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ABDEL-AAL (S .. H) & BERGSETH (H)
Ion Exchange removal of carbonates from saline calcareous
soils prior to determination of Cation Exchange Capacity
using 89Sr.
Soil Science
Page 349~353

A m:i :;:ed j.on e:,c~-k'ln98 res:i..n is t::::ied )co remove calcium
c~.J.:·b0!lêJ.Jse :t'~::'OEl "~':)·l.::.so ·::EC :'L:'1 ·t:he:a:1 In32.~l.lred bi:" e9Sr :ce...,
t:_en3:.:1.on" Re.sul·t.3 a.r:e very c:.Gse to amoniurn ace·ca·te method,
and precipita-tion of s-cront..lum carbonate is avoided. Me
thod ~.s -e:_esi..ed on two calcareous profiles ..

Me·tq~ Removing calcium carboj3te:

Or-1 gr .. soil, grinded to 0.1 rn/m, is shaked 24 hours
v.JÏth 0 .. 3 - 009 rn/nt mixed resin.. Soil and resin are sepa
rated by sieving. CEC is then measured by a 0.2N stron··
tium chloride solutio~ spiked with 0.6 millicurie/l 89Sr.

In the slx samples t:reated, ranging from 5 to 16 mS/cm
(electric conductivity of saturated extract) the method
gave a sum of exchangeable cation superior to measured
CEe and in agreement within 1% with amonium acetate method
as an average of three replicates for each.

In aIl cases sodium acetate method gave results higher
than both other method3o

Application: Ca~;io:2 Excho.:c.ge Capû.city ..

.~

Precision

Tables

Material

Chemicals ..

~~hen compared 't:o iN amonium acetab.~ PH 7, strontiurn
Ir,ixed,·resin met.hod gave CEC .t'esuI ts ......ithin 1% (range
3;::c>~5 meqi-J.OO gr) r élffionit:.m acetaJce gave CEe 10% higher ..
S'\:rontium nethod wi thout treatment gave CEG in excess
of 33 to 100 meq/100 gr depending on calciuln carbona·!:.e
cont8ut of sarr.plesc

Propercies of soils used and mineralogical composition.
Comparison of CEe determination~ sodium acetate, a~oni~~

aCGtate, strontium chloride and SUffi of ECo
Ci:;C "d.th and without resin treatment ..

Scintillat.ion counter •

Stable strontium chloride 0 Radio active strontium chloride •
Amonium acetate • Sodium acetate •

Key Wor-ds CEC / RESIN.I CALC. CARBONATE / 1~;~.}J:(- / ABDE
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ABRUKOVA' (L.P)
Determination of exchangeable
Soviet Soil Science
97'/- 980/17 re:f.

3401 - 02 / c - 47 - c - c / 80

bas~s in calcareous soils.
1.964.

Su.mmaœ.

TrJ:ee methods are compared for determini ng exchangcabJ.e
cat:i07.!;3 in soi.l CO!r"b:J.:J nin.g :] to 35% of c;aJ.ci~n carbm~5.t.es,

with SP2C:!.fÜ nlent:to:-l to clxc~1angeable calcium and magfl.~:.3iumo

The morpholomt of caJ.cJ.Ul'l c:a~::bünate appears to be an important
factor leading to dJ.ffej_'en·c solubilities in various exixactant;s ..
~ethods based on aasomption of constant solubility of carbonates
in successive extractions are suspected.

Me·l:.ho9l:
~~hü'~~ EC are ~isplaced by iN NaCl solution (up t0500ml)

correction for dissol-.red carbonates ia made by titrating carbo
nates passed into solution.

b) Exchangeable calcium is bound by oxalate ions and
ciJ.lcuJ..a~.:ed from the lÜ1fference in oxalate concentration befo.re
and aiter saturatio1".o The reagen'l: involved j.n a mixture of arno
nium sal'cs kept a-i-: 100 e.

e) Soil 18 saturated by two ttrnes the same volume of
iN NaCL The f.:.rs·~ ls supposed t.o contain exchangeable and solu
ble (Ca, Mg), !;11e :=;econd onJ.y soluble (Ca 1 Hg) 0

Al.l meJchocls gave ::li.I'.111ar rE'f-·ul'b.1 whcn cRlcil}m carbonate (3%)
was in 1ai:cnt, 5..nvisible f.ox:m CEe values di.fferred w:t.dely \-Then
calc:iu~ CarDŒ!.ë\bê! ..ms ci'i'.:he:c mycelium or visible cristalline
forID (5%), method a. giving {:he more reliable re~ults ..

Figures : .... De·c.ermina1:ion of exchë!.ng~able calci.u:n by three methods e

.1J8te.r.mination of BCa and E~,g i.n calca;:eous cbernozems by
tlU:'8e methods e

Chemicals: Method 1: Sod~urn chloride • Hyd=ocr.loric acid.'
Method 2: Amord.t<l'!I oxalate • Amon5.um aceta'l;e 0 Amoniurn

carbonaJee • (Plus chemicals for tit.:ra·l:iol1 of
oxalate).

Method 3: Soàium chloride.

•

Key Words: EC ~ CEe / CALCIlJM CARBONATE / ABRU
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"ADAMS (J.M) & EVANS (S)
Determination of the cation exchange eapacity (layer charge)
of small quanti~ies of clay minerals by nephelometry.
Clay & Clay Mineral 2 - 27 - 1978.
137-139/7 ref.

Summar.Y:

Irreversible cation fixation on clay prevents the Ca
determination of CEC of clay when 1ess than 30 mg of samp1e
ls a~ai1ab1e and.on1y layer charge may be measured directly.

Method: 30 mgr of Ca or Ba-saturated clay is fused
with 0.7g NaOH to red heat 10 min. and disso1ved in HCL
(final cone.: 4%).

Barium: To Sm1 of the clay solution, Sm! of glyce
rol/ ethanol mixture and 2.Sm1 of (1.SM) H2S04 are added,
volume i8 made up to 2Sml. Turbldity is measured after 10
minutes.

Calcium: To Sm1 of the clay solution add 4.0m1 of the
glycerol / ethanol mixture, 1.5ml 3M NH40H and 4.0m1 oxalic
acid solution (20 g/l) turbidity is measured after 25 min.
Authorssuggestthat barium may be fixed on surface of clay
partic1es and propose touse Ca saturated samp1es even if
the quantity of avai1ab1e clay 15 ooly 5 to 30 mgr.

Tables Comparison of nephe10metric and others determination of CEC
(on Ba and Ca - saturated c1ays) for bentonite, montmori110
nite and beidel1ite samp1es.

Precision: For 30 mgr samples having a CEC 70-100 meq/l00 gr. dup1icate
measurements agreed within 10% and comparison with other me
thods was better than 5%.

Chemicals: NaOH. NaC1 • HCL • G1y~ • EtbannJ ,_ 'AllWu1a _ Oxa11c acid.

Key Words: CEC / MINE / .Ba / Ca /

ADAM
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3401-18/c-c-54-c/80

xxx / ARLl\.NA.
Hesure de la capaci te d' echange et.: des cations eJ~chan

geables d'un sol.
Roneo, D~RoE~S, Tunis.
11 pages /-

La m'?thodE"~ d0.'.;r~.. te7 ...tilise la sa-t:,ur.at.ion par
13ac':.:b::d:c.:: d')ar<t()ni'l~l:l PH 802! le rincage a l'etha::'loJ.,
et le .l:einpJ.at:emen'::' par lE:! chlo:r:"Ltre de sodium. La
methode est applicable è.UX sols neu·cres.

La technique utilisee, es'!: la percolation a ni
veau const,ant (vase de Mariotte~ 0

Les cations echangeables sont mesures par absorp
tion atomique ou photometrie de flamme et la capacite
d'echange determinee par la conce:1tratlon en amonium
dans le perco1at NaCl mesure par colorimetrie a l'in
dophenolo

Une corréction est faite pour te~ir compte des
cations solubles lorsque la somme des cations echan
geab1es depasse la capacite d'echange. Cette correc
tion est ponderee pour le calcium et le magnesium.

Application: Cations echançeables et capacite d1echangeo

Hateriel

Produits

··

··

Colorimet.re " Phot.ometre a flamme ou spectropho'come'cre
d!absorption atomique •

Aceta'':e d q amonium • Acide acetique • Chlorure de
Sod.l.urn 0 HCL 0 React.if de Nessler • Ethanol •

... Mots Cles ·· EC - CEC / ARIA
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BECKETT (P.H.T)
The cation-exchange equilibria of c*~cium and magnesium. .
Soil Science 100 (2) : 1965.
118-123/24 ref.

Surnrnary:

Ion exchange affinities for exchar.ge :si tes of
soils and ion exchange Ca/Mg constant was studied on
a natural acid soil (clay 7.5% , organicmatter 3.1%,'
pH 5.2 t NH4Cl extractable cations Ca'" 6.8 , Mg = 0.7 ,
K:a 0.5 , Na'" 0.11 meq/100 gr, clay was montmorillonite
with rnoderate i1lite. In the presented study, the soi1
waB equilibratedwith sulutions ha.vinga Mg / (Mg + Ca)
concentration ratio ranging from 0.07'to 0.94 in 23
d1~ferent experiments.

Results: It was shown 'tha't except a't.specifie
sites Ca and Mg are held with similar attrac'tion by
exchaQge sites, the number of sites available for Ca
being however greater than for Mg. The difference be
'tween Ca and Mg fixation .is 'therefore pronounced only
a't 10w level of activi'ties.

1
1
•

Tables .. 1 ;

2-3:

Ion exchange equilibrium be'tween Ca andMj for
(Ca + Mg> m 4.2 meq/l •

Quantity - Intensi'ty relation for labile and
exchangeable Mg and Ca.

"

Key Words: EC - CEC / Ca - J.,ABIL / Mg - U\.BIL /

'BECK
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3402-05/44-47-54-c/80

BERGSETH (H) f HAGEB~ (FoA) , LIEN (H) & STEENBERG (K)
Determination of cation exchange capacity in colloidal
soil material by means of radio strontium.
Soil Science 95 - 2 - 1963
(97 - 100 / 6 ref .. )

~~:r~

CEC i5 rr.eat~ü.l':'ed on a suspc~sio::'1 of dispersed colloid
(lcss thù~ 1 mic1:on)by floecü.le.tion with 0,,2N raaio
s'crorl'èiu!r\ chlorlde<> Excess st..t'ontium is \'lùshed OlXt until
free of chloride.. Adsorbed strontium is determined by
counting the 89Sr beta emitted by the precipitate.

Method:

To 50 mgr of dispersed colloid, 0.2 ml radio-strontium~

Chloride is addedo Flocculaticn is made overnight, sus
pension is decanted, saturated again with radio strontium,
chloride, agitated one hour (two times) • Precipitate is
washed until free of chlorine. Precipitate is dried. A set
of radio~strontium standards are prepared and activity of
precipitate is compared to standard curve.

Cation Exchange eapacity of Clayso

Centrifuge table assembly with removable aluminium
c:ountlng dish.
3'2.1.[ aJ::2o:r:ption of radio~stL'ontiumbeta emj.ssion in

Effed::. of adding CaCo":l to the sample~

Con~pdris0n \rJ:.1.th flame .... photome·::rie methodo'
Results of CEC from Kaolin (4 meq/100 gr>, to Mont
morillonite (103 meq/l0 gr)o
Eff.'lct of addition of calcium carbonate on CEC deter
mination (0 to 30% added CaC03).

Self absorption is neg1igib1e below 50 mgr/cm20f soi1
spread in aluminium counting disho
Excess of added Sr shou1d be 20 times estimated CEC
of the samp1e.
Radio-strontium method compares with Sr flame emission
within 1% from 4 to 105 meq/100 gr of clay material"

Beta counting equipment. (or flame photometed - centrifuge.

Radio strontium chloride • Silver nitr~te .. Nitric acid •
HCL •

CEC / CLAY / AAS /
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BOWER (C.A) , REITEMEIER (RoF) & FIREMAN (M)
Exchangeable cation analysis of snline and alkali
Soil Science 73 - 4 - 1952.
251- 261/16 fef.

soils.

Tables

Summary:

The determination of exchangeable cati')t~s (EC), and
cation exchange capacity (CEC) i5 considered with the
evaluai:ion of zoJuble salts (SS) in saturation extract.

EC are determined on 5 gr of soil by three times 33ml
of iN PH? amonium aceta't:e. Soluble cations in a satura
ted paste from 200 gr of soilo For CEC, 5 gr of soil is
saturated by four 33 ml portions of iN PH 8.2 sodium
acetate, washed with 95% ethanol. Efficiency of washing
is controlLed by electric conductivity (less than 40 micro 5/cm) "
Replacement step is done by neutraJ amonium acetate. CEC is
proportional to sodium extracted in this last solution.

The paper details experimental conditions as optimum
number of acetate extract~ons to remove(EC + S5) on saline,
calcareous and non saline soil samples. Data indicate that
three extractions are sufficient to remove aIl soluble and
e~changeable cations. Four treatments with sodium acetate
are sufficient to seturate exchangeable sites with sodiumo

Hydrolysis of exchangeable sodium upon washing treatment
is investigated.

:- Amounts of various cations removed by successive amonium
acetate extractions of soils~

Amol,;.r..ts of Ca plus Mg removed by sodium acetate extractioQ.
of soil.
PH VéJ.J.'le of successive acetate extracts of soils 0

Kemoval ef excess sal~s hydrolysis of exchangeable Na upon
washing sodium-treated soil with ethanol.
CEC of so11s by Na at various PH values.
Influence of CaC03 upon values obtained for the CEC by sa
turation with normal sodium acetate solution of PH 8,2.

•.

Material: Flame photometer - PH-meter •

Chemicals: Amonium acetate • Sodium acetate • Ethanol •

Key Words: EC - CEC / SOLUBLE SALTS / BOWE
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3403-1/ c-47-54-c / 80

CARPENA (0) , LAX (A) & VAHTRAS (K)
Determination of exchangeable cations in calcareous soils.
Soil Science 3 - 113 - 1972.
194-199 / 6 ref.

Summary:

A modification of the Mehlich - Piper procedure is
proposed to eliminate solubili~ation of carbonates as a
source of errors in exchangeable cation determination. A
soil sample is treated twice with same volume and extnac
ting.solution. The first fraction is supposed to contain
soluble and exchangeable cations. The second only cations
from soluble carbonates. The solution used is barium
chloride-triethanolamine O.2N, pH8.1. The method is'applied
to dolomi tic soils of Spain (pH7.6 to 8.2; O.M 0.3 to 6%;
Clay 5 to 18%). The technique used is percolation on 5 gr
sample.

Correction for dissolved carbonates is based on HCO;
determination, care being taken to prevent CO2 contami~a

tion from air and correction being made for exchanged H+ ~nd

TEA reaction witn acid. The amounts of carbonates dissolv~d

during the second extraction is smaller than in the first
one (the rate of dissolution of carbonate is not constant
with respect to tmme).

Tables :- Analysis schème. Titration curve for HC03
Relationship between ex: (Ca + Mg) calculated and true
exch. cations.
Intermediate data used to calculate dissolved carbonates.

Precision: Method is teste~ for soils containing 5 to 55% CaC03 and 5
ta 18% clay.

Material AA Spectrophotometer.

Chemicals: Barium chloride • HCL • TEA • Amonium sulfate • EDTA •
Eriochrome black T.

Key Words: EC - CEC / CARBONATES / CALC. CARBONATE /
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Public
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CHHABRA (R), PLEYSIER (J) & CREMERS (A)
The measurement of the cation exchange capacity and
exchangeable cations in soils: A new method•
Proc. of Int. Clay Conf. 1975. Applied Publ. Ltd. Wilmette,
IllinOis 60091. U.S.A.
439-449/9 ref.

Summary ....
One - step method for measuring EC and CEC of soils, based on

the high affinity of silver - thiourea complex for exchange sites. Ag,
Ca, Mg, Na, K are measured in a single extract. CEC is rela.ted to d~

crease in Ag concentration before and after saturation. The method is
compared with 45Ca isotopie dilution method and NH OAC - NaCl method,
and is tested on 30 podzolic, 15 saline alkali, an~ 6 calcareous soils
(CaCo3 7 to 65%). Different procedures were tested with or without
1M NH40AC pH7 as a buffer. Direct saturation of al~ali soils with
silver - thiourea being impossible because the uns tabili ty of the com
plex at' pH above 8 • All methods are described into detail.

Results
jI

Silver - thiourea method and amonium acetate gave correlation
coefficient higher than 0.98 anQ exhibited a similar dependance on or
ganiç matter content of samples. For exchangeable cations the best
agreement appeared on Ca determination.

Tables :- Comparison of CEC values as obtained by difficient methods
on podzolic, saline alkali and calcareous soils.

- Corre~a tion between silver - thiourea. method and NH40AC per
colat~on method for exchangeable cat~on (Ca, Mg, K) on .
podzolic soils and exchangeable + soluble cations on saline
alkali soils.

Precision:

.Material :

Chemicals:

Key Words:

Reproducibility is better than 5% for 53 duplicate •

AA Spectrophotometer • Centrifuge • End-over-end shaker
(optional:scintillation counterJ.

For Ag'- Thiourea method only: NH
4

0AC • AgN0
3

• Thiourea
(optional Ag gamma trAcer).

CEe / AAS - IND. METH. /

CHHA
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COFFMAN (C.B) & FANNING (D.S)
Vermiculite determination on whole soils by cation exch-mge
capacity methods.
Clay & Clay MineraIs 22 - 1974.
271-283/17 ref.

Summary..:..

A modified version of Alexiades' and Jackson's method
for estimating vermiculite percentage of soil without size
fractionnation is presented. The method relies on the ability
of K to be strongly fixed on interlayer cation exchange sites
of vermiculite. By measuring CEC by Ca saturation, (CaEC) then
by K saturation (KEC). The content of vermiculite may be esti
mated, providing the vermiculite has a constant interlayer
exchange capacity of 154 meq/100 gr. The parameters of
Alexiades' procedure are reviewed and results compared wit~

X-ray diffraction patterns (see tables). Authors conclude that
assumptions on which the method is based are subject to cri
ticism. Namely: 1) 154 meq/100 gr value is an average value
only. 2) vermiculite may not fix K if the layers are " propped
open by hydroxy islands " in sorne chlorite - vermiculite types .. 
3) sorne others mineraIs may also fix K (beidellite - beidelli
tic - montmorillonite).

Experiments were made on 0.5 gr samples saturate1 with
1N pHS NaOAc at 800C for 30-60 min. ; Excess acetate is remo~
ved by centrifuging ; organic matter is destroyed by overnight
heating with O.. Sml H202. Soils are saturated on two subsamples
by KOA and NaOAc. The volume of excess snturating solut~Qn is
measured by weighing.

Tables :- CaEC , KEC and vermiculite % of 13 50ils.
sorne properties of particle size fractions of saprolite.
œffect of free iron removal ; effect of different drying
treatments ; effect of coarse versus fine crushing of chlorite
and micas - derived vermiculites.
X-ray diffraction pattern of sorne vermiculite soils.

Chemicals: KoAc - CaOAc - NaOAc - NH40Ac •

Key Words: CEC / CLAY / FE OXIDES / X-RAYS /

COFF
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CURTIiJ (D) & SMILLIE (G .. W)
Estimation of components of soil eation exchange capaci.ty
from measurements of specifie surface and organic matter.
Soil Science Society of America proceedings 40 - 1976.
461 ~ 462 /13 ref.

CEe ;/n'...:; c':'rr,:ü·.~:.+:cè. v::Lth spE::cif.:i.c surface using the
e1..:hyl.z:ne gly.:::ol r:t<J!:·.oe·l;hyJ. ether rci.;en'cion method. A
simple corre:!.ad.on coeff1::ieili: t'lith CEC, r = 0",81. The
study was made on 51 samples of 10 profiles with a CEe
ranging 6 to 63 me / 100 g, clay 0.4 to 55%, organic mat
ter 0.2 to 15% and specifie surface (sq. me;:er / g) 5 to
250.

A multiple regression analysis with tv~ factors gave
a value r 2 (1) = 0097 when specifie surface was combined
with organic matter and r (2) = 0.58 when clay percenta
ge was combined with organic matter.

The difference between .:tC 1) and r (2) is at"è.t'ibuted
to the ability of specifie surface measurement to count
for phyllosilicates in silt and sand fractions.

Tables : .. Summary of IG.boratory dat.ù. for the soi1s and estimates
of orga:L1ic and mine.ca.l ccmpOl:.ents of CEe.

Simple correlation coefficients between CEe and va
J:'icus soiJ. pJ::-opertles ..
lJI!1l"l:iple regr.esslon equations relating CEe with (i)
o~ganic matter (QoM) and clay and (ii) QoM and spe
cifie surface.

Precision: CEe: was measured é:'.t PH 802 using barium chloride t,dth
h:,·i,ei:he,nolmn:':.ne vli.thout ~..iashi~'lg step ..

Chemicals: (CEC only) barium chloride • Triethanolamine •

Key vlords: CEC / CLAY / PHYS.", ANA!.YSIS / CURT
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DEWIS (J) & FREITAS (F)
: Capacite d'echange cationique, saturation par le lithium.

Methodes d'analyse physique et chimique des sols et des eaux:
FAO Bulletin Pedologique No.10, 1972.
(112-117) , (125-127)

Resume:

La capacite d'echange cationiqne est mesuree en deux
temps:

Solution saturante: LiOAC O.1N / LiCl 0.4N, Cl servant
d'ion indicateur.
Solution de deplacement: Ca(OAC)2 0.2N.

Le pH des deux solutions est tamponne soit a pH 8.2
.(sols calcaires et alcalins) soit a pH 7.0 terre neutres
et acides. On dose le lithium entraine dans l'acetate et
le chlore qui mesure l'exces de solution saturante retenue
par capilarite.

La methode et les calculs sont decrits en detail,
y compris l'appareillage et le materiel necessalre. La me
thode peut convenir pour doser les ca±ions echangeables dans
l'extrait au chlorure - acetate de lithium. Il faut dans ce
cas precipiter le Ca sous forme de tungstate et doser Mg seul
avec l'EDTA si on veut utiliser la complexometrie.

Materiel: Photometre a flamme (ou Spectrophotometre AA).

Produits LiCl - HOAC - LiOAC.2H20 - Ca(OAC)2.H20

et(pour dosage des chlorures): nitrate mercurique, diphenyl
carbazone, ethanol, EDTA , Tungstate de Na.

Mots Cles: ECEC / ECHANGEA BLE /

DEWI
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DOLCATER (D.L) ,LOSTE (E.G) ,SYBRS (J.K) & JACKSON (M:L)
Cation exehange selec.tivity of sorne elay rigid minerals and
soil materials.
Soil Sei. Am. Proe. 32 - 1968.
795-798 / 20 ref.

Summary:

The cation selectivity on soil exchange rnaterial
depends not only on pH ternperature, ion size, ion valence,
ion hydratation, ion concentratïon of equilibrating solu
tion but also on structural and charge properties of mica
ceous vermiculites. Cation exehange selctivity was measured
for rnontmorillonite, vermiculite, muscovi te, biotite. CFS
was measured by a modified version o~ Schaehtschakel's method:

A Na sa~urated clay sample i5 equilibrated witll a
solution having a K/Ca ~ concentration ratio of 0.10 r:nC:
sorbed K and Ca were displaced by ~g. Excess saturating ;olu
tion was determined by weighing. The hypothesis that the high
K/ea selectivity of m~cas as compared to montmorillonJte was
due to sterie hindranee of hydrated divalent cation sLeh as
Ca and Sr was tested.

Tables 1 :
2 :

3-4:

5 1

6 1

7-8:

Mineralogieal analysis of samples.
Flow sheet far the determindtion of CEe and EC of fine
grained material.
Klea , K/Sr , KlBa , tES of Na sa~u.i:'ated exehange
rnaterial. , "
Mg/Ca , Sr/Ca , Ba/Ca, ÇES of Na saturated exehange
rnaterial.
CEC of original samples as given by different saturat1ng
cations.
Diagramatic cross-sec~10ns of micaceous v~ulite
showing K selectivity mainly in ~he wedge sites and of
muscovite showing K selectild.ty ..h:n';h in wedge sites and
o~ cleavage sur~

Key Word~u CLAY MINE. / CEe /

,DOLC
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EDWAF.DS (AoD)
An ion-exchange resin method for the determination of cation
exchange capacity.
Canadian Journal of Soil Science 47 - 140 - 1967 •
140 - 142 / S reL

/

A method using saturation by amonium ion from a cation
exchange resin (amoniu~ form) ~nstead of amonium salt i5
d~scribed. I~ i5 convenient for micro soil sampleso A
home-madesieving arrangement made from a side-are distil
lition flask is shown.

Method: 0.2 to O.S gr of sample i5 mixed wi~h ~m4-resin

in small glass vials (5 ml) and shaked 16 hours .. Resin i5
removed by sieving into a distillation flask with a proper
home-.:".ade adaptor. Separation of resi n and soil i,s achieved
by 25 ml of water if suction is applied to the mixture.
Steam distillation is carried out after addixion of sodiunl
chloride and mQgne~ium oxide. Titration of distilled amonia
is m~de by a 5ml microburette and 0.029 N acido

Tables :- Sieving arrangement for transferring saturated soil to steam
distillation flask \'Thile removing the cation exchange resin.

CEC values by three methods on five soils and soil p~opert.ies

(Ph, Clays Organic mat~er).

Precision~ Relat:l:;re s-l:.andard de-dation of 6 replicates is around 1% frorn
~8 ta 62 me/100 gr of CEe and 3% at 3 me/100 gr.

r·1a ter~.é:l.l 11:;:'5 i:::i.llation flask fH:ted with fil ter funnel and 80 mesh
stainless ste~l screem (removable}o

Chemicals: Sodium chloride 0 Magnesium oxide • Cation exchange resin
(40 mesh minimum size).

...

Key Words:CEC / RESIN / Em'JA
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FERNANDO (M .. J) , BURAU (R.G) & ARULANANDAN (K)
A new approach ta determination of cation exchange capacity.
Sail Sci. Soc. Am. J. 41- 818 - 1977.
818-820 / 8 ref.

Summary:

The CEC of artificial clay-sand mixture was rela~ed to
dielectric dispersion (i.e: the aifference between the dielec
tric constant of a soil sample at 3 and 75 megahertz respecti
vely). Different regression equai:d'Oml where found for kaolinite,
illite and montmorrillonite-enriched semples: The relationships
found were tested on natural soils and linear equation was
found though the slope was different, the différence being
attributed to organic matter, iron oxides and carbonates which
cement colloid particles decreasing the dielectric dispersion.

Tables ... 1. -; lec. dispersion of different types of silica-flour / clay
mixtures.

2. Effect of clay type on magnitude of dielectric dispersion.
3. Relationship between dielectric dispersion of CEC.
4. Composition and properties of studied soil samples.

Material: Radiofrequency bridge.

Chemicals: None

Key Words: ELEC / CEe / SOL /

FERN
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GARMAN (M) & HESSE (P.R)
Cation Exchange Capacity of Gypsic Soils.
Plant & Soil 42. - 1975.
477-480 / 1. ref.

.~ .

.,

Tables

~E.x!.

The method relies on saturation of exchange sit,,:; by
barium at pH8.1 • Barium is exchanged with magnesium using
a standard magnesium sulfate solution. The CEC is determined
by calculating the lOBs of Magnesium from the added standard
solution of magnesium sulfate. The method is appreciable for
soil containing up to 70% of gypsum providing sorne prec..3.utions:

1. A great excess of barium ions ~s used in satura
tion step.

2. EDTA titration of Magnesium ~s corrected for cal
cium.

It was demon~trated that 1): even an exceSB of barium
chloride does not dissolve aIl gypsumwhen present in quanti
ties super10r to 3% (overnight treatment). 2): pH 5.5 MgS04 '

, treatment .t:emoves barium sulfate coating and an apprec1able
amount of remaining gypsum is dissolved during the second step
of the procedure•

:- CEC (me/100 9 soil) of gypsic soil using the original and a
mod1f1.ed·'V~S'io~r· of the Bascomb's method.
Calcium content of final magnesium sulfate extract or'soils
during determination of cee by Bascomb's method.

Chemicals: Barium chloride • Magnesium sulfate. Solochrome dark l::ue •

Key Words~ GYPSUM / CEe / caCo~ 1
GARM
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GILTRAP (D.J)
Determination of cation exchange capacibJ of soils by indi
rect estimation of reference cation retention.
New Zealand Journal of Soil Science 15 - 2 - 1972 •
156 - 164/ 9 ref.

Sllmrn~y:

A one s'b:~p method for CEC com:iGtsin satllra{-:ing the so:1.1 with (OAc)2M
and mE:asuring 'Ï:he a.:i.fferenc(~ :l'.n r.:oncenl:rô·tion of ;~ before and afteJ:' ::a
t·,l.:ca·!:iono 'l'he wa3htr::.g step i:: :r.:.ot ne<..:essary prov.id.i.ng the soil sample i3
\'leighed before and after sa'curation to eS';:imate saI t reten·tion by capil
larity in the sample.. The precision of the method is usually poor since
only 1 to 5% of thG original concentration of M cation is adsorbed on
exchange sites. .

The author proposes to improve the precision by precipitating an equal
amount of M cation in bO'ch solutions before measuring M.

Method; 1. Calcium acetate:

Mix 19 soil with 5g silica sand, leach with 90 ml 0.0375 M calcium
acetate. Collect the leachate in a 100 ml volumetrie flask. Run a blank
with sand only.

To a 15 ml aliquot precipitate calcium by adding 15 ml of 0.035 M
calcium oxalate, centrifuge~ Ca is determined in this solution by flame
emission at 422 nm.

2. Barium acetate:

The same methcd muy be used with barium acetate (precipitated by urea
dichl::,or"r,a·(:F.'... Ba i8 ru~asured by Fe at. 487 rune

3 .. A th.:i.rd m€t.hod us:!.ng barium acetate / barium chloride mixture
is also de1:aiJ.cd , but was fOl..4nd Ul~acc,!~ytable.

TableG ·.. ~." Sorne proper.ties (PH, C%, clay %1 clay mineralogy), of .
seven so11 samples used. (AlI of them being acid soils).

2 0 Results of ca~ion exchange measurements by four different
me"l:hods (alTlonium acel::a te and the three proposed).

Precision: The pre~ision is limited by the reproductiuility of the volu
mes of precipita't.ing solution. The standard e.r:-ror for the CEe
by barium and calcium methods is 0.8 mmol / 100 gr correspon
ding to a coefficient of variation of about 5% as on soils
rangi!lg from 5 to 70 me/i00 g CEC.

Cl1emicals: ~\:.h2§ 1~ Calcium acetate , Amonium oxalate 0 Strontium
chlorldeo

Methoù 2: Barium acetate • Urea d~clrromate • Strontium
chlod_de,

Key vlords~ EC - CEe i GïLT
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HESSE (PaR)
Cation Exchange Capacity and Exch~ngeable Cations.
Methods of Soil Analysis. Euphrate Pilot Irrigation Project
1974.
11 - 13 ..

SUnL.!na.r.v ~- --....-

Methods using (1) sodium as saturating ion (with
washing by 95% ethanol and replacing by amonium
acetate), and (2) barium as saturating ion are pre
sentedo The sodium method is the conventional batch
centrifuge one. The barium method is the following:

!1,ethod:

To 19 soil add 20 ml iN barium chloride (büffered
to PH 801 by the same vol. of TEA.. Shake, centrifuge 0
Wash quickly with 40 ml water, centrifuge. Add 20.0ml
magnesium sulfate (6.2 gril) shake two hours, centri
fugeo Titrate Ca in the supernatant by EDTA.with erio
chrome black T as indlcator and (Ca + Mg) on another
aliqu.ota Calculate CEC from loss of Mg during saturationo

Chemicals: (Barium method only)

Triethanolamine .. Barium chloride .. Magnesium sulfate
hexahydrate • EDTA (dissodium) .. Er=ocbrome black T •
Soloch.rome àa.r:k blue .. Sodi.üm hydroxide .. Polyvinyl
alcohol.

Key Words: EC - CEC 1 HESS
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HOLMGREN (G.G.S) & NELSON (R.E)
A field procedure for base saturation using KCL - Triethanola
mine pH8.1 •
Soil Science Society of America Journal, Vol.41, 1977.
824-827/5 ref.

Summary:

The tGst for rapid measurement of base saturation uses
two syringes. The first contains 19r. soil sample the second
KCL-TEA leaching solution. Extractable acidity (1)is first
measured, then exchangeable calcium plus magnesium (2).Percent
base saturation is given by (2) x 100/ ( (t) + (2) ) •

Resul ts: The KCL - TEA extracted acidity is lower than
the BaCl2 - TEA labora tory procedure; The CEe given by the
field procedure closely approximates the N pH7 amonium acetate
values except for the spodic samples. The critical points for
applying correctly the method is the measuring of buffer solu
tion volume and the acid titration volume.The method allows
separation of Alfisols and Ultisols orders of the Soil Taxo
nomy.

Tables : - Figure of saturating device (syringe - bottle)
Field and labo exchangeable cations and base saturation data.

•

, Precision: Corr~lation of the percent base saturation by the proposed
method and NH40AC laboratory method was: r"" 0.99 slope 1.13
for 25 samples.

Material: Syringes - Field burette.

Chemicals: KCL - Triethanolamine - HCL - NaOH EDTA - Bromocresol
green ~ Ethanol - Eriochrome black T - NH4Cl - NH40H 0

Key Words: CEe

HOLM
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JUO (A. SoR) , AYANLAJA (S.A) & OGUNWALE (J.A)
An evaluation of cation exhhange capacity measurements
for soi1s in the tropics.
Commun. Soi~ Sci. & Plant Analysis ( 7 (8~ 1976.
751-761/ 13 ref.

.§l1.~a-sy}_

Three rnethods are te~ted on 16 B horizons-sample.3
of Ul tisols and Alfisols frorn nest Africa (pH 1/1 : 4• .5
to 6, clay %: 32 to 74 , NH40Ac - CEC :. 4 to 30). The
three rnethods gave different values of CEC : KCl - CEC ,
BaC12 - CEC , NH40Ac - CEC (in increasing order>.

The surface - charge properties of these highly
weathered woils containing Fe and Al oxides and hydro
xides, depends on pH and concentration of displacing
solution. Authors suggest to use the value of effective
CEC i.e: Surn of exchangeable cation (N NH40Ac) and ex
changeable acidity (N KCL). This value is more signi
ficânt and reproducible. The differences between the
methods of CEC is due to different pH of extracting
solution to washing technique and to acetate anion on
oxide surface.

Tables :- CEC of B horizon of 16 soils as deterrnined by three rnethods./
Effect on enion on CEC / Exchange acidity deterrnined by three
different rnethods / Observed and predicted values of base
saturation of soils.

Precision: NaOAc - NH40Ac method gave a CEC : 4 to 20 meq/100 gr.
Effective CEC as proposed gave CEC range : 2 to 13 meq/100 gr.

(BaC12-TEA acidi ty + NH40Ac exch.cations gave: 4 to 31 rneq/1C') gr.

Chernicals: Method 1:
Method 2:
Method 3:

Key Words: CEC

NaOAc - ETOH - NH40Ac ~

NH40Ac - BaC12 - Triethano!arnine •
KCL - NH40Ac - Chernicals for Al titration •

JUO
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MARCCSN (J.M) & LACROIX (J.p)
Mesure de la capacity d'echange cationique de la fraction
argileuse des sols par 85 Sr •
Annales de Gembloux 83 - 277 - 1977 •
277 -181/ 6 ref.

,8esume:

La CEe des ar;Jiles' es 1:: mesuree par scintillation
liquide e·t par spectrometrie gamma de radio strontiumo
La methode par analyse d'amplitude, permet de mesurer
la redioactivite du strontium directement sur le sol.

Mode operatoire:.

15 a 75 mg d'argiles sont saturees par 7 ml de
chlorure de strontium, G.1N (deux fois quatre
heures d'agitation) dopee a 85 Sr, 00 centrifrigc.
on lave avec 3 ml de methanol•.

On OQsure la radioactivite soit sur les surnageants
de centrifrigation successifs et sur les lavages
(par scintillateur liquide) soit a l'aide d'un
analyseur d'amplitude multicanaux'equipe d'une
sonde NaI de 8 x 8 cms.

"

Figures : Acti1ii'le du radiosb:ontium au cours des differentes
pl"la30.3 di equilibre avec la solution saturani:.e.

Precision:- La technique s'applique a des echantillons de 15 mg a 8g.
La CEe d'une montmorillonite est mesuree a 10% pres a,
u5 me /100 g.

1-1ateriel: s'\nalyaeur d' a~plituùo NnI ....

Produits: Chlorure de strontium • Chlorure de strontium radioactif.

Mots Cles: CEC / MINERALOGIE / RADIO / MARC
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M~e LEOD (S) & ZARCINAS (B)
The determlnation of amonium and ~hloride by an autoanalyser
for. the measurement of cation ~xchange capacity of 60ils.
Communicati01n in 80il Science and Plant Analysis 7 - 8 - 1976 ..
743 - 750 /8 ref.

A continuoue flow colorime'!::rie method ls developped for ~,he

simul taneous d~t,e,\Ii,inal;,ion of ûtnonium aJ:l.d chloride from amo:'·;.U!i1
chloride used to Eùtm:ate 'l::hc exchangeable complex of soils,.

MethQQ~ - Salts are removed by a glycol-ethanol wash.
- Soil is Sàturated with 1N amonium chloride PH 8,5

in 60% ethanol. Amonium adsorbed i3 replaced by a
mixture of calcium nitrate / potassium nitrate
(0.25 M/ 1.5 M) •

i '

, .,, ..

, l",

,.

i

1 ~,
j

Colorimetry: Amonium is determiried by Berthelot's sodium
pheoate - hypochlorite reaction and chloride by mercury (II)
thiocyanate, ferric ions bein~ provided by a' ferric nitrate
solution.
Diagrams (shown here separately) are:

1. Sarriplë (1.6) 1 air (3.4) /water (1.6) / single 'mix:i.ng coil/
iron (III) nitrate 20 gril in nitric acid (1.6) / singe mixj '1g
coil/ (II)thiocyanate 0.8 gril (1.6) / single mixing coil/
colorimeter 480 nm / repump to waste, 2.9 / •

:2. "Sa'mpJ,è (1.2) / air (3~9) / EDTA (disodiùm) M/60 (3 .. 9) / Godiu'-,
"phenal:('), ~,24.'0rl·s·ingle mixing co'11,/ sodium hypochlorite (3 <;(,

1freè 'ch16rine) ,.( 2~O) / s:Ll'Î.gle mixing coil '/ b~th 950C (20 fer t) /
'co6l'irig èè.tl· Ji colorimêtèr. 620 nm /; repump to waste (2 .. 9) / •
'of' 1 • •• 1 •

. êor;;"ect:t~~ for free àmonia used to adjust the PH of sab
rat.i:'lg solut:ion to 8.5 i5 made by applYing a constan\: corn c

, :"b±on ,fàctor to amciniutn résülts whem hiigh re'l:ention of satUJ "'
'~'ël:/lg i:kÙuf~,bli, ,is ,suspe2ted;C'i:lwelling clays). Analysis of v; 
,.t'lande 'w~s',rnildè'oÏï.23 t ~611'··sê.mples·.': Thè resul ts for manual

""a~'d,ëtulbrfii:i:tl;é;'\f~tetrtilii~t::tofi :bi :'chloridewas' the same o Stànr'Grd
:. ,': • 1.. . , . 't .' . _ _ ~.' ,.~: : .• ". "" , . ..... ; ...... . .

, deviatio"tf,èf~,àmoniu.rii 'dètèrridriâtion wâs higher' 'blnan in manu;'.l

, • 0" '~';~~~isio~i,!~:~itfl~;~:~::d~~J~~;,:}~l~~~Lf~Lland 0.7% at 15 me";
1," ' '100 gi":'levél 'of, chI"cifidè."'· "

;''';':'c~;triictUss GlY~~i},.: Eth~n'oi - • 'S~di~Ii\'hypo~hlori te .. Phenol sodium hydro
xyde '~' EDTA (disodiurri) 'Mercury (II) 0 Thiocyanate • Iron (. LI)
'nitra·te .. Amonium chloride • Calcium nitrate. Potassium
'nitrate.

Key- WordSI éHLORIDE l AMONIUM / AU'IbANALYSE / est / MAeL

~~. . / .....
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MOLODSTOV (V.A) & IGNATOVA (V.P)
Determination of the composition of adsorbed bases in Saline Soils.
Soviet Soil Science 3-1976.
364-367 / 3 ref.

Sunnna:ry:

It is proposed to determine exchangeable cations of saline
soils, especially those with sulfate and chloride salinization aft~r

dissolving the salts in wa~er (20 to 40% water/soil ratio) and whas
ing them out by 70% ethanol; up to 10% by weight of soluble salts in
soil ~y be eliminated. Data are presented on 15 samples with 0.6 to
3% water soluble salts, 0 to 30% ~/psum and 5 to 12% carboantes.

Method: Wet 5gr of'soil to field capacity,leave overnight.
Add 10-15ml 70% ethanol mix, centrifuge. Repeat until no sulfate is
detected in washings. Add 25ml of O.IN NH4Cl in 70% alcohol, mix,
allow to stand 1 hour, centrifuge. Repeat three times, collect su?er
natant in a porcelain dish, evaporate, dissolve in water. Determine
Ca, Mg, K and Na.

The method is tested on a chloridic-sulfatic solonchak a:...,~ a>"
sierozem with sulfate salinization. In none of the soil s~mples soluble
calcium was found in the 70% alcohol extracts. Sulfate of sodium and
magnesium were not removed.by washing out with alcohol alone.

Tables - Composition of adsorbed bases in meq/l00g after removal of sol~Jle

salts with water alone, with alcohol alone according to theproposed
method.

- Content of ions in 70% alcohol solutions and composition of exchan
geable cations as a function of the degree of wetting before analysis
(for 20% and 40% water/soil ratio).

- Sodium content in various extractsand soil solutions.
- Content of ions in extracts and soil solution (1/5 water extracts:

70% alcohol extract after wetting; soil solution).

Chemicals: Ethanol - Amonium chloride.

Key Words: EC-CEC / SALINITY / SODIUM /
HaLO
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~ OKAZAKI, SMITH (H .. V) & MOODIE (C.D)
Sorne problems in interpreting cation exchange capacity data.
Soil Science 3 - 97 - 1964.
202 - 208/9 ref.

Surnmary 1.
The effect of washing :::;tep durlng CEe measurement is discussed.. The

effect of washing out excess saturating cation is found to be the most
:i.mport.anJc source of error, ...Litho...rt regard to change of index cation used
in satu.r-ati:ng solutiono

The value of CEC is not affected by the choice of divalent (Ba in a
mixture barium acetate 1 barium chloride) or monovalent (Na in a mixture
of acetate and chloride also) saturating iong

It is also demonstrated that the number of washings necessary to
remove excess saturating solution without 105s by hydrolysis varies from
sample to sample.

The batch technique~ which involve mixing sa~ple with saturating solu
tion and centrifuging is reconsidered as far as washing step., which
necessitates complete resuspension of soil material is concerned. Diffi
culties were encountered with Ba saturated sample. Resuspension problems
may lead to results di:fferring from those ob.tained by 1eaching.

Control of washing step by use of a tracer anion, as chloride (in non
saline samp1es) is not free of errors, and control by 1imiting the nurn
ber of washings ls not applicable to all samp1es.

Tables :~ Identification of four samples (mineralogy) choosed for
experimen':; •
Effect of washing number on apparant CEC of samples.
Effect of cen·i:rifu.ging and leach:lng techniques on apparent
CEC as measured by Ba and Na saturating cations respectively.
Effecl: of ex-l:ent of sho.king during washing for achieving
resuspension of samp1es (batch technique) used for experiment)
mostly kaolinic.

Material: Clay t~pe had a CEC varying from 4 to 15 me/100 9 (four soi1
samp1es) ..

Equipment: Centrifuge 0 Leaching columns 0

Products: Sodium and Barium salts as chloride and àcet&W .. Ethanol •

Key Words: CEC
oKAZ
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Summary

: .OSTER (J.D) & SHAINBERG (1)
Exchangeable cation hydrolysis and soil weathering as affe=ted
by exchangeable sodium.
Soil Science Soaiety of America Journal, 43 - (t) - t979.
70 - 75 / 14 ref.

....
Exchang~able and cristalline cations are released from soil

mineraIs as a result of hydrolysis and weatherïng.Rates of hydrolysis
qnd the resultant changes in the cation exchange composition of three
lime free arid zones so11s as affected by diffectent values of exchan
geable Na .are si:wii.-e.d..

Methods •..
Lime was removed by iN NaCl/HCL at constant pH4 to 5; (Con~

tact time 24 to 72 hours). Then soils were equilibrated with solutions
having a S.A.R. of 5,20 and "infinite" (chloride of Na, 'Mg, Ca). PH and
Electric Conductivity were measured during the equilibration period
(7to 14 days). T~e initialCEC was measured by Na-NH40AC rnethod and EC
by NH40AC pH7.

Results

The conductan~e of aqueous suspensions plotted versus ·the
square roo~ of tirne exhibited two linear segments. Authors conclud~

that the release of Ca, Mg, K from silicate mineraIs is more rapid
than the hydrolysis of exchangeable Na and Ca for ~he three 'soils ..
considered. The removal of CaC0

3
was suspected to produce intermediate

products controlling release of Ca, Mg, K. The rate of exchangeable .
Ca hydrolysis and release fromsilicate materials was sufiicient ~o

saturate the solution with respect to lime for the calcic haploxeralf
soil.

Tables :- General properties of soils (CEe. CaC0
3

• Clay. Silt-elay
mineraIs>.
EC composition before and after the treatments.
Relation between specifie conductance and time for aqueous
suspensions of three soils.
Total initial and final EC and changes in exchange ion com
position.

Material AA Spectrophotometer (for Ca, Mg, Na, K) • Chloride titri
meter. ( for Cl) Potentiometric titrai:o.r • (for carbonates
and bicarbonates) Centrifuge •

Key Words: CEe / SALINITY /SODIUM / LABIL /
QSTE
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PELLOUX (P)
Methodes. de determination des cations echangeables, d9 la
capacite d1echange dans les sols courants calcaires ou' non,
mais ni sales, ni gypseux.
Service des Sols, ORSTOM 1963 •
55 pages 1 7 ref.

J

Resume~

U:le m,ychode perm~t.tant la determination de la capacit.e
d! echange àe::: sols IJeu calc::.:trf~s utilisant le calcium comme
ion saturant et le chlore COlMle ion traceur est decrite.Les
risques d~hydrolyse sont evites en eliminant 11etape de lavage.

~~

Percoler 10 g de terre par 500 ml de chlorure de calcium
tampoZ"'.ne a PH 7 par de la triethanolamine, puis par 150 ml- de
chlorure de calcium N/10. On deplace le calcium par 500 ml de
nitrate de potassium N. On dose dans le percolat Ca e~ lla~on

Cl qui permet d'evaluer l'exces de chlorure de calcium retenu
par capillarite. On titre les carbonates et bicarbonates par
acidimetrie pour cormaitre la quantite de calcium dissoute par
le'reactif utilise. On peut egalement doser dans l 1extrait au
chlorure de calcium, le sodium et le potassium echangeable.

Le 'calcium est dose par colorimetrie en flux continu (BRION)
par le mO.Ltage:

(Echantillon (0.23) 1 Air (0.32) 1) t l (Tampon diethylamine
(1 .. 2) 1 CresqJ.phtale:!.ne 0.,05% â.~.na HCL Oo25N (0 .. 32) 1 Agita
taur magnetique Il Bobine melange 10 tours / Colorimetrie
'15 Ial.'n , 570 nm.,

Figures :- 2ch~ma de monta~e des colonnes de percolation•
.s~/.)teme de p(:.l·colation automatique.

Prodt;i"ts: Ct.J.orure de calciu:n • Trie·thanolamine • Nitrate de potassium •
Helianthine acide chlorhydrique. Diethylamine • Gamme de
potaoslurn.

Mots Cles : EC - CEC 1 C.!lLCIUM 1 AUTOANALYSE 1 PELL
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PAPANICOLAOU (E.P)
Determination of Cation Exchange Capacity of Caicareous Soils
and their percent base saturation.
Soil Science 2 - 121- 1976.
65 - 72 / 19 ref.

Surnmaryl.

Soil is saturated by CaC12 solu·::ion using mixing-centri.f'u
ging tech~iqu9-c Ad"orbed Ca is removed, with excess calcium
chloride by sodium or potassium nitrate (eigrl't times). Cation
exchange capacity is expressed as total (Ca + Mg) minus total
(chlori.de + carbonate + bicarbonate). Hydrolysis of adsorbed
calcium is limited by choosing a washing solution 5 meq/l and
washing only once.

Chloride of Na, K, Cs used as replacing solution instead
of sodi ' 1m nitrate gives the same results; though the benerit
of having chloride as index ion ls lOst.

The paper investigates also the percent base saturation
which is difficult to determine in calcareous soils.

E~hangeable Ca, Mg are measured in various extractants
(chlorides of lithium, sodium, potassium, amonium) correc
tion is made for dissolved carbonates and bicarbonates.
Lithium chloride and amonium chloride are found unsuitable
as replacing solutions, the first because it does not
achieve complete replacement, the second because it insta
bel gives carbonateso

Exchangeable K and Na are determined in iN PH 7 amonium
acet:ate"

Tables :- CEe of calcareous soil samples using saturation by calcium
cl',] orièe and removal by chlorides of Na, K, Cs, and nitrates
of K, Na, Mg. Comparison with isotopie dilution 133 Ba, and
amonium acetate saturation is also included in the same table.

Effect of various extractants and difrerent numbers of lea
chings in carbonate dissolution.

Chemicals: Calcium chloride • Sodium or potassium nitrate • Sodium and
potassium nitrateo

Key Words: CEC / CALC. CARBONATE / PAPA
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POLEMIO (M) & RHOAD~S (J.D)
Determining Cation Exchange Capacity : A new procedure for calca
reous and gypsiferous soils.
Soil Science Society of America" Journal 41-3-1977.
523-528 / 23 ref.

Summary:

A two steps method for CEC is presented:

First step: 4-5 gm of soil is treated by successive equili
brations with 33 ml increments of O.4N NaOAC - O.IN NaCl solJtion
(àt pH8.2 in 60% ethanol) to obtain saturation of cation exchange
sites.

The second step is the saturation with three 33 rul increments
of IN MgN03 (pH7). Chloride is used as index cation sa that the so
luble sodium may be counted for. Lower CEC values wer_ .. ·.~ain2d with
the developed method, as compared with amonium acetate ~ethoù (Bower).

As there is no absolute reference ~ethod for CEC, the values
were correlated with saturatic~ percentage and air-dry water co~tent.

The method is proposed for calcareous and gypsiferous soils, though
it necessitates a preli~llnary washing out of soluble chlorides.

Tables - Properties of soils and CEC as determined by the Bower & Al (1952)
and the newly de~eloped method.

- Relation between, GEC ·and air-dry water content of:.soils.

- Comparison of CEC ~f soi1s as determined by the new and Bower
methods.

Material AA Spectrophotometer - Centrifuge •

Chemiéals: Ethanol. NaOAC • NaCl • MgN0
3

•

.. Key Words: CEC 1 CALC. CARBONATE 1 GYPSill-f 1
POLE
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PRATT (PaF) & GROVER (BoL)

Monovalent - Divaleni: Cation Exchange Equilibria in Soils
in relation to organic matter and type of clay.
Sail Science Society of America Proceedings. 26 -1- 1964
32 - 35/11 :cef.

Surnmarv:...,....... __.-u."l:..IILI..,..... _

The cation ezchë).!l~fe ezqu.:Uibria. Na - Ca~ Li. - Ca, Mg - Ca~

lons pë\irs WR::; ;:;t.udl<.-,l on 10 slighJ;;ly ae:i.cl sol.1s i.n relation
to clay type (mosi.:ly mon-i:rnod.llo!:'.ite and il11te \'li t:h ahTays
sorne kaolj.nite) bui: a1so amorphous materiul. The purpose was
to find agreement between the double - layer equation and ex
perimental data i:hrough a correction factor to be applied to
surface change density.

Correction factor are given as well as ratio of Na ddsor
bed to Ca adsorbed whE!n soils were equilibrated with solutions
having il (Na) / (Ca)~ ratio equal to '100, <ConeentrationsC:"_>
expressed in millimoles). Soil were equilibrated with solutions
buffered at ~H 7. At this SAR organic matter free solls with
mlJl~tmorillonite and illj.te as dominartt ela.ys had ratio Na / Ca
(adsorbed) of 1,66 to t!94. Equation relating exchangeable
sodium percentage and SAR fit better soils poor in organic mat
ter. Two different regression equations maybe 'calculated (i)
for montmorillonite - illite and (ii) for kaolinite and / or
amorphcus clays solls.

: - C)~C , c1on~.n.<:!.nt minerals in ·the fine clay, clay conten'c, and
pat'en'!: ma-cer:Lal for 10 sail samples used in cation exchange
~au.i.J.ibl:ia measurements 0

R.":la. t::~(m l:ieb"';?"211 ratio of mono to divalent cation adsorption
in 'i:Il-3 solid phase and in. the liquid phase 3 ion pairs for
(~êoZn oi 4· 50"'... ls ..

+. ++
r~ .-·).~'U,Gn bt~ t·,'~l0.en 111 / 1'1 adsorbed and surface change dens:~.ty
for 10 soils for each of 3 ion pairs~

Na / Ca adsorhed rado form solutions having a SAR equal
ta 1000
Relation beb-ieen Na / Ca (adsorbed) ëlnd Na / (Ca)~ in solution
for soil treated and untreated with sodi~~ peroxide.

..

Chemicals: Not mentiûned.

Key Words: EC - CEC / CLAY MIN~RALS / PRAT
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RHOADES (J.D) & KRUEGER (D.B)
Extraction of cations from silicate minerals during the
determination of exchangeable cations in soils.
Soi1 Science Society of America Proceedings Vol.32, 1.968.
488-492/ 21 ref.

.ê.umrnary:

The release of Ca, Mg, Na by si2icate minerals during
the process of Ee determination by 1N, neutral, amonium ace
tate was investigated on 15 standard minerals cornrilonly found
in arid zones. The CEC was determined by three methods namely:
1): NaOAC-ethanol-NH40AC. 2):' NaOAC-ETOH-Mg(OAC)2. 3): ra
dioactive Na. The samples being contami~ated by carbonate,
correction for dissolved calcite and/or magnesi te is pre.;ented.
The extent of cation extraction for the mineral type was:
'ortho-silicate, pyroxene, feldspathoid, amphiboles, plagio
clase feldspars, K feldspars and the proportion of extracted
cations was Ca, Mg, Na, K (both sequences in decreasing urder
of importance). . ,

eonclusi~ Determination of exchangeablè sodium may
be subject to errors under special condition (zeolitic, con
taining soils, pH above 9••• ). The problem of exchangeabl~ Ca
and Mg,is more general and the release of these cations f~om

minera1s is a constant problem in the analysis of soils of
arid zones.

Tables : 1.-2 Contaminatipn of samples with carbonate (type, amount)
3-4-5: Cations extracted in neutral NH40AC and in neutral

NaOAC <with and without correction for dissolved car
bonates), and water.

6-7 :. Apparent exchangeable cations and apparent CEe of the
silicate mineraIs.

Chemi~als: Amonium acetate • Sodium acetate • Magnesium sulfate • Ethan02
(excluding chemicals used in art1ficial sample p~eparation)•

. Key Words: ECEC / LABIL / CALC. SOILS / SALINITY /

RHOA
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ROUTSON (R.C) , WILDUNG (RoE) & SERNE (RoJ)
A co1umn cation exchn~ge capacity procedure for. low
exchange capacity sands o

Soil Science 115 - 2 - 1972.
107 - "1"12 /"1"1 ref.

~he procedurE": (:()n~'i5{:f'; of sab.1;:'iJ.i.:;i;:~q 0,,5 t:o 2~59,t' o:f soi1
'Id. 1:"h 8. mixt:;:lrQ oF ::;·tl:'o·,,;c.i1.ll'a c.h:J.o;~ide and Rceta-t.3 (:m ln Sr),
)"l'l~)':l Lv 0 0-1"T / 0 ''\''r;T of .;.!-..~ .,.~,...,t:: .... ·.x{··· ..e· .L.~~C'''(·1 \''; :'1" '-)000'-" .. t"... ,.'l, .I (;, ..:.. (J v~ '1 1.1 ..~ ':'r:'.1\"": h~...L. • _U.L ~ l-'.. 0. ~. V.L.'........

cpm/m1 of radi.o strontiuITl. ï;;x~ess eoluJdon is removed by
vacuum, the ~mple is washed by methano1 - polye1ectro1yte
mixture. Concentration of Sr ls rneasured in 'lhe final equi·o

libration solution by AAS at 460,7 mn and 85 - s';;.r'ontium
actj,vH:y j.s deb=rmined by a gamma _. ana1y~er fi tted wlth a
8 em Nal \<1e11 crystal into which the soi1 column may be
fi·tt.ed direct1yo

The procedure ls tested on ca1careous 3andy samp1es
("1 ·to 26% ca1<:ium carbonate ; 1 to 5% clay) wi th CEe t:lveraging

4 me /100 gr o

A!.Jplication: CEC for sandy soi1s around 4 me / "100 gr.

Tables

f1a.terial

Chemica1s

Key Words

·o

··

P.i:'oper'l:ies of four soil sampJ.es used in experiments (PH-
clay - sil +..: - calcium c·3.rbonate) ..
I11.'.u:-crat::i.on of ccJ.œ'1rl ~;·~·::;i:em..
IJ)~é'.E".l,:~d gam!ï.a activity .:L~l 1eaching column ..
F.;q~.1iJj.bra. tio:1 of sail ·...i-th 85 Sr as related to 1eaching
vo:Lume for san.ds, bE~ntonite, kaolin and hurnic acid
(50 rnic.1:.'ograrns each) ..
lVleasured CEe as a function of the volume of wash solution..
Cü~pari30n cf p~0posed p~oced~re with non washingprocedureo

AA Spectxophotometer • Gamma counting equipment •

Radio strontium chloride • Stronti\.1!n acetate .. Stront:lum
ch10ride .. Non i.o~1ic polye1ectro1y-ce (r1agnif1oc 905) •
!...scarite •

CSC / CARBONATES / P~_DIO /
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RUELLAN (A) & DELETANG (J)
Les phenomenes d'echange de cations et d'anions dans,les so~s.

ORSTOM. Initiations et Doc. Technique No.S, 1967.
123 page.s / 330 ref.

Resume:

Lesphendmenes d'echange dans les sols sont analysés en
cinq parties: 1): theorie de la capacite d'echange, facteurs
agissant sur l'echangeabilite des cations. 2): comportement
particulier de Al, Fe, Mg, l'acidite du sol. 3): lois'reagis
sant l'echange des cations, lois qualitatives, lois quantita
tives. 4): echanges des antons, cause~ et principaux facteurs,
mesure de ~a capacite d'echange en anion. 5): methodes d'ana
lyse du complexe absorbant cette cinqq1eme partie est diviseé
en deux: a) determinatipn des cations echangeables: sols neu
tres, sols calcaires, sols sales, sols gypseux. b) determina
tion de la capacite d'echa~ge: cas general (theorie et pratique,
sols calcaires, sols gypseux.

Outre toutes les techniques qui sont passees en revue,
l'article contient quelques remarques relatives aux choix d'une
methode de mesure de la capacite d'eohange qui prennent en
compte differents parametres du sol: ~e pH a utiliser, la va
lence des ions saturants en fonction de la nature de l'argile
predominante, la matiereorganique, les sols a allophanes; la
bibliographie" comprend 330 refe.rences.

Figures : 37 figures touchant touB~les aspects du probleme.

Mots Cles: EC - c.Ee / ARGILES 1

RUEL
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SAYEGH (A.H) , KHAN (N.A) , KHAN (p) & RYAN (J)
Factor affecting gypsum and cation exchange capacity deter
mination in gypsiferous solls.
Soil Science 125 - 5 - 1978.
294 - 300 / 15 ref.

Tables

St1..1'!lmary:

The effect of soil fineness, and soil!water ratio on gypsum
and soluble salts d2terminations was investigated in al first
part of the paper. In a second part1 pretreayment of soil s~ple

prior to determination of cation exchange capacity by sodium
acetate / amonium acetate method isshown and a procedure for
CEC determlnation in so11s containing gypsum ie propased.

Results: Dissolution of gypsum increased with 5011 fineness
from 5% to 12% at 1/500 soil/water ratio and for particle size
2 m/m dL wn to 50 microns. At fi~ed soil water ratio C1/ 100)
solubility increased from 4% ta 7% with soilfineness.

For cation exchange capacity satisfactory results were obtai
ned only when gypsum was removed or complexed~ Prior to CEC
procedure, without regard to procedure used. When the soil
(100 microns) was pretreated by shakingwith a solution of
sodium oxalate during two days, an acceptable value of CEe was
found by the conventional sodium acetate,isopropanol/amonium
acetate rnethad.

:- Distribution of total gypsu~ in soil profiles.
Effect of soil/water ratio and partiele si~e on total gypsum
and soluble (Ca + Mg) ..
CEC values as determined by various procedures with and
w:1.t:hout pretreatrnent (1 day of shaking).
CEC as affected by variable time of pretreatment with diffe
.::ent .ceagents (1 to (j 'days trea±.ment).

Mater1al·: Centrifuge. Shaker •

Chemicals:~ (For the recommended method only)
Arnonium acetate • Sodium oxalate • Isopropanol • Sodium
acetate • Acetone • ETPA (or EDTA) D

Kf..y Words: CEC / GYPSUM / SaIL - SALTS / PRETREATMENT /
ECHANGEABLE / SAYE
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2619-8/ c-47-52-59. 80

SHIELDS (L.G) & MEYER (M.W)
Carbonate clay: MeaSDBement and rela~ionship to clay distribu
tion and cation exchange c~pacity.

Soil Sei. Soc. Am. Proc. 3, 28 - 1964.
416-419/6 ref.

Surnmary:

The clay~sized carbonate of soil is calculatedby
measuring the loss of CO2 from an aliquot of the clay
suspension.

Method: To an aliquot of clay suspension 6N HCL is
added. The lOBS of weight i5 measured. The values obtainEd
may be corrected for any Na2C03 present in the dispersing
solution. Kœ1Çh~ four samples vere studied, six of them
only had a clay-sized carbonate exceeding two-third of th~

total. Five kinds of possible clay percentage calculation~

for calcareous rnaterials were discussed: 1) total clay c~l

culated percentage. 2) clay-sized carbonate. 3-4) ~e'

clay as a percentage of total soiland carbonate free soil.
5) rneasured true clay as a percentage of soil after removal
of carbonates by NaOAC treatrnent.

CEC of 28 6amples (CaC03% 10 te 25), as rneasured after
removal of carbonates by NaOAc pHS and CEC c~lculated on a
carbonate~free soil basis were nearly equal showing that clay
sized carbonate has no exchange capacity.

1 Tot. carbonate vs clay-sized darbonate for 84 soil
s~mples.

2-3-4: Clay depth distribution curve for total clpy and non
carbonate clay / different 'k.1n!ÙI of clay percentages /
CEC and carbonate values of a prcriles containing 8
horizons / •

Key Wordsl Caco3 /CLAY / CEC / PA.RTI'CLE SIZE /

SHIE
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SMART (R. ST. C) , THOMAS (A.D) & DROVER CD.P)
selective ion electrode measurements of chloride concentrations
in the determination of cation exchange capacities of soils.
Communication in Soil Science and Plant Analysis 5-1-1974.
1-11/5 ref.

Tables

Summary:...
Comparison of two procedures for the determination of chloride

ion.~. The first metl10d was electrometric titration using a qui
riydrone silver~·silver chloridc electrodes·and silver nitrate as
titrant. The second mcthod.used an Cl selective ion electrode

. connected to an PH-ion meter calibratedaga1nst standards of
known chloride ion concentration (1, 10 and mM in equimolar 50

d1~ chloride, sodium sulfate solution O.5M solutio~).

The possibility of applying the method to 'measurernent of CEe
in soi1s \lsing amonium chlori~e was invesUgated.

Method: For CEe determination, sail was leached with 1N arnonium
chloride, fixed amonium was displaced by 0.5M sodium sulfate.
CEC is proportiona1 to ambnium ion in sodium sulfate provided
excess amonium is corrected for by measuring chloride as index
ion the method is not suitable for saline soils. Soil samples
investigatedhad PHS to 6.6. Interference of amonia was shown.
calibration of electrode with amoniumchloride instead of sodium
chloride reduced amonia interference to 5% at amonium concentra~

tion less than 20 millimoles. Application of systematic activity
coeficlent (0.75) for index chloride ion inextracts gave results
withl.n t. .,% in all cases. .

: Cornpa~icon of Ion Selective Electrode and titration method
for 22 CEC leachates.

Material: 1. ,!±tralli2..me-::hoct. Quinhydrone electrode • Silver-silver
.ahJ.oride electrode • Null point galvanometer (or poten
tiometric recorder).

2 D Selective electrode: Ch~oride selective electrode •
PH-ior.meter • -

Chemicals: E~hanol. Amonium chloride. Amonia • Sodium sulfate • Sodium
chlor~de. Silver nitrate.

., Key Words: CHLORIDE / AMONIUM / CEe / .SQILS / ELEC / SMAR
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SMITH (H.W) , MOODIE (C.D) , OKAZAKI (Rose) & ELLSWORTH Norma
Hydrolysis and salt retention errors in conventional ca~:ion

exchange capacity procedures:. II.
Soil Science 102 - 2 - 1966.

Summary:

Salt removal and index-cation hydrolysis during CEe
measurement were studied with emphasis upon the effect of
washing liquide The reference method choosed was the measure
of the net charge (extractable index cation minus extrac.
anion) which is equal tc'CEC for the sample studies. Four
index cations (Na, Ca, NH4 , Ba) were used and gave good
agreement as for CEC values. Effect of washing was studied
with ETOH,95% MEOH,isopropanol, and distilled water. For
the sample studied, salt retention was the most dif~icult

problem to control, index cation hydrolysis was not serious
and loss of sample by dispersion was eliminated by high
speed centrifuging. Removal of NH40Ac, isopropanol was ina
dequate, methanol and ethanol were less efficient than water.
Two of the studied samples contained amorphous material as
major clay component, the third once was montmorillonitic.
All of them were neutral samples.·

Tables : 1-2 Properties of samples. CEC (net charge) determin,~d

with different index cations on three soils (CEC 10,
14, 99 meq/100 gr respectively).

3-4-5: Apparent CEe of s'amples vs extent and technique of
washing. .

6 CEC determined by several washing procedure vs refe
rence CEC.

7-8-9: Efrect of isopropanol washing.

Chemicals:' NaOAC. NH
4

0AC • NH4Cl .• Isopropanol • Ethanol • Metha~ol •

'f'

t Key Words: 'CEe

SMIT
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Soil Survey Laboratory rnethods and procedures for collecting
soil sarnples.
USDA - Soil Conservation Service, Soil Survey Investigation
Dep. No.1, 1972.
22-35 / 4 ref.

~urnmary:

Three procedures for cation exchange capacity
(CEC) are described: a) NH40Ac pH7 , washing with 95%
ETOH direct distillation of arnonia; this rnethod is··· Le.

suitable for exchangeables cations CEC) and CEC.
b) NaOAc pHS.2 , washing w±tQ 95% ETOH, replacement
by NH40Ac. CEC is diri:atl-y '''C'a:l.ctd..l:ttèd' 'froID. the , ..
quantity of Na replaced. c) BaC12 - triethanolamine
pHS.2, washing with rnethanol, replacement by MgCN03)2
solution. This method gives extractable aeidity and
CEC. Extractable bases are presurned to be equal to
the exchangeable »ases if the sample does net eontain
soluble salts. If it does, the arnount of soluble salts
is calculated from the saturation extract; except in
the case of soils containing carbonates.

Chemieals: Method a)

Method b)
Method c)

Amonia • Aeetie acid • ETOH Neesler's reag••
Borie aeid • Methylene blue • Bremoeresol
green • H2SO4 •
ETOH • Aeetic acid • Sodium hydroxide • Amonia •
MeOH ~ Barium chloride • Triethanolamine 0

M~gnesium nitrate •

'!" Key Words: EC - CEC /

SOIL
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TUCKER (BoM)
Laboratory procedures for cation exchange measurements.of
soils.
CSIRO Div. of Soil, Tech•. Paper No.23, ~974.

~-46 / 25 ref.

Summaru

The paper gives full details on Ee extraction anè CEC
estimationafter removal of soluble salts. The procedur8 is
essentially the' following:

Soluble saI ts are removed by an ethylene-glycol/ ethanol mix
ture (prealably passed though mixed-bed resin to remove ions).
Basic exchangeable cations are extracted by pH 8.5 NH;Cl/60%
ETOH. _ -
CEC replacement step is made by a ~5% KN03' 6% Ca(N03)2.4H2o
solution.

Equipment is reviewed for laaching procedure and extrac
tion-centrifuge method as we~l. A. so called flaming solution
~s used in AAS to eliminate interferences in Ca and Mg deter
mination. Removal of soluble ions, alternativè reagent fo+
displacing amonium' and AAS interferences are reviewed.

Tables :- ~4 tables covering results of each analytical parameter invol
ved in the described procedures.
Description of extracting machine and leaching device~

Material: AA Spectrophotometer • Leaching equipment • Soil shaker •
Extractor •

. Chemicals: 1-2 ethanediol • ETOH • Mixed-bed ion exchange resin • NH4Cl •
KN03 • Ca{ N03) 4H20 • Formaldehyde • Methanol • Acetone 0

Flaming solution: LiCl. Tween 80 • Isopropanol • Perctloric
acid • Urea ~

, Key Words: CEC / SALINITY / AAS-PRECISION /

TUCK




