iz slowly bronght to a red heat. After
complele ignilion of the paper, remove the erucible, cooland weigh.
The weight of BasSO, precipitite in grams multplied by J2.84 gives
SO0ne pom. Reporlas S0, i e, oo,

CHLORIDE
{4, p a2, mesdifiod &

Ruesvexrs

fu} Polassivem chromale indleador,  Dis<olve 5 orm, 8 vty dn wader amd ndd
i solution of silver aiteale ntit a slight perimpeat red pricipitnle is profuced,
Filbie wid dinee Lo 108 el

{0y Suendurd sHver niteate sointion, 9885 N,

Procunons

To sofution £ from hiearbonaie determination, add 1 ml. potassium
chromate indicator (2) and titeate with standard silver nitrate solu-
tion (H} Lo the first Ginge of reddish eown. Correet for the gouanticy
of silver nieule solution necessary Lo give, in 50 mi of ehloride-iree
waler with |l of elromate indieator, the shade obiuined af the
ead of the titmtion of the sample. 1 a 30-ml, aliquot of (he sample
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is taken, the net volume in milliliters is numerically equal to e. p. m.
of Cl. fiepm‘t as Cline. p.m.

NITROGEN IN THE FORM OF NITRATE

I. PHENOLDISULFONIZ Acip MEriton

{4 p. 831, medifled)

T'his method is used for water of low ehloride content,

Rracents

{4) Thenoldisulionic nrld seolution. Dissolve 23 gm. puré white phenol in
150 ml of salluric neld, ndd 75 ml, fuming sulfurie neid (13 to 15 peveent 80,),
und hent ot 100° ¢, for 2 hours.

{6) Sinndurd nltraie selution.  THssolve 1,001 gm, pnve potasstum nlteate
In 1 Iter of waler, This g 0.01 N, or 10 e. .. Designate us sofrtion A, Dilute
100 ml, of solution A Lo 1 liter. ‘Uhis s 0,001 N, Desigunte as splution B, Evap-
arile S0 ml, of sobetion B to dryness in o poreelain dish; when cool, troat wich
2 nl of the phienoklisulfonie neid solulion, rabbing with a glass rod to Insure
Inthanate contnet, wmd dilute 1o 250 ml,  (This solution is permanent.) Lo
prepare aooeoler stiamdard, take 50 ml of this solution, make alkaline swith
NILOH, and diluie to 200 wl, 'Thls standared bas 0.1 e po m, nitreate,

{¢) Senpdurd silver sulfute solution, 0,02 N, Dissolve 3,12 gm, sllver sulfate
in 1))ter of water.

()} Ammonium hydrexide (1-1).

(e} Alwsing erenm (49, po 4111, Dissalve 80 g, of alum (KAL (804).12H.0)
In 1 Hier of water and Biter.  EBour the alum solution into i solution made by
diluting 25 mi, of concenlrated ammonium bydrexide to 250 ml, with water,
The converse method of precipitalion ylells nn unsutisfactory, granuwlar product.
The liquld and preelpitate are transferred to a gailon bettle angd diluted with
wafer to the cupiecity of the bottle, angd the alumina allowed to settle, It s
then whgshed in the bottle Dy decanintion twice i day until the supernatang
Tiquid gives no resction with harium ehioride, This usually takes aboul o week.
Dilute to 1 Jiter,

I'wogenUnn

To 20 ml. of the sample containing ¥ e, p. m. of chloride, 1a de-
termined independently, add -1 ml. of ﬁtandud gilver sulfate soiu-
tion, thusg leaving a slight exeess of CL Add 10 ml. of alumina eream,
make to 100 ml. !:Itu ilm)ukh a dry filter, disenrding the first portion,
Evaporate 50 ml. of the filtrate (equivalent, to 10 nil. of the original
sunple) to deyness in o poreelain dish on n steam hath, Cor_;l, add
2 ml. phenoldisulfonie acid solution, rub with a glass rod to insure
intimate contiet. Let the reagent renct for 10 mmutes, then add 25
ml waler, andd stir until the resicdue is insolution. Add slowly {14+1)
annonium  hydroxide until alkaline, Check with litmus paper.
Muke te 30 ml. and filter if necessary. Compare with the stuondurd
nitrate solufion in the colovimeter in the usual manver. A compnia-
tor with a permanent glass standard may be used, but its aceuracy
shnuld be verified with standard nitrate solution. Ropmt as NO; in

e pon

Il. Devanrna METIHOD
{4, p. 28, modified }
Thismethod is used for water of high e¢hloride content.
APIARANTUS
() Nilrogen distllileg apparatus, cquipped with efficient serubber bulbs,




THE QUALITY OF WATER FOR IRRIGATION USE

Rescnyts

{a) Standard suiferle agid, 0.00 N,

{b) Borie nehld, 2 peereent selation,

{¢) Duevarda alloy.

() Sedbum hydroxide, sutarated solntlon,

fe] Bromeresol green-methyl re] {FRCG-3MR) indieator solullon'!  Preparve o
01 percent BCG solution, adding 2 wl 01 N NaOH per 0.1 go, of Indieator,
Prepure ¢ 0.1 percent MEB solutlon i 83 percent ethyl aleohol, ndding 3 ml 01 N
NaOH per 0.1 gm, of hulleator, Mls 70 ml. BCG, 25 ml MR, amdl 100 ml. 95
poreent cthyl nleohol, The wlicator should be gray In color in a solulion
contalning hovie neid snd ammonium sulfate o concentrations equut to those
cnepuntered In the Devarda procedure, I 1s often necessary to adid o little of
onc or Lhe gther of the ndicators nntil the proper shide 19 obtained. The color
change s from green o alkall, through gray st the end point, to red in neid
golution,

Procevurg

Place 50 ml. of the sample. or such volume ns will contain not less
than 0.2 ma. equivalent NOg, in o Wjeldahl flask and add 2 gm, Devarda
allov, Mauke up to 300 ml. with distilled water, then add 2 ml. NaOH
(d), nllowing it to run down the side of the flask so that it does not mix
with the contents at once.  Connect with the distilling apparstus and
rotate the Mask to mix, Tleat slowly ut first and then at such a peate
that e 200 ml. of distiliate requived will pass over in 1 hour. Collect
(he distillate in 30 ml, of horie acid solution.  The nmmonia is titrated
with standard 0.05 N sulfurie acid, using the BCG-MR indicator. Tf
an aliquot of 50 ml. is vsed, the volume of standard 0.05 N acid in
ml, minus a blank corvection s numerically equal to e. p. m. NO,.
Renort ag NO, o, p.on. N :

NITROGEN LN TIE FORM OF AMMONIA
(2, b 64)
The digt illate can be colleeted in a borie acid solution and titrated as
deseribed under the Devarda procedinre for nitrate.
FIEOSTILATE
The Chapman 17) madilieation of the Truog and Meyer (40)
eplovimetrie method s recommended,
SILICA
{4 b 649)
IRON AND ALUMINTM
(4, p. 04M

FLUGRIDE

A vomprehensive study of methods for determining fluoride in
water was made by a commitiee appoinied by the Amcerican Water
Works Assoviation.  The results were published (8) in 1041, Both
the Sanchis (27) method and the Scott (30) modifieation of the Sanchis
method were Tound (o be reliuble.

YChnpanan, 1L D Unde, of Callf, Private communleation,
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Facrors anp CONSTANTS

To cliange an analysis reported in parts per million to equivalents
per million, the concentration of each radical in parts per million is
divided by its equivalent weight. The equivalent (or combining)
weight of a radieal is the molétular weight divided by its valence.
The equivalent weights of the common constitutents are:

Eyutputent Topioalent
Catian, or basie radieal: weipht | Anion, or acidie radical: welphi
Caleinm (On) oo e 20. 04 Carbonate (COu) e ..o _._ 30. 005
Magenesinm (Mg ... 12, 16 Biearbonate (FECO)____. Gl. 018
Sedium (N#) . o wee oo 22. 997 Sulfote (8O oo oo 48, 03
Potsssium (K. ____-._. 39. D96 Chloride (Cl) oo 35. 457
_ Nitrate (NOg) oo 62. 008

To change an wnalysis reported in equivalents per miliion to pavts
per million, the concentration of each radical in equivalents per million
18 multiplied by its equivalent weight,

Total hardness is defined us the ealciwin cavbonute (CaCQy) equiva-
lent of the caleium and magnesium content of u water. It can be
culeulated ng follows:

A% CuC0Os In p. p. m=530X (Cu-t-dMg, expressed In e, p. m,), or
5
A% OnCO; In graing per U. 8. gullun=—{;{--)i><(Cn-{-;\!g, expressed la e, p. m.),

MEABURES AND BQUIVALENTB

Gradng per U, &, galton X 17 3==parts per wiilion (p. p. m.},
'nets per milllon X 0.00036=tans per acce-foot (t, o, 1.).
Tons per nere foot X T8o==purts per miliion.
1 mile==5,450 feet.
1 nere==13,500 syuare feet.
Acre-foot=4aA unit of volume of water thut would cover 1 acre to a depth of 1 foot;
43,500 eu. £t of waler,
1 nere-foot of soll welghs 4,000,000 pounds (approximate}.
T aere-Toot of walker weighs 2,720,000 pounds (approximate).
1 cubie foot of witer per second (e £, 1.}, or secoml fuot (s, £.)=
00 miner's Inehes in—
[daho, Knnsnis, Nebrask, Nevidda, New Mexieo, North Duakotn, Soulh
Pukotn, Utah, and sonthern Caltfornis, )
<} miner'y inches in—
Arizonn, Californjan (siatufe), Montana, and Qregon.
8.1 miner's inches in Colorare,
Guallong por mimits {2, p.m,) $0002228=cubic feet per seeond (e £, 5.).
1 e Los for 2k hours==1.98 ncre-fect,
1 U8 gallon=
2731 enbie inches,
01337 euble foot,
82.338 nennds waler ut 50° F. {15° €.).
ARB0G graing wuter ot 59° 1. (15° ).
1 cubic fool=
748G pallons.
G272 pounds water at 59° F. (15° ).
1 enbie foot; ol soil in place woeighs 70 e 108 pounds.
Soll purtieles, specifie gravity=2.63,
EleCEl‘i((;':ll conductivity expressed as KX10f at 25° C, multiplied by 10=LECX 10" at
25° C.
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