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Effect of variable content of organic matter and carbonates
on results of determination of granulometric composition by means
of Casagrande’s areometric method in modification by Proszynski

Abstract: The paper discusses the issue of the admixtures’ effect on results of granulometric composition determinations by
Casagrande’s areometric method in modification by Proszynski. An experiment was conducted involving preparation of samples
with known granulometric composition and determination of their composition by means of the acrometric method. Three types of
samples were prepared: base (control), containing organic matter, and containing carbonates. Results of the determinations showed
a considerable effect of the admixture of organic matter and calcium carbonate on the accordance of determinations, depending on
their percent content. The study results also confirmed known dependencies of disturbances in proportions between the sandy and
silty-clayey fraction. A practical conclusion from the research is the determination of the threshold of the organic matter and carbonates
percent content at which the determination should be absolutely preceded by processes of mineralisation and decalcification.
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INTRODUCTION

Research on the soil granulometric composition
is one of the basic analyses performed by pedologists
(Bartkowiak 2011, Lasota et al. 2014, Musztyfaga and
Kabata 2015), geologists (Frankowski and Grabow-
ski 2006, Lejzerowicz and Wysocka 2016), as well
as physical geographers (Sewerniak 2008, Szyman-
ski and Skiba 2007, Braun 2010). The determination
of the contribution of particular ranges of grain sizes
is among the basic characteristics of soil analyses
(Drzymata and Mocek 2004, Rozanski 2010, Braun
2011). The granulometric composition determines
physical properties of the soil (Zawadzki 1999, Bro-
gowski et al. 2014). Due to the importance of this
parameter, sizes of fraction classifications, as well as
division of soils into granulometric groups have been
continuously developed (Polish Soil Classification
2011).

The determination of the grain composition of
formations is a multi-aspect issue. Therefore, a number
of methods of its determination have been developed,
based on different assumptions, among others centri-
fugation method, pipette method, Atterberg’s method,
and flow-based method (Ryzak et al. 2009). They are
various, and their number is still increasing, following
the achievements of technique. The number of
applied methods of grain composition analyses is
estimated for approximately 400 (Loveland and Whalley
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2001). Automated methods currently gain popularity.
They employ electronic equipment and computing
power offered by computers (among others the method
of spectroscopy with photon correlation and method
using the phenomenon of laser diffraction). In addition
to modern methods, methods with methodical
assumptions developed a long time ago and considered
universal by many researchers are relatively commonly
applied (Orzechowski et al. 2014). One of them is
Casagrande’s areometric method commonly used in
Polish soil studies (Gworek et al. 2000, Konecka-Be-
tley 2009, Licznar et al. 2009, Kabata et al. 2010).
The author of the method is Bouyoucos, but because
Cassagrande introduced numerous modifications, the
method is named after him. Archival results of
granulometric analyses obtained by the areometric
method are the primary information on grain compo-
sition in soil-agricultural maps and their annexes.
The version of the areometric method applied in
Poland was developed by M. Proszynski and is more
than 50 years old (Prészynski 1949). The author did
not explain the methodical aspects and the way of
performing the determination in detail. Part of the
procedure is based on certain traditions of performing
measurements. The basic problem in the method is
the determination of the variability of the density of
the particle deposition medium, depending on the
variable grain size composition of formations. It can
result from the natural variability of shares of particular
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size ranges of mineral grains or presence of admixtures
such as carbonates, organic matter, iron compounds,
etc. The objective of this paper should also be perceived
in this context. It involves the determination of the
effect of the content of organic matter and calcium
carbonate on the credibility of determination of grain
size composition by means of Casagrande’s areometric
method in modification by Proszynski.

STUDY MATERIALS AND METHODS

The effect of organic and carbonate admixtures
on the determination of grain size composition was
analysed through conducting controlled experimental
measurements with the application of samples with
known granulometric composition and secondary
samples developed by adding specified amounts of
organic matter and carbonate admixtures. They were
subject to grain size composition analysis by means
of Casagrande’s areometric method in modification
by Prészynski, and by means of the sieve-weight
method. The results were compared to control samples
(not containing admixtures).

The analyses involved a new classification of
granulometric fractions (Polish Soil Classification
2011). The exceedance of the threshold of 1 mm, ori-
ginal for Prészynski’s method (subfraction of very
coarse sand 2.0—1.0 mm) was related to the presence
of the fraction of coarse sand in the areometric ana-
lysis. Part of the laboratories still restrict Proszyn-
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ski’s method to a range below 1 mm, some of them
expanded the analysis by the aforementioned range.
The effect of an additional portion of rapidly deposited
soil particles on the deposition of dust and silt particles
can be linked to the effect of sand as such (time of
deposition of very coarse sand amounts to several
seconds). For fractions of sand, irrespective of are-
ometric analysis, the sieve-weight method should be
applied. The effect of very coarse sand can be mani-
fested in a certain change in sedimentation conditions,
but the key methodical issue in the arecometric
method is the determination of the effect of the finest
fractions on the coarser ones, as presented in Pro-
szynski’s charts, ordered by variable contents of the
finest fractions.

The experiment was divided into two stages:
preparation of material and samples, and proper
measurement by means of the areometric method.
First, fractions of sand with known subfraction content
were prepared for testing (Table 1). Quartz was
selected as sample material. It is the least chemically
active, quite durable, and simultaneously natural
material. Sand was dried and divided into subfractions
by means of sieves. The process employed a shaker
and a set of sieves (with mesh: 2, 1, 0.5, 0.25, 0.1,
0.05 mm). The shaking time amounted to approxi-
mately 10 minutes. In order to fraction the material
as accurately as possible, manual sieving was also
performed on sieves with predefined grain diameters.
Such prepared material provided the basis for the

TABLE 1. Grain size

Content of Content of sand subfractions L )
sand fraction composition of sand fractions
- (prepared samples)
total Very coarse  coarse medium fine very fine sand
(0.05-2.0 mm) sand sand sand sand (0.05-0.1 mm)
(1-2 mm) (0.5-1mm) (0.25-0.5 mm) (0.1-0.25 mm)
% of the entire sample

100 5 25 40 25 5

98 4 19 43 25 8

96 4 18 43 25 8

94 3 16 45 23 8

92 3 15 45 23 8

90 1 14 50 18 8

87 1 11 30 35 10

85 1 10 29 35 10

80 1 13 13 38 17

70 1 5 8 38 20

67 1 5 8 38 17

65 1 3 5 38 20

45 0 0 0 30 15

25 0 0 0 20 5

5 0 0 0 0 5
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preparation of samples. To supplement control samples
(first group: 15 samples), a specified content of
a mixture of the silt and clay fraction with a grain
diameter below 0.05 mm (according to classification
PTG 2008) (Polskie Towarzystwo Gleboznawcze
2009). The material was obtained as residue from
sieving fractions with larger grain diameters (Table 2).

TABLE 2. Grain size composition of prepared samples

Granulo-  Control Samples
metric samples: (%) with admixtures
group sand sit and clay  organic carbonates
(2-0.05 mm) (<0.05 mm) matter
% of the entire sample
Loose sand 100 0 0.00 0.00
98 2 0.84 0.18
96 4 1.67 0.37
94 6 2.51 0.55
92 8 3.34 0.73
Sand 90 10 4.18 0.92
87 13 5.43 1.19
Loamy sand 85 15 6.27 1.38
80 20 8.36 1.83
Sandy loam 70 30 12.54 2.75
67 33 13.79 3.03
65 35 14.63 3.21
Loam 45 55 22.99 5.05
25 75 31.35 6.88
Silt loam 5 95 39.71 8.72

The second group were samples with an admixture
of organic matter mixed with the clay and silt fraction.
Organic matter was obtained from the humus horizon
of Brunic Arenosol. The sampled material was dried
and sieved through a sieve with a mesh of 1 mm. Then
it was boiled for part of organic matter soluble in water
to remain in the suspension separated from mineral
sediment remaining on the bottom. The suspension
was subject to the evaporation process and sieved
through a sieve with mesh below 0.05 mm. The content
of organic carbon in the suspension amounted to
41.8% according to Tiurin’s method (37.8% by means
of the loss of ignition method). Measurements of
organic carbon contentwere performed in three repe-
titions in accordance with the methodology (Przewod-
nik metodyczny 1999, Ostrowska et al. 1991).

The third group were samples with calcium
carbonate. They were formed by adding to the sand
fraction the clay and silt fractions originating from
loess. After drying, the obtained material was ground
in a mortar, and then sieved through a sieve with mesh
0.05 mm. The content of calcium carbonate was
determined by means of Scheibler’s method, and the
result averaged from three repetitions amounted to
9.174% (Bednarek et al. 2005).

A total of 45 samples were prepared (15 control
samples, 15 samples with organic matter, and 15 with
calcium carbonate) for which determinations were
performed by means of the areometric method. All
measurements were performed in three repetitions,
providing a total of 675 measurements by means of
an areometer.

Grain size composition of prepared samples

In all of the prepared samples, the weight content
of sand and silty-clayey fraction remained in an
unchanged proportion. They differed in terms of content
of admixtures. In addition to the determined ratio
between grain of the sandy and silty-clayey fraction,
also the percent contribution of the sandy material
itself and fractions within silt and clay was determined.
This permitted qualifying samples to particular
granulometric groups (Table 2). Each of the 15 samples
within the following groups: control, with organic
matter, and with calcium carbonate — included 6
corresponding with the granulometric group of loose
sand, 2 — sand, 2 — loamy sand, 2 — sandy loam, 2 —
loam, and 1- silt loam. The selection of subfractions
was the result of the analysis of their contribution in
the most common soils of Poland. Hence the propor-
tions correspond with particular and natural forma-
tions determined based on the Atlas of Polish Forest
Soils (Brozek and Zwydak 2010).

Granulometric groups’ determination of the analysed
formations is only of informative importance. The
determination of the groups employed sand corrections.
The cause of the considerable dilemma in the deter-
mination of granulometric groups was the discrepancy
between the content of sand resulting from the
preparation of the sample and content resulting from
the performed analysis by means of the aecrometric
analysis with sand correction and application of the
sieve-weight method for sand fractions (ex post). In
this case, the latter solution was adopted in order to
permit referring the analysed samples to other analyses.
Samples representing particular granulometric groups
were classified as if no experiment was conducted.

STUDY RESULTS AND DISCUSSION

As was already mentioned, the basic problem in
the areometric analysis is the effect of the variable
density of the medium on particle deposition. It concerns
the most evidently particles with greater grain
diameters deposited among particles with smaller
diameters forming a medium with variable density
(suspension). Due to the long time of remaining in
the suspension of so-called floating particles
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(< 0.02 mm in diameter), based on their content and
in supplementation of colloidal clay (diameter below
0.002 mm), M. Prészynski (1949) constructed charts
referring to the basic granulometric groups. Their
basic function is the determination of the deposition’s
time of large particles, because the smallest particles
falling in the surrounding of a “clear” water medium
have relatively uniform conditions of deposition. In
the conducted experiment concerning the effect of
organic matter and calcium carbonate, representing
particles from the smallest size ranges, the effect of
such admixtures will also be manifested in a change
in the conditions of larger particles’ deposition — sandy
fraction. The consequence was the application of a
bi-polar system expressing the ratio between the con-
tent of sand fractions on the one hand, and the sup-
plementing accumulated content of silt and clay frac-
tions on the other. It would seem that results of the
measurements of control samples with predefined con-
tent of fractions analysed by means of the
areometric method should adjust to the predefined
proportions of the percent distribution of particular
fractions. It turned out that the determination of their
grain size composition by means of the areometric
method deviated from the predefined values (included
in Table 2). An earlier, similar experiment showed
that the areometric method is the most useful in the
case of samples in which the analysed fractions are
smaller than 0.1 or 0.25 mm in diameter (Cholewa
2013). Analysing the entire fraction range of sand,
silt and clay fractions, the occurrence of considerable
deviations between the predefined proportions and
results of the aerometric analysis was therefore expected.
The issue of the organic matter and carbonate admixture’s
impact on the effects of measurements was related
to adding highly dispersed substances increasing the
density of the medium for the falling sandy particles.
Organic matter also had a substantial effect on the
mineral particles rate of deposition, particularly the
largest ones, due to its low density in comparison to
the mineral composition of the soil. The assumed
density of the mineral composition was 2.65 g-cm™,
and organic matter — 1.1 g-em™ (Zawadzki (ed.)
1999). Carbonate admixture increased the density of
the water medium through partial transition to solution
and an increase in the concentration of the finest
particles in the suspension. The obtained results of
measurements by means of an areometer were compared
with values of samples prepared by weight. This
provided the basis for the calculation of the difference
in percent points (p.p.) between the predefined contents
of fractions and control samples (with no admixtures)
and samples with organic matter and carbonate
admixtures.

All measurements were performed in three repetitions.
This provided the basis for the determination of the
repeatability of obtained results (variability coefficient).
The greatest variability of measurements concerned
control samples. The variability coefficient for this
group amounted to 1.72%. Measurements of samples
with organic matter showed variability at a level of
1.34%, and with carbonates only 1.18%. The obtained
results did not differ significantly. Measurements in
the control group were performed first, and those for
samples containing carbonates last. No effect of
admixtures on the repeatability of measurements was
recorded. Only a slight variability was observed within
particular fractions. It ranges from 1.13% for the third
measurement (threshold grain diameter 0.02 mm) to
a maximum of 1.7% for the fourth measurement
(threshold grain diameter 0.005 mm). Due to the small
differences, it cannot be determined whether any of
the measurements shows higher variability than the
remaining ones. Surprisingly, the first measurement
(threshold grain diameter 0.1 mm), considered the
most difficult due to the very short time (a dozen
seconds), was characterised by variability at a level
of only 1.43%. Random error of the areometric method
in the course of the performed measurements can
therefore be determined at a level of 1-2% of read
values (notice that it is not equivalent to the determi-
nation of relative error). The variability of results of
determinations in the case of a single sample below
2% suggested due diligence in the performance of
determinations. It permits neglecting minor random
errors and focusing on several times larger differences
systematic in character, genetically related to the
essence and assumptions of the method.

Analysis of results

In control samples — no admixtures (Fig. 1), an
increased content of sand fractions in comparison to
the determined composition occurred in 9 out of 15
cases, covering samples with a content of the silty-
clayey fraction higher than 13%. In the range of silt
and clay content of 13—20%, the overrepresentation
od sand resulting from aecrometric measurements was
limited to 2 percent points. In the case of a higher
content of silt and clay (more than 20%) — the over-
representation successively increased to 11 percent
points). A pattern was therefore determined that the
more silty-clayey fraction is contained in a sample,
the more overrepresentation of the sand fraction is
recorded (Table 1). In four cases representing more
sandy samples (loose sand or sand), with a total of
the silt and clay content up to 6%, results of measu-
rements showed a deficiency of the sand fraction
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FIGURE 1. Differences between areometric
measurements and predefined contents of the sandy
and silty-clayey fraction in control samples

(Fig. 1). The deviation from the actual state in
the samples is not very high. It does not exceed
2 p.p- The smallest measurement errors were
observed for samples with a content of the silty-
clayey fraction from 6 to 13%.

In samples with organic matter (Fig. 2,
Table 2), the ratio of the sandy fraction to the
silty-clayey fraction is similar as in the case of
control samples. In samples with a higher con-
tent of sand, results of measurement by means
of an areometer provided overestimated values
of the finest fraction, and in silty samples an
increased content of the sand fraction was

Measurement error for fraction in percentage points

-10%

-15%

15%
W sandy fraction
10%

Wsilt and clay fraction

5%

0%

-5%

0% 2% 4% 6% 8% 10% 13% 15% 20% 30% 33% 35% 55% 75% 95%

Content of silt and clay fraction

observed. In comparison to control samples,
a shift of the overrepresentation of silty-clayey
and sandy fractions was observed. The excess of the
silt and clay fractions occurs in samples with a content
of the sand fraction above 85%. The range of the over-
representation reaches 3 percent points (for a sample
with a content of the sand fraction of 98%). The research
confirmed the effect of the organic matter content on
the state of the medium in which sedimentation od
particles occurs resulting in the underestimation of

coarser (sandy) fractions falling slower, in denser
suspension, with prolonged times characteristic of
finer fractions. In the case of sandy fractions, the
addition of organic matter itself (the finest fractions
of colloidal clay) translates into an increase in the
content of fine fractions. In this case, results of the
measurements considerably differ from the predefined
proportions due to the addition of organic matter. In the
range of content of the
silty-clayey fraction between

Mes=surement error for fradtionin percertage poirts

0% 2%

Content of silt and clay fraction

VEOER O BE O I0% 13% 15% A% 30% 3IF JWR 55T TSR &%

8 and 20%, a compensation
of two opposite tendencies
occurs. Mutually cancelling
measurement errors do not
exceed 3 p.p. A particularly
high overrepresentation of the
sand fraction (from 7 to 13
p.p. in comparison to the
determined granulometric
composition) was recorded
for samples with the content
of'the silt and clay fractions
above 55%. Samples with
a high contribution of fine
fractions will be therefore
underestimated in terms of
this fraction when they

W= andy fraction

W=ilt and clay
fraction

FIGURE 2. Differences
between areometric
measurements and predefined
contents of the sandy

and silty-clayey fraction for
samples with organic matter
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FIGURE 3. Differences
between areometric
measurements and
predefined contents

of the sandy and silty-
clayey fraction for
samples with calcium
carbonate

M sandy fraction

W silt and clay
fraction

55% 75% 95%

contain organic matter. This is a different result than
expected.

In the case of samples containing calcium
carbonate, in 13 out of 15 of them, overestimation
of the content of the sandy fraction was observed in
comparison to the predefined grain size composition
(Fig. 3, Table 2). An admixture of carbonates caused
underestimation of the contribution of sandy fractions
by 2 p.p. only in relation to sandy samples. An addition
of carbonate has a more uniform effect than an addition
of organic matter. Practically throughout the range of
the analysed contents, along with an increase of the
contribution of the silty-clayey fraction (containing
calcium carbonate), a gradual increase in the overre-
presentation of the sandy fraction up to 7 percent
points was observed for samples with a negligible
contribution of the sandy fraction. A reversal of the
tendency occurred in the case of a sample with a content
of'silt and clay of 2% (Fig. 3). This may be the coagu-
lating effect of calcium carbonate. The deviation of the
obtained values from the determined grain size com-
position is almost twice lower than in control sam-
ples or samples with organic matter. In laboratory prac-
tice, a greater importance should be placed on the
removal of organic matter from samples than
carbonates. The procedures of application of the
areometric method developed in particular centres

assume the removal of both organic matter and
carbonates before proper measurement (e.g. Wroctaw
centre — University of Life Sciences). Paradoxically,
an addition of calcium carbonate compensates for the
error of the areometric method itself related to the
overestimated amount of the sand fraction, particularly
for silt samples.

Analysis of the impact on admixtures in
granulometric groups (Table 3). In samples with the
lightest composition (up to 8% of the silt and clay
fractions — 5 samples), differences in underestimations
and overestimations of aerometric determinations in
comparison to the experimentally predefined contribu-
tions were not significant. They were both positive and
negative, but they did not exceed 1.5 p.p., which can
be qualified as the specificity of the method. In this group
of samples, the maximum content of organic matter
amounted to 3.3%, and carbonates — 0.73%. The
effect of admixtures was negligible.

In the case of samples with sand and loamy sand
grain composition, the differences, particularly for
samples with organic matter, were significant. The
greatest disproportion occurred for fraction 0.05-0.02 mm
(on average—4.6 p.p.) and for the clay fraction <0.002 mm
(on average + 6.14 p.p.). For samples with calcium
carbonate, the differences are again very low, not
exceeding 1.5 p.p. For sandy loam, loamy, and silt,
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the tendencies are identical as in the
group described earlier. For samples
with organic matter, aerometric

TABLE 3. Change in the content of the sandy and dusty-silty fraction in granulo-
metric groups: + increase in the content of fractions, — loss in the content of frac-
tions, +/— increase and loss within the same granulometric group

measurements show a deficiency of  Granulometric Control Samples Samples
fraction 0.05-0.02 mm (on average —  groups samples with organic matter ~ with calcium
11.73 p.p.) and excess of fraction below carbonate
0.002 mm (on average +20.13 p.p.). sandy sit and  sandy sitand  sandy silt and

. . fraction  clay fraction  clay fraction  clay
For other fractions, the differences . . _

. fractions fractions fractions
amount to more than 2 percent points.
. . . . Loose sand +/— +/— - + +/— +/—

It is worth emphasising that the dif- , ;nq
ferer}ce in the contnbutl.on of the silty Loamy N - N - N 7
fraction increases almost in a linear way ~ gand
depending on the content of organic ganqy i _ n _ ¥ _
matter in the sample (Fig. 4). Undo-  loam
ubtedly, however, for samples conta- [ oam and + - + — + -
ining more than 5% of organic matter, silt loam

errors are too large to be ignored.

Among samples containing calcium carbonate
with a composition corresponding with sandy loam,
loamy, and silt, differences were determined in the
content of fractions amounting to 3 percent points.
For samples with the highest content of carbonates
(of more than 5%), the contribution of fractions larger
than 0.05-0.006 mm grows, and decreases for
fractions below 0.006 mm (in particular below
0.002 mm). For the “most” carbonate sample (8.72%
calcium carbonate), the deficiency of silt amounted
to 7.66 p.p. This confirms that calcium carbonate
contributed to an increase in grain diameter through
coagulation. Due to this, at a value of more than 5%
of calcium carbonate, the areometric analysis should
not be conducted without decalcification.

The high correlation of the controlled content of
organic matter and measured content of the silty-clayey
fraction, with the assumption that the entire humus is
included in colloidal clay, suggests an almost 80%
identification of the humus as clay (the remaining
more than 20% is the silt fraction). Should we addi-
tionally assume that the mineral part of samples also

contains the clayey fraction, the underestimation of
humus will prove even greater. It is difficult to unam-
biguously explain this dependency. In addition to the
mismatch of the method itself with the identification
of samples with organic matter, the correlations can
also be explained by combining particles of humus
with mineral particles representing silt and clay,
therefore increasing the size of grains and consequently
the rate of deposition. Such a phenomenon would
prove unusually effective in the case of adding
information on the already mentioned more than twice
lower density of organic matter than mineral matter,
which causes longer persistence in the suspension than
that of analogical mineral particles. Therefore, the
effectiveness of combining of organic matter with mi-
neral particles must be even higher than would result
from the earlier analysis.

The analytical procedures were completed with
controlling the sand fraction by the sieve method after
areometric determinations. In this case, the same
method was applied to control the predefined contri-
butions of sand before and after the
areometric analysis (Table 4). It turned out

35,0

30,0

y = 0,7846x + 0,4785
R?=0,985 u

Measured content of clay fraction [%]

0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0

Content of organic matter in the sample [%)]

that analytical procedures were not neutral
towards the stability of contributions of
larger fractions. Apart from one case,
a decrease in the contributions of sand
after boiling, multiple stirring, etc. was
observed.

FIGURE 4. Dependency between the content of
organic matter in a sample and measured content
of the silty-clayey fraction

40,0 45,0
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TABLE 4. Comparison of predefined contents of sand fractions with contents
determined by means of the sieve method after performing the areometric analysis
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The effect of the analysed changes
expressed in a decrease in the content

Predefined  Content of sand determined

Loss of content of sand after

of'the sand fractions further strengthens

content of  in a sample by means the aerometric analysis the ov.e.rrepresenta.tion of sands i_n
sands in of the sieve method after in comparison to predefined a transition to heavier granulometric

each sample the acrometric analysis contents in a sample groups.
ina sample . . . . The presented amounts of losses
control  with ' with control  with . with (up to 5%) shed some light on the

organic carbonates organic carbonates b . 1 f . f 1 f

motter ratter possibility of preparation of samples for
% areometric analysis, after earlier
100 9725 9500 9675 575 500 325 sieving of the sand fractions. Measure-
ments by an areometer become more

98 95.75 95.00 95.25 2.25 3.00 2.75 .
stable in that case, because firstly —
96 94.00 93.50 94.25 2.00 2.50 1.75 they are performed after mote than
94 92.00 90.75 92.00 2.00 325 2.00 half a minute (first measurement for a
92 90.00 8925  89.50 2.00 2.75 2.50 substitute diameter of 0.05 mm, in the
90 88.00 87.50 88.25 2.00 2.50 1.75 case of Sieving sands above 0.1 mm)
87 8425 8375  84.25 2.75 3.25 2.75 or after 10 min (in the case of sieving
85 82.50 81.75 83.25 2.50 3.25 1.75 sands with a substitute diameter higher
80 7775 7175 7175 2.25 2.25 2.25 than 0.05 mm), and secondly — the
70 6525 6150  67.75 475 250 225 fractions subject to the aerometric
67 6325 6550 6875 375 150  -1.75 analysis would have long stable times
65 6025 6200 6350 475 3.0 1.50 of ‘?posglon' The resu“}f of the
45 4200 4300 4375 300 200 125 conducted experiments, however
suggest retaining of a part of the silt

25 23.75 23.75 23.50 1.25 1.25 1.50 . . .
and clay fractions on the sieves, arti-
5 5.00 5.00 5.00 0.00 0.00 0.00

ficially leading to the overestimation of

The very coarse sand fraction (2—1 mm) showed a
relatively small deviation from the predefined value
(within +/— 0-1.5 p.p.). The coarse sand fraction (1—
0.5 mm) was characterised by a considerably higher
difference, often exceeding 5 p.p. For medium sand (grain
diameter 0.5-0.25 mm), a loss was recorded, lower than
in the case of coarse sand (for 4 out of 45 samples
its maximum amounted to 5 p.p.). For all samples, the
contribution of coarser grains decreased. This may
result from measures performed while preparing the
samples. Grains combined in aggregates could be
retained on sieves or be subject to physical (and/or
chemical) destruction during the analytical procedu-
re (particularly during mixing of cylinders — each sam-
ple was stirred several times). Coarser grains certainly
collided and could fall apart into smaller ones. This is
particularly confirmed by an increased content of the
fine sand fraction (0.25—-0.1 mm). In samples with or-
ganic matter, the organic sand fraction showed no
considerable deviations from the actual state. The diffe-
rences did not exceed 1.5 percent point. In the case of
samples with calcium carbonate within the coarse frac-
tion (very coarse sand), a loss exceeding even 5 p.p.
was observed. In the case of the coarse sand fraction, its
content increased for 14 out of 15 samples with carbo-
nates. This may suggest the development of carbonate
capsules on grains and aggregates.

the contributions of sand determined be-
fore the areometric analysis. The entire process of sam-
ple preparation for and during the areometric analy-
sis facilitates further, more precise sieve analysis of
sand fractions. Moreover, preparation of a sample
devoid of sand fractions for areometric analysis when
it contains e.g. 10% silt and clay requires sieving of
almost 0.5 kg of soil. Guidelines related to the selection
of a particular scenario in the discussed problem
would require further experiments focusing on this
issue.

CONCLUSIONS

Based on the performed experiment, it was deter-
mined that the admixture of organic matter and
calcium carbonate considerably affects the accuracy
of measurements of the grain size composition by means
of Cassagrande’s areometric method in modification
by Prészynski, particularly through:

— overestimation of the sand fraction content of the
sand fraction, for samples containing more silty-
clayey fraction,

— overestimation of the content of the silty-clayey
fraction, particularly for samples containing more
sandy fraction,
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It was also determined that:

— large grains (sand fraction), as a result of multiple
stirring, are subject to breakdown into smaller
ones,

— content of calcium carbonate influences the
development of capsules and aggregates,
providing underestimated results of the sand
fraction.

The performed experiment permitted the determi-
nation of threshold values of contents of carbonates
(10%) for which their removal before the performance
of the analysis is absolutely necessary for the devia-
tions of the obtained values not to exceed 2% in com-
parison to those controlled in the experiment. The
effect of organic matter is non-uniform within particular
groups. The furthest reaching conclusion in reference
to the areometric analysis is the recommendation of
absolute mineralisation (removal of organic matter),
similarly as the performance of decalcification
(removal of carbonates). There is no certainty, however,
whether laboratory procedures through which organic
matter and carbonates are removed will not lead to
the destruction of mineral particles..
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Wplyw zroznicowanej zawartoSci materii organicznej i weglanow
na wyniki oznaczania skladu granulometrycznego
metodg areometryczng Casagrande’a w modyfikacji Proszynskiego

Streszczenie: Celem niniejszej pracy byto okre§lenie wptywu zawarto$ci materii organicznej oraz weglandow na wiarygodnos$c
oznaczenia uziarnienia metoda areometryczna Casagrande’a w modyfikacji Proszynskiego. Okreslenie udziatu poszczegdlnych za-
kresow wielkosciowych ziaren nalezy do podstawowych charakterystyk analizy gleb. Sktad granulometryczny determinuje bowiem
wlasciwosci fizyczne gleby. Obecnie, pomimo réznorodno$ci metod analizy oznaczenia uziarnienia, metoda opracowana przez Pro-
szynskiego jest nadal stosowana, zapewniajac tym samym mozliwo$é porownywania obecnie uzyskiwanych wynikow
z danymi archiwalnymi.

Za podstawowy problem w metodzie uznaé nalezy okreslenie zmiennosci ggstosci osrodka, w ktorym opadaja czastki, w zalez-
nosci od zréznicowanego sktadu granulometrycznego badanych utworow, co jest pochodna naturalnej zmiennosci udziatéow po-
szczegblnych zakresow wielko§ciowych ziaren mineralnych (w tym szczegodlnie zawartosci czastek najdrobniejszych frakcji) oraz
obecnosci domieszek zaktdcajacych proces sedymentacji (najpowszechniej obecnych substancji organicznej i weglanow). W celu
okreslenia ich wptywu przeprowadzono badania w formie eksperymentu na probkach o zadanym sktadzie granulometrycznym oraz
znanej — rowniez zadanej — zawarto$ci domieszek.

Eksperyment podzielono na dwa etapy: przygotowanie materiatu wraz z preparacja probek oraz wlasciwy pomiar metoda are-
ometryczna. W pierwszej kolejnosci spreparowano frakcje piasku o znanej zawartosci podfrakceji. Uzupetniono je okreslong zawar-
toscia mieszaniny frakcji pylastej i ilastej, tworzac w ten sposéb probki kontrolne (bez domieszek). Druga grupe stanowity probki z
domieszka materii organicznej wymieszanej z frakcja pylasto-ilasta, a trzecig — probki z weglanem wapnia wymieszanym z frakcja
pylasto ilasta. Lacznie spreparowano 45 probek (15 kontrolnych, 15 z materia organiczna i 15 z weglanem wapnia), dla ktorych
wykonano oznaczenia metoda kombinowana (areometryczng Casagrande’a w modyfikacji Proszynskiego — ponizej 0,05 mm oraz
metoda sitowo-wagowa — powyzej 0,05 mm). Wszystkie pomiary wykonano w trzech powtoérzeniach, co tacznie dato 675 pomiarow
areometrem. W zespotach trzech probek (kontrolna, z materig organiczna i z weglanami) wagowa zawarto$¢ piasku oraz frakcji
pylasto-ilastej pozostawata w niezmienionej proporcji. Spreparowano 15 takich zespotéw roézniacych sig od siebie zawarto$cia do-
mieszek. Oprocz ustalonego stosunku pomigdzy ziarnami frakcji piaszczystej i pylasto-ilastej, ustalono rowniez procentowy sktad
samego materiatu piaszczystego i frakcji w obrgbie pytu i itu, co pozwolito zakwalifikowac¢ probki do poszczegbdlnych grup granulo-
metrycznych.

Na podstawie przeprowadzonego eksperymentu stwierdzono, ze domieszka materii organicznej i weglanu wapnia w znaczny
sposob wplywa na doktadno$¢ pomiardéw sktadu granulometrycznego przede wszystkim przez: zawyzenie zawartosci frakcji piasku
(w probkach zawierajacych wigcej frakcji pylasto-ilastej), zawyzenie zawartosci frakeji pylasto-ilastej (zwtaszcza w probkach zawie-
rajacych wigcej frakcji piaszczystej). Stwierdzono takze, ze: duze ziarna (frakcja piasku), na skutek wielokrotnego mieszania, ulegaja
rozbiciu na mniejsze, zawarto$¢ weglanu wapnia wpltywa na tworzenie sig otoczek 1 agregatow, dajac zanizone wyniki najmniejszej
frakcji piasku. Wykonany eksperyment pozwolil na wyznaczenie warto$ci granicznych zawartosci weglanow (10%), dla ktorej nie-
zbgdne jest ich bezwzgledne usunigcie przed wykonaniem analizy, aby odchylenia uzyskiwanych zawartosci piaskow nie byty wy-
zsze niz 2% od kontrolowanych eksperymentalnie. Wptyw materii organicznej natomiast jest niejednolity w obrgbie poszczegolnych
grup mechanicznych. Najdalej idacych wnioskiem w stosunku do analizy areometrycznej jest zalecenie bezwzglednej mineralizacji,
podobnie jak przeprowadzenie dekalcyfikacji. Nie ma natomiast pewnosci czy procedury laboratoryjne, przez ktore pozbywamy sig
materii organicznej i weglanow, nie doprowadzaja do destrukcji czgsci mineratow.

Stowa kluczowe: analiza areometryczna, metoda sedymentacyjna, modyfikacja Proszynskiego, materia organiczna, weglany,
zawiesina



