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CIl 

~E rapid developmcnt in irrigation farming that followed the 
. Ip~tssage of the Heclamation Act in 1!)02 continued ill many areas 

until essentially all ava.ilable irrigation water was utilized. Less at
tention was then paid to the quality o·f the water than to the quantity. 
As a result, in SOIllC arcas "Imtcrs of yery poor quality have been used 
for hTigntioll, but 1110l'e recently H1ueh greater impol'tance has been 
attached to theil' qllalil·'y. This interest may be due, in part at least, 
to the fact that significant changes lmve taken place in the quality of 
certain irrigation 'waters as Ilresult ofupstl'eam di,"el'sions and drain
nge retUl'llS. These cha.nges, by incL'casing the salt content, have been 
making the waters less desirable 1'01' agricultul'aJ use, 

In districts irrigated from wells, ehanges in quality often take place 
when the withdrawal of water from the underground rescrvoir exceeds 
the l·eplenishment. In sorne wclls the qUitlity has been improved jin 
others it has become poorel·. 

It is not always possible to antieipate the direction or rate of change
or quality in ground waters. Changes in both sudace am] ground 
wal:ers ·nre still in pL'ogress and can be expected to continue as long as 

1 SlIbmltted for publlclltlon Apt'll 0, 1048, 
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there is active development in jrri~ation or drainage. They should 
be. determined from time to time anCl the facts made use of in the man
agement of irrigation systems. Methods of deterw·ining the changes 
in water and of interpreting analyses as given in this bulletin mlty be 
summarized as follows. 

SUMMARY 
Natural waters vary great:1y in the concentration and composition 

of dissolved constituents and conesponc1ingly in their suitability for 
iJ-rigation usc. Limits for several constituents h!we been proposed by 
different WOl'kCl'S and ill genemUhe values are in good ngreement. 

An estillUtte oJ the quality of lUi irrigation 'water is usually based on 
a chemical analysis, [lnd the estimate can be 110 better than the analysis. 
This bnlletin discusses methods of analysis, their accUl'llcy, and the 
signific[lllCe of t.he s(weral eonstiluel1ts in respect t.o the soil and to 

.. plants. 
Amdyses of typiea1 sul'facc anel grollnd waters are given in It sedes 

of tables. Other t:d)I'.. '~ show the eirett of l'l'peuted diversions along n 
rivet' channel and the variation in composition with I'nh~ of flow. 

The interprelation of an allal,)'!:;is is considered and tt p:'ocedure 
outlined. 

....; 

COMPOSITION OF IRRIGATION WATERS 
..,
5 

Il't'igalion watel'S YIll',)' gn'l\ t1y bot h 'i n ('om'enl mtiQl) and con~osi
lion or lhr dissolve(l salts, :::JOlne oJ tile eOllstituenis3jl'C b~ilefici;jl to 
plant"s, O[\tPI'S ill ll1odprat(' eOllc('ntl'ntion apP('Hl' t.o hityc little 6Jfect 
on plnnts Or soils, wh i Ie st ill ot:lH'I'S inl pn i l' plant g'1'O\\'th-ol' atC.hal'lll1'ul 
(') soUs. 'l'fll> lIlajol' l;Olls{iluenls ill('!ude the t'ations -:-('nki\ll11, I'~g
11('siulll, all(1 sodium-and the anions-bicarbonatc, sl~l:rate: JUld clllo
r'i<!p. Potassium, e:tl'bonnte, nitrafl', siliell. and boron ,hay l)e.,Pl'c8fnt 
but usually only in lo\\, concentrations, Small quantities of Qtbel' sub. 
!'.tllllt'(\S rnay btl found in SOIlIC watcl'", bllt theil'illflul'lwcbn the quaMty 
of till' wa('1' fOI.' il'ri.wrtion liSP is not illlpol'tant and tlw,V are IISlIi\Tly 
nr.·glectcd. The {otal t'olH'Cntl'ntion of dissoln'd salts \'al'ic!:; il'onr a . 
i'{I,\, parts pel' millioll (p, p, Ill,) to sl'n~l'allhou:;and. :Most it'l'igati011 
\\'atpI'5 Inll within tire !'ange of JOO to l.iiOO p, p, 111., with It Jcw a~ 
high as fJ,OOO p. p, m., the high('1' COll('('nll'ations hl'ill~ wil'd on the mOl'(l 
{olN'ant crops, Al'('\ll'ale allalytit'al n1(l(l1O(1s fot' Illost of thf! eonstit.u
Pllts han~ 0('('11 availabl(· JOt' lIIall,\' ,)'I'III'S, ;':0 t Irat the older published 
illlalys('s tlla t )'('jJI'PS('llt l'arl'l'lll. \\'ol'k Oil repn's('nt ati \'(\ sam pic!!; are 
fully LI'ustWOl'thy and an' of gl'pat \'aille a:< a frame of l'('f('I'encc. 

The intcl'pI'etatioll of tire :lila lysis of ,til jl'l'i~at.ion water is lIlI'gely 
ell1piL'i('al. beilll!: baspd Oil fidd ob:-;pl'\'atioll, ('xpc'I'irn('l': and plant
lolpl'anc(' '\'PSt'lll\'h. ;"il~1l Uil'alltl.\', !loW('\'('l", th('J'(' is good agl'('ement 
Oll this Sll bject nrllong t hl' '\'ol'k(,I':; in th is fi('ld, ,\ n i Ilteqw(lt.atioll of 
un allalysis should take into ('ollsi\lpratiol1 ill(' l'f\'pct of thc dissolved 
salts uli' hoth the plllntR and flIP soil. These two I'l'adiolls can be 
studied sepal'at(·I,\" in til(' labOl'alol'Y, and a ('()nsiti('l'able bo~l.r of 
\'1111111111(1 information is ayailablr, In lIll' field, howPycr, any plant 
l'Pspons('j wlH'i1wl' ·ra\'o\'ubl{' 01' unfa'·().I'able, llIust he l'p('(,)gllizNI us 
th(·. J'('su t of th('s(' two 1'('Hetiolls opC'l'ating sinllrlt:tneollsly. l?res
Nil standards of qllality of il'l'igntion wat!'I' al'p Ill'l'SCl\tt~d l)plow, (0
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'~ether with a new procedure thllt takes into accollnt the en'ect ot the' 
~vl1ter on the soil as welllls on the plants, 

'111e objectives of this bulletin Ilre: (1) To discuss the signilicanc'6 
of the several dissolved constituents; (2) to show tIle anlllyses of 
certain. typical waters Ilud the vlll'iatiou in composition of ~Ilattll'!ll 
waters i un to discuss th~ interpretation of ,analyses :lllcl propose Ii 
lIew proce.dure that takes mto Ilccount the eitect of the water on the 
soil; and ('1) to present mmlytical methods of accepta)Jle accuracy., 

REVIEW OF LITERATURE 

Severlll importnnt articles on the composition of llatul'al waters 
have been pub'ished, Cul1im; and Howard (9,10)2 htwe indexed the 
I1nl1lyses of nattlml waters of the 1;uitecl States, An investigation, 
partIcipated in by the United States l)eo}og.ical Survey and the then 
United Stales Reclamation Service, Wll!:. be~un in 10U5 to study the 
waters likel~ to be used Oil the reclamation projects, 'rhis was re
]Joded by StnbleL' (38) in U11l, and the datu. al'C important as a 
fl'lune oJ l'cference for morc reccnt analyses, The sudacc W:lters 
of Cali:foL'llia wel'C studicd in 1V();')-08 by Van "Winkle and Ellton 
(40). ,Forbes (19) investigated the quality of the water of the 
Colol'lldo Uivcr nt, Yuma in 1000-01. More reccnt studies include the 
mo G!'allele Joint Investigation ("4) aud the l)ecos HivCL' Soint In
vcstigation (,15), CU1'l'l'Ill: work on the Hio Gl'Ilnde, carried on co
operlltively by the United States Section of the Intcl'Il:itionul13ound
Hl''y Ilnd 'VlltC!: Commission, til(' United :::it:ates BUl'(,aU of Heeiamation, 
Ilnd the United Stat('s BU1'eau of Plnnt Industry; is reported in the 
'Wator Bulletins (i?;!) of. the Intcl'l1utional Boundary Commission. 
The United States Gt.'ologieal ~ul'\'ey has been adive in qua.1ity-of
water jnvestigH~ionsin the 'West. The filHlings nrc publi~hl)d in the 
'Vater-Supply Papers of that, agency, 

Gl'ound waters arc t'xl:ensively used as irrigation sources in certain 
PUtts of Califol'nia and have been the subjed of a IlUmhel' of quality
of..,,,al:er investi~Htions, The Ca Ii fonda Division of 'Vat.er Resources, 
coopemting with the 'C'nite([ Stat('s Bureall of I)lant Industry, made 
a detailed sUI'\'ey of the irrigation watel'S of t1w South Coastal basill, 
which cOlllprises parts of San Bernardino, Hivel'side, Omnge, and 
Los Angeles Counties (31), In conncctioll. \\Tith the Rtudy of the 
OCClllT(mC(1 of b01'01l in Illltul'Ill wHters, the United StaIN; BUl'eml of 
l')lant Illdusl:ryhas publishcd Sl'\'Cl'al papcl's (1f3,1/j~ Jt7) that contain 
II laq~e numbel' of analY~iCS, In addition to thc aboV(', a g'l'eat many 
ullpubi ished anti lyses that arc It \'uilable for rcferclH.:e arc 011 file at State 
agdcultul'Ill expcl'inwnt stations and United Statps Department of 
Agl'icultlln' lal)()I'utol'ies, 

Methods suitable :fOl' the analysis of il'l'igation waters h:tve been 
assembled alld published by the Association of Oflkial Agdcultural 
Chemists (~) and jointly by the l.\mcriClln Public Health Association 
!Ulc\ the American Water '" Ol'ks Association (1), The methods used 
by tho United Stat.es Geological SUl'vey are dcscribed by Collins (8),. 
aild those in use at the Ullbidoux Laboratol'V of the United States 
Bllrcllll of Plant Indllsb',Y, Soil!>. anel Agl'iclilturnl Engineel'ing are
(It'sC'I'ibed by Wileo.:-.: and Haleh('l' (49), J nlldditioll, there :ll'e sevemI 

, nali(' II II 111 l)el:)I. ill jJIIl'enthl'Sesl'cfl't' to Lit('l'utul'C Cited, p.20., 
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proc~d.ures thut are useful. Scofield (30) described the electrical con,. 
duCtlVlty method. The Barber and Kolthoff (5) method for sodium 
is used with only slight modification. Potassium (48) und boron (4'lY 
are determined by the procedures. worked out by Wilcox. Methods 
of reporting and IlCCUrIlCY are discussed 'by the above (1, 4, 8, 40) 
and in.udditian by Magistud, Reitemeier, and Wilcox Wi). The·inter
pretatIon of an analysis in terms of plant response or soil reuction is 
discussed by Scofield (3~), Euton (1~), Wilco;,{ and Magistad (50) ~ 
und Magistad and Christiansen (~5). 

METHODS AND ACCURACY 

COLLECTION OF SAMPUS 

Samples of water for analysis are collec:ted in clean containers, 
preferllbly glass bottles, of one-half gallon capacity. Each container 
should be l'II\8ed with the water to be sampled just befOl:e tuking the 
sample and filled nearly fun. It iR a wise precaution to tie the stoppel' 
in securely, store in It cool place, and transfer to the laboratory 
promptly. Samples from sul'face streams should be taken from run
ning water and i:f possible at tL gagillO' station. Samples of ground 
watel' should be collected after the well has been operating for some 
time, in Ol'der to Itvoid stagnant water. Each sample should be murked 
by a llllme or llumber suflieient to identify it and should be accom
panied by It detailed descl'iption that should include (1) the date of 
collection; (2) collector's sample number, lIame, and address; (3) the 
name of the stream, 01', if It well, the name of the owner; (4) the loca
tion; (5) the discharge; (6) for a well, the depth, casillg diameter, 
depth to upper perforations, static level, draw-down, temperature, 
odor, and colol'; (7) the approxirnate, acreage served by the water; 
(8) the c.>ndition of the crops and the reason for collecting the sample. 

METHODS OF ANALYSIS 

The methods used for the analysis of an irrigation water should be 
1\S expeditious as possible and yet yield results of the desired accuracy. 
The appendix-gives a set of proeedures that have been in use for 
many year;s and have provecl satisfactory. Neither the semiquantita
tive 'fit'ld methods nor the highly precise techniques used in resetu'ch 
work areinclucicd, :~s these have Jittle place in quality-of-water work 

METHODS OF REPORTING 

The results of an analysis of It wilter can be reported in uny one of 
several units. l~arts pel' million is the unit in which most of the 
older amtlyses are reported, while milligmm equivalents per liter 
(me./I.) 01' equivalents pel' million (e. p. 1l1.) have come into use more 
rt:cently. This latter unit (e. p.m.) is preferred for the cntiollS and 
lli'lions, because the data, being in terlllS of the chemical equivalent 
weights of the ions, am more easily ehecked :for accuracy Itild In~e 
more readily compared or classified. The unit, equivalents pel' mil
lion, was suggested by Committee D-19 of the Americllll Society for 
Testing :Mlltel'ials and was adopted hy that society at its meeting in 
1!H1 (2). It is ddined. as Il unit chemi('al eqnivalpnt weight of a 
con.stituent pCI' million unit weights of solution. Equivalents pel' 
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miUiOll and milligram e(luivlllents per liter a.re 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 errol' in 1ll0S~ cases invo!v1n9' hriglltiol1 waters. Boron is 
reported as p. p. Ill.; dissolved solJds ~D, S,) !i.e; p, p. m. or tto' tons 
per ncre-foot (t,n. f.). 

ACCURACY 

A.n estimate of the precision 01' reproducibility that may be ex
pected for each determination fl'om the above methods under ordi
nai'Y conditions 1::; shown in table 1. This table is based on stu(lies 
ma(1e independently by two workers and represents the experience of 
several years and many thousunds of water analyses. 

TABf,E 1.-ilIa.l'ilnIUlt del'iatiolls !l'om tiLe mean that 'lnety be e;t'pectea 
in the course of (uutly,~e8 of slu:cessi/.'e pOl'tion.~ of the same sample; 
the d(}IJial'iol1s may ?)e eUlLfi' negatice 01' lJOsitive 

'. Low total sHlillilv iHigh total salinIty
, j 

___.• 1___.,..-___ 

[011 01' !4l1bslanrC' cil·trrmilwd ji 

, C'Ollcrll-' Dcvia- ! COIICCIl- Dc\'ia
! trntioll i !iOIl I! trlllioll Lion 
, I 

~~;ect~r~~;·~:::;i\:il~.·~~;t~~~;~;~25°- !-~"'-"~i-- j 
('.)----- •. -----.---.---.--.- •••• ~ .•. ' 500 ]0 1.5,000 50I 

Dissolved solidti (D. RL._ ... __ p. p. IlL_ 350 10 ::3,500 50 
Boroll (B) .. ----. _.-.. . .. p. p, 111..: .5 oj .02 4.0 I ,05 
('J.>lcilllll(CIl)_. _____ ~'"._.~ P.p.lI1. 2.0; ,05 20.0 .1 
l\[a!-(I1csiUIl\ (~[g) ____ • ____ •.. C'. p. ilL., 2.0 

1 
,1 20.0 .2 

SodiullI (~IlL .. __ ...... .~.('. p. 111.. 2.0 i .02 20.0 ,05 
]3icnrbolllltc {I W03L __ ~ .. _ _. ('. p. Ill. _' 2. 0' . 1 ,1. 0 I .15 
Sulfllte(SOI>-.. ~~ ____ •. _. ___ .('.p, Ill .• 2.0 .1 25.0 ,2
Chloride (C'l} ________ .. .. ,,('. p, Ill. 2,0, . 1 30 0 .2_________ 11___ 

ApproxilllHle maximutn !ll'\'iatioll _•.•• ___ .~. .5 1.0 

At the I() \\'C' I' ('Olll'C'lltl'nt iOIl i'iho\YJ\ in tahle 1 (hC' maximum d('viation 
bet\\'f'('llnnioJ]s Hnrl ('atioll~ i:-; ().,) ('. ". Ill" whieh jg tl perC'ent of the 
Illl'lI11, whill' lit tIl(' higllPl' (,OIH'l'lltl'atiol1 t '. dl'\'iation iH 1.() e. p. 111., 
.1'CPl'(·HPnting ~ P(,I't'('llt. If ([pyiatiOlI:' ~l1b:-;tal\tiillly gl.·('aI'PI' thall these 
lIrc cll"olmtl'n'd, ('1'1'01':' of aJ\nly~i:, Ol' ealclIjatioll tll'C .in(]ientl'd and 
(h(' \\'01'1. !:-hollitl lip I'Plll'flt ('(I. • 

Thl'L'c Hl'(, ('(,I'tain dt'l'in'd \·:tlll(,~ that al'(' hl'lprul.in judging the 
!l{'('lII'/W\, 0 fan a Iln "'·:--i::. Ol' in lo{'aIiI1!,!" fill ('1'1'01'. Thl' 1l1l1l1(,I'j(,1I1 ,"alul' of 
thl' milo, ('I('('tl'i(::ll l'Olldll('lidt·'~ tinws JOIl (]idd('cl by allions 
(EC)( 1()6/aniol\:-;). :-hollid II{' bN\\'(~lln (10 and IOn fill' 1110st \\·:~t('rB.. In 
hard hi('al'bonatp 01' sulfat(' \\'llt('1'S til(' "fllne lllny drop b('low SO, while 
in ROft ('hlorid(' WH! ('l's [Iw \':tllH' IIIH y 1)(' a!>o\'(' 110. Til is (el'm .is 
/walogol1s to equiYalC'llt ('OndlldalH'l: 01' :-.ingll'-!'inlt ;'Qlutiolls. The 
Ill1l11e,:knl ndll(, :fol' tlIP I'Ht io, dis!:-ol \ l'd :;oli\ls .in tnJ)R )('1' HCI'('-'foot 
(liyirll'<l b,' (,jpdl'jl'HI ('olldlt(,tiyi(:y (D. S. 1n t. n, 'f'/ECX lO°), sh01Jld 
b('> belw('(;n O.O(JOB IIIHI {I.OUt in il1()st ('asp:" A thinl ratio, dissoh'cd 
solids in tOllS 1)('1' Ilcl'p·f(J()1 dil'iti('d by anions (D. S. in t. u. f./nniong), 

http:hl'lprul.in
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has a value of about 0,00, These values are based on experience, as 
there is very little published information on mixed-salt solutions such 
as natural waters, 

DISSOLVED CONSTITUENTS AND THEIR SIGNIFICANCE 

This section lists the more impol'tnnt constit:.wnts that occur in 
natural waters and outlines the significant fads in respec;t to their 
chemistry, their effect upon the soil, and their relation to plant gl'Owth.
It shonld be recognized that many of these effec'ts arc compJicatedand 
intelTelated, and often the effects of several constituents are additive, 
so that it is not always possible to seO'regate the reaction of each con
stituent. The constituents al'e com.:i(fel'ed in three groups: (1) Minor 
(!ollstitu('nts; (2) anions and cation:>; Ilnd (:J) total concentration of 
constituents, 

MINOR CONSTITUENTS 

In this grollp are included boron, silica, fluoride, nitrite, sulfide, 
phosphnte, il'on, aluminum. ammonia, hydn)gen ion as measured by 
pH, and organic mattei', These constituents usuaUy OCcur in low con
centrations and, with the exception of boron, are not of great impor
tance in their relation to the soil or plants, They serve to characterize 
the watel.' n.nd often nre usetul in tracing the SOUI'Ce of replenishment 
()f ground watel'S, 

BORON 

Boron (chemical symbol B; atomic weight, 10,82; valence 3) occurs 
in nature in many forms but principally as borax (tincal), calcium 
borate (colemanite), 01' a6 boric acid in hot mineral springs or O'eysers. 
It has been found in all irrigation watel'S thus far examined, afthough 
the concentrations may vary from mere traces to several hundred 
p. p, m. In acid waters, boron would appeal' as un-ionized boric acid 
(HaBOa), while ill alkaline waters ot pH helow 0,2 both boric acid and 

tetmborate ion (B.10.) would be pl'l~Sent, and at pH 9.2 only tetra
bomte could OCcur, Metabol'ate (B02 ) forms in solutions more alka
Une than pH 0,2, Most ordinal'y compounds of boron are soluble in 
water to the extent that they are toxic to plants (16, p, 45), so that 
thero is no known method that is economically feasible for precipitat 
ing 01: removing boron [L'Om an irriO'atioll water, 

Boric acid in n('utral or acid solut~m rcacts quantitatively with such 
polyhydl'ic alcohols as mannitol OL' glycel'Ol to liberate 1 hydrogen ion 
for each molecule of boric acid pl'C'sent. This reaetion is made use of 
jn the detel'minlltion of boron. Boroll, ill the concentrat:ions found in 
irrigation wlltet's, has no noticeable efl'ect 011 soil. It is fixed to some 
~xtHnt by soil, espeeial1y upon <h'ying, but mO!'it of it is released upon 
successive washings with water (lfJ) , Boron is an .essent,ial element 
fol.' normal plant g'l'owth, but at eoncelltrations only slightly above 
optimum it is excc~dingly toxic to many plants, Eaton (14) reported 
that many plant::; made 1IoI'mal gl'owth in sanel cultUl'('S with It trace 
(0,03 to 0.0+ p, p, m, B), and that injUL'Y oeclllTecl in a number of cases 
in cUltUl'('S of 1 p. p, m, boron, The 1'0le of bOl'on .in the plant is llOt 
thoroughly understood, allho\lgh 01('l'e is a large body of litcmtllre on 
the subject. J l'I'igatioll wntpl' containing more than 1 p, p, m, of boron 
is likely to c'au;.;e injury to the Il'lOl'C sensitive plltnts (35). 

~ 
.. 

• 
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SILICA 

SilicII, (Si02 ; molecular weight, GO.06) occurs abundantly in natu:m, 
IIncombined in cl'ystltllillc and amorphous forms and combined wIth 
buses uS the sHicate minerals. It is Hplll'ingly soluble in hot water find 
more soluble.in cltrbollate allmli. Natul'ill waters contain from 10 to 
50 p. p. m. sHiea. It is a major constituent of all soils, but the small 
qUllntity carried by the il'1irration water appears to have very little 
effect, either physical Ot' cltelllical, on the soil. Silicon, probably inthe 
form. of silicate iOll, is nbsorbct1 by alt plants and in large quantities by 
the grasses in 'which it is dpposited in the epidel'mis, forming a dense, 
protective coating. 

FLUORIDE 

Inuorid(} (F; nlolllic weight. 10.00; valt' l1ce 1) occurs chiefly as fluor 
spaL' (CnF2 ) IlIld cI',Yolite (:~NaF.AIFa), uut it often is present in, sig
nificllllt quantities in natuL':I1 wat-e.'l's, pllrticuhtdy hot springs, I~rl the 
low concentmlions found ill irrigation waters it has 1ittl~ Or no 'affect 
on soils Ol' growth of pl:lnts, It is important in 11l1ll1:tn nutrition in 
that small qUlllltities arc- necessary for the HOl'lnal c1ev"elopment of the 
teeth, while highet' ConCNlll'utions protluce a serious denbtl disol'ele!.' 
known as mottled enamel. The injury oecurs Oil the permanent teeth 
at the time they al'C i'ol'lning bllt before they el'upt. As little as 1 to 2 
p, p. m, fluoride in the dOlll('f;tic watl'" tlsed by children will cause a 
mild to moderate mottling of the teeth, acconling to Smith (3'/'). 

NITRITE 

Nitrite (NO!!; mOlel'ulitl' weight, 4.6,008; valence 1) is not pl'esentin It 
nonnal il'l'igation watel·. Its presence in R watm' signifies anaerobic 
conditions, 8lICh ilS sOllletimes pl'l~\'ail in a stagnant well, Nitrite is 
assumed to be an intel'InNli,Ltp l-itcp in the oxidation of organic nitro
gen to nitrate, thlis protein nitrogen to ammonia to nitrite to nitrate. 
The nitrites are I'eadilysolnble anlli f pl'csent in an irrigation WItter h' 
low cOl1('enil'ati~Jl1 would Ih)t. all'l'ct the soil chemically, although It 

disturbance of the miel'obiological N(uilibrilllll might result, Poorly 
uCl'Ilted soils often ('ontai ll llleaslIl'ablp quantities of nitrite, which has 
hepll fihown by Klotz and Sokolotl' U3,J) to be associated with conditions 
toxic to ci tl'US and tlv()('ado tl'ces. 

SULFIDE 

Sulfide sulful' (S; atomic weight, 32.0(\; \'alence 2) is a constituent 
of a hu'gc I1lllnbl'l' of impoI·ttlnt mint-l'als, as pyrite, sulfide of iron; 
galen:l, sulfide of lea(l; <:innaba ... !)ulfide of mercury, and others. In 
lllltural wuters it llsually appears as hydrogen sulfide and is easily 
detected by the odor, even in v('I'y low concentmtion, ~Yaters from 
many deep well::; ;doll~ the f rough of the San Joaquin Valley in Cali
fornia contain substantial quantities of this constitucllt, Thesc wa
ters are low in sulfate, lowe1; in fad than the replcnifihing water's, anel 
low in calcilllll and magnesium. 

Eaton (112, 13) callpd aUention to thpse facts and suggested that 
the 511lfille was <Jeri \'(·d fL'OI.l Sill fate by allaerobic reduction and that 
the COI'l'l'sponding (Jxidatioll involved lhe C'onvcI'sion of carbon in l'e
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dllced forms, possibly petroleum gas, to carbOllllte, which precipitatr~d 
t110 calcinm and magnesium, Sulfide as such is ]lot I\SlIlllly determined ~, 
in the IUlalysis of an iITigation watet', bllt satisfactory methods llre .. 
Ilvn.ilahle jf it is desit'cd, ' 

Hydrogen sulfide, in the concentl'lltiOlls 1\)1111(1 in natllI'll1 waters, 

has nO I\pplll~ellt ell'ect on soils, probably due to the fact that it is mp

jdly oxi(tizl~d to sulfate in II wl'lI-acl'ated soil. A definite pl'ejut~tce by 

watl~l' USCI'S against sulfide wat(,I'S may be dllo to the. presence of. other 


• cOllstituents, 	sllch as sod i1111l Iwd h01'oll, t:hat are usually Iound in 
such watet's: The ell't'd on plants is n()t hlll'miul under conditions 
whete oxidation can (tlkc plaec rapidly and may be bC1lefir:hll uS It 
SOlll'ce of SUIfUI', 	 ' 

PHOSPHATE 

]~hosphllte (PO". (ol'lhophm;phat('); moll'clllal' wl'ight, 04,VS; 
valcl)('c :3) is II constHul'lIt of Ileal'ly all igll(,ous l'oel\:!:i lind occurs in 
small qllanlil'i('S ill all soils, Vast (tepoi'iits of calcium phosphate are 
found.in this cOlln(T,)', ill Cllllll({a, nnd ('15ew11(,I'l" and I\1'C, the principal 
S(JlII'CC of pho::lphatt' fOl' 1'('1'1 iIizl'l' IIS(', The solubility of ca.lcilll1l 
phosphateii'i YPl'y low in l\('utl'al (H' slightly alkaline solutions, and us 
II J'psult (Inl\' tl'a('('H HI'e found iii 1110st llntUI.':tl wah'I'S of the "Test, 
The slI1all qilnlllily 01: phosphalf' bl'ought 10 Ih(' soil by the irl'igll:tion 
water hILS 110 lIotic('able ('freet, ('it\wl' physical 01' c11('1111('.a1, on the soil. 
It is probllbl\' pI,'N'i pitalNI aH t dea lei UIH phosphat!', Phosphate is 
olle of til(> I1H)stimpOItant !itJl)i'ihlllC't'S in plant nlttt'ilion, tllld its pros- ~ 
CIH'(\ in fL watel' is thl'I'Pf'OI'c ((('sil'alJlp, .Many areas ill the il'l'ignted ,.. 
'Y('Ht t1l'(' ('ithel.' dc,fjeic'llt in phoHplmte 01' t1w phoi'iphnte is not avail 
ubl(', lind ill tlwse a]'('HS Inl'ge quantit:iC's of II\(' sllperpbUHphate type of 
j\'l'tilizl'I' are WiP(1. Ol,th()phosphol'ie neid is b!~illg llSC{[ to a limited 
extent as a SOIlI'(,() of' phosphnfein sOllf:hl'1'II Calii'OI.'nia, !ll1d Arizona, 
TIHl Hcidisall{)wl'd to dl.'ip .into the il'I'igatioll wat!:!.' at: fl wl'it' box 
just befol'e distl'ibution on i he land. 

mo~ 

Il'Oll (1;'('; at'OIl! k ,,"pigllL .');),Rti ; Ya I('!l('l' ~ (1'PI'/'OlfS) lind :3 UN'I'ie)), 

1I(>.Xt, to IlIUlIiilllllll. is tIl(' I\lo:;t ablllHlnnt 1\I(>in1. Thel'(' !II'(' 11I11ldl'l!ds of 

mi/l(>/'ld sp('cit,!'l of \\'bidl iI'oll is n no/'/nuJ ('OllstHtWIlf. and dlll'in,!! the 

IH'Ol't'SS Of\\'l'HlIH'I'illg Illan." of (\H'~\' ht'{,OIIl(' ill('ol'po]';l('dlnto Uw soil. 

Imll, {'itlll'!' fl'IT()IIS OJ' f('J'l'k. i:-Sl'plitt iVl'h' i 11:<01 lIhlp .in mildlllk:di slich 

as thnt fOUIHL ill most \\,(':;(pl'n wa!PI'~, "fI\(I ('(JIH'(lnfl'ittion of iron lit 

J-Oll1l'iOll S(,Jdolll (\xf'ppds II fl'\\' 1£'111 hs oj' H pHI'! IWI' lIlillion, hut Bome 

wat.l'I':-; ('tll.'I'Y suflivil'lI! il'O\l ill ('ollnitlal !-'IIHIH'lIsioll to 1)(· troublesome 

jJ' lIspd for rIolllPs{iI' Ill' indllHtl'ial PIlI'PO;;!'S, (1lII' to tl1(, fOl'1lwtion of 

scall'dC'po!-'its, In soil. tIll' H('(ion oj' thl' ('olloidnl h'(1ll is to ('('tnent 

Ii Il('r partil'l!';;: i lito 1:1 1',!!l'J' ll,!.!',!!n'gn {('S, .holl is llll (,;;8('lIt ia I (>1f'1l!('nt' .in 

plaut llutritioll lln<1i" (l1'psC'nt in sufli('i('nt qllantity in IH'adically nil 

soil:.:, 1],(,11 l'hlol'O"i;;. thnl' is r('('ogni%f'li IllllWlI\, 1I!'pas :Illd Oil I1I1lB)' 

s]>('('i(';.I, dOl'S not a(Jp('HI' to he' ('IUS('(\ hy n dl'fit'h'll(,,Y of il'on in the soil 

but l'al hpI' to till' illability of Ihl' pJallt to 1IIili%t' Ihl' il'(llJ, 


.AIUl11il11111l (AI; ntolllil' \\'('ighl, 2(j,!J7, \'ulplH'(I ;{) i:-; Ih(' 11108( abull 

dant rtwta! in nntlll'(1 Hnd is all importallt ('Olls(iflWllt of n!ny:;, It 
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b I'datively insoluble. in mildly alkalinc WIlt:Ol'S but quitc solublc ill 
dilute acid Ol' stl'ong alkali. 1n the. low. COl1{'l'ntl'lltiOllS ordinllrily 
prc::lcntin il'l'iglltion waters it hils no noticeable. clrcet on soi Is 01' plants. 
In h ighct, cOllccntL'llti(HlS, such as. urc cncountered in aci'd soils, toxic 
rcactions Ill'C l'l'eogniz('d in many plallts. In 51111111 qultntitics it is 
a nonnal constituent of llIost plallts but is not thought to be csscntial 
to plllnt gl'Owth. 

AMMONIUM ION 

.Alll11lOlIin. (NI-C; 1II0IN'11!1I1' weight, lS.O·l; \·aleJl(:e.1) is found in 
sOllie (umltt'ol ic and i 11 Htllgnan t wall'I.'S, bui: is ()I'd iliad Iy not prcscut 
ill wl.~.lI-n(ll'lltcd wall'I'S. A Inrge, qUlllltity of llllllllOnia. gas handled 
in (JI'NiSUl'e cylindlws iH IIsl'd Illi ilnitl'ogcnft~I,tiIizel'. It is introduced 
into the il'l'igatioll s!l'elllll in low COIH'Cntl'ation, but athcqucnt intcl'
\'Ills. It was Hhown by li'i n'lllll II nnd eow()('k('I's (i'l') that anHlIollbm 
salls pL'odu('e, HOllie t1l1fa\'OI'ablc I'eadiom; in the Hoil, tending toward 
dcftOtCldatioll IIl1d illl(ll'I'nl('lIuility, hut t1ll'i'{t) dl'cds IU'C pl'ohably not 
JlIHting-, as till' oxidation to Ilitmt(' is uHlIally I'Ilpid, The small qUIlIl
tily that nlig-ht Iw fOllnd ill !lll! 11I'ni WII('I'S would ha\'(', litUo elfed on 
Uw soil. lind Hlly (·Il't,<.'I: Oil plallts would Jll'Ohably bp. hl'neficia1. 

1I\'IlICOGI':~ 10"" ,\S ;\n:ASI.'IU:U III pH 

Hydl'og('J) iOIl (H; a{olllie \\'(light, l.OOS; vah'nep 1) which is tho 
t'ution part 01: nil atids, iH Il'ss \l'iddy disll'ibu/pli than the elemcnt, 
hydl'ogt'll,whkh fOl'lllS lIiJollt OIW~llillth pIli'!; by weight of wnicl', alld 
is thl'I't,rOl'(' found nhllo:--t ('\'(,I',\'wll('I'(' in nalm'l'. HOIlIl'. minel'lIl SllL'ings 
contain I'I't·(' add, Mall,\' soils ill lIlt' hunlid 1'\'giollS lll'l\ acid, as 
dill'PI'illg t~I'()1I1 till' Ill'id soils tllllt 111'(' ('lllll':(etC'riH!ically idkalinc. An 
IIlldl'I'stun<lillg of lhl' !wid-alkllli l'rluililll'iulllin all aqllcolls solution, 
slI('1I liS a natlll'H1 WIII(lI', ill\'ol\'(·s :t ('I(lnl' ViHllulizalioll of tllI'CC COII

('('pts: (\.) Till' totlllll('itiie hydl'og(,11 IH'psNlt; (2) .th(\ i'l'a({ioll of tht) 
Heidi<, hydl'Og(,1l (hnt i:; diH8ocintf'd :llld IIPI)(Ial'S :IS hy<il'OgPIl ion; and 
(!1) till' ('quilihl'illllllwtll'Pl'll hy(It'og('1l and hydl'Oxyl ions (hat is l'l'PI'O
$I'l1t('d by the pH 8('nl('. 

('ollsidt'l'illl-\' 111('",(' {hl'l'l' poinls ill OI'rlPI', Ill(' lolnl i\('idi(' hvdl'og(lll in 
II ~()luli()1l im:lud('s hoth till' 1I11Ili:,HH'iHIl'd hydl'O)!1'1I nnd Ihl~ h,nh 'ogl'll 
ion, It i:.. (h'It'I'1ll1Ilpd II\' I ill':\(iOIl wil Ii :->11111<1111'<1. alkali lind h; 1'1')101'('(1 
ill Illlils of qllllll!il,\' as ('Ip!i\'alpllts 01' nlilli)!1'H1I1 ('q II h'a 1('11114, 

Will'1I lIll 1I('ili is dh,solwd in \\,:1((01',:\ pari of t 11(' ll!'id lllol('('IlIl'f! dis· 
!'i()('illlps illto pOl'ilin'I\' Hlld I,!'!!ufi\,plr ('ilul'gl'd ions; IhllS, :for h,vdl'O
('!llol'i(' 1I(·id: ll,nll'oit'll l'ltlorid(' 111011'('1111' li'ydl'O!!1'1I iOIl, positi\'('ly 
eh:u'gpd I ('Idol'idl' iOIl. IIl'gath'ply ('IHII'gl'd, '1'11(' sll'('llglh 01' lin acid 
is d('pt'lldl'nt \I[lOIi illl' )l1'O[\ol'lioll of h.rdl'(1gl'1l iOlls 10 IIndislio('ialrd 
lIl'id 1I1011.'('ult'li, :-11(('11. :--II'OIl'!!; ll('ids a:-; h\'tlt'l)('hlol'il', lIit !'il', lind sllifnl'ie 
diHso('inl(l allllo",t ('olllpll'll'I.\' ill (lilllt(· ~(lltlli(lIl, "'1'11];: fI('ids urI' olily 
IlItI,tinlly d.iss()(·illu'd: l'ol' ilhIHIl('(',lI('Pri!' ((('ill ill 11 01'111 aI soilltion ('011

t.nins Ie'ss thnn I )It'I'I'1' II ( hydl'o)!t'll illll HlJd /)(lI'i(' IU'id 1(,,,:; I hnn O,OL 
pm'l'PIlL .\ 1I1(':\,,\II'P oi' till' h\"dl'o~l'n ion ('olH'l'lltmlioll illdit':lI('s Ih(1 
Heidi(' illtPIl"ity 01' t hI' ,;olnl iOll lInti b 1.'('poI'll'd liS a pH "aim'. 

In watt'I.' ot' ill HqIlPOU"i l"olut iOlls of IU'id 01' nlk:di, ( 11\1 pl'odud. ob
(nilwlt br llllllti pi rilllf til(' ('OI\('Pllil'nliull of 11\'dl'O!!PIl iOIl:4 hvtliP ('011

(,(llltl'H(itm or h,\·dl'().;·l illlll'i is II {'O l1:--t a 11 f, (hilS;' (11.+) (on)" Kw, 
7tHlI;J:! J" !l 
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where Kw hns the rounded vnlue 10-1
.'. This means that in acid solu

t·ions the concentration of hytlroxyl ions is extremely low, tmd, con- • 
versely, in alknline solutions the concentmtion of hydrogen iQl1S is . 
extremely low. Also, from this relationship, it is possible to express 
concentrations from strong acid through neutrul to strong alkali in 
terms of hydl'ogen ion concentration. These values are nwkwlu'd to 
handle, so for purposes of simplification the negatiye logarithms are 
used. These Jlegath'e Iognrithms o.f the hydrogen ion concentl'lltioll 
are referred to as pH units, i. e., pH=-loglO (1I+). The pH scnle 
starts at 0 on the acid side and extends through neut.ral' at pH 7 to 
pH 1<1 111 strong alkali. To illustrate these relationships, consider a 
neutral solutioll such as pure wat<~I' that has, by definition, equal qnan
titi(~s of hydl'ogen and hydroxyl ions, Ot' :1'1'0111 the above equation 
(10-1)H+(lO-1)OH-=lO-H. If til(> hydl'Ogpn ion concentrntion is taken 
as 10.1eqlli\'lllents pel' liter, the pH= -IQglo (1-1+) = -loglo (10-'1) =7. 

ORGANIC MATTER 

The colol' in the natur:tl wntt'1'5 of the. "VI.'st is due almos~ wholly to 
ol'ganie mattet'. This ('0101' illted(,l'e:; to H()lI)(> (,xt.ent with some of the 
all.alytical pl'ot'edlll'cs but probably has no dctrinwntal efl'ed on either 
!';otis 0\' plants. 

ANIONS AND CATIONS 

In this group 11I'(> consir1(>rNI tll(>. elltions-ralciul11, magnesium, so
aium, and potassium-and the HnioI1H-c'arbonat:e, bicarbonate, sulfate, 
clllol'ic1c, and nitl'llt(>. 'rh(>sl' arc gmuped together lwcause of their 
rathel' W'n(,l'lll O(,l'UIT('nce, and the, :l'aC'!:. that most detailed wat(,l' analyses 
include. them. 'l'lwse c:onstitllte the bulk of the dissolved constituents 
and very largely (letl'l'tnine the quality of the wate.r. 

CALCIUM 

CnJeium (Cn; atomic weight, 40.08; val('nce 2) is one of the most 
abundant metals, but it is lleycr found in nature uncomhined. It is an 
essential constituent of many min(,l'Ills and I'oc'ks. Of agl'ieulturnJ 
importallcc arc lin1(>stonc (rllicilltn rlll'bonatc), gypsum (cidcium sul
fnte.) , and caleiunl phosplu1t(>. Calcium is found innelll'ly all.nntmlll 
watel's. soil:-l, pIn nt t isslIe, and an imal bon(,5. The snIts of ('akium va ry 
g'l'eatly in s()ll1bility, the ('urbonat(> and phosphate being rcl:tliv(>ly 
msolnble. in watl'l' bllt r(>a(lily soll1bl(' in aciel. 'I'll(' sulfilte, gypsnm 
(CaSO".2H~O), is soluble. to tllr (>xl<.'I1t of nbout :10.(; c. p. m. (2,634 
p. p. m.), and til(> ('hI OJ'i <1c anclnitl':lt(> nl'c both l'rac1i1y solllble.in wat(>r. 

Hard watN" as Uw {(>I'm is ()I'(linnl'ily U!;(>(l. is rhal"ldel'ized by a high 

cOll('(>ntration of cairium 01' lIla::rnrsillm, 01' hoth. 'l'hese two ions pre

eipitate soap, fOl'mingo sellin that i:; ohjertionahle.. 'fhe term is used 

in a slightly cIiff(>I'('l1t s(>nse ill ('olll)(>('(inn with lInalys('s of irrigation 

watC'l's. If the Pl'opol'tion of r(\killm plus m(\gn(\~ium to total. cations .. 

is lligh. the wat(,I'is said to 1)(' hftrd, r('!!:al'(ll('ss of the total conrl'ntra- ~ 

tion. This will be cliscuss(>c1 h(>low IInd('r Sodium. 


To a gl·eat. ('xtcnt, tlw ration:; p"l'sent in the soil solution determine 

the physic-al as w(>l1 af, til(' chemical properties of the soil. A calcil1m 

soil i:; fl'iable and ('a:;il\' wOl'krc1, }wl'mits watm' to p('netrate readily, 

and do(>s not "J'IIJl together," or pud(lle, when wet. 'l'h(>se rellrtions 
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will be considered in more detail under Interpretation of a 'Vater 
~ Analysis, 
• 	 Calcium is essential to normal plant growth, It is abundantly sup

:plied by most hrigation watel'S and sOlIs of the 'Vest, although there 

IS some evidence that calcium is not available in the presence of car-. 

bonate alkali (~4,pl',1J09-1Jll), Calcium deficiency is recognized and 

is widespread in the humid regions of the eastern part of the United 

States, 


MAGNESIUM 

Magnesium (Mg; atomic weight, 24,32; vlllence 2) is abundant in .~ 
nature, being It nOl'mal constitucnt of such igneous rocks as the amphi
boles, pyroxenes, and micas, Talc and scrpentine are silicates of 
1IllLgncsium, and dolomite is a cllrbonate of magncsium and calcium, 
Minemi springs ancl sell water contain l'elatively high concentrations, 
while most Il!ltul'lll wate!'s contain some magnesiulll, The carbonate, 
the hydroxic1n, the oxide, and the phosphllte of mugnesium are spar
ingly soluble in wllter but readil.v soluble in acid, Most of the other 
compounds IH'e water-soluble, The reaction of magnesium ion with 
the soil is much like that of cnlcium, His essential to plant nutrition 
and can replace ealciuJl1 pllrtially but llot completely, It is an im
portant constituent of the dtlol'ophyll of green plants, 

SODIUM 

Sodium (Nn; atomic weight, 22.0\)7; valence 1) ]s widely distributed 
and is the most abundant or the alkali metals, It is a constituent of 
many igneous )'ocks and rock salt. Most ft'etlh waters contain at least 
mcasurable concentrations of the (,lemenr, while in sea watel' the con
centration is high, All of the common salts of sodium are water
soillble, Sodium, like. the other cations, when applied to the soil in the 
irrigation water reacts with cei'tain e.1ity minerals known as the base
exchange matCL'ial of the soil. Unfavol'able physical conditions re
sult ·when ,sodil~m is the pyeclomintlnt, cation, !\..s 10)1~ as the total 
con('(,lltratlOn of the wlltet' 111 contact wtth the sOllrel11alIlS unchanged 
t.heutivel.'sc etl'eds develop slowly, 

• 

If tho total COIll'(,lItrutiOIl is Jowel'ed substantially, as by a change in 
quality of water 01' by It good rain, the soil undergoes a very pro
nounced change, both physical and chemical. 'When wet, the soil 
deflocculates Qt' "I'U11S togethel'" and becomes sticky and imrerviolls, 
On dl'ying, large cl'llcks and hanI clods form, making it (hfficult to 
work into' a seedbed, Chemical changes take place that rcsult in the 
formation of c:u'bonttte (black) alkali. 'rhe so-called "slick spots" 
sometimcs found in :iITigated iieltls and the playas of the desert are 
usually alkali areas, Reclama.tion of alkali soils involves, ILmong other 
things, the replacen1l'lIt 01' the adsorbed sodium by calcium or mag
nesium tlnd th(\ l'cmoml of thc sodium by leaching, This cun often be 
accomplished if It high caleiull1 (1mI'd) Willet' is ttvailable for the leach
ing, othel'wise it nmy be neceSStu'y to appl'y gypSUIII or some other 
soluble calcium salt to the soil befOl'c leaching, In this connection, 
Scofield (34) summarized the results of It series of l'cc1amation experi
mellts in the :frequently (Iuoted stah~mCllt: "Hard water makes soft 
land and soft water mal\Cs lal'd Inn~l." 



12 'J'ECHNICAL BULLE'l'IN 962J U, S. DErT OF AGRICULTURE 

The ordintlry crop plants develop not'mally with little or no sodium 
available to them so that, if sodium is essential, t.he requirement is very .•:.low, It is taken up :frM]y from saline soils by many plants, but it . ' nppeal's to serve no other function than t.o increase the osmotic concen,
tmtion of the cell sap and thus retard desiccation, In higher concen
tratiolls sodium ion is toxic to plants, 

The adverse effect on the soil is more closely related to.the ratio of 
sodium ill the irt'igation watel' to total cations than to the absolute 
cOllcontmtion of sodium. This ratio is called the "pei'cent sodium" 
(pel'cellt Nil) Ilnd is dl'fined by the following equation, in which c:on
centl'lltions are il\ tenns of eql1i vnlent.s, as e. p, 1Il. : 

NaX100 
PCl'Cl'llt Nn=·--"···---

Ca+l\!g+Na+K 

P01'ASSIUM 

Potassium (K; atomic weigh!~, 3D.ODG; yalence 1) is found in mllny 
rocks, but is more abllndallt in igneous than sedimentary rocks, It is 
a constituent of many of the complex silicates that make lip t.he soil. 
Great deposits of potassium minerals arc foul1c1.in the saline beds nen,r 
Stassful't, Gormany, and Cltrlsbad, N. Mex., and the element is abun
dant in the brines of Seal'1QB Litke, Calif. The soils of the 'Vest are, in 
genoml, well supplied with potassium, Ilnd there are only It few areas 
that Il ppeltl' to be c1t'ficient. "With the except.ion of the silicate minernls, 
most of the compounds of potassiulll Ill'e readily soluble, but the con- • 
centl'lltioll seldom exceeds a few tt'nths of an equivalent per million in ... ~ 
soil solutions 01' natural waters. The l'eaction with the soil is similar 
to that of sodi lim, but the eifects are nr)t so harmful. Potassium is 
essent-ial to plant gL'Owth and is one of tIle three majol' plant-food 
elemen ts. 

CAHBONATE 

. Carbonate (COa ; molecular weiO'ht. 60.01: valence 2) in the forl11 of 
limestone (cllleilllll (,ltI'bonate), dolonlite (calcium and magnesium car
bOllnte), and 11'0n ('arbonate is widl'ly distributed. The first two nre 
constitu('nts off('l·tile soils !lnd oftell used us soil amendments. Alkali 
cltrbol\atN, al'e often pJ'(~scnt in minl'ml springs but only in traces in 
most nntuml W!ltt'l'S. 'I'll(' c'al'bonates of the alkali bases, sodium and 
potnssiUllI, al'e wutt'l'-sollLhle, but tlw eaJ'llOnatt'R of the alkaline-enrth 
bll$l('S. caleiulll ((lid magnesium, all(l or the helH'Y metals arc quite in
soluble ill wntol' IJII!', solublp in acid. If soluble carbonate in the irriO'a
lioll watt'r is applied to the soi lone of two l'eaetions takes place, In tlle 
abs(mee of cak:illll1 or magnesillm the soil becomes alkaline nml takes on 
tho unJavorahlc elial'lll'teriRties d('sel'i.belL 1I1Hle1' sodiulIl, abovo. If an 
(,.X<'l'SS of It sO]lIble ('alcillln snlt such as gypsulIl is IJl'psent, calcium 
carbonate ispl't'('ipibltNL Hnd little cltangt' in the soil is noted. Alkali 
t':~l'bOlHltt\ sueh liS sodiulIl ('tlL'bonatp. is unclesirable in the iL'rigation 
Wlth'l' nlld soil solution nnd is cxtTt'lI1l,1y toxic to plants, ... 

nrCAHnONATE 

Bicll 1'1>0 II a tt'l-; (HCO;!; III oh'('uI!u' weight, 61.018; valence 1) n,1'e not 
10llnd 1"0 1I1I'y ('xtt'lI(: ill natllre l'XCC'pi: ill solution in natllL'nl waters. 
C'nkillll1 hi('I\I'bolll\ft> hi 11101'(\ solublt· Iltan Ihe !lonnal C'arbonate, but the 
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Minpound is unstable and is 1moWll chiefly in solutio!!. ,A rise in 
telllpel'lltul'e Ol' evaporation results in the 10;;5 of carbon dlOxlde Iln<.1'th~ 
pl'ecipitlltioll of calcium c!ll:bonate: thus: 

CII (FICO.) :=CnCO.+CO,+H:O 

~rost j rl'igatioll waters cn L'l'Y some ca lei lUll bicarbonate in solution, SO" 

that from these waters cnicilllil carbonate is deposited in the soil. '1'his. 
reaction is of grent .impol'tallce in irrigation ngr.icultlll'e, as it tends 
1:0 keep all excess or clllciulIlin the soil. Ctll'bon dioxide that is given. 
off by phint roots and micl'o-organisms adds to the bieltl'bOllllto content 
when dissolved ill the soil water. The equilibdum involving cllrbonute, 
bicarbonate, ellt'lJOIl dioxide, lind the cations Hot olily determines the 
pH of the wnter bill', also holds the pH rellsonably constant for long 
pel'io(Js or time. This eq1lilibriuIll pH value for most: Ilatlll'ttl waters of. 
the WesL falls between 1.5 and 8,5. 

Plnllts usc lurge quantities of carbon dioxide ill t.he process of 
pitotoHynthesis, 1n tho cHfle of land planh; the carbon dioxide is takon 
froll" tho ail, ill gnseow; form, while in aquatic plunts the carbon dioxide 
is hl solution, possibly ('l\le1'il1g tho plant as bicarbonate iOll. 'rho 
bie\ll'bollatc in solution inil'l'igation waters is probably of little dil'cct 
i lllpol'ta lice .in plallt 1I11tl'itioll,· 

SULFATE 

The II lOHt,alllIIHla Ilt ~ull'a tt, U.;q'l; lllo\cclilal' weight, D~.O(j; valence 2) 
WlIlPOUlld I.Il llllttll'P. IS the calelulIl Halt, gypsulll (CaSO'I.2H20): tt 
oeetH'S ill (kpOHitS oj' gL'enl extent and hi a[';o Witlt'spl;elld in lower COll
centration in bot·1t soil;; and \\'atC'I'S, SodiulIl and1l1!tgnesiulll sulfates· 
aro readily solub11', \\'hile ('a\eiullt sulfate is sparingly soluble, (See 
undet, Calci urn, llbo\'e,) Sulfate· has 110 charndel'ist'ic action on the soil 
othl'l' than to illC'I'ell~e tIJ(~ snlinity. SUifUL' is all essential element in 
plallt Hutl'itioll, and ill lhe 1'01'11\ of sulfate it is readily available to 
plunts. 

CHLORIDE 

Cltlol'ido \ CI; atumic wl'ight, ;)::U51; \'lIlell<.'o 1) liS a cOllstituent of 
sod iUIIl eh Iol'i d('. (('0111111011 sa It) is found as l'oek sal t and in solution 
in selL und natural wllters.. The COIlHlIon chlol'idcs Hrc all soluble, so 
thai; tho cOllct'ntl'ation bll.ilds upin soil sollltions 01' drainage waters. 
(See table 4, below.). l>lunts (Icyelop normally ill solutions containing 
(JIlly tmees of ehlol'ide, so that if chluric1e is essential the quantity 1'e
(Illil'ed is small. Itillhibits the growth of most crop plants and be
comes definitely toxic at llloilel'Ute <.'oncentraUons. Formerly, the 
chloride concenll'lltion wus llsed as the most im pol'tllnt criterion in 
judging the qllality of 1111 irrigatioll water, 1. e., the less chloride the 
bette!' tho watel', .. NITRATE 

NHl'ates (NOa; 1l101eClIlul' weight, u2.008; yalenco 1) ure not fOllncl 
ill extensive depoHits in the Unitl'tl States, The pl'ineipal source of 
lIitt'ate is Ohilc,. where the matcri.alis l'eeovcl'ed as an implIre sodium 
lIitl'llte, All the llitl'llte. salts al'e solublo and c:lsil,v lost by leaching. 
FCltile soils contnin lIitmte that is presumed to come from the oxida
tion of nitrogenous oJ'gallic matter 01' 1'L'om the fixation of atmospheric 
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nitrogen by soil organisms. Sudace waters contain only traces of 

nitrate, while grounci water.s often contain measurable quantities but '.' 

usually less than 1 e. p. m. NOs. These concentrations have little 

effect on the soil, but the continued use of sodium nitrate :fertilizer 

may impair its structure and peJ.'meability (17). Nitrate is one of the 

three major elements in plant )nutrition and is uSlUllly the first to 

become limiting in the arid soils of the 'Vest. Nitrate promotes a 

,succulent type of growth that is desii'able in forage crops when ade
quately supplied with water, but less l1itrate is needed when l;he crop 

consists of tubers or fruit. 


TOTAL CONCENTRATION OF CONSTITUEHTS 

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

ELECTRICAL CONDUCTIVITY 

In an aqueolls solution such as !L natural Witter, a large proportion 
of the ino~~anic salts dissolved in the water are ionized. Thus sodium 
chloride U~aOl) ionizes to :form positively charged sodium ions (Na+) 
and negatively charged chloride ions (01-). These charged ions can 
conduct an electric current, and use is made of this property in the 
determination of conductivity. The electrical resistance, between 
platinum electrodes, is measured with a 'Vheatstone bridge, using a 
pl'eviously calibrated conductivity cell. 'rhe electrical concluctivJty 
(EO X106 at 25 0 O.),a which is calculated from the above measurement, 
is relltted to the total ions present and correlates well with plant 
I·esponse. 

TOTAL ANIONS 

In any solution, the number of equivalents of positive ions (cations) 
must equal the uumoor of equivalents of negative ions (anions). 
Then, either total anions or total cations expressed in terms of equiv
alents can be used satisfactorily as a meaSUl'e of total salinity. 
Anions have been used almost exclusively, because, until recent ye!trs, 
it was not possible to make a direct determination of sodium, one of 
the principal constituents of the cations. 

n'rlle expression "clectrical COI1l1nctivit)'" is Rynonymons with "specific elec
trical conductance." The stallllal'li unit fOl' conductivity is tile mho/em. It 
is sllcb u large unit that most nutul'Ill waters have a value of much less than 1 
unit. For instancc, the Colorado Hiver sample (No. 10042, table 2) has a 
COll(luctivlty of 0.00117 mho/cm. For purposes of convenience in recording or 
expressing such results, the yulue In milo/em. i13 llIultipliecl by 10· (decimal 
point moved 0 places to the right) und reported as ECXIO· at 25° O. Much of the 
earlier work on natul'!ll waters was reportell as KXIO' at 25° O. This value 
multiplied by 10 gives EOX10" at 25° C. The relation between the several 
metdhods of rCfPobl'tlcllgl COlll!lucRtliVlty is slilown bbelow, USing as an example, the a
COil uctlylty 0 teo orm o. vel', ment oned 11 ove: 


EC -=0.00117 mho/cIll. 

ECX 10'=1.17 millimhos/cm. 

ECX10'=117 (KX10') 

ECX10"=1,170 micl'omllos/cm. 
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DISSOLVED SOLIDS 

The value for dissolved solids (D. S.) 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 as silt. The weight of 
the dry l'esidue is corrected for the aliquot portion taken and reported 
as dissolved solids in parts per million or in tons per acre-foot (t. u. f.). 
T. a. f. is obtained by muttiplying p. p. m. by the constant 0.00136, ' 
and is used in ~stir;lates of salt balance in irrigated areas (33). 

l'here is no simple relationship between the three methods of in
dicating total concentration. For natural waters, the following give 
approximate values: 

EOXIO·XO.7=D. S. in p. p. m. 

E;OXIO"+l00=e. p. m. unions. 


SIGNIFICANCE OF CONSTITUENTS 

Of the minor constituents, boron is the most important. In the con
centrations found ill eertain irrigation waters it is toxic to many plants, 
but extremely small quantities are required by all plants. The concen
tration of boron is 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-calcium, magnesium, and sodium-react with the bnse
exchange material of the soil 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 sodium predominates. Under conditions of high 
salinity, chloride is often the principal anion, owing chiefly to the fact 
tlutt the chloride salts are soluble. 

Considering the three methods for expressing total concentration, 
electr'ical conductivity is most used in characterizing a water: total 
anions (or total cations) is used for checking the accuracy, and 
dissolved solids is used in salt-balance studies. 

TYPICAL WATERS AND VARIATION IN COMPOSITION 

SURFACE WATERS 

There are presented; in the tables that follow, the analyses of a 
number of sul'face and ground waters. These are typical of the nat
ural waters of the ,Vest, and all are being or have been used for il'l'iga
tion. SUI'face waters vary considerably, depending on flow, so that 
the analyses shown shoulc) 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 th.e 
Rubidoux Laboratory, of this Bureau, using the methods herem 
described. Analyses of a sedes of 12 surface waters arranged in 
ascending order of conductivity are given in tabl~ 2. 

The fit-st fiYe analyses of table 2 represent waters of low total salinity 
ana [tre low in bot'on and percen t sodi lim as well. 'rhese are excellent 
irri(l'!ltion waters. Sample No. 16D20 is from Cache Creek in north
ern '''cali fornia and is characterized by its high boron content. This 
water causes injury to boron-sensitive plants, but is satisfactory for 
su('h tolerant (TOPS as suga.r beets and a.lfalfa. The next three, the 
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TABLE 2. -Chemical analY8es of 8urface water8 of important 8treams jrom which water is dil)crted jor irngatiQrJ, ... 
0':1 

River or creek 
t'l 
C 

Items of comparison ~ 
V'S ' C I v II • j Y tl j C I I San It. k I R' IC I j 1 .!- a- , acra-" ,0. lUll-, ~e 0\\- i ~,or 1 i ac Ie I Joa- ....r an-: 10, 00- Gil 11 P ,12 Z 

kWH! 1 i menlo' bill 3 ,'stolle 4 ~ Platte 5, Creek 6, • _ sus 5 I Grande g/, ,rado 10 a eco:; c ... 
t - { j I f qUIll' t t 1;--------...-~-J---I---l---!--·-I-~!--I--I--1 '--1--1-- t:!j 

Sample Ko__ ••• _·· ____ • c • '_'jl li514 1' 18409 I, 10397! 14043, ,; 183551 16920! 7653 t 18042118554 16642 7546 '...
Elcctrical conductivit.y (gC X 1' I j 1 J i ,to 

1()6 at,25 0 C.). __ .:._. __ ._.. 117 1 150 f 151 I ]91! 280 I 50S 1 7M 1 933 1, ]20 1,170 1,330 5,420 

~ 

~ Percent sodium. __________ . __,_ 23 18 1 13 I 29 J' 22 32 : 52 I 251 50 39 60 40 ... 
B?ron(BJ._:. __ • __ ••p.p.f1L•. 02 .05, .051 .06, .0311.78 .181 .08 .20 .16 .20 .37 Z 
Dlssoh'cd sohds (D. S.) __ l. a. f. - .-. - - .". -'""" f. -. _•• !. -"" --/_. -----1- _. -... 1!. _____ " .. __ •• J. , __ •• _____ ~. _____.___ 5. 44 <:> 
pH_._..... _._. __ ..... ____ .• 7.6 7.91 7.0 I 7.5 1 7.5 --- .•. j 7.0 I 8.21 8.3 7.8 --.--,---------	 e> 
Silica (Si02) ________ .p. p. III _ ]9 25 ,,_! ..... ____ I 15 i.---- _ ]9 22 I 41 •••____ 15 22 	 ~ 

d 
Cations: 	 I I' ,= I ;' I I . 

Calciull1(Ca). __ ••.,c.p.Il1.•. 56 .63l .90 .891 ].61 L31 1.79 5.06 4.14 5.06 3.39 25.06 ~ 
~Iagl1eiliulll ,(Mg) ...c. p. Ill. _. • 35 1 . 51 . :nl • 5911 . 57 2.40 1. 58 2. 66 1. 49 2. 30 l. 5G 12. 66 

t:'Sodium (NaL_ .....c. p. m.l .28 .26 .19 .61 . ti3 1. 77 3.84 2.63 I 5.77 4.70 7.75 25.79 t'l
Potassium (l\.)._ ••• c.p.m _! .0-1 .041'" •. _ 0 .07 .16 .21 .2~ _•.•• _•. 25 .61 'C 

Tot.aL._________ .c. p. m •• l 1. 23 1. 44 1. 481 
1 

2.091 2.88 5.48\ 7.37 10.561 11. 61 ~12.9s64.l2 0 

~ 

"'J 
Anions: 1 

C!\rbonatc (COl) ___ c. p. m .. j 0 0 0 0 
::0BICarbonate (11 C03)_c. p. 1Il•• j 1. 00 1. 22 ?26/ 1. 18 . ? 59 J 
> 
.... 

Sulfat.c (SOl) ______ .c. p. m.. ! .07 . 13 .21 • . .52 l. 12 d 
c 

Chloride (Cl). _____ .c. p. m'_1 . 15 .12 .07 . ]0 .09
Nitmtc (N03) ______c. p. Ill •• (13) (13) (13) .03 ~.03 d 

::0TotaL._____..___c. p. Ill. "I 1. 22 1. 47 1 1. 54 1. 83/ 2. 83 	 t'l 

,. 
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1 ]~rom main cJln~l on SunnYliideProject, composite sample for 

August 1943. 
J At Tisdale, a large capacity weir, approximately 35 miles above 

~ Sacramento,July 13, 1945. 
:i! 3. At Wenatchee, Wash., Nov. 25, 1935. 
8 4 From clulal at Huntley, Mont., June 7, 1940. 
I I From canal near Scottsbluff, Nebr., May 23, 1945.: ·r I At Capay Dam, Yolo County, Calif., composite sample for 

August J941. 
7 Near Vernalis, Calif., Aug. 10, 1933. 

CD 

.J......., 
 '. 

8 At point of diversion of Rocky Ford High Line C~al, Pueblo 

County, Colo., July 21, 19«. 
• At El Paso, Tex., composite sample for August 1945, 

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

II At Ashurst-Hayden Dam, Ariz., Aug. 2, 1933. .. 

12 Near Orla, Tex., 19 miloo downstream from Red Bruff nam, 


composite sample (or Aug. 1-10, 1943. AnalYlis by l:f. S. Geological ~ 
Survey (el, p. 70). l!j 

11 Trace. 1!!2 
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San .Joaquiil, the Arkansas, and the Rio Gmnde, are waters of med
el'ate salinity, These stl'cams in the upper reaches are of low salinity, 
but thcse sllmplcs "rere collected at sites' within or below the h'rigated 
at'eas that urcinflllenced by dminage retul'll flow, Such waters are 
satisfactory on well-drainecl1and, bllt at'e not so satislactory if drain
nge is impaired, 

TIl{' next sample (No, 16642) is a reprcscntati\'e analysis of Colo
rado Rivet' "'Iltcr as delivered to thc Impel'ia1 and Yumn Valleys since 
f he completion of HoO\'cr Darn, (Sce table 5 for allnlyses prior to the 
('onstr'urtion of the dam,) The C'onecntrntion has not been su'bject to 
the f1uetuation OCl'lllTing befot'e stol'age hCgllll, The boron and per
('{'lit sodiurn lU'(' low, nnl! it is :I. BatisfaC'tory water on pCl'lneab1e soils, 

Gila Rh'('l' watcl' (sample No, 75016) has a higher total salinity and 
sodium pCI'(,lmtllgf' nnd is, chaml'ff'riBfi('ally, a chloric1ewa(er, IlS differ
ing :fI'OIl1 thc. Color'ado. which is It sulfate watcr, This water is used 
Oil \\·(·II-dl'nincd soil:; withCJllt milch diflieulty, but on heavier soils de
flo('('ultltioll aIHl irnpCl'lIwability oftt'll. ((e\'elop, 
- TIll' last annly:;is i:; 1'1'0111 thc Pc('()!' Ui\'PL' alld I'epl'esents the water 
:~nlilablp fOl' il'l'igation ill til(' ]'pemi and Barstow arens, The choice 
It crops is 1imitpd to the morc tolemnt spccies, and farming is confined 
al11lost wholly to tlw li!.!ht .. wpll-cll'air\pd soils, A study of the salinity 
pl'oblpl11s of til(' al'P;t 'was macl(' ill ('ollll('etion with the Pecos Niver 
Joint .Inn'stigation (4ii) , 

GROUND WATERS 

Annlyscs of a :;£'I'ic:-; of 1'('I)J'p~cntatin' 1!I'OllIHI waters trom areas 
wlH'I'c \\'('11:-; ('oll",titl1l(' tIll' pl'incipal SOUl'('e of itTigation water are 
givPI1 in table a, 

Till' fir::;t t\\'o ulHtlyses ofrtab1e:) are typical grollnd waters from two 
fertile h'l'igatp(l arcas, Thc\' I'pprpscnt exec1h'nt supplies that, under 
normal conditions, (,:lllSC no houble either to plants or the soils. The 
next 11l1ltlysis (sample No, 180(5) is of n watN that might be expeoted 
to ('tlUlie lInfllvOl'ablc: I'enetions in Ihl' soil. Large quantities of early 
potntocs tire pl'o(]U('cc1 in tlw awn, anel it hns bl'ell found that waters; 
of high sodium Pl'l'(,Plltllge, slIch as this one, tel\d to make the soilless 
pel'mNlbll', This mak('s it nN'esslll'Y to hold the water on the fields 
much longPl', To o \'1.' 1:('0111 c· this, it has bccome the practice to make 
a gpncl'Olls ItpplicatioJl of gypSlIlI1 before planting, 

The lH'xt two watcrs arc hom the .An'in areu, southeast of Bakers
field, The firBt (salllplc No, lROQi) is of satisfadol'Y quality and has 
l)J'odll('e(l good crops for many yent'B, The other (sample No, 18071) 
is from II wpll not fat' nw:t~' thnt is entit'c1y unfit iorirrig:ltioll because 
of the high boron alHl sodium l)('rC'entage, Only the most boron
tolcrant plants sUI'Yived the tlse of this wuter, and it has since been 
disc'ontinued, 

~ilmpll\ So, 13aDi iB from a well neal' til('. highway between EI 
Cpntl'o, Calif,. an(l Yuma, Ariz" and represents the ground water in 
the (](>'''l'rt, It is il1lel'cstinlT to note Umt the watpr is of relatively high 
dtlol'i(\c and low sulfnte c(l~tcnt, l'csemuling more nearly theGi1a than 
the Colorado River watcr, -

Th(> ncxt two (l"am'pl,I'S Nos, HDOD ~n<1 8;)40) are representative 
waters of m()(lcI'ntp sahnlty and IIl'e C0l151dercd good wells 111 the ':lreas. 
A. sample (No, 1408·1) from VentUl'(l County, Calif,., is.ra~her l)igh in 

• 


• 
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both salinity and boron, but a. good orange grove is being irrigaV.::d 
with this water, 

Many yeats ago Il large planting of deciduous trees was nlade in the 
western pad of Fl'csno County, The trees did not do well, and the. 

,cause was 1lS.<;umed to be related to the irrigation wflter, Only in re
cent years has it beer.> shown that the tl'cuble waS caused by a high 
bOi'on content in the wilter, Sample No, 18(;4(; is one or the better 
waters thllt is still in use on cotton and. grain, 'fhe high sodiulll 
produces unfll vorable rellctions in the soi I that IU'C easily L'ecognize(l 
I~oron is not gi.ven for the artesian wllter . used in the Yrcini~ of 

Boswell, N, Mex" but from other sllmples it is known to be low, Good 
yields of the less sensiti\'e crops nrc produced, 

The last annlysis (sample No, 18,",J;3) I'eprcsents It highly sltline 
water thut under most condiliOlls would not be suitablefoL' irrigation, 
It is typicltl Gila Ri.\'er uncledlow and is being used fairly successfully 
On yel'y pernwable soil for the production of alfalfa and BCl'lllUda 
gl'llss seed, 

VARIATION IN COMPOSITION 

The effect of irrigation diwrsiOtn; and dl'llinnge r('tul'lls on the com
position !lnd coneeutratiol1 of til<' Wnl('l' in the main channel of a river 
is shown in table 4, Data. from l·ight Htatiol1l'; on the Rio Grande are 
shown, th(', upstl'eam SlIttioll being at Otowi Bl'idgu neal' Santa lj'e, N, 
Mcx" lind the lower one lit Fort Quitman, Tex" about 80 miles below 
El Paso, hrigation developllH'llts al'(' all along the river, except along 
the l'('seL'voi1' section i1'01ll Siln Mal'C'ial to Caballo, The varlles are 
weighted menlls of monthly composite samp\('s for the y\~lu' 1945. 
weighted in each ease in proportion to the total (low,

It is apparellt that as the totnl flow de('rea:-:es, owing to irrlgation 
usc, the total cOl\{'('ntmtion as Jl1('aslIl'NI by eledrieal ('onductiYity or 
dissolved solids illcl'eaSl'S (table 4), Likewise, both boron and pl~rcont 
sodium ill('I'('aS(~, This table ('ll1phasiz('s the difli('ulties that muy 
befall Wl\t(' I' U:;('I'S in the 10w(,I' reac-bes of a l'ivet',involving both 
(\ulliity as well as qllantity of water resulting from l,ipstre:un 
( e\relopl11('llts, 

• 

Usually. though not always, the quality of the water in a stream 
varies with the flow and is bette I' during flood periods, The, Colorado 
Ri \'('1' l'xetnpi i liet! this to a marked deg['ee PI.'.iOI' to the completion of 
HooveL' Dam, '1'0 illW';trate thiH, a number of analYHc;;of the Colorado 
RiY(,I', as s:\mpl('d at Yuma, Ariz" al'C l't'pol'\ed in table 5, The first 
12 IUlltlyses CO\,(~I' the Y('i11' 1!la2 at nppl'oxilliately monthly inten'als, 
DUl'ing this tinw th(' dis('hlll'~e "Ill'ie'd 1'1'0111 IcsR than !l,OOO c, f, s. to 
11101'(' than 80,000, Tht' maximum contilll'tivity was 1,\)00, and the 
minimum 4:W, Th('. last analysis in tnbl(' ;; repl'('sents the quality of 
waleI' at Yuma 5 ,YNII'S II ftel' the Lakt' ~r('nd U('sl'I'voil' was put in 
operation, Tht' composition has l'l'mailwd v(,I'Y ('onstant sin('c stol'age 
began, 

Gl'Ound wutel's show \'al'ialiom; in ('olllpositioll that lll'erelated. in 
most enS('$ to the' stl':\tn from \\'hid! llw Wtt!c'l'S are Pllmped, Some 
of tlwse diIT('1'('I)(,(,R n.t'C illustr'atNI in !ltt, analyst,s l'('pol'ted in t~lble 6, 

The first two Slullpl('s 111'(' ft'Olll \\,(,115 in the \'i('init,V of Tnl(,llt, Oreg, 
The first is dtal'IH'(Crisli(: of n shallow stratulII, while till' H('c'ond l'epl'e
s('nts deeper wall'l', III this ('a".;(', tht· "hallow \\'al('[' is of ('x('('ll('nt 



'fAIlLE 3.--Chemical allalY8eS oj u;ater8 oj representatit'e irrigat-ion wells ~ 

Ir1igation well No. >-3 
l"l 

Hellls of comparison r------ -~--~----- . --~----:----- --~~ C 
til

11 ~ ____________,~i.~.~_~..J~~I.~.~.~~..:J~11539plI79691185407/14084811864,6 ,,1 
.~ 

(10) 118443 

I~lcetrical conductivity (ECX10G 
at25°C.) ... __ .. _ .............. _ ........... 300 391 442 536 789 919 1,120 1,230 1,680 2, 120 4> 550 7;210 .~Percent sodiulIl .......... _.. _.......... _........ 43 38 87 48 116 69 20 36 26 93 59 64 
 l'" 

Boro!\ (B) ........................... P. p. III.... .02 .14 .13 .76 6.93 .20 .20 .84 .97 1.68 1. 28 
pH ............. ___ ........ _................ __ .. _.. 7.7 7.7 8.3 8.1 8. 3 7.8 7.9 7.7 7.7 7.9 7.9 §
I::iilica (SiO~) ........ _.. _.......... p. p.II1- ................ _ .... _.. __ ]7 29 22 ..............1................ __ ........ _ ........ _.. 26 36
1 ~ 1===:====:===l=====':====I===,===:'===;===:=~=:===I=-== 
Cations: oc 

Calcium (Ca) .. _.. __........ e. p. m... 1. 431 1. 94 .52 2.21 .24 1..')6 6.04 2.97 9.19 .85 12.18 H.9.1 '" ..twMa/?lle:;ium (Mg) .... __ .. _c. p. 111.... .28 .55 (12) .40 .02 1. 08 3. ]2 5.40 5. 29 .47 6.33 11.84 

SOdlU1II (Na} .................... e. p. 1Il.... 1.29 1.50 3.61 2. 57 7.28 5. 96 2.36 4.79 5.04. 18.72 27.06 48. io 
 ~ PoLa:;si UIII (1\) ........ _......c. p. III .... .03 .12 .01 .06 .32 

!D
'I'otaL................ _...... _e. p. m... 3.00 3..99 I 4. 16 I 5. 30 ..7.55 , 20. 10 46.17 75.17 


~ 
Anions: 

I " 
,'I' ~ Carbonatc (C03) ............ c. p. Ill.... 0 0 (12) (Ia) • 41 (12) 0 0 0 _ (12) • _____ .. (12) 


Bicarbonate (lIC03) ...... c. p. Ill.... 2.18 2.31l 1.86 2.99 1. 98 2.22 4.715.89 4.86 5.50 2.74 6.34 
 ~ SulClLte (SO.) .._........ __ .... c. p. Ill.... .06 .31 .52 .68 2.48 2. 12 2. 18 4.87 .12.39 1.07 13.95 13. 1.3 
Chloride (CI) .... _... __ ...... e. p. III.... .20 .80 1.74 1.07 2.47 4. 10 4.30 2.54 1. 90 13.50 29.47 55.06 t;
Nitrate (NOl) ............ __ ..c. p. 1Il_.. (12) .51 (12) • 58 . 04 .03 . 18 .03 . 29 . 10 .02 .02 a c

'l'otaL .. __ .. _ ...... _........ e. p. m__ 2.98 4.01 4.12 5.32 7.38 8.47 11.37113.33119.44 20.17 46.18 74. 55 

, ~ 

c:l:= 
t'!l 

, ~,. 
'I' . 
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I Irrigation well, 0.5 mile NW of Indio, Riverside County,Calif., 
Dec. 9, 1944. 

: .lrrijotatioll wcll, 11 milcs west. of .Lancastcr,Lo$ An~elcs County,
Caltf., Sept. 12, 1944. 

I Jrrigation "'cll, 10 miles north of Bakcrsfield, Kern ,Count,y, 
Cahf., Sept.. Q, 1944. 

• Irrigation wcll, southeast of Bakersfield, ](crn County, Calif., 
Oct. 10, 194.4. 

& Gray's well, Imperiul.County, Calif., between ElCentro, Calif., 
and Yuma, Ariz., Feb. 14, 1941. 

o Irrigation well. 1.5 miles. northwest of Carpintcri/fo, Santa 
BarblU'a County, Calif., Aug. 11, 1944. 

7 Irrigation well, ~ miles .l'Q\!th 9f H()lIist~r,fuln '~p'jto C9PU~Yl 
Calif., Apr. 19, 1934. . ' 

• Irrigation well, 2 miles southeast of Fillmore, Ventura County, 
Calif., Junc 24, 1940. 

• Irrigation well, ncar Huron, }fl'csno County, G~lif'J Jan. 31, 1946. 
\8 Wcll in scc. ~5, T. 10 S., R. 24 E., ncar Roswell, N. M'cx., Julr 

24, 1940. Analysis by U. S. Geological Survey (.~5, p. 116, analy," 
No.1). ~ 

II l!rigation well. 5 miles south,,'cst of ~oll, y~ COlJPty, .,
Ariz., Aug, H), 1l)46, ' I:) 

J2 Trl'Cc. ~ 

§ 

•
e 
a 
.~ 

~ 
~ 

1.1 

§
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i 
~ 

~.-' 



TABLE ~.-n'eigltted mea~ concentration oj 'waier samlJiesjrom eigltt 8tatioll~ on tlte Rio Grandefor 1945 (g 

..:jStation 
to.! 
C 

Hems of comparison I' ' 
Fort 

l:Q 

Otowi 1 San ·'.ElePhant' cabauo/ILeasburgl EI County Quit- ~ 
Bridge I MaTcial. 2 , Butte 3 I Dam· Dam • Paso 3 Lin~ 6 man 7 ~ 

Total discharge, acre-feeL. ___________________________ 1,131,550! 813,750 I· 83',690 I.' 882,920 I814,170 568.900 280,620 207,710 ~ 
Electrical conducth'ity (ECX 101 at 25° 0.)._________ •• __ 280 567 662 t 740 778 1,210 2,880 3,200 t'" 

t'"Percent sodium----------- ___________________________ l 24 41 I 42 '/' 43 44 51 60 62Boron (BJ--.-- ____________________________ .p. p. m--i .03 .10 .11 .11 .12 .18 •. 32 .33 ~ Dissolved solids (D. S.) ______________________ .t. a. L_i .26 I .51 .59 .65 .69 1. 09 2. 54 2.81 ~ 
I ,:=====;:==~=i===== ~~ 

~ 
go 

1. 67 2.1;6 2.90 3. 13 3.23 4. 46 8. 62 8.73 ~t-;I 

.49 .80 .98 1. 08 1. 13 1. 55 2.96 3. 67 

.69 2. 30 2.76 3.20 3.43 6.33 17.70 20.02 ~ 
--I :n2.85 I 5.66 6.64 7. 41 i. 79 12. 34 29.28 32.42 

=,= t:j 

Anions: ,
Carbonate+bicarbonate (C03+HCOa) _______ e. p. m._ 1.72 2.48 2.66 2,89 2.84 3.80 4.40 4.11 ~ Sulfate (SO,1 _____________________________ .e. p. Ill__ .97 2.33 3.10 3. 24 3.53 5.29 9.51 10. 34Chloride (CI) _________ - ___________________ e. p. 111 __ . 14, .89 .99 1. 40 1. 53 3.43 15.60 18.17 ~ Nilrllte (N0 ) _____________________________ e. p. m__ 

3 (8) .02 (8) .01 .01 .01 .02 .01
1----1------------1--------- ~ 

TotaL __________________________________ e. p. m __ 2.83 I 6.75 7. 54 7.91 12. 53 29.53 32. 635" 72 1 ~ 
~ 

I Near Santa Fe, N. !\lex. Samples and discharge data bv 3 About 2.4 miles above the International Dam. Samples and ~ 
U. S. Geological Sun·ey. • discharge data by International Boundary Commission. 

2 At the upper end of Elephant Butte Reservoir. Samples and 6 H udspcth County, Tex. Samples and discharge data by ~ discharge data by International Boundary Commission. U. S. Bureau of Reclamation. 
3 Re~ervoir outlet. Samples and discharge data by U. S. Bureau • Approximately 80 miles below the International Dam at El 

of Reclamation. Paso. Samplcs and discharge data by InternationlC. Boundary
, Samples and discharge data by U. S. Bureau of Reclamation. Commission. I Trace. 

-, • 



' 

TA.DLE 5.-Chemical analyses oj 'Il)ater samplesjrom the Colorado R-iver at Yuma, Ariz. 

• . 

Date collected 

1932 1942
H(!Il1R of ('ompurisoJl 0-3 

I 
~ 
tIJ 

Jan, Feb. Mur. Apr. 1\lay June July IAug. I Sept. OC.t. Nov. Dec. Aug. 
9 6 12 10 9 3 7 11 10 8 7 10 1-10 

~. "--"-"'''-.--- """~.,,,---- -------~-- ",,-,,*",,""-- .,....-.-.,'.-.- "-'''-''"' ----------, 

Siullple No _ • ___ _______ • _________ •.~ 53f)7 5601 578!) 5f)00 6104 G22f) 6434 6570 6083 0804 6867 6963 6642 
Dis{'hlLr~c. ______ •• ___ • _______ c.f.s. l , 3, 790 2, 890 II, 200 17, 600 20,,000 83, 500 62, 000 14, 100 10, 400 5, 850 4, i6:> 4, 320 ~ 7, 890 
EI{'clrienl cOJlducth·it.y (EC X ]0 6 at..25° o 

1,8,10 1,720 1,300 ], no 746 557 4461 1,180 1,800 1,820 1,900 1, 790 1, ,170 '"J 
Pen'cut(~). --------._----.----------------sodium .• ____ ._.____ • _______ ,_ 45 45 4R 41 37 33 30 38 30 44 43 43 39130roll (B) __ , _________________ p.p.Ill __ .21 .24 . 12 .13 . 18 .12 .14 .19 .24 .27 .16 >.071 .]4 

~ 
Dissolvcd solids (D. S.) •• ________ t.u.f__ _ 69 pII. _____________. __________________ _ 1. 73 1.65 1. l!) 1.03 .48 . 39 1. 17 2.00 1. 73 1. 93 1. 79 1. 10 .~ 

;c7.9 8. 4 8.0 ------ 8.0 8.1 8.11 7.9 7.8 8.2 7.8 7.9 7.8 
--=,=--------=--------= 

Clition;;: 
Oillcillfll (ell). _____ -- ________ c.p.lI1__ 6.36 6.02 4.53 4.23 3.10 2.37 2.05 5.23111. 02 7.28 7.27 6.18 5.06 ~ 

, Mu~ncsillm (i\lg) ••• __________ c.p.rn__ 4.13 3.94 2.43 2.8i 1. 77 1. 43 1.]3 2.54 3. ('4 3.68 4..30 4.46 2.30 ,S 
. Sodillm (Nu) _________________e.p.III__ 8.48 8.07 6.3ri 4.99 2.89 1.86 1. 36 4.78 6.34 8.62 9.02 8.59 4.70 

'PotassiulII (IQ _______________ e.p.m _____________________________________________ .28 .21 .31 .35 _._ E!l~___ 
Q 

i·otaL___ n __ ~----------------e.p.m-- 18. 9~ 18.03 13.31 12.09 7.76 5.66 4.54 12.55 21. 28 19.79 20.90 20.18112.06 o ~ --.-.,---------------------------1 IIIAnions: ; 
ClLrbonate (C03L __ ~_________ c.p.lI1-- j10 . 30 0 0 0 0 0 0 0 0 0 (3) (3) ~ 
Bicarbonate (HCOl) __________c.p.lIl__ 4.30 4.00 3.20 3.20 2.65 2.55 2.10 2.85 2.70 3.30 3.85, 4.20 2.52 ~.SlIlfatc (SO,L___________ ~.!~ __e.p.Ill-- i9.31 .8.. 82 6.34 6. If) 3.81 1. 93 1.75 7.56 16.26 11.45 12.24 10.95 7. 16 

Chloridc(Cl) ________________e.p.m-- .5.45 5.65 3.40 2.50 1.30 1.15 .65 2.30 2.35 4.95 5.18 4.61 2.30 

Nitratc (N03) ________________e.p.Ill__ ~ .16 .17 .09 .15 .04 .03 .13 .13 .11.21 .16 .03 


'l'otaL. ______ • ________________e.p.m__ 19.22 18.93 13.11 11.987.91 5. fi7 ~112. 84 21. 44 19.81 21. 48, 19.92112.01 
~ 

1(41,411). 2'M~~Ya1ue derived from U, S. Geological Survey date. (49, p;SO). I Trace. c.a:I 

http:19.92112.01
http:11.987.91
http:e.p.m--.5.45
http:20.18112.06


• • 

'l'ABLf} 6.-Chemical analyses oj ground waters, showing t'Clri?tion in composition du to depth and to length oj time oj ~ 
pumpmg . 

~Du/.C colleelcd lWJ 

19461936 ! 1934 1945 £
1teIlls of comparison !;(Oct.--O!'l-:- "A;;r-:- -A-u-g-. -I--A-p-r-.--"--A-p-r·--:"I-A-p-r-.-1-·-A-I-)r~'--:-L1-A.-p-r.---;---,........-~ 

18 1 18 5
. Apr. Apr. ... 

15 1 15 2 25 I 4 l 17 5 17 5 17 I 17 5 17 I ~ __. _______________1_______._____ --- -.-.- ------ - ---1·---1--- l"" 
Sample No _____________ . _~_____________ 11163 11164 8541 18427 18758 18759 18761 18763 18765 18766 18767 
Wcll deplh _____________________ ._.feet__ 30 325 220 220 200 200 200 200 200 200 200 ~ 
l'ull1ping tillle •. __________ .. ____ c_hours_____ . ___ •• "' ____ .,._. ____ po. 0 .08 .5 2 12 24 36 l"" 
Electrical conductivity (ECX 100 at 25° C.) _ 390 702 503 389 624 827 894 963 1,040 1,080 I, 100
)ercenL sodiulll ___________ • _____ . _____ •• 18 72 59 28 37 ______________ .- _____ ------- ------- 35 §
-Boron (ll). __________________ p. p. III__ .15 2.14 4.06 .10 ---.--- ------- ------- ------- ------- ------- ------- ZDissolved solids (D. S.) ___________L. s. C. __0_" _____________ -- .• _,____ .55 _____________________ ------- -.----- 1.00 
pH ______ .________________________ _____ 7.7 7. {i 7.8 7.7 7.8 _________ . ___ . _______ - ______ ._______ 7.8 C> 

a. 
1.:1 

Cation: -___-... _1- ____ .....1.. ______1____ ---1------- 5. 55CalciullI (Ca). ________________ c. p. III__ 2.82 1. 24 1.10 11. 28 3.17 
__ - __ .. _1- _____ .. I ..... - - - ... -1- -_ ... _ ...... 1- ... .,.. ... _ ..... 1.40 ~ l\1agne.~illlll (i\lg) _____________c. p. In__ .88 .98 1. 24 1. 50 .71 

SOdiulll (Na) ________ • ______ ._c. p. Ill__ .84 5.58 3.36 1. 07 2.32 3.89 

j'otassillm (J() ________________ c. p. Ill•• ------- .------ -------1----"· .13 I f---~ 
!J1.. - - ___ .. 1""- .. ~ ~ ... _ -1 ... --- .... - ... 1-- ___ ...... 1- -_.- ... 

- - - ---1- ____ ... _I ... ----- ... 1- _--"", ... -1--- ---- .18 

~ TotaL___________________c. p. 1ll_.1 4.54 7.80 5. 70 3.85 6.33 -- -u--r ~ .. --T--·;==f.;:..:.----I 11. 02 ~ 
Anions:

Carbonate (C0 ) • _____________ c. p. Ill._ 0 0 0 0 0 0 0 0 0 0 0 ~ 3 3.94 4.04 3. 99Bicarbonate (HC03) __________ .c. p. lIl__ 3.96 6.73 3. 73 2.64 2.99 3. 69 3.69 3.89 
SlIlfate (1301) ________________ .0. p. m __ .50 1. 87 3. 90.51 .28 .33 ----_ ... - --- ... --- ---.-<--- ------- ... -----.. 
Chloridl' (C!I) __•______________ .c. p. 111 __ 1. 25 1.30 1. 45 1.60 1. 65 1. 70 ~ 
Nitrate (;-.;03) ________________c. p. m __ (0) • 07 (8) .04 .41 .80 1.00 1. 26 1. 48 1. 63 1. 75 C':) 

.25 .75 1.34 .68 .95 .... 
3T6 ([""22 _______ c::TotaL__________________c. p. m __ ~ 7.82 -5-:-40 IT.34 

-'''' . ~ 
51rrigation well in Coachella Vallcy, Riverside County, Calif. c::1 Shallow wcll, ~ mile wcst of Talent,Orcg. 

Samples collected at intervals from the start of pUlllping to 36 hours. :c 
2 Irrigation wcll, 2 miles cust of Talent, Oreg. lWJ 

o Tracc.3 Irrigation well, San Benito County, C~lif. 
I Same well as numbcr 8541. SaInplc~collectcd from an inflow 

of water into thc casing at a dcpth of 38 feet, which was abovc thc 
static water Icvel. 

, 

http:1-------.18


". 
'rl-U; Ql'AUTY OF WATr:n FOB IRHlGA'fJON US}} 25 

flUIdity ami the (/{I('Pl'l' watH is of pOOl' quality, Samples 85,H and 
J84~7 \1I:e fl'OIll the same well. No, 8541 l'Cpl'eSellts the well as 
pUUlpctl (oL'i1'l'igatioll use lind is II mixttll'e, of wlItel: [I'om several 
wute,'-b(:'lll'illg strutll, The Wt,ll WIIS subsequently abandoned becnus~ 
of the "el'y pOOl' qllality of the Wllt(·l i In 11)45, it WIIS c1iscovel'ed that• 

watet' WitS Jlowill" jnt() th~ weJlltboV(~ the stntic WlIteL' surf/lce. 'l'his 
,illflowlllg Watel' '~as smnpled (No, lIH2i) und 10u.nll to be of excel1ent 
Ilwdity, Sampl(,s Nos, .18758 to 187(;7 IU'C from j he ~II\l1e welt and 
\\'('1'(1 co/l('cl:ed l\ul'ing the eQUI'5e of II aG-holH' iL'l'iglltion 1'Un, '1'he 
tofu I ('(1I1C't'lIft'IIUon 1nel'(>(18ed liS weI! as the ('onccntl'atiot) of each ion, 
This is f he ('X('('ption I'I\llwl.' than the \'llle, liS most we1\Sl'Clllllin l'e
IHl\I'knbly COllstanl ill {'OIlIPOsiliol1 :fOl' Jong pl'I'iods of pumping, 
.\ 1101 il('1' jJlt(·J,\·,,,t.ing fl'atul'P of tlliH WI\I('1' is the J'el:ltin'ly high nitt'ute 
POIl('ent!'H! iOl1, 

INTEHPUETATJOS OF ANALYSES OF' IRRICATrON WATER 

• 

Au ill{PJ'/)I'ptntioll {If n cll('lHieal Hnn]j':;is of an il'l'igation wat~r 
s11{Hd<l take illto (,(I!l:iidl'l'ntion th(l (·11'('('( of the dissoln'c1 salts 01\ both 
plants lind Roil. '1'11('8(' two \'t'Ul'tiOIlH ('nn h(' studiNl sl'pamtely .in the 
III/)O('IIIOI'Y, Hnd n ('ollsidl'l'abll' iJOdy or \'all\llbl(·infommtion is avail
jd)h~, III llll' (i(,ld. hOWP\'('I\ plnnt L'l'HPOIl8(' iH till' rN;lIlt of thl'ill' and 
of.lwl' I'('ut'lions olwl':ltin).!' sil\udtulH'OIlSh·, Jlnd t hp l'll'ecL of elldl te
He(ioH t'tlllno( hI' C.liSlillglli::;]ll'd I'l'udily, 'AUt)lIlpiS 1I1\\'c uC!cn made to 
lint iei pal£' thtl ell't'('t of Watl»)' on n Sl)i\ by Il'l('am; of equations of the 
IlWlili-llI\\' type> (11 1 2(i), Fa('[0 n; not included. \lS vtll'inlJlcs in the 
N(tIIttion, sHelt liS d('HinH~(>, soil f'px!:Ul'(', nnd type of ('lay minel'al 
1lI'es('nL. PI'OfOlll1dly af!'t'('t thp (>\1llilibL'iul\)~ and lilt:>, l'('ImltR obtained 
fl'Ol\l RII.('II etJIIlItltHIS 1Il1l\' be· qIW:;liollllbll', A('('ol'tiiJlgly, I'll(' scheme 
'fot' illt('l'PI'l't;IIiot). PI'PSp'llt('d \wiow. is JlIr).!'!'ly elllpil'i~:li nnd is blls(~d 
01) (IXPl'I'i!'Il('(' to II U)'l'lIt ('xt(lllt, It is worth}' of 1l()1('. 110\\,('\'('1', that 
(Ill !'I h·!, pl'oposals {i.l, ,}.7. •J,}, .i{J) H~I'(l(' \'(lIT',n'lI, and ngl'ee (Ixactly 
tiS tIl th(· IIPP('I' liuJif of total ('Oncc'lItl'ation, ' ~ . 

'1'111'('(' ('lin )'!\t'(('\'is( i(';o; of n wall'l' lllU;.;t UP known ill ol'(lpl' to 1I1ilke, 1\11 
('};(il\l!\tl' of flU' quality: (1) '1'11(' total ('oll(,l'ntTatiOll, (2) the percent 
SOdlJlIIl, lind (a) till' ('olwpntl'ntion of boron. The totul (,OIH'(,lItI'Htioll 
clIn b(> l\~PI'l'SSl'd in tI'I'))IH of plpetl'i(,lIl ('ondlletivity, totnl equh'II1ents 
pel' mjllioJl of uniOlls (01' ('lItiOllS). 0)' dissoln'd solids, H only dis
soln'd solids is kIlO\\'II. ('ol')'('s[wlldinu \'alll('S :fOI' tontlllttivi't\' 01' 
()f(IIi\'III('nts )I('I'lldJlioll, f())' liS!.' in (al;I~' 7, ('fill he Hpp\'oxill\lItc~l, as 
shown \I)\I/('\, ])issol\'('<1 ~()Iilb; (p, I;~), I\'l'('('nt fmdillll1 is defined 
IIndt'I' ::-iodiulll (p, 11), Tilt, l'f1\,l'I: of bOl'on ('()I\('(I\ltraUOJl Oil the 
qllality is t1ist\l~:;~'d ill a slllIHeqll('nt paJ'a~J'J\ph. 

'I'h~~ p~'l'lIJis:ljbJp limits for (lJ{'ctrit'lll ('()IHllletivity and pm'cent 
f{odiUlII, lIS Sllggt'st pi! by S{'olit'ld (,M. 7', 1d80), 111'(', shown in tahle 7, 
'Viti 1(, iJ is l)(lssible to eiassify il'l.'i~ation wah'l'::; 1'(I1lsonably sat is

• 
/'adol'ily by 1'('f('!'Pl1(,(, (0 tahle> ,oi, ('81)('('ia1ly nSI't'~a\'<ls ('Ieeh'leal COI1

dllC'tivity, it is thought tilnt II hl'(tel' elnssifi('atioll in I'l'Slwd to sodium 
1)(I\'('{lntllg(', ('1111 he made hy nH~ans of II diagl'l\l\),. SHch a (lingi'll)}' is 
shown in fi~\I\'e I. trhp limits lO], pJ('('I'\'i('al el'lldlleti\'ily ill the dia
gralll Il)'!> simiJal' to thOBe>ill tabltl 7 lind ('O\,(ll' the salll,' I'all~e, The 
/>1'1't't'lIt. sDdium iii sho\\"n in till ill\'('I':;(' (,IlITilill('ar l'l'latiollship to eOl1
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ductivity. This relationship of high sodium percentage associated 
with low total concenU'ation 111 each cl!\ss seems reasonable and appears .•','.' 
to fit the observed facts. 

TOTAL. CONCENTRATION AS ELECTRICAL CONDUCTIVITY 

500 3,1100 
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TO 
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0 
0 II 35 

TOTAL. CONCENTRATION IN EQUIVALENTS PER MILUON eo.FIOt1RE 1.-I>ingl'nru fOr lise in interpreting the analysiS of an irrigation water. 

Tho dingram in its present form has been in use for more than 2 

years nnd has proved useful in the interpretation of 'wuter Ul1nlyses. 

The horizontal axis of the dingrnm (fig. 1) represents total conccntra

tion in C(luival(>nts PCl' million. The related values for electrical COll

ductivity lll'O shown on the upper margin. 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 percent sodium 
in the irrigation water. Three curves complete the diagram and form 
the upper boundaries, in terms of percent sndium of the several classes 
of water. 
TABLE 7,-Perlnissible limits for electrical conduotivity and percent 

sodium of several classes of irrigation water 

Claaees of water 
Eleet.rical Percent 

conductivity sodium 
"Rating Grade 

-
EO X 1 {JI at 26° O.

Excellent _____________________________ 1 Good ________________________________ <250 <20 
2 250 to 750 20 to 40Permissible _____________ , ______________3 750 to 2,000 40 to 60DoubtfuL____________________________4 2, 000 to 3, 000 60 to 80Unsuitable ___________________________ 
v >3,000 >80" 

Using the two charactel'istics of a water, the percent sodium and 
total concentration as coordinates, locate a point on the diagram. The 
position of the point detel'mines the quality classification to which the 
water is assigned. For instunce, sample No. 16G42 of table 9 is from 
the Colorado River at Yuma and has a sodium percentage of 39 and 
totul concentration of cations of 12.06 e. p. m. The corresponding 
point is located on tr.e diagram in the area 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 lire shown on the diagram and are identified 
by the sample numbers. The points marked "Elephant Butte" and 
"County Line" represent annual weighted means (table 4) and are 
not identified by sample numbers. 

EFFECT OF BORON CONCENTRATION ON QUALITY 

The OCClll'l'enCe of boron in toxic concentrations in certain irrigation 
waters mnkes it necessHry to consider this ('lement in grading the 
quality. S 'ofield (/J'2, 'P. 1286) proposed limits for boron that have 
proved satis:fuctory and nre recommended. They Ul'e shown in table 8. 
The crop groups suggested by Eaton (1'2,1).9) lire shown in tnble 9. 

TABLE 8.-PermissibZe limits for boron of several classes of irrigation 
water 

Classes of water 
SemitolcrantSensitive crops Tolcmnt crops

>. crops
Rating Grade 

P. p.m. P. p. m. P. p.?n.
ExcellcnL _______ • __ ~1 <0. 33 <0.67 <1.00Good._ •• ____________2 0.33 to .. 07 0.67 to 1. 33 1. 00 to 2. 00
Permissible__________a . U7 to 1.00 1. 33 to 2. 00 2.00 to 3.00 

,1 Doubtful. __ • ________ 1. 00 to 1. 25 2.00 to 2. 50 3.00 to 3. 75
Unsuitable. _________ .5 >1. 25 >2. EO >3.75I 
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TABLE 9.-8elative tolerance of crop plants to boro1/; 

[In each group' tho plants first named are considered as being more sen~itive and: 

the last named more tolerant] 


Sensitive Semitolerant Tolerant 

Lemon Lima bean Carrot 

Grapefruit Sweetpotato Lettuee

Avocado Bell pepper Cabbage

Orange Tomato Turnip

Thornless blackberry Pumpkin Onion

Apricot 
 Zinnia Broadbean
Peach Oat Gladiolus

Cherry Milo Alfalfa

Persimmon Corn Garden beet
Kadota fig Wheat :iHangel

Grape (Sultanina and Barley Sugar beet


MalaglJ.) Olive 
 Palm (Phoenix canariensis)1 
Apple Ragged Robin rose Date palm (P. dactyli/era)' 
Pear Field pea Asparagus
Plum Hadish Athel (Tctmarix((.pltylla)
American elm Sweet pea 

Navy bean Pima cOttOIl 

Jerusalem-artichoke Acala cotton 

Persian (English) walnut Potato 

Black walnut Sunflower (JJati re) 

Pecan 

e· 
RELATIVE TOLERANCE OF CROP PLANTS TO SALT CONSTITUENTS 

In most irrigated areas there are h'ucts of land that for one reason, . 
Or unothe1' (usually pOOl' dl'Uinage) contain excessive concentmtions,; 
of salt in the soil. If such areas are farmed it is necessary to select; 
and plnnt crops that are sufficiently tolerant to withstand the salt. 
Hayward and Magistad (180, lJ.131) list the more important crop plants. 
in the order of increasing tolerance to saIt constituents in the soil 
solution. This list is not complete but represents the best information~ 
now available. 

DISCUSSION OF METHOD OF INTERPRETATION 

Any method for the interpretation of analyses assumes that the' 
watm: will be used under average conditions as related to soil, perme
ability, drainage, quantity of water used, climate, and crops, and is, 
not directly applicable where unusual situations are found. The' 
scheme here proposed is no exception, and it must be emphasized 
strongly thnt the conditions mentioned above should be considered in 
evaluating a water. To illustrate, water No. 18443 of table 3 is classed' 
as unsuitable and would be so under most conditions. By copious use 
of th~ water on It very permeable, well-drained soil, It limited number' .. 
of crops are grown. Conversely, water from the Colorado River, at 
Yumlt (sample 16642), is used satisfactorily on thousands of acres. 
of divel'sified crops, but where drainage is impah-ed salinity conditiOll$ 
develop qlJid~IX" . 
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APPENDIX 

METHODS OF ANALYSIS 

ELECTRICAL CO""DUCTIVITY 

Arl'ARNras 

«(l) Wheatstone bridge snitnhlp for electl'ic'al conducth'i ty measurements. 
(b) Conductivity c('L1, ('!ther pllwtte 01' Immersion type. The cell constant 

should be Ilpproxlllwtely l.O r('Ci)lroenl centimeter. 

REAGJ1NTS 

• (n) Standard potassium Cillol'i(l!' sol\ltion, 0,01 N. ~I'his is the standard ref
erell(~c solrltiOu, lind lit 2jn C. hus an f!lectricnl conductivity of 1411.SX10"· 
(0.0014118) (28). 

PIl0CF.DURt~ 
Placc foUl' lube~ of the 5lnndal'<1 potassium chlol'ide solution (a) 

in n 'ovat('1' bath. (FoI' SUbS('qIH.mt set5 of clf'/'(>I'minations, discard the 
first tubc of potassilJm chloride solution, shift tho othors one plnce~ 

http:SUbS('qIH.mt
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and insert a tube of :fresh solution.) Pluee two tubes of caeh sample 
in the bath, acljust the tempemtmc to 25 0 C., and hold at this tempera- .... 
ture '£Ot· 20 to ao minutes. If the t'oom tClllpcmture is very far :from ., 
25 0 C., it is better to adjust the t('mpcmluL'c of the, buth to n\)proxi
1lI1ltely that of the room and hold at that tempemtUt'c until equi ibl'ium 
is nttained. Hillse the elc('{:I'ode in three of the tubes of potassium 
chloride solution, tl'llnsfct· it to the fourth, and read the resistance. 
'rhis resi:;tance multiplied by the known elcetl'ienl conductivity of 
the standard rdt'I'enee, solution at 2;3 0 U. (0.001-1118) gives the C(llJ 
constant, Ct , eOI'I'eSpOIl(lillg' to the tClI1pel.'atlll'e of thl'- obset'vatioll. 
Rinse the eleetl'ode sl'veml tin1l's ill one tuhe of the sample, tl"nnsfel' 
it. to the ollll'1' tube, fllHI I'ead the I'('sistalt('l', nt, The electrim·tl C01l

duetiv.ity (EC) Ht 25° C. of the sample is ('nlC'ullltl'<l fL'om the equ!\tion: 

1'1(·=01
U, 

This is Il1ldtipli('d by 1,OOO,(JOO[lOOl and I'('pol'led a:; ECX10'; at :2iiO C., 
01' as :EC, mi('rQlllhos/l'IIl. at ~i30 C, 

I!Yl)(\OCg~ IO~ CO:-iCg:-;'I'IU'l'IOX. pI! 

( " II. is) 

Electt'omctl'ic methods using the quinh'ydt'one, hydrogen, or glass 
eleetl'ode 01' ('oIOl'ill1etl'i(' Illethods involvingindi('ators are applicable. • 
'rhe colOl'imetl'ie pl'()('('dul'(\ is sliflieiently lIc'curatc £01.' this work. .. 

DISSOLVED SOLIDS 

(.1. fl, (j,W, 1IIQ(lified) 

PItOCt:nUlm 

Allow 1:11(\ s1IlI1pl(' to slnlHluntil all the sedilllcnt hal; settled lind filter 
if lIecessary to obtain a p('I'i'edl,\' cleal' liquid. Emporate 100 to 250 
Ill\. to <!t.'ynNls in It \\'(,ighed plntinum dish. Dry to conRbUlt; weight 
at 10;')° to UO" c., ('001, and ·weigh. If a IOO-Ill!. aliquot is taken, 
gl'UIl1S of n'sidll(' Illllltiplied b,\' 10,000 ('quaIs paL't;,; pel' lIIillion and 
this \'nllle Illldtiplipd b.,' O.()Ol;)(i <,quaIs tons pel' lH'I'e-foot, Report as 
t. a. f. 

1l0ROX 

(11,' I, II. 1'7) 

The pl'illt'il)I(' ill\'oln,d in II\(' titl'ation pt'I)l'l'dlll'l' jll'o(losl'd lJ~fFoote 
(18) fC)I'Imi t \l' hal'is rOl' thl' l'leeU'oI1H'lril' titl'ntioll method des('ribccl 
below, It: has IOIlg' I,('el\ knowlI that ",h('11 nil ullbutf('I'NI sollltion of 
mix('(1 saHs ('()Ittailling bOl'ie acid i,.; titl'HIl'll to n point Ileal' pH 7.0 
lind tllnnllitol Ihc'll addl'd, thr :;nllll ion h('('ollH'.s H('id. Foot(' ohserved 
thnt til(' qualltity of: alkali 1'('qllil'NI to till'llt(' I'll(' sollltioll !Jaek 10 the 
init in I pH is a 11 1[('('III'n tf' IlWaSlIl\' 01: t:IH' I.)(H'OIl ))l'e"r11I'. .. 

TIl(' dlOil'l' 0 t' a ppn I'll (liS f(ll' t hI' pl('\'! I'Ollll'tt'i(' f itration () f boric Hcid 

B\tould Ill' drtpl'llIill('d b\' thr ill:-;(I'III1J('\1ls avnilabh" the nmnbl'r anti 

kind of annlys('" to IJ(,'HIlHIP, Hnd flit· 1'1'('(111('11('." of nse. H plant 

Illatrl'inl as \\'('11 as walpl' HIIHI\'s('s :tl'l' to Ill' llliUh< a cHlomell'lectrode 

Rllouhlllr 11:'('(1. . , 




\\ 

THE QUALIl'Y 0]'"' WA'fERFOR !RlUGA'l'IONUSE 

A. l'Ilther simple set, involving only tl gulvllnometer lllld shunt in 
combination with quinhydl'olle und calomel electl'odes~ is suitable for 
ordinary wItteI' analyses and is descl'ibed by "Tilcox (1, p, 87), The 
set described below is recommell(led wlwre a l!ll'ge nnmbm' of deter.' 
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minutions al'e to be made on waters of llitfel'ent chlol'ide cOll('entratioll, 

.A.l'('ARA'l'US 

«(l) 1'0l('lltiOllwt(lt', 01' U "pH 1lI('t!'I'," 
(II) 1\[ot!ll: stin'Pl', 
(e) EhwtI'Od('s, !jv,inlt,nII'OIlC IIIHI 0,1 N (':tloll1('I. OtlH'r (>Ieelro(le )luil's that 

hll\'(~ lJ('Cll (Ollll(l snUsfuetOl:Y: QUllillydl'(llW !llId SlItUl'utCtl ('ul(llnel i glllss IlIHi 
RlltUl'illc!l ('III()llwl. 'l'h('I'I.! an', 11(. dOllbt·, ot h('1' ('I('dl'(I(I(' ('QlillJllIll\ions that might 
be II Sl'<I , bu!; th('\r' IlultllhilltS shollid he jlldg!'(1 on 11t(' husls oC sClisitiYily and 
slllhilHy. 'I'he I'ollowlll,!\" Statl'IllPlits al'p offcn'\! liS II gliide. 

S£'/l,~iiil'illl,-At tiH' ('11(\ pOint, III all 11lI11IIff('I'\'d solution, II Single dl'Oll of 
o,o:!:n N sodlllill ItY(\I'(lxidp sh('lIl(i (Ipfll'('t tht' gal\'lInollh'tCl' 5 t;o 10 scale 
divisions. 'J~lw gal\'llll(llllcH'l' used lUIS a SPlI>'itivily of 1),1):!5 1Ilil'I~olllllllel'e IlCr 
SCIlI(· di\'lsloll. 

8t(/lJ{litu,-~l'II(' ('1111 pot II t Slt()ul<l Ill' slahl(' wit It Ii !til" i f lillY, IllOl'e f11~1 ft. thun 
O(:('lll~S In the Ilol:('ntl!lllwtl'k ll\('llSU1'pntellt of pll, III lhls (:OIlIH'(·t:iOIl, It hilS 
lJe(:n (Ihs('n'pil that tl'lI!'!'S !If Iroll IIllllt'lIl'lllg liS II c'onhllllillutl!lll III the (Illill' 
1t~'(\1'1l1ll' ('IIW'R' n >'Im\' !ll'irt to tltp Helll ship. 

IlaJ/i(t 1'1/llilill/'il/lII,-Glnss !'ll'('tl'(I!1t'S or \'('l'Y hi~h L'PSlstllll('e wOlIlII prohnbly 
be tl lisa t1Sfat'/:OIT, I)t'('IIUSP of (ItI' Hlowl\t'ss with with-II eqllillbl'itllll is renellt'd. 

l~tlM.mN"·I's 

«(I) Qllinhydl'one, 1'f'llgt'llt qlhllity, 1'1'('(, El'OIl1 h('II\T lI1('tnls, 
(/J) 1I1'01l101hYIlIOI·I)I\1o itllli<'lIlo1' solUtiOIl, 1 pPr('l'IIt. ~1('thylL'ed IllIlY he sub

$(ltllt('(I, 
(e') SulfuL'lC' :1('hl. APPl'oxlll1l1/:l'iy 1 X, 
(/l) Sll!I'IlI'h' (I('id, AJ1IH'()slll1att'I~' !l.O:! X, 
(e) Hudillill h~'lIl'oxhlp. APllI'oxlllllttpir 0.;; ~, Cl1I'IJOIl:lt(I·I'I'(>C, 
(f) Hodlllill Ity(!t'oxit!('. Ht:IlI1c1l1r\l O,O'2:n ~, 1.'III'h(lIlall'·fr('(~, 1 Ill!. Ii' cquivalcnt 

to O,:!:) lillo:, J:, 
{fO Bortl' (wid Rolllt1oll, l>ls/loln' 1I,:i71G gm, I'ClIgPllt gl'll(\(" dry H.nO. In 

distilll'd \\'l1lr,', lind ailll!!' to 1 iii PI', On(' 1111. (,OI1/::liIlS 0,1 mg, B, ~~ltls sollltiolJ is 
I1s('(1 III .'itIlIl(lunllll!lIg thl' NuOlf (fl, 

(h) lIlllllllitU[ (lIl:lllllitCO), lI('ut:;nl. Tltp hllllll{ tlll'lltioll fot' [) gill, of IIInnnltOI 
shol1ld not (',\:('('\'d 0,1 IIlL or (II(' s(an(\lll'li o.o:!;n N 1\'a011 (Ul, 

PHO('I~I)L1ntl 

Tl'llllSfpl' ~.)() Illl. of thp Wn,tPl' to II ,WO'lIll. braker, (Pyrex boro· 
siIi('atp ,gln~s\\'al.'(, (,lUI Ill' us('(l. hut IIP\\' ::!IasHWat'(' Inust be clpa.nNl with 
iLdd.) 'I'll!' aliquot should not ('ontain 11101'(' than th(' ('(llrindt'nl of 
1 nlg. of ell'llwnlallml'Oll, 1ft h(' :;:l 111 ph, is high in bOl'on, luk\, H. :mlllUm' 
ali([lHlI and dilut,(\ to :!~,() lid, with (1i~(illt'd \\,a{('I', .\(ld a. di'(») of 
!JI'OlllOl]I\'lllOl·bll1l' indi('lltlll' (h) :tlld Heidi!'\, willl 1 X ;;IlIl'\Irie :L('id 
eel, ndding ah(lllt n,;) Ill!. in ('X('!':;S, Bring l(') a boil, stil', euuliollsly at 
fil';;!', (]H'Jl d,gol'oll:·dy, 10 p.x[ll'l l'al'bon dio.xidt', Cool to room (elll' 

p(','atlll'C' ill a "'11\('1' lmtll, 
Adjllst tilt' llOipntiollll'i('l' fllHl Sl't- it at pH 7, L ,Yilh tIl(' swif('\t in 

the' (l1(lefl'o(ll' ('it'C'lIit, OIH'lI, intl'mllll'!' Illp ('1('('II'O(I('s and sl'it'l'('I'into 
t\w ;;()Iufioll, ~(Hrl t\H' sl il'l'PI' Hlllt add eal'hotlutp-I'I'N' (UI X sodium 
hy(ll'()xi<ie ((oj (0 ap[ll'OxilllaU' lll'lltl':dity as shown hy tlt(' broll1O
thYlllol hlllC', A(M about ().~ gm, C[uinhydl'OIl(" (,Ios(' 111(' Hwit('h in the 
('J('dendo l'il'('lIit, TIt(' gulnllloll1pll'l' SllOllld iudic'atp ap]ll'Oximatc 
bal:IJ\('C', ,Adju;;! wilh ('itlwl' O,O:2:H N s{)(liuIH h.vdl'(Jxid~, 01' 0,0:2 N 
BlI.lt'tll'je n('i<1 Ullt il tilt' gnl\'Hllollll'fPI' shows 110 <lPll(,(,tion, The. gal. 
YttnOl1lptpl.' SllOLlld btl ;;tl'u<i,r, slHlwi IIg II ( most only "PI'Y ;;Io\\' (hift. 
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This is the initial point of the titration. Add 5 gm. munnitol. If 
boric ncidis l)l"esent, the indicator will change to the acid color and • 
the gaivanomet<.ll· will swing to the side indicating tUl excess of acid. 
Add stalldrml 0.0231 Y sodium hyaroxide (I) until balance is again 
indicated on the galvanometeL·. This is the ena point. Up<;ol"(l the 
"ollllne of stnndurd sodium hydroxide used between the initiul Il,nd 
end points of the titl'Ution. 

The bUl'ctte should be of such. nccm·llcy thnt the ,·olume of standanl 
alkali can be estimated to 0.01 ml. From the gross volume, It blank 
COLTectiOll is (\e<iuclrd, whi('h is determined by substitutino: boron-free 
distilled wllter fOL· the sample and pl"oceCllin fr tiS dil·ectcd~lbove. The 
equivalcncy of tlw stnndllrd sodium hydl'oxid~ i!i establishi ng by titrat 
ing aliquots of the boric acid solution (r;). The slandard sodium 
hydroxide solulion (f), if exactly 0.0:281 N, is equinllent to 0.25 mO'. 
B pel· lilt OL·, if a 250-ml. sampie is ll!ipd, each Ill!. of sodium hydroxide 
i!:' cquh'!tiellt to 1 p. p. 111. of B. U(\pOl-t It:; p. p. 111. B. 

CALCIUM 

(11, modllicdl 

(rt) Hydrochloric acid (1+1). 
(Iil Oxalic IIcl<l $oll1tion,l N. 
(e) Amlllonium "yd,·oxide (1+1). 

(Il) ~lIlftll"ic Hcid, concentrllted. • 

(0) Stlllltiani putllssiulil Pt!l"lIIl1llglllltlle solution, O,W N. 

PuOm:DuuE 

Acidiry250 ml. of the sample with dilute HGI «(£) and add 1 mI. 
OXlllic acid solution (b). HClat to builing. Neutralize with 1l111

monium hydroxide..•\n eX('('S!-i of the oxalie acid is added gradually 
(10 rnl. is usually Hldlicicnt) with con;';tant HtiLTing. Add ammonium 
hydl·oxide to the hot !-iolution until jnst alkaline, to methyl omnge. 
Allow to t'o()l :for s('\'cl"lll hour:; and until thc IH"ecipitllte of calcium 
oxalate settl('s, during whkh time further additions of 111nl11onium 
hych-oxicle may be necessal'Y to keep the solution faintly alkaline to 
methyl orange. li'iltcr through quuntitllti,·e paper and wash thor
oughly with watt:'l' until fl·CC from soluble oxalate.':l. (Designate the 
filtl'ate and washin~::; as 8()lution.:I find resen·e for the detel'mination 
of magnC'~;ium.) PunctllL"e the tip of the filter paper and wash the 
precipitate into a. dNUl bellk('l". (The beaker in which the calcium 
was precipitllted can be u:-icd if free fl"om soluble oxalates.) 

Dilute 5 Ill!. cOIH:('ntl"atel! !;UlfUl'le IlciiL (tl) to 50 m!. with ·water and 
pOUl' this hot solution through the filter paper, followed by several 
portions of watcr or until the volume is approximately IOO 111!. Heat 
neady to boiling Ilnd titI·ate tlw libel·atell oxalic acid with the stand
ard POtllSHiull1 permanganate solution (e) to a faint pink color. The 
filter par)('r is placed in the bcakl'r toward the end of the titmtioll. • 
Subtract a blank, usually about 0.15 ml. If Iln aliquot of 250 m1. is 
used, the volume of standllrd (J.05 N potassium pm·mangannte solution 
minus Il blank, multiplied hy 0.2, will giyc Cn in t'. p. 111. Report as 
ell in e. p. m. 

http:gaivanomet<.ll
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'I'HE QUALITY OF WATER FOR IRRIGATION USE 

MAGNESIUM 

(3, I), G,i2, Illodified) 

REAOJoJNTS 

(II) Uydl'ochlol'ic acid (HOI), 
(II) DllllmuoulullI hydrogen phoSIlhatc solution, 10 percent. A fresh lot ot this 

1'I!ugcllt should be llrcllllI'ed for Pilch St)t of snmilies. 
Ie} AIIlIllQnilllll hy(iroxld(' (1+1), 
Cd) AmllloniUlll hy(lroxille, conC('nL1'lIted. 
(c) AIllllloniUIn hydroxide (5+05). 

PUOOt:oum1 

Evapol'llteaollltion A (sec calcium procedure above) to approxi
mately 1001111. and coo1. Acidify with hydrochloJ'ic ucid (a), adding 
suflicient excess so that the solution will remain acid aftel' Ilddition 
of 10 m1. of dillrnmoniulll hydrogen phosphate solution (b), Add 
ammonium Jlydroxide (1+1) (0), drop by drop with constant stirring, 
until the solution is stl'ongly Illlmline, After It few minutes add 10 1111. 
concentrated ammonium hydl'Oxide (d), On the following duy, filter 
on a~lhless paper und wush with dilute ammonium hychoxide (5+95) 
(e), Tmnsfer the papel' with the precipitute to a porcelain cl'Ucible, 
dry, .l!,rnite, IUHI weigh as l\Ig2P207' If a 250-1111. aliquot is used, the 
weight in grams of Mg2P 20r multiplied by 71.85 equals Mg in e, p, m. 
R~pol,t as Mg in e, p, m, 

SODIUM 

(5, modified) 
REA0l-1N'l'S 

(a) U1'lIl1yl zinc ucdute: U1'Ilnyl aCi.'tate (2H20), 300 gill,; zinc ncetnte 
(!:!H20), 900 gill.; u('ctic ucid, 30 p('rc'('nt, 2iO mi.; wtlter, 2,480 III\. T1'Ilnster the 
snit!! to a lurge tJoltle anel 1;,Ilti the IIcetic n(,'id and wnt(~r. Shllke or stir until 
the snits Ill'e dissol\'ed. This runy tllk£' se\'ernl III1Ys. Ordinllrily thel'e is suf
ficient sodium liS 1111 illlpnr'ity III the snits to saturnte t.he l'eagent with sodium 
uranyl 7.ln(' ucetllte, I f not, a<l.1I n slllull quuntity of a sodium salt or a gram or 
more ot ,yOllil/lII, U!'i1nyl zinc acetntt' Jlrccipitate. ~'iIt(!r the rcagent just OOfol'e 
UfH'. 

(b) Ethyl alcohol 8U tlll'ute(1 with so/iiI/III nranyl zinc ncetu te pl·cclpitnte. It 
1 pcrc(mt by \'oluIJl(> of eonc('ntrntt'd a(·(>tie acid in lidded to the ulcohol tJefo1'e It 
IS snturllted with the SOllinm tl'iple salt, the solubility of the snit is I'edm:ed aud 
the stuhilit,¥ ot the reugent Is luerensf'd. 

{(') Ether, ullhyilrous, C. P. 

PUO('EDUUH 

'L'ransfct' to a PYl'ex beakel' an aliquot of the sample sufficient to 
O'jve 50 to 200 mg. of the triple salt (usually 10 to 20ml.) , (Should 
the residue become dl'y. si licu may be dehydrated !ll1d interfere with 
fiHl'ation.) Cool. Add 20 m1. of thc filtel'ed UL'anyl zinc acetate re
agent (a), Stir.' the solution and allow to stand 1 hour 01' longer, with 
repeated stirring if the quantity of I.)l'(~cipitltte is very small, Filter 
through It cl'ucible of medium porosIty. r.rl'anSfCl' the precipitate to 
the fifter' by nWllns of a l'ubbel' policeman and It slllall wash bottle 
filled with filtered reagent. ·Wash the precipitaw 5 times with 2-ml. 
portions of the filtered I'eagent. It is illlpol'tant to have the crucible 
and the pl'~eipitate .fl'ee of the reagent be·fol'c washing with alcohol. 
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1\5 soon as the l'cflgent has chained away (,oJllP]et~ly, w:\sh the crucible 
4 tim<>s with 2-m!. portions of the satuJ'atcd alcohol (b), Remove the e 
nlcohol. by suction and wa;:h twice with etll<'1' (0), Continue the suc
tion until the pl'e<'ipitute hl d,'y, Allow t.he- (Tucible to stand in 1\ 

(\CSICClltOI' 1 h01l1' Ilnd weigh, l~etul'll the crucible to the sllctiOl), It})
pnl'lltus lind WHsh with smnll pOI'tions of watN' until 1111 the soluble 
malC'l'ill[ is dissolVl'd and has pa::;:;('dlhrough the crucible, 'Vash with 
akoholllll(l (.thet', tlI'V, IIlld w('igh, uS hefore, 'rhe clilrel'ence between 
t.ho two wpjghings J'C't)]'(,SI.·Jlts the wright of the SIl(]jUHl precipitnte, If 
It lO-m!. aliqllotol' the B:unple iH used, tht' weight of the triple snIt in 
grams m~IJtipli('(1 by Gfl,02 gi\'e:-; NIL in (', p, tn, RppOI't as.Na in e,p, m, 

The trIple slllt is represented by the formula: 

(rr()2) :,ZnXa (CH'lCO(») u,(llr~(), 

Tho 1}/'O(I{'(hll'(I, liS dpscl'ibpcl, I'('du('p:+ ('I','m'" <111(' to slIlall quantities of 
phosplmtl'. 

POTASSIt.::\1 

US) 
nI':.\(l I':l\ 'I'S 

(II) Xill'i(' Hc-ill, X, 
I b} '1','Ismlilllll ('"hlllllllltI'1IP Iwllltiou. l'1'('Plll'(' till IH/tl(>()IIS SOlllriOIl tllutlliuiUg 

:I ~lIl, of till' l<nll oC 1'l'1l.t!f'i1l qUl\lity in I'IIt'h ii lUI.. nllo\\'ing ij Ill!. fOl' rarh tletcl' 
lIlillUtiOll, Filll)!' hpl"OI'(' lIIlI'. 'I'IH' solutioll is stllhll' (01" SIJllIl' timp, but it is lwef
('l'ubll' 10 IIIl1k,· ull n 1'1'\'"h lot 1>\,1'01'1' (':Jell Sl't jli dl'lprllliUHtinlll<. 

(('I XU de twid, (J.Ot X. 

(clj l~lh~'1 11[('01101, \Ki ppr('I'I1I:, e· 


l?llo('t-:I)l'It'~ 

'f,'aIlSfp['lO to ;,() mL ()I~ lin' "alllpll' to :1 PYI'('X bl'nkel', A(ld a few 
dl'Opt;; or clilll{(' s<Hlilllll hydt'()xidp lind 1.'\'apol'alt> to:; to 10 JIll. to clim
j nat (' a III llIoni 11111 iOIl, wlli('h ill tpri'Pl'es wi th tlw tkt(,['1II inn lion o:f Fotns
slum, A.dd. walpl' to 10-011, "Ohllll(' andlH'u( 1'H1Izp with lIib,'ie acid (a.), 
AnN' til(' ::;alts HI'P in ;-.olutioll, add I Ill!. of X nitric' ac·id a1H15 Ill!. of 
thl' hodillm ('obllltinitt'itl' l'olution (Ii 1, Mix and nllow to sfnncl for:2 
hOlll':; a.t not IlHlI'l' thull :!(P ('. H llll' quanti(\· of J)l'l'!'ipitate is Yel'Y 
l'illmll, j[ is (\psil'll.blc' (0 nllo\\'!Iw ::-nlll»II.' to st:lli<l 1'01;:\ lollg;el' time nnel 
at It JOWl'I' [('lllpPI'allll'(' Ul to [,," C.j, Filtpl' Ih\'(lIlgh :t trlass 01' 
pOl,(,pltdn ('l'llt'il>h· of IilH' pot'os;!.\'. tIll' lat'p \\'l';gl!( of ",hid, is' kIlO\\']), 

using lUll X nitl'i(' I\('ill ill a wa:-h bottll' to nwl,(, Ill(' (1'llllSfpl', ",Yn"h 
10 (il1H's with 2.m!. p(lI'tiolls or thl' dilut(, lIilL'ic (wid lind 5 tillw:=; with 
:!·ml. POl'liolls of 1I.II'0Jl01. 'fltl' 1('ll1jlPt'uflll'p of Ill(' \\':\"h l;oJlltions 
"I\oul«ll)(' (he "HII\(' :I" tIll' !-i:llllpl!'s, ('011 I ill\ll\ tlw suction until til(' 
nl('ohol i-; 1'('l!lO\'P<! lind tIll' P"('('rpitatp i:- lit',\', ,ViPI' tIlt' oll(si<l(' of I-he 
(,I'lu'ibl!' \,-jtlt it eioth, (lI'\' fOl' t b01\1' at I HF C.. ('001 in a «(('sic-ruto)', 1111(1 

wpi:.!11. If It 20-m!. ali(,lIo\ of Ill{' ;-;u1Ilplc' is 11:-1'<1, (Ill' weight oj: tlH' 
I·n'('l'ipitatl' ingl'HIl.1!' H\1I1tipli('{1 hy 2:.!O,~ ('([Ilal" K ill l', p, 111, Repol'! 
n-; K ill ('. p. 1lI. Tlrl' IH'('('ipilu(' il' j'l'LlI'l'''PIl{pd by thp formula: 
K~),' :tCo ( XOJ 0.1 r~o, ' 

CAftlJOXATE A:\D mCAHDO;\'\TI~ • 
( ~, I). Ii If), 1lJ(,liillp{ll 

Thi:-; 1/(·tN'll1illntioll i~ o/'IPIlI'l'j'('j'('pd 10 u:; "rotnl nllmlini(y,H It JUtlY 
:itwlllth·, ill ad.dit iot! t () ('!u'hOlI:lIl' Hilt! bi(';! [olHlIlU (I', 011\('1' ~\,pn k :1I\iol{:-; 
SlH'h 11" born \(', pho!-I Ibn (p, l-iliPa t1', n1\(1 IItlt(·)' dH'llI icnl:-, 
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:PRocgnmn: 
To 50 1111. of 1.11(\ ~mlllplC', add. a few III'0ps of phenolphthalein, and if 

It pink ('0\01' is pJ'odu('cd, litl'ate with 0.U5 ~ Hulflll'ic ncid, adding It 
drop evcl'Y :2 OJ' a seconds until the pink COIOI' disappcal·s. l\lultiply 
the bUI·cUi., I'Pluling in millilitct's by 210 obtain C'iu'bonatcill equi\ralcnls 
per million. To the colol'll'S:> solution :hom thili tih'atioll, Or .to the 
OI:iginal i::iOllilioll if 110 ('oloL' is Pl'OdUl't'd with pht'nolphlhalein, :1(1(11 
OL' ~ drops 01' methyl ol'angl', lind without J'(,lilling the blll'ette continue 
the titl'atioll to the fil'sl; changc' ill nH·thyL orange (,0\01' and note the 
tolal. J'l'ading. DC'Higllall' t ht' sol ution IlS Band L'('serve :for dclcl'Il1Ina
tiOIl of ('hlol'i(ie. 1 r t'al'lJOnn(p .is nbspnt, the total blll'cUe reading in 
Inillilit(\J'H is Illllllt'ri!'ally NplIlllO bieHrboJlllte in P. p. 111. If cUl'bonate 
is prescnt, multiply I:he rt'ading with phenolphthalein by 2 alld subtract 
fhis figllm fl'OIH tl\(', total j'('ading of the lHII.'eU(>. The ditlcl'cnce in 
.Il1il1ilii:l'I':; i::; IlIlIllPJ'ieally ('qual 10 (', p, Ill. of bictu'bonatc. Blank 
dcLel'minILfioJ1!; sliouid be I'un with til(' l.'pagents and cOl'I'el'liOJls llIade 
if: Jl('(,l':;Ha I'Y, J{"P<lIt ItS (,OallJld. I ICO:!i II e. p. m, 

SGLFA'm 

<1, p, (i.p, 11111(11 [jed) 

R ~1\ (11'iN'I'R 

((I.) ('OllCPlil I'll \I'li lIyd 1'1",11 hH'le neitl. 

(IJ) 'IllIrllllll ('hhll:lrl(' SOIUtiOIl, '10 1)('I'(,pnt. 


PIlOn:l>l!I:I': 
X('ulmli;-.l'- lIll aliquot of :WO JIll. or till' siullple with hydrochlol'ic acid 

(n) to Ilwtltyl ol'llIlgI' and add I. Illi. in (,x('ps:;, Hpat to boiling- and 
add. all ('X(','S;'; 01' llllJ'illlll ('hlol'iel(, :;olution (b) <1I'OP by (Imp with ('011-

Rtnnt iitiJ'l'ing. ]~\'apoJ'Utl' OJ! lilt., \\'alpl' bnth 1'01' s('\'ci'al hOlll'S, dllL'ing
whi('h (illl(' lhe \'Olllllll' "hOllld lIt I't,du('!'d to about 501111. Aftl'1' ('001

illg, Iilh'l' thl' pl'l'('ipilnlp 01' h/II'illlll ~III rate' thl'Ollgh fin('-textlll'('(] lish
I('s:; nlh'l' papPl'lllld wush with WHtPl' IIlltil I'I'P(, o( dt!oride. 'l'l'allsf('1' 
the lilt(\!, papPI' t(l It i::lI'('(lIH)I'('plaill ('I'u('ibh' and pillel' ill II cold, \\'1'11
vcnlilat('d 1lI11/11l' rlll'lIa('\', wlll.'1! iiislowl.\' brouglit to tHell hcat. AftCl' 
eOlllplC'l(\ ignit ion 01' 11](, papl'l', 1'('1110\'(' (Itt' (,I'lIeihl(', ('001. ,alld wl'igh. 
TIl(' wl'ight of HaSOI pJ'('l'ipitntl' in gl'ami'{ IlIl1ltipli('(] hi' ~~2,8'~ gi\'('s 
SOl ill P. p. 111. l{pport a",SOI ill P. p, Ill. ," 

ell LOHIDF: 

(t. I). II.I!. IlHldlfit'!l) 

.RI-:A(lgS'l'S 

(11) PotassiulIl C'hL'(lIIIUtl' indh'alOl', 1)ls~utl"l':; gill. K. ('1'0, in wilt.('1' 1I1l1\11(1<1 
It solutiol\ of 141h'l'r nlll'lltP IIllIII a slight (1('1'11\1111('111' n'd Ill'peillitate is pl'o<lu('cd, 
l!'il(pl' lind (11Iull' to JOO 1111. 

(li) Xt:lII(lllr<i sill'pl' nitl'ltl'(' soll1liol1, 1),1);; ~. 

Pnom:J)I'J:g 
'l'o ,wIll/ion 8 from hil'III'bona[(' dl'I(lJ'ulinaliol1. addl ml. potassium 

{'l\I'Olllnt(' illdil':dol' (a) and [ill'alp with stalHlaJ'{1 sil\,('1' nitl'afl' solu
tion (b) to the fin.;! liJlg(' of I'l'ddish bl'O\\'I1, ('(lI'I'P('{. 1'01' 1111,' quantity 
of siln'I' nill'lIf(' solution I1N'l'SSIlI'y to gin'. in :l() nd. ot: l'hIOl'idl'-II'p'c 
wall'l' with I Illi. of ('hl'OUHI1(' intii(':dot'. IIIP shade' oi>lainpd. at' the 
Plld of \hl\ (it I'al ion of the' sampll'. If II ;iO-1Il1. a liquo[ of t h(~ slllnpl(' 
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is tukClb. the nct voh."ne in milliliters is lHllllcrieully ('ql\al to c. p. m. 
of 01. J{cport as elm c. p, m. 

NITROGEN IN TilE FORM OF NITRATF: • 
1. PlIENOWISUI;ro~IC ACID M.:rllon 

(4, II. 6;:11, modified) 

This mcthod is llsed lOt' wuter of low chloride content: 

n.~AGt;N'rs 

(/I) PhcnoldislIlfonic nC'id solution. Dissolve 25 gill. Im/'!) white phello! in 
150 mi. of sulful'ie Ilcld, add 75 1111. f\llillllg sulfuric ucid (13 to 15 perCCl)t SO.). 
II nd hell tilt 100" C. fol' 2 hoUt's, 

(/1) Stllnclut'{1 lIitl'ute solution, Dissol\'~\ 1.001 gill. 1111\'(' pOtassiull1 nltrute 
ill 1 mel' of wnfl'r, ~rhif! is 0,01 N, or 10 e.p, III, De.signlltc liS .~o/IlIiOn ..1. Dilute 
1001111. of Holrllion A to Il1t('I·. 'ehls is 0,001 N. Designate liS solut.ioll 11, EVIIJl-' 
orllte 5() 1111. of so/ulion /J to dl'~'ness in II llOrc('lnin l!ish; wh('11 cool, trent witH 
2 ml, or tho JlhcuOldlsulfolllc ncil! solution, rubhing with II gillss 1'011 to insure 
intilJlllte ('on(uct, lind dilute to 2,10 /III. (This solutiOn is perlllllllcllt,) 'ro 
I}J'f'JlHI.'Il II. colo!' I;bllllltll'd, tnke 50 1111. of this solutiOn, makc nlkalillc with 
NII.OH, IIml dilute to 100 1111. This stlllldar<i hilS 0.1 C. p. III, nlll'nle, 

«(I) Htntldtll't1 sill'!:r sulraH' solution, {J,n:! N. .I)is!;ol\·e a,l::! gill, silvcr sulfnte. 
III 1 liter of wllter', 

(It.) AmmoniulII hydroxide (1+1). 
(e) AIIUnill:l('I'('lIl1l (J9, [1.411). llissolYcBOgm.ofallllll (KAi (SO.),,12H,O) 

In 1 litel' Or WIIlI!l' lind IiltI'!', Pou!' tile nlum solution into n solution mude hy 
diluting 25 IIlI. of cOIlccntl'llt('(I nnlllloniulIl hydroxide to 2;)0 1111. with \\'lIter, 
~t:lt(I con\'('rs(J lII('tho(] of IlI'C('ipittll\on yi('!(ls un ullsatisfactory, grllnulnr product. 
~rhe liquid IIIHI Pl'N'illltnte nl'(! transfel'red to II :;1111011 hottlo lind (li1uted with 
wlltel' to the cnpncity or the hottle, IIl1d the lllulllina IIliowcl1 to settle, It is 
lh('n WHslH'd in thc holtie hy d('cnntlltion twit'c II day until the supl!mlltnnt 
liquid gil'ps no I'Pllctioll with lI:lrlulII chlol'idc. 'l'hh; ul'uIIII)' tnkcu about a week, 
Uilutc to 1. litel', 

l'uom:neHl1 
To 20 Illl. of thp sample ('ontnining X (" p, m. of l'hlot'idr, 1I:i lit'

tN'mined intlc-pL'ndC'JlUy. add X-I tn1. oJ standard sih'cl' sulfatc solu
tion, thus lplI\'lng It slight PX('l'S!'l of ('I. Add 10 1Ill. of alumina m'cam, 
lllukClO 1.00 mI., filteL' tlrt'ough It dry filtcr, disclII'ding t.he first pOI'tion. 
EvupOI'utc GO Ii1I. of the filt,'alc (cqul\'alent to 10 Illi. of the original 
slllflplc) to dl'YIH':iS in :t pOI'cl'lnill dif;h on n steam hath, Cool, add 
~ 1II1. phenol(lil'lrl fonie add solution. nIb with a glass rod to insure 
intilllat(' ('olllae\:. Ll'1 tilt' 1'C'HgC'lIt 1'(>f1ct for 10 min\ltl's~ then add 2;) 
Ill!. walC'I.', lind stir until the l'l'iiirluc i;; in solution, Ac1(1 slowly (1+1) 
amrnon:iulll hy<ll'oxi<i(' until Hlknlin(>. ClwC'k with litmus pllpel'. 
Make to 501111. and filter jf 11('<:: (,8S11 1')', Compare wilh t1H~ standard 
nitJ'ute solulion in the colol'imctcL' in the lIsnal mallll(,". A compal'a
toJ.' with a pel'lnanC'nt glass stlln<1:u'd may be IIseel, hut its a('cu1'a('y 
:;hollld be nl'ified with st~llHlnl'(l nitrate solution. RC'port as NOa in 
c, p. m, 

II. ]).:\'.\IIIlA :\I~:TI!OIl 

(4, II. 28, mOllified) 

• ' 

• 

This llwfhocl iH lIscdfol' wat('r of high chloriclccontent. 

AI'I.'"\lIA~ruS 

«(t) Nitrogen distilling npparlltus, equiJ1p('d with cfIlcil.'ut scruhber bulbs. 
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(a) Stalul/u'd slIlfurlc acid, 0,0;:; N. 
(b) UOI'le ueill, 2 pel'el!nt Ilolution, 
(e) Devlll'lltl ulloy, 

(el) SodlulIl hyd I'OX Ide, sutul'Iltcd SOll1tiOl1, 

(e) BI'0Jt1('I'c:.;o1 grCI'Il-lIlctllyl red (BtU-,M n) In(1I('u(ol' ~ohIUon,' l'I'Cllurc a 

0,1 pcrcent uea solution, n(ldlng 2 lilt. 0,1 N NnOH pN' 0,1 gill, of IJI(llcator, 
Pl'('pare n 0,1 perccnt ~J n soilltion In 115 Pt'recnt cthyl nleohol, a(illing Ii 1111. 0,1 N 
NIlOH pel' 0,1 gill, of irl!l\('atol', ~lixiri nil., lICU, 23 Ill\. ~m, and 100 IIlI. !Xi 
perccnt cthyl nkollol, 'l'lre Inil Icn tOl' should oe gl'uy in ('0101' in a solution 
contuinlng IJol:lc a('itt nIHI tlmllloniulII !;ulfate 111 eOI1('('ntl'utioml cqual to thosc 
Cllcoulltcr('d in the DC'/Ill'lln PI'OCCdUl'C, It is oftcn nc('cssury to alit! a little of 
olle (lI' lhc otlwr of till;' illt1i('alors until the propcl' shade Is obtained, '.rho color 
('han~c III from gl'('(>11 ill nllmll, througll gl'lIy lit thc ('n(\ pOint, to rell in neW 
solution, 

I)J:oGlmum: 
Pln(~e GO tn!' of the ~nmpl('. 01' !'>llch volume as will contain not less 

than O,~ mg, l'(/uivrtl(,lIt XOa•.in It Kjl'ldahl flnsk and add 2 gm. Dev:mlu. 
alloy, Make up to :lOa Illi. with distilled water, the II add 2 ml, NaOlI 
(cl), allowill~ it: to I"un dowlIlh" :;ic1e 01: thc flask so thnt it does not mix 
with th(' COlltl'llLS at OIl('C, COllllcct with the disti1l.ing apparatus and 
rotat(' (h(' IIm;k 1:0 mix, Ill'at slowly at first and then at such a rat.e 
that Ol(' ~OO 1111, or dist.illate I"t'<luil'('(\ will pass ov('1' in 1 hOlll', Collect 
the disti11ute ill 50 Ill!. of horie :wid solution, Th(' ammonia is titmted 
with stalld:u'd D,O;; X 1'1l1l'ul'ic ntid, usin~ the nCG-l\fR indientor. If 
an :diqllot of ;)() Ill!. is u~l'<l, the Y(Jlllllle of slnnthu'd 0.05 N acid in 
tnt. minus It blank ('Ol'l'('ction is llUlIl('l'ieally equal to e, p, 111, NOa
Rf'pol"t ns NO,i e, p, ll1, 

'XITHOCE;\ IX 'rll E Fon~1 OF AMl\IO;-.IIA 

(1, (i, G.}) 

Th(' elis! iIlaL(' ('an \,(' ('ollc<'l('<l in a bOl'ic' aeill solution and titl'llted as 
dC:;(,1'ibl'd lllldrl' till' Dt'rlll'llll 1ll'OCN1ul.'c for nitrate, 

PllOSPllATE 

Tire CIHlpnlllll l't') lIIol1iliealion of the 'fL'UOg and Meyer (40) 
('olol'inwll'it' nwtllod is 1'(,(:()l1lll1l'IHlt'd, 

SILICA 

q, p, GIO) 

IH()~ A;\D ,'LUl\II"t:~1 

(4, Ii, 610) 

FI.l'OHmE 

A ('Ompl'('lH'll:>iv(' Rfud\' of method:; 'foI' dd(,l'minin~ fluoI'ide in 
watc'!.' WIts mndl' Ly It ('Oilllllitt(·c appoillfp<1 hy tllp AmcJ'iean 'YateI' 
'Y()l'I\~ .\sso('iatioli. TIl(' I'l'HllIfH W('('(' pllbliH1H'd (3) in 1M!. Both 
th, Sal)('11 if; prj) lMllw\1 Hnd til(' Stott (3(]) Jl1()(1 ifkH tion ofthe Saneh is 
llldhod W('I'P found to bp I'('liable, 

• C'hnplllnJl,II, n., l"n!l', ot' ('nllt l'rinltp ('OJllnlllll\('nlilln, 



40 TECHNICAL BULLE'l'lN 962, U. S. DEP1.'. OF AGRICULTURE 

FACTORS AND CONSTANTS 

'1'0 change an analysis reported in parts per million to equivalents 
per million, the concentratiOl~ of each radical in pllrts per million is 
divided by its equivalent weight. The equivalent (or combining) 
weight of a l'!l(lienl is the molecular weight divided by its valence. 
The equivalent weights of the common constitutents are: 

.EiJlllvult1l! Eqltivqlen! 
Cation, or basic radical: weluht Anion, or acidic radical: weiuh! 

Calcium (00.)___________ 20.0'i Carbonate (C03)________ 30.005 
Mo.gncsiulll (Mg)________ 12. Hi Bicarbonatc (HC03)_____ 61. 018 
Sodium (NIL).__________ 22.997 Sulfatc (SO,) ___________ 48.03 

Potassium (K) ________ -_ 39.096 
 Chloride (01)----------- 35.457

Nitrate (N0 )___________ 62.008
3

To change an analysis reported ill equivalents per million to parts 
pel' million, the concentration of each radical ill equivalents 1)er million 
IS multiplied by its equivalent weight. 

Total hardness is defined as the calcium carbonate (CaCOu) equiva
lent of the cnleium and magnesiulll content of It water. It can be 
cll1cubted as follows: 

lIn CIIC03 In p. p. m.=50X (CIl+Mg, e..'Cpl'csscd In c. p. m.), 01' 

As CIIC03 in.gl·lIlns PC1' U. S. gIlUon=·I~~lX(CIl+l\[g, cxpl'essed In e. p, m.), 

GI'Hlns 1)01' U. S. gHllouX17.1=111I1'tS PCI' 1Illllion (p. p.m.). 

PHltS pel' mlilionXO.QP13G=tolls per HCl'e-foot (t. a. f.), 

l'on:,; pel' acre footX73u=pllrts pel' llIilliOIl. 

Illlilc=G,280 fect. 

Illcl'e='13,lil.O sqllHrc I\·et. 

Acr(l-foot=A unit of \'olume of wat~r that would cover I ncre to It de[lth of 1 foot; 


43,[,UO Cll. ft. of water. 
1 uCl'c-foot of soil weighs 4,OOO,O()(} llOUIl(\s (appl·oximllte). 
lacl'o-Coo!; of wal:('1' wt'ighs 2,720.000 Ill)UlHls (approximate). 
I cubic I'oot of Wllt('1' P(~l' second (c. f. s.), or secollll foot (s. f.)= 

GO Illinel"s inches ill-

I(J,dlO, KUllsns, Nehl'llsim, Ne"lulll, New l\[exico, North Dakota, South 

J)Ukotll, Utllh, aIHI southerll California. . 


40 mlnm~'s inches ill-

ArizOIlIl, ('aiifol'llia (Rtatulo), iliontana, nlld Ol'~~goll. 


B8A lIliller's inches ill Co\orll<lo. 
Galions per minute (t-:. p. m.) XO.00222S=cuhlc fect 1101' second (c. f, s.). 
I e. r. s. rOI' 24 hours=1.U8 acre-feot. ~,"i 

I U. R. gllllon= 
21t cubic inches. 

0.1aa7 cuiJic foot. 

S.338 ilO\\fI(\S water at ;:;0 0 F. (lG o C.). 

iiS.3(j(j grains WliteL' pt GO° Ii'. (lli O C.). 


I cllh:c foot= 
7.'18"5 gil lions. 
<l2.:.172 pOllllC\:'; water at GO° F. (Hi O C.). 

I cubic foot; of soil in pia('l~ w('ighs 70 to lOG pounds. 

~oil. particlcs, spccillc gravity=2.0G. 

Fllectl'ical conductivity exprcssod as KX10' at 25 0 C. multiplied by IO=ECXIO· nt 
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