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INTRODUCTION 

Anion retention by soil was first discussed by Mattson 

in 1927. Since his work, only a small amount of interest 

has been shown in this field until recently. Most of the 

investigations have been concerned with the retention of 

phosphate. Some properties of soils related to anion reten-

tion have been shown experiln~ntally. Soils with high iron 

content, and high clay content but low organic matter con-

tent and low cation exchange capacity exhibit higher anion 

retention. Anion retention has been found to increase with 

decreasing pH, and to increase with increasing anion concen-

tration. Anions such as phosphate and sulfate are more 

strongly held by soils than are chloride and nitrate. Hence, 

the latter can be replaced by the former. 

Some workers have suggested tha.t the mechanism of anion 

retention is the same as that of cation adsorption on clay, 

owing to the amphoteric properties of clay. Others have re-

ported the simultaneous adsorption of both cation and anion, 

and referred to this as molecular or salt adsorption or 

electrolyte inbibition. Still another suggestion is that 

anions exchange with the hydroxyl groups dissociated from 

the aluminum or iron hydroxides of the soil. 

The importance of an und.erstanding of anion retention 

is evident because of its consequences: (l) anion retention 

will result a decrease of available soil nutrients and 
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leaching of the applied nutrients, thus affecting the up-

take of soil nutrients by plant roots and other related 

problems 1-n soil fertility. (2) It confus~s the m'9e,sure-

ment of cation exchange capacity by the methods now used 

by most so:i.l scieritists, and makes the cation exchange 

capacity an u..~certain quantity. (3) Changes due to the ad-

sorption and desorption of anior.s may cause changes of soil 

physical properties which di.rectly or indirectly influence 

plant growth. 

The objectives of this study were: (1) To use chroma-

tographic methods to study the effect of pH and the effect 

of anions themselves on the anion retention in an acid, red 

soil. {2) To investigate the effect of time of equilibration 

on anion retention by soil. (3) To arrive at a mechanism 

ror anion retention which would explain all the known f aets 

of the phenomenon. 
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LITERATURE REVIEW 

I. Effects of pH and Solute Concentrations on Anion 
RetentJ.oni 

In 1927 and 1931, Mattson first reported studies on 

anion ads<:>rpt1on bi soil colloidal materials of varying 

Si02/A1203 + Fe2o3 ratio. He found that in acid solution 

c1-, sot: and H2POi;' were adsorbed, whereas only phosphate 

ion was adsorbed from alkaline solution. The quantities ad-

sorbed decreased with a decrease 1n hydrogen concentration, 

which was a.scribed to a displacement of anions by the hydrox-

yl ions. When acid was added to the soil solution the effect 

was to reduce the net negative charge of the soil material. 

Th.us, Mattson pictured soil materials as possessing ampho-

teric properties, combining with an1on:3 as well as w 1th 

cations; the relative amounts of each depending upon the pH. 

Earlier than this, Miller (1924) found a marked decrease in 

sulfate adsorption by aluminum hydroxide at pH values greater 

than 5.5. He attributed this to the stronger coordination 

of the hydroxyl than the sulfate ion with aluminum. As the 

011 concentration increased• it replaced the sulfate from the 

basic aluminun1 sulfate precipitate. Kamp:rath et al. (1956) 

obtained the same sort of results while wcrking on the ad-

sorption of sulfa.te by soils; 1.e., the a.mount of sulfate 

adsorbed decreased as the pH of the soil suspension increased 

from ~ to 6. Ayres (l<)l+l) found while studying the sorption 

of potassium and ammonium by Hawatian soils, that a lowering 
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of ~H imparted a marked increase to the capacity of soils 

to retain sulfate. 

Davis (1935) showed the degree of sorption of phosphate 

by Havaiiar1 soils is a function of the hydroxyl ion concen-

tra tiot1 of the solution. In accordance with the Donnan 

Equilibrium, he developed a theoretical basis for this fact. 

l•lurphy (1939) observed that "ballmilled" kaolin was very 

effective in sorbing phosphate from solutions containing 

H2P~- ions and that sorption increased to a maximum pro-

gressively as the pH of the solution was decreased to pH 3.0. 

At pH values below 3.0, decomposition of the mineral prevent-

ed further fixation. This was proved by measuring the water 

formed by the interaction of phosphate with ballm.illed kaolin 

and halloysite, and from x-ray data obtained from the phos-

phated minerals. Sieling (1946) also round the sorption of1 

both phosphate ano arsenate ions increased markedly with in-

creasing acidity of the solution from pH ?.O to pH 3.3. This 

was in agreement With the previous work of Toth (1937) on 

adsorption of phosphate by soil colloids. Black (19~2) con-

cluded that the fixation of phosphate by replacement of the 

hydroxyl groups of kaolinite is dependent upon a number of 

factors which included the degree of subdivision of clay, the 

pH of the solution, the concentration of phosphate ions, and 

time of contact. 

Schofield (1939, 19'+6) found that the magnitude and some-

times even the sign of the charge the clay carries depend upon 
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the pU. Almost all the clays studied carried a negative 

charge at the ne1J.tra.1. point. The m!gative charge increased 

if the cl'.l!r was mo.de alltaline. These observations m::n)iJOI"t 

Mattson•s observations (1931). 

Recently, Berg t:md Thomas (1959) worked with soil 

~olu.mns, ad.ding salts from the to;J and eluting with water, 

They calct:Llated the amount o.f anions held in the soil colmm. 

Their r•'!S1.Jl ts showed th~t. tmder Inode:r·ately a.eid conditions 

(pfiit to pH6) chloride was not retained in soils against water 

washing, whereas s11lfate was retained. Berg (1960) conclud-

ed that the anions adsorbed by the Fe-kaolinite-complex from 

salt solution depended upon the anion, equilibrium concen-

tration, pH, aid amount of iron present. S1el1ng (1946) 

showed in his work on phosphate a.'1.d arsenate adsorption by 

kaolin, that the amount of either anion sorbed was dependent 

upon the reaction (pH) of the equilibriums olution and the 

initial concentration of the solution. Rovikovitch (1934) 
explained that a weak concentration of solution gave less 

adsorption of phosphoric acid than the exchange capacity of 

H-soil because the exchange between phosphoric acid ions and 

the anions of the soil complex was incomplete. As the con-

centration of phosphoric acid ion was increased, the anion 

exchange became complete. He observed the same adsorption 

in Ca-soil. Kurtz et al., (1946) plotted the amount of phcs-

phate adsorbed by the soils on a logarithmic scale against 

the logarithm of the concentration or phosphate remaining in 

solution and a straight line was obtained for a considerable 
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n.m.ge of concentr&ticn for all three different soil-solution 

l'atios. Karnprath et al. (1956) found the same correlution 

between tLe coiicentr&tion <.>f sulfate in solution, &l:..d t.he 

amount of sulfate adsorbed by soils. They also showed that 

the adsorption of sulfate by the Cecil soil at pH 4 :.:.n.d 5 
approac!1ed a maximum at a concentr::rtion of 400 ppm of sulfur 

in solution under the conditions studied. K1min (1958) 

studied the titration with acid of amborlite IRl+B resin, and 

found an inc1•ease in a.dsorptton at any fixed pH w1.th increas ... 

ing salt concentration when both dilute (O.Oll HCl) and 

concentrated (1.0.li HCl) acid were used for titration. SJ.t1i-

lar results were obtained for the titration with HN03 and 

H2S°4 in solutions of' KN03 and K2s'\. 

Mattson (192?, 1930, 1931) found that the adsorption 

of anions by soil colloidal material increased in the order 

c1-_z S(.\=< SiO)< H2POt;~ OH-. In 1923 1 Lichtenwalner had 

found the same results with aluminum and iron gels. He f'ou.nd 

that NO) underwent only slight adsorption. The order was 

No3..::. S~ .( H2 PC>i; and the absorbed nitrates were quickly washed 

out by H2o. '!'he sulfate was washed out less quickly, while 

the phosphate was held very persistently. Further, sulfate 

ions were shown to be completely replaced by phosphate ions 

in both gels. Kamprath et al. (1956) found that an increased 

concentration or phosphate in the solution reduced the amount 
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of sulfate adsorbed by soils. Only slightly more phosphate 

tha.n sulfate was adsorbed by Cecil soil when each was shaken 

separ,gtely with the scil in nearly equivalent concentrations, 

howev.2r. It was suggested that in Cecil soil, sulfate and 

phos~'hate were adsorbed by the same :meehanism. They showed 

that ~nlfate adsorption was completely stopped in al]. the 

soils studied by the presence of only 2/3 of the equivalent 

a:nount of phosphate compared to S'.llfate. ThLs is in agree-

ment with the previous work of Lichtenwalner (1923). Ensmin-

ger (19'.51+) reported that in field studies increasing amounts 

of superphosphate applied to a Cecil clay loam resulted in 

decreasing a:nounts of sulfnte being retained. This suggested 

that phosphate and s11lfate appa.r,~ntly compete for the same 

sites. 

Ayres (1~)41), and Ayre.s and Hagihara (195'3) studied the 

adsorption o:f potassium by some humic e.nd hydrol humic lato-

sols in Hawaii, and found the ability of the soils to retain 

potassiUi11 from KGl is Yery slight, from K2s~, considerable t 

and from various phosphates of potassimn, marked. Substan-

tial pereolation losses of pota.ssiu.in :f'ron these three salts 

started and ended in a succesPive series; 1.e., losses from 

KCl occurred before there was o.ny from K2S{\, etc. Kunin 

(1958) using the hydroxyl form of Amberlite IR4B resin to 

obtain acid titration curves, found the order of increasing 

adsorption at any fixed pH was HCl< HN03 ( 1128(\ <:: H3PC\• 

The order of regenerative power was Na.OH> Na2co3 > NBl;.OH. 
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cult to accomplish than that cf chloride salt. The extent 

of regeneration e.}!pe.rer..tly depended upc;n i.h~ pII of th€: t'e-

gener&nt. Sehcfielc ;;.nd S~w.:son (19531 showed th<:~t CJ .. and 

N03 - were httld t•athtr \~ealdy by kftolin1 te. F.ecent \'iOrk of 

Berg Emd 11'ho~1f;s (1959) also <'cnclrded U::.~t SC\+= W¢'.~S held 

.much ?l!{>re ti~iLtly 1:ha:.m wr.s c1-. Later Thoma~; (lS:EO) used a 

chrcnmtogrc._ph.y tEchnique tc study t:c.e effe:c:t of ttt!lectro-

lyte in:.bibitton" ty soils on their ~aticn exch.ange behsvior, 

and ctJlculsted s.nion distribution coefficients (Kd.). He 

found that these coeffie1.ents varied in the order Cl - = 
NOj ..( SO!;...( H2PC''4 on a kaoltn1 tic Ca-Lloyd soil wherea.$ only 

H2Pc;,; had a Kd ~.bove zero on the montmorillonitic Yolo soil. 

In 1956, Kemprath et al., studied some of the factors 

affecting sulfate adsorption using Cecil, White Store and 

"Nipe soils a.nd a H-Al bemtonite. They found th~t solls which 

contained relatively large amounts of h;o-layer type clay 

minerals adsorbed more sulfate than did soils containing pre-

dominantly three-layer clay minerals. Berg and Thomas (1959) 
concluded that a.nion adsorption occurred in soils whtch were 

h:tgh in kaolin clays and aluminum snd iron oxides. A soil 

dominated by 3-layer clays showed little or no attraction 

for c1· or sai+=· Early in Mattson•s work (192?, 1930), anion 
adsorption was related to oxides of iron and aluminum in soil 
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colloi.dal mrterials e.s compc\red 8102 content. Since kao-

1 ini te has a low~r Si02: Al2o3 ratio than does montmorillon-

i te, the observations eJs·3:isted ty X.-ray dtffr~ .. ction agr·~e 

with those done ~y totel chemical analyRis. 

Mattson (1927) and Toth (1937) concluded ttat the ad-

sor9tion of anions from solutio.n is 1;ro'ta1:·J.y ch.:tefly due to 

the iron oxide. Joffe and McLean (1927), :m the c;ther lu.md, 

found that sulfate and phosohat~ anions S\..l})ressed th13 solu-

bil:i.ty of Alumi.num. Ensminge:- (].CJ51t-) reported that de~.1ydra­

ted A12o3 adsorbed much more snlfB.te than any of the other 

materials studied. The lron m:l.n.,r<?.ls used adsorbed small 

amounts while the Davidson colltdd, kaolin:i te. and ta~xi te 

were interme(aate. L:iclltftnwalner (J.923) shewed tbc.t alumi-

num oxides adsorbed more sulfate than d:1.d iron oxider.. 

Coleman (1945) reported that ke.olini te ~.n.d montm.orilloni te 

were atle to fix only a sme.11 porti.on of the phosr1hat.e: ·wbich 

wa.s fixed before the free iron- and aluminum .... cxides were 

removed. This indi.csted that the free iron and alum:tnu.m, 

but not the clay minerals, were largely res~onsible for the 

fixation of phosphate. Toth (1937) found that the same thing 

hap·pened in Cecil colloid (12 .3% f'rae iron oxides). He rt!-

ported that removal of the free iron oxides caused a red··Jction 

of the adsorption of P205 from 0.370 to 0.25 me/gm. The re-

duction in a similarly-treated Sassafras was from 0.275 to 

0.125 me,lgm. He also found that the adsorption of sllici~tes 

and phosphates by the Col ts Neck and Cecil colloj.ds reduced 
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the free iron oxide content. The freeing of exchange sites 

in the two colloids was verified by determining the exchange 

capacity of these colloids before and after the removal of 

the free iron oxides. Black (1942) concluded that in Cecil 

clay the action of iron and aluminum was an important factor 

during the fixation at pH 5 to pH 7. Heck (1934) reported 

that in later tests, large quantities of the hydrated oxides 

of iron and aluminum are present and due to their presence, 

the effect of the ratio of active calcium to active iron and 

aluminum on adsorption of phosphate was overshadowed. Mehlich 

(1952) found that soils high in kaolinite, iron oxide and 

gibbsite show a high affinity for anions, which is in agree-

ment with other investigators. Schofield (1939 1 191+6) 

observed the finer the material the greater the hydroxyl 

groups calculated from the increase of charge on the alka-

line side of the neutral point. Lin (1959) obtained the same 

result as Mattson (1927) on adsorption of ci- and S~ b7 

Davidson and Cecil soils. 

Recently, Franklin and Reisenauer (1960) working on 

Northwestern soils, reported that there was no evidence of 

any relationships between the anion-exchange capacity (AE C) 

and total clay, kaolinite, or three-layer mineral content of 

these soils. Low values for AEC were obtained on soils with 

either highest and lowest contents of clay, kaolinite and 

three-layer minerals. High AE C values were found on soils 

of very low kaolin content but w! th at least 25''.~ clay. Very 



high values for AEE were found only on the fine textured 

soils. The existence of a relationship between phosphate 

sorption and clay content would imply that the properties 

of the so!ls, other than texture were similar. Type or con-

tent of clay are only indirectly related to the capacity of 

these soils to sorb phosphate. Therefore, he concluded that 

phosphate sorption was highly correlated ~~th the exchange-

able Al and citric-acid solution Al contents of the soils, 

but not related to either the type or content of clay. 

IV • .llmt lf_fect 

Lichtenwalner (1923) worked with colloidal oxides of 

Fe and Al and reported that the time required for equili-

brium was a function of the amount of shaking and the rate 

of adsorption. Sieling (1946) found that a value approach-

ing maximum absorption of phosphate and arsenate by ball-

milled kaolin was not reached until the time exceeded 11+4 

hours. 

Rovikovitch (1934) studied the anion exchange reaction 

for Ca-soil and found that during the first few minutes of 

contact between the soil and solution, 90 percent of the 

hydroxyls which take part in the exchange reaction are re-

placed by the monovalent (H2PC\;) phosphoric anions in H-soils. 

The exchange reaction with the trivalent (P04) phosphoric 

anions proceeds much more slowly. Coleman (1945) in his stu-

dies of phosphate fixation with kaol1n1tic and montmorillonitic 
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fine clays found that within the pH range of most soils (pB 

5 to 7), the clays fixed almost as much phosphate in 24 hours 

as in 1 month, but in the more acid reaction (below pH 5) 
both clays fixed considerably more phosphate in one month 

than in 24 hours. He suggested that there were two different 

mechanisms for f1.xing phosphate. One operated above pB ; 

which fixed phosphate immediately, and the other below pH 5 
and fixed phosphate more slowly. 

Kurtz et al., (19lt6) studied the effect of time on phos-

phate adsorption. His data shoved that the reaction was not 

complete after any particular time interval {ip to 70 days) 

in Illinois soils. Black (l<Jl+2) also mentioned that the time 

of contact is a factor of adsorption. 

v. Hlsh•oaa11 
Soil material possesses amphoteric properties, combining 

with both anions and cations depending upon pH. Mattson 

(192'7, 1930) first introduced this concept to account for 

anion adsorption. Following his ideas, many investigators 

postulated that there were positive aa well as negative 

charges on clay minerals, Some (c.r., Ayres and Bagiharat 

19S3) concluded that the adsorption of anions and cations 
was simultaneous and perhaps molecular. Kurtz et al. (191+6) 
concluded that since the colloidal particles are made up of 

both positive and negative layers, the over-all negative 

charges did not preclude the existence or local areas or posi-

tive charge where adsorption of negative ions could take place 
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(Schofield, 1939). Later Schofield (1949) suggested that 

positive charges might be created by the transfer of protons 

from H3+o to an oxygen of the hydrous ferric oxides. An 
oxygen capable of adsorbing an additional. proton might occur 

at the edge of the regular crystal or as a result of 1m.per-

fect crystallization. Schofield and Samson (1953) explained 

that the flocculation phenomenon of kaolinite was a result of 

the electric attraction between the positively charged edges 

and negatively charged faces of the adjacent platelets. 

Recently, Berg (1960) stated a theory as an explanation 

for the adsorption phenomena. Summing up all t.he mechanisms 

suggested by the ea~:lier investigators, he suggested that the 

positive charge on the iron oxide may be due to dissociation 

of hydroxyl groups. 

Chao (1960) worked with soil columns to study the move-

ment and adsorption of sulfate ions in soil. He ascribed 

anion retention to the positive charge developed on hydrous 

aluminum or iron oxides, or on the crystal edge of' kaolinite 

clays at low pH values. He also suggested that soil organic 

matter may develop positive charges under certain specific 

conditions. This seems to be a conclusion of most workers. 

Bven before Mattson, however, another idea was published by 

Lichtenwalner (1923). He found that the ions of salts were 

ta.ken up by iron hydrogel in nearly equivalent quantities. 

He postUlated that there was en adsorption of molecules as a 

whole. Davis (1935) also found that cations are adsorbed along 
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with the phosohate at various pH values in a ratio of 3 
equivalents of cations to l mol. of phosphorus held. In 1934, 
Thomas mentioned two explanattons as possibilities: prefer-

ential adsorption of Fe+++ or H+ ions. He presented the 

situation as 

(ignoring water of hydration). Thus the anions were adsorbed 

along with the cations. Ayres and Hagihara (1953) also found 

in humic and hydrol hum1c latosols that retention of potassium 

from K2SOt+ and K3PC\ proceeded without recovery of measurable 

quantities of displaced cations in the leachates. This strong-

ly suggested that the anion might have been sorbed along with 

the potassium. They also found that phosphate was not leached 

from the K3PC\ - treated soils, nor undllr moderate leaching 

was sulfate lost from soils that received ~s~. He interpre-

ted these results as implying a simultaneous sorpt1on of both 

the cation and the anion of these salts. Chao also showed 

evidence of the simultaneous adsorption of sulfate ion with 

the associated potassium ion, concluding that this salt ad-

sorption nresulted from attraction due to physical force 

between electrolyte molecules and the surf ace of the soil col-

loid." Berg (1960) showed that simultaneous adsorption of 

cations and anions occurs in Fe-cellulose powder complex. Ens-

minger (1954) found that phosphate released sulfate and 

decreased the capacity of soils to adsorb sulfate and cmne to 

the conclusion that sulfate and phosphate were adsorbed by the 
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sane nechnn.iam. Ove:rstr,•::mt ,:;ind Dt1an (1951) postulated that 

the r'.,~chs,nism;; by whlch ch.lo:rlde, sulfa to, and pho.s11hate ions 

wer-:~ rAtained :i.n a Cecil so~.1 '.<V'el'e !lim:tlar. 

nov·:',J:ov:ttch (1931+) :'>Hi:,,~(rnted thnt the eqnival(mt exchange 

reacti.on 11h::l.ch WRS charactori::;tic of cntion ffXChange existed 

a1 ~o for: ar;.io;:is. The exc-hr::-.rif;e reaet1.on, whlch began as 

C~ '.OH) 2 a.nd ?~a.OH solution wi:!re a.deed to t'!-10 soil, 7roceeded 

1J1 two phases. In th~; fir:;t .Jh~.se, only a cationic exchange 

took pl~c?}, 1)etw~en the calcium or sod:tu'll tons of the intro-

d1Jcad solution and the exchange 'hydrogen ion:; which are in 

equilibrium v11th the hydroxyl ions. As the l'3 )le.cement or 
the h,vdrogon ions w:1s c::mJpl<3ted, the second phase proceeded. 

T:.J1:l e::tcham~e waSJ ani<::>n1c as well as cationic. It proceeded 

between the calcium or sodilli~ ions of the solution and the 

exchangeable hydrogen io.ns which a.re in equilibrium ·with the 

adsorbetl phosphate ions. Al.lout thFJ same exchange reaction 

wa.s observed by Kelly and Nidgley (191+3) and HcAu.li.f'fe et al. 

(1947). 'l'hey conclude:d th.::,t phosph.ate fixation was a phys1co-

chemical exchange of )hosphate ions fO'.L" exposed hydroxyl ions • 

.I(aol:i.n 1·etained pho~.;)hate only when it was finely ground to 

ex1Jose active hydroxyl ior1s. Whtm a suspension of any mEtter-

ial studied was mixed with soluble phosphate of similar pH, 

the resultant mixture increased in pH which indicatad the re-

placement of hydroxyl ions by the phosphate :tons. Furthermore, 

dehydration and removal of hydroxyl ions by high temperature 

greatly reduced the phosphate fixation capacity an.d hydrated. 

iron oxide. 



19 
Early in 1939, Schofield ::tlso tlieox·ized that soils might 

d.evelop negative or positive charge l·:t' ncid dis~>ociation or 

basic dissociation respectively. Berg (1960) further postu-

ls.ted thBt anion adsorptton from salt solution by iro1;. o.xide-

clay systmrs might oecur at either those positive ;;:itas on 

the iron oxide that had not interacted with cla:r, or those 

that had intera~ted with the clay. If it was in the latter 

case, a ne~~ati ve s1 te on the clay becomes available for cation 

adsorption. This may be what was happening in Roirikovi tch 1 s 

second phase. It apJ>ears that anions ex.change with hydroxyl 

ion, becoming a part of the iron- or aluminum-hydroxyl sy:;tem. 

The idea th;:t (;i,nions are adsorbed at positively charged sites 

is actually the serf.le as the anion belng adsorbed by e.x.chauge 

with hydroxyl ions. 
Black (1941, 1942) found that a. longer period of contact 

was needed for the slow penetration of phosphate between the 

lattic layers and replacement of hydroxyl i.ons not dlreetl.y 

exposed to the solution. A large proportion of t.he phosph.'lte 

fixed by Cecil clay, presumed to be held by OH replacement, 

could be washed out with water, but this was not true in kao-

linitic clay (1 ppm phosphorus solution). The phosphate held 

by the ferric iron oxide component was removed more slowly. 

The last mentioned ltind of fixation may be due to the formtl-

tion of an insoluble compound. Recent work "by Ki ttrick and 

Jackson (1959, 1960) showed that phosphate reacted with the 

m1.neral greenalite(an iron kaolin) and kaolinite at room 
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ter,·I1ffr:o.t:11r~ tc forr~ 11ew separate phases, apparently of streng-

Colt::r.mJ1 <19>+5) sugr;eElted that phosphate replaced hydroxyl 

ion from ~he free :'.rcn n.nd aluminum hydroxides rather than 

f~r>om the clay minerals alone. Stout (194o) pointed out that 

th~ rel~t:tT1e abilities of kaolinite and bentonite to fix 

;:hos~)hate were rela.ted to the hydroxyl ions available ~or 

exchange with ~hos::ih~te ions. According to him, this ava1la-

ti11ty rra7 depend upon pB, which. controls the dissociation or 
liydrcxyl groups, The phenomenon of phosphate tixat1·on by 

ground kaolinite and halloy$1te was a rever!!ib1e ionic ex-

chtnge between phos:,hst~ and hydroxyl of the crystal lattice. 

'rhe lof:s or H2o frrnn the kaol1n1 te is of an order of magnitude 

requiring the inclusion or hydroxyl ions from the crystal 

lattice. The reaction is: 

-----OH 

Clay OH + M2Pq+ + Ji+ 
"------"'--'OH 

Thus the products or tlle reaction were phosphated kaolinite 

and water. This is in agreement with the conclusion of Kelly 

and Midgley (19~3). 

Low and Black (1950) explained that the rate of release 

of silica during phosphate fixation by kaolinite varied with 

time, indicating the existence of two different reactions. 

The first and more rapid reaction was complete before the 

second began. They believed the 1"1rst one to be the surface 
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raplac<;)hlent oi' 

a:..1d t.ue secoml to ~e pilos,t.:..ha tu-induced decompo;;:l ti on of the 

tic.n, on.ly the ii.rJt. r•3actlon ;;:;ccu1·red. Sillca entr:; into 

In scme resin 

clj_ange re:.:,ins were quite simil;;,r ir::. their excha.nge reactlons 

to the st:cor;.5 £cCid excll~.nge resins and the reaction can bG; 

described as telcw: 

Rt._ N+ OH''" + Na+ + Cl- RJ+N+ Cl .. -t Na+ + OH-

R11- N+ OH- + J{t- + Cl - -=~===:?1: R4r1+ Cl - + H20 

Where ncid is added to the system the hydroxyl ion may be re-

placed by th.~~ anion of the acid, nnd tho Ir' ion neutralized 

by the:: hydroX'Jl ion. Jenny {1946) also indtcated the e:~change 

of anions for hydroxy·l gro'•1ps in exchan.ga r.es:t.n. B~.shop (191+6) 

'bel.ieved anion :;idsorption on resin was due to the formation 

cf covalent b;:)nds between the n1 trogen of the resin e,nd the 

hydrated proton of the acid whereas the anion was retatned 

by ;lectrostatie attraction. Kunin Rnd Myers (1947) explained 

that th~ ideo. of a.n adsorption of whole molecules was based 

'E)cn the fact that 1n neutral and basic solution no adsorption 

or anion wa.s evident. In acid solution the OI1 activity was 

weak e:noueh to allow dissociation of the base and for anion 

exchange to occur. The resin used was weakly basic, but the 



pH of the equilibrium solution formed on the addition of a 

neutral salt to the hydroxyl form of the resin was alkaline 
and the alkalinity was increased with the increasing concen-
tration. This was taken as proof of the existence of OH 
groups. 
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MATERIALS MID METH ODS 

Soil columns were made with ten gm. of Cecil clay 

( <:: 2 )A. Cecil B2 horizon taken from near Dixie, Virginia, 

on u.s. Rt. 15) which was well mixed with an equal weight 

of ashless, Whatm.an Cellulose powder. Abcve and below this 

mixture were placed small quantities of cellulose powder. 

These were added to prevent the clay particles from running 

through the bottom of the column and to stop the formation 

of channels in the soil column when solution was dropped 

from the top. Solutions were made up with O.Olli K~~ and 

0.01 li KCl solutions mixed in various ratios and 0 spiked" 

with 535 (30}l C/li ter). 

The entire column (including glass column, soil and 

cellulose powder) was weighed dry. The column then was set 

up and solution was added to the top of the column, drop by 

drop at a rate of approximately one ml. per minute. A 250 ml. 

separatory funnel containing the input solution was attached 

to the column by a rubber tube and a short glass tube going 

through a. one hole rubber stopper. When equilibrium. was 

.atta.1ned, i.e., when the radioactivity of s3S in the efflu-

ent appeared to be equal to that in the input solution, the 

solution in the column was replaced with tracer-free o.Olj 

K2S(.\ until essentially zero radioactivity was obtained in 



the effluent. The effluent was collected in a flask, and 

made up to volume. 

Tbe radioactivity of both t:ne original solution with 

known sulfate concentration and the effluent were sampled ty 

1 ml. aliquots from both solutions, placing each of them on 

8.!l alm:dnum planchet, and dr;yin.g. t<ieasu:rement of the sul-

fate activity was carried out with a Nuclear Chicago Ceiger-

Mfu.ler counter tube, model D-47, and sceler, model 183 B. 

Measurements were taken at 1300 Kv. and 5 lb. pressure of 

Q-gs.s. .Be;f.,re the sample measurements the counter and scaler 

were checked w1 th a standard made with ell+ to assure t:t'.i.a.t 1 t 

was warmed up, The background also was checked. Chloride 

contents of the input and. effluent solutions were determined 

by potentiometric titration, using a Eecklnan Model G pH :meter 

and a silver-silver chloride electrode. 

The wet weight of the entire column was taken and the 

amount of solution held was calculated. The amount of Cl and 

s Oti- actually held on the soil then was obtained by the re-

lationships. 

Cl adsorbed = Cl titrated .. (Wet Wt .... Dry Wt,) (N of· Cl 
in input solution) -

S~ adsorb~d = (S~ activity) (ml effluent) - (Wet Wt.-
Dry Wt) (Activity of input solution) 

II • .1-:!Pl.! ~.tr ec,t 

In general, samples were weighed out and put in polyethy-

lene bottles. To each sample was added solutions (as described 

in the following for each different case). The bottles were 



put on a shaker and shaken !or various time perioc!s. At the 

en<l of each time period, the bottles to be analyzed were cen-

trifuged to obtain a clear supernatant, which was analyzed 

in various ways. 

C:ecil clay (4 2f' ) , Cecil soil (< 60 mesh) and iron-

treatea Georgia kaolinite la,b) were used as anion adsorbing 

materials. Analyses were c~ried out in three different ways, 

(l) Two gm. of Cecil clay or 5 gm. of Cecil soil were 

used. Fifty ml. of o.Olj, K2sq.. ttspiked" with 35',,UC of s37 
per liter was added to ea.ch soil or clay, The sulfate left 

in solution after each time period was determined by radio-

acti v1 ty measurement as in Section land the amounts of 

sulfate held in soil were obtained by subtracting the sulfate 

left in soltrtion :f'rom the total amount adaed. 

(2) Using duplicate five gm. samples of Cecil soil, 

0.01,li ~S~ or o.Ol,li KCl were added to bottles. Volumes of 

solution used were 50 and 100 ml. 

Time periods from one minute up to four weeks were 

studied. The cations ca+, Mg++, and x+ in the supernatant 

were determil'led by flame photometric methods, and Al +3 wa.s 

estimated by the colorimetric method of Jones and Thurman 

(1957). 

{3) To 1000 gm. Ga-kaolinite, two (51.93 and 81.*7 m. 

11.t:tl. Fe/100 gm.) different amounts or iron were added by gen-

tle heating with JFeC13, followed by water washing, Iron 

contents were determined by Jackson's procedure (1958), From 
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these two Fe-kaolini tes, 15 g;ill du.~lic& t;.;; samples -were talten. 

using a Model itC-16 B Conductivity Bridge at 6C cps. pH ot 
each supernatant was dete.rr111ned using a Beckman z.eromatie pH 

meter. 

Twenty gm. of Cecil soil wei s: m:1xed with e.n equsl weight 

o:r cellulose powder, and the soil colu.n1n prepared as tn I, 

The dry weight of the entire column was taken and the column 

was set up on the fraction collector. Colu.mn pli -was sdjusted 

by adding either mixtures of salt end acid in different ratios 

or mixtures of basf!! and sa.l t, then, 'W®.sbed with va.ricus vol-

umes of distilled water. Tc obtain the ''Pore•• volume of the 

column, it Wt''~s we:lghed wet and the difference b0tweer. the 

dry and wet weights were taken as th~ amount of water needed 

t::> saturate the column. 

Solutions used for the experiment were 0.21 NaCl, 0.2Ji 

KN03 and 0.21{ K!~' "spiked .. with s35. Two and one-half 

ml. of each solution was added f'rom the top of the wet soil 

colu.i"IlD. a..~d bled in. Following this, distilled water was run 

through the column at a rate of about one ml. per minute 

until the effluent contained essentially no anions. Five ml. 

fractions were collected in test tubes using a ¥£Cdel 1205 -

D - 3 Reco automatic fraction collector. Chloride ion content 
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was deterriined b~- tt~ pot~nt:lometrit'! nethod given in I. 

NttrHte \tJas cletermined b::,1 the nrocedure of Jackson (1958). 

One-tfmth rf'l. P.1tquots of 801~ effluent were taken from each 
I 

5 ml. frf!cticn a.nd the activity compared ·with that of a 

standard. Counting t:1ethoda u.sed in section I were used. 

The pR of th~ soil from ee.ch colUU!ll was measured ty 

removing the mixture ~nd adding an equal weight of distilled 

water. A Bec1crnan Zeromatic pH meter was used. Distribution 

coeffic:l.3:Jts w~re calculated by the equation {Ketelle and 

Boyd, 1947): 

Kd= (V - 1 ) I 
f 

Where, KG = (D:tstribution Coefficient)= 
= ~~lioQ_gs.anion on soil 

me7100 ml. an.ion in solution 
E (fractior:. of void space} ::: !9.l.WJl~...Q!' ... !bQ. b.Jl!l 1U £Ol"JS *"" 

Volume taken up by soil f;.nd cellulose 

C = (density of soil column) 

= Ve~gh.t o:t IQJ.J. 
olume taken up by soil and cellulose 

V = (Volume of Solution needed to displace one-half of the 
anions) 

= .Y..2!.Ym.e xheJ:e . .R!i\K. J!t:!PIW 
Average column volume 
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RESULTS AND DISCUSSION 

The retention of chloride and sulfate by Cecil clay 

was achieved by eluting the mixtures of o.Oll KCl and K2SC4+ 

until apparent equilibrium was reached. Results are shown 

in Table l. Chloride was held appreciably only when it made 

up 90 percent of the anion mixture. At ratios of cSOl+;Co, 
greater than 0.2, the amount or Cl held was small and nearly 

constant. The plot of c5~/co vs qS"1t-;q0 is given in Figure 

1. A value of qSOa+;q0 = 0 when cSOa+;c 0 = o, and, a value of 

qS<lt;q0 or one corresponding to a cSC\+.100 ratio of one are 

assumed. The curve indicates that s~ was held much more 

tightly than was Cl. Identical affinities of Cecil clay 

tor S(\. and Cl would have caused the experimental points to 

fall on the dotted line. 

The point at the c80a+/co ratio of 0.7 lies off the 

curve indicating a lesser amount of retained Sot+ than would 

be expected. Apparently, this resulted because the equili-

brium was not reached. hamination of the sum of anions 

held {Table 1) reveals that it generally increased as the SOJ+ 

1n solution was decreased. During the experiments, it was 

found that "apparent equilibrium" took longer to achieve when 

the c8C»+/co ratio was lower. For example, 70 percent S<lt. 

solution was run through the column for only a few hours, 
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Table l 

The equilibrium between Sl1lfate (O.Ol.li K2SC>i+) and 
Chloride (0.01,N KCl) in Cecil clay 

---------------~----·Ill 11 •• - ·------------

qSOl+ qCl 
m~OO gm. me/.1.00gm. 

-::::; = lFi =----:-• • :i:i. iii:===:::_:=::' :iit ::: :::1:;;:-:s:- I 1 ti 

0.7 2.2lf. 0.37 2.61 o.86 
o.4 3.20 0.22 3.42 o.94-
0.3 l+.02 0.29 4.31 o.94 
0.2 3.61 0.36 3.98 0.91 

0.1 2.76 1.62 l+.38 0.63 
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whereas the 10 percent sulfate solution required about a 

week. Thus it appears that true equilibri.um was not reached 

in the time studied, and that the sum of S~+ and Cl retained 

was dependent on the time of equilibrium. These results led 

to a further study of the effect of t1me on SC4 and Cl re-

tained. 

The relation between anion adsorption and time of contact 

of soil end solution was further investigated in three ways. 

Table 2 shows the effect of time on the amount of sulfate ad-

sorbed by Cecil clay and Cecil soil, which were shaken with 

O.OlJ .K2S(\ solution containing tracer amounts of s35. As the 

time increased from one minute to 66 hours, sea.. adsorbed in-

creased from 2.25 to 2.90 me/lOOg. of clay and 1.30 to 2.10 

me/100 gm. of soil. When the time was increased to four 

weeks in the case of Cecil soil, the adsorption of sulfate 

was increased to approximately 4.0 me/100 g. of soil. 

From Figure 2, it is evident that the adsorption of sulf-

ate ions by Cecil clay proceeds very rapidly at first,folloved 

by a slow line(:t:t' increase of sulfnte retained with time. The 

reaction apparently is not complete even after four weeks 

according to data obtained with the Cecil soil. This agrees 

with results of Sieling (191+6), Coleman (1945) and Kurtz 

et al. (1946) in their phosphate adsorption work. 

Figure 4 shows the decreasing conductivity in 0.02! K2'504 

after equilibration with Fe-treated Georgia kaolinite from 
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Table 2 

Time effect on the retention of sulfate by Cecil 
clay and Cecil soil 

---------~--------~----------------------~---
Equili. Time 

1 min. 

30 min. 
l hr. 

24 hrs. 

66 hrs. 

l wk. 

2 wks. 

l+ wks. 

-
.. . 11.tflQQ. Jml.L....-

Cee 11 soil 
_.......,..,_~_._.._.. .......... _........ 

2.25 1.30 

2.35 1.41 
2.50 1.50 
2.60 2.20 

2.90 2.10 

--- 2.l+o 

--- 3.2>+ 

--- 3.60 
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fr• 100 ml. ot 0.01 J IC9'q. aolu.tion added. to 
J am. of Dlxle eeo1l 1011. 



systdm was esser.1.tially unchai1ged (fror.1 pH 3. 55 to 3.-6)}. 

During th;;; f:~1·st wEH~k~ the amount o:f ci.:m.du~~tivi ty decrease 

-w-as las;;; in :.:he case the: Fe-t.:aolini t'3 ·with an :i.ron content 

cf 51.93 m.mol.;100 em. cla~· than the:..t \.fith 81.1+7 m.r:iol•/1.00 gm. 

clay. The d:!..ffere:nt;e, however, became smaller as t::e shaking 

time increased to two veeks. It appears that the conductivity 

continued to decrease slightly with a longer time of contact. 

The decrease of conductivity is assumed to be caused by the 

disappearance of electrolyte from solution and its adsorption 

by clay. During the first twenty-four hours the marked in-

crease apparently is due to the adsorption of sulfate and the 

exchange of hydroxyl groups of the hydroxides or oxides o:r 

iron and aluminum combined with the rapid hydrolysis of ex-

changeable aluminum as a result of salt addition. (Ragland 

and Coleman, 1960) Increases with longer tim.e probably were 

due to the slow hydrolysis of aluminum in the clay, which 

would produce a continuing supply of hydrogen ions, and is a 

rather slow reaction. The unchanged pH throughout the experi-

ment appears to be due to the near equivalency of replaced 

hydroxyl ions and the hydrogen ions formed from hydrolysis. 

This reasoning was further borne out by a subsequent experi-

ment, which was based on the assumption that the equivalents 

o:r anions in solution are equal to the equivalents of cations 

in solution. The results shown in Table 3 are obtained by 

taking the sum of the cations K, Ca, Mg, and Al in solutions 
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cf v.ul,J l'~S(\ ol~ G.Olll, KC:i ~fter each different tiue ot 

equilibration with Ce:cil aoil. Four dit:eron't treatments 

\IJ~re vbt;;;.inec. ty uuinc t\ic different vclume;;, lOO i:D.. and 

)G ml., of each l.lolution. The dii'lereuce in total ni;rmalit"J 

between the solution acded &nd the equili'l:;;riUL. solution was 

~ssUl.le<l to 'be equal t.o the quunti tJ o:C auions adsorbed ty 

the soil. 

The results obtained from adding O.OlJi KCl to the soil 

gave erratic values for chloride ac1.sorbed. This may be due 

partly to the fact that chloride is a weakly adsorbed anion. 

Under conditions of this experiment, no correlation was found 

between time and the quantity of cations present in solution. 

Upon the addition of a.Olli K2S(\ solution to Cecil soil, the 

quantity of cations present in solution was decreased with 

time, which indicated that anions held by 'the soil increased 

from o.42 to 2.36 mEV'lOO gm. and from 1.61 to 2.32 mt\/100 gm. 

soil i'or 100 ml • .and 50 ml. solutions added to 5 gm. of soils, 

respectively. Soil with an addition of 50 ml. of solution 

had a much higher increase in adsorption within the first 

hour than did the same a.mount of soil with lOO ml. of solu-

tion added. The marked difference may be due to ai1 error in 

the analysis. Cations in solution which decreased with in-

creasing time were K and Al. When 100 ml. of K2s~ solution 

was added, the decrease of K was from o.8l+5 to 0.79 me/lOOnil. 

and that of' Al was 0.078 to 0.036 mG/100 ml. When 50 ml. of 

solution was added, Al was changed from 0.0305 to 0.0141 



me/50 ml. The other cetions remained essentially the same. 
A plot of the amount of SC\+, retained in soil vs time 

taken from the cf,tion sumrnation data is sho11,11 in Figure lt-. A 

rapid rise in the amount of cations retained 1n soils with 

the first 24 hc.)urs agrees with the previous e::;:_:)«!tl.•iments. 

The disappearance of aluminum from solution suggests 

that hydrolysis of exchangeable aluminum occurred. Thus, 
the replacement of hydroxyl groups from the iron hydroxyl 

groups results in the neutralization of hydrogen ions from 

the hydrolysis of exchangeable Al which keeps the system from 
rising in pH, and makes the reaction proceed to completion. 

The overall reaction is described ass 
_.. H20 Kx. + 
.a.· + Al-Clay- - ilx con>,. .. easy + 1 H 

In the case of conductivity determinations, the pH of 
the system was essentially unchanged, but the above mechani• 

would account for a pH drop or rise as well. All three obser-

vations have been ma.de. 

Typical elution patterns for Cl-, HO) and sot: ion• at 
two pH values are shown 1n Figure ;, 6 and 7. !he patterns 
were obtained by adding small volumes ot 0.2.1 KCl, KNo3 or 

128~ solutions to columns containing a Cecil soil-cellulose 
powder mixture and following with a2o. In general the curves 



1+1 

c'!nc ;:->;'.lrticll:t tc leek oS' ec:u:U:H·r:i.llFl or other expe:rlmf!!ntal 

~.i;:ro..,..rs longer. 81.mil;;i.r !"l!lsnl ts fnr Cl - a.nd Sn~ w1 th a. ?forth 

Carolina Ceeil soil were found by Berg and Thom~.s (1959) ~ 

According t,o chromatographic prediction, the pos:i.tion 

of the anion pe.'9.k \!lotlid be expecfa:,.·;. to shift to a higher 

volume a~ the aff:ini ty of the soil for ti~1e anion increased. 

The results in Figures 5 through 7 a.nd those of Berg and 

Thomas {1959) suggest that there is a range of a.ff1nit1es 

fo1md at any g:1.ven ,')H. The a.n1ons wh:tch are eluted at a 

normal column volu.'l'!le ar1' not held by the soil, wherea.s those 

which make up the tail '!\re held with v;arying degrees of 

tightness. Chloride and NO) (Figures 5 and 6) appear to be 

only loosely held at moderately low pH values; sei+= exhibits 

a long tail even at pH 6.9 and has vi~tually no peak at pH 

4.05. 
It should be emphasized that the shape of the elution 

curves 11111 depend not only on the soil and pH of the system, 

but also upon the amount of salt added. If enough salt is 

added the effect of anion "hold-upu will be negligible, whereas, 

the addition of very small amounts may result in a complete 

loss of the anion from solution. In these experiments a rate 

or o.; me/100 gm. soil was used, which would approximate a 

heavy application of potassium fertilizer. 
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Since the elution peak itself did not shift with pH 

reduction (c.r., Berg and Thomas, 1959) it was decided that 

a corrected peak volume, calculated at the point where halt 

of the salt had been eluted, would be useful in estimating 

the effect of pH on the retention of anions in columns. Using 

the relation (Ketelle and Boyd, 1947) 

Kd = CV-I) E 
r! t 

distribution coefficients (Kd's) for c1-, mo3 and S~ were 

calculated at a number of different pB values. The value 

tor V was calculated from the ratio ml. H2o needed to elute 

half the salt I ml. H20 needed to saturate the column. E 

and f are the void fraction of the column and effective dens-

ity of the exchanger. Data for all columns and sample 

calculations are given in the Appendix. 

A plot of Kd vs pH for c1- and NO) in Cecil soil is 

given 1n Figure 8. The approximately linear scattering of 

points shows no clear distinction between Cl- and NOj reten-

tion. This suggests that NOj behavior can be predicted with 
confidence from Cl~ data. A very close relation between c1-
and NOj behavior in an acid, red soil also was found by 

Thom.as (1960) using a different technique. Figure 9 shows a 

similar plot for so; Kd's in Cecil soil. It is apparent that 

not only are the Kd values for s~ generally higher than ci-
or NOj ltd 1 s 1 but also that there is a much sharper rise in Kd 

with reduced pH. Again an approximately linear relationship 

obtains, at least up to approximately pH 6. 
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The pH vs. Kd interaction between Cl- or NOj and sq: 
suggests that equilibrium plots of relative aff'in:S.ties of 

anions, such as the one in Figure 1, would be altered drastic-

ally by pH. At a pH just below 6.o, c1- would be nearly as 

strongly held as S~ ; whereas, at a pH of 3.0 Cl- would 

hardly be competitive with S~. More data on this effect 

are needed. 

The reason for the linear relation between pH and anion 

retention is not clear, but it has been reported by other 

workers (To~h, 1937). The values for Kd reported here must 

be regarded at only relative numbers due to the factors men-

tioned above, but they suggest that salt movement under field 

conditions can be predicted reasonably well, even 1n soils 

which retain anions. The high values for Kd with S~ raise 

the question of sulfate availability under such conditions. 

Thus far, no definitive experiments on sulfate absorption by 

plants under such conditions have been reported. 



SUMMARY AND CONCLUSIONS 

Soil columns were used to study some factors that 

affect anion retention. Anions studied including chloride, 

nitrate and sulfate. The adsorbents were Dixie Cecil clay 

or soil, or Fe-kaolinite. 

The retention of sulfate and chloride in Cecil clay was 

obtained using mixtures of 0.011, K2S'\.. and KCl to elute the 

soil column until apparent equilibrium was reached. The 

column then was analyzed for adsorbed chloride and sulfate. 

Chloride retained was nearly constant with a value of approxi-

mately o.4 me./100 g.elay up to the mixture which was 90 per-

cent K.Cl, where a much higher value of 1.90 me./100 gm. clay 

was obtained. The retention of sulfate was increased with 

an increasing amount of sulfate present in the mixture. When 

the proportion of sulfate was higher, apparent equilibrium 

was reached much more quickly. The "apparent" equilibrium 

gave rather low values of total anions retained, suggesting 

that the amount of anion retention is dependent upon time. 

The time effect on the retention of anions was invest!-

gated by shaking O.OllK~Oi+ solution with Cecil soil, or 

clay tor different time periods, using s35 as a tracer. The 

amount of sulfate left in the supernatant liquid was obtained; 

it indicated an increase of sulfate retention with the in-

crease of time from five minutes up to four weeks. Similar 

results also were found by measuring the conductivity of the 
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supernatant liquid obtained from 0.021 K2SOi.i. and iron-treated 

kaolinite shaken for from one hour up to two weeks. 

Since s35 equilibrium can include isotopic exchange and 

a conductivity method carries many assumptions, the time effect 

on anion retention was further studied by assuming that the 

equiva.lents of cations in solution a.re equal to the equival.-

ents of anion in solution- No increase in retention with 

time was found when KCl solution was added, but an increase 

was shown where K~<1. solution was used with time periods 

ranging from one hour up to eight weeks. 

The elution patterns were obtained by adding a small 

amount of 0.02li KCl, .KN03 or K2s<\. to the top of' a soil column 

and following it with distilled water. The effluent was col-

lected in fractions and analyzed for chloride, nitrate or 

sUl.fate respectively. Results showed that less water vas 

needed to recover one half of the anion added at higher pH 

and more was required at lower pH values. The elution pat-

terns were non-symmetrical with long tailing edges at lower 

pH values, and particularly in the case or sulfate. 

Anion retention as affected by pH was estimated by dis-

tribution coefficients (Kd•s) which were calculated by using 

the equation of Ketelle and Boyd, (1947). The value for hold-

up volume was taken where one-half of the salt was replaced. 

Distribution coefficients decreased linearly with an increase 

in pH. Sulfate gave Kd values higher than those for chloride 

and nitrate which were similar to each other. 
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From the above observations, it is concluded that (1) 

Chloride is held much less tightly by soils than is sulfate. 

(2) Using a strongly retained anion such as su1fate, it 
apparently takes longer to reach true equilibrium, indicating 

the existence of a time factor in anion retention. 

(3) Sulfate retention by soils is positively cora:~elated with 

time. More is retained after longer periods of contact. The 

continuing hydrolysis of aluminum is suggested as the cause 

of the time effect. Such hydrolysis produces hydrogen ions 

which can neutralize the hydroxyl ions exchanged by anions, 

this keeps the pH of the system from going up, and continues 

the reaction. 

(4) The non-symmetry of elution patterns indicates the reten-

tion of anions. The longer the tail, the more tightly the 

anions are retained. 

(5) Distribution coefficient values for c1-, NOj and S~ 

salts of K+ showed an approx.imately linear relation between 

plJ 3 and 6. Chloride and N03 gave similar Kd values, whereas 

SC\+ was held much more tightly at low pH. 
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B. Sample Calculations: 

l. Equation JV.- l) 1. 

~= 

f 
Where Ket = distribution coefficient 

= fraction or void space 

= density of soil column 

= volume of solution needed to displace 
one-half of the anion added. 

2. CalcUlations of Kci: 

Cl at pH 3.0 !.23 1t pH 3· 5 §'41 ,1t pH 6,9 

( ~ -1)(0.4o3) 
.2 

( 22 
58.2 

- ll.:,0.1+14) ( h -1) (O.l+olt) 

(0.146) (0.11+2) (0.14o} 

1,87 '4= o.851+ Ed = 1.19 



58 
~D™LmG~Nm 

The author is deeply indebted to Dr. G. w. Thomas, who 

suggested this thesis, without whose help and guidance this 

thesis would not be possible. 

Appreciation is also expressed to Dr. H. L. Dunton, 

Dr. c. I. Rich, and Dr. J. D. Vaughan for their advice and 

suggestions. The author is also grateful to other professors 

of the Agronomy Department and to Virginia Polytechnic 

Institute for the financial aid which made this study possi-

ble. 



BIBLIOGRAPHY 

Ayres, A.S. (1941) Sorption of potassium and ammonium by 
soils as influenced by concentration and the degree of 
base saturation. Soil Sci. 51:265-272. 

Ayres, A.S. and Hagihara, H.H. (1953) Effect of the anion on 
the sorption of potassium by some humic and hydrol humie 
La.tosols. 

Black, C.A. (1941) The penetration of phosphate into the 
kaolinite crystal. Soil Sci. Soc. Am. Proc. 6:157-161. 

Black, C .A. (1942) Phosphate fixation by kaol~.ni te and other 
clays as affected by pH, phosphate concentration, and 
time of contact. Soil Sci. Socl A:m.. Proc. 7:123-133. 

Berg, w.A. and Thomas, a.w. (1959) Anion elution patterns 
from soil and soll clays. Soil Sci. Soc. Am. Proc. 
23:348-350. 

Berg, W.A. (1960) A theory of ion exchange behavior in iron 
oxide kaolinite systems. Ph.D. Thesis, North Carolina 
State College, Raleigh, n.c. 

Bishop, J .A. (l~r6) Covalent adsorption on base excha.nge re-
sins. J. Phys. Chem. 50:6-12. 

Chao, T.T. (1960) The movement and adsorption of sulfate ions 
in soil systems. Ph.D. Thesis, Oregon State College. 

Coleman, R. (1945) The mechani9m of phosphate fixation 'by 
montmorillonitic and kaolinitic clays. Soil Sci. Soc. 
Am. Proc. 9:72-78. 

Davis, L. E. (1935) Sorption of ohosphate by non-calcareous 
Hawaiian soils. Soil Sci. 40:129-178. 

Ensminger, L.E. (1954) Some factors.affecting the adsorption 
of' sulfate by Alabama soils. Soil Sci. Soc. Am. Proc. 
18:259-264. 

Franklin, W.T. and Reisenauer (1960) Chemical characteristics 
of soils related to phosphorus fixation and availal1ility. 
Soil Sci. 90:192-199. 

Heck, A.F. {1934) Phospha.te fixation and penetration in soils. 
Soil Sci. 37:343-3'5· 



60 

Jackson, M.L. (1958) So:tl cheri:l.cal analysis. Prentice-Hall, 
Inc. Englewood Cliffs, New Jersey. 

Jenny, H. (1946) Adsorbed nitrate ions in relation to plant 
growth. J. Colloid Sci. 1:33-47. 

Joffe, J .s., and McLean, n.c. (1927) Probable influence of' 
anions on aluminum solubility in soils. First Int. Cong. 
of Soil Sci. Comm. II: 230- 255. 

Jones, L.H.,e..nd Thurman, D.A. (1957) The determination of 
aluminum in soil, ash and plant materials using 
Eriochrome Cyanine. H. A. Plant and Soil 9:131-142. 

Kamprath, E.J., Nelsont W.L., and Fitts, 
effect of pH, su.lrnte and phospha.tH 
the adsorption of sulfate by soils. 
Proc. 20:~63-466. 

J .w. (1956) The 
conce.ntrat:tons on 
Soil Sci. Soc. Am. 

Kelly, J.B., and Midgley, A.R. (1943) Phosphate fixation --
An exchange of phosphate and hydroxyl ions. Soil Sci. 
55:167-176. 

Ketelles B.H., and Boyd, G.E. (1947) The exchange adsorption 
of ions from aqueous solution by organic zeolites. IV. 
The. separation of the 1ttrium group of rare earths. 
J. Am. Chem. Soc. 69:2800-2812. 

Kunin, R. (1958) Ion exchange resins. John Wiley & Sons,Inc., 
New York. 

Kurtz, T., DeTurk, E.E., and Bray, R.H. (1946) Phosphate 
adsor;Jtion by Illinois soils. Soil Sci. 61:111-124. 

Kittrick, J.A., and Jackson, M.L. (1959, 1960) Electron-Micro ... 
scope observations of the reaction of phosphate with 
mineral leading to a unified theory of phosphate fixation 
in soils. 

Lichtenwalner, D.C., Flenner, A.L., and Gordon, M .E. (1923) 
Adsorption and replacement of plant food in colloidal 
oxides of iron and aluminum. Soil Sci. 15:157-165. 

Lin, C.J. (1959) Sorption capacities, ion saturations and 
neutralization mechanisms of clays and soils. Unpublished 
Ph.D. Thesis. North Carolina State College, Raleigh, 
N.c. (University microfilms, Ann Arbor, Michigan). 

Low, P.F.l and Black, C.A. (1950} Reactions of phosphate with 
kaol nite. Soil Sci. 70:273-299. 



61 

Mattson! s. (1927) Anionic and cationic adsorption by soil 
co loid.al materials of varying Si02/ Al201 + Fe2o3 ratio. First Cong. or Soil Sci. II:l99-21I. 

Mattson, s. (1930) The laws of colloidal behavior III 
Isoelectric precipitation. Soil Sci. 30:459-495. 

Mattson, s. (1931) The laws of soil colloidal behavior VI 
Amphoteric behavior. Soil Sci. 32:343-365. 

McAu11ffe1 C.D., Hall, N.s., Dean, L.A., and Hendricks, S.B. 
(1941) Exchange reactions between phosphate and soils. 
Soil Sci. Soc. Am. Proc. 121119-123, 1948. 

Miller, L.B. (1924) Adsorption by aluminum hydrate considered 
as a solid solution phenomenon. u.s. Public Health 
Service, Public Health Reports 39, PT: 1502-1515. 

Mehlich, A. (1952) Effect of iron and aluminum oxides on the 
release of calcium and on the cation-anion exchange 
properties of soils. Soil Sci. 73:361-374. 

Murphy! H.F. (1939) The role of kaolinite in phosphate fixa-
t on. Hilgardia 2:341-382. 

OVerstreet, R.,a.nd Dean, L.A. (1951) Availability of soil 
anions in mineral nutrition of plants. E. Truog, ed. 
Univ. of Wisconsin Press, Madison, Wisconsin. pp.79-10,. 

Ragland, J.L., and Coleman, N.T. {1960) The hydrolysis of 
aluminum salts in clay and soil systems. Soil Sci. Soc. 
Am. Proc. 24:45'7-460. 

Rovikovitch, s. (1934) Anion exchange I. Adsorption of the 
phosphoric acid ions by soils. Soil Sci. 38:219-239. 

Rovikovitch, s. (1934) Anion exchange II. Libration of the 
phosphoric acid ions adsorbed by soils. Soil Sci. 38: 
279-290. 

Schofield, H.K. (1939) The electrical charge on clay particles. 
Soil and Fertilizer. 

Schofield, R.K. (1946) Factors influencing ionic exchange in 
soils. Soil and Fertilizers Col!llllon Wealth Bureau of 
Soil Sci. 9:265-266. 

Schofield, R.K. (1949) Effect of pH on electric charge carried 
by clay particles. J. of Soil Sci. lsl-8. 

Schofield, R.K., and Samson, H.R. (1953) Deflucculation of 
kaolinite suspensions and the accompanying charge over 
from positive and negative chloride adsorption. Clay 
mineral BUlletin 2:45-50. 



62 

Sieling, D.H. (1946) Role of kaolinite in Anion Sorption and 
exchange. Soil Sci. Soc. Am. Proc. 11:161-169. 

Stout, P.R. (1940) Alternation 1n the crystal structure or 
clay minerals as a result of phosphate fixation. Soil 
Sci. Soc. Am. Proc. 41177-182. 

Thomas, o.w. (1960) Effect of electrolyte imbibition upon 
cation-exchange behavior of soils. Soil Sci. Soc • .Am. 
Proc. 2lt:329-332. 

Toth, S.J. {193?) Anion adsorption by soil colloids in rela-
tion to charges in free iron oxides. Soil Sci. 44:299-
314. 



The vita has been removed from 
the scanned document 



ABSTRACT 

FAC'l'ORS EFF}]CTING ANION RETENTION IN SOILS 

The purpose of this investigation were to use chromato-

graphic methods to study the effects of pH, time of equili-

bration, and the effect of anions themselves in the anion 

retention in an acid red soil. 

It was found that chloride was held much less tightly 

than sulfate by soils. It was also noted that more sulfate 

was retained at higher concentration. 

A time factor was also noted in this investigation. It 

took a longer period to reach true equilibriUin when sulfate 

was used. Results showed a positive correlation between 

sUlfate retention and time to reach true equilibrium. The 

disappearance of aluminum from the solution added to soil 

suggested that the continuing hydrolysis of aluminum being 

the main cause of the time effect. Such hydrolysis produces 

hydrogen ions which can neutralize the hydroxyl ions exchanged 

by anions and kept the pH of the system from going up and 

continuing the reaction. 

The non-symmetrical elution patterns indicated the re-

tention of anions• The longer the tail of the elution pat-

terns, the more tightly the anions are retained. 

Distribution coefficients (Kd) for c1-, NOj, and s04 
showed approximately linear relationships between pH 3 and 6. 



Chloride and NOj exhibited similar K.d values at similar 

pH values. It also indicated that S~ was held much more 

tightly at low pH values. 
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