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Abstract: The specific surface area and hence the sorption or desorption moisture at constant water
vapour pressure will increase with increasing content of humus and clay fraction in soils. Adopting
such an assumption, preliminary experimental studies were performed to assess the possibility of
using sorption/desorption tests to determine some features of alluvial soils from Zutawy such as ca-
tion exchange capacity CEC and the specific external surface area S,. Results of the sorption tests
were compared with the analyses of the same soil properties determined with standard methods to
evaluate the usefulness of the former. Preliminary studies showed a high similarity in the determina-
tion of CEC and S, with both methods. Confirmed usefulness of sorption/desorption methods for de-
termination of the specific surface area of mineral soil particles and particularly for analyses of cation
exchange capacity would bring a significant simplification of studies and a possibility of their dis-
semination due to the ease of such analyses. Determination of the specific surface area with the sorp-
tion and desorption method does not require sophisticated equipment and laborious and costly pre-
liminary procedures. Dissemination of this method and recognition it as a reference one would, how-
ever, need further studies on various soil types.

Key words: alluvial soils, cation exchange capacity, external surface area of mineral phase of soils,
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INTRODUCTION

The specific surface area of soils, and particularly its external surface, is,
among others, a parameter determining retention properties and cation exchange
capacity.

The specific surface area of soils is the area per unit mass and its value in-
creases with the content of mineral (clay) and organic (humus) colloids
(WALCZAK, 1984). Clay fraction is built mainly of clay minerals such as kaolinite,
illite and montmorillonite. Kaolinites and illites belong to the so-called non-
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swelling minerals which means that all surface phenomena take place exclusively
on the external surface. Montmorillonite is a swelling mineral and, apart from the
external surface, has a between-package internal surface which is available to water
molecules and exchangeable ions (adsorbate particles).

In mineral soils i.e. in such having less than 2% of organic matter (PN-86/B-
02480), cation exchange capacity CEC is proportional to the external specific sur-
face area S, and may be calculated from statistically significant correlations CEC =
CEC(S,) (GORACZKO, 2007; PIASKOWSKI, 1984; STEPKOWSKA, 1977; SRIDHARAN
et al., 1988;). The specific external surface area of mineral grounds and soils may
be determined based on the results of sorption or desorption tests at a relative water
vapour pressure p:p, = 0.5 adopting assumptions on the properties of water ad-
sorbed on or desorbed from surfaces of clay mineral particles (STEPKOWSKA, 1977;
OLCHAWA, 1994). Humus is, in some aspects, similar to clay minerals (UGGLA,
1983) but the determination of specific surface area of soils with the sorption test is
not possible due to a lack of information on the properties of water adsorbed or de-
sorbed from humic particles.

The specific surface area and thus the sorption moisture at a constant water
vapour pressure will increase with the increased content of humus and clay miner-
als in soils. Having adopted such assumptions, preliminary experimental studies
were undertaken to assess a possibility of using sorption/desorption tests to esti-
mate cation exchange capacity and the external specific surface area S, of the min-
eral solid fraction of alluvial soils from Zulawy. The usefulness of sorption tests
was evaluated by comparing the results with those obtained with standard, refer-
ence methods.

MATERIAL AND METHODS

Alluvial soils from Helenowo, Kazimierzowo and Joézefowo situated in the
depression of Zutawy Elblaskie were taken for this study. The villages are located
several kilometres west of Elblag. Soil samples were collected in July 2009 from
four places. Alluvial humic soils formed under the effect of three simultaneous
processes: alluvial, sward forming and bogging and dominating in this region were
selected for the study. Soil habitats were classified as cereal-fodder strong complex
(TERLIKOWSKI, 2008). Soil profile structure, humus content and the past and pre-
sent soil utilization are given in Table 1.

Organic matter content was calculated as a loss on ignition at a temperature of
378-713 K (BS-1377, 1990).

Collected soil samples were carefully mixed and placed in tightly closed foil
bags for 4 weeks to equilibrate moisture. Then, 15 soil samples from each sampling
site of a mass of c. 7-10 g were prepared. Desorption test started with placing so
prepared soil samples in a desiccator above the saturated solution of magnesium
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Table 1. Characteristics of soil habitats

Description of soil

: [ 2)
Village pro file) % SOM Notes

Helenowo 8F be-pl 6.90 arable land for 1 5 years, permanent meadow
before, now — winter wheat

Helenowo 8F bepl 9.95  intensively managed permanent meadow

Jozefowo 8F sbl 1451 arable land fqr 8 years, permanent meadow be-
fore, now maize for ensilage

Kazimierzowo 8F s 8.24  extensive permanent meadow

Y Acc. to PTG 1989. ? Soil organic matter.

Explanations: 8 — strong cereal-fodder complex, F be-pl — very heavy alluvial soil, shallow, underlined with loose
sand, F s-bl — medium alluvial soil, shallow, underlined with very light alluvial soil, F s — medium alluvial soil.

nitrate (Mg (NO;),). Under such conditions the relative water vapour pressure was
p/po = 0.5 at a temperature of 293 K (OLCHAWA, 1994).

Samples stayed in the desiccator until the thermodynamic equilibrium was
achieved between water vapour above the solution and water in the soil. The equi-
librium was assumed to be achieved when the mass of soil samples remained con-
stant (DUDKIEWICZ, 1998).

After the end of desorption process, soil samples were dried for 24 h at 378 K
(105°C) and their desorption moisture WD(0.5) was calculated. The same soil
samples were then combusted for 2 h at 723 K (450°C) and subsequently at 873 K
(600°C). Organic matter content was determined based on relative mass losses after
combustion in the range of 378-723 K (acc. to BS—1377) and in the range of 378—
873 K (acc. to PN-88/B-04481)

For the sake of further analyses it was assumed, that combustion of soil sam-
ples at 873 K (600°) had removed organic matter but also caused irreversible col-
lapse of the unit layers of montmorillonite present in the ground (OLCHAWA,
1994). It meant that surface phenomena in so modified soil would take place exclu-
sively on the external surface of mineral soil particles.

Combusted samples were placed in a desiccator above the saturated solution
of magnesium nitrate. The specific external surface area of mineral soil particles S,
was calculated from the sorption moisture WS(0.5) acc. to the formula (STEP-
KOWSKA, 1977):

_Ws(0.5),
nep

S

e (M
where:
N — the number of water molecule layers on the external surface of soil parti-
cles; n=1.9;
¢ — diameter of water molecule; ¢ = 27,6 nm;
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p — density of water adsorbed from gaseous phase on the particle surface; p =
1,27 Mg'm™

K — correction coefficient considering the decreased specific surface area after
combustion of clay minerals (PTASKOWSKI, 1984); k= 1.07

After substitution of these values, equation (1) assumes a form:
S, =1537m* - g~ WS(0.5) )

where:

WS(0.5) — the gravimetric sorption moisture of the soil expressed in percent at
a relative vapour pressure of p/p, = 0.5 and a temperature of 293 K.

For comparative purposes, the external surface area of mineral soil particles
was determined from the sorption capacity of methylene blue (MBC). The deter-
mination was made according to p.4.3 PN-88/B-0448. The external surface area of
mineral particles S, was calculated from the equation:

S,=nNs, 3)

where:
n — the number of moles of methylene blue adsorbed on 1 g of soil mass;
N — Avogadro’s number = 6.023-10%;
sq — the surface area of a single molecule of methylene blue = 1.02:10™"* m?.

Mole of methylene blue was 320 g.

Cation exchange capacity was determined acc. to PN-ISO 13536/2002. This
international standard is applicable to all air dry soil samples. The method con-
sisted in saturating the soil sample with barium through triple extraction with buff-
ered (by tris-ethylenediamine) solution of barium chloride. Then, a known exces-
sive amount of magnesium sulphate of a concentration of 0.02 M was added. The
whole amount of barium present in solution and adsorbed precipitated in a form of
hardly soluble barium sulphate and ion exchanging centres were occupied by mag-
nesium. The excess of magnesium was determined with the flameless atomic ab-
sorption spectrophotometry using PU-9100X, Philips spectrophotometer.

From each sampling point (Tab. 1) two soil samples were taken for analyses
(8 samples in total).

RESULTS

Checking a possibility of using sorption/desorption tests to estimate the spe-
cific external surface area of mineral soil particles S, and cation exchange capacity
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CEC consisted in finding the correlations between the specific surface area calcu-
lated acc. to PN-88/BB-04481 (methylene blue method) and sorption moisture
WS(0.5) and between CEC (based on PN ISO 1353/2002) and desorption moisture
WD(0.5). Formal description of these relationships is given by equations:
S msc1 = Sepusey (Sepwsq.sy ) and CEC = CEC[WD(0.5)].

Estimators of these equations were found with the least square procedure.
The assumptions for estimation procedure in basic model given in a form:

Y=py+pX+¢ (5)
where
I =1,2..,n
are as follows (NOWAK, 2002):
&  — residual variable is a random variable of expected value equal 0 and

(unknown) variance %,
g and g are not correlated for i # j. Moreover, it is postulated that ¢; is a random
variable of normal distribution, expected value equals 0 and variance, as in the as-
sumption, o* = 1 i.e.

g = N(0;07%)

If the selected mathematical model is correct, than residual variables should
present a tendency of confirming these assumptions. After analysing the residual
variables one is able to conclude that the assumptions appear to be not fulfilled or
that the assumptions do not appear to be not fulfilled. One of the methods of ana-
lysing residual variables is a graph of ¢; regressed on predicted Y values. The accu-
racy of the regression is assessed by the determination coefficient R, which is
a measure of part of variability explained by the regression in the total variability
around the mean Y. R? may be expressed in percent. For example, R* = 85% means
that the regression equation explains 85% of the total variability.

First degree regression models were used for analyses. Adopted response
functions had a form:

Semscr = A Sywsosy + B (6)
CEC =AWD(0.5)+B (7
Based on 41 sets of paired results (Sewsc); Sewno.sy) and 8 sets of paired re-

sults (CEC; WD(0.5)) the estimators of equations (6) and (7) were calculated and
presented in Table 2
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Table 2. Estimators of equations and statistics

General form of a function A B R% % F F1; 12,0095
LS vmey = A Sywsosy + B 0.987 -0.12 92.06 1659 4.08
2. CEC=A4-WD(0.5)+B 0.0061 -0.0248 90.8 59.3 5.99

Figure 1 presents the relationship between the specific external surface area of
mineral soil particles calculated from the sorption of methylene blue (MBS) and
the sorption of water vapour WS5(0.5).

24
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Fig. 1. The relationship between the specific external surface area calculated from the sorption of
methylene blue S5, and the sorption of water vapour S.p(.s))

Figure 2.presents the relationship between cation exchange capacity expressed
in meq.-g' and desorption moisture of soils at the relative water vapour pressure
po:p =0.5. R

Figures 3a and b present residuals Y; — Y; versus predicted values predicted by
the model Y;. The graphs do not show any oddness which means that the assump-
tions adopted in the least square procedure did not appear to be not fulfilled.

Coefficients of determination R* for relationships between the same soil prop-
erties (S, and CEC) determined with standard methods and calculated from sorption
and desorption of water vapour, respectively, were higher than 90%. It means that
the values of the specific surface area and cation exchange capacity calculated from
sorption/desorption tests were comparable with those determined with standard
methods.
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Fig. 2. The relationship between cation exchange capacity and desorption moisture of soils

The external specific surface areas of mineral soil particles calculated from the
sorption of methylene blue S,y were smaller than the values calculated from
sorption moisture Sewposy. The differences may result from deviations from
adopted assumptions on orientation or on monomolecular layer of methylene blue
covering particle surfaces. Another problem may be in the sorption of methylene
blue on edges of clay minerals where surface electrostatic charge is positive.

Functional relationship between cation exchange capacity and desorption
moisture was found based on 8 pairs of CEC — WD(0.5) values which did not allow
for generalizing it over other types of soils. As assumed, it was a preliminary as-
sessment of a possible application of desorption test to estimate the cation ex-
change capacity. Confirming such relationships in studies on other alluvial soils in
the Vistula River delta would form a basis for simple and cheap method of deter-
mining cation exchange capacity in soils from Zutawy.

The method of desorption test may be performed in any soil lab and analysed
samples do not pass initial thermal “processing” as it is the case in chemical analy-
ses made with standard methods.

Repeatability of CEC measurements based on desorption moisture may addi-
tionally be confirmed by mineralogical composition of soils from Zutawy. Diffrac-
tion analyses revealed the presence of illite and kaolinite there; montmorillonite
was much less frequent (OLCHAWA, 2003). It means that in most cases, desorption
moisture will be a sum of two components: water associated with organic matter
and that associated with the external surfaces of clay minerals.
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Fig. 3. Residuals versus predicted values for approximated function a) Seuscy = 4*Sews.s) + B,
b) CEC = A-WD(0.5) + B

SUMMARY

The specific surface area and hence the sorption or desorption moisture at
a constant water vapour pressure will increase with increasing content of humus
and clay fraction in soils. Adopting such an assumption, preliminary experimental
studies were performed to assess the possibility of using sorption/desorption tests
to determine some features of alluvial soils from Zutawy such as cation exchange
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capacity CEC and the specific external surface area S,. Results of the sorption tests
were compared with the analyses of the same soil properties determined with stan-
dard methods to evaluate the usefulness of the former.

Preliminary studies showed a high similarity in the determination of CEC and
S. with both methods. Confirmed usefulness of sorption/desorption methods for
determination of the specific surface area of mineral soil particles and particularly
for analyses of cation exchange capacity would bring a significant simplification of
studies and a possibility of their dissemination due to the ease of such analyses.
Determination of the specific surface area with the sorption and desorption method
does not require sophisticated equipment and laborious and costly preliminary pro-
cedures. Dissemination of this method and recognition it as a reference one would,
however, need further studies on various soil types.

CONCLUSIONS

Performed studies allow for formulating the following conclusions:

1. A highly significant correlation was found between results obtained with
standard methods and those obtained from sorption and desorption tests.

2. Coefficient of determination (R?) for functional relationships calculated
with the least square method was higher than 90% which proved the usefulness of
predictions for the determination of cation exchange capacity and external specific
surface area of mineral particles in alluvial soils.

3. Dissemination of sorption and desorption tests will be possible after further
detailed studies of a large number of samples taken from various soil types.
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STRESZCZENIE

Zastosowanie testow sorpcyjnych
do oznaczenia wybranych cech gleb aluwiach z obszaru Zulaw Elblaskich

Stowa kluczowe: analiza statystyczna, gleby aluwialne, pojemnos¢ wymienna ka-
tionow, test sorpcji wodnej, wilgotnos¢ desorpcyjna, zewnetrzna po-
wierzchnia wlasciwa mineralnej fazy gleby

Celem podjetych badan byla préba okreslenia zwiazkéw korelacyjnych po-
migdzy pojemnoscia wymiany kationowej (CEC) a wilgotnoscia desorpcyjna —
WD(0,5) wybranych gleb na obszarze Zulaw Elblaskich. Badania przeprowadzono
na madach: bardzo cigzkiej i $redniej o zawartosci od 6,9 do 14,5% materii orga-
nicznej. Badane gleby byly potozone na kompleksie zbozowo-pastewnym moc-
nym. Ponadto w pracy przedstawiono wyniki badan pomiaru zewngtrznej po-
wierzchni wlasciwej mineralnej czesci fazy statej gleby na podstawie wilgotnosci
sorpcyjnej WS(0,5) i pojemnosci sorpcyjnej biekitu metylenowego — MBC.

Pojemno$¢ wymiany kationowej oznaczono metoda standardowa zgodnie
z metodyka opisang szczegdtowo w PN-ISO 13536/2002. Wilgotno$¢ desorpcyjna
gleb oznaczono po zakonczeniu procesu ich desorpcji w warunkach wzglednej
preznosci pary wodnej p:p, = 0,5 w temperaturze 283 K.

Analiza statystyczna warto$ci pojemnosci wymiany kationowej i gleb oraz ich
wilgotnos$ci desorpcyjnych wykazata istnienie funkcyjnej zalezno$ci: CEC =
0,0061WD(0,5) — 0,0248. Warto$é¢ wspotczynnika determinacji funkcji R* = 90,8%.
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Oznacza to, ze wilgotno$¢ sorpcyjna moze by¢ parametrem do oszacowania warto-
$ci pojemnosci wymiany kationowej. Do uogoélnienia i aplikacji tej zaleznosci wy-
magana jest wigksza liczba oznaczen.

Zewnetrzna powierzchni¢ wlasciwa mineralnej czesci fazy stalej gleb wyko-
nano na materiale uprzednio prazonym w temperaturze 873 K. Zabieg taki zapew-
nia utlenienie materii organicznej oraz nicodwracalna kontrakcje sieci krystalicznej
co oznacza, ze wszelkie zjawiska powierzchniowe moga zachodzi¢ jedynie na po-
wierzchni zewngtrznej. Zewngtrzng powierzchni¢ wlasciwa oznaczono na podsta-
wie pojemnosci sorpcyjnej bigkitu metylenowego wg PN-88/BB-04481 i pordwnano
ja z warto$ciami obliczonymi na podstawie wilgotnosci sorpcyjnej w warunkach
wzglednej preznosci pary p:p, = 0,5. Na podstawie analizy statystycznej warto$ci
zewngtrznych powierzchni wiasciwych obliczonych na podstawie wilgotnosci
sorpcyjnej — WD(0,5) i pojemnos$ci sorpcyjnej biekitu metylenowego — MBC
stwierdzono, ze istnieje zalezno$¢ funkcyjna: Sequsc) = 0,987S.ws(0.95) — 0,12. War-
to$¢ wspotezynnika determinacji funkcji R* = 92,6%. Zalezno$¢ funkcyjna wskazu-
je, ze wartosci powierzchni wlasciwych, oznaczone obydwiema metodami, sa po-
rownywalne.

Wykorzystane w pracach eksperymentalnych wlasciwos$ci sorpcyjne i desorp-
cyjne gleb sa tatwe do oznaczanie w kazdym gleboznawczym lub gruntoznawczym
laboratorium. Uzyskane wyniki umozliwiaja oszacowanie pojemnosci wymiany
kationowej oraz obliczenie zewngtrznej powierzchni wlasciwej. Zasadnicza zaleta
jest tatwos¢ wykonania oznaczenia i brak koniecznosci stosowania specjalistycznej
aparatury, a wada — czasochtonnos$¢, bowiem czas desorpcji/sorpcji moze trwac do
2 tygodni.

Received 18.04.2011
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