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Abstract — Sedimentary clay of three Latvia region of 

Latgale lakes – Zeiļi, Pauguļi and Plusons – was 

investigated. Mineral composition was determined by  

X-ray diffraction, the average size and size distribution 

of particles by dynamic light scattering method, specific 

surface by Brunauer-Emmett-Teller method, and 

adsorption characteristics after methylene blue: 

adsorption capacity and adsorption isotherms. The 

samples contained typical clay crystalline phases – illite, 

kaolinite – and rock forming minerals – quartz, dolomite, 

calcite, plagioclase, albite, and enstatite. The 

granulometric content of samples is mostly characterised 

by silt (2 – 63 µm) and clay (< 2 µm) fractions. Specific 

surface area varied from 9.45 to 20.68 m2/g. The 

adsorption capacity of lake clay was in the range of  

25.8 – 45.8 mg/g. Clay adsorption isotherms were 

represented by the second and fifth type curves according 

to the International Union of Pure and Applied 

Chemistry (IUPAC) classification, indicating the 

presence of micro- and macroporous space in samples 

and strong intermolecular interactions. The difference 

between properties of clay in different lakes and at 

different depths and their influencing factors have been 

clarified. The information obtained enables to predict the 

areas of use of clay in cosmetics and medical treatment. 

Keywords — lake clay, mineral composition, 

granulometric content, adsorption capacity. 

I. INTRODUCTION 

Clay is one of the most frequently found and 
accessible mineral deposits. Latvia is one of the 
European countries that is richest in clay, calculating 
per resident [1]. However, the potential of local clay is 
not being used sufficiently; for example, the prevailing 
amount (40.8 %) of cosmetic products containing clay 
that can be purchased in Latvia is produced in France 
and only 3.2 % is produced in Latvia [2]. 

Latvia is rich in waters; its territory contains 2256 
lakes with the water surface area over 1 ha and the total 
area about 1001 km2, which is 1.5 % of the territory of 
Latvia [3]. The natural resources of the lakes – the 
sapropel – have been studied extensively, and under the 
sapropel layer, layers of clay deposits have also been 
found. There are about 1000 lakes in Latgale with the 

properties of their clay deposits unstudied. Having 
analysed the reports of SIA “Geo Consultants” on the 
search of lake sapropel deposits in 199 lakes studied in 
the former Preiļi, Ludza and Rēzekne regions, lake clay 
has been found in the soil of 109 lakes. The study and 
scientific substantiation of the opportunities for the use 
of lake clay as a local resource will create a foundation 
and a favourable environment for the design of new 
products and services. 

All types of clay minerals have been reported in 
soils. Recent sediments include lake clay as well. 
Smectite, illite, kaolinite and chlorite are major 
components found both in nonmarine and marine 
sediments [4]. 

The use of clays (probably smectite) as soaps and 
absorbents was reported in Natural History by the 
Roman author Pliny the Elder (c. 77 ce) [4]. Nowadays 
clay has a wide range of application. The effectiveness 
of the use of clay in cosmetology and dermatology has 
been proven [5] – [11]. French clay, which is obtained 
in pits from the deepest layers of the lithosphere, has 
been studied extensively. The opportunities for the use 
of French green clay in cosmetology and dermatology 
have also been proven [8], [12]. Clay hydrates the skin 
and makes it smooth, restores its elasticity, normalises 
the activity of sebaceous glands, cleans, nourishes, 
disinfects, treats the skin [11], [13] – [17]. Latvian illite 
clay can be used as one of UV filters in sun protection 
creams, in addition giving the cream a light brown tint. 
A prototype cream with SPF about 9 has been created 
[18]. 

Clay is used in cosmetics for its large specific 
surface, granulometric content, sorption, adhesion, 
neutral pH, high thermal capacity, tissue astringent 
properties [19] – [22]. The sorption properties of clay 
are used in the treatment of different dermatological 
diseases such as acne, rash, ulcers and seborrhea [23]. 

There are many studies on clay found in the 
overland lithospheric layers; lake clay is understudied 
globally; whereas in Latvia there are no such studies at 
all. Transformation of lake clay located under the layer 
of sapropel has occurred under the influence of organic 
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substances, and due to the different biochemical 
processes its properties may be different from 
lithospheric clay. 

The most important parameters that determine the 
properties of clay and thus also its application 
opportunities are the mineral and granulometric content 
of clay [24], thus the aim of this study is to determine 
the mineral content, granulometric content, specific 
free surface, adsorption level and adsorption isotherms 
of lake clay. 

II. MATERIALS AND METHODS 

Sediment samples were taken in winter from the ice 
of lake Zeiļi, Pauguļi, and Plusons (Latvia). In lake Zeiļi 
the samples were taken from 2 control boreholes – Z2 
and Z4. In control borehole Z2 the samples were taken 
from 4 depths measuring from the water surface – Z2.6 
(6 m depth), Z2.7 (7 m depth), Z2.8 (8 m depth), Z2.9 
(9 m depth), in control borehole Z4 – from 1 depth Z4.8 
(8 m depth).  In lake Pauguļi the samples were taken 
from 1 control borehole at the depth of 3.5 m, in lake 
Plusons – from 1 control borehole at the depth of 8 m. 
The equipment used to obtain clay was designed 
analogous to a sampler (the “Eijkelkamp” type) with 2 
l camera. Samples are placed into sterile plastic 
packaging. 

A qualitative analysis of the crystalline phases of 
mineral content was performed using Rigaku’s Ultima 
+ X-ray diffraction system [25]. Copper cathode 
radiation was used, scan speed 1°/min, voltage 40 kV, 
current intensity 5 mA, 2θ scan angle range 5-60°. Data 
processing software – Jade MDI9. Electronic ICDD 
databases – PDF-4Organics/Organics2017 were used 
for results interpretation and crystal identification. 

To determine the granulometric content, dynamic 
laser diffraction analysis with Broohaven Instruments 
device with BI-APD photodiode detector was used. The 
device can determine particles of radius from  
1.5 to 3 µm.  The method is based on the relation 
between particle diffusion rate D undergoing Brownian 
Motion and their size d, expressed by the Stokes-
Einstein equation 

 𝑑 = 𝑘𝑇/3𝜋𝜂𝐷, 

where k - Boltzmann's constant, T - temperature,  
η - viscosity. 

For the measurement of the sizes of the samples and 
their distribution, 0.5 % clay mass and water 
suspensions were created. To stabilise the system, the 
surface active ingredient poly-I-lysine was added. The 
solution was first stirred for one hour and subjected to 
a 10-minute ultrasonic treatment. The measurements 
were performed at the temperature of 25°C with laser 
radiation power 15mW and wavelength 658 nm, and 
scan angle 90°. 

To calculate the specific free surface area St, the 
BET (Brunauer, Emmett and Teller) method was used. 
The specific surface St of granulated material is 

determined by physically absorbing gas on solid 
particle surfaces and calculating the amount of 
adsorbate gas Wm, which corresponds to the 
monomolecular layer on the surface [26]. Nitrogen was 
used as the adsorbate. 

 𝑆𝑡 = 𝑊𝑚 ∙ 𝑁 ∙ 𝐴𝑐𝑠/𝑀 

where N -  the Avogadro number (6.022 x 1023   
mol–1), M - the molecular mass of the adsorbate 
(nitrogen), Acs - the cross-section area of the adsorbate 
molecule (for nitrogen at T = 77K Acs = 16.2 x 10–18 m2), 
Wm - the monolayer mass of the adsorbate (nitrogen) at 
relative pressure P/P0. 

To determine the adsorption capacity of clay, the 
methylene blue test was used [27], [28]. The 
dependence between the optical density of the 
methylene blue solution and the methylene blue 
concentration in ranges 20 – 100 mg/l and 100 – 700 
mg/l was determined experimentally with the 
spectrophotometer, light wavelength 400 nm. 
Calibration charts were constructed on the basis of the 
experimental data. 

To measure the adsorption level of clay, the 
standard methylene blue solution (MB) with the 
concentration of 1 g/l was prepared. Clay samples were 
dried and granulated. For measurement, 1 g of the 
corresponding clay was poured into a flask, 50 ml of 
standard MB solution were added and subjected to 
stirring for 30 minutes. Then the suspension was 
centrifuged, and samples were taken to determine the 
optical density in cuvettes in 1cm layer of the analysed 
solution. 

Using the calibration curves of the corresponding 
range, the MB concentration was determined in these 
solutions subjected to adsorption. The adsorption level 
of clay Ad was calculated using the formula  

𝐴𝑑 = (𝐶0 − 𝐶1) ∙
𝑉

𝑚
,mg/g

where C0 - initial MB concentration (1000 mg/l), 
C1 - MB concentration after adsorption, mg/l, V - 
volume of the solution (50 ml), m - mass of the clay 
sample (1 g). 

Each measurement was repeated three times – in all 
cases the difference between measurements did not 
exceed 0.5 – 0.7 %. Considering the natural 
nonhomogeneity of clay, the precision of these data is 
fully satisfactory. For further calculations, the average 
numbers from these measurements were used. To 
determine the effect of the stirring time of the 
suspension on the adsorption level, parallel 
experiments were performed with 5-hour sample 
stirring time, which showed that the adsorption level 
increases but very insignificantly – by 5 % only (e.g., 
44.5 mg/g to 46.8 mg/g). This means that the 30-minute 
sample stirring time is sufficient for the assessment of 
the adsorption capacity of clay. 
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Adsorption isotherms were also determined using 
methylene blue. Initial adsorbate – MB concentrations 
were selected as follows: 0.05, 0.1, 0.5, 0.7 g/l. For 
comparison, according to an analogous method, the 
adsorption isotherm was also determined for two clay 
samples from Kuprava clay deposit. 

III. RESULTS AND DISCUSSION 

The experimental data obtained are summarised in 
Table I. 

According to granulometric content, sediments are 
divided into two groups – lake Zeiļi clay (Z2.8) from 
the depth of 8 m and lake Plusons sediments are 
characterised by the monomodal particle distribution 
curve according to size with rather narrow scattering of 
sizes (Figure 1) but very different effective diameter of 
the particles; the size of the particles of lake Plusons 
sediments is almost 4 times greater than the size of the 
particles of lake Zeiļi sediments (Table 1). 

The comparison of the other sample particle sizes 
has a drastically pronounced bimodal character with the 
effective diameter of the particles within the limits of 
568.3 – 948.6 nm (Figure 2 and 3). 

 

Fig. 1. Comparison of the monomodal granulometric content 

curves of lake Zeiļi sample Z2.8 and lake Plusons sediments 

 
Fig. 2. Bimodal clay particle distribution in lake Zeiļi samples Z2.7 (a) and Z2.6 (b) 

TABLE I.  LAKE SEDIMENT PROPERTIES 

Samples Granulometric content, nm Specific 

surface area, 

m2/g 

Adsorption 

level MB, 

mg/g 

Mineral  

content Average diameter 

dv 

Effective diameter 

def 

Typical ranges 

Pauguļi 918.6 675.0 498.9 – 716.6 

2122.7 – 3048.7 

15.80 37.5 Q, I, D, C, P, K 

Plusons 2228.3 2245.5 2194 – 2255 9.45 41.5 Q, D, C, A, E 

Zeiļi Z2.6 1853.2 993.7 658.4 – 971.1 
4261.8 – 7024.2 

20.21 – Q, I, D, C, P, K 

Zeiļi Z2.7 1358.0 998.6 523.1 – 568.4 

1433.8 – 1803.1 

20.32 45.8 Q, I, D, C, P, K 

Zeiļi Z2.8 558.3 568.3 485.4 – 683.7 20.68 30.5 Q, I, D, C, P, K 

Zeiļi Z4.8 991.3 800.7 594.7 – 783.8 
1794 – 2364 

17.41 41.0 Q, I, D, C, P, K 

Zeiļi Z2.9 – – – – 25.8 Q, I, D, C, P, K 

Kuprava K1 – – – – 48.8 I, Q, O, C, K 

Kuprava K2 – – – – 48.4 I, Q, O, C, K 

Q – quartz, I – illite, D – dolomite, C – calcite, K – kaolinite, O – orthoclase, P – plagioclase, A – albite, E – enstatite 

Specific free surface of all lake Zeiļi clay with the 
exception of sample Z4.8 is almost equal to  
20.20 – 20.68 m2/g (Table 1). For lake Pauguļi and Z4.8 
samples it is lower (15.08 – 17.41 m2/g), but for lake 
Plusons sediments it is the lowest (9.45 m2/g), which 
can be explained by the significantly higher coarseness 
level of these sediments. 

Adsorption capacity measurements show that it 
does not correlate with the size of the sediment particles 
or the specific surface. Thus, one of the highest MB 
adsorption capacities (41.5 mg/g) was demonstrated by 
the coarsest sediments of lake Plusons. Lake Zeiļi 
samples Z2.7 and Z4.8 demonstrated the highest 
adsorption capacity (45.8 – 41.0 mg/g). The adsorption 

capacities of the other samples is between 25.8 and 37.5 
mg/g. The adsorption isotherms of the lake sediments 
studied can also be divided into two groups. Lake 
Pauguļi and lake Zeiļi clay sample Z2.9 and Z2.8 
isotherms correspond to type IV, but Z4.8, Z2.7 and 
lake Plusons sample isotherms correspond to type II 
according to IUPAC classification [29] (Figure 4). 

The results of the study have shown that lake 
Pauguļi and lake Zeiļi sediments have identical mineral 
composition, which includes two clay minerals – illite 
and kaolinite (Table 1) and non-clay fractions – quartz, 
dolomite, calcite, orthoclase, plagioclase, albite, 
enstatite. Mattioli et al. 2016 also note in their studies 
that commercial clays used in cosmetics none are pure 
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clay and are characterized by the presence of a 
significant non-clay fraction dominated by calcite and 

quartz, and to a minor extent by dolomite, feldspars and 
gypsum [30].  

 
Fig. 3. Comparison of lake Zeiļi and lake Pauguļi sediment granulometric content with lake Plusons sediment monomodal distribution 

 
Fig. 4. Lake sediment type IV and type II adsorption isotherms 

Lake Plusons sediments are different. Since these 
do not contain any clay minerals, they cannot be 
considered clay sediments. They are also characterised 
by other differences in properties – a significantly 
higher particle coarseness level – up to 0.23 µm, very 
high homogeneity of the particles according to size 
(homogeneity coefficient 0.99, polydispersity 0.005), 
drastically smaller specific surface area in comparison 
to the sediments of other lakes (9.45 m2/g). However, 
these sediments show an unexpectedly high adsorption 
level – 41.5 mg/g compared to other samples which 
have a significantly smaller effective diameter of 
particles and a larger specific surface (e.g., Ad of sample 
Z2.8 is 30.5 mg/g, where def = 568.3 nm and S = 20.68 
m2/g). This means that the difference of the adsorption 
level is related to the chemical composition of these 
adsorbents. Since the crystalline phase content, 
determined using the diffractometric method, has 
qualitatively shown the identity of these samples (with 
the exception of lake Plusons sediments), the 
determining factor in difference of adsorption capacity 
becomes the physical and chemical nature of the 
interaction with the adsorbate, including the amount 
and content of organic matter in these sediments. The 
other clay samples are characterised by the 
nonhomogeneity of the size of different particles from 
1.00 to 1.86 (Table II). 

From the analysis of the data for all samples, a small 
tendency for the increase of the specific surface with the 
decrease of the particle size can be observed (regression 
coefficient R2 = 0.3). From the analysis of the samples 
of particular groups (e.g., lake Zeiļi samples Z2.6, Z2.7, 
Z2.8), a much stronger correlation between the depth of 
the deposit and dispersity can be observed – with 
greater depth, a greater percentage of fine particles is 
found in the sediments (R2 = 0.96). The highest particle 
size scatter was demonstrated by top layers of lake Zeiļi 
sediments – 1.36 – 1.86. Adsorption isotherms  
(Table 2) in lake Zeiļi clay taken from greater depth (8, 
9 metres) are type four curves showing an increase of 
adsorption capacity directly proportional to the increase 
of adsorbate concentration up to 0.5 g/l, followed by the 
zone of saturation within the adsorbate concentration 
limits 0.5-0.7 g/l, then again followed by a directly 
proportional but less intensive increase of adsorption 
capacity (Figure 4). Zone of saturation means that in 
this range the formation of the adsorbed 
monomolecular layer on particle surfaces ends, at 
higher concentrations next adsorption layers begin to 
form. In accordance with the literature data, such 
isotherm nature is characteristic of mesoporous 
adsorbents with strong affinities between the adsorbent 
and the adsorbate [31]. 
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The other sample (Z2.7, Z4.8, Plusons) isotherms 
can be attributed to type II curves, which do not have 
the intermediate saturation stage. These curve types 
indicate the macroporous structure of the adsorbent 
with a homogenous particle surface and strong affinity 
between the adsorbent and the adsorbate. It is 
noteworthy that the adsorption levels up to adsorbate 
concentration 0.5 g/l almost coincide. The differences 
start at higher concentrations, and at the maximum 
adsorbate concentration 1 g/l studied, it is lower for type 
IV clay (Figure 4). Adsorption isotherms from Kuprava 
clay deposit show no principal difference from lake 
sediment isotherms; these are attributed to type II 
isotherms and are also characterised by a higher 
adsorption level, and their adsorption level at adsorbate 
concentration 1 g/l is higher than that of lake sediments 
and exceeds 49 mg/g. Kuprava clay diffractogram 
shows that its composition is primarily formed by illite 
[32], which determines its increased adsorption 
capacity. Other studies [33] have found that clay 
adsorption level is 90 – 125 mg/g. Whereas clay from 

other deposits shows a significantly lower adsorption 
level; Nīcgale clay deposit studies [34] have 
demonstrated the MB adsorption level of 14.3 – 19.8 
mg/g with the specific surface of 23.8 m2/g. The 
adsorption capacity of the lake sediments studied is not 
great in comparison, for example, with clay used in 
medicine, which contains montmorillonite, which has a 
specific area of 173 m2/g and a sorption capacity of 370 
mg/g [35, 36]. 

Clays used in pharmaceutics and cosmetics should 
have a high specific surface area [30], [37]. However, 
in comparison with cosmetic clay used, the specific 
surface area of which does not exceed 2.4 m2/g [38], the 
specific surface area of lake clay is suitable for use for 
cosmetic and medical purposes. According to 
granulometric content, clay from the lakes of Latgale 
also corresponds to the therapeutic clay already used in 
treatment procedures [39]. The average particle size of 
commercial cosmetic clay varies from 2.4 to 12.0 μm 
[2].

TABLE II.  CLAY PARTICLE DISTRIBUTION TYPES, DISPERSION LEVEL AND ADSORPTION ISOTHERM TYPES 

Samples  Granulometric content 

curve type 

Particle 

nonhomogeneity 

coefficient, dvid/def 

Polydispersity Isotherm type 

Pauguļi Bimodal 1.36 0.139 Type IV 

Plusons Monomodal 1.00 0.005 Type II 

Zeiļi Z2.6 Bimodal 1.86 0.209 - 

Zeiļi Z2.7 Bimodal 1.36 0.137 Type II 

Zeiļi Z2.8 Monomodal 1.00 0.005 Type IV 

Zeiļi Z4.8 Bimodal 1.16 0.129 Type II 

Zeiļi Z2.9 - - - Type IV 

Kuprava K1, K2 - - - Type II 
 

IV. CONCLUSIONS 

Lake clay contains typical clay crystalline phases – 
illite, kaolinite, and rock forming minerals – quartz, 
dolomite, calcite, plagioclase, albite, and enstatite. The 
granulometric content of lake clay is mostly 
characterised by silt (2 – 63 µm) and clay ( < 2 µm) 
fractions. Specific surface area varies from 9.45 to 
20.68 m2/g. Adsorption capacity of lake clay varies 
from 25.8  to 45.8 mg/g. Lake clay, considering its 
mineralogical and granulometric content, specific 
surface area and adsorption capacity, is suitable for use 
in cosmetics and medical treatment. 
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