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Abstract:
A simple laboratory technique that combines the reliability of immiscible displacement principles with
the convenience of centrifugation has been developed for isolating solutions from soils falling within
the field moisture range. A measured excess of (CCl4) is added to a moist soil sample in a centrifuge
tube and the contents are shaken and then centrifuged for a selected time interval. As a result of the
(CCl4) being immiscible with water and of greater density, it displaces the soil solution upward where
it can be removed for analyses. The technique is effective in removing enough solution volumes from
naturally occurring soils to permit many analyses.

The immiscible displacement by centrifugation (ID) technique, described above, was used for
measuring the naturally occurring pH and salinity of soils. Errors induced upon pH and salinity
measurements when using low soil:water ratio and/or saturated pastes techniques were found to be
minimized by using the (ID) technique.

An ultrasonic nebulization procedure has been devised for wetting soil samples with aqueous solutions
to selected moisture contents.

The procedure is relatively simple and believed to cause a minimum of alteration in the chemical and
physical properties of the soil sample.

Effect of the (CCl4) used for displacement in the (ID) technique on the equilibrium concentrations of
trace metals in the soil solution was investigated. It was found that compositions of soil solutions
obtained with the (ID) technique and with direct centrifugation, from identical and relatively wet soil
samples, were approximately the same although substantial concentrations of some of the heavy metals
were tested in the CCl4 after it was used for displacement. When using the carbon rod atomizer,
negative interferring effects on the absorbances of Mn, Fe, and Ni were found to occur in the presence
of the chlorides of the major cations (Ca, Mg, Na) in the soil solution. These interferences were
corrected either by precipitating the chlorides with silver nitrate or by incorporating 20 percent
sulphuric or nitric acid into the sample volume. Magnesium ion, irrespective of the associated anion,
was found to lower the cadmium signal on the carbon rod atomizer. High concentrations of magnesium
sulfate caused lowering of the manganese signal when using air-acetylene flame. This lowering effect
of magnesium sulfate was avoided upon using nitrous oxide-acetylene flame. No interferences were
noticed when using the Woodriff furnace (WF) for Mn and Zn analyses. 
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ABSTRACT

A simple laboratory technique that combines the reliability of 
immiscible displacement principles with the convenience of' centrifu
gation has been developed for isolating solutions from soils falling 
within the field moisture range. A measured excess of (CCl4 ) is added ' 
to a moist soil sample in a centrifuge tube and the contents are 
shaken and then centrifuged for a selected time interval. As a result 
of the (CCl4) being immiscible with water and of greater density, it 
displaces the soil solution upward where it can be removed for analy
ses. The technique is effective in removing enough solution volumes 
from naturally occurring soils to permit many analyses.

The immisqible displacement by centrifugation- (ID) technique, 
described above, was used for measuring the naturally occurring pH and 
salinity of soils. Errors induced upon pH and salinity measurements 
when using low soil:water ratio and/or saturated pastes techniques 
were found to be minimized by using the (ID) technique.

An ultrasonic nebulization procedure has been devised for wetting 
soil samples with aqueous solutions to selected moisture contents.
The procedure is relatively simple and believed to cause a minimum of 
alteration in the chemical and physical properties of the soil sample.

Effect of the (CCl4) used for displacement in the (ID) technique 
on the equilibrium concentrations of trace metals in the soil solution 
was investigated. It was found that compositions of soil solutions 
obtained with the (ID) technique and with direct centrifugation, from 
identical and relatively wet soil samples, were approximately the same ■ 
although substantial concentrations of some of the heavy metals were 
tested in the CCl4 after it was used for displacement. When using the 
carbon rod atomizer, negative interferring effects on the absorbances 
of Mn, Fe, and Ni were found to occur in the presence of the chlorides 
of the major cations (Ca, Mg, Na) in the soil solution. These inter
ferences were corrected either by precipitating the chlorides with 
silver nitrate or by incorporating 20 percent sulphuric or nitric acid 
into the sample volume. Magnesium ion, irrespective of the associated 
anion, was found to lower the cadmium signal on the carbon rod atom
izer. High concentrations of magnesium sulfate caused lowering of the 
manganese signal when using air-acetylene flame. This lowering effect 
of magnesium sulfate was avoided upon using nitrous oxide-acetylene 
flame. No interferences were noticed when using.the Woodriff furnace 
(WF) for Mn and Zn analyses.



Chapter I

GENERAL INTRODUCTION

The criteria for characterizing a soil system with regard to its 

suitability as a substrate for higher plants has been of much contro

versy that dates back to the emerging- days' of soil science. Prior to 

the Twentieth Century, and on the basis of the John Woodward experi

ment (I), the idea that earth was the principal nutritional medium for 

growing plants was common and soil scientists conclusively focused 

their attention to investigating the soil solid phase (soil particles). 

At the turn of the century, Frank Cameron (2) published a bulletin in 

which he postulated that the soil solution was the medium from which 

nutrient- ions were obtained by plants. Although, at the time, there 

was little or no evidence to support his postulates, his ideas of 

intimate relationship between the ionic composition of the soil solu- • 

tion and plant growth had shifted research■interests from, the soil

solid phase (soil particle) to its liquid phase (soil solution) and
!

several procedures for isolating the soil solution were independently.- 

reported. A few years later, Parker (3) reviewed the procedures for 

obtaining soil solutions and the difficulties associated with them and 

subsequently the interest had shifted from examination of the soil 

solution to that of the soil particle. Since then, the controversy 

has taken on a rather more quantitative fashion. At Berkeley, Cali

fornia, Jenny and Overstreet (4), and others (5-7) using tracer -.
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techniques, found that uptake of a nutrient was higher when roots were 

submerged in a clay or resin suspension than when they were submerged 

in a solution at equilibrium with the suspension. The explanation 

therein made was that plant roots when placed in suspension effec

tively penetrate the electrical double layer of the colloidal surfaces 

where the activity of counter ions is higher than that in the equi

librium solution. These workers described the manner by which plants 

obtain their nutrients by a cation exchange process between the col

loidal surfaces and the plant roots.

Colloid — K + Root — H Colloid — H + Root — K

According to the exchange theory which has been known as the "contact 

exchange theory," cations held on soil colloids are in a state of 

oscillation and could transfer directly, that is, without the medium 

of the soil solution, to a plant root surface whenever the oscillation 

volumes of the cations adsorbed on the root and colloidal surfaces 

overlap. Since uptake from suspension was higher than from its equi

librium solution, in most of their experiments, it was concluded that 

the driving force for ion uptake is a gradient in the chemical poten

tial of the ion. The chemical potential is defined by Eq. [I].

IL = IR + RT In a^ [I)
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in which Vh is a constant at a given temperature and pressure, a^ 

is the activity of the ion, R the gas constant, and T the absolute 

temperature. Research emphasis accordingly was shifted towards measur

ing ion activities in colloidal suspensions. Marshall (8-10), for 

example, fabricated ion membrane electrodes from clays to determine 

ion activities in clay suspensions by potentiometric techniques. 

Marshall's ideas were championed by Peech (11) as he developed a 

method for simultaneous determination of the activities of co-existing 

cations in soil water systems. The method is based primarily on the 

Donnan membrane equilibrium in which the total, or electrochemical 

potential, IL of each diffusible ionic species will be the same in 

both phases (the clay and the aqueous phase). The electrochemical 

potential of an ion of species i within a given phase is defined as:

y . = y + RT In' a . + Z.Fip I O  1 1 [2 J

in which y is a constant at a given temperature and pressure, a.O 1
the activity of the ion, is its valence, iJj the electrical potential 

of the phase, R the gas constant, T the absolute temperature, and F • 

the Faraday constant. From the condition for electrochemical equi

librium (the identity of electrochemical potentials of each diffusible 

ionic species in the two phases), it follows that

a'
ip" - ip’ = AE cal Z.F i

RT , i In -TT- ' [3]
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in which the superscripts prime and double prime refer to the clay and 

the aqueous phase, respectively. The membrane or the phase boundary 

potential AEcal, 'is measured as the difference between the potentials 

of two identical calomel electrodes, one electrode placed in each 

phase. . '

The EMF of cell I was taken as a measure of AEcal
E E  E

Hg^ci,
]

clay
m 3
equilibriumIHg3Cl2

Hg Sat-KCl suspension dialyzate j Sat -KCl Cell (I)

The junction potential , E^- was erroneously assumed to be negligibly

small. The membrane potential E was measured as AE ^. The aqueousm cal
phase is analyzed by conventional chemical methods, and the activity 

of the ion in the aqueous phase, a'V , is calculated from its concen

tration and the ionic strength. The activity of the ion in the clay 

phase, a'., is then calculated by Eq. [3].

According to Guggenheim (12,13) the primary condition of equi

libria is that for any infinitesimal process occurring in a system at 

constant temperature and pressure, the free energy change, dG, must be 

zero. Therefore, the partial molal free energy, G ', which is defined 

as,

G = 3G/9n ' [4]x x
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where n is the number of moles of ion x, in the system (which is a 

function of both the chemical composition and the electrical potential 

of that system) must be similar in both phases. This could be veri

fied experimentally by placing two identical metal electrodes in the ' 

colloidal and the non-colloidal phases and connecting the electrodes 

to a potentiometer. The electromotive force of this galvanic cell may 

be evaluated in terms of the free energy change of the process•as 

follows

E = AG/nF [5]

where E is the electromotive force, n is the number.of equivalents 

transferred and F is the Faraday equivalent. Since, at equilibrium,

A G  is zero, E must also be zero. According to'Eg. [3], an electric 

potential difference may be registered between two such identical 

electrodes, pointing to the possibility that work might be gained from 

a system under thermodynamic equilibrium. Obviously, this is not cor

rect and the method is misleading. Indeed, it has been shown by Olsen 

and Robbins (14) and others (15,16) that AE  ̂was caused by a liquid 

junction potential (Eh- in Cell (I)) between the calomel electrode and 

the negatively charged colloidal particles in the suspension.

Shortly after the "contact exchange theory" (da^/dx theory) was 

established, Olsen and Peech (17) at Cornell University in New York, 

reported contradictory experimental evidence showing that uptake of 

ions by plant roots was equal whether roots were immersed in.
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suspensions or in their equilibrium dialyzate. They accordingly 

concluded that, the driving force for ion uptake is a gradient in the 

electrochemical potential dp^/dx. The interpretation therein made is 

that, in a suspension of negatively charged ions, the activity, of a 

cation is high and its electrical potential is low while in the equi

librium solution the activity is lower and the electrical potential is 

higher (less negative) which makes the total electrochemical potential 

of each diffusible ion in both phases of any system under equilibrium 

to be equal. Proponents of the djh/dx hypothesis (17-22) concluded 

that under equilibrium conditions, the ionic environment of the plant 

root should be completely characterized by the chemical composition of 

the soil solution and called for the amendment of the "contact exchange 

theory."

In this author’s opinion, and on the basis that the electro

chemical potential of a diffusible ion (which is a function of its 

chemical and electrical potentials) in a suspension under equilibrium 

with a solution is the same in both phases and in the light of recent 

calculations (23) showing that the electrical potential of any dif-
, O

fusible ion at distances as close IOA (approximately three water 

molecules thick) from the colloidal surface is zero, it is likely that 

the roots placed in the suspensions did not effectively penetrate the 

ion swarms (electrical force fields). The suspensions used were at - 

fairly high water content.' The equality observed in the rate of ion
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uptake from both suspensions and their equilibrium dialyzates could 

therefore be attributed to an equality in their chemical potentials 

surrounding the plant roots in the two media. Accordingly, one may 

postulate that the driving force of an ion in suspensions and solu

tions under equilibrium is in fact a gradient in its chemical poten

tial (da^/dx). This hypothesis, if sound, should not discredit, at ■ 

least qualitatively, the djju/dx hypothesis in that the rate of uptake 

of an ion from a suspension is equal to that from a solution provided, 

that the two phases are under equilibrium. It certainly, of course, 

disqualifies the "contact exchange theory," on the basis of thermo

dynamic considerations, in that in a suspension under equilibrium with 

its solution, the activity of a diffusible ion■is higher in the sus

pension than that in the solution. There are certainly more factors 

involved in the rate of ion uptake from soils such as the ionic 

strength of the soil solution and the soil buffering capacity, etc. 

however, it is not the intention of this author to go'into more ■ 
details in this subject, since this author has not been directly 

involved in ion uptake measurements.

On the basis of the d^u/dx hypothesis, attempts to characterize 

the soil have accordingly shifted from techniques aimed at extracting 

"available" ions from the soil solid phase to techniques aimed at 

assessing the composition of the soil solution. Unfortunately, how

ever, actual investigations of the soil-solution have been seriously
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hampered by two experimental factors, viz (a) the difficulties and 

tediousness involved in trying to conveniently obtain a representative 

sample of the soil solution within the field moisture range, and (b) 

the analytical problems encountered in measuring trace quantities of 

the many ions.of interest in the small volume of extracted solution.

Early procedures for obtaining samples of the soil solution have 

been reviewed by Parker (3), Richards (24), and more recently by Fried 

and Broeshart (25). More methods, however, have been reported since 

then, and therefore,, an overall review of these methods is appropriate 

to incorporate in this chapter. In summary, these methods could be 

grouped under:

I. Laboratory Methods For Obtaining The 
Soil-Solution

a. Displacement by liquid. Displacement techniques were first 

introduced by Schloesing (26) and then modified by Burd and Martin . 

(27) who used water for a displacing liquid and obtained data indi

cating that the displaced soil solution was the true soil-solution in 

an unaltered condition. Ischerekov (28) followed by Parker (3) used 

ethyl alcohol for displacement and obtained similar results. Dis

placement techniques have been conclusively regarded by soil scien

tists as the standard technique, for soil solution studies, against 

which other techniques are compared (29-33). 'In general, the method 

consists of packing the moist soil (about 2 kgm) uniformly in a column
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provided with an outlet at the lower end fitted with filter paper.

The displacing liquid is then poured on top of the soil column and as 

it penetrates the soil, it displaces some of the soil solution. Fre

quently, air pressure is applied to the system to speed up the dis

placement. The displaced soil solution is collected in- aliquots of 5 

25 cc. The electrical conductivity of each portion is determined and 

is constant so long as the soil-solution is not mixed with the dis

placing liquid. A considerable change in electrical conductivity 

provides evidence that the true soil-solution is no longer being 

obtained. Chemical indicators are also used to ascertain obtaining 

the true soil-solution. Under these conditions, dilute solutions of 

KSCN or NaCl are used for displacement and FeCl^ or AgNO^ solutions 

are used for indicators. When alcohol is used as the displacing 

liquid, the iodoform test is commonly performed to detect any contam

ination of the soil solution by the displacing liquid.

Although the displacement by water technique has been in common 

use, criticisms of this technique have been:

I. Its applicability is limited to soils of high moisture 

content (34).

II. The method is not suitable for obtaining solutions from

heavy soils.
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III. A period of several weeks is sometimes necesary for dis

placement during which the sample composition could be 

seriously altered due to microbial activity (27,35)

IV. The high probability of contamination of the soil solution 

by the displacing liquid (because of unavoidable mixing).

V. The inconvenience associated with monitoring solution com

position .

VI. The large amount of the soil sample needed and the diffi

culties encountered with packing it uniformly to minimize 

solution channeling (36).

The technique, however, is potentially adaptable and has been of 

much value for soil-solution investigation. This technique will be 

discussed further in the next chapter.

b, Displacement by gas. This method involves the use of a 

pressure membrane apparatus (24). A desired amount of soil is wetted 

to a selected moisture content and then placed on a porous membrane in 

a closed container. Various pressures of an inert gas (usually N^) is 

applied to force out the soil-solution. Although Richards (24) 

obtained small volumes of soil solution of constant composition,

McBain and Stuewer (37) and later Bower and Geortzen (38) observed 

differences in concentration of the successively obtained aliquots of 

soil solution. They attributed that to a salt, sieving effect exerted 

by the membrane and concluded that the method is not suited for soils
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with high phosphate concentration. The extracting procedure also 

suffers from being so slow (as long as several days) as to promote 

microbial activity (39).

c. Centrifugation. This technique, which implies movement of 

water through and out of soils by centrifugal force, has long been 

employed in soil physics labs for the determination of moisture 

equivalent of soils (40,41). More recently, Davis and Davis (42) have 

reported a centrifugation technique for obtaining samples of the soil 

solution. Their technique, however, failed to extract solutions from 

soils below 30 percent moisture as indicated by their data. It also 

requires a special centrifuge tube and has a common disadvantage of 

requiring a filter.

d. Compaction. This technique involves squeezing out the soil- 

solution from soils by reducing their pore space volume' using mechan

ical pressure (43). Although Northrup (44) postulated that the method 

could alter solution composition, Burgess (34) experimentally demon- . 

strated its applicability to soils of various textural classes.

He applied pressures as high as 100,000 lbs per sq. inch to soils and 

obtained solution increments of identical composition. The moisture 

percentage of the soils during pressing was reduced almost to the 

point of "unfree water."

e. Suction. This method which involves use of vacuum extrac

tors was first introduced by Briggs and McCall (45). A ceramic cup is
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■installed in the soil at the desired depth and the air is withdrawn by 

a vacuum pump. When the soil-water suction is less than the applied 

vacuum, water is drawn into the sampler. The solution sample is 

removed by further application of vacuum and drawing, the sample into a 

collection flask. Although some improvement has been made on the 

technique (46,47), it has been subject to serious limitations' due to 

adsorption of ions on the ceramic cell, contaminants in the ceramic 

cell plugging of samplers, and its limited applicability to soil-water 

suction below 0.8 bar (48).

2. Methods Involved in Measuring Concentrations of
in situ Soil Solutions

A variety of such methods have been proposed for measuring the . 

concentration of in situ soil solutions. The use of electrical sen

sors for measuring electrical conductance was first suggested by Davis 

and Bryan (49). More recently, salinity sensors have been used for 

determinations of salts in saline and.alkali soils (50,51). The 

readings obtained, however, are subject to effects of soil texture, 

organic matter content, and soil-water content. ■

3. Soil-water Extraction Techniques

Due to the inherent difficulties in obtaining true soil- 

solutions, filtration of soil-water pastes has been, commonly employed 

ip soil testing laboratories. Unfortunately, however, these filtrates
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are not water extracts representative of the in_ situ soil solution due 

primarily to the solvent effect of water, ion exchange reactions, dis

solution, precipitation, and hydrolytic reactions induced by dilution. 

Burgess (34), for example, reported an increase from 2 to 30 times in 

the concentration of K, S, and P in the 1:5 extract over the comparable 

values in displaced soil solution. Kelly and Brown (52) similarly 

found increasing amounts of carbonates dissolved when alkali-soils 

were extracted with increasing proportions of water. Hibbard (53), 

Reitemeier (54), and more recently Khasawneh (55) compared composition 

of displaced solutions with that of water extracts of a variety of 

alkali and saline soils and ' concluded that dilution considerably 

alters the composition of the in situ soil-solution. They concluded 

that the displaced soil solutions are decidedly superior for sampling 

the in situ solution of soil.

It is seen that dependable characterization of a soil system 

with reference to concentration of nutrient elements has been made 

difficult due primarily to the large volumes of solutions needed for 

the classical analytical techniques. The recent developments of more 

sensitive analytical techniques (56-61) has made possible the deter

mination of many analyses on relatively small solution samples. 

Interest has therefore been stimulated in again trying to isolate the 

true soil-solution in the light of its increasing value for both soil

and plant research.
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In this thesis, a new laboratory technique for isolating the : 

soil solution within the field moisture range of soils is presented. 

Utilizing this technique, more reliable assessments of chemical 

parameters of the soil solution such as pH, electrical conductivity 

(EC) and ionic composition (macro and micronutrients) have been ob

tained. Attention has also been devoted to optimizing analytical 

conditions for the micronutrients (trace elements). Also a new 

methodology for uniformly wetting soil samples to moisture levels 

within the field moisture range is reported and utilized.



Chapter II

IMMISCIBLE DISPLACEMENT OF THE SOIL SOLUTION'
BY CENTRIFUGATION

As noted by Pearson (29), . . of the procedures used for

obtaining samples of the soil solution, the displacement techniques

offer the least chance for change in solution composition during

extraction since no invading ions are introduced into the system and

the solution does not have to pass through a membrane or plate with
$■

the attendant hazard of ion sieving or adsorption." The limitations 

of the traditional displacement technique and other proposed tech

niques have been discussed in the previous chapter. In this chapter', 

a new laboratory method for obtaining soil solutions which combines 

the- reliability of displacement with the convenience of centrifugation 

is presented. It simply involves adding a measured excess of carbon 

tetrachloride to a moist soil sample in a centrifuge tube. The tube 

and contents are then shaken and centrifuged for selected time inter

vals. As a result of the carbon tetrachloride being immiscible with 

water and of higher density (d = 1.6 gm/ml), the soil solution is 

displaced. It rises to the surface where it can be removed for 

analyses.

Carbon tetrachloride was chosen as the displacing- liquid, for the

following reasons:
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a. It is immiscible with water Cthe soil solution); b. has a 

density of about 1.6 gm/ml which makes it less dense than the soil 

particle and more dense than the water, thus enabling' it to separate 

the solution phase (soil-solution) from the solid phase (soil- 

particle, d - 2.5); c. solubility of the predominant electrolytes 

in carbon tetrachloride is negligibly small; d. it serves as a steri

lizing agent when added to the soil thus prohibiting microbial activ

ity (e.g., denitrification) during storage and/or displacement. 

Complete denitrification of soil samples by soil micro-organisms has 

been reported (35) when using traditional water displacement tech

niques. The probable pathways for loss of nitrates are indicated in 

the following equation (I)

21ffl0S ^ t t /  1W 52 ^

■+2H , N,
-2H20 . f '+2H

-K20
nitrate nitrite ----->. N 0hyponxtrous - H O  2

acid nitrous
oxide

e. it serves as a flocculant to soil colloidal particles thus in

creasing the hydraulic conductivity of soils which could speed up the 

displacement process.

Experimental

Two types of soils were used in this investigation, a clay and a 

fine sandy loam. The clay soil (denoted clay) was comprised of
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43. percent clay, 30 percent silt, and 27 percent sand. The fine sandy 

loam (denoted sand) was comprised of 17 percent clay, 18 percent silt, 

and 65 percent sand. A Beckman J-21 model centrifuge fitted with JA-• 

20 rotor was used. Displacement of soil solutions involved these 

steps: (i) A sample of dry soil (10 gm was used in .this case) was

weighed into a 50-ml polypropylene centrifuge tube fitted with a 

polypropylene lid, (ii) 2;5 ml of water were added to each tube con

taining the 10 gm soil sample. The tube was closed and stored for

24 hours for equilibration, (iii) an excess of CCl^ was then added 

(10 ml was used), (iv) the tube was tightly stoppered and shaken for . 

I min. to cause mixing. Although the I min. was an arbitrary chosen . 

time for shaking, it is the impression of the author that it wouldn't 

have a significant effect on the percent displacement since the CCl^ 

tends to penetrate the soil column readily, (v) the tube and contents 

were centrifuged at 48,30Oxg. This centrifugal force was the highest 

allowed force for that particular centrifuge. Lower centrifugal 

forces were tested first that yielded less displaced solution volumes. 

However, data pertaining to this was not recorded. Ten gram dupli

cates of each of the clay and fine sandy loam soils were wetted to

25 percent by the addition of 2.5 ml of distilled water from a gradu

ated pipet directly onto the soil sample in the tube. The systems . 

were stoppered and left in a refrigerator for 24 hours to allow 

equilibration. Duplicate tubes were then centrifuged for several
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intervals of time at 48,SOOxg and volumes of displaced solutions were

measured. Data are recorded in Figure I. In another experiment, the

10 gm soil samples were wetted to selected moisture contents and
centrifuged for two hrs. at 48,SOOxg, and again volumes of displaced

solutions were measured. Data are recorded in Figure 2. Also as a

preliminary check of the reliability of the technique for removing

representative samples of the soil solution, BaSO^ was thoroughly

washed with distilled water. After drying at 50°C, eight samples were

wetted in centifuge tubes to the following moisture contents: 30, 50,

70, 150 percent. Then 10 ml of the CCl^ was added to each tube for

displacement. The tubes and contents were left to equilibrate for 24

hours and then centrifuged'for two. hours at 48,SOOxg.. The solutions
2+ramoved were analyzed for Ba using the Carbon Rod Atomizer, Varian 

Atomic Absorption Spectrometer AA-5. The data are shown in Table I.

Discussion 1
The data" of Figure I indicate that about half of the moisture, 

even from these relatively dry soils, was displaced by the technique, 

the percentage removed in two hours being 50 and 52 percent from the 

clay soil and from the fine sandy loam, respectively. Soil samples 

were at 25 percent moisture content. Owing to the leveling off of the 

curves, it is seen that .two hours centrifuging time was nearly as 

effective as three hours. For reasons not completely understood, not
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Figure I. Amount of soil solutions removed as a function of time of 
centrifugation.
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Table I. Effect of the immiscible displacement technique upon the 
equilibrium in a BaSO^-water system

'Moisture Content 
(percent)

++Concentration of Ba in Extract 
(moles/liter)

2.98 x 10 -8

3.05 x 10—8

70 -82.91 x 10

100 2.91 x 10 ^ (no CCl used)4

2.91 x 10-8Excess (no CCl^ used)
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all of the soil solution was displaced and the amount displaced con

tinues to increase slowly with time of centrifugation■even after two 

hours. Nearly 60 percent of the moisture in the fine sandy loam had been 

displaced at the end of the 3-hour centrifugation period. Higher 

displacement percentage had been reported when water was used as the 

displacing liquid (3). This, in the author's opinion, could be 

attributed to the lower viscosity of CCl^ which, perhaps, makes it 

pass too readily giving lower displacement percentage. The data of 

Figure 2 show amounts of solutions displaced from 10 gm of soil in two 

hours centrifugation period as a function of sample initial moisture 

content. For comparison the total amount of moisture in the samples 

is shown by the upper curve in the figure. The data show that the' 

technique removes moisture most readily from the more moist samples. 

They also show, however, that the technique removes an appreciable 

percentage of moisture even from relatively dry samples. The volume 

of solution displaced at a particular time interval is believed to be 

a function of the amount of soil sample used, its initial moisture 

content and its hydraulic conductivity. In regard to reliability of 

the technique in removing representative samples of the soil solution, 

the data of Table I show that, at least for the BaSO4 mineral,the 

carbon tetrachloride does not upset the prevailing equilibrium and 

accordingly, permits removal of a representative sample of the equi

librium solution. Similar conclusions have been reached by several
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workers using displacement techniques (29-33). Displacement- of the 

soil solution has also been successfully achieved with another immis

cible liquid (1,1,2-trichloroethane, d = 1.4 gm/ml)and, presumably, 

many other organic liquids could also be used for displacement.

The technique described here appears to have fewer limitations 

than those associated with previously reported techniques. These 

include: I) dilution effects. As is well known, the equilibrium '

composition of the soil solution is altered by dilution. This could ' 

be attributed to changes occurring in the soil .system upon dilution. 

Such changes include:

a. Exchange reactions: As is well known (62), the.composition

of the. soil solution depends upon the composition of the micellar 

solution because there is a continual exchange of ions According to 

the mass law which, for a monovalent■ions in a cation exchanger sys

tem, could be formulated as

where the parenthesis stands for the ion activity., i and o signify 

that the inside (micellar) solution and the outside (bulk) solution, 

respectively. From the above equation, it follows that

(H+). + (Na+) ^=t (Na+). + (H+)i o * i • o [6]

(H+K  • (Na+)o = K [7],
i
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when the H ions are displaced by divalent ions (e.g.,- Ca++)t the 

corresponding equation is

It is seen from Eq. [10] that the divalent ions enter on the square

root of their activity and since the relative displacing power of

divalent ions is greater than that of monovalent ions, a dilution of

the system will favor adsorption of the divalent and desorption of the

monovalent ions. That is upon diluting a soil sample, the ratio of

the monovalent ions usually present in soils (e.g., Na , K , etc.) to
++ ++divalent ions (e.g., Ca , Mg . , etc.) will become higher than orig

inally present.

b. Precipitation and dissolution reactions. Effect of diluting

2 (H+)± + ( C a + + )^ (Ca++)i + 2 (H+)o [8]

for which the equilibrium constant K may be represented

2
i o [9]2 = K

io

From Eqs. [8] and [9], one may write

[10]
(H+) (Na+) J ( C a )• O O x O

a soil sample on the equilibrium concentration of the soil solution 

could, be shown, in part, from considerations'of the solubility
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behavior of some minerals. For illustration, the solubility of BaSO4, 

AgCl, etc., in aqueous solutions has been shown to be a function of 

the ionic strength (electrolyte content) of the solvent. The ionic 

strength is defined by the equation .

(M1Z12 + M3Z2 + M3Z2 + ..... ) [11]

where U is the ionic strength, M., M„, M_, etc., are molar concen-1 2 J
!rations of the various ions in the solution and Z1, Z3, Z3, etc., are 

their charges. With BaSO4, a two-fold increase in solubility was 

observed when the KNO3 concentration of the solvent was increased from 

zero to .02 F where F denotes formality (63). This effect of ionic 

strength (electrolyte concentration) on solubility is believed to 

arise from an increased attraction for ions of the precipitate by the 

dissolved electrolyte in the solvent, the consequence of which is a 

shift in the chemical equilibrium. This example could very well apply 

to soil minerals (CaSO4, CaCO3, etc.). It is important to note that 

in the case of diluting a soil system, the possible decrease in solu

bility of some minerals resulting from a decrease in the ionic 

strength of the soil solution is in part counteracted by a concom- 

mitant increase in solubility arising from the solvating action of 

water. Shift in equilibrium concentrations of the soil solution upon 

dilution could also be shown from considerations of the solubility of 

some minerals as a function of pH of the sample. The solubility of
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calcium fluoride (CaF3), as an example, increases with increasing

acidity as a result of the following sequence
2+

CaF2^  Ca + 2F 

+

2H0+
3 '

JJ
2HF + 2H 0

According to the Le Chatelier principle, an increase in the hydro- 

niunvion concentration will result in an increase in the hydrogen 

fluoride concentration and a decrease in the fluoride ion concentre-_ 

tion, the net effect is an increase in the solubility of calcium fluo

ride . Many of the minerals in the soil system would behave in a ' 

manner similar to calcium fluoride. Upon diluting a soil sample, the 

pH may increase or decrease, depending on the system, as is shown 

theoretically and experimentally in Chapter III. The effect of in

creasing or decreasing the hydroxyl ion concentration,. as a result of ' 

dilution, on the solubility of some minerals could also be shown from 

considerations of simple common ion effect.. With magnesium hydroxide, 

for example, the solubility decreases with increasing hydroxide ion 

concentration according to

Mg (OH)2f =S- Mg2+ + 20H_
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Therefore, techniques requiring the. addition of water (dilution) 

as, e.g., saturation pastes and soil:water ratio techniques, are 

subject to this limitation. This is not a limitation of the present 

method; 2) At any selected time, one would like to obtain a sample of 

solution which is at, or near, equilibrium with the solid phase of the 

soil. Techniques requiring vacuum or application of a gas under 

pressure, may shift equilibria sufficiently to change the composition 

of the soil solution. Such effects have been shown experimentally by 

various groups (38,110). This apparently is riot a limitation of the 

present-method; 3) Adsorption or desorption effects— those techniques 

employing filter paper, membranes, ceramic, or sintered glass filter ■ 

devices are subject to contamination from the filtering device and/or 

adsorption of ions from the soil solution onto the filtering devices. 

This is not a limitation of the present method; 4) Limited, moisture • 

range— the data of Figure 2 show that the technique effectively re

moves moisture from soils falling within the usual moisture range, an 

outstanding superiority of this technique over others.

Thus, in brief, the immiscible, displacement (ID) technique 

devised here provides several unique and distinct advantages over com

parable techniques used for obtaining samples of the soil solution.



Chapter III

AN IMPROVED TECHNIQUE FOR MEASURING SOIL pH

According to Olsen and Peech (17) and more recently Olsen and

Robbins (14), the electrochemical potential of an ion, y., in a soil-i
water system is a more meaningful parameter than is its activity, a^.

A fortunate consequence of this conclusion is that a soil can be best 

characterized by determining the composition of the soil solution as 

contrasted, for example, by attempting to measure the activity of ions 

within the force fields of colloidal particles. Of the analytical 

determinations which can be conveniently made, there is probably none 

more meaningful than the pH. As is well known, cation- exchange 

capacity, soil structure, solubility of minerals, growth of micro- ■ 

flora, adsorption of ions by plants and many other, processes and 

parameters are substantially affected by acidity or alkalinity.of the 

soil system. In fact, the pH value has been a useful index, in evalu

ating the fertility of a soil system as well as its productivity 

(64,65). Many equilibria and transformations in soil-plant systems 

are directly or indirectly influenced by the prevailing pH. Pierre 

(30) and more recently Fisher et al. (66) have related plant growth 
directly to soil pH. Mokwuuye (67) found that phosphate and nitrate 

adsorption by soils are primary functions of soil pH. Foy et al.

(68) concluded that soil pH is often an important growth-limiting 

factor for higher plants. Unfortunately, however, in spite of
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extensive research efforts, conventional potentiometric methods are 
still subject to errors which may be undesirably or intolerably large. 

These errors might be briefly discussed as follows:

A naturally occurring (non-flooded) soil is typically so dry 

(may be 10-30 percent moisture) that in situ pH determinations cannot 

be reliably made or interpreted (69,70). It is physically possible, 

of course, to introduce glass and calomel electrodes directly into a 

natural soil, for a pH measurement. At best, however, the value ob

tained will be subject to the'uncertainty of a junction error (of as 

much as 5 pH unit) at the calomel-soil interface. In a K-bentonite 

system, for example, when the electrode pair is pushed into a suspen

sion having a pH of 9.2, a pH of 5.8 will be obtained if the electrode 

pair is inserted into the paste (14,15).' At worst, the soil may be so 

dry as to preclude the possibility of even making a satisfactory 

measurement (essentially, an open circuit) (69,71). Chapman (70) and 

later on Davis (69) have referred to pH readings taken directly in the 

field as "meaningless."

An alternative approach to measurement of soil pH is to remove 

filtrate from a soil water paste and measure its pH directly. Since 

the filtrate is poorly buffered and subject to changes in partial 

pressure of CO^, the determination is subject to drifting. Techniques 

presently available for obtaining a sample of filtrate have been 

reviewed previously. In addition, none of the techniques which are
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presently available makes possible the removal of a sample which is 

clearly representative because, in the process of removal, the sample 

is subjected to changes which can seriously alter its composition. In 

techniques employing suction, for example, contaminants may be intro

duced from paper, sintered glass, membranes, porous ceramics, or other 

filters; conversely, adsorption of ions from the dilute soil solutions 

onto the filter can be expected to occur. With regard to measuring pH 

perhaps the most serious of the changes is that of the partial pres

sure of CO^. In a calcareous soil, for example, the partial pressure 

of CO2 has been shown (72) to markedly influence the pH, and the 

activities of cations and anions in the system. This can be derived 

from the following known equilibrium reactions

where K is the.solubility coefficient of ,CO2.in H3O. From the above 

equation

H2° + C02 *=* H2C°3
liquid gas aqueous

[12]

(H+) (HCO3) [13]
(H2COj,)
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HCO ^  H+ + CO 3 ' 3

(H+) (CO3)

(HCO3)

Kw
H O  H + OH

[14]

Kw = (H) (OH ) [15]

S ++  =CaCO^ v-— Ca + CO,

K = (Ca++)(CO.) s 3 [16]

Combining Eqs. [12], [13], [14], [15], and [16] and writing a charge

balance equation gives

2 [Ca++] + [H+] = [OH-] + [HCO-I] + 2 (CO=] [17]

where square brackets denote the concentrations in molarities. Sub

stituting for (Ca++], (OH ], [HCO3], and (CO3] gives

2 K s  ,  K w  . K l # 2 C ° 3 ]  . Z K q K ,  [ H ^ = O 3 ]
---—  + [H ] = — —  + -----7--- + -- — -----
[CO3] [H ] [H ] [H ]

where K^, Kw, K^, and K3 are all apparent equilibrium constants 

instead of thermodynamic constants. Substituting for [CO3] and 

rearranging, we have
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Ki2K2 [K+] + SK12K22 [H3CO3]2 + KwK1K3 [H+]

+ 3 ' + 4 K1K2 LH ] [H3CO3] = 2Ks (H ]

-J- -5 QAssuming that [H ] ion concentrations in the range of 10 - 10-8.5

and solving for [H3CO3], gives

[ H 2C O 3 ]

V

2K [H+]4S 4
-  "  -

K1 K2 [H ] ^
2K S tH + l3

% 2K2
[18)

Converting the equilibrium constants to thermodynamic constants and 

molarities to activities, one may write

2 + 2. +
( H 2 C O 3 ) '

(H + ) 3  T H - Y  H C O 3  Y H  1 Y C O 3

+4* —  3 t•yM yCO Y H K3YHCO3

2 SK(Hf)^YHCO

pH = I  (log2 + PK2 - PKg) + |  PK + |  PK1

- § log Pco + I  log YHCO3 - I log YM++ [19]

Substituting the numerical values of the constants, one gets for the

CaCO3 (calcite) - HgO - COg system
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pH = 5.994 - -  log (log YHCCT - log yCa++) . [20]
2

Using the ionic strengths given in Frear and Johnston (106) for cal- 

cite in equilibrium with water and CO  ̂in the range of 0.0003 to 1.0

atmosphere and the Debye-Huckel equation

log' Y AZ2ZjI
I + aB/jl

I “ ■)■ I ■The term —  (log yHCO^ - log yCa. ) has values from .02 to .06. A plot

of pH vrs'log P , should accordingly give a straight line with a 
- -2

slope of -0.67 and an intercept of about 6.03 as shown

pH = 6.03 - 0.67 log P ' [21]
2.

From Eq. [21], if the P became equal to 0.2 atm (as in poorly
C°2

aerated soil), the theoretical pH would be 6.5, whereas if, in the 

process of removal of solution, the sample reached equilibrium with 

the atmosphere, the pH would be 8.3. Effect of partial pressure of 

CO^ could be shown to have similar effect on the pH of a sodic (sodium 

saturated) soil. From Eqs. [12], [13], [14], and [15], one can write 

the charge balance equation for a Na3CO3 - H3O - CO3 system, that 

often occurs in sodic soils, as

[H+] + [Na+] = [0H_] + [HCO3] + 2 [CO3] [22]

Substituting for [OH ], [HCO3], and [CO3 ] gives
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[ B W a + ]  + V W  + W
[H+] [H+] [H+]

multiplying by [H ] gives.

+ 3 2 ' [H+] = [Na+H H +] = KwfH+] + K1 LH+] [H3CO3] + 2 ^ 2  [H2CO3]2 3

in the pH range 5-9 (range normally found in soils), values for 
+ 3
I and Kw[H+] are insignificant, and the equation reduces to

2+ , r +[Na'][H'] = K1 [H3CO3][H+] + 2K1K3 [H3CO3]

in dilute solutions [H3CO3] = (H3CO3).
Substituting KP for [H CO ] and solving for [H ]," gives 

L02
KK P

[H+]
I C O .  I COK2K 2P3 + 8 [Na+IKK1K-P^I 2 CO,

2 [Na+]

+ -2 -3at [Na ] concentration of 10 - 10 molar and under P range of
LU2

1.0 - .003 atmospheres, terms within the square root notation are 

negligibly small and the quadratic equation reduces down to

[Na ] •

Correcting for activity coefficients, one gets

™iPco.(H+ ) = +
yH [Na ] yH YHCO3
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*4“ — —where yH and yHCO^ are the activity coefficients of H and HCO3.

From the above equation, one may write

pH = PK + PK + log[Na+] - log P + log yHCO“ [23]
C°2 3 .

Substituting numerical values for the constants gives

■ pH = 7.85 + log[Na+] - log P - 0.51 /p
2

where y is the ionic strength of the solution. Substituting for 

[Na+] and y, we have

pH = 4.83 - log Pqq ' [24]

-3for 10 N NaOH, NaHCO3, or Na3CO3 in the P ^  range 0.003 to

1.0 atmosphere, and

pH = 5.80 - log Pcq [25]

for 10 2 N NaOH, NaHCO , or Na CO in the P range 0.002 to

1.0 atmosphere. . ■

Accordingly, a flooded sodic soil with CO3 at a partial pressure 

of .1 atmosphere (a common situation for flooded and poorly aerated 

soils) can have a pH value which is less than 7. In the process of 

trying to avoid the junction potential error by removing a sample of 

the soil solution (thereby disrupting the CO3 equilibria), it is 
readily apparent that an error of even greater magnitude might be

introduced.
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Still another alternative is the method commonly used in soil . 

testing laboratories. The soil sample is initially dried, crushed, 

sieved, and stored in dry form, until used for analysis. Water or 

salt solution is then added to give an arbitrarily selected ratio of 

soil:solution and mixed. After allowing the sediment to settle, the 

electrodes are inserted into the soil paste or in some laboratories . 

into the supernatant solution (in order to avoid the junction error). 

Unfortunately, in this approach other errors of the same order of mag-' 

nitude are also introduced, viz., (I) in the process of preparing the 

sample for analysis, all gaseous equilibria naturally occurring in the 

soil (notably CO^) are completely upset (72-74). (2) When water is

added to the soil sample in excess of that occurring, naturally, a 

"dilution' effect" is induced which may cause a large change in 

activity of various ions -in the soil solution. Dilution effects on 

soil pH measurements have been rigorously investigated (75-80). (3)

When water is added to the sample, the salt concentration is also 

altered and this can induce a marked effect upon.the measured pH 

(81,82).

To date, many experimental attempts have been made to measure 

soil pH. None of these appear to have provided an unequivocally reli

able determination. In the process of trying to avoid one error,’ we 

have unintentionally introduced others. The development of a
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relatively simple and convenient technique (described in previous 

chapter) for removing the soil solution from naturally occurring "dry" 

soils (within the moisture range usually found) provided the stimulus 

to once more try to resolve the dilemma of how to measure soil pH. As 

may be readily apparent, the consideration of principles involved in 

the determination of a^+ apply equally well to the determination of 

the activity of other ions in the soil solution.

Experimental

As discussed in Chapter I, part of the in situ soil solution can 

be removed from soil samples falling within the field moisture range 

by means of an immiscible displacement (ID) .technique employing cen

trifugation.

Fifty ml polypropylene centrifuge tubes, were capped with an air

tight aluminum cover (Fig. 3). As indicated in.the drawing, the 

uppermost part of the cover was turned to provide a tight seal and to 

avoid gaseous interchange between the soil-water system and the atmos

phere during centrifugation. After centrifugation, a combination-type 

glass electrode was inserted into the outer opening and, after proper 

alignment of the openings, was pushed down until its tip was immersed 

in the soil solution. The pH of the displaced soil solution was 

determined using a Model. 26 Radiometer (The London Company, Copen

hagen) .
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IFigure 3. Details of closed centrifuge tube.
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As a means of checking the reliability of the technique, the pH 

of well-characterized CaCO^-H^O-CO^ systems were determined. Five 

gram samples of Reagent Grade CaCO3 powder were weighed out into . 
centrifuge tubes. A 20 ml volume of double-distilled water was added 

to each and the capped tube was shaken and allowed to stand for two 

hours to equilibrate. A 10 ml volume of carbon tetrachloride was 

then added. Selected systems were equilibrated with air or with 

Argon-CO3 mixture containing either 1.0, 20.0, or 100 per cent CO3 by 

volume. The gas mixtures were prepared by Airco Industrial Gas Com

pany, Vancouver, Washington. Equilibration was" accomplished by bub

bling the selected gas through the system at a flow rate of 1.38 1/min 

for six hours. Each system was sealed by closing the cap. The sys

tems were then centrifuged and the pH of the displaced solution was 

subsequently determined as described earlier.

Theoretical values for the pH of the CaCO3-H3O-CO3 systems were 

calculated from the expression derived previously (equation [21])

pH = 6.03 - 0.67 log
C02

Experimental and theoretical values are recorded in Table 2.

An attempt was made to determine how much improvement in accu

racy might be gained by using the present method to prevent loss of 

CO3 from naturally occurring soils. Samples of eight different types 

of soils were obtained. Subsamples weighing 500 gm- were placed in



Table- 2. A Comparison of Theoretical and 
CaCOg-HgO-CO^ Systems

Experimental pH values for Selected

System
CO,
level

Partial Pressure 
of Carbon Dioxide*

Experimental
PH

Theoretical
pH

Experimental pH 
when CC1. was 
added after the 
COg equilibration

% by volume atmospheres

la Atmospheric .0002 ' 8.34 8.35 -

lb Atmospheric .0002 8.32 8.35 -

2d. 1.0 .0084 7.46 7.40 ■ 7.45
2b 1.0 .0084 7.42 ' 7.40 7.43
3a ■ 20.0 .168 6.55 6.54 _ >

3b 20.0 .168 6.60 6.54 . -

4a 100 .845 . 6.10 6.07 6.00
4b 100 .845 6.00 6.07 6.05

* corrected for atmospheric pressure.
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desiccators. A 50 gmsample of sucrose was mixed with each soil sample 

to serve as a substrate for microorganisms and thereby increase the 

partial pressure of carbon dioxide. The soils were then moistened 

with distilled water to selected moisture levels and mixed. The 

desiccators were tightly closed and the systems allowed to incubate 

for four days at room temperature.

The pH of the incubated soil was determined in two different 

ways, viz., (I) soil solution was obtained by immiscible displacement

from 30 gm soil using 15 ml of CCl^. Values for pH were obtained 

inside the sealed centrifuge tubes as described earlier. (2) The. 

systems from (I) were then opened and allowed to equilibrate with the 

atmosphere for two hours. The immiscible displacement technique was 

used to determine the pH of the soil solution. Data are recorded in 

Table 3.

An attempt was also made to determine how much improvement in 

accuracy might be gained by using the present method to avoid the 

junction error. Samples of the same eight soils were moistened with 

enough water to make a saturated paste. After mixing, pH determi

nations were made with a combination glass electrode immersed' directly 

in the paste. Subsamples were taken for determination of the pH using 

the displacement technique described here. Data are recorded in

Table 4.



Table 3. Change in pH of Soil Solution Induced by Loss of Carbon Dioxide

Soil Composition Soil pH of pH of Soil Solution 2 hrs
Sample No. Type of Soil 0Z=Silt %sand %clay Moisture Soil Solution after opening the tube.

I a Clay 22.4 8.4 69.2 40% 7.71 8.05 '
b 7.70 8.02

2 a Clay 22.4 26.4 51.2 70% 6.95 7.22
b 6.95 7.21

3 a Sandy loam 29 54 17 30% 6.00 6.17
b 5.98 6.19

4 a Sandy clay 26 49 25 30% 6.31 6.32
loam

b 6.32 6.33
5 a Bridger 40% 6.25 6.53

■ soil
b' 6.25 6.50

6 a Bozeman 40% 6.60 6.70
silt loam

b 6.58 6.65
7 a Sandy loam 31 49 19' 32% 7.20 7.45
' b 7.25 7.50
8 a Silty clay 50 19 31 40% 6.70 7.00

loam
b 6.70 7.05



Table 4. Deviations 
Effect."

of pH of Soil Caused 
Soils are the same as

by Junction Error or So-called "Suspension 
those described in Table 2 •

Sample No. Soil Moisture
pH

Soil Paste
pH

Displaced Soil Solution
I a 60% 7.90 8.10
b 7.91 8.11

2 a 70% 7.41 ■ 7.40
b . 7.42 7.41

3 a 50% 7.08 7.12
b 7.06 7.10

4 a 50% 6.82 6.82

b . 6.80 6.82

5a 60% 6.00 6.50
b 5.,99 . 6.48

6a 40% 6.82 - 7.01
b 6.80 7.00

'7a 60% 7.70 7.70

b ' ' 7.71 7.72
8a 60% 6.85 7.15
b 6.84 ' 7.15



44

The final experimental attempt was made to determine how much 

improvement in accuracy might be gained by using the present, method to 

avoid the dilution error. Two soils were selected, viz., a clay ■ 

sample (28 percent sand, 30 percent silt, and 42 percent clay) and a 

fine sandy loam (65 percent sand, 18 percent silt, and 17 percent clay). 

Samples of 100 gmof each were brought to 30, 50, 100, 135, 200, and 

300 percent moisture content and were allowed to equilibrate for 24 

hours. Following equilibrations, pH determinations in the soil solu

tion were made using the CCl^ displacement technique described herein. 

Experimental data are shown plotted in Figure 4. .

THEORY OF DIRECT POTENTIOMETRIC■MEASUREMENTS (83-89)

For convenience, Sorenson introduced the term pH for the nega

tive log of hydrogen ion concentration,his own original definition 

gave
+

I pH = - log[H ] •

When the concept of thermodynamic activity became established,

Sorensen and Linderstrom defined the term Pa ' as.the. negative Ioga- . 

rithm of hydrogen ion activity. Thus,

P - log a + - - log[H+JY + 
aH H

From the time that Cremer discovered the ability of a thin .glass 

membrane to produce potentials which were a function of the

J
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hydrogen-ion concentration, glass electrodes for measurement of pH 

have been in general use for over 50 years. The glass used must have 

an appropriate chemical composition and favorable physical properties. 

Typical high-quality pH-sensitive glass membranes are chiefly lithium 

silicates with lanthanum and barium ions added. These ions act as 

lattice "tighteners" to retard silicate hydrolysis and lessen alkali

ion, mainly sodium ion, mobility. After the membrane is soaked in
+ . +water, the surface layer is depleted of Li , which is replaced by H .

The glass electrode displays an amazing versatility. Involving no 

electron exchange, it is the only hydrogen ion electrode uninfluenced 

by oxidizing and reducing agents. It consists of a reference elec

trode (usually silver-silver chloride)'immersed in dilute hydrochloric 

acid). All of this is surrounded by the glass membrane.

pH measurements are made in practice with the glass electrode

and a saturated calomel electrode, represented by the cell (2).
E E .m ]

AgjAgCl[glass membrane|Test system]KCl [Hg CL |Hg Cell (2)
Sat.

The potential of the internal reference electrode is constant, but a 

potential difference develops across the glass membrane that is a 

function of the difference in hydrogen ion activity of the hydro

chloric acid solution inside the electrode and the hydrogen ion 

activity of the test solution. The potential of the glass electrode 

E is given by the following equation
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E = K + |L. in JL- ' [26]
ZiF H

where E is the potential of the glass electrode, K is a constant, Z. 

is the charge of the H-ion, a is the activity of H-ion in the test 

solution, a is the activity of the H-ion in the internal filling 

solution (dilute HCl) and R, T, and F have their common meaning.

If the internal filling solution (the dilute HCl) is of constant con

centration, Eq. [26] can be written as

K -  + v
i

[27]

K in Eq. [27] is made up of K from Eq- [26] and the logarithmic func

tion a . At 25°C, Eq- [27] may be written as

E = K  + .059 log a^+ [28]

and in terms of pH, as

E = K - ..059 pH [29] ■

The potential E gives a measure of the activity of hydrogen ions in 

the external solution. The value of the constant term K can be 

determined from a measurement of E for a solution of known hydrogen- 

ion concentration. For a solution of unknown pH, its observed poten

tial E is measured and the pH is computed from Eq. [29]. Most com- ■

mercial pH meters, however, are calibrated to read the pH of the 

system directly.
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In Eq. [29] the constant K is a combination of several compo

nents that include: a) an asymmetry potential that develops across

the glass membrane electrode whenever placed in a system' and that 

changes with time. The effect of the asymmetry potential on pH 

measurements is minimized by frequent calibration of the glass elec

trode against a standard buffer of known pH. b) A junction potential 

(E_.) that develops at the interface of any two systems of different 

composition. The salt bridge used in the calomel electrode minimizes 

the junction potential because K+ and Cl have almost identical elec

trical transference numbers. ■ The junction potential is considered to 

be negligible when workina with solutions, this assumption, as will be 

shown later on in this chapter, does not hold for colloidal systems.

The interpretation therein made is that the charged colloidal surfaces
+ —alter the mobilities, of the K and Cl ions diffusing from the calomel 

electrode, thereby qivincr rise to (E.). c) An ohmic potential or .IR 

drop. In a galvanic cell, like that involving pH measurements, the 

electrical resistance of the cell (the system for which its pH to be 

measured) affect markedly the observed potential in such a manner that 

the higher the IR drop the lower the observed potential according to,

E 1 = E - E . - I R  cell ref ind

The measurement of apparent E-M-F in a standard buffer serves 

to calibrate the glass electrode for asymmetry potential and the
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ohmic potential (IR drop) and assuming that junction potentials in 

solutions are negligibly small. In commercial pH meters, this is 

accomplished by adjusting certain resistances so that the dial reads 

the known pH of the buffer solution. • When the glass electrode is 

calibrated in a standard buffer solution and subsequently introduced 

into a soil suspension where conditions could differ drastically, the ■ 

calibration would fail in its■objective which could render the pH 

measurement to be meaningless.

Results and Discussion

Within the limits of experimental error (±.05 pH units)the 

experimental and theoretical pH values in Table 2 are considered to be 

identical. The data accordingly provide confirming evidence that the 

sealed tube effectively prevents exchange of CO^ between the system 

and the surroundings and makes possible the accurate determination of 

the pH of the- system.- The readings on the pH meter were stable which • 

further indicates that the systems effectively remained sealed during 

the measurement. . . .

In making a pH measurement of a natural sample, it should be 

noted that I propose to add CCl4 to the sample after placing it in the 

centrifuge tube. Data recorded in the last column of Table 2 indicate 

that the CCl ' induced no change in the pH of the samples used for this

experiment.
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The data of Table 3 show that the loss of CO  ̂from the soil 

samples caused the pH to increase from 0-0.3 pH units. In other 

words, an error of as much as 0.3 pH unit can occur simply by allowing 

loss of CO2 from the sample by equilibration with the atmosphere.

■McGeorge (65), in trying to compensate for the loss of CO2 on pH 

readings in soils, suggested the. use of tap water rather than dis

tilled water and recommended isolating the system from the surround

ings. Pierre (90) reviewed factors affecting the H-ion concentrations 

of soils and presented data on increase of pH caused by loss of CO2 

from soil extracts. The data of Table 4 show that the junction poten

tial encountered by inserting a reference electrode directly into a 

soil suspension caused an error of 0-0.5 pH units. Literature on the 

effect of the junction potential on pH measurements in colloidal 

systems is voluminous. Davis (69), for example, questioned the objec

tive of calibrating the glass electrode when making pH measurements in 

soils, primarily due to the difference in the IR drop between buffered 

solutions and soil-water systems. Coleman et al. (15) showed that in 

some colloidal systems the junction potential error may amount to 200- 

300 millivolts (ca 3-5 pH units). In trying to minimize errors of the 

junction potential, he recommended making the pH measurements in a 

soil: solution ratio of 1:2 in IN KCl. Although addition of concen

trated electrolytes should minimize "junction potentials," it has the 

disadvantage of lowering the pH of the system. As is well known, two
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adsorbed cations are largely responsible for soil acidity, hydrogen 

and aluminum. The. adsorbed hydrogen is in equilibrium with the soil 

solution and could be shown by a simple equation ■

[30]Micelle---- H H

adsorbed soil solution 
hydrogen hydrogen

Similarly, the adsorbed aluminum is in equilibrium with aluminum ions 

in .the soil solution as illustrated by the simplified reaction

3+Micelle---Al ^  --Al

adsorbed soil solution 
aluminum aluminum

The aluminum ions in the soil solution are subject to the 

hydrolysis reactions

[31]

Al3+ + H2O Al(0H)++ + H+ [32]

+ HrAl(OH) + H2O -> Al(OH)2 + H [33]

Al (OH)2 + H2O -> Al COHl3 + H+ [34]

The hydrogen ions thus released give a very low pH value in the 

soil solution and are perhaps the major source of hydrogen in most

very acid soil.
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I :

The hydroxyl ion concentration in soils comes from the hydrolysis 

of colloids saturated with alkali and alkaline earth metals

Micelle Ca + 22^0 ̂  Micelle ® + Ca++ + 20H [35]

Also the presence of basic salts, especially Ca, Mg and Na carbonates, 

adds to the hydroxyl ions in the soil solution as such salts undergo 

hydrolysis

2Na+ + CO + 2HOH 2Na+ + 20H + H COS ' -  2 3 [36]

Since the dissociation of the base NaOH is greater than that of the 

weak acid H2QO3, a domination of OH ions results.

Upon addition of a salt to the soil system, one would expect 

then a lowering of the pH to occur due in part to a reduction in 

hydrolysis of basic salts because of the common ion effect (Eqs. [35] 

and [36]), and, to exchange reactions with hydrogen and aluminum ions 

held on the colloidal particles according to

+
Micelle ^ + Ca Micelle Ca + 2H [37]

H+

Micelle L+3
,+3

++

+ 3Ca++p A  Micelle Ca++ + 2A13+ [38]
_ ++

With subsequent hydrolysis of aluminum ions in Eq. [38], the pH of the 

soil solution will be lowered. The magnitude of this reduction in pH ■ 

value has been shown to be largely a function of the chemical
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properties of the soil system, the basic cation added and its concen- ' 

tration. Puri and Asghar (81) studied the effect of salt addition and 

found that the following equation holds for some soils :

pH = pH - K  log C [39]O

where pH is the initial pH without any salt, C is the concentration of 

the salt in milliequivalents per 100 gm of soil, K is a constant char

acteristic of the basic cation added, and .pH is the resultant pH• o
after addition of the salt. The values of K for various ions are as 

follows:

Li = 0.30, Na = 0.79, K = 0.55, Ca = 0.48 

Mg = 0.48, Ba = 0.26, Sr = 0.28

Eq. [39], however, is an empirical formula and, therefore, not ex

pected to describe changes in pH in all soil systems.

The data of Figure 4 show that the dilution effect on pH values 

of. the clay and the sandy soils used in the investigation gave rise to 

an error of as much as .5 pH units. In the one soil, the error was 

positive and in the other it was negative which adds an additional 

degree of uncertainty to methods involving dilution of the sample. 

Dilution effects on values of soil pH have also been .studied exten

sively. Kelly and Brown (52) showed an increase in pH values from 

8.3-9.2 as the soil:water ratio was increased from 1:2 to 1:10, while 

further dilution up to 1:40 gave solutions of the same pH value as the
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1:10 solution. Reitemeier (54) similarly found an increase in pH of 

soils upon dilution and attributed that to reduction of CO adsorbed 

on the soil particles. McGeorge (91) and Eaton and Sokoloff (36) 

observed a decrease in soil pH from 7.48 to 6.97 upon dilution. They 

attributed that mainly to dissolution of gypsum (CaSO4 *2^0) by water. 
Keaton (80) also reported a decrease in pH values upon dilution but he 

explained that on the basis of what he called "preferential dissoci

ation." That is, the exchangeable ions in the colloidal micelle have 

varying degrees of dissociation, depending on their hydration and upon 

electrostatic forces. When the soil-water ratio is such that free 

water is present, the exchangeable ions have a*high degree of disso

ciation. At approximately field moisture percentage,. insufficient 

water is present to allow as high a degree of dissociation of these ' 

ions, therefore, preferential dissociation results, in which those 

ions which dissociate most readily dissociate to the greatest degree. 

Thus, there will be a preferential dissociation of the metallic 

cations over the hydrogen ions. As the pH of the soil suspension is 

dependent upon the concentration and type of ions dissociating from 

the colloidal micelle, the pH value of the soil suspension will be 

higher in the case of preferential dissociation (low water content) 

than in the case of complete dissociation (higher water content).

One may also interpret increase or decrease of pH upon dilution 

on the basis of the Donnan distribution of ions between the micellar
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and the outside solution in a soil-water system. According to Donnan 

(92) for a .cation exchanger the distribution of ions could be formu

lated as

(H+).

^ 7
(Na+K  \ (Ca++K

(Na+) (Ca++j
[40]-

and for an anion exchanger

(OH )i (Cl Ji 4' (S04) y
( O H )

(C1 5O sflso "
[41]

4 o

where the parenthesis stands for the ion activity,- i and o signify 

that the ion is in the inside (micellar solution) and the outside 

(bulk solution), respectively.

It is seen from Eqs. [40] and [41] that the divalent ions enter

as the square root of their activity. This means that a dilution,

which affects the outside solution more than the inside, will favor

adsorption of the divalent and desorption of the monovalent ions.

That is, the relative displacing power of divalent ions will be greatly

enhanced in dilute solutions. A concentration of the soil solution

(upon drying of the soil) will accordingly reverse the process. From
-J--f" ™these considerations, it follows that if a soil system having M

+type of salt (e.g., CaCl3) is diluted, the number of h -ions displaced
H— b ~by the Ca ions will be greater than the number of OH ions displaced
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by the Cl ions. Concurrently, upon diluting a soil system having
*4" —- —M^S type of salt (e.g., Na3SO4), the number of OH ions displaced by 

the SO" ions will be greater than the number of H ions displaced by 

the Na ions.. This could be illustrated by the following equations

2(H+)± + (Ca++)0 ( C a + + ) .  +  2 ( H + )I O [42]

2 (0H_) + (SO"). +. 2 (OH™)
4  1 0 [43]

-4*-4- —~Accordingly, upon diluting a soil system that, contains M S3

type of salt (e.g., CaCl3) an increase in acidity of the system is
*4”observed. Conversely, in the presence of M3S" type of salt (e.g., 

Na3S*^), an increase in alkalinity of the system would therefore 

occur.

An unfortunate consequence of dilution effects on soil pH is 

that, since the hydrolysis of salts (of strong bases and weak acids) 

and the colloidal particles are the main sources of OH-ions in the 

soil solution, and since both hydrolysis and solubility are dependent 

on the soil:water ratio, the OH -ion concentration in an alkali soil 

may not actually be above the favorable limit for plant growth, under 

field moisture conditions,'although the soil may actually contain • 

appreciable amounts of sodium carbonate..

If comparisons are to be made in the pH of different soils, the 

possible advantages of bringing all samples to a selected moisture 

level are recognized. Whether or not these advantages- compensate for
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.the errors introduced by the addition of .water is, at this time, a 

matter of speculation.

The principal conclusions of the investigation are the follow

ing: (I) conventional pH measurements are subject to experimental

errors due to (a) the junction error, (b) the upsetting of CO^ equi

libria, (c) the salt effect, and (d) the dilution effect. Data -re

corded here and elsewhere in the literature indicate that each of 

these can introduce an error of 0.5 pH units or greater. (2) The

technique proposed here avoids each of these errors. Thus, (a) there 

is no calomel-suspension interface formed so there can be no junction 

error, (b) the system is effectively sealed to avoid gaseous inter

change with the environment, (c) the addition of water is unnecessary 

so there is no dilution effect, and (d) the addition of salt is also 

unnecessary so there is no electrolyte effect. Experience to date 

with' the technique,' in addition, indicates that the measurements are 

reproducible and free of drifting.



Chapter IV

AN ULTRASONIC NEBULIZATION TECHNIQUE FOR ADDING 
AQUEOUS SOLUTIONS UNIFORMLY TO DRY SOILS

Introduction

In characterizing a soil system for agricultural use, it should 

be recalled that this is best accomplished at any selected time by 

determining the ionic composition of the soil solution within the 

field moisture range of naturally occurring soils. Accordingly, the 

immiscible displacement of the soil solution by centrifugation tech

nique (described in Chapter I) was developed. Occasionally, however, 

the naturally occurring soils are■so dry (moisture below wilting ■ 

percentage of plants) that additional moisture needs to be added to 

the soil sample to bring its moisture content to that which is nor

mally favorable for plant growth. Also, very frequently, moisture or 

aqueous solutions are added to dry soils for investigational work with 

the desire of keeping physical and chemical changes in the soil 

sample— under study— to a minimum. To date, there has been no com

monly adopted procedure to uniformly and selectively wet soils without 

inducing alterations in the soil system- (119). If a requisite amount 

of water or electrolyte is added to just-one zone of the sample (as, 

for example, with a pipette), several undesirable changes might occur. 

These include: (a) the physical structure of the saturated zone might

be altered; stirring to facilitate equilibration might induce even
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greater physical changes. (b) Undesirable solubilization or exchange

reactions might occur. (c) As water moves from the wet to the dry 

zones, undesirable transport of electrolytes might occur. (d) The

length of time required for. the system to re-establish equilibrium 

conditions with respect to moisture and electrolytes might be unde

sirably long. Van’t Woudt (120), for example, in studying rate of 

soil wettability as a function of initial moisture content used an 

insecticide spray pump to wet soil samples. Initial moisture content 

was created by kneading down quantities of water into known quantities 

of soil. ' Although uniform moisture distribution was obtained at the 

end, the process of kneading could seriously disturb the soil struc

ture thus affecting' rate of water penetration and movement (93). In a 

similar study by Nagmoush (94) , the soil sample was mixed- with weighed 

amounts of finely powdered ice in tubes under controlled, temperature 

of 3°F. The ice was.then allowed to thaw at room temperature pro

viding a desired soil moisture content. This technique, however, as 

reported by Nagmoush, had failed to provide a uniform bulk density in 

the soil column. Jackson (95), in studying water vapor adsorption by 

soils as a function of'initial moisture content packed air dry soils 

in columns and incubated them with beakers containing saturated K3SO4 

solution in an evacuated chamber for two to three weeks. Wetting of

soils by such a method has the disadvantage of being long enough to 

promote biological activity which could alter the soil chemical and
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physical properties. Yet, another approach to selectively obtain 

varying soil moisture contents is by using the Richards pressure mem

brane apparatus (81). In this procedure, the soil sample is saturated 

and placed on a porous membrane, then subjected to varying amounts of 

pressure. Amount of moisture retained in' the soil corresponds to 

amount of applied pressure. This method suffers from the serious dis

advantage of desalting (and thereby altering both physical and chemical 

properties) the soil sample under study.

An ultrasonic nebulizer has been successfully used (96) to pro

duce a uniform spray of fine droplets of aqueous solution for analyti

cal purposes. This chapter describes a technique for introducing 

water or aqueous solutions into dry soils using an ultrasonic nebu

lizer.

Experimental

. An ultrasonic nebulizer Model TE 3014 of Tomorrow Enterprises'* 

was used (see sketch of equipment in Figure 5) throughout this work. 

Distilled water or a solution of electrolyte is pumped across the 

vibrating face of a piezoelectric crystal driven by a radio fre- - - 

quency generator of 1.4 MHZ. This provides an aqueous aerosol.with 

minute droplet of about 1.2 microns in diameter. Although the spectrum

*Tomorrow Enterprises, 4408 Hickory Lane, Portsmouth, Ohio.
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To Waste, or back to Solution Container

Figure 5. Schematic diagram of ultrasonic nebulizer.
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of droplet size was not determined here, it is known that their diam

eter is primarily a function of the ultrasonic frequency and a narrow 

distribution is expected (97,98). The resulting aerosol is then 

swept from the nebulizing chamber and transported into a beaker con- ' 

taining the soil sample by a stream of argon gas. The beaker (250 ml, 

pyrex with rounded top) was fitted with a rubber stopper containing an 

inlet and outlet tube (see Figure 5). Neither tube extended into the • 

soil. Throughout the experiments, the depth of the soil sample was 

usually about 2.6' cm. As a means of inducing condensation of the fine 

droplets in the soil, the beaker was kept in an ice bath during nebu- 

lization (Fig. 5). The nebulizing solution flowed to the chamber at 

a constant rate of 1.0 ml/min and the argon flow was controlled at a 

rate of about 1.1 lite'r/min. Gases other than argon could presumably 

also,be used.

The unnebulized solution from the crystal surface can simply be 

drained back into the nebulizing solution container as a means of 

minimizing loss of solution. The rate of nebulization can be in

creased. by the use of a larger crystal and/or by using higher fre

quency. The size and shape of the beaker may affect the rate of con

densation to some extent. .The cost of the nebulization equipment used 

in this investigation is approximately $1,000.

Two types of soil (air dry) were wetted using the ultrasonic 

nebulization technique. The one soil (denoted sandy loam) was
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comprised of 55 per cent sand, 18 per cent silt, and 17 per cent clay. 

The other.soil (denoted clay) was comprised.of 16 per cent sand, 25 

per cent silt, and 59 per cent clay. A 100 gm sample of each soil was 

brought to selected moisture contents by the nebulizing technique.

The moisture content of the sample being treated was monitored at 

selected time intervals by weighing the beaker containing the soil 

sample. The data are reported in Figure 6.

Uniformity of moisture distribution introduced by nebulization 

was investigated in the following way. Two 100 gm portions of the 

clay and sandy soils (described previously) were wetted to 30 and 20 

per cent moisture by weight, respectively. Four slices of each 100 gm 

portion were taken from the top and bottom layers of the soil column, 

dried at 55°C for 48 hours and their moisture content was determined 

on weight basis. Data are recorded in Table 5.

Uniformity of distribution of electrolyte introduced by nebuli

zation was investigated in the following way.

Two 100 gm samples of the clay and sandy loam soils (previously 

described) were wetted to 25 percent by the nebulizer with LiCl solution 

(65.2 meg Li+/1, Baker analyzed reagent, dried at 105°C before weigh

ing). After nebulization was completed, the wetted soil columns were 

sliced into subsamples weighing approximately 25 gms. The soil solu

tions were extracted using the immiscible displacement by centrifu

gation technique described in Chapter II. Extracted solutions were
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Sand

T i m e  o f  N e b u l i z a t i o n  i n  H o u r s

Figure 6. Moisture content of soil as determined by time of 
nebulization.
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+then analyzed for Li using flame emission spectroscopy, AA-IOO, of 

Varian Techtron. Results are reported in Table 6.

Table 5. Data pertaining to uniformity of distribution of moisture 
in the soil samples

Soil type
Sub-sample
location

Moisture
found
(percent)

Moisture
expected
(percent)

Clay top 31.8 30
top 29.1 30
bottom 32.0 • 30
bottom 30.4 30 •

Sand top 19.0 20
top 21.1 . 20
bottom 20.0 . 20
bottom 21.1 20

Results and Discussion
- _

The data of Figure 6 show the moisture content of the two soils 

as a function of time. The slight non-linearity of the curves sug- . 

gests that moistened soil is more efficient in inducing condensation 

of the tiny droplets than is dry soil. Under the conditions used, the 

initial rate of condensation was about 7 ml/hr and a few hours later 

it increased to about 10 ml/hr in the sandy soil. • -

As is indicated by the data of Table 5, even within the very few 

hours required to moisten the samples, the entire sample had attained
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a very uniform moisture content. The moisture content of the' clay 

soil varied from 29.1-32.0 per cent and of the sandy loam from 19.0- 

21.1 per cent.

Table 6. Data pertaining to uniformity of distribution of added LiCl 
electrolyte in soil samples

Soil type Slice No.X
Li+
Meg/1 .

Clay . I 18.1
2 17..0
3 17.4
4 18.4
5 H <1 ■ C

O

Sandy loam I 26.8
2 27.4.
3 26.1
4 27.8
5 27.1

XNo. I was the top slice, No. 5 is the bottom one. Values for
-rLi- are concentrations in the displaced'soil solution.

From data of Table 6, it is seen that LiCl solution was dis-
"1“tributed rather uniformly throughout the soil samples„ Some Li

undoubtedly underwent exchange reactions so the amount of Li+ in the

displaced soil solution was less than that added in- the nebulization ■
+process. As would accordingly be expected, Li concentrations in the 

solution from the sandy loam soils were-higher than in those from the

clay soil.
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The author is not aware of a comparable technique for syste

matically and uniformly adding moisture to a soil sample. A compar

ison to another technique has therefore not been made in this inves

tigation. In the new improvement, the soil sample was spread out to a 

thickness of about .25 cm which hastened the wetting process. Wetting 

100 gm of soil to field moisture content was accomplished in less than 

two hours. The technique has several potentials to warrant its appli

cation and further study. It is also employed in soil salinity 

studies in the next chapter.

Recent improvement has been made by the author on the technique 

for water aggregate stability studies but data are not completed for

presentation.



Chapter V

A LABORATORY TECHNIQUE FOR APPRAISING 
in.situ SALINITY' OF SOIL.

Introduction '

Excessively high soil.salinity is believed to be injurious' to 

growing plants in two ways: first, chemically, through the toxicity

of certain, ions in the soil solution; second, physically, through the 

attainment in the soil solution of an osmotic pressure greater than 

that which can be tolerated by higher plants. For effective assess

ment of soil salinity, one must, therefore, sample the true soil 

solution to which growing plants are subjected and accordingly af

fected by solution concentration and composition.

A satisfactory laboratory appraisal of in situ salinity.of soil 

samples, however, is presently made difficult by two principal factors 

viz., (I) The soil under natural conditions is an ever changing system

with salinity varying as a function of water content, partial pressure 

.of CO2, etc. (2) The amount of solution in an unsaturated soil sample 

is typically so low that no sufficiently, convenient and reliable means 

has been developed for obtaining a representative sample (99) .

In situ soil salinity can be calculated using predictive mathe

matical models requiring complete analyses, of all constituents of 

water extracts of soils and taking into consideration, cation-exchange 

reactions, salt precipitation, and dissolution, ion-pair formation,
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anion exclusion, composition of the soil atmosphere, and the capacity 

of the soil to buffer solution pH values (100-102). The reliability 

of these techniques, however, has been difficult to test because of 

the difficulty associated with obtaining a reliable equilibrium sample 

of the soil solution at low soil-water content (103,104)..

An alternative for assessment of in situ soil salinity is to 

estimate it using the conventionalIy soil-water extraction techniques 

(39) in which a soil sample is dried, ground, rewetted to a certain 

soil:water ratio and then filtered. Undesirable features of the 

commonly used filtration techniques include: (a) the very marked

effect of dilution upon the electrical conductivity (EC) of the ex

tract, an effect which may be unique for each soil (105). In saline 

soils, for example, the solution of silicate minerals, carbonates, 

gypsum, and ionic exchange reactions combine to produce increased 

dissolved salts on dilution (52,54). Hibbard (53), in comparing analy

sis of water extracts with displaced soil solutions found that the 

water extracts gave higher primary monovalent salts) and lower secon

dary (divalent salts) salinity than the displaced-solutions. Secon

dary salinity is preferable to primary, in arable soils, therefore, 

the picture presented by the water extract is less favorable than that 

which actually persists. The actual salinity conditions in the soil 

was apparently better than was indicated by the water extract. (b) a
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disruption of gaseous equilibria, perhaps most notably in the CO^- 

carbonate which can also exert a significant effect on the EC (106).

(c) The concentration of some of the relatively toxic ions (e.g., 

bicarbonate or borate) may be markedly influenced by dilution and/or 

by the extraction process.

The laboratory technique which appears to come closest to pro

viding a feasible means of extracting solutions from unsaturated soil 

samples is that of displacement (29). Unfortunately, however, the 

traditional displacement technique (27) is so inconvenient and cumber

some that it is seldom used except for special research purposes. An . 

alternative displacement technique is described in Chapter II which 

combines the reliability of the traditional approach with the conven

ience of centrifugation. The possibility of using this alternative 

immiscible displacement technique (ID) as a more convenient and simple 

and reliable means for appraisal of in situ soil salinity is herein, 

described.

Experimental

Selected samples of air-dried soils were used in this investi

gation. Chemical characterization of these soils were previously 

performed at the soil testing laboratory at Montana State University. 

Soils of widely differing texture were used in the investigation. . The 

clay soil (denoted clay) was comprised of 43 percent clay, 30 percent
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silt, and 27 percent sand. The fine sandy loam (denoted sand) was 

comprised of 17 percent clay, 30 percent silt, and 53 percent sand. 

Subsamples of these two soils weighing 100 gm each were placed in 

stainless steel centrifuge tubes of 250 ml capacity (Sorvall Company) 

modified to fit Beckman Rotor JA-I4 of Beckman Centrifuge JB-21. The 

subsamples were wetted to 25 percent water by weight using the ultra

sonic nebulization technique described in Chapter IV. After equi

libration, the soil solutions were removed by the ID technique, in 

which 50 ml of carbon tetrachloride were added to the centrifuge tube 

containing the wetted soil sample, and the contents were centrifuged 

at 30,050xg for selected time intervals. The stainless steel centri

fuge tubes are not adversely affected by the carbon tetrachloride and 

provide a larger volume of soil solution from a more composite soil 

sample in comparison to the smaller plastic tubes. The volume of 

solution displaced as a function of time is shown in Figure 7.

In another experiment, duplicates of 100 gm samples were wetted 

to selected moisture content. Soil solutions were displaced using the 

ID technique with two hours of centrifugation. Volume of soil solu

tion removed as a function of initial moisture content is shown in 

Figure 8 with the upper curve in the figure indicating percent water 

added to the sample.

The water content distribution of centrifuged soil samples was 

determined to provide information pertaining to the mechanism involved
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Figure 7. Amount of soil solution displaced from 100 g of treated samples 
by immiscible displacement from clay and sandy loam initially 
at 25% water as affected by centrifugation time.
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Sand.

Soil Water, %

Figure 8. Amount of soil solution displaced in 2 hours centrifugation 
from 100 g by immiscible displacement technique related to 
initial soil water content.
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in the displacement process. Forty gm samples of the two soils (de

scribed previously) at 50 percent water content were placed in 50 ml 

polypropylene centrifuge tubes. Twenty ml CCl^ were added to each 

tube and the contents were centrifuged at 30,050xg for one hour.. This 

high water content of the soil samples was needed to permit obtaining 

ample amounts of successively displaced solution samples throughout 

the centrifugation period. After centrifugation for one hour, the 

supernatant liquid, both displaced soil solution and carbon tetra

chloride, was discarded by decantation. The compacted soil column (5 

cm in length) was then divided into 6 cylindrical segments by slicing 

parallel to the surface of the soil column. The segments were weighed 

into air-tight cans containing an excess of anhydrite (CaSO^) of known 

amount. The cans were sealed and placed in a desiccator at room tem

perature for a period of two weeks. The water content of the anhy

drite and the amount of soil was determined by weighing and the water 

content of the soil segments was calculated. The water content dis

tribution from the bottom of the centrifuge tube is shown in Figure 9.

In checking uniformity of electrolyte composition of the succes

sively displaced soil solutions, 100 gm samples of the clay and fine 

sandy loam at 100 and 50 percent water content, respectively, were 

weighed in the stainless steel centrifuge tubes for ID. ' Two different 

sampling techniques were used, viz., (a) enough replicates were used

so that samples of soil solution could be removed from separate tubes



50

4 0

30

oX°

o
0)

O  L 
O 1 2  3 4 5

Distance from Tube Bottom, cm

Figure 9. Moisture content of the soil column in the centrifuge tube 
after centrifugation for immiscible displacement for one hour
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centrifuged for different times, or (b) a particular soil sample was 

centrifuged for a selected period of time, the displaced soil solution 

was removed and the same sample was then centrifuged, for additional 

periods of time with the solution being removed after each centri

fugation period. The displaced solutions were analyzed in duplicates
-|~ -j-for EC (electrical conductivity), Mg ,Ca , Na , and K . Data are 

recorded in Table 7.

Some evidence .for the reliability of the ID technique for deter

mining the concentration of a salt in a solid-water system was ob

tained using gypsum. A 300 gm sample of gypsum (CaSO ■ 2H 0) was 

crushed, washed thoroughly with distilled water and allowed to equili

brate for 24 hours in distilled water at 25±2°C. The sample was again 

washed several times and dried at 55°C for 48 hours. Subsamples of 20 

grams each were brought to selected moisture contents (per cent by 

weight) with distilled water in 50 ml polypropylene centrifuge tubes. 

After a 24- hour equilibration period with shaking, 10 ml of CCl^ were 

added to each tube and moisture samples were obtained using the im-
j" j-miscible displacement technique. The samples were analyzed for Ca 

using Flame Atomic Absorption Spectroscopy. Experimental and litera

ture values are recorded in Table 8.

Fluctuations in moisture content of a soil are known to induce 

changes in the electrolyte concentration of the soil solution. . An
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Table 7. Comparison of soil solution displaced from progressively 
drier samples of soil

Cations

S o i l
Time o f  C e n t r i fu g a t io n ,  

Hrs
E le c t r i c a l  C o n d u c t iv i t y ,  

m m hos /cm M g  Ca K Na

m e/1 me/1 me/1 me/1

C la y + 1/2 0 .7 2 ■ 2 .2 3 .7 0.32 0 .69
0 .72 2 .1 3.8 0.31 0 .6 5

Clay"1" I  1/2 0 .7 3 2 .1 3 .7 0.32 0 .6 3
0 .7 0 2 .2 3 .7 0.31 0 .6 7

C la y + CO O 0 .7 5 2 .1 3 .7 0.32 0 .69
0 .7 2 2 .2 3 .7 0.32 0. 67

C la y * 1 .0 0 .7 5 2 . 2 - - 0 .6 7
0 .7 4 2 .2 - - 0 .6 7

C la y 2 .0 0 .7 3 2 .1 - 0.62
0 .7 5 2 .2 - - 0 .6 7

C la y
OCO 0 .7 4 2 .2 - - 0 .67

0 .7 2 2.1 - - 0.65

T
Sandy Loam 1/2 0 .5 5 I  .9 I .7 0.41 0 .2 6

0 .5 3 I  .9 1 .7 0.39 '0 .26

Sandy Loarn+ 2 .0 0.51 I  .9 1 .8 0.41 0 .25
0 .53 I .9 I .8 0.41 0 .2 7

Sandy Loam 3 1/2 0 .5 4 1 .9 . I  . 8 ' 0.41 0 .2 6
0.51 1 . 9 1 .8 0.41 0 .2 7

Sandy Loam I .0 0 .5 4 2 . 0 -  ■ - 0 .25
0 .5 5 I .9 0 .2 6

Sandy Loam 2 . 0 0 .55 I .9 - - 0 .2 7
0 .55 1 . 9  . - - 0 .2 6

Sandy Loam CO O 0.52 I  .,9 - - 0 .2 7
0 .54 2 . 0 - - 0 .2  6

^Samples o f  s o lu t io n  were ob ta in ed  by  ID  from the same s o i l  sam p les  a f te r  suc c e s s iv e  
c e n t r i fu g a t io n  p e r io d s .

+A s in g le  sample o f  s o lu t io n  was ob ta ined  b y  ID  from each s o i l  sam p le  a f te r  
c e n t r i fu g a t io n  t im e in d ic a te d .

Dashes in d ic a te  no a n a lyses  were made.



Table 8. Solubility of gypsum (CaSO •2I-I 0) as determined by the ID technique 
as compared to data from the literature

"f-T*X Concentration of Ca from
Moisture, % literature data . . . . . Experimental Concentration

Sub̂ -Samtile by weight moles/L of Ca, moles/L

la 
’ lb

25
25 '

1.399 x 10"?
1.399 x 10

1.372 x 10"? 
1.397 x 10 ^

-2. 2a 35 1.399 x 10, ■ 1.362 x 10 “
2b 35 1.399 xlO 1.402 xlO ^

. 3a 
3b

50
50

_21.399 xlO ,
1.399 x 10 ■

1.372 x10"2
' 1.384 x 10"" ■

-2 , -24a 150 1.399 xlO , 1.367 xlO,
4b 150 . 1.399 x 10 1.382 x 10

X Calculated from data given in The Handbook of Chemistry and Physics, 52 edition, 19 71-1972.



79

example of the changes caused by fluctuations is shown in Figure 10. 

Duplicate 100 gm samples of the fine sandy loam were wetted to

hour equilibration period, solution was removed from the samples using 

the immiscible displacement technique. Values for EC were obtained 

from resistance measurements using the equation below (upper curve).

For comparison, experimental and calculated values for EC were 

plotted (assuming the solution in the soil underwent no changes except 

simple dilution) in Figure 10.

Possible loss of cations to the CCl^ in the ID technique was

tested on a saline silty clay loam (35 percent clay, 55 percent silt,

ana 10 percent sand) sample from Decker, Montana. The sample was

maintained at 27 percent moisture by storing in a plastic bag at 5°C.

Soil solution was obtained by ID from two 100 gm subsamples using 50

ml CCl4 for displacement. Samples from both the CCl^ and of the

aqueous soil solution were analyzed for Ca++, Mg , K+, and Na+. The

CCl samples were first slowly evaporated to dryness and then water 4
was added to the residue before analysis. The relative composition of 

the two solutions is shown in Table 9.

selected moisture levels from 25 percent to 200 percent. After a 24

r
-Ik is the cell constant (cm ) and r is 

the resistance (ohms).
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Figure 10. Calculated effect of simple dilution upon the EC of the 
soil solution as compared to experimental data.
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Table 9. Distribution 
solution and

of major cations 
the CCl4 used as

between the displaced 
a displacement liquid

soil

' [Ca++] [Mg . ] [Na+] [K+]
ppm ' ppm ppm ppm

Soil solution 556.0 207.0 220.0 10.3

Carbon tetrachloride 0.6 0.04 1.2 • • 0.1

The final experimental work in this section was comparing the 

immiscible displacement -technique for assessment of soil salinity to 

other techniques used for the same purpose. Seventeen different types 

of air-dried soils of widely differing salinity levels were, obtained 

from the Soil Testing Laboratory at Montana. State University. The 

salinity levels had been assessed using saturation extracts and 2;I 

extracts. Subsamples (100 gm)in duplicate were wetted to 25 per cent 

moisture and soil solution was removed by the immiscible displacement, 

technique. ■ Data are recorded in Figure 11. - ' ..

All analyses were made by atomic absorption spectroscopy. The 

electrical conductivities EC of the displaced solutions•were deter

mined with a Beckman EC bridge. Model RC-16B1, and. a 3 ml pipette cell

with a .10 constant.
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Co++ from Calcite

Mg++ from Nesquehonite

pR (Atmospheres)

Figure 11. Effect of partial pressure of CO on the solubility of 
Calcite (CaCO3) and Nesquehonite (MgCO3-SH^O).
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Discussion

The data of Figure I indicate that about 7 ml of solution were 

removed in two hours from soil with 25 percent water content. Figure 

8 shows that the amount removed depends primarily on the initial water 

content, ranging from about 5 ml at an initial water content of 20 per

cent to 65 ml at 100 percent. Considering the relatively small volume 

5 yl for each determination) of solution needed when using modern 

atomic absorption techniques the volumes of solution displaced'are 

seen to be adequate to permit many analyses even from relatively dry 

soils.

The mechanism of the displacement process could be explained 

with the aid of Figure 9. The water content of the soil at the 

bottom of the tube decreases during centrifugation and the upper layer 

(I cm) becomes and/or remains saturated. The tentative explanation of 

the underlying process is that the potential gradient of CCl4 is • 

positive (+) downwards and counteracts a smaller water potential 

gradient which is also positive (+) and downward. Accordingly, CCl4 

displaces the water upward. The water presumably escapes, dropwise, 

up through the CCl4 layer.
As is concluded, in the immiscible displacement (ID) technique 

the soil solution moves upward through the soil column. While the 

upper portion may move only a short distance before it leaves the
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soil, the lower portion may pass through the whole soil column. The 

question then arises as to whether or not the movement of the■soil 

solution through the soil, during the.displacement process, alters its■ 

composition. If it does, successive portions.of the displaced solu

tion would not be of the same composition rendering the method to be 

of little value. The data of Table 7 indicate that the successively 

displaced aliquots are of relatively constant electrolyte concentra

tions regardless of centrifugation time and/or water content. Al

though these observations agree with those obtained whenever displace

ment techniques have been used (29—33), it is of interest to elaborate 

on this finding in the light of what is known as "negative adsorption" 

phenomena.

According to Donnan.(107,108), in a colloidal system the density 

of positive ions, surrounding a negatively charged particle decreases 

with distance from that particle, whereas the density of negative ions 

increases with distance. Although the concentrations of cations and 

anions and the electrostatic potential in every small volume dV in the 

system must be the same statistically (when the entire system is at 

equilibrium), the electrolyte concentration at the close proximity of 

the colloidal surface (micellar solution) must be less than that at a 

further distance out (bulk solution) due to the exclusion of anions 

from zones near th charged surfaces. Accordingly, one would expect a 

gradient in the electrolyte concentration of the soil solution at



85

different distances from clay surfaces, being highest at the farthest 

distance out.

In the immiscible displacement (ID) technique, the displacement 

process appears to approximate that of a chromatographic process in 

which some water arrives at the surface of the soil column sooner than 

the rest because of differences in travel conditions. Therefore, it 

is not safe to consider that water is being extracted from different 

distances from clay surfaces. Furthermore, in the ID technique one 

would expect constancy of composition during the extraction process . 

since the "extraction force," i.e., centrifugal force (is nearly the 

same) and the solution is merely being displaced upwards by an immis

cible liquid. Bouyoucos (109) measured the freezing point of the 

supernatant solution and that of the soil suspensions in equilibrium 

with it and found them to be equal. He erroneously concluded that the 

concentration of the soil solution in intimate contact with the sur

face of the soil particles is less than that of the bulk solution. 

Bower and Goertzen (38), .using the pressure membrane apparatus to 

extract soil solutions, observed pronounced gradients in the salt 

concentrations of the successively extracted soil solutions' between 

suctions of 0-16 atmospheres. The solutions retained at the higher 

suctions having lower concentrations. Bolt and Lagerwerff (HO) 

postulated that the use of the pressure membrane apparatus for ex

tracting solutions from clay suspensions could alter the soil solution
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composition. Both groups attributed that largely to retention of 

salts by the filtering system and to redistribution of electrolyte 

during the extraction process.

There seems to be no direct relationship between the soil solu

tion extraction at different pressures "different extracting forces" 

by Bower et al. and extraction at the same centrifugal force "same 

extracting force" but different time intervals as in the case of. the 

immiscible displacement (ID) technique. Bower's data were subject to 

salt sieving at the bottom interface of the soil sample. In their 

case the total water potential at the top of the sample was greater 

than zero and at the interface it was near zero. The applied pressure 

was about equal to the metric potential at the bottom interface. The 

result is that water moved down a potential gradient as it was ex

pressed from the soil. In the case of ID, the CCl^ first displaces 

the water from the largest pores which have the highest hydraulic con

ductivity for both water and CCl4. After this initial displacement, 

the water must move upward through locations where there could be thin 

water films and where salt sieving water could have occurred. Such 

thin water films could occur earlier in some spots of the soil column 

in the ID case and perhaps over a greater depth interval so as to 

obscure negative adsorption effects. In Bower's case the soil column 

is much thinner and the thinnest water films occurred in the last 

pressure step with the result being the observed reduction in



87

concentration. In the TD case, the average column water content (Fig. 

9) is about. 25 percent which is perhaps not sufficiently dry enough to 

show effects of anion exclusion especially when CCl^ (has low dielec

tric constant) is present in the system which could, according to 

Coloumb's law, increase the electrostatic forces by which the counter 

ions are held at the negatively charged colloidal surfaces.

Perhaps a more informative investigation of the identity of the 

composition of successively displaced solutions, using the ID tech

nique, would be to subject the soil sample to different centrifugal 

forces "extraction forces" with centrifugation intervals at two hours 

since earlier data in Chapter II showed that it.took two hours to 

remove most of the soil water held at a lower potential than that of 

the centrifugal force as suggested by the leveling off of the curves. 

The use of ultra-centrifugation techniques and micro-conductivity 

cells is necessary to facilitate making EC measurements on the rela- ■ 

tively' small solution volumes displaced from the progressive drier 

soils. It would be indeed a safe precaution to discard the first 

portion of solution displaced since it would be the portion most 

subject to channeling effects throughout the soil column.

Nevertheless, Bower's data showed no difference between the 

negative adsorption of NaCl and Na3SO4 at similar concentrations.

From considerations of electrostatic charges on the anions of Cl and 

S0~~, one would expect that the Na3SO4 solution would exhibit higher
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negative adsorption than NaCl especially since the' two salts were 

equally subject to negative adsorption by the soil since (according to 

a separate experiment done by the authors) neither salt reacted chem

ically with the soil. Before drawing any conclusions, it is indeed 

pertinent here to note that Burgess (31) using a hydraulic press ob

tained solution of identical composition from soils under direct 

pressures from 10,000-100,000 pounds per square inch. Burgess also 

showed that the soil, after pressing, had reached the so-called 

"unfree" water percentage but the "unfree" water was unextractable. 

This is in accord with Quinckes (111) calculations which showed that 

clay particles are able to hold thin water films, to their surfaces 

with forces equivalent to approximately 300,000 pounds to the square 

inch. It is therefore likely that the counter ions at the close 

proximity of the colloidal surface are held within a very thin water
Q

film (<10 A thick) and at high enough electrostatic forces that, in 

all possibility, the extracting forces are never high- enough to over

come the high electrostatic forces with which these ions are held.

In the light of the consistency in composition of the success

ively removed' soil solutions using displacement techniques here and 

elsewhere and direct pressure techniques, and since Bower's experi

mental data failed to coincide with the theoretical considerations of - 

negative adsorption, it is the author's opinion that the effect of the
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so-called "negative adsorption" on anions in soils is "insignifi

cant."

The effect of diluting the soil on the electrical conductivity 

(EC) measurement of the soil solution is shown in Figure 10. .For 

comparison, calculated values for EC are also plotted assuming that

the solution in the soil underwent no changes except mere dilution
0(lower curve). It is seen from the data of Figure 10 that experi

mental EC values are substantially different from calculations based 

on more dilutions. The data accordingly indicate that upon adding 

excess water to a soil sample (as is done when using saturated pastes 

or soil:water ratio techniques) several changes, beside mere dilu

tions, occur in the system such as ion exchange, dissolution, pre

cipitation, hydrolysis, etc., thus affecting the soil solution com

position. Similar findings have been reported by various workers 

(54,55) .

The "dilution effect" on soils in general could be largely 

attributed to a readjustment of an equilibrium between ions of differ

ent valence, which has been disturbed through a change in concentre- . 

tion in the soil solution. Schofield (112) in trying to mathematically 

account for dilution effects developed his ratio:law for the ion pair 

K-Ca in the soil solution

C VvyC = K  [44] 'K Ca
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where C is the molar concentration and K is a constant. Substituting 

M/V for C, where M is the number of M moles of the ion present in the 

soil solution of volume V ml, the above, equation can be rewritten as:

[45]

Eq. [45] relates changes in ionic ratios in the soil solution with

volume changes, the ionic ratio being expressed in terms of total 

amount of. the ionic species present in the solution phase of a soil- 

water- electrolyte system. When the system is diluted, the ratio

MkZZm will be increased correspondingly. If the soil-water- 

electrolyte system conforms to this ratio law, then a plot of

M^yZMc Vrs. ZV should give a straight line passing through the

origin.

Khasawneh and Adams (55)• found that the Schofield ratio:law was 

not adequate to describe changes in their soil systems upon dilution 

and the authors adjusted the formulation of the ratio:law to be

t^ZZ^Ca = KZv + h . [46]

where h is the intercept which they described to be dependent on the 

electrolyte level of the system. Dividing Eq. [46] by Zv gives '

CK/,/5 K + hZZv [47]
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It is seen that this equation sets the activity ratio of the two 

elements as a function of the inverse of the square root of the volume 

in contrast to Eq. [45] which sets the activity ratio as a function of

the square root of the solution volume.

A more commonly used equation to describe changes in soil sys

tems upon dilution is the Langmuir's equation which is based on 

electrolyte adsorption-desorption behavior in soils,

. Y = K1C/ (K2 + C) [48]

where Y is the amount of electrolyte adsorbed per unit of adsorbent, C 

is the concentration of electrolyte in solution, K1 is a constant 

representing a maximum value for Y that is attained when C is very 

large, and is also a constant that is' equal to the solution concen

tration at which Y is half of that maximum limiting value. Both K1 

and K are properties of the system. If S is the combined meq of 

cations desorbed in solution of volume V , and Y .is the amount of 

these electrolytes adsorbed on soil surfaces (also in meq),- then the 

sum of Y+S for a given soil-water-electrolyte system, does not vary 

with dilution. And if the sum of Y+S is referred to as S , substi-' ' 

tuting St-S for Y and S/V for C in Eq. [48] gives
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K 1 (S/V)

St ~ S ~ K2 (S/V)

upon simplifying gives

dividing by S and rearranging gives

K V + S
q =  q ____ _____________

t K2V + S + K1

Substituting CV for S on the right hand side gives

(k 2+c ) V
S - St (K2+C)V + K1 '

if (K2+C) is approximated by K2, then the equation becomes

_  _aL_
t  K 2 V  +  K p

K1if a denotes —  , substituting a in the above equation gives

upon rearranging gives

In Eg. [49] a and S^ are constants are would be different for differ

ent soil systems. The constant a is a measure of the intensity of 

adsorption, and S is the total quantity of cations which can be

st + V 
a + V

V/S = a/S + V/St [49.]
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desorbed. These two constants are determined from measurements of 

soluble electrolytes at several moisture contents.

Eq. [49] could be used to estimate soil solution composition at 

field moisture content. In doing so one plots V/S against V (using 

experimental data obtained from soil samples' at several moisture con

tents) and hopes to get a straight line which upon extrapolation 

should give estimation of S (combined cations in meq in soil solution) 

for some soil systems at field moisture contents. Khasawneh and Adams 

(55) observed a straight line relationship between V/S and V, for some 

acid soils and expected that many acid soils would behave in a similar 

fashion. Ulrich and Khana (105), in contrast, observed a curvilinear 

relationship with acid soils. They found that the sum of desorbable 

cations (Ŝ ) depends largely on the soil cation exchange capacity 

(CEC). It is obvious that an equation describing a particular soil 

system does not necessarily describe all or even most soil systems.

The influence of the partial pressure of CO (P ■) upon the2 OO^
salinity of the soil solution has not received the attention that it 

may deserve. Data from the literature (96,97) were used to plot the 

curves shown in Figure 11. The curves indicate that an increase of

P from .0003 atm (PpCOri = 3.5) to .20 atm (PpCO_ = 0.7) in the soilCO, - 2 2

atmosphere can cause a marked increase in the solubility of carbonate 

minerals. The increase in solubility of.calcite and nesquehohite is
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Figure 12. EC relationship between ID and saturation extracts, and between 

ID and 2:1 extracts, for 17 soils differing in salt content.
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seen to be nearly ten-fold. The concentrations are in the range where 

they would significantly alter EC measurements. In this respect, 

soil-water ratio extraction techniques induce either positive or 

negative change in the partial pressure of CO3, thus altering electro

lyte equilibrium composition (54). Fortunately, the immiscible dis

placement technique, described and utilized throughout this text, has 

the advantages that the soil sample could be collected in a closed 

centrifuge tube which should minimize loss of CO3, and the addition of 

CCl^ should prohibit microbial activity, between the time of sample 

collection and determination, thus significantly minimizing, if not 

eliminating, disruption of in situ soil solution equilibrium. The 

CCl^ added to the system doesn't appear to alter the concentrations of 

the major cations in the soil solution as shown by the negligibly 

small amount of salt lost to the CCl^ (Table 9) indicating that the 

electrolyte concentration in the displaced soil solution reasonably 

represents that in situ.

The immiscible displacement technique for assessment of soil 

salinity was experimentally compared to other techniques used for the 

same purpose. As indicated by the data of Figure 12, estimates of 

soil salinity made by the use of 2:1 and saturation extracts were 

substantially lower (with ratios of approximately .2 and .6 to those 

obtained with the ID technique, respectively) though fairly well cor

related with them. The fact that the ID technique provided the
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highest EC values provides evidence that it is the only one of the 

three techniques which can be used for appraising in situ salinity of

soils.



Chapter VI

SUITABILITY OF THE IMMISCIBLE DISPLACEMENT BY CENTRIFUGATION TECHNIQUE 
FOR TRACE METAL (MICRONUTRIENTS) DETERMINATIONS IN SOILS.. II. INTER
FERENCES IN THE DETERMINATION OF TRACE METALS BY FLAME AND FLAMELESS 

ATOMIC ABSORPTION SPECTROSCOPY AND THEIR REMEDIES

Introduction

Trace metal ion concentrations in soils are of great importance 

to agronomists, soil chemists, geologists, environmentalists, and 

other workers. Many of these ions in the soil system are believed to 

be essential for the physiological functioning of higher plants (113). 

A decrease or increase in the concentration of any of these ions, 

however, could cause either chlorosis (yellowing of the leaves) and/or 

necrosis (death of the plant), with possible subsequent detrimental 

effects on animals grazing on such plants. Chemical amendments (e.g., 

Fe-EDTA) are usually added to the soil system and/or to the plant

leaves in the case of iron deficiency. In the case of toxicity symptoms 

(excessive concentrations), the soil is usually limed, followed by the 

addition of phosphates, under which conditions, some of these metals 

will precipitate out to become less available for plant uptake and/or 

leaching into water systems (114).

For the past two years, this analytical laboratory has been in

volved in the chemical characterization of loamy soils, of Decker, 

Montana. Among the studies involved has been the determination of 

trace metal concentrations in the soil solution.
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As discussed previously, direct determination of such ions in 

the soil solution has been made difficult due primarily to the diffi

culties associated with obtaining a representative sample of the true 

soil solution, and the large volumes of solutions needed because of 

lack of sufficiently sensitive analytical techniques. The possibility 

of coping with these difficulties by combining the reliability of the 

immiscible displacement by centrifugation technique (ID) with the high 

sensitivity of flameless atomic absorption techniques is herein 

described.

Experimental

Soil samples from Decker, Montana were collected in plastic bags 

and kept in a walk-in chill room to help maintain their initial mois

ture content until time for analysis. ' The Decker loam was comprised 

of 32' percent sand, 43 percent silt and 25 percent clay. The samples 

had an initial moisture content of 27 percent by weight. The soil pH 

was 8.10. Soil solutions from 100 gm sub-samples taken from 12-24" 

deep were obtained using the immiscible displacement by centrifugation 

technique. Fifty ml of CCl4 were added "to each 100.gm sub-sample for 
displacement. The displaced soil solutions and the CCl4, after it had 

been used for displacement, were analyzed for Na, Ca, Mg, K, Mn, Cu, 

Zn, Fe, Cd, Mo, Pb, and Boron. The results are recorded in Table 10.



Table 10. Concentration of macro and micro elements in displaced soil solutions and 
CCl4 after it was used for displacement

*Test Cation concentration in ppm
Solution Na Ca Mg K Mn Cu Zn Fe ' Cd Mo Pb B '

Soil solution 220 556 207 10.3 .040 .02 .003 .05 t. 0001 .009 .001 . 31

CCl , after it
had been used 
for displace
ment

1.2 .60 .04 .1 .036 .001 .06 .15 00001 <.001 .0005 .12
«3kO

*Test solution was combined from duplicate samples.
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In an attempt to further study the effect of CCl4 on.trace metal 

concentrations in the soil solution, a stainless steel centrifuge tube 

was constructed to permit obtaining small volumes of soil solutions 

directly by centrifugation (Fig. 13). The outer polypropylene tube■ 

serves in part as a holder for the soil solution collector■and. an . 

adapter for the Beckman Rotor JA-20 of the Beckman Centrifuge Model 

JB-21. Fifty gm sub-samples of the Decker soil initially at 27 percent 

moisture, from the top 6-12", were weighed in the inner tube of Figure

13. After two hours of centrifugation at 20,000 rpm, 2 ml of solution 

were obtained. Soil solutions were also obtained from identical 50 gm 

samples by the ID technique using 15 ml of CCl4 for displacement. In 

another experiment, a portion of the soil sample was dried at 105 °F 

for- 24 hours, crushed and sieved through a 2 mm sieve. Two 100 gm 

sub-samples were brought to 50 percent saturation by the addition of 

distilled water and stirring. Soil solutions were then obtained by 

suction. Soil solutions obtained by direct centrifugation, displace

ment, suction, and the CCl4, after it was used for■displacement, were 

analyzed for the elements Na, Ca, Mg, K, Mn, Cu, Zn, Fe, Cd, Mo, Pb, 

and Boron. Data are recorded in Table 11.

The effect of the length of the equilibration period on moist 

Soil-CCl4 and dry Soil-CCl4 systems was investigated in the following 

way: 50 gm sub-samples of the initially moist soil from the top 6-12"

were weighed in centrifuge tubes. Fifteen ml of CCl4 were added to



Table 11. Cation concentrations in soil solutions obtained from identical soil samples 
but using different techniques.

* Solution_______________________________Cations, ppm
Number Na C a Mg K Mn Cu Zn Fe Cd Mo Pb B

I 131 181 119 4.9 .010 .021 .015 .020 .0046 .015 .025 .95

2 126 173 112.2 4.5 .012 .019 .005 .040 .0011 .019 .010 .80

3 .12 .14 -V. 01 . 0 2 <.002 .015 1.0 .023 .0015 < . 0 0 2 .015 1.10

4 96 117' 74 10.3 . 0 0 6 .05 .011 .016 .0058 . 017 .025 .85 ■

1. Concentrations in soil solutions obtained by direct centrifugation using 
tube in Fig. 12.

2. Concentrations in soil solutions obtained by ID technique.
3. Concentration in CCl^ after it was used for displacement.
4. Concentration in extracted solutions from saturated pastes using suction..
* Solution was combined from-duplicate samples

TO
T
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each tube and the contents were stored in a refrigerator for a period 

of one week. Also, 23 girt portions of the dried soil were similarly 

equilibrated with 15 ml of CCl^ for a period of one week.

The reason that 23 gm of dry soil was used is to match the con

ditions of the preceding experiment where 50 gm samples at 27 percent 

water by weight were used. After the storage period, the contents of 

each tube were centrifuged for 2 hours. Again, displaced • solutions, 

CCl^, after it was used for displacement, and CCl^ from the reagent 

container were analyzed for Cd, Pb, Zn, and Fe. Data are recorded in 

Table 12. '

All analyses involving the aforesaid experiments were made using 

Atomic Absorption Spectrometer AA-S with simultaneous background 

correction of Varian Techtron. This instrument is located and belongs 

to the Agricultural Experiment Station of Montana State University. 

Air-acetylene flames were used for the major cations (Na,Ca,Mg,K) and 

the Carbon Rod Atomizer Model 63, of Varian Techtron, for the trace 

elements. Boron was determined using the AOAC Colorimetric procedure. 

Soil solutions were directly analyzed without prior treatment. CCl4 

samples were evaporated down to dryness, on low heat, and the residue 

was dissolved in HCl then the solution was made aqueous for analysis. 

Conditions for analysis (i.e., lamp current, spectral line, etc.) were 

those recommended by Varian Techtron. The analytical standard devi

ation of all the tested elements was within ±5 percent.
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Table 12. Effect of equilibrium period on trace metal concentration 
in displaced soil solution and CCl^ after it was used for 
displacement

Sample Cation concentration in ppm
Number*

. C d Pb Zn Fe

I .0010 .070 .024 .18

2. .0009 .073 .008 .14

3 .0015 .103 .023 ' .48

4 .0018 .001 .011 .10

I. Soil solution displaced.
2 .  C C l 4 after it was equilibrated and 'used for displacement

with
3 .  C C l4

moist soil.
after it was equilibrated with dry soil

4. CCl4 from reagent container (i.e., Baker Analyzed Reagent, 
J. T. Baker Chemical Company)
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Discussion

The data of Table 10 indicate that very small fractions of the 

major cations Na, Ca, Mg, and K were lost to the CCl4 from the soil 
system after 2 hours of centrifugation. On the other hand, the con

centrations of Zn and Fe were slightly higher, in the carbon tetra

chloride .than in the soil solution. The data of Table 11 show the 

differences in the analytical concentrations of the major and minor 

ions in the two solutions obtained by direct centrifugation and immis

cible displacement. The higher Zn concentration in the CCl4 (row #3) 

is believed to be in error, that could have been induced from solu

bilization of the rubber stopper used to stopper the.CCl4 samples.

The decrease in Na, Ca, and Mg and the increase, in K concentrations in 

the saturated soil extract could be attributed to dilution, solubil

ization, possible exchange reactions and drying and grinding effects 

on the. equilibrium concentrations of the soil solution. There was no 

noticeable decrease, however, in the concentrations of the trace 

metals in the saturated extract solution as would be expected from 

dilution effects. This could be due either to dissolution of soil 

minerals at higher soil-water contents, and/or the soil sample has a . 

low cation exchange capacity (CEC). The relatively higher Cu concen

tration observed in the saturated extract is believed to be introduced 

by contamination from the sieve.
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The data of Table 12 show that upon longer' equilibration time,

Pb concentration in both soil solution and CCl^ was substantially 

increased. Zn concentration was also increased but to a lesser 

degree. The increase in Fe concentration was difficult to judge since 

the CCl^ used in that experiment was not the same used in- the earlier 

experiments. Of much interest, however, is the substantial concen

trations of Fe and Zn found in the CCl^, after it was equilibrated for 

a period of one week with the dried soil, indicating that the CCl^ is 

solubilizing some minerals from the solid soil particles. It is of 

interest to note that the data of Table 12 corroborate or explain that 

of Table 10 in which the Fe and Zn concentrations were found to be 

higher in the CCl . The findings in Tables 10, 11, and 12 suggest 

a solvent .competition between soil-water (soil solution) and CGl^ used 

for displacement.

The data also indicate that the CCl used in the ID technique4
does not profoundly upset the equilibrium concentrations of trace 

elements in the soil solution and that the ID technique could be used 

for such important assessment. These interpretations, however, are, 

at this point, of tentative character.

II. CHEMICAL INTERFERENCES

■ it has been the author's practice, when working with soil solu

tions, to determine the concentrations of the major constituents (Ca,



Polypropylene 
Cap \

Figure 13. Details of the tube used to obtain soil solutions by direct 
centrifugation.
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Mg, Na, K) of the test solution so that similar concentrations are 

added to the standard.solutions when analyzing for trace elements. 

While working with the carbon rod atomizer, an outstanding depression 

in the signal of the standard manganese solutions w*as observed after 

addition of the major cations mentioned previously. When the same 

solutions were introduced into a Woodriff furnace, however, no inter

ference was noted. These findings necessitated a further study that 

included several other elements.

Experimental

The following instruments were utilized in this study.■ A&-5 

with background correction, a carbon rod atomizer Model 63, air- 

acetylene and NgO-acetylene burning units. AA-IlOO, also with sim

ultaneous background correction and a carbon rod atomizer. A constant 

temperature furnace (Woodriff furnace (WF)) shown in simple arrange

ment in Figure 14. Reagents used for preparing trace metal standards 

were certified reference standard solutions of Fisher Scientific Com

pany.. The other reagents used were A.C.S. grade crystals of Matheson 

Coleman and Bell. Conditions on the carbon rod for all the test ele

ments are recorded in Table 13. Flames were only used for part of the 

work with manganese on the AA-5. Conditions for the air-acetylene

flame were:
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Figure 14. A simplified sketch of the Woodriff furnace.
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Table 13. Instrument settings when using the carbon rod atomizer

Test
element

Spectral 
line in 

hm

Spectral 
band pass 

nm

Element 
' lamp 
curr. 
Ma

H2 lamp 
curr. 
Ma

N2
flow

CH4
flow

Drying 
stage 

volts sec

Ashing 
stage 

volts sec

Atomizing 
stage 

volts sec

Mn 279.48 .2 4 7.5 6 1/2 3 28 4-1/2 10 6-3/4 2-1/2

Fe 248.3 .2 5.5 2 6 1/2 3 28 4-1/2 10 8 2-1/2

Ni 232.0 .2 10 1.5 6 1/2 3 28 4-1/2 10 .. 8 3

Cd 228.8 .5 4.5 ' 2 6 1/2 3 28 4-1/2 10 7-1/2 2

Cu 324.75 .2 4 7.5 6 1/2 3 28 4-1/2 10 8 2-1/2

Mo 313.25 .2 6 5 1/2 3 28 .4-1/2 10 9 2-1/2
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H O

spectral line 279.48

Mn. lamp current 5 Ma

lamp current 7.5

Spectral band pass IOO micron

Air flow 2.5

Acetylene flow 6.5

Burner height 8

for the N2O-acetylene, N2O flow was at 6.2, and acetylene flow at 7.5. 

Results and Discussion

Depression of the manganese signal was first noted, and there- • 

fore, manganese was the first test element to be investigated. It was 

at first necessary to know if the type of acid employed to dissolve 

the manganese metal--when preparing standard solutions— would affect 

the magnitude of absorbance. The data on the left hand side of Table

14 indicate that the absorbance of .2 ppm Mn.was similar irrespective 

of the acid used to dissolve the manganese metal. It was accordingly 

a matter of choice as to which form of manganese (nitrate, sulfate, or 

chloride) to be used for subsequent investigations. The data of Table

15 show substantial depression of manganese (as nitrate) signal at 

fairly low concentration of calcium as calcium chloride. At 100 ppm 

Ca or higher, as is indicated by the data, the Mn signal was virtually 

eliminated. A less profound depressing effect, was encountered when
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either magnesium or sodium chloride was present. Since neither the ■ 

sulfate, nor the nitrate forms of calcium of magnesium affected the 

signal, as indicated by the data, it was concluded that the cation- 

chloride combination was causing the interference. It was found that 

the addition of .I gm of silver nitrate to a 10 ml aliquot of the 

sample, followed by stirring and filtering off the-silver chloride 

precipitate, proved to be effective in overcoming suppression of the 

signal. it was also of interest to know if an excess of nitrate or 

sulfate ions in presence of chlorides would suppress their interfering 

effects. The data of Table 15 show that incorporating 20 percent of 

either nitric or sulfuric acids in the sample corrects the signal. ' 

VThen the same solutions, that showed interferring effects on the 

manganese signal, were introduced into a VJoodriff furnace (VJF) of 

Figure 14,, no interferences were experienced. ' The slight enhancement 

of the manganese signal in the presence of magnesium when using the ■ 

VJoodriff furnace (VJF) is believed to be due to the weak dispersion of • 

the home-made monochromator used in conjunction with the furnace. 

Magnesium has a rather strong absorbing line at 279.52 nm (115) which 

is close enough to the manganese spectral line 279.48 used to cause 

positive interference. The profound depressing, effects of calcium 

chloride on the manganese signal were tested on the AA-IlOO (coupled 

with a carbon rod atomizer) and were found to be of similar magnitudes
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Table 14. Absorbance of .2 ppm Mn and 1.0 ppm Mn solutions as
manganese sulfates, nitrates, and chlorides using the 
carbon rod atomizer and air-acetylene flame, respectively

Test element 
as

Absorbance of .2 ppm 
Mn using (CRA)

Absorbance of 1.0 ppm Mn 
using air-acetylene 

(flame)

Sulfate .61 .11
Nitrate .63 .12
Chloride .62 .11

A review of literature on manganese interferences, using atomic 

absorption, revealed that calcium and/or magnesium coupled with high 

concentration of sulfates (mole ratio of Ca + Mg:sulfur equals 1:1) 

caused lowering of the manganese signal in flame work (116). ' It was, 

therefore, important to corroborate this finding since appreciable 

amounts of sulfates, among other ions, are accumulated in saline soils 

of arid and semi-arid regions (117). The data on the right hand side 

of Table 14 indicate that the absorbance is not affected by the acid 

used to dissolve the manganese metal. The data of Table 16 indeed show 

appreciable lowering of the I.0 ppm manganese signal at fairly high 

concentration of Mg as sulfate. Negative interferences caused by 

magnesium and/or calcium sulfates in flame work have been attributed 

to a reduction in the vaporization rate of the solute caused by occlu

sion of the analyte in a matrix that is not completely volatilized in 

the flame (118). However, the Mg-sulfate interference observed in



Table 15. Absorbance of .2 ppm Mn in presence of interferring species using the carbon 
rod atomizer (CRA) and the Woodriff furnace (WF)

Absorbance of .2 ppm Mn as Nitrate interferring 
Cation Concentration in ppm

Ca, as Mg , as Na, as
Chloride Nitrate Chloride Sulfate Nitrate Chloride

alone 10 20' 30 100 1000 100 1000 20 100 200 100 200 500 100 200 500 100 200 500

CRA .75 .40 .31 .20 .05 —  .76 .71 .68 .58 .18 .75 .77 .72 .74 .75 .74 .70 .61 .40

rHCO .711 .761

CNO .72^ .732

WF .43 .47 .46 .55 .42

I. Sample absorbance after it had been treated with AgNo^.

2. Sample absorbance with 20% nitric or sulfuric acid.

113
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Table 16. Absorbance of 1.0 ppm Mn as Nitrate in presence of inter- 
ferring species at various concentrations using air- 
acetylene flame

Absorbance
Interferring ■ _____Interferring Cation Concentration, ppm

cation 0 100 200 '300 500 1000

Mg as sulfate .11 .10 .09 .08 .07 .06
- 12+

as nitrate .11 .11 ■ .10 .10 .10 • .11

as chloride i—I 
H .11 ■ .10 .12 H O .10

Ca as nitrate .11 .11 .11 .10 .Ii .11

as chloride .11 .10 .11 .12 .10 .10

Na^as sulfate .11 .10 .11 H O .12 .13 
. 16+

as nitrate .11 .11 .10 .12 -12 .12

as chloride .11 .10 .12 .11 .13 . .13

+ N^O-acetylene was used.
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this study are of less magnitude than reported elsewhere (116). The 

data also show slight enhancement of the manganese signal when sodium- 

sulfate was present at high concentration. As is shown by the data, 

the magnesium-sulfate interference was overcome when nitrous oxide was 

substituted for air.

These findings with manganese stimulated the author's desire to 

undertake similar investigations with several other elements of agri

cultural significance in soil solution investigations. The data of 

Table 17 show substantial depression of the iron signal from magnesium 

and calcium chlorides and to a lesser degree from sodium chloride.

The nickel signal was also affected by the presence of high concen

trations of calcium and magnesium chlorides. These interferences, 

however, were avoided by using either the silver nitrate or the 

sulphuric/nitric acid treatments described previously as indicated by 

the data. The slightly higher absorbance of the iron-signal,'after it 

had been treated with silver nitrate, is believed to be due to the 

presence of iron in the silver nitrate reagent as was noted on the 

reagent container. The data also indicate that at rather high con

centrations of magnesium-ion, irrespective of the associated anion, 

the cadmium signal was reduced. This was further confirmed as the ' 

silver nitrate treatment, described previously, did not restore the 

signal absorbance. The recommendation here then, when working with 

cadmium under similar conditions of using the carbon rod atomizer, is



Table 17. Absorbances of trace metals with and without interferring species using the 
carbon rod atomizer (CRA)

Absorbance
Mg, ppm as____________  Ca, ppm as_____  Na, ppm as

Test Con. Chloride Sulfate Nitrate Chloride Chloride
elem. ppm 0 100 300 500 1000 1000 1000 100 300 500 1000 1000

Fe ' / .1 .50 .25 .24 .53 .53 .22 .16 .31

.551 .601

.60^ .502 . 512

Ni / .2 .29 .22 .29 .28 .28 .23 ■ .28

.261

i—
I CO 
CM

CMCOCM

CMOCM

Cd / .02 .55 .53 .43 .48 .35 .41 .44 .53 .55 • .50

I—IO

Cu / .2 .19 . 17 .20 .18 .20 . .18 .20

Mb / .2 . 33 .32 • .31' . 33 .32 . 33
*
Zn / 60 .45 .46 .44 .43 •

1. Absorbances after the silver nitrate- treatment.
2. Absorbances after incorporating 20% nitric acid or sulfuric acid. 
* Using the Woodriff furnace (WF).
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to add a magnesium concentration to the .Cd standard solutions equal to 

that of the test solution. Also of interest was that Cu and Mo were 

not subject to interferences when using the carbon rod atomizer as 

indicated by the data of Table 17. Poor reproducibility was encoun

tered when studying Zn interferences•on. the CRA, which precluded 

making a reliable investigation of Zn interference. Analysis of Zn on 

the Woodriff furnace (WF), however, gave excellent results. The 

reason for using a high Zn concentration in the investigation was to 

meet the much lower sensitivity of the 307.6 nm spectral line used.

The use of the more sensitive zinc line (213.6 nm) was precluded be

cause of the shielding effects of the quartz window mounted on the 

Woodriff furnace used in this study. .

The distinct advantage of the Woodriff furnace, for trace metal 

(especially those of high volatility) analyses of the soil solution, 

is that solutions could be directly introduced.into the furnace with

out prior treatment in the light of the absence of matrix effects.

The' Woodriff furnace also has the advantage that when analyzing solu

tions of high ionic strength (high electrolyte content), the proba

bility of losing part of the analyte due to splattering— as would be 

encountered in the case of the CRA— is largely minimized by the walls 

of the carbon cup used in the sample introduction system. '

It seems likely that the suppression of Mn atomic absorbance'due 

to chloride interference using the carbon rod atomizer is caused by
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molecule formation. Presumably, MnCl is formed. This is a known 

species with a bond strength of 70 kcal mol . However, considerably 

more is involved than just the chloride, since NaCl, CaCl2, and HCl 

have substantially different effects. Apparently, when the chloride 

is present as CaCl2, the manganese and chloride vaporize together, so 

that there is a particularly high concentration of chlorine atoms 

around the manganese in the small sample volume of the carbon rod.

One would expect from considerations of size and charge that MnCl2 ■ 

would form solid solution with MgCl2 much more than with NaCl, and 

this would explain why MgCl2 interferes with the manganese signal more 

than NaCl does. HCl should vaporize long before the manganese does, 

and no interference is expected. The one experimental feature in 

Table 15 which does not seem to have a simple explanation is the 

increased interference with CaCl3. A likely explanation here would be 

that the calcium is forming strong and sufficiently stable refractory 

compounds with' the graphite heater tube thereby allowing the highly 

concentrated chlorine atoms vaporize and shield the manganese atoms 

from absorbing freely. As to why this is seriously affecting the 

manganese signal in the case of the (CRA) and not in the case, of the 

(WF) could be attributed to the large active volume of the (WF) as 

contrasted to that of the (CRA) with subsequent greater effects on the 

equilibrium constants of the reactions involved. An alternative 

explanation to the higher calcium and magnesium chloride effects on
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the manganese signal in contrast to that of sodium chloride could be 

related to the temperature at which magnesium and calcium chlorides 

vaporize, and one of the reasons for trying the (WF) was to see what 

would happen with better control over temperature.

The author calls for further investigation of these.findings 

from practicing analytical chemists.



SUMMARY

A simple and convenient centrifugation technique has been de

veloped for immiscible displacement of soil solutions from soils at or 

within field moisture content. The devised technique combines the 

principle involved in immiscible displacement techniques with the con

venience of centrifugation. It simply consists of adding a measured 

excess of carbon tetrachloride (CCl^) to a moist soil sample in a 

centrifuge tube. The tube and contents are then centrifuged at 

48,300xg for a selected time interval. As a result of the CCl^ being 

immiscible with water and of greater density (d ^ 1.6 gm/ml) the soil 

solution is displaced. It rises to the surface where it can be re

moved for analyses. Experimentation with the technique revealed that 

solutions displaced are of relatively constant composition regardless 

of centrifugation time and/or soil moisture content. Furthermore, the 

displaced solutions were- representatives of the true-soil solutions.

The immiscible displacement by centrifugation (ID) technique was 

elaborated and used for measuring the naturally occurring pH of soils. 

A soil sample is introduced into a 50 ml polypropylene centrifuge tube 

with a specially designed aluminum lid (which made it possible to seal 

the system). Soil solution is obtained by the (ID) technique. A 

combination glass electrode is then introduced into the soil solution 

which is floating on top of the CCl4. By keeping the system closed, 

changes in pH values induced by loss or gain or carbon dioxide (CO2)
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By keeping the system closed, changes in pH values induced by loss or 

gain or carbon dioxide (CO^) are avoided. • No water need be added to a 

naturally occurring soil, so changes in pH induced by the dilution 

effect are obviated. There is ho contact between the reference elec

trode (calomel electrode) and soil particles, so junction error is 

minimized. Experimental data indicated that an error of as much as 2 

pH units could be avoided by using this technique.

More reliable assessment of in situ soil salinity was accom

plished using the (ID) technique. Solution is obtained from unaltered 

soil samples using, the ID technique. Changes affecting electrical 

conductivity (EC) measurements such as, cation exchange, dissolution, - 

precipitation, disruption of gaseous equilibria, dilution, etc., are 

thereby minimized. Electrical conductivities (EC) obtained using the 

ID technique were substantially higher than those obtained using 

soil:water .ratio or saturated paste techniques but were well correlated 

with them.

An ultrasonic nebulization technique was developed for.adding 

water or electrolytic solutions to dry soil samples. In this tech

nique, the solution is pumped across the vibrating face of. a glass 

glazed piezoelectric crystal driven by a radio frequency (RF) gener

ator. The resulting aerosol is then swept from the nebulizing chamber 

and transported into container where the sample gets adsorbed by the 

soil particles. Nebulization is continued until the desired moisture
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content is reached as indicated by weighing. Data herein show that 

addition of water and/or electrolyte solution to a 100 gm soil sample 

of about 2.5 cm thick provided a rather uniform distribution through

out the soil sample.

Effect of CCl^ used in the (ID) technique on equilibrium concen

trations of trace metals in soil solutions was investigated. Soil 

solutions, from identical soil samples, were obtained by displacement 

and by direct centrifugation through the use of especially designed 

centrifuge tube. Analyses made on soil solutions obtained by direct 

centrifugation and by the (ID) technique and the (CCl^), after it was 

used for displacement, showed no profound difference in the analytical 

concentration of trace metals in the two aqueous solutions although 

appreciable concentrations were registered in the (CCl^). Further in

vestigations suggested that some soil minerals, in their solid phase, 

were getting solubilized by the (CCl4).

Chemical interferences where encountered when analyzing for the 

trace metals (Mn,Fe,,Zn,Ni,Cd) by flame and flameless atomic absorp

tion spectroscopy. Using the carbon■rod atomizer, the Mn absorbance 

signal was the most subject to lowering in the presence of CaCl2 and 

MgCl2 and to a lesser extent NaCl. • Fe and Ni were appreciably affected 

in the presence of high concentrations of CaCL2 and MgCl2- ■ Mg-ion, 

irrespective of the associated anion, caused a slight reduction of the 

Cd signal. The chloride interferences were corrected either by
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precipitating the chlorides with AgNo3 followed by filtration, or, by 
the incorporation of 20 percent of either nitric or sulfuric acids 

into the sample volume. All interferences with Mn and Zn, however, 

were absent when using the Woodriff furnace (WF). In air-acetylene 

flame, MgSO4 caused lowering of the Mn-signal. This was avoided upon 

using nitrous oxide-acetylene flame.
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