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ABSTRACT
The aim of the doctoral thesis “SAPROPEL FOR THE DEVELOPMENT OF 

BIOCOMPOSITE MATERIALS: PROPERTIES AND APPLICATION POSSIBILITIES” 
is to study properties of sapropel and possibilities to use it for development of biocom-
posites for applications in agriculture, construction industries and other fields as well 
as to test properties of obtained materials in respect to their application possibilities. 
Samples of composite materials were created by using different types of sapropel as 
binder and birch wood grinding dust, birch wood fibre, hemp shives and fibre aero-
sil, mahagony sawdust as fillers. Birch wood veneer and beech wood planks, peat was 
used for testing sapropel adhesive properties. In the theoretical part of thesis is offered 
an overview of scientific literature about sapropel, possibilities of utilization, charac-
teristics and consistence of environmentally friendly construction materials. The cre-
ated composite materials were analyzed at the results section. Measuring of mechanical 
strength, thermal conductivity, microbial stability, biodegradation, ageing of composite 
materials, compressive and flexural strength of composite materials, sound insulation 
properties, comparison of auto-ignition were carried out and analyzed. Thesis convinc-
ingly demonstrates that using local resources such as sapropel and by-products of the 
production process, such as birch wood sanding dust, birch wood fibers, hemp shives 
and wood chips, it is possible to develop environmentally friendly composite materi-
als in construction and agriculture, adapting them to the needs of use. Biological sta-
bility of natural sapropel containing biocomposites is one of key parameters for their 
application potential and should include detailed evaluation of composites in respect to 
major groups of microorganisms of concern. The mechanical and thermal properties of 
sapropel-based composites were similar to those of synthetic as well as mineral mate-
rials, suggesting that sapropel composites could have similar use in the construction 
industry: as a self-bearing wall thermal insulation material that works together with the 
structural timber frame. 

The thesis consists of 210 pages with 14 illustrations and 16 tables. 

Key words: sapropel, binder, composite material, microbial stability, biodegradation
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ABBREVIATIONS AND GLOSSARY

A Alternaria alternata
AL ALINA additive
AO ALINA organoclay additive coating
B Biocide additive
C Cladosporium herbarum
CBS Pilvelu cyanobacteria sapropel 
CH Ageing in climate chamber
CS Padelis carbonatic sapropel. 
E Evaluation/Intensity of growth
EC Electric conductivity
F Fungi mixture
FDA Fluorescein diacetate acetate
FHL Formulated hydraulic lime 
FS Flax shives
GAS Veveru green algae sapropel 
HL Hydraulic lime
HS Hemp shives
Inoc. Inoculation
K Control sample
K Control without additive
LH Lime binder coating
LHC Lime-hemp composite
LOI Loss on ignition
MH Magnesium oxychloride coating
MHC Magnesium-hemp composite
MOC Magnesium oxychloride cement
MPC Magnesium phosphate cement
mV Redox potential
OD Optical density
pH Potential of hydrogen
RH Relative humidity
S Sapropel
SIR C-CO2 reacted with NaOH, g C-CO2/h gdw
SLHC Sapropel-lime-hemp composite
SWD Sapropel-wood sanding dust
SWF Sapropel-wood fibre
WC Wood fibre cement board
WD Wood sanding dust
WW Wood wool/wood fiber
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INTRODUCTION
The contemporary economy worldwide is based mainly on fossil material use 

(Ingrao et  al., 2018), and this approach significantly contributes to the depletion of 
resources and environmental problems, especially climate change. Bioeconomy (bio-
techonomy) can be considered as an alternative to fossil material-based economy. 
It implies using biomass or biotechnology to produce goods, services or energy 
(Lewandowski, 2018). Taking into account global environmental and climate problems 
as well as the decrease and depletion of global resources, a need to reduce the use of 
synthetic chemicals and to develop a bioeconomy is necessary. Expanded use of bio-
based materials can be considered as an action tool within the sustainable develop-
ment strategies in European Union (Altozano, 2012) and in Latvia (Latvijas Republikas 
Zemkopības Ministrija, 2017). Thus, it is crucial to search for applications of natural 
materials as a replacement of synthetic ones (Fava et al., 2015). 

Organic-rich lake sediments such as sapropel, gyttja are believed to be prospective 
materials for diverse applications (Balčiūnas et al., 2016; Stankevica, 2020). Sapropel is 
regarded as a waste product of lake reclamation (an action actual for eutrophic lakes) 
and could be required to remove sediment bulk mass to maintain the lake ecosystem 
by not allowing overgrowth. Thus, sapropel processing and use are sustainable from 
the perspective of circular economy with the additional benefit of developing sapropel-
based products required in the market. In Latvia, the majority of lakes are eutrophic, 
with significant impacts of anthropogenic eutrophication and the total volume of sap-
ropel resources is ~2 billion m3. Sapropel reserves in Latvia’s lakes reach 700–800 mil-
lion m3, while sapropel reserves in bogs reach 1.5 billion m3 (Segliņš, 2014). Sapropel 
can be considered a renewable resource since lake eutrophication, being a natural pro-
cess, is continuous. Thus, the development of new possibilities to facilitate sapropel 
application can support the reclamation of lakes, as well as can significantly contribute 
to the development of bioeconomy.

Sapropel properties limit its direct application that is usually tended to agricultural 
applications. Together with a limited level of research and often outdated application 
studies, it results in a lack of interest from industries involved in the development of 
new products. One of the remarkable properties of sapropel is its ability upon process-
ing and drying to act as adhesive and/or binder for other materials (Balčiūnas et al., 
2016; Gružāns, 1958, 1960; Klavins and Obuka, 2018). Thus, sapropel can be used to 
develop composites based on the combination of properties of different groups of mate-
rials and to develop new materials with new characteristics. New composite materials 
is a general trend of material development nowadays. Commonly, composites are syn-
thetic material based, e. g. mineral wool, stone wool, glass wool, while unique proper-
ties of sapropel support allow introducing a new group of composite materials formed 
by a matrix and a reinforcement of fibers – biocomposites (Mohanty et  al., 2000). 
Nevertheless, sapropel has not been used for the production of biocomposites, but this 
direction of research can is believed to be highly prospective since natural material-
based binders for biocomposites are limited. 
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One of the main challenges of working with sapropel is that its properties limit its 
direct application to the development of sapropel based composites includes options 
to use waste biomass as fillers. Such approach provides possibilities to find new appli-
cations of waste materials, such as hemp shives, wood sanding dust and wood chips. 
Another challenge in developing biocomposites is proper testing of their properties 
(Bulota et al., 2011; Jawaid et al., 2019; Mngomezulu et al., 2014). Biocomposite test-
ing traditionally concentrated on testing functional properties (mechanical strength, 
durability of use etc.), but the biological stability tests often are neglected as the testing 
methodologies are not elaborated, and their functioning has not been much studied. 
However, as biocomposites might be subjected to biological degradation, the biological 
stability studies are of utmost significance for estimation of their more comprehensive 
application.

The aim of the doctoral thesis is to study properties of sapropel and possibilities 
to use it for development of biocomposites for applications in agriculture, construc-
tion industries and other fields as well as to test properties of obtained materials in 
respect to their application possibilities. 

The worktasks of the thesis includes:
1.	 Study of sapropel properties, relevant for development of biocomposite materials
2.	 Develop principles for biocomposite material production using sapropel
3.	 Prepare new, application oriented sapropel based biocomposites
4.	 Develop biocomposite material testing methods as well as analyse and evaluate sap-

ropel composite material application possibilities

Hypothesis
Elaboration and aprobation of new testing methodologies are essential, to develop 

application oriented, sapropel based biocomposites, which includes detailed studies of 
elaborated material biostability in addition to functional property estimation.

Scientific and applied significance 
1.	 Development of new approach for lake recultivation waste product – sapropel use 

for production of natural material based biocomposites and demonstration of the 
approach efficiency.

2.	 Creation of design concepts of biomaterial based biocomposite material 
using sapropel.

3.	 Preparation of sapropel based biocomposites for new, market oriented applications 
in building material industry and design, as well as in other fields, thus supporting 
use of local, natural based material use.

4.	 Elaboration of sapropel based biocomposite analytical characterization and test-
ing methodology, to prove their biostability, functional properties and application 
potential.
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bonate and mineral matter. The author has also performed as well as summarization, 
estimation, and analysis of all research results, assessment of the relationship between 
different parameters and properties. 
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1. LITERATURE REVIEW

1.1. Sapropel: formation conditions and composition

There are 2256 lakes larger than 3 ha in Latvia with a total area of 1001 km2 and 
covering 1.5% of the territory of Latvia (Nikodemus et  al., 2018). In many of these 
lakes sapropel can be found – lake sediment containing more than 15% organic matter 
(Kurzo et al., 2004), which is a mixture of plant and animal organic matter decay resi-
dues mixed with mineral particles (Kaķītis, 1999).

Sapropel is a partially renewable resource (Segliņš and Brangulis, 1996) formed 
under differing conditions. Complex formation conditions reflects problems of termi-
nology as recently is discussed in thesis work (Stankevica, 2020). Sapropel is a loose and 
fine-grained sediment rich in organic matter in inland waters (Emeis, 2009). Sapropel 
has a low content of inorganic biogenic components and a mixture of mineral nature 
(Stankeviča and Kļaviņš, 2014). Sapropel organic matter mainly consists of residues 
of aquatic plants and aquatic animals – phytoplankton and zooplankton (Kurzo et al., 
2004), which reproduce in large quantities in stagnant or poorly flowing overgrown 
water basins (Lācis, 2003). Sapropel consists of diatoms, green algae and cyanobacte-
ria, as well as foraminifera, radiolaria, dinoflagellates, various species of crustaceans, 
sponges and bacteria. Benthos organisms, infusors and molluscs also play a role in the 
development of sapropel (Bambergs, 1993).

In its natural state, sapropel is a loose organomineral sediment that is a clot-like mass 
with varying shades and colloidal structure (Bambergs, 1993; Vimba, 1956). Extremely 
intensive sapropel formation occurs in the temperate climate zone (Stankeviča and 
Kļaviņš, 2014; Штин, 2005), where masses of dead aquatic organisms (plankton, ben-
thos, higher plants) settle at the bottom of the lake at the end of the vegetation period. 
These residues are optionally anaerobically transformed into complex biochemical, 
mechanical, microbiological and physico-chemical transformation processes over time 
into organic rich lake sediments – sapropel (Bogush et al., 2013).

In the composition of sapropel, the amount of minerals can fluctuate over a wide 
range, up to 85% (Kaķītis, 1999). In the territory of Latvia, sapropel minerals are com-
posed of sand, clay, calcium carbonate and other compounds, which are introduced 
into the lake by runoff from the catchment or accumulate in the lake, or from dead 
animals and plants (Gružāns, 1960; Kuršs and Stinkule, 1997; Lācis, 2003).

The composition, properties and thickness of sediments are determined by the type 
of lake, the geographical conditions of the region, the anthropogenic impact, the char-
acteristics and size of the catchment area (Stankeviča and Kļaviņš, 2014). The main rea-
son for the formation of the sapropel is the interruption of lake substances and energy 
flows, which are common in eutrophic lakes. 

Water sediment accumulates in water bodies by layers. Each subsequent layer cov-
ers the layer that had accumulated last year (Stankeviča and Kļaviņš, 2014). Sapropel’s 
layer thickness of deposited sediment during the year depends on the lake’s flow and 
intensity of biological process. Formation of the sapropel layer began in the deepest 
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parts of the lake and during the year is approximately 0.1 mm in small run-off lakes and 
up to 6.64 mm in lakes with good flow (Kaķītis, 1999; Штин, 2005).

There are two types of sapropel deposits: terrestrial, which are located in bogs 
under peat layer and in lakes (under water) (Kaķītis, 1999). According to the results 
of Latvian lakes research, sapropel reserves in Latvia’s lakes reach 700–800 million 
m3, while sapropel reserves in bogs reach 1.5 billion m3. Total sapropel resources in 
Latvia can be estimated at 2 billion m3 (Segliņš, 2014) however the estimation of the 
accumulated resources should be re-evaluated considering results of recent studies 
(Stankevica, 2020).

The sapropel sediments are unevenly distributed in the territory of Latvia, and their 
amount mainly depends on the area’s lake content (Stankevica 2020). Sapropel with 
high organic matter content (up to 90%) is more common in south-eastern Latvia, 
including the Latgale Upland (Stankeviča and Kļaviņš, 2014).

In recent years, people have started to pay much more attention to ecosystem 
services when calculating monetary values of nature, with the aim of using natural 
resources in an environmentally friendly and efficient way. The abundance, availability 
and extensive use of sapropel stocks make it an important natural resource, the extrac-
tion and use of which solves the necessary recultivation measures of overgrown and 
swampy lakes (Bakšiene and Janušiene, 2005). Although overgrowth of lakes is a nat-
ural process, it is facilitated by the use of inappropriate fertilizers, the construction of 
agricultural and livestock farms in the immediate surroundings of the lakes, and the 
disruption of natural water exchange caused by overgrowth of drains and small rivers 
(Kaķītis, 1999; Skromanis et al., 1989). The recultivation of the lakes is carried out in a 
complex way, mechanically cleaning and deepening the lake. These processes deplete 
the lake of sediment and remove overgrowth along the shores of the lake (Bakšiene and 
Janušiene, 2005; Kaķītis, 1999).

However, the composition and properties of a sapropel that determine its rational 
use depend on many factors during its formation. To systematize the use of these sedi-
ments, researchers have developed sapropel classifications, which have been developed 
based on research directions and objectives. The widely used classification of sapropel 
is the classification types developed by A. Fomin and E. Tomin in 1964, based on the 
analysis of the biological composition of sapropel (Штин, 2005). Belarusian scientists 
led by G. Evdokimov in the 1970s, developed the classification of sapropel, taking into 
account the genesis of sapropel and industrial requirements (Евдокимова et al., 1980). 
The classification created is based on the quantitative indicators of the seven indicators 
of chemical composition of sediment and divides the sapropel into four types. After 
the breakdown of mineral and organic matter, the sapropel is divided into low-ash (ash 
content less than 30%) and ash (ash 31-85%). There are four types of organic sapro-
pel, depending on their amount of humic substances. Ash-rich sapropel is divided into 
three types, depending on the mineral composition ratio: silica-containing, mixed and 
carbonate-sapropel.

Recent updating of the sapropel classification system provided (Stankevica, 
2020) considering character of the sediments, common form sedimentation condi-
tions and geochemical conditions, common for Latvia specifically and for the Northern 
Europe in general (Table 1.1.).
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One of the most important properties of moist sapropel is its colloidal structure, 
which determines the ability of the organic colloidal particles of sapropel to absorb large 
amounts of water, resulting in a high moisture capacity of 70-97% (Vimba, 1956) and 
low filtration rate (Liužinas et al., 2005). The relative humidity of sapropel is related to 
its organic content – the higher the organic content, the higher the moisture content 
(Stankevica, 2020). Organic sapropel contains more water because its organic part cor-
responds to gel that binds water molecularly (Kaķītis, 1999). Naturally, the structure 
of the moist sapropel is viscous, gelatinous or clotted, plastic and with high sorption 
capacity (Skromanis et al., 1989; Vucāns, 1989). When the moisture content of sapropel 
drops to 60%, its colloids collapse (Bambergs, 1993). At low temperatures the sapropel 
loses its bond and its mass becomes loose and friable. This property makes it possible to 
obtain a sapropel fertilizer that is easy to apply in soil (Vucāns, 1989).

Sapropel dries slowly and returns water with difficulty  – it evaporates slowly 
(Liužinas et al., 2005). When dried, it becomes hydrophobic (Vimba, 1956). Sapropel 
has an average dry matter content of 5–20% with a mass density of 1040–1080 kg/m3  
(Kaķītis, 1999). The air-dry sapropel has a glossy cut surface and the colloids therein, 
after solidification, reach the level of a horn’s solidness (Bambergs, 1993; Kaķītis, 1999). 
As moisture decreases, the specific mass of the sapropel increases and the density 
increases (Skromanis et al., 1989).

Sapropel organic matter is of both autochthonous and allochthonous origin. The 
allochthonous components of sapropel contains shoreline erosion material, consisting 
of mineral particles, as well as inorganic substances of biogenic origin and animal and 
plant residues, surrounding the lake flowing from the catchment area of the lake with 
rainwater, rivers, air currents (Leonova et al., 2011; Liužinas et al., 2005).

Depending on the composition of the sapropel, it can have different colors: dark 
brown (with oily sheen), brownish, light and dark grey, greenish, yellow, light pink, etc. 
The color of sapropel is determined by minerals and organic substances: the admixture 
of sand gives a grey color, lime – white, clay – yellow. The green color in the sapro-
pel is determined by the chlorophyll contained in the green algae, while the diatoms 
pink (Bambergs, 1993; Vucāns, 1989; Кордэ, 1960). In the lakes studied in Latvia, the 
organic matter content of sapropel dry matter is higher than 60% in about 80% of cases 
(Vucāns, 1989).

According to the composition of sapropel, the dry matter can be divided into three 
groups of substances: minerals (non-indigenous origin), organic matter complex 
(plant and animal residues), inorganic components of biogenic origin (Stankeviča and 
Kļaviņš, 2014). Sapropel organic matter is one of its most important properties. Their 
content in the sapropel dry matter ranges from 15% to 90% and more (Liužinas et al., 
2005; Stankeviča and Kļaviņš, 2014; Кордэ, 1960; Курзо, 2005). Elemental composition 
of sapropel organic matter: carbon 50.8–59.2%, oxygen 27.9–35.2%, hydrogen 6.7–7.4%, 
nitrogen 4.7–5.4%, sulfur 0.6–1.4% (Vimba, 1956; Бракш, 1971).

Depending on the conditions and composition of the sapropel, the organic part of the 
sapropel may contain different groups of organic substances: humic substances 5.1–61.9%, 
hemicellulose 9.8–52.5%, cellulose 0.4–6.0%, amino acids 9.8–17.8%, bitumens 
6.8–15.2% (Бракш, 1971; Евдокимова et  al., 1980; Штин, 2005). Further subdivided 
bitumen and humic substances: group A bitumen 3.4–10.7%, group B bitumen 2.1–6.6%, 
humic acid 11.0–37.6%, fulvic acid 2.1–2.5%, insoluble residue 5.1–22.6%. Kaķītis empha-
sized that sapropel bitumens contain waxes, solid hydrocarbons, resins, fats and various 
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acids (Kaķītis, 1999), however these suggestions are not supported with experimental 
studies. The other non-organic constituents of the sapropel dry matter are called ash and 
can have a very different composition: SiO2 3.2–72.4%, CaO 2.5–33.5%, MgO 0.4–2.3%, 
P2O5 0.14–0.27%, Fe2O3 1.1–2.6%, Al2O3 0.8–3.9% (Бракш, 1971; Евдокимова et  al., 
1980; Штин, 2005). Sapropel also includes various trace elements: Si, Al, Fe, Ca, Be, Sr, 
Mg, Ti, Na, K, V, Cr, Mi, Ag, Mo, Ga, Pb, As, Sn, P, S, Na, Sc, Ni, As, Rb, Y, V, I, Zr, Nb, 
Mo, Cd, Cs, Ba, La, Ce, Hf, Th (Leonova et  al., 2011; Lukashev et  al., 1991)1990. The 
amount of macro and micro elements in sapropel dry matter (mg/kg) in lakes of Latvia 
is Mn 145.3–456.1, Cu  4.7–14.6, Co  1.2–8.0, B  4.3–17.2, Zn  3.6–16.6 (Bambergs, 
1993; Бракш, 1971).

In sapropel also 11 vitamins are found: carotene, folic acid, B1 (thiamine), B2 (ribo
flavin), B3, B4, B5 (pantothenic acid), B6 (pyridoxine), B9 (folic acid), B12 (cyanoco-
balamin), C (ascorbic acid), D, P and E (tocopherol). This determines the potential of 
sapropel in veterinary and medical applications as a source of polyvitamins (Kalēja, 
1959; Mikulionienè and Balezentienè, 2012).

Sapropel organic matter contains elevated nitrogen concentrations of up to 6% (Skro
manis et  al., 1989; Vucāns, 1989). Sapropel with the highest amount of nitrogen in 
aquatic animals contains 4.4–4.8% nitrogen on average, sapropel rich in algae residues 
3.0–4.4%, nitrogen content in peaty sapropel, which is made up of peat-forming plants 
and other vascular plants, can reach 2.6–3.5% (Stankeviča and Kļaviņš, 2014).

Sapropel contains 15 amino acids: glycine, aspartic acid, glutamic acid, alanine, 
lysine, proline, histidine, tyrosine, serine, arginine, phenylalanine, threonine, valine, 
leucine and cystine (Lukashev et al., 1991; Mikulionienè and Balezentienè, 2012).

In this study, adhesion and hydrophobic capacity is a most important property of 
organic rich lake sediment (Brakšs et al., 1960; Gružāns, 1960; Штин, 2005). The adhe-
sion capacity of sapropel is determined by the residues of the animals and plants it con-
tains. Green algae casings are composed mainly of cellulose, which poorly decomposes 
over time, so organic sapropel, which is composed of green algae, is rich in cellulose, 
poor in ash-containing minerals and low in humus content, produced mainly from peat 
plants (Stankeviča and Kļaviņš, 2014). It should be noted that the adhesive properties 
of sapropel are also conferred by nitrogenous substances, including free amino acids. 
In addition, the sapropel composition is influenced by the structure and amount of the 
humic acid molecules, i.e., by increasing the proportion of humic acids in the composi-
tion, the branching of the molecules of the peripheral part increases. This promotes the 
formation of strong bonds between molecules and especially between macromolecules 
during material creation. Molecules in humic substances remain more elastic, compris-
ing solid particles of the molded composite material, which are capable of providing 
durability and high strength of the material (Курзо, 2005). It is therefore rational to use 
sapropel with the above properties as an adhesive and binder in the production of vari-
ous ecological building and finishing materials. 

Summary. Sapropel as natural, renewable resource have complex composition, sig-
nificant variability in one site (lake or bog) as reflected in the sapropel classification 
system, have many unique properties supporting its application potential. Organic sap-
ropel contains numerous organic compounds formed during decay of living organic 
materials and secondary biosynthesis in sedimentary phase as well as mineral matter of 
allochthonous origin. 



20

1.2.	Sapropel application possibilities

Sapropel can be found in significant quantities and thus of importance is to study its 
application possibilities. Sapropel can be considered as a renewable and natural mate-
rial and for example, in case of lake recultivation, involving removal of sediments it 
can be considered as a waste material and thus available for use as low-cost product. 
Sapropel, like peat, has a wide range of possible uses, which vary with the composition, 
properties and availability of the sapropel resource. It can be used in various sectors 
of the economy (Figure 1.1), such as agriculture, medicine, veterinary, construction 
industry, etc.

Figure 1.1. Application options of sapropel in the fields of national economics 
(Stankeviča 2020)

When question arises, where to use sapropel in any of the previously mentioned sec-
tors of the economy (Figure 1.1), it must meet certain requirements. The most impor-
tant diagnostic features that determine the uses of sapropel are listed in the industrially 
genetic classification of sapropel (Stankeviča et al., 2017) (Table 1.1).

From the point of view of use, organic sapropel is accepted as the most valuable 
type of sapropel, however, this does not mean that this type is versatile and pro-
duces equally good results in all areas of use of sapropel (Brakšs et al., 1960; Gružāns, 
1960; Штин, 2005).

1.2.1. Use of sapropel in agriculture
Agricultural applications of sapropel have been most widely studied. Sapropel prop-

erties influence its application potential in agriculture: 1) sapropel can support devel-
opment and optimisation of soil structure, 2) sapropel can enrich soil with organic 
matter, especially with humic substances, 3) sapropel is a source of nutrients and can 
ensure slow release of nutrients 4) biologically active substances in sapropel can sup-
port plant growth (sapropel can act as biostimulant). In Latvia, the use of sapropel in 
field fertilization has been studied at the Latvian Academy of Agriculture since 1954. As 
an organic fertilizer, sapropel can be used both fresh and as a compost or substrate. It 
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is important to note that freshly obtained, non-aerated sapropel contains zinc, alumi-
num, non-oxidized iron compounds and bituminous substances that may inhibit its 
conversion into plant nutrients during the first year of use and reduce soil microorgan-
ism activity (Kaķītis, 1999). Although the sapropel is highly effective in the first year of 
application, it is mixed with manure or sludge. 

Sapropel and manure compost are organic fertilizers that can bind ammonia. For 
the formation of granular complex organic fertilizers, the rational use of sapropel is 
with organic matter content more than 50% and the addition of macro- and microele
ments is necessary (Skromanis et al., 1989; Vucāns, 1989; Курзо, 2005). If sapropel is 
composted 6 to 8 months before application, its effectiveness increases. This prevents 
the formation of unpleasant odors and pollution of the environment (Grigalis, 1987). 
During composting, it is important to ensure that the moisture content of the com-
postable material does not exceed 55–65%. If it is higher, anaerobic and compost-
inhibiting conditions begin to form in the compost (Kaķītis, 1999).

To increase nutrient stability and reduce leaching of mineral fertilizers, they can be 
granulated with organic sapropel. This reduces the deposition of fertilizers during stor-
age and improves their physico-chemical properties as well as slow release of nutrients. 
The moisture content of the fertilizer granules during storage should be 10–25%. Under 
these conditions, the sapropel increases adhesion properties and the granules has shape 
holding ability (Курзо, 2005). Sapropel applications in agricultural tests demonstrates 
reasonably high efficiency, for example, the average yield increase using sapropel for 
soil improvement provided by A. Kaķītis (1999) is: 1) by 10 to 15% for cereals; 2) roll-
ing crops 15–20%; 3) for vegetables 20–30%.

B. Kurzo’s research shows that acid-alkali hydrolysates of sapropel (liquid sapropel 
humic fertilizers) are better than peat liquid humic fertilizers because of their higher 
biological activity. In these studies, barley seed germination using liquid sapropel 
humic fertilizers compared to controls is 114.2–118.9% and seed germination increases 
from 13.4 to 18.9%. Significantly high biological activity is found in plant growth pro-
moters derived from peaty sapropel (Table 1.1) containing up to 70% humic acid in 
organic matter (Kurzo et al., 2004).

Carbonatic sapropel can be used in agriculture as a liming material to replace dolo-
mite flour and lime. Studies in the use of sapropel in horticulture have shown that it 
accelerates plant development and flowering time. It is promoted by humic acids, trace 
elements and other biologically active substances in the sapropel. It is recommended 
that organic sapropel can be used for the production of balanced organic fertilizers for 
growing and replanting greenhouses in agriculture (Skromanis et al., 1989).

An interesting and progressive idea is to use the heat generated on the farm dur-
ing the composting process. These studies were conducted at the Swedish Institute 
of Agricultural Mechanization in Sweden. The results show that the temperature of 
the compost pile can reach up to 70  °C as a result of the action of microorganisms. 
Researchers recommend placing a heat transfer circuit in the compost heap that 
removes excess heat energy, thereby keeping microorganism activity processes at the 
highest possible level. The heat dissipated heats the water in a special tank to 58  °C, 
keeping the compost temperature 60–62 °C. The amount of heat produced by this tech-
nology is equivalent to 25 tons of liquid fuel per year. Similarly, composting processes 
for sapropel  – reed and sapropel  – straw can be used. Compost heaps are placed in 
greenhouses, providing air exchange in the compost, with the possibility for farms to 
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use the heat and carbon dioxide generated by the composting process. The substrate 
obtained from composting is used for growing seedlings (Kaķītis, 1999).

Summary. Several studies done mostly in Northern Europe, Russia, and Belarus 
demonstrates good potential of sapropel application in agriculture. Considering sapro-
pel composition, biological activity aspects most prospective could be sapropel appli-
cations in biological agriculture. However just these aspects have not received duly 
attention as well as economic feasibility of sapropel use. 

1.2.2. Use of sapropel in animal husbandry 
Considering properties of sapropel, there is good potential to develop sapropel 

applications in animal husbandry to support the efficiency of livestock farming, the 
efficient use of bird and animal feed. Argument in respect to use of sapropel are related 
to its biogenic nature and evident need to reduce of synthetic products. To achieve this, 
highly effective biologically active substances such as sodium and hydrohumate are 
used, which promote oxidation in the body, increase metabolism and protein accumu-
lation in the blood serum, improve vitamin synthesis, and increase red blood cell pro-
duction in the bone marrow.

One of the uses of sapropel is a dietary supplement in animal husbandry that would 
increase the live weight of animals without the use of chemical preparations. Organic 
sapropel, which is natural and safe for poultry, is usually used for this purpose. When 
enriched with natural vitamins and micronutrients, sapropel can be used in animal 
husbandry (livestock farming) as a vitamin and micronutrient supplement. The addi-
tion of 1.0 to 1.5% of sapropel to the daily ration of cattle increases their live weight and 
milk yield by 12–15% (Курзо, 2005; Штин, 2005).

Studies in which piglets were fed an organic sapropel preparation from birth 
showed that such preparations prevent animals from developing rickets, dyspepsia and 
anemia (Штин, 2005). These diseases include metritis (inflammation of the urogeni-
tal tract), mastitis (inflammation of the mammary gland), bursitis (inflammation of 
the mucous membrane), tendovaginitis (inflammation of the tendon of the vagina), 
phlegmon (Штин, 2005). These examples demonstrate that organic sapropel has high 
therapeutic efficacy in animal husbandry for the treatment of surgical, gynecological 
and other diseases in animals. With the use of sapropel, cattle are treated for external, 
internal skin inflammatory diseases, gynecological and chronic diseases.

S. Mikulioniene and L. Balezentiene (2012) studied the use of sapropel in animal 
feed additives (changes in animal body weight and digestive tract development, meat 
quality), concluded that organic selenium in sapropel has antioxidant properties and 
prevents stress-induced malnutrition. Biologically active substances such as vitamins, 
enzymes, amino acids, antibiotics, estrogens, carbohydrates, lipids and humic sub-
stances contribute to the physiological role of sapropel in poultry feed additives. The 
humic substances in the sapropel improve the function and microbiological balance of 
the intestinal tract of animals. In contrast, copper and zinc in the sapropel promote ani-
mal growth, immune function and maintain the antioxidant regulatory effects on iron 
(Mikulionienè and Balezentienè, 2012).

Sapropel is also added to bird droppings as an additional element to promote 
their rational use (Grigalis, 1987; Lukashev et al., 1991)a rather wide range of element 
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concentrations permits the selection of lakes and deposits with the most valuable pro-
proties for these uses. The agrochemical effectiveness of sapropels is determined by the 
content of N, P, K, a number of trace elements, the silty fraction, the amount of biologi-
cally active substances, and the level of exchange acidity. It is also important to know 
the content of harmful components, e.g. pesticides, benzopyrine, a number of heavy 
metals (such as Pb, Hg and Cd and to enhance the activation and quality of microbio-
logical processes (Штин, 2005).

Summary. Several studies have demonstrated good application potential of sapro-
pel in animal husbandry and other related fields, however the level of knowledge is too 
low, and the information sometimes is not enough convincing and scattered.

1.2.3. Use of sapropel in healthcare
Sapropel application potential in healthcare is backed up with a long history of balne-

ology based on use of peloids or medical mud for external applications and baths as well 
as other preparations and materials. As peloids are described organic-mineral complexes 
with high concentrations of organic matter and others that are used in therapeutic proce-
dures (Badalov and Krikorova, 2012). Main factors affecting efficiency of sapropel use in 
balneology includes known presence of numerous biologically active substances such as 
hormones, sterols, amino acids and vitamins (Szajdak and Maryganova, 2007). Sapropel 
is used in balneotherapy and cosmetology (Badalov and Krikorova, 2012) as extracted 
from their source (lake or bog) and in combination with physical factors (sapropel mois-
ture, heat holding capacity) psychological aspects (relaxing atmosphere) its application 
convincingly demonstrates biostimulating effects, activate metabolism and immune sys-
tem (Anderson, 1996). Sapropel applications in several studies have demonstrated high 
efficiency to treat bone and muscle disorders, joint and spine diseases, myositis, ulcers 
as well as positive impact on nervous system disorders (Bellometti et  al., 1996, 2000). 
Of importance is the sapropel capacity to reduce inflammatory processes as well as skin 
diseases especially chronic eczema and several forms of dermatitis (Carabelli et al., 1998).

Organic and mineral compounds in sapropel determine its effectiveness in treating 
a variety of diseases such as musculoskeletal disorders, peripheral and nervous system 
diseases, gastrointestinal disorders. Studies on the metabolic activity of sapropel have 
shown that the healing properties of sapropel are determined by its organic compo-
nents, including humic substances (Курзо, 2005). Sapropel is used in the treatment of 
chronic gastritis, mastitis, duodenal and ulcer diseases, furunculus, ENT and skin (der-
matitis, eczema, and burns) as well as in the treatment of hepatobiliary disease prior to 
exacerbation (Штин, 2005).

During World War I, sapropel was used as an antiseptic to treat soldiers’ wounds 
(Bajārs and Brakšs, 1950). The effect of sapropel on epithelial cell development was 
demonstrated in its ability to accelerate skin regeneration. This was determined by phe-
nols in the sapropel, which have antioxidant properties that determine the ability of 
the sapropel to promote wound healing (Vysokogorskii et  al., 2009). Conversely, the 
adsorption property of sapropel accelerates the drying of fresh wounds, while antibi-
otics stimulate the stopping of inflammatory processes (Штин, 2005). Sapropel does 
not cause rapid haemodynamic changes in the body that help to treat musculoskeletal 
disorders (Курзо, 2005). 
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In the 1950s, a Latvian scientist G. Liepiņa studied the effect of medicinal mud 
compacts on peripheral leukocytic picture and changes in blood pressure. She con-
cluded that basophilic leukocytes have a tendency to decrease during sulfur water 
bath and mud compacts. However, the circulatory reactions caused by the sludge com-
press are general and mainly depend on the functional state of the organism (Liepiņa, 
1948, 1953).

Organic sapropel type has plasticity and viscosity, homogeneous structure, high 
heat capacity. It contains various macronutrients, free amino acids, enzymes, vitamins 
that determine the use of sapropel in mud baths as curative mud (Курзо, 2005).

Studies have shown that green algae sapropel helps treat stomach diseases, while 
peat sapropel helps peripheral nervous system diseases. Sapropel has an effect on the 
entire body during treatment, affecting the nervous system, blood circulation, body 
temperature (Курзо, 2005) and blood pressure without stress because the effects of 
mud are gentle, slow and mild (Liepiņa, 1953).

Warm sapropel applications can be used to treat phlegmons, which is a diffuse 
inflammation of adipose tissue that results in pus. Sapropel warm applications stim-
ulate phagocyte activity, which results in intense tissue regeneration (Штин, 2005). 
Sapropel has a high calorific value that determines the long-term warming of deep tis-
sues, thereby normalizing blood pressure, and contributes to the treatment of skin and 
female genital inflammation and joint pain relief (Курзо, 2005). Since 1999, research by 
F. Puntus has raised the issue of the use of organic sapropel in cosmetics (Курзо, 2005). 
Sapropel hard soap containing sapropel and glycerol, beeswax, coconut oil, olive oil and 
NaOH sodium hydroxide is patented in the United States in 2011. Researcher’s studies 
have shown that glycerol interacts with sapropel to promote the treatment of various 
skin conditions in soap. As a result of this synergy, soap is not only moisturizing but 
also stops or prevents symptoms of eczema, dermatitis, psoriasis, acne and skin allergy, 
and prevents skin cracking (Bevan et al., 2011). 

Recent study has demonstrated that Latvian freshwater sapropel can be used as raw 
material for obtaining sapropel extract and use it in the preparation of pharmaceuticals 
(Pavlovska et al., 2020). 

Summary. Comprehensive research on the use of sapropel in the field of healthcare 
products is one of the most promising and sustainable directions on the basis of natural 
and ecologically pure raw materials.

1.2.4. Use of sapropel in energy production
One of the alternatives to the use of sapropel is its use in the production of briquettes 

and pellets for heating residential and household buildings (Kozlovska-Kędziora and 
Petraitis, 2011; J Kozlovska and Petraitis, 2012; Курзо, 2005; Штин, 2005). The use of 
sapropel briquettes saves other energy resources because the burning process of sap-
ropel briquettes is longer than that of conventional briquettes (Kozlovska-Kędziora 
and Petraitis, 2011; Justyna Kozlovska, 2012). In the production of these briquettes, 
sapropel can be mixed with straw, sawdust or peat (Штин, 2005). Studies have shown 
that the concentration of contamination during the burning process of sapropel bri-
quettes does not exceed regulatory limits. Briquettes of this type can reduce pollution 
and ensure a smooth use of the energy source (Justyna Kozlovska, 2012). The use of 
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sawdust-sapropel briquettes results in lower CO2 emissions and improved combustion 
(Штин, 2005).

The proposal of Russian scientists was to completely replace coal fuel with sapropel 
for the production of agloporite. Agloporite (thermal insulation material) is a porous, 
lightweight material from which lightweight cement can be made. Complete or at least 
partial replacement of high-grade coal with sapropel would reduce the cost price of 
agloporite (Штин, 2005). By mixing sapropel ash with cement, it is possible to reduce 
cement overproduction in concrete production (Штин, 2005). For the production of 
activated carbon, organic sapropel can be used as a feedstock for hydrocarbons. Such 
coal has low mineral content and high absorption capacity (Курзо, 2005). Mineralized 
types of sapropel containing elevated levels of silicates and carbonates are useful for the 
synthesis of porous materials (Штин, 2005).

In 1991, Russian researchers analyzed the possibilities of using sapropel for enrich-
ment in high-shale oil shale with the aim of increasing the yield of gas and resin to 
improve shale composition (Kurzo et al., 2004). Organic sapropel was used in the oil 
shale treatment to increase the yield of resin and gas in the optimum amount of 10%, 
reaching a resin release rate of up to 54% (Штин, 2005).

Summary. There is some experience in application of sapropel in the energy pro-
duction industry, however from perspective of: 1) application efficiency, especially in 
case of higher amounts of mineral substances; 2) needs to reduce greenhouse gas emis-
sions and especially considering the EU Green Deal, there are serious doubts that this 
direction of the sapropel application will have future. 

1.2.5. Use of sapropel in chemical industry
A lot of research has been done into the use of sapropel in the chemical industry. 

Due to its chemical composition, availability, relatively low cost and ecological safety, 
sapropel is one of the most suitable raw materials for drilling solutions, which reduce 
friction and are required for geological exploration wells (Штин, 2005). Sapropel 
contains high molecular weight substances: humic substances, natural biopolymers, 
cellulose, carbohydrates, lignin, hemicellulose and bitumens, its solution dispersion 
rheological properties and inhibitory activity properties on metallic surface corrosion 
determine the use of sapropel working fluids in drilling plant hydro systems, and diato-
maceous dispersions (Курзо, 2005; Штин, 2005).

For the production of façade bricks, a sapropel with high alkaline content and low 
value can be used as an additive. The alkalis contained in sapropel and its reducing 
medium increase the proportion of the glass phase in the ceramic products (Kaķītis, 
1999; Stankeviča and Kļaviņš, 2014; Штин, 2005). The use of sapropel as an additive 
to clay products during firing improves the porosity and agglomeration of the ceramic. 
Scientists of Kaunas University of Technology have investigated the use of both car-
bonate and organic sapropel in ceramic products and concluded that adding 7 to 
10% sapropel does not change product strength and water permeability, but the prod-
uct dries faster, the deformation process does not compress and flexural properties as 
well as thermal conductivity improves (Kasperiunaitè et al., 2009).

From sapropel it is possible to obtain liquid fuels, oils, carboxylic acids, bitumen, 
high molecular weight, ammonium compounds, as well as “softening” agents for rubber 
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production and other products (Bajārs and Brakšs, 1950; Штин, 2005). It is thus pos-
sible, by chemical processing, to obtain hydrolyzates from the sapropel containing the 
sugars necessary for the cultivation of yeasts (Brakšs un Miļins, 1960; (Bajārs and Brakšs, 
1950). These hydrolysates can be used as concentrates for feed supplements for livestock. 
The resulting sapropel hexose hydrolysates can be used in the alcohol extraction indus-
try (Brakšs and Miļins, 1960). Low-yield sapropel can be used as a binder in the manu-
facture of drainage pipes, expanded clay and porous ceramic stones (Курзо, 2005).

Theoretically, sapropel can be used in the metallurgical industry – formable liquids. 
Sapropel used for this purpose must have low hygroscopicity and high mechanical 
properties (Штин, 2005).

The chemo-technological applications of sapropel have been studied at the Institute 
of Chemistry of the Latvian Academy of Sciences. It is recognized that sapropel with a 
profitability of 20–35% is best suited for this purpose (Штин, 2005), since semi-coking 
sapropel with such high organic matter content can yield a lot of tar, semi-coke, gas 
and tar water. Tar is considered to be the most valuable sapropel semi-coking product, 
as sapropel tar can be used for electrical insulating mass, liquid fuel, phenol, paraf-
fin pyridine-based products, and semi-coke can serve as an energy fuel. In addition, 
tar water contains ammonia, phenols, methyl alcohol and acetone (Bajārs and Brakšs, 
1950). In the research of scientist N. Brakšs, 27–35% of viscous oil (according to viscos-
ity corresponds to the type of light shaft oils) and 13–17% of paraffin are obtained from 
sapropel (Bajārs and Brakšs, 1950).

Summary. Sapropel as a rich source of organic substances can find different appli-
cations and can be subjected to chemical transformations thus supporting produc-
tions of many substances for chemical industry, however accordingly to contemporary 
trends of use of biomaterials, much more work should be done, to develop pilot scale/
real applications as many other biomass kinds (at first wood and food waste etc) are 
more prospective.

1.3. Use of sapropel for development of biocomposites

For many applications growing attention gain composite materials and especially 
biocomposites. Biocomposites are composite materials formed by a matrix (resin, glue 
etc) and a reinforcement of fibrous material. Environmental concern and cost of syn-
thetic fibres have led the foundation of using natural fibre as reinforcement in polymeric 
or mineral composites where the matrix phase is formed by renewable or nonrenew-
able resources. Composite materials find new and exciting applications in different 
areas, but the dominant ones are building and construction material industries.

The use of sapropel in the building industry for production of construction materi-
als have been studied. In Latvia research on development of such materials started in 
1957 under the leadership of A. Kalniņš in The Latvian Institute of Forestry Problems. 
N. Brakšs and N. Miļins have found that alkali-treated organic sapropel (with a par-
ticle size more than 50 μm) and hydrolyzed sapropel have good hydrophobic and adhe-
sive properties. As a result, sapropel have a high potential for bonding particle board 
and thermal insulation materials. This is also proved by the technical and physical 
mechanical characteristics of the sapropel, which correspond to the characteristics of 
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the thermal insulation materials; density 150–300 kg/m3, thermal conductivity of air-
dry mass (25 °C) 0.048–0.075 W/m*K, resistance limit 0.4–3.0 MPa, water absorption 
9–20% (Brakšs and Miļins, 1960). 

There are studies about technical tests of sapropel concrete (Brakšs et  al., 
1960; Gružāns, 1960), sapropel-hemp shives (Pleiksnis et  al., 2016; Pleikšnis and 
Dovgiallo, 2015) and sapropel-wood chips (Obuka et al., 2014) composites. One of the 
latest study has been done by G. Balčiunas, who have studied sapropel-hemp-paper 
production waste (PPW) composite materials properties (Balčiūnas et  al., 2016). In 
these studies, the researchers concluded that the use of sapropel as a binder with dif-
ferent materials is such that technical quality can be included in the category of ther-
mal insulation materials for finished products. According to the literature, sapropel 
can be used as binder for various wood waste, unused waste from the paper and card-
board industry, flax processing (Курзо, 2005), degraded peat and similar raw materials 
(Gružāns, 1958, 1960) containing composites. Sapropel is a good substitute for protein-
based glues, for example, albumin and possibilities to replace proteins would be a sig-
nificant benefit of sapropel application.

Sapropel with an organic content of more than 85% and nitrogen more than 
3.3% can be used for the production of sapropel binder (Курзо, 2005). Organic and 
carbonate sapropel can be used to replace binders for cement and other building mate-
rials, resulting in sapropel concrete, where gravel and a byproduct of wood processing 
as a filler are used. Sand and slaked lime can also be added for strength (Brakšs et al., 
1960; Gružāns, 1960).

Thermal insulation materials are classified as efficient building materials, which 
allows significantly reduce the cost of construction (Штин, 2005). The adhesive proper-
ties of sapropel can be used in the production of building materials, both cold-pressed 
and hot-pressed composites are stable at elevated temperatures and pressures (Brakšs 
and Miļins, 1960).

One of the properties of sapropel is its ability to bind large amounts of water. When 
producing heat-insulating materials, it is important to keep the material to a mini-
mum shrinkage. Inventors and researchers of sapropel concrete recommend the use 
of sapropel with moisture up to 60% and filler materials with moisture below 20% to 
reduce shrinkage. The sapropel concrete produced with such raw materials does not 
show a high shrinkage rate and reduces the energy and time spent in the drying process 
(Gružāns, 1960).

The thermal insulation material should be as light as possible as it will better pre-
vent heat flow, thus avoiding heat loss indoors. In composite materials using lightweight 
aggregates (low density), sapropel concrete has a density of approximately 313 kg/m3  
(Brakšs et al., 1960).

In comparison with wood, sapropel concrete has a high fire safety: its burning pro-
cess stops and does not continue at temperatures below 380 °C. This means that sapro-
pel concrete can be used in construction not only as a heat insulation material, but also 
as a cover for non-load bearing walls and partitions: freezer walls, ceilings, residential 
and industrial buildings, appliances and piping (up to 100 °C) (Gružāns, 1958).

Although several studies were carried out in the 1960s and 70s demonstrating the 
potential of using sapropel for the use and production of such building materials, the 
study of practical use was not continued. As issues arise, the use of local and natu-
ral resources in this area of research in the production of environmentally friendly 
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building materials becomes more relevant today (Klavins and Obuka, 2018; Obuka 
et al., 2015; Obuka et al., 2019; Obuka et al., 2014, 2016, 2017)

It is important to talk about other building materials produced from biomateri-
als and organic binders, but first of all some general studies about building industry 
impact to environment will be discussed.

One of the most important tasks producing the building materials in the future, 
is to lower energy use at all stages of their lifecycles, from construction to end of use 
(Asdrubali et al., 2015).The construction industry consumes 60% of all lithospheric raw 
materials consumed and has high energy consumption (Zabalza Bribián et al., 2011). 
Building industry consumes about 40% of the worldwide global energy and 25% of the 
global water resources and 40% of the worldwide resources. As well as it is estimated 
that building industry is responsible for 1/3 of greenhouse gas emissions (Asdrubali 
et  al., 2015). Developing sustainable, environmentally friendly thermal insulation 
materials of buildings is one of the most applicable ways to save energy by reducing 
heat or cold losses through casings. Nevertheless, many traditional building materials 
do not have favourable thermal insulation properties. In this way, many parts of build-
ings, such as exterior walls, floors, roofs, exterior doors, use various types of additional 
thermal insulation materials, such as solid boards (panels), hard bucks, particles, sand-
wiches, coils (L. F. Liu et al., 2017). It should be emphasized that it is vital to examine 
the processes which affect carbon emissions and energy consumption and over a build-
ing’s life-cycle – and this includes examining the potential of new ecological build-
ing materials (Binici et  al., 2014). To promote the reduction of material and energy 
consumption, increased use of renewable and semi-renewable natural resources is 
needed. This would ensure sustainable building construction based on balancing envi-
ronmental, economic and social issues. The ecological benefits of such construction 
are: reduced CO2 and sulfur emissions, reduced solid waste, conservation and saving 
of air, water and other natural resources, preservation of ecosystems and biodiversity 
(Kreijger, 1987; Štrausa et al., 2011).

Generally, thermal insulation materials can be classified into four categories 
depending on the raw materials: (1) From rocks and slag, such as rock wool, glass wool, 
expanded clay perlite, glass beads, vermiculite, cinder, ceramic products, etc, (2) Petro
chemical and coal chemical intermediates such as polystyrene, polyurethane, polyeth-
ylene, (3) From plants, including agricultural waste, forestry waste and industrial fiber 
waste such as straw, rice husks, waste paper, wood chips, cotton, maize crops, (4) Of 
metals, such as metal reflective films, hard metal visors, radiant plates, whose use is 
still limited because they can only be used on roofs and are much more expensive than 
other thermal insulation materials (Liu et al., 2017).

The basis of environmentally friendly construction is the following principles: 
(1) Environmentally friendly materials shall be used in the finishing materials and basic 
constructions, (2) Construction materials must be recycled after use, (3) Recycling of 
building materials should result in new raw materials, (4) Materials should provide 
energy saving potential, (5) Local resources must be used to develop materials.

It is essential for materials used in construction that they do not emit harmful 
chemical compounds and are long-lasting (Isnin et al., 2013; Kreijger, 1987). The mate-
rials must be aesthetically and visually appealing and meet all design requirements. 
Ecological construction should be based on building materials that are not harmful 
to human health and the environment. Its production must be decentralized with 
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low energy consumption. The material must be reusable or recyclable (Kruše et  al., 
1995; Zabalza Bribián et al., 2011).

The choice of eco-friendly building materials is the basis for a healthy living envi-
ronment, so the building materials that make up the room must meet the following 
requirements: (1) The building materials must be “breathable” to ensure the exchange 
of fresh and used air in the building, (2) Building materials and finishing materials 
must be composed of natural raw materials and have a comfortable surface tempera-
ture and natural scent (Zabalza Bribián et al., 2011).

Modern research shows that 10 to 25% of the energy used in the entire life cycle 
of a home depends on the materials used in the construction of the building. On the 
other hand, in low-energy homes with annual energy consumption ranging from 15 to 
50 kWh/m2, the energy consumption depending on the materials used in the construc-
tion can reach 50%. The issue of plus-energy homes, which produce more energy than 
they can use through renewable energy sources (solar and wind), is becoming more 
and more important in the world (Dylewski and Adamczyk, 2012). The construction 
of these houses is also based on the principles of ecological construction and natural 
materials.

Avoiding the use of toxic protective equipment and the use of toxic binders in 
materials is essential to energy-efficient and ecological construction so that they 
do not cause ecological damage or danger to the environment (Kruše et al., 1995). 
Long-term economy and rational construction are possible through the use of natu-
ral building materials and the development of environmentally friendly materials, as 
well as by reducing the use of transport in the production process, which reduces 
the energy and pollution consumed in the production of the material (Asdrubali 
et al., 2015).

It is necessary to use technically efficient thermal insulation materials to reduce 
heat loss of the building envelope (Štrausa et al., 2011). Their main task is to reduce 
the building from heat loss and excessive warming. The best insulation material is air 
at rest. When using thermal insulation materials, it is important to protect them from 
moisture, as moisture increases the thermal conductivity of materials and reduces 
mechanical strength (Gorenko, 2002).

According to the principle of operation, thermal insulation materials are classi-
fied into three large groups – convective (mainly porous with a minimum convention 
index), reflective or reflexive (high surface reflectivity), vacuum (“airless” principle – 
no convection heat transfer) (Štrausa et al., 2011).

On the other hand, chemical insulation materials can be divided into organic and 
inorganic materials. Organic insulation materials are made from peat, wood by-prod-
ucts (sawdust, wood fibre), sheep wool, straw, hemp, flax, cellulose and cork (Korjakins 
et  al., 2013; Kymäläinen and Sjöberg, 2008). The most common organic insulation 
materials are fibrolite, particle board and fiber board, but also inorganic and organic 
materials such as cell glass, perlite, vermiculite, polyurethane, polystyrene, mineral 
wool (rock wool, glass wool, slag wool) and so on (Gorenko, 2002) can be used. Natural 
fiber insulation material is widely used worldwide because of its ability to repel moisture 
above hydrophobic properties of inorganic materials (Kymäläinen and Sjöberg, 2008).

The quality characteristics and criteria of the function of the insulation materials are 
determined by the regulations of law. Internationally developed standards for them are 
based on environmental protection requirements and material life cycle. In Germany, 
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for example, the European quality label “Natureplus” has been developed, which reg-
ulates building material standards that meet the technical characteristics of thermal 
insulation materials for the development of environmentally friendly materials. This 
quality label is awarded to thermal insulation materials such as hemp, flax, cork, sheep 
wool, and other natural raw materials (Kymäläinen and Sjöberg, 2008; Obuka et  al., 
2014). Among industrialized countries, for example, in the Netherlands, legislation 
requires that 80% of building materials that become debris after demolition of build-
ings be recycled into new structures or road construction (Berge, 2009).

As the aim of the dissertation is to develop composite materials, that one of the uses 
of which is thermal insulation, it is important to look at specific examples of thermal 
insulation materials made from renewable natural resources.

Studies of Riga Technical University on hemp shives as a filler and hydraulic 
lime as a binder showed that the thermal conductivity and compressive properties of 
these materials are consistent with thermal insulation materials (Sinka et  al., 2014). 
Alongside research on the use of hemp in building materials, the use of hemp fibers 
and stems in architectural and interior elements is being explored (Bolgzde and Ulme, 
2010). The potential of using peat in the production of thermal insulation materials 
in peat – particleboard thermal insulation composite materials was also investigated. 
Although the developed product meets the requirements of thermal insulation materi-
als, the research is not continued (Korjakins et al., 2013).

Research on wood composite materials has developed thermal insulation mate-
rials from woodworking byproducts (wood chips) and expanded polystyrene, which 
were glued with organic glue (Agoua et  al., 2013). A study has been carried out on 
the feasibility of developing lightweight concrete blocks from wood fiber residues, rice 
hull ash and limestone powder waste for cement replacement (Aigbomian and Fan, 
2013; Torkaman et al., 2014).

Summary. Sapropel as a rich source of organic substances can find different appli
cations for development of building materials, especially in thermal insulation materi-
als. Although several studies were carried out in the 1960s and 70s demonstrating the 
potential of using sapropel for the use and production of such building materials, the 
study of practical use was not continued. However accordingly to contemporary trends 
of use of biomaterials, much more work should be done in development on new envi-
ronmentally friendly materials. Development of pilot scale/real applications in build-
ing materials as many other biomass kinds can be used as filler materials, for example 
wood, energy agriculture, livestock farming, food byproducts from industry are more 
prospective to use in creating new sustainable materials.
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2. MATERIALS AND METHODS 
The methods that were used in detail are described in papers included in the cur-

rent thesis. 

2.1. Sapropel samples used in the study

In the thesis organic rich freshwater sapropel were used. Sapropel sediments were 
sampled from four lakes in Latvia – Padelis 56°14ʹ9,83ʹʹ N 27°21ʹ1,88ʹʹ E, Pilvelu 
56°28ʹ33,23ʹʹ N 27°7ʹ45,64ʹʹ E, Veveru 56°15ʹ53,6ʹʹ N 27°04ʹ14ʹʹ E located in Rezekne 
district, Latgale region. Piksteres lake 56°27ʹ01.8ʹʹ N 25°34ʹ13.8ʹʹE – located in Jekabpils 
District, Selonia Region. Bulk sampling using Ekman dredge were used  – usually in 
one sampling more than 10 L from each site were sampled. Obtained material repre-
sents organic rich, recent upper sediment layers. Thus, the studied sapropel samples 
can be considered as renewable material, representing material to be removed from 
lake during it recultivation.

2.2. Characterisation of sapropel samples

Loss on ignition. To estimate moisture, carbonate matter content and organic matter 
of sediments loss on ignition (LOI) method was used (Heiri et al., 1993). Moisture of 
sapropel was determined after drying at 105 °C, following organic matter estimation 
at 550 °C for 4 h. The content of mineral substances was determined after heating at 
900 °C for 2 h. 

Biological composition. The biological composition of samples was determined with 
a light microscope, counting and expressing as a percentage of organic matter content 
by groups in all identified groups of organic residues. Sapropel type, class, grade and 
application possibilities were identified using sapropel type classification (Stankeviča 
and Kļaviņš, 2014).

pH and electric conductivity (EC). Measurements were done for 100 mL super-
natants made of 5g air-dried sample with HANNA pH 213 pH-meter (Pansu and 
Gautheyrou, 2006) and HANNA HI 9932 conductivity meter (Pansu and Gautheyrou, 
2006). Bulk density for non-homogenised and homogenised sapropel were calculated 
and expressed as sample mass in grams divided with sample volume in cubic centime-
tres (Grossman and Reinsch, 2002).

2.3. Fillers of composites and their characterization

Hemp shives (“Bialobrezeskie”) were taken from “Zalers” Ltd. Hemp shive mixture 
includes 1.7% fibre and 2.2% dust by weight, the rest is shives with different sizes  – 
3.7% are in length 10-20 mm, 92.0% – 0.63–10 mm, 0.5% are longer than 20 mm. Their 
bulk density is 108.36 kg/m3, moisture content 11.75% and thermal conductivity is 
0.058 W/m*K.



32

Birch wood sanding dust (wood dust) and fiber (wood fibers) were selected as fillers 
for production of composite materials. Birch wood sanding dust and fibre are indus-
trial by-products from JSC “Latvijas finieris” – a plywood manufacturing company. 
Birch wood fibre is up to 15 mm long with the diameter up to 0.1 mm. In producing of 
composites, an additional thickening additive filler was used – colloidal silica product 
“Aerosil”. It is a filler that creates a smooth mixture, often in combination with other 
fillers. For a reference of biodegradation tests a biocomposite materials with the same 
filler (hemp shives) were used. Block peat (Ltd “Laflora”) was also used for composite 
materials biodegradation studies as a control material.

For the study of “Sapropel as an adhesive: assessment of essential properties” birch 
wood veneer with a thickness of 1.5 mm and moisture content of 6% was used for the 
preparation of plywood. Samples for determination of tensile shear strength: beech 
wood planks with a thickness of 5 mm and moisture content of 6% and with density 
700–750 kg m3 were used for the preparation of composite material samples for the 
tests. Peat samples: dried natural peat was used for tests with the moisture content of 
16.4% and with density 90–250 kg m3.

To study properties of peat-wood chips, sapropel-wood chip thermal insulation 
boards, to develop peat-wood chip composite materials, Baložu peat field peat with 
humidity of 73% was used. The wood chips used in the work were 0–1.5 cm long pine 
wood chips.

2.4. Binders used for preparation of composites 

In addition to sapropel also commercially available binders were used. Binders used 
for preparation of composites for microbial stability tests was magnesium oxychloride 
cement (MOC) which requires highly reactive magnesium oxide. The caustic magne-
sium oxide, supplied by the Austrian company RHI AG Ltd, CCM RKMH-F, was with 
MgO content at least 73% and low calcination temperature (750–800 °C). The hydrau-
lic lime (HL) and formulated hydraulic lime (FHL) were used. As well as magnesium 
phosphate cement (MPC) were used, which consists of 55% (by mass) dead-burned 
magnesium oxide M76 burned at 1700 °C (Integra Ltd, Slovakia) and 45% mono-potas-
sium phosphate 0-52-35 (N-P-K proportion) with P2O5 content at least 52.1% (Praton 
SA Ltd). For biodegradation tests were used additional binders – dolomitic lime con-
sisting of 100% DL60 lime (Dolomite) and hydraulic lime consisting of 60% DL60 lime 
and 40% calcinated kaolin clay (Clay). 

To study properties of peat-wood chips, sapropel-wood chip thermal insulation 
boards peat as a binder were used. 

2.5. Composite material preparation and curing

To develop composite materials as a binder or adhesive raw sapropel was used for 
the microbial stability tests (Obuka et al., 2017, 2021). For reference in some cases also 
inorganic binders were added. Mixtures of the samples are listed in Table 2.1. Mixing 
of the sapropel-filler mass was done manually until homogeneous and smooth mix-
ture was reached by state where filler was fully covered with sapropel. Sapropel were 
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mechanically treated by mixing together with electrical hand mixer until smooth and 
homogeneous material was formed. The mixing of the samples was done manually. 
Mixtures of the LHC, SLHC and MHC have two different target densities – 300 and 
500 kg/m3 in order to test variation of properties at different densities. To mix the LHC 
(1,2) samples and SLHC (1,2) samples, at first shives were mixed with lime and then 
water (for LHC) or sapropel (for SLHC) were added. The shives:water or sapropel ratio 
is 1:2.5 (LHC or SLHC 1-2) and 1:5 (LHC or SLHC 3-4). Added water or sapropel:lime 
ratio in composite materials were 1:1. The SWD and SWF were made by mixing sapro-
pel-filler mass. It was done manually until homogeneous mixture has been obtained at 
the stage where filler was fully covered with binder. Sapropel was mechanically treated 
by mixing together with electrical hand mixer until homogeneous material has formed. 
ALINA LIFETM organoclay coating was added to the mass and treated by mixing until 
smooth mass has formed. Metal mold (dimension of 30 × 30 cm) with adjustable height 
was used for composite material curing. The mixture of raw materials was put in mold. 
Sapropel-filler samples were cured at the temperature of 80 °C for 72 hours.

For the MHC samples, at first shives were premixed with water, for hemp shives 
not to deprive MOC binder of the water because of its high hygroscopic nature. The 
shives:water ratio was 1:1.25. MgO was added in dry form, mixed with wet shives, 
afterwards MgCl2 brine was added and blended together, MgO:MgCl2 ratio was 1:0.67.

After mixing the samples were laid in molds hand compressing every ⅓ of the 
height. Samples were demolded after 2 days and afterwards were cured for 28 days in 
laboratory conditions (40 ± 10 %RH and 20 ± 2 °C) until testing.

Table 2.1
Composition of the mixtures used for development of composite material samples  

(mass proportion)

Type Filler type Filler
Water 

for 
filler

S*
HL** MgO 

brine
MgCl2 

brine 1:1

Water 
for 

binder

SLHC(1) hemp 
shives 1 – 2.5 2.5 – – –

SLHC(2) hemp 
shives 1 – 5 5 – – –

LHC(1) hemp 
shives 1 – 2.5 2.5 – – –

LHC(2) hemp 
shives 1 – 5 5 – – –

MHC(1) hemp 
shives 1 1.25 – – 0.9 0.6 –

MHC(2) hemp 
shives 1 1.25 – – 2 1.33 –

SWF wood  
fibre 1 – 6 – – – –

SWD wood  
dust 1 – 6 – – – –

* – sapropel
** hydraulic lime
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For the study of “Sapropel as an adhesive: assessment of essential properties” for the 
composite material preparation and curing the sapropel samples were mixed completely 
just before the preparation of three-layer plywood of dimensions 4 × 250 × 250 mm. 
Glue spreading level for Lake Veveru sapropel was 276–290 g m2 and 264–288 g m2 for 
Lake Pilvelis sapropel. The plywood was pressed under the pressure of 2.0 MPa for 
24 hours, at 100 °C for first 16 hours. The samples were stored for one day at tempera-
ture 20 ± 3 °C with 65 ± 5% relative humidity until reaching equilibrium moisture con-
tent. Subsequently, the plywood panel was cut into shear specimens with the dimension 
of 4 × 50 × 150 mm to determine its bending strength and 4 × 25 × 200 mm to define 
shear strength. 

To prepare sapropel composites with insulation properties the activated peat mass 
with binder properties was obtained by mechanical treatment of peat in the thermal 
bullet planetary mill RETSCH PM 400. The activated peat mass was prepared using 
300 g of peat and placed in a grinding vessel with 8 grinding balls and grinding for 
30 minutes at 300 rpm. Sapropel was not mechanically heat-treated before obtaining 
thermal insulation materials but was immediately mixed with the chips. The mixing 
of sapropel and wood chips (raw material weight ratio 1:3) was performed manually 
until a uniform mass was obtained. The resulting mass was then placed in a mold (30  ×  
30 cm with height adjustment) and sealed at 0.03 MPa for 3 hours to provide a denser 
structure of the composite material, increase its mechanical strength, reduce shrink-
age of the final product, as well as shrinkage crack formation. Sapropel-peat composite 
plates were dried at 25 °C for 24 h and at 105 °C for 24 h. 

For the developed composite materials raw sapropel was used as a binder (adhesive) 
in a study- Sapropel as a Binder: Properties and Application Possibilities for Composite 
Materials. Mixing of sapropel-filler mass was done manually until homogeneous and 
smooth mixture was reached at the stage where filler was fully covered with sapro-
pel. Sapropel was mechanically treated by mixing together with electrical hand mixer 
until smooth and homogeneous material was formed. Metal mould with dimension of 
30 × 30 cm and with adjustable height was used for composite material production. The 
mixture of raw materials was laid in by layers in mold for more dense composite mate-
rial structure, higher mechanical strength and for minimizing final product shrinkage. 
Sapropel-filler samples were cured at the temperature of 80–105 °C for 36–72 hours.

2.6. Sample preparation with antimicrobial additives for 
microbial stability tests 

Together 3 experiments were done in microbial stability tests. ALINA Ltd. Product 
ALINA LIFETM organoclay coating was added to materials in 4% concentration of dry 
mass in SWD (sapropel – birch wood sanding dust) or SWF (sapropel – wood fibre). 
In addition, organoclay additive was added to materials in 4% concentration of added 
lime or MOC in case of SLHC, LHC, MHC composite materials as a coating. Among 
the material samples were three that were coated with ALINA LIFETM, three that were 
coated with lime and three without any coating. 

For the first stage of the experiment in part two ACTICIDE FD, a combination of 
(chloromethylisothiazolinone, also known as 5-chloro-2-methyl-2H-isothiazol-3-one) 
and MIT (methylisothiazolinone also 2-methyl-2H-isothiazol-3-one) were used for 
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additional biological protection tests. It was added to the composite materials in the 
amount of 1% of the total mass. It is effective against Aspergillus spp., Cladosporium spp., 
Penicillium funiculosum and others (Thor, 2020).

In the second stage of the experiment in part two, the biocide BACTERICIDE was 
used as an active substance containing quaternary ammonium compounds. It was 
added to the composite materials in the amount of 1% of total mass. In the both the 
experiments, ALINA Ltd. product ALINA LIFETM organoclay coating was used for 
additional biological protection tests. 

2.7. Ageing of composite materials for microbial stability tests 

For the microbial stability tests ageing of obtained composite materials in cli-
mate chamber was done by exposing the samples to 30 freeze-thaw cycles, with 
temperature amplitude of –20  °C (3 hours) to +20  °C (1 hour), which corresponds 
to EN 12390-9 (Anonymous, 2006). Climate chamber ageing test comprised of thirty 
cycles in two weeks. After the test samples were inspected visually no cracked or crum-
bled material was detected. In total 197 material samples were tested.

2.8. Thermal conductivity test of composite materials

Before the thermal conductivity test, the density of the samples was calculated by 
weighting the samples and measuring the dimensions. The thermal conductivity was 
measured using LaserComp FOX 600 heat-flow measurer. Samples are tested following 
the guidelines of the standard LVS EN 12667.

Test settings was 0  °C upper and 20  °C lower plate. Automatic determination of 
sample thickness was chosen for this study.

In the study of peat-wood chips, sapropel-wood chip thermal insulation boards 
thermal conductivity was determined for dry (0%) and wet plates (15%), as well as after 
the study of the effects of freezing thawing (5, 10, 25 cycles), obtaining a relationship 
between the thermal conductivity coefficient and the degree of moisture of the product. 
Freezing-thawing effects were studied in a climate chamber (Environmental Chamber 
JHT Series, Model No. YHT-100 z / 07-394B). 

2.9. Compressive and flexural strength tests of composite 
materials

For testing compressive and flexural strength, the samples were specially prepared 
(sawed in necessary dimensions). For compressive strength a stress at 10% deformation 
was recorded, for compressive crosswise and flexural – until failure. For sapropel-hemp 
shives a layer of gypsum was spread over the interfaces to ensure even pressure applica-
tion. Mechanical tests were performed on ZWICK Z100 universal testing machine. 

Static bending strength (parallel and perpendicular to grain direction), 
shear strength test according EN  314-1 (requirements) (Anonymous, 2005) and 
EN  314-2 (Anonymous, 2000b) standards were tested. The sapropel samples were 
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mixed completely just before the preparation of three-layer plywood of dimensions 
4 × 250 × 250 mm. Glue spreading level for Lake Veveru sapropel was 276–290 g  m2 and 
264–288 g m2 for Lake Pilvelis sapropel. The plywood was pressed under the pressure 
of 2.0 MPa for 24 hours, at 100 °C for first 16 hours. The samples were stored for one 
day at temperature 20 ± 3  °C with 65 ± 5% relative humidity until reaching equilib-
rium moisture content. Subsequently, the plywood panel was cut into shear speci-
mens with the dimension of 4 × 50 × 150 mm to determine its bending strength and 
4 × 25 × 200 mm to define shear strength. 

Adhesive strength of sapropel durability according to their operating performance 
conformity to EN 205 standard (Anonymous, 2002) was measured. The sapropel sam-
ples were mixed completely just before the preparation of beech blanks fabrication of 
dimensions 10  ×  75  ×  600 mm. Glue spreading for Lake Veveru sapropel and Lake 
Pilvelis sapropel was 290–310 g m2. In addition to understand the sapropel proper-
ties used as a glue, comparing to glue that already exists in market, the samples made 
with PVA  – Polyvinyl acetate glue were used. The planks were pressed at 100  °C 
under the pressure of 1.0 MPa for 24 hours. The samples were stored for one day at 
20 ± 3 °C with 65 ± 5% relative humidity until reaching equilibrium moisture content. 
Subsequently, the plywood panel was cut into shear specimens with the dimension of 
10 × 20 × 150 mm to determine tension shear strength.

Dried natural peat and sapropel as a glue were tested for tensile strength perpen-
dicular to grain direction according to standard EN 319 (Anonymous, 2000a). The 
sapropel samples were mixed completely just before the preparation of the samples of 
dimensions 32 × 50 × 50 mm. Glue spreading level was 1600 g m2 for Lake Veveru and 
Lake Pilvelis sapropel. The dried peat-sapropel samples were pressed under the pres-
sure of 0.1 MPa for 48 hours. The samples were stored for one day at 20 ± 3 °C with 
65 ± 5% relative humidity until reaching equilibrium moisture content. The material 
samples made from dried natural peat and sapropel were tested for tensile strength per-
pendicular to grain direction.

After cooling test specimens at ambient conditions, they were measured for the pre-
viously mentioned methods using Zwick Z100 universal testing machine. The data in 
this research were processed by routine statistical analysis and displayed by the stan-
dard deviation.

2.10. Sound insulation properties

In the study of properties of peat-wood chips, sapropel-wood chip thermal insu-
lation boards  – the materials were also tested for sound insulation. The equipment 
standard has the number LVS EN ISO 10534-2:2002 (Anonymous, 1998). The 4-micro-
phone method is used in an acoustic tube -impedance/transmission loss measurement 
tubes – type 4206 and the four-microphone method with PULSE acoustic material test-
ing software – Type 7758 were used.

The device works on the principle that a sample is placed in the middle between 
the 2 gypsum boards, but at the end of the pipe there is a sponge that absorbs sound so 
that it does not echo. The diameter of the sample that was placed in the acoustic tube is 
98–99 mm, but the thickness is 45–50 mm.
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2.11. Auto-ignition test

In the study of properties of peat-wood chips, sapropel-wood chip thermal insula-
tion boards simple combustion tests were performed to judge the combustion char-
acteristics of the composite materials. The temperature at which the samples start to 
ignite spontaneously was determined. SNF muffle furnace was used for combustion 
experiments. Samples (peat – wood chips, sapropel – wood chips, wood chips) were 
placed in porcelain crucibles and placed in a muffle, setting a steady increase in T °C to 
500 °C. Three samples of each material were placed in the muffle, repeating the heating 
procedure three times (Obuka et al., 2014).

2.12. Evaluation of the biodegradability  
of the tested materials

In order to compare the potential biodegradability of the composite materials 
tested, an experimental scheme was developed: soil microbial enzyme activity and res-
piration were used as the main indicators (Zibilske, 1994). Considering the need for 
microorganisms to adapt to the substrate, a 7-day incubation period was included in 
the process requiring appropriate physicochemical conditions, growth factors (macro- 
and microelements, nutrients, vitamins). To accelerate the biodegradation process, the 
composite materials were placed in the soil amended with nutrients (molasses and a 
source of vitamins (plant extract)), as well as a consortium of soil-derived microorgan-
isms with a high hydrolytic activity (Muter, 2015). Altogether 10 composite materials 
were evaluated.

Incubation of 0.25 mg specimen for evaluation of the biodegradability of the tested 
materials was performed in the sealed 100 mL vessels containing 10 g soil at 37 ± 2 °C 
for 7 days. The composition of the substrate added to the specimens was the follow-
ing: 10 g clay loam soil, 2 mL mineral broth, 100 µL 30% molasses, 200 µL cabbage leaf 
extract, 100 µL inoculum (2.0x1010 CFU/mL) and 50 mL sterile distilled water (Muter, 
2015). The composition of mineral broth was the following, g/L: MgSO4 – 0.2, CaCl2 – 
0.02, KH2PO4 – 1.0, K2HPO4 – 1.0, NH4NO3 – 1.0, FeCl3 – 0.05). Specimens were pre-
pared in three replicates. Soil moisture was 60% of the maximum water capacity. The 
physicochemical characteristics of clay loam soil are summarized in Table 2.2.

2.13. Respiration intensity of microorganisms

The microbial respiration was tested according to (Rowell, 2014; Zibilske, 
1994; Гавиленко et  al., 1975) with some modifications. The glass with 5 mL 0.05 M 
NaOH was placed in the sealed 100 mL vessel as described in 2.12. The respiration was 
estimated by back-titration of the unreacted NaOH using 0.05 HCl (adding 1% phe-
nolphthalein indicator to the NaOH prior to titration). Two measurements of respira-
tion have been made for each vessel with a sample, i.e., at the beginning of incubation 
and after 7-day of incubation period. Respiration assay was performed at 23 °C for 
24h in the dark. The respiration assay used in this study, was attributed to the sub-
strate induced respiration (SIR), because carbon sources were added to the soil with 
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specimen. However, the standard principles of SIR measurement (e.g., incubation for 
4h) were not considered because of specific tasks of this study. In particular, bioaug-
mentation and a 7 day incubation was performed for stimulation of the biodegrada-
tion process.

An intensity of the SIR was calculated as follows. First, the volume of a NaOH solu-
tion used for reaction with CO2 in the vessel with soil and specimen, was calculated by 
Equation (1): 

= ( − )×1.1
×ℎ

  (1) 

where, 
X –	 volume of the 0.05M NaOH solution used for reaction with CO2, mL; 
A – 	 titrated, control sample, mL; 
B – 	 titrated, test sample, mL;
1.1 – 	 coefficient (the ratio of the actual molarity to the theoretical molarity of the 

NaOH and HCl solutions); 
m – 	 sample weight, g dry weight; 
h – 	 trial time, hours.

Second, the amount of CO2 reacted with NaOH during incubation, was calculated 
by Equation (2): 

= 0.05× ×12
1000×2

 (2) 

where, 
SIR – 	 amount of C-CO2 reacted with NaOH, g C-CO2/h gdw;
0.05 – 	molarity of NaOH solution, M;
X –	 volume of the 0.05M NaOH solution used for reaction with CO2, mL;
1000 –	coefficient for calculating the number of NaOH moles in the volume used for 

titration (X);
12 – 	 mass of carbon in the CO2 molecule, g;
2 – 	 coefficient for calculating the number of CO2 moles reacted with NaOH (one 

molecule CO2 reacts with two molecules NaOH). 

2.14. Enzyme activity of microorganisms:  
fluorescein diacetate hydrolysis

After 7-day incubation period, as described in 2.12., the fluorescein diacetate (FDA) 
hydrolytic activity of microorganisms was tested. 100 µL specimen was transferred to 
1 mL tube containing 400 µL reaction mixture (4 mg FDA, 2 mL acetone, 48 mL 0.06M 
phosphate buffer, pH 7.6). The mixture was incubated for 60 min at + 37 ± 2 °C (Chen 
et al., 2005; Margesin and Schinner, 2005)compost and sludge in laboratory-scale bio-
filters (8 l reactor volume. After incubation, 500 µL acetone was added to the specimens 
to stop the hydrolysis reaction. The optical density was measured at 490 nm using a 
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microplate reader Infinite f50 (TECAN, Switzerland). Calibration curve was prepared 
using the thermally hydrolysed FDA. 

The soil characteristics of the clay loam used in the experiment was determined 
(Table 2.2.) using standard soil analysis methods (Carter and Gregorich, 2008).

Table 2.2. 
Characteristics of the soil used

Parameter Values Parameter Values

N, % 0.20 Electrical conductivity, mS/cm 0.162

C, % 2.06 Water capacity, % 149.47

P, μg/g 15.6 Mg, mg/kg 218.5

pH (1M KCl) 6.72 K, mg/kg 146.5

The Na, Mg, K, Ca content of the specimens was determined using a PerkinElmer 
AAnalyst 200 atomic absorption spectrometer. A non-electrode discharge lamp (Perkin 
Elmer) was used as a source, Na measurements were made at 589 nm wavelength, Mg 
at 285.2 nm, K measurements at 766.5 nm and Ca at 422.7 nm using flame atomization. 
N2O, acetylene was used as the oxidizing gas. ANOVA (Anova: Single factor analysis) 
was used for statistical data processing.

2.15. Microbiological stability tests

Together 3 experiments were done in microbiological stability tests.

2.15.1. Artificial inoculation with fungi/microbiological  
stability test part 1

Comparison of microbiological resistance of sapropel-based composite materials, 
LHC and MHC was carried out. Artificial infection with fungi Alternaria alternata 
MSCL 280 and Cladosporium herbarum MSCL 258 was used in microbial stability 
tests before and after experimental accelerated ageing of materials in climate camera. 
Fungi were grown in Petri dishes with Malt extract agar for 7 days at room tempera-
ture and afterwards fungal spores and mycelial fragments were scraped off the agar 
surface and vortexed to make a suspension with optical density OD545 0.16. Triplicate 
samples of each building material were inoculated with fungal suspension. Each 
sample was watered (inoculated) with 3–5 ml of the suspension. The samples were 
prepared in 70 × 70 × 70 mm cube moulds, wood wool (WW) was cut with a similar 
surface area. 

Inoculated samples were kept under the same conditions (20 ± 2 °C) and watered 
with sterile distilled water every second or third day to keep moist. Fungal growth on 
the materials was examined visually every 3–4 days. When the growth was observed 
the fungi were identified microscopically at least to the generic level. Intensity of fungal 
growth was assessed according to the scale (Stefanowski et al., 2017) (Table 2.3.):
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0 – No growth can be seen under the microscope.
1 – Visible growth up to 50% coverage.
3 – Visible growth, 50–80% coverage.
4 – Visible growth, practically the entire sample surface area (80%) covered, the surface 

of the sample can be seen only in few parts.
5 – Whole surface of the sample (100%) covered.

Table 2.3
Evaluation of fungi growth on materials (average values)

Evaluation/Intensity of growth Colour, percent

1–2 0% < 50%

2–3 50% ≤ 80%

3–4 80 < 99%

4–5 100%

2.15.2. Artificial inoculation with fungi/microbiological  
stability test part 2

Two experiments were conducted to determine the microbiological stability in this 
part 2. In both experiment stages, material samples were artificially inoculated with six 
fungal strains:

1.	 Aspergillus versicolor MSCL 1346;
2.	 Penicillium chrysogenum MSCL 281;
3.	 Alternaria alternata MSCL 280;
4.	 Cladosporium herbarum MSCL 258;
5.	 Chaetomium sp. MSCL 851;
6.	 Trichoderma asperellum MSCL 309.

Aspergillus versicolor and Penicillium chrysogenum belong to primary colonisers, 
Alternaria alternata and Cladosporium herbarum to secondary, and Chaetomium sp. 
and Trichoderma asperellum to tertiary colonisers. Primary colonisers can develop at 
a relative humidity <80%, secondary at 80%–90%, and tertiary at a relative humidity 
>90% (Stefanowski et al., 2017).

For the experiments the fungi were grown in Petri dishes and a suspension of 
mycelial fragments and spores were prepared from each fungus in sterile (autoclaved 
at 121 ºC for 15 min) distilled water to obtain OD545 0.16. All six suspensions were 
mixed in equal amounts. Analysed samples of materials were inoculated with 3 ml or 
5 ml (depending on the size of the sample) of the mixed fungal suspension. Samples 
were prepared in 40 mm diameter and 10 mm high cylindrical forms, with wood fibre 
cement board (WF) and WW cut with similar surface area.

When fungal growth was observed the fungi were identified by macroscopic and 
microscopic (Leica DM 2000, Leica Microsystems) features at least to the generic 
level. Intensity of fungal growth was assessed according to the scale seen in Table 2.4.  
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according to the ASTM C1338-96 Standard test method for determining the fungi resis-
tance of insulation materials and facings (Klamer et al., 2004):

Table 2.4
Evaluation of fungal growth on materials (average values)

Evaluation/
Intensity of growth Characteristics Colour scale

0 No growth detected microscopically

1 Microscopically detected growth

2  Microscopically detected growth 
covering the whole surface

3 Macroscopic (visible to naked eye) 
growth present

4 Macroscopic growth covering >80% 
surface

After visual evaluation, 1.0 ± 0.5 g material samples were removed from the com-
posite material where fungal overgrowth was observed. Samples were divided into 
smaller fractions with a knife, scissors or tweezers, then placed in plastic tubes. They 
were then poured into 1 ml of sterile (autoclaved at 121 °C for 15 min) distilled water, 
then shaken vigorously for 5 min. The sample suspension (0.1 mL) was then plated on 
Malt Extract Agar medium (Oxoid) and the samples incubated at room temperature 
(20 ± 2 °C) for 5–7 days. Fungal genera were determined by microscopic and macro-
scopic methods (Klamer et al., 2004).

In the first stage of the experiment in test part two, the analysed material sam-
ples were incubated in two humidity modes  – RH 75% and 99%  – and at 20 °C. 
75% RH were found as typical operating conditions of biocomposite building materi-
als measured during in-situ tests (Sinka et al., 2018)hence various directives have been 
adopted, such as the European directive 2012/27/EU on energy efficiency, i.e. ensur-
ing from 2019 the construction of the near-zero energy buildings (nZEB, 99% RH 
represent elevated moisture that can occur during drying or improper building mainte-
nance. Moisture levels and temperature was monitored with digital sensors. To ensure 
75% RH a sodium chloride salt solution was kept in the chamber with the samples. To 
ensure 99% RH samples were kept in separate sealed boxes with sensors inside and 
3 ml of sterile water poured on the samples, once the RH lowered. Visual evaluation of 
composite materials was performed after 4 months of incubation. 

In the second stage of the experiment in test part two, samples were kept only at 
relative humidity 99% and temperature 20 ± 2 °C, the visual assessment was performed 
after 45 days. To ensure 99% RH samples were twice a week poured with 3 ml of sterile 
water, thus maintaining a humid environment that simulates rain condition. 
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2.16. Sapropel, peat, biochar granules for the agricultural 
purposes

2.16.1. Sapropel, peaty sapropel, sapropel – peat granules 
The granules were made in the Building Materials Laboratory of Riga Technical 

University. During the development of sapropel – peat, the sapropel granule binder was 
machined – blended to a homogeneous mass before incorporation. In the study, tests 
were performed to determine the physical-mechanical properties of sapropel granules 
for 3 types of granules (pure sapropel, peaty sapropel, sapropel-peat granules). Burial 
density was determined using the standard LVS EN 1097-3 (Anonymous, 1999), water 
absorption using the standard LVS EN 1097-6 (Anonymous, 2013), testing and pellet 
compressive strength testing using the standard EN 1606 (Anonymous, 2007), environ-
mental acidity reaction and electrical conductivity.

2.16.2. Biochar-sapropel granules
For the studies of biochar-sapropel granules for agriculture as filler materials were 

used: biochar, which is created as a side product from cogeneration process, by pyro-
lyzing wood of deciduous trees at 600 °C. Two kinds of biochar were used: biochar (B), 
deciduous tree biochar (LB.)

For the study of the biochar-sapropel granules for agriculture composite mate-
rials were created by manually mixing wet sapropel and biochar until homoge-
nous consistency was reached. Different ratios of biochar and sapropel were used 
(1:3, 1:4, 1:6, 1:8 and 1:10) to determine best option. The mass was further divided 
in two samples and each part was put in prepared metal forms. One sample was air 
dried (relative air humidity 14–20%), while the other was oven dried in 80 °C temper-
ature. Air dried sample was weighted every hour for first 3 hours and once more after 
24 hours of creation moment. Oven dried sample was weighted every 15 minutes.

2.16.3. Biochar – sapropel granules granulation
Granules were made in collaboration with Riga Technical University faculty of 

material sciences and applied chemistry. Two types of granules were made. One was 
made using extrusion and the other using rotation of the material. Extruded gran-
ules are made by mixing homogenized sapropel with biochar powder (sieved through 
1.5 mm sieve) with CLATRONIC KM3350 mixer at 50Hz rotation speed. The obtained 
mass is then extruded through 9 mm nozzles and cut every 2 seconds creating granules 
of approximately 9 mm length.

Granules created using rotation are formed by centrifugal force. Biochar and sapro-
pel mass are rotated in a cylinder until granules are formed. Biochar powder is added 
as needed during this process to prevent granules from sticking together. Both types of 
granules were oven dried for 2 days at 50 °C temperature.

2.16.4. Specific surface area
Analysis of specific surface area was carried out in collaboration with Riga 

Technical university scientists. Specific surface area was measured using Quantachrome 
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QuadraWin – Data Acquisition and Reduction for QuadraSorb SI, version 5.11 2000-
12. (USA) QUADRASORB SI Kr with Standart Autosorb degasser device.

2.16.5. Water absorption
Water absorption capacity was determined in collaboration with Riga Technical 

university scientists. Water absorption capacity of granules was determined according 
to ГОСТ 26713-85 standard. Measurements were done in 7 repetitions and calculated 
as average (minimum and maximum were removed from calculation). Temperature of 
measurements was 105 °C.

2.16.6. Mechanical strength
Mechanical strength was determined in collaboration with Riga Technical uni-

versity scientists. Mechanical strength was measured according to ГОСТ 8269.0-
97 (Anonymous, 1997) standard with ZWICK Z100 ROELL. Total volume used for 
testing was 2 L of granules. Measurements were done in three repetitions.
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3. RESULTS AND DISCUSSION

3.1. Sapropel properties

In the thesis organic rich freshwater sapropel were used as most prospective for 
the development of composites. Sapropel sediments were sampled from four lakes in 
Latvia – Padelis, Pilvelu, Veveru located in Rezekne district, Latgale region. Piksteres 
lake is located in Jekabpils District, Latgale Region, Latvia. The sapropel from these 
lakes has been studied previously and can be considered as prospective for development 
of composite materials. Characteristics of the sapropel samples are listed in Table 3.1.

Table 3.1
Characteristics of the sapropel samples

Lake Moisture,  
%

Organic matter,  
%

Carbonates,  
%

Density,  
g/cm3

Padelis 85.97 15.27 35.57 1.24

Pilvelu 94.99 84.51 1.26 1.10

Veveru 97.66 86.25 1.18 1.08

Piksteres 96.45 82.67 17.33 1.028

Sapropel samples differ from one another within moisture (%), organic matter (%) 
and carbonates (%) amount. Colour of Lake Padelis sapropel is pale gray-pink and den-
sity is 1.24 g/cm3. Lake Pilvelis sapropel sample is dark greenish brown with homoge-
neous and jelly-like structure and density – 1.10 g/cm3. Lake Veveru sapropel colour is 
black and density – 1.08 g/cm3. Lake Piksteres sapropel sample is greenish brown and 
density is 1.028 g/cm3. Removal of sapropel sediments from lakes (dredging) during 
lake recultivation helps to improve the quality of freshwater resources and lake ecosys-
tems. Thus, the use of sapropel obtained during lake recultivation is a sustainable, envi-
ronmentally friendly and efficient approach as it supports recovery of environmental 
quality of lake ecosystems and might promote creation of innovative, high value-added 
products that are non-toxic, environmentally friendly. 

Summary. Used sapropel samples represent sapropel types prospective for use as 
binding materials. 

3.2. Development of sapropel composite materials

Sapropel can be used as a binder for by-products of the wood, flax and hemp pro-
cessing and paper and cardboard industries to produce insulation and finishing boards. 
Sapropel has also been used to replace cement binder in the development of sapropel 
concrete, a composite material used in construction, with sapropel as the binder and 
sawdust and gravel as a filler material (Brakšs et al., 1960; Gružāns, 1960). Studies on 
the potential of sapropel as a binder have been carried out in Latvia, Lithuania and 
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Belarus. Opportunities for the development of sapropel-straw (Kasperiunaite and 
Navickas, 2010), sapropel-hemp shives (Pleikšnis and Dovgiallo, 2015) and sapropel-
lime-hemp-paper processing by-products (Balčiūnas et  al., 2016) have been studied. 
Technical tests show that the use of sapropel as a binder in combination with various 
by-products to create new materials allows the finished product to be included in the 
category of thermal insulation materials in terms of technical quality. Considering 
results of previous studied dedicated to development of sapropel containing materials 
the concepts of elaboration of new materials were proposed.

As prospective components to design sapropel based composites can be considered 
natural fibers and at first – hemp. To reveal potential of sapropel-lime binder in hemp 
concrete composites it has been suggested to use sapropel-lime, magnesium oxide-
chloride, and lime binders. The obtained compositions were compared with each other 
and with data available in the literature. Hemp shives, wood fiber and birch wood sand-
ing dust have been used as filler for composite materials as well. These fillers are agri-
cultural and wood processing industry by-products that need to find reusability. 

The use of hemp-lime composite has a positive impact on the environment asso-
ciated with CO2 emissions. Both components are absorbing by CO2 – lime during 
hardening (carbonation) and hemp – during growth (Ip and Miller, 2012; Pretot et al., 
2014). Sapropel, in its formation, also contains CO2 in the form of organic substances, 
thus being equivalent to hemp-lime materials. Thus, these composites can be consid-
ered as climate-neutral materials.

Studies on the potential of sapropel as a binder have been carried out in Latvia, 
Lithuania and Belarus. By-products of the processing of sapropel concrete (Brakšs et al., 
1960; Gružāns, 1960), sapropel-straw (Kasperiunaitè et al., 2009), sapropel-hemp shives 
(Pleikšnis and Dovgiallo, 2015) and lime-hemp-paper (Balčiūnas et al., 2016) technical 
features is studied. It was concluded that by using sapropel as a binder in combination 
with various materials, it is possible to include the finished product in the category of 
heat insulating materials in terms of technically qualitative performance. Sapropel with 
an organic content of more than 85% and nitrogen more than 3.3% is used for the pro-
duction of sapropel binder (Курзо, 2005).

Research of Riga Technical University on the material of hemp shives as filler and 
hydraulic lime as binder found that the thermal conductivity and compressive prop-
erties of these materials are consistent with the thermal insulation materials (Sinka 
et al., 2014).

The aim of the study was to find out the potential of composite materials using 
sapropel and lime as binder and hemp shives, wood fiber and birch wood as a filler 
and to determine their optimum properties. The composite materials were prepared in 
the Department of Composite Materials and Structures of Riga Technical University. 
Density, thermal conductivity, and compressive strength were determined for the spec-
imens produced. The compressive strength of the various composite materials in the 
tests is shown in the Table 3.2, and it shows that the obtained materials can be used 
as thermal insulation materials, because their strength meets the requirements of the 
regulatory framework.

Samples were prepared using mechanical mixing until homogeneous composition 
were obtained and the sequence of the addition of components were mixed.
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Table 3.2
Characteristics of composite building materials

Designation Composition Characteristics

Sapropel-lime-
hemp composite
SLHC 1-2

Sapropel
Lime
Hemp shives

Raw material ratio (filler:binder:binder) 1:2.5:2.5
Density kg/m3 306.88; 296.31
Thermal conductivity, W/m∙K –
Mechanical strenght, MPa 0.25

Sapropel-lime-
hemp composite
SLHC 3-4

Sapropel
Lime
Hemp shives

Raw material ratio (filler:binder:binder) 1:5:5
Density kg/m3 533.58; 540.59
Thermal conductivity, W/m∙K 0.089
Mechanical strenght, MPa 0.77

Lime-hemp 
composite
LHC 1-2

Lime
Hemp shives

Raw material ratio  
(filler:binder:binder) 1:2.5:2.5

Density kg/m3 294.09; 302.40
Thermal conductivity, W/m∙K –
Mechanical strenght, MPa 0.29

Lime-hemp 
composite
LHC 3-4

Lime
Hemp shives

Raw material ratio  
(filler:binder:binder) 1:5:5

Density kg/m3 498.32; 562.93
Thermal conductivity, W/m∙K 0.099
Mechanical strenght, MPa 0.90

Lime-hemp 
composite
LHC

Lime
Hemp shives

Raw material ratio (filler:binder:binder) 1:5:5
Density kg/m3 408.10
Thermal conductivity, W/m∙K 0.086
Mechanical strenght, MPa 0.61

Sapropel-wood fiber 
composite
SWF

Sapropel
Wood fiber

Raw material ratio (filler:binder) 1:6
Density kg/m3 319
Thermal conductivity, W/m∙K 0.19
Mechanical strenght, MPa 0.060

Sapropel-birch 
wood sanding 
composite
SWD

Sapropel
Wood sanding 
dust

Raw material ratio
(filler:binder) 1:6

Density kg/m3 470
Thermal conductivity, W/m∙K 0.061
Mechanical strenght, MPa 0.67

Magnesium-hemp 
composite
MHC 1

Magnesium 
chloride 
Hemp shives

Raw material ratio 
(filler:binder:binder:binder) 1:1.25:0.9:1.33

Density kg/m3 302.3
Thermal conductivity, W/m∙K 0.076
Mechanical strenght, MPa 0.25

Magnesium-hemp 
composite
MHC 2

Magnesium 
chloride 
Hemp shives

Raw material ratio 
(filler:binder:binder:binder) 1:1.25:2:0.6

Density kg/m3 504.4
Thermal conductivity, W/m∙K 0.111
Mechanical strenght, MPa 1.12
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Obtained results show that the thermal conductivity of lime-hemp composite 
material (density 408.10 kg/m3) is on average low – 0.086 W/m∙K. Similar values are 
obtained for sapropel-lime-hemp material  – 0.089 W/m∙K. The results obtained are 
satisfactory, similar to those used in practice in the world for hemp shives, and with 
the current regulation, the wall insulated with such materials should be approximately 
400 mm thick to reach regulatory values (Sinka et al., 2014).

The research direction is promising because the material has great potential to 
reduce global CO2 emissions, both directly from production, as the main components 
are CO2 neutral or negative, and indirectly providing better thermal performance of 
buildings, thus reducing the amount of fuel needed. The study should be continued by 
developing new solutions to improve the properties of sapropel-lime composites.

In the study on sapropel and peat as a binder for wood chips (Obuka et al., 2014), 
the study also determined the mechanical strength of the materials. The activated peat 
mass with binder properties was obtained by mechanical treatment of peat in the ther-
mal bullet planetary mill. The activated peat mass was prepared using 300 g of peat 
and placed in a grinding vessel with 8 grinding balls and grinding for 30 minutes at 
300 rpm. Sapropel was not mechanically heat-treated before obtaining thermal insula-
tion materials but was immediately mixed with the chips. The mixing of sapropel and 
wood chips (raw material weight ratio 1: 3) was performed manually until a uniform 
mass was obtained. The resulting mass was then placed in a mold (30  ×  30 cm with 
height adjustment) and sealed at 0.03 MPa for 3 hours to provide a denser structure of 
the composite material, increase its mechanical strength, reduce shrinkage of the final 
product, as well as shrinkage crack formation. Sapropel-peat composite plates were 
dried at 25 oC for 24 h and at 105 °C for 24 h.

Depending on the amount of moisture, the compressive resistance of the board’s 
changes. The compression resistance of sapropel-wood chips is 0.06 MPa and that of 
peat-wood chips is 0.13 MPa. In contrast, the bending resistance shows that the resis-
tance of sapropel-wood chips is 0.02 MPa and that of peat-wood chips – 0.3 MPa. The 
results of compression and bending resistance show that the composite materials have 
sufficient strength to form adhesive joints and perform assembly work.

In a study “Sapropel as a Binder: Properties and Application Possibilities for 
Composite Material”, the obtained results show that composite materials with filler 
of birch wood sanding dust and binder of green algae sapropel exhibit higher values 
in compression deformation perpendicular and parallel to the direction of specimen 
formation. The compressive results of perpendicular deformations range from 0.67 to 
0.76 MPa. The result in linear deformations is 0.72 and 0.67 MPa, respectively. The 
results obtained from the compression resistance show that the materials are durable 
enough to be used in assembly work and to form adhesive joints.

Summary. Developed new materials are durable enough to be used in assembly 
work and to form adhesive joints. This study has demonstrated good application poten-
tial of sapropel as a binder. From natural materials and local resources, such as sap-
ropel, and industrial by-products, such as birch wood sanding dust, fibre and hemp 
shives, sawdust it is possible to develop environmentally friendly composite materials 
for construction for various needs of utilisation. The particle granulometric composi-
tion, surface area and other characteristics of the filler have an effect on the binding 
with sapropel as a binder. 
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3.3. Thermal conductivity of composite materials

In a study on composite materials of sapropel as binder, a thermal conductivity test 
was performed by changing the types of sapropel and different filler materials (Obuka 
et al., 2015). Three types of sapropel from Lake Veveru (green algae) and Pilvelu (cyano-
bacterial algae) and a carbonate sapropel from Lake Padelis (carboniferous) were used. 
Fillers used were hemp fibers and shives, wood fiber, birch wood sanding dust. These 
fillers are a by-product of agriculture and woodworking industry that can be reused. 
For the developed composite materials raw sapropel was used as a binder (adhesive). 
Mixing of sapropel-filler mass was done manually until homogeneous and smooth 
mixture was reached  – filler fully covered with sapropel. Sapropel was mechanically 
treated by mixing together with electrical hand mixer until smooth and homogeneous 
material was formed. Metal mould with dimension of 30 × 30 cm and with adjustable 
height was used for composite material production. The mixture of raw materials was 
laid in by layers in mold for more dense composite material structure, higher mechani-
cal strength and for minimizing final product shrinkage. Sapropel-filler samples were 
cured at the temperature of 80–105 °C for 36–72 hours. The results obtained from the 
tests are shown in Table 3.3.

Based on the obtained results, it can be concluded that the material which contains 
wood fibers and sapropel of green algae from the Lake Veveru shows the best results. 
The results show that these composite materials have similar characteristics and thus 
similar applications and potentials. The composite materials produced have low ther-
mal conductivity due to their mixed, fine-porous structure and have a homogeneous 
fiber structure with interconnected and open pores. Due to the organic origin of the 
raw materials, the composite material of the sapropel binder and hemp shives has a 
heterogeneous structure. The granulometric disintegration of different particles results 
in voids and uneven composition with weaker inclusions and faster deformation of 
the sample.

Table 3.3
Thermal conductivity of materials

Material: binder-filler Density,  
kg/m3

Thermal conductivity, 
W/m∙K

Carboniferous and green algae sapropel – hemp 191 0.063 

Carboniferous and cyanobacterial sapropel – hemp 200 0.059 

Wood fiber – green algae sapropel 153 0.055 

Wood fiber – cyanobacterial sapropel 202 0.060 

Cyanobacterial sapropel – wood sanding dust 214 0.061 
Cyanobacterial sapropel – wood sanding dust –  
Aerosil silica 376 0.080 

In the study on sapropel and peat as a binder for wood chips (Obuka et al., 2013), 
the thermal conductivity of the materials reached 0.067 and 0.060 W/m∙K. The study 
takes into account the number of freezing cycles and the humidity of the materi-
als tested. The results show that the thermal conductivity of peat and particleboard 
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increases, while that of sapropel and particleboard decreases during the freezing 
cycles. Comparing the obtained results, where the moisture content of the compos-
ite material is from the air-dry state to the moisture-saturated material (12%), the 
thermal conductivity coefficient is 0.050–0.060 W/m∙K for sapropel-wood chips and 
0.055–0.064 W/m∙K for peat-wood chips, respectively. The activated peat mass with 
binder properties was obtained by mechanical treatment of peat in the thermal bullet 
planetary mill. The activated peat mass was prepared using 300 g of peat and placed 
in a grinding vessel with 8 grinding balls and grinding for 30 minutes at 300 rpm. 
Sapropel was not mechanically heat-treated before obtaining thermal insulation mate-
rials but was immediately mixed with the chips. The mixing of sapropel and wood 
chips (raw material weight ratio 1:3) was performed manually until a uniform mass 
was obtained. The resulting mass was then placed in a mold (30  ×  30 cm with height 
adjustment) and sealed at 0.03 MPa for 3 hours to provide a denser structure of the 
composite material, increase its mechanical strength, reduce shrinkage of the final 
product, as well as shrinkage crack formation. Sapropel-peat composite plates were 
dried at 25 oC for 24 h and at 105 °C for 24 h.

Summary. Using natural materials and local resources, such as sapropel, as well as 
industrial by-products such as birch wood sanding dust and fibre, and hemp shives it is 
possible to develop environmentally friendly composite materials for the construction 
industry, adjusting properties depending on the area of utilization. Thermal conductiv-
ity results show that materials can be used to develop environmentally friendly com-
posite materials with insulation properties.

3.4. Compressive and flexural strength  
of composite materials

There is an acute need in the construction industry for new types of adhesives 
and binders based on natural (plant and animal) substances (D’Amico et  al., 2010). 
Synthetic adhesives used today contain toxic substances that cause health problems and 
environmental contamination. Most adhesives are based on formaldehyde (urea-form-
aldehyde and phenol-formaldehyde), which account for 92% of total adhesive con-
sumption. Formaldehyde adhesives are made from non-renewable resources and are 
potentially harmful carcinogens. Research is underway worldwide to develop various 
alternatives to current adhesives, such as soy-based wood glues (Lei et al., 2014). Thus, 
one of the challenges in the woodworking industry is the development of environmen-
tally friendly adhesives from natural and renewable resources (Y. Liu and Li, 2007).

In this study, composite materials were developed using sapropel as an adhesive. 
Two types of sapropel samples were used – the green algae sapropel obtained at Lake 
Veveru and cyanobacterial sapropel obtained at Lake Pilvelu. Characteristics such 
as dry matter content, moisture content and density were determined for sapropel. 
Adhesives were tested by gluing plywood and mechanical testing of the material: bond 
strength test, static bending using (Anonymous, 2000b) and (Anonymous, 2005) stan-
dard, application group (D1–D4) for sapropel as glue using (Anonymous, 2001a) and 
(Anonymous, 2002) standards, pulling peat with sapropel and determining strength 
perpendicular to the slab plane using (Anonymous, 2000a) standard.
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The sapropel samples were mixed completely just before the preparation of three-
layer plywood of dimensions 4 × 250 × 250 mm. Glue spreading level for Lake Veveru 
sapropel was 276–290 g m2 and 264–288 g m2 for Lake Pilvelu sapropel. The plywood 
was pressed under the pressure of 2.0 MPa for 24 hours, at 100 °C for first 16 hours. The 
samples were stored for one day at temperature 20 ± 3 °C with 65 ± 5% relative humid-
ity until reaching equilibrium moisture content. Subsequently, the plywood panel was 
cut into shear specimens with the dimension of 4  ×  50  ×  150 mm to determine its 
bending strength and 4 × 25 × 200 mm to define shear strength.

The dried peat-sapropel samples were pressed under the pressure of 0.1 MPa for 
48 hours. The samples were stored for one day at 20 ± 3 °C with 65 ± 5% relative humid-
ity until reaching equilibrium moisture content. The material samples made from dried 
natural peat and sapropel were tested for tensile strength perpendicular to the grain 
direction. 

Adhesives were tested by gluing plywood and mechanical testing of the material: 
determination of static bending strength (Fig. 3.1) and glue strength test, determina-
tion of applicability group (D1–D4) for sapropel as binder (glue), sapropel bonding of 
peat and tensile strength determination. perpendicular to the plane of the slab.\

The results show that the highest result in the mechanical bending test for the sap-
ropel adhesive (Anonymous, 2001b) standard for the determination of elastic modulus 
and bending force was found in the Lake Pilvelu sapropel (88.7 MPa in parallel bend-
ing). In addition to determining the applicability group for the sapropel as an adhesive 
(durability test), the Pilvelu sapropel  – beech samples show a result of 3.67 MPa. In 
addition, tests according to the standard EN 319 were performed to detect dried natu-
ral peat and sapropel as a glue for tensile strength perpendicular to the grain direction, 
results indicated: samples of peat – Pilvelu sapropel  – 0.077 MPa, samples of peat – 
Veveru sapropel – 0.067 MPa.

The development of adhesives made from natural raw materials is a highly innova-
tive line of research, as the expansion of the product range and global consumption 
increases the consumption of adhesives. The construction industry consumes 60% of 
all raw materials produced. Consequently, the construction industry is also one of the 
largest consumers of adhesives and binders in the world. As stated above, there is an 
acute need in the industry for new types of adhesives and binders based on natural 
(plant and animal) substances (D’Amico et al., 2010; Zabalza Bribián et al., 2011).

Plywood glued with sapropel sample bending test is shown in the process in 
Figure 3.1. The results show that the highest result in mechanical bending tests for sap-
ropel adhesive (Anonymous, 2001b) standard – determination of modulus of elasticity 
and bending force) is found in Lake Pilvelu sapropel (in parallel bending – 88.7 MPa). 

Figure 3.1. Bending test of a sample of plywood glued with sapropel
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The lowest result, however, is shown by the same type of sapropel only perpendicu-
lar to the bend (Fig. 3.2.). The results of the study indicate that an environmentally 
friendly adhesive derived from sapropel can be used as a natural binder in composite 
materials, which has a high adhesion and retention capability.
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Figure 3.2. Bending mechanical strength in parallel and perpendicular to the fiber direction

The research direction is promising and should be continued to improve the prop-
erties of sapropel adhesive and to increase its effectiveness.

Summary. Composite materials were developed using sapropel as an adhesive. This 
study has demonstrated good application potential of sapropel as an adhesive, but still 
much work has to be done to improve results. Question posed at this part of this study, 
that it is a challenge to produce plywood from organic rich lake sediment (sapropel) 
applied as a glue, it is now possible to state that the first test results reveal that there is 
an opportunity to use sapropel as a potential adhesive, but there is a need for further 
experiments. The research extends our knowledge of using natural materials and local 
resources, such as sapropel, as well as birch wood veneer, and it is possible to develop 
environmentally friendly composite materials for the construction industry, adjusting 
for the need of utilization in future.

3.5. Sound insulation properties

Sound insulation must be taken into account during the construction of the build-
ing. Noise is an important problem and is considered to be environmental pollution, 
and it causes many health problems, the causes of which are not easy to identify. In 
several European countries, there are regulations that sound insulation materials must 
be installed in buildings to reduce the adverse effects of noise pollution. These regula-
tions have further increased the demand for effective and inexpensive sound insulation 
materials (Islam and Bhat, 2019).

Sound insulation materials also consist of porous synthetic substances, including 
rock wool, glass wool, polyurethane or polyester, which are usually based on petro-
chemistry (Patnaik et  al., 2015) and which have a negative impact on human health 
and the environment. This has led to increase in demand for environmentally friendly 
insulation materials (Islam and Bhat, 2019).



52

Study on sapropel and peat as a binder for wood chips (Obuka et al., 2014) states 
that ability to insulate sound is one of the important properties of any building mate-
rial. Thus a study of sound insulation properties of the developed materials was carried 
out within the framework of the thesis (Table 3.4.). Composite materials were obtained 
by mechanical treatment of pear in thermal bullet planetary mill resulting in activated 
peat mass with binder properties. The activated peat mass was prepared using 300 g of 
peat and placed in a grinding vessel with 8 grinding balls and grinding for 30 minutes 
at 300 rpm. Sapropel was not mechanically heat-treated before obtaining thermal insu-
lation materials but was immediately mixed with the chips. The mixing of sapropel and 
wood chips (raw material weight ratio 1: 3) was performed manually until a uniform 
mass was obtained. The resulting mass was then placed in a mold (30  ×  30 cm with 
height adjustment) and sealed at 0.03 MPa for 3 hours to provide a denser structure of 
the composite material, increase its mechanical strength, reduce shrinkage of the final 
product, as well as shrinkage crack formation. Sapropel-peat composite plates were 
dried at 25 oC for 24 h and at 105 °C for 24 h.

Table 3.4
Results of sound insulation tests using 4 microphone method

Tested plate Sound insulation, 
dB

Peat – wood 30
Peat – wood 32
Sapropel – wood 32

Sapropel – wood 31

The obtained biocompositematerials have a fine-porous structure with a homoge-
neous fibrous structure with open and interconnected pores. The obtained sound insu-
lation results indicate very good insulation properties of the composite material. The 
boards have a fine-porous structure with a homogeneous fibrous structure with open 
and interconnected pores. Compared to other ecological thermal insulation materials, 
such as flax fiber thermal insulation material, the results are worse and differ by 14 dB. 
According to the literature, the sound insulation result of flax fiber material is 45 dB, 
but flax-wool thermal insulation material retains 40 dB sound absorption (Kozłowski 
et  al., 2008). Given the sound insulation properties, it can be concluded that better 
sound insulation level can be reached using heavier materials. The best available sound 
absorption materials in Latvia are universal fiberboard, the densest samples of mineral 
wool and cork products.

Summary. Sound insulation indicators of peat – wood chips and sapropel – wood 
chip composite material are high and comparable with synthetic sound insulation 
materials offered on the market. 
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3.6. Auto-ignition test

In the study on sapropel and peat as a binder for wood chips (Obuka et  al., 
2014) self  – ignition risk assessment of the developed materials was performed 
(Table 3.5.). 

Table 3.5
Peat and sapropel particle boards: comparison of auto-ignition

Sample T °C T °C,  
average arithmetic

Peat – particle board
345

333330
325

Sapropel – particle board
290

296295
302

Pine wood chips
345

345340
350

Based on the data obtained from the combustion test, it is possible to conclude that 
the auto-ignition temperature of peat particle board is higher than the auto-ignition 
temperature of sapropel-particle board. This is due to the fact that the samples differ 
in density and fiber arrangement in the samples. Respectively, the fiber arrangement 
of peat particle board is denser and there is less air between them, but sapropel – par-
ticle board is more fragile with significantly lower mechanical strength. This method of 
production allowes to obtain sample with fibrous structure that has a greater amount of 
air. This reduces the temperature at which the sample begins to ignite spontaneously, as 
there is a greater amount of oxidizing-oxygen in the air.

It is important to mention that wood is an anisotropic material and that its physical 
as well as mechanical properties are closely related to the direction of the fibers used 
(Ulpe and Kupče, 1991). After the tests, it can be concluded that the obtained materials 
belong to the group of combustible materials, because when the composite is exposed 
to the ignition source, it ignites, burns or gets charred. When the ignition source ceases 
to operate, material continues to burn or char. In order to improve the fire resistance of 
the composite material, it is necessary to take the essential fire safety measures, as well 
as to ensure the insulation of the material, for example, by using plasterboard sheets. 

Summary. In order to improve the usability of sapropel based biocomposites, they 
must be treated with various means that improve fire safety and biological resistance, as 
this increases the durability and use of composite materials.
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3.7. Biodegradability of the tested materials

Biodegradation experiments were performed by adding the composite materials 
to the soil amended with nutrients and a consortium of microorganisms with a high 
hydrolytic activity (Muter, 2015) in order to provide favorable conditions for degrada-
tion processes. 

For the developed composite materials three types of raw sapropel have been used 
as a binder, i.e., green algae sapropel (GAS); cyanobacteria sapropel (CBS) and car-
bonatic sapropel (CS). Sapropel was mechanically treated by mixing together with 
electrical hand mixer until smooth and homogeneous material was formed. Mixing of 
sapropel-filler mass was done manually until homogeneous and filler was fully cov-
ered with sapropel. Binder-filler mass ratio was 6:1. Metal molds with dimensions of 
30 × 30 cm and with adjustable height were used for composite material production. 
The mixture of raw materials was placed in layers in molds for more dense compos-
ite material structure, higher mechanical strength and for minimizing final product 
shrinkage. Sapropel-filler specimens were cured at the temperature of 80–105  °C for 
36–72 hours until the constant weight was reached. 

Fillers of biocomposite materials were used in the biodegradation test  – wood 
fiber, birch wood sanding dust, hemp shives. Mineral binders developed in previous 
studies were used for these materials – dolomitic lime consisting of 100% DL60 lime 
(Dolomite) and hydraulic lime consisting of 60% DL60 lime and 40% calcinated kaolin 
clay (Clay) (Sinka and Sahmenko, 2015). Binder-filler mass ratio was 2:1. Block peat 
(“Laflora”) was also used for composite materials biodegradation studies as a control 
material (Obuka et al., 2019).

3.7.1. Respiration intensity of microorganisms
The respiration intensity of microorganisms in the experimental batches was 

observed before and after 7-day incubation period at 37 °C. An increase of respira-
tion intensity in the composite materials has been observed. The amended batches at 
the beginning of incubation showed statistically significant difference (p<0.05) and 
varied in the range from 31% to 70%, as compared to the control batch with soil and 
peat (Fig. 3.3 A). The highest respiration intensity was in the soil containing CS/Wood 
fibers, while the lowest – CS/Wood sanding dust, i.e., 7.68 ± 0.35 µg C-CO2/h gdw and 
5.92 ± 0.43 µg C-CO2/h gdw respectively (Fig. 3.3. A). Among the types of composite 
materials, no statistically significant differences were found in respiration stimulating 
effect. In the future, peat can be used for testing as an additional substrate for the bio-
degradation of composite materials. The obtained first data on the respiration intensity 
of peat show a higher activity of microorganisms in it and thus a possible higher bio-
degradation potential of the created biocomposite materials.

The second test was carried out after 7-day incubation period, when readily availa-
ble substrates have been exhausted (Figure 3.3.B). Respiration intensity of microorgan-
isms after 7-day incubation period was considerably lower than that in the beginning 
of the experiment. This can be explained by the fact that microorganisms have already 
degraded easily degradable substances. 
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Figure 3.3. Respiration intensity of microorganisms in a clay loam soil amended with 
nutrients, microbial consortium and composite materials. The ratio of a composite material 

to the substrate was 0.25:10.0. The substrate was prepared as described in Materials and 
Methods, p.2.12 and 2.13. Respiration intensity was measured before incubation (3.3.A) 

and after 7-day incubation period (3.3.B) of a composite material with soil at 37 °C.  
GAS – green algae sapropel; CBS – cyanobacteria sapropel; CS – carbonatic sapropel. 

Control – the soil substrate without composite materials.

Subsequently, these data indicated to the degradation state of comparatively hardly 
biodegradable substances (cellulose, hemicellulose, lignin) resulting in the original 
material fractionation with respect to polymer stability. No respiration was detected in 
the control soil. The highest respiration intensity was detected in CBS-CS/Hemp shives, 
while the lowest – in CBS/Wood sanding dust, i.e., 2.70  ± 0.89 µg C-CO2/h gdw and 
0.70  ± 0.87 µg C-CO2 C-CO2/h gdw, respectively (Fig. 3.3.B.).

The obtained data can be interpreted as the potential biodegradability of the tested 
composite materials under given test conditions. It shows that the materials used are 
biodegradable at a varying rate. It is seen that it is mostly dependent on the used filler. 
The wood sanding dust has the lowest biodegradability as it shows the lowest respiration 
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after 7 days, while wood fibers and hemp shives have higher biodegradability as they 
have higher respiration after 7 days. Sapropel binder shows similar respiration as the 
reference lime binders, as the used sapropel is with high carbonate percentage. The 
used materials demonstrate that with different extent all studied materials are biode-
gradable and can be used to decrease the overall environmental impact of construction 
materials. 

3.7.2. Enzyme activity of microorganisms: fluorescein diacetate 
hydrolysis

One of criteria for evaluating the biodegradability of the tested materials could 
be an increase of microbial enzyme activity, which responded to the presence of bio-
available nutrients. FDA hydrolysis involves the activity of various enzyme groups of 
microorganisms, i.e., hydrolases, proteases, esterases, lipases, etc. (Green et al., 2006). 
As shown in Fig. 3.4., after 7-day incubation period all composite materials added to 
the soil stimulated FDA hydrolysis activity, comparing with the control set. After 7-day 
incubation period in the batch system, the lowest FDA hydrolysis activity was observed 
in the non-composite control (Fig. 3.4.). All tested composite materials show a stimu-
lating effect on the enzyme activity of the microorganisms, with the highest mean value 
for [GAS-CS/Hemp shives], i.e., 2.01 ± 0.75 µM h gdw FDA (Fig.3.4.). 

 

Figure 3.4. Fluorescein diacetate hydrolysis activity of microorganisms in a clay loam 
soil amended with nutrients, microbial consortium and composite materials. The ratio 

of a composite material to the substrate was 0.25:10.0. The substrate was prepared as 
described in Materials and Methods. FDA activity was measured after 7-day incubation 

period of a composite material with soil at 37 °C. GAS – green algae sapropel;  
CBS – cyanobacteria sapropel; CS – carbonatic sapropel. Control – the soil substrate 

without composite materials.

Comparison of the FDA hydrolysis activity showed a statistically significant 
(p<0.05) difference between control and composite materials, except CS/wood fibers. 
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Greater FDA hydrolysis activity may indirectly indicate more intense biodegradation 
processes, as it depends on the availability of nutrients, the concentration of micro-
organisms, and their physical, chemical and environmental properties (Green et  al., 
2006; Mupambwa and Mnkeni, 2016).

Summary. Biodegradation experiments were conducted on 11 samples. The bio-
degradability of the obtained composites has been studied and major differences of the 
biodegradability potential have been found, mostly depending on the filler properties, 
but also on the presence of mineral matter content in the obtained composites. The 
obtained results demonstrate potential to use sapropel as a raw material for composites 
in combination with other waste materials with potential application as construction 
materials and design products, to extend the life of natural materials and achieve aims 
of reduction of waste streams.

3.8. Sapropel, peat, biochar granules for the agricultural 
purposes

Peat is a widespread and important resource in Latvia, 1.2 million tons of peat are 
extracted every year. One of the most common uses for peat is horticulture – for soil 
improvement. Mixing peat with soil can improve its structure and increase acidity. One 
of the main characteristics of peat in agriculture is its ability to retain moisture when 
the soil is dry, thus ensuring water exchange between plants.

On the other hand, total sapropel resources in Latvia are about 2 billion m3. The 
spread of sapropel and its wide range of uses makes it an important natural resource 
that can be used in agriculture, horticulture, forestry, livestock farming, chemical and 
construction industry, balneology and cosmetology (Stankeviča and Kļaviņš, 2014). In 
this thesis part study, sapropel and peat are considered as potential soil improvers in 
the form of granules. Until now sapropel in Latvia was mainly used for fertilization of 
fields. In addition, sapropel can be used as a binder, for example in granules develop-
ment for strength enhancement (Balčiūnas et al., 2016; Obuka et al., 2015; Vincevica-
Gaile et al., 2019).

The aim was to find out the possibilities of peat-sapropel and sapropel granules for-
mation and to evaluate their properties. The sapropel used is derived from the Lake 
Veveru in the Latgale region of Rezekne. The Sapropel of the Lake Veveru has a mois-
ture content of 97.66%, a low density of 1.08 g/cm3 and an organic content of 86.25%. 
The second sapropel used in the study is peaty sapropel with a moisture content of 
90.45%, an organic content of 81.34% and a density of 1.10 g/cm3 (Table 3.1.).

The granules were made in the Building Materials Laboratory of Riga Technical 
University. During the development of the sapropel-peat and sapropel granules, the 
binder was machined prior to incorporation  – compacted to a homogeneous mass. 
The study determined the physical and mechanical properties of test sapropel gran-
ules for three types of granules. Gravity density, water absorption test and granules 
compressive strength, environmental acidity response and electrical conductivity were 
determined.

Granules from pure sapropel and water pH = 7.35, granules from peaty sapropel 
and sapropel pH = 7.36, granules from sapropel-peat pH = 4.52 were made. The formed 



58

granules slowly decompose in the aquatic environment. In the soil environment, gran-
ule decomposition occurs as a result of physical action.

In a study on the development of environmentally friendly granules for agricul-
tural use from sapropel and peat, bulk density (Anonymous, 1999), water absorp-
tion (Anonymous, 2013), mechanical strength (Anonymous, 2007) were determined. 
Gravity density of granules from pure sapropel and water is 639.6 kg/m3, but gran-
ules from peaty sapropel  – 246.1 kg/m3, from sapropel  – peat  – 248.3 kg/m3. The 
water absorption of granules from pure sapropel and water is ≤ 78.9%, granules from 
peaty sapropel – 167.8%, sapropel – peat granules – 163.9%. The mechanical strength 
of pure sapropel and water granules is 1.06 MPa, that of peaty sapropel – 0.46 MPa, 
that of sapropel-peat granules  – 0.44 MPa. As a result, granules with sufficient 
mechanical strength for long-term storage, transport and incorporation into the soil 
were obtained.

Other of Latvia's valuable resources is biomass. By using it in power plants, cogen-
eration plants produce a by-product – bio-char. This by-product can be used rationally, 
for example, in agriculture. The incorporation of bio-char into the soil results in carbon 
sequestration and positively influences soil properties. The sorption capacity provided 
by the porosity and surface area of the bio-char prevents the leaching of plant elements 
and reduces the risk of soil contamination from reaching the plant parts (Hansen et 
al., 2017). Sapropel, on the other hand, is a valuable natural resource of Latvia that can 
be used as a binder, and it is also traditionally used as a soil improver or supplemen-
tary fertilizer (Balčiūnas et al., 2016; Obuka et al., 2015; Stankeviča and Kļaviņš, 2014). 
Currently, there is no production of bio-char products for agriculture in Latvia and 
their supply is not wide in Europe either.

The aim of the study was to investigate the possibilities of bio-char-sapropel gran-
ules formation and to evaluate their properties by using bio-char as a by-product in 
cogeneration plants. The study used biochar obtained by pyrolysis at 600 °C. Their raw 
material is various hardwoods. The sapropel used was derived from Lake Pikstere in 
Jekabpils region, Selonia region. This sapropel contains 96.71  ±  0.22% moisture and 
82.7 ± 0.26% organic matter (dry matter).

The granules were manufactured at the Rudolfs Cimdiņš Riga Biomaterial Inno
vation and Development Center by extruding, grinding and then rounding a mixture of 
non-dried sapropel and biochar. For the specimens concerned, the sapropel binder was 
machined prior to incorporation – blended to a homogeneous mass. When working 
with this method, the most suitable ratio of biochar to sapropel for granules is 3:10 in 
non-dried form (or 9:1 in dry product). The result is granules with a high mechanical 
strength for storage, transport and incorporation into the soil.

In the result granules has a water extraction pH of 10 and an electrical conductiv-
ity of 703.5 µS/cm (gradually increasing as the pellet decomposes). In this case, the 
high values are determined by bio-char and can be used to adjust soil pH. The bulk 
density of the granules (0.31  ±  0.07 g/cm3) is low compared to the pressed bio-char 
granules currently available on the market. From a logistical point of view, low density 
is not a desirable feature, but for soil improvement it can serve to solve the problem of 
soil compaction. In the aquatic environment, granules decompose slowly because both 
ingredients are water insoluble. Therefore, their degradation in the soil environment 
is due to physical effects, but the degradation of both bio-carbon and sapropel is slow 
(De Gisi et al., 2014).



59

The pellets contain 0.005–0.12 g/kg phosphorus, 0.052 g/kg nitrogen, 5.4–5.7 g/kg 
potassium, 19.3 19.6 g/kg calcium and 44.2 g/kg magnesium available in plants forms. 
In general, the composition of the elements of granules is sufficient to ensure plant 
development. However, for optimal plant development, some nutrients are needed 
in larger quantities (eg phosphorus, iron, zinc). The materials used are free of heavy 
metals and are considered safe for use in agriculture. 

Determination of moisture was determined 7 times for each sample (Table 3.6.).

Table 3.6
Determination of moisture content (%) of biochar and sapropel granules

Original and composite material Moisture
Sapropel, % 96.71 ± 0.22 

Biochar, % 3.14 ± 0.19 

Mixture, % 74.04 ± 0.27 

After extrusion – cylindrical granules, % 63.19 ± 0.36 

Rotational Molding – Spherical Granules, % 63.19 ± 0.36 

After drying – cylindrical granules, % 3.56 ± 0.39 

Rotary drying – spherical granules, % 4.13 ± 0.47 

Bulk density of Lake Pikstere and biochar granules: by type of granules – cylindrical 
after extrusion (0.31 ± 0.07 g/cm3), spherical after extrusion (0.47 ± 0.18 g/cm3), spher-
ical after rotation molding movements (1.00 ± 0.43 g/cm3). The granules have a  low 
bulk density compared to commercially available compressed biochar granules.

Granules contain 0.005-0.12 g/kg of phosphorus, 0.052 g/kg of nitrogen, 5.4–57.7 g/kg  
of potassium, 19.6 g/kg of calcium, 0.002-0.003 g/kg of iron and 44.2 g/kg of magne-
sium in forms available to plants. The composition of the granule elements is sufficient, 
but in order to ensure efficient plant development, the composition of the elements 
must be adapted to the needs of the soil. Analysed raw materials do not contain heavy 
metals and are therefore considered safe for use in agriculture. 

Summary. Sapropel is suitable for use as a binder in the development of biochar, 
peat composites and provides sufficient strength of the granules, regardless of whether 
the granules are made by the extrusion method or by the rounding-agglomeration 
method. The use of biochar-sapropel granules in agriculture should be considered as a 
prospective. They are technically easy to manufacture, and their physical properties are 
suitable for storage and transport. 

3.9. Sapropel composite material microbiological stability 

Microbiological stability of sapropel and lime as binder for composite materials of 
hemp, sapropel as binder for wood fiber, wood wool were studied. Sapropel with high 
organic matter content can be used as a binder or adhesive additive in the produc-
tion of environmentally friendly composite materials (Balčiūnas et al., 2016; Obuka 
et al., 2016).
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This study used sapropel-lime, magnesium oxide-chloride, and lime binders; filler 
composite materials included hemp shives, wood fiber, and birch wood sanding dust. 
The fillers used are industrial and agricultural by-products that needs to be recycled or 
used repeatedly. The use of hemp-lime composite has a positive impact on the environ-
ment and is directly linked to CO2 emissions. Both components are absorbed by CO2 – 
lime during hardening (carbonation) and hemp – during growth (Shea et  al., 2012). 
Sapropel also contains CO2 in the form of organic substances during formation, thus 
being equivalent to hemp-lime materials.

Additive ALINA LIFETM was used as an antimicrobial component. The compos-
ite materials were prepared in the Riga Technical University Laboratory of Building 
Materials, Institute of Materials and Structures. Mechanical strength, thermal conduc-
tivity, microbiological stability (194 samples in total) and the environmental reaction 
(pH) were determined for the composite materials. Prior to microbiological resistance 
tests, some samples were subjected to freeze-thaw cycles and artificially aged. Frost resis-
tance test mode corresponds to frost resistance test according to EN 12390-9. Samples 
were aged at +20 ± 1 ° C for 1 hour and –20 ± 1 ° C for 3 hours. All samples were sub-
jected to 30 freezing and thawing cycles. Microbiological stability was also tested on 
specimens that were not subjected to freezing and thawing cycles. The samples were 
tested using the fungi Alternaria alternata and Cladosporium herbarum.

The fungi Cladosporium herbarum and Alternaria alternata are common allergens 
and their spores are found in the outdoor and indoor air (Breitenbach and Simon-
Nobbe, 2002). Alternaria alternata is a world-wide saprotrophic fungus that is capable 
of developing on a variety of plants and other substrates. The fungus is able to adapt 
to different growing conditions, but is mainly found in soil and compost materials, 
but it is also a plant pathogen (Doustmorad and Javad, 2015). Also found naturally in 
soil and compost materials, Cladosporium herbarum is found in air, food, textiles and 
many other substrates. Under certain conditions, it is also capable of developing into 
other fungi and healthy plant leaves (Schubert et al., 2007). Microscopic fungal genera 
such as Alternaria, Epicoccum, Fusarium, Phomopsis, Cylindrosporium, Phyllosticta and 
Cladosporium are frequently found on wood and herbaceous plants (Adamčíková and 
Hrubík, 2015). Both Cladosporium and Alternaria spp. high concentrations are also 
often found on building facades in temperate climates, as these fungi are resistant to 
natural sunlight. The pigments of these fungi paint the surfaces in dark tones. Because 
the materials we investigate are of natural origin, containing wood and fiber materials, 
processing is required to ensure antimicrobial activity and protection.

During the research it was found that the fungi of the genera Sordaria, Alternaria 
and Fusarium are the most common on the materials used. Isolated cases of Penicillium, 
Acremonium, Paecilomyces, Trichoderma, Mucor and Stachybotrys spp.  – it indicates 
that the substrates contain sufficient moisture and nutrients for fungal development. 
Well-developed fungi were observed on sapropel-wood fiber and birch wood sanding 
dust materials, which can be explained by the fact that the pH level is neutral (pH = 
6–7) or even slightly acidic (pH = 5), that wood is naturally a suitable substrate for 
many fungi.

Fungal development was practically non-existent on hemp-lime materials and 
hemp-magnesium chloride binder as well as hemp-sapropel-lime binder materials. 
This is due to the antimicrobial activity of cannabis (Ali et al., 2012), as well as the natu-
rally high pH (pH = 9–12) of lime, which adversely affects fungal development.



61

The study proved that increased intensity (Figure 3.5.) of fungi growth occurs in 
materials that are made of wood fibre, wood dust and and sapropel as binder. It should 
be revealed that the fungi species that grow on the material depend on the type of 
material, filler and binder. Designation of used materials and methods can be seen in 
3.7. table.

Table 3.7
Designation of used materials and methods

Designation
Sapropel S
Sapropel-lime-hemp composite SLHC
Lime-hemp composite LHC
Magnesium-hemp composite MHC
Sapropel-wood fibre SWF
Sapropel-wood sanding dust SWD
Ageing in climate chamber CH
ALINA organoclay additive coating AO
Magnesium oxychloride coating MH
Lime binder coating LH
Alternaria alternata A
Cladosporium herbarum C
Control sample K
Evaluation/Intensity of growth E
Magnesium oxychloride cement MOC
Formulated hydraulic lime FHL
Hydraulic lime HL
Magnesium phosphate cement MPC
Hemp shives HS
Flax shives FS
Wood wool/wood fiber WW
Wood fibre cement board WC
ALINA additive AL
Biocide additive B
Fungi mixture F
Control without additive K

Sample preparation, mixtures and curing. The mixing of the samples was done 
manually. Mixtures of the samples are listed in Table 2. Mixtures of the LHC, SLHC and 
MHC have two different target densities – 300 and 500 kg/m3 in order to test variation 
of properties at different densities.

To mix the LHC (1,2) samples and SLHC (1,2) samples, at first shives were mixed 
with lime and then water (for LHC) or sapropel (for SLHC) were added. The shives: 
water or sapropel ratio is 1:2.5 (samples 1) and 1:5 (samples 2). Added water or sapro-
pel: lime ratio in composite materials were 1:1.
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The SWD and SWF were made by mixing sapropel-filler mass. It was done manu-
ally until homogeneous mixture has been obtained at the stage where filler was fully 
covered with binder. Sapropel was mechanically treated by mixing together with elec-
trical hand mixer until homogeneous material has formed. Organoclay additive was 
added to the mass and treated by mixing until smooth mass has formed. Metal mold 
(dimension of 30 × 30cm) with adjustable height was used for composite material cur-
ing. The mixture of raw materials was put in mold. Sapropel-filler samples were cured 
at the temperature of 80 °C for 72 hours.

For the MHC samples, at first shives were premixed with water, for hemp shives not 
to deprive MOC binder of the water because of its high hygroscopic nature. The shives: 
water ratio was 1:1.25. MgO was added in dry form, mixed with wet shives, afterwards 
MgCl2 brine was added and blended together, MgO:MgCl2 ratio was 1:0.67.

After mixing the samples were laid in molds hand compressing every ⅓ of the 
height. Samples were demolded after 2 days and afterwards were cured for 28 days in 
laboratory conditions (40 ± 10 %RH and 20 ± 2 °C) until testing.

Figure 3.5. Inhibition of Cladosporium herbarum growth:  
Sapropel binder materials.

Process of SWD and SWF materials results indicated a tendency of organoclay 
improvement for antifungal activity to the composite materials. After intensity of fun-
gal growth was assessed visually it was seen that the structure is not degraded compar-
ing to materials without additive. As well climate chamber made changes to composite 
materials. Consequently, it can be seen that SWF-AO is 6% comparing to SWF-AO-CH, 
which is 30% of Cladosporium herbarum growth intensity (Figure 3.5.).

Fungal growth was practically not observed on hemp-lime and hemp materials – mag-
nesium chloride binder, as well as hemp-lime sapropel-adhesive materials (Table 3.8.). 
This can be explained by cannabis antimicrobial effects (Ali et al., 2012), as well as lime 
naturally high 9–12 pH, which negatively affects the development of the fungi.
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Table 3.8
Inhibition of Cladosporium herbarum (C); Alternaria alternata (A) growth 

Control sample (K) growth of other fungi: MHC, LHC, SLHC materials.  
Colour legend as in Table 2.3

Nr. Sample label
E

A C K
 1 MHC 1.7 1.7 1
2 MHC-MH 1 1 1
3 MHC-AO 1 1.7 1
4 SLHC 1.3 1 1
5 SLHC-LH 2 1.7 1
6 SLHC-AO 1 1.3 1
7 LHC 1 1 1
8 LHC-LH 1 1 1
9 LHC-AO 1.3 1 1

10 MHC-CH 1.5 2 2
11 MHC-CH-MH 1.5 1 1

12 MHC-CH-AO 1 1 1

13 SLHC-CH 1 1 1
14 SLHC-CH-LH 1 1 1
15 SLHC-CH-AO 2 1 1
16 LHC-CH 1 1 2
17 LHC-CH-LH 1.5 2 1
18 LHC-CH-AO 1 1 1

It must be emphasized that it is the dried wood surface that has absorbed moisture 
and consequently has increased susceptibility to fungi. It also proved in this research, 
because materials made of wood dust and fiber and sapropel as binder in evaluation 
of intensity of growth (Table 3.9.) got 3.3–5 which indicates visible growth more than 
50% coverage to 100% (covering the whole surface of the sample). These materials have 
neutral 6–7 pH or slightly acidic pH 5.

Table 3.9
Inhibition of Cladosporium herbarum; Alternaria alternata growth 

Control sample growth of other fungi: Sapropel binder materials. Colour legend as in Table 2.3

Nr. Sample label
E

A C K
19 SWD 3.7 4 3.7
20 SWF 3.3 3.7 5
21 SWD-AO 5 4 2.3
22 SWF-AO 3.3 2.3 2.3
23 SWD-CH 3.5 4 4.5
24 SWF-CH 3.3 3.5 5
25 SWD-CH-AO 4.5 4 3
26 SWF-CH-AO 4 4.5 3.5
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The results show that the composite filler particle type, composition as well as sur-
face area have an effect on the intensity of growth of fungi. The fungi (moulds) used 
in the experiment are present in the cellulose-rich plant debris (Bech-Andersen, 
2004; Klamer et  al., 2004). Moulds are the first indicator that the building and con-
struction materials have begun to deteriorate and lose their good qualities. The next 
organisms that begin to degrade the material after moulds, are bacteria and white and/
or brown rot fungi. It should be noted that the development of the fungi on materials 
requires less moisture than bacteria (Hyvärinen et al., 2002)once moistened, may pro-
vide ecological niches for various microbes that have not been well characterized. The 
aim of the current study was to determine whether fungal genera and actinobacteria 
were associated with seven types of moisture-damaged building materials by system-
atically describing the mycobiota and enumerating fungi and bacteria in these materi-
als. Microbial analyses were obtained from 1140 visibly damaged samples of building 
material, viz, wood, paper, non-wooden building boards, ceramic products, mineral 
insulation materials, paints and glues, and plastics. Fungal and bacterial concentrations 
correlated well (r = 0.6. The literature describes that materials can be protected from 
fungal and bacterial degradation using boric acid and other antifungal and antibacte-
rial agents, which are widely used in medicine and the wood industry material storage 
(Haleem Khan and Mohan Karuppayil, 2012).

Together 3 experiments were done in microbial stability tests. 
For the test part 2.1. of the experiment, the samples were prepared in 70 × 70 × 70 mm 

cube moulds, wood wool (WW) was cut with a similar surface area. For the second 
stage, the samples were prepared in 40 mm diameter and 10 mm high cylindrical forms, 
with wood fibre cement board (WF) and WW cut with similar surface area; for the test 
part 2.2., additional samples with lowered mineral binder amount were also produced, 
using 50% and 20% of the binder amount of the first stage with the same amount of 
shives, producing samples with less binder coverage and microbiological protection.

Of the 75% RH material samples, only MPC and WW showed an overgrowth 
(Figure 3.6.); no fungal overgrowth was observed on other samples. Under such humid-
ity conditions, only fungi that are in the category of primary colonisers can grow and 
they have low activity, which results in small overgrowth.

Figure 3.6. Control samples of wood wool covered with Trichoderma (A) and MPC 
composite covered with Penicillium and Aspergillus (B).
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Table 3.10
Detected fungi at the first stage of the experiment

Type Inoc. C A B pH

MOC
F Penicillium, Aspergillus, 

Cladosporium herbarum
Penicillium, 
Aspergillus 0

9.76
K Aspergillus, Scopulariopsis Chaetomium 0

FHL
F 0 Simplicillium Verticillium

11.99
K 0 0 0

MPC
F Aspergillus, Penicillium – –

10.45
K 0 – –

WW
F Trichoderma – –

4.28
K Aspergillus niger, Trichoderma – –

SLHC
F Aspergillus Scopulariopsis 0 12.18
K Aspergillus, Chaetomium 0 0 12.16

At 99 % RH, MPC showed intensity of growth level 4, wood wool showed inten-
sity of growth level 3, and both showed macroscopic fouling with fungi (Fig. 3.6.); the 
remaining specimens showed intensity of growth level 1 or an increase in microscopi-
cally detected fungi. The low microbiological stability of wood wool can be explained 
by a low pH level of 4.28. Although magnesium phosphate cement has a high pH level 
of 10.45 that develops with time as the cement hardens (Jia et  al., 2019), it has low 
microbiological stability, which is related to the monopotassium phosphate that is used 
as a hardener for the binder. Monopotassium phosphate water solution has a pH lower 
than 7 and can also be used as a c mineral fertiliser (Hegedűs et al., 2017; Shen et al., 
2017)and thus phosphate fertilizers contain significant amounts of U-238, K-40 and 
Ra-226. These can leach out of the fertilizers used in large quantities for resupplying 
essential nutrients in the soil and can then enter the food chain through plants, thereby 
increasing the internal dose of the affected population. In the current study, the radio-
logical risk of eight commercially available phosphate fertilizers (superphosphate, NPK, 
PK thus the undissolved part of the hardener can serve as a nutrient for fungal growth.

The fungal species found in the samples of the materials are summarised in Table 
3.10., where it can be seen that the main fungi that developed in the samples were 
those that were inoculated with the suspension, but others – such as Verticillium, 
Simplicillium, and Aspergillus niger – were also found.

As the first stage of the experiment did not show enough fungal growth to be able 
to fully compare the different materials, it was necessary to perform the second stage of 
the experiment. In the first stage, humidity was increased only when a decrease in air 
RH was detected in the samples with humidity sensors. Although microscopic fungal 
growth was observed in most of the samples, it can be concluded that such humidity 
conditions were not sufficient to produce fungal growth large enough to be compared 
by visual inspection. Therefore, in the second round of experiments, the control of 
humidity conditions was significantly increased by adding 3 ml of sterile water twice a 
week, and binder amounts for mineral binders were decreased to 50% and 20% of those 
used in the first stage

From analysing the changes in the microbiological stability of composites depend-
ing on the concentration of the binder (Fig. 3.7), it can be concluded that a decrease 
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in the amount of mineral binder decreased microbiological stability. For MOC, FHL, 
and HL biocomposites at 100% concentration the fouling assessment was 0–1.5, at 
50% concentration it was 1–3, and at 20% it was 2.5–4 (Fig. 3.7.). 

Figure 3.7. The second stage of the experiment: fouling depending on binder
Fouling depending on binder. Intensity of growth is evaluated after visual  

assessment scale (0–4) showed in Table 2.4.

The decrease in microbiological stability correlated with the lowering of pH in the 
specimens. Lime-based binder biocomposites (FHL and HL) showed higher microbio-
logical stability than MOC biocomposites, since on the 100% binder specimens fouling 
was not observed, while on the MOC the fouling corresponded to the levels 1–2. At 
50% and 20% specimens, this difference disappeared. This can be attributed to the pH 
level, which for the lime-based specimens was around 12 at 100% but for the MOC was 
9.76, while the reduction of binder in 50% and 20% specimens resulted in a similar pH 
and microbiological stability (Table 3.10.).

The decrease in microbiological stability in the MPC biocomposites was less pro-
nounced, as the intensity of growth at 100% concentration was 2–4, while at 20% it 
was 3–4. Such an increased intensity of growth in MPC was similar to the results of 
the first stage of the experiment and can be explained by the impact of the hardener, 
potassium phosphate. Although the growth was found on local spots, it was evalu-
ated as level 4; this can be seen as a drawback of the visual assessment method and 
scale used as, for example, there was no distinction between HL-20 (Fig. 3.10.) and  
MPC-20 samples (Fig. 3.11.).

A comparison of control (K) and fungal inoculated (F) samples (Figure 2) showed 
that artificially inoculated samples had an increase of between 20% and 50%. Table 
3.11. shows the diversity of fungal colonies in the samples as determined by micro-
scopic examination of the fungi. It can be seen from the table that the fungi found in 
the inoculated samples, mainly Aspergillus versicolor, Penicillium chrysogenum and 
Cladosporium herbarum, were almost absent in the control samples. 

The comparison of control samples and samples with improved microbial stability 
by organoclay additive or biocide coating (Table 3.9.) showed that both types of coating 
generally improved microbial stability. Organoclay-added samples showed 13.8% lower 
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overgrowth and those with the biocide product had 9.1% lower. However, this effect 
was not the same for all formulations. Organoclay additive in HL binder showed no 
improvement, neither did biocide for MOC and FHL binders.

Figure 3.8. Materials after microbiological stability tests  
A) hemp shives; B) flax shives, C) wood wool; D) wood fibre cement board

The microbiological stability of the biocomposite aggregate hemp shives (HS) was 
low – the intensity of fungal growth was 3.2–4 (Fig. 3.8). Some literature sources tend 
to attribute antibacterial properties to the hemp shives (Ali et al., 2012), but the experi-
ments showed fungi fouling on them. However, when compared with the aggregate of 
similar origin, flax shives (FS), it can be observed that the flax shives were completely 
covered with fouling (Fig. 3.8.) and fungal growth started much earlier than for the 
hemp shives. Thus, hemp shives have somewhat better microbiological resistance than 
flax shives, but with the methods used in this research, they cannot be distinguished as 
both had macroscopic growth covering >80% of the surface and no evaluation accord-
ing to the speed of fungal growth has been made, which limits a full interpretation of 
the research results. 

The microbial resistance (Fig. 3.8.) of the reference building materials – wood wool 
(WW) and wood fibreboard (WF) – was also experimentally tested. The fastest growth 
of Trichoderma on wood wool was due to the low pH 3.63 (Table 3.11.), similar to the 
first stage of the experiment (Fig. 3.6.). However, the WF samples showed very high 
microbial resistance and a high pH of 11.8. Only a small amount of Paecilomyces was 
detected in most samples (Table 3.12.).

In the second stage of the experiment, it was discovered that fungi belonging to 
the species of Paecilomyces and Stachybotrys were the most common on the mate-
rials included in the research. In some cases, Penicillium, Acremonium, Cladosporium, 
Aspergillus, Trichoderma and Mucor were also observed, indicating that the substrates 
contained sufficient amounts of moisture and nutrients for the fungal development. 
Most of these fungi feed on cellulose; therefore, they can be found on cellulose-based 
materials (Bech-Andersen, 2004; Klamer et al., 2004). Stachybotrys also feeds on lignin 
and for this reason, it is often found on wood and its products (Vance et al., 2016), and it 
is also known as black mould (Ding et al., 2018). Since hemp shives contain high levels 
of lignin and cellulose, this type of fungi can be found on a large number of specimens 
(Fig. 3.9.–3.11.). The mycotoxins produced by these fungi cause allergic reactions, and 
they are often associated with various health problems caused by inappropriate indoor 
microclimate (Hossain et al., 2004).
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Table 3.11
Assessment of fungal colonies growth in the second stage of experiment 

Colour legend as in Table 2.4

Type Inoc. C AL B pH

MOC-100
K 1 0 2 9.76
F 1.6 1 1

MOC-50
K 2.3 1 1 9.55
F 3 1 3

MOC-20
K 2.6 2.3 3 9.55

F 4 3 4

FHL-100
K 0 0 0 11.99

F 0 0 0

FHL-50
K 1 0 1 9.24

F 3 3 3

FHL-20
K 3.6 1 3 9.17

F 4 4 4

HL-100
K 0 0 0 12.40

F 0 0 0

HL-50
K 3 3 0 8.68

F 3 3 1.5

HL-20
K 4 4 4 8.61

F 4 4 3

MPC-100
K 2 2 2 10.49

F 4 4 3

MPC-50
K 2 2 3.5 10.47

F 4 3 4

MPC-20
K 3 3 3 10.32

F 4 1 1

HS
K 3.8 4 1 8.50

F 4 4 4

FS
K 4 7.25

F 4

WW
K 3 3.63

F 3

WF
K 1 11.80

F 0

SLHC
K 0 0 0 11.99

F 0 0 0

SLHC – B
K 0 0 0 12.1

F 0 0 0
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A B C 
Fig. 3.9. Magnesium oxychloride biocomposites with varying binder amount:  

A) MOC-100, B) MOC-50, C) MOC-20.

A B C 
Fig. 3.10. Hydraulic lime biocomposites with varying binder amount:  

A) HL-100; B) HL-50; C) HL-20.

A B C 
Fig. 3.11. Magnesium phosphate biocomposites with varying binder amount:  

A) MPC-100; B) MPC-50; C) MPC-20.

A B C 
Fig. 3.12. Formulated hydraulic lime biocomposites with varying binder amount:  

A) FHL-100; B) FHL-50; C) FHL-20.
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Table 3.12
Detected fungi and other organisms on samples

Type Inoc. C AL B

MOC-100
K Paecilomyces 0 Paecilomyces
F Paecilomyces Paecilomyces Paecilomyces

MOC-50

K Paecilomyces Paecilomyces Paecilomyces

F Paecilomyces, Scopulariopsis Paecilomyces
Paecilomyces, 
Aspergillus, 
Cladosporium

MOC-20

K Paecilomyces Paecilomyces Paecilomyces

F Cladosporium, Paecilomyces, 
Scopulariopsis

Aspergillus, 
Paecilomyces, 
Scopulariopsis

Paecilomyces, 
Scopulariopsis

FHL-100
K 0 0 0
F 0 0 0

FHL-50
K 0 0 0

F Scopulariopsis, Cladosporium, 
Aspergillus, Paecilomyces 0 Scopulariopsis

FHL-20

K Acremonium, Paecilomyces Paecilomyces Scopulariopsis, 
Paecilomyces

F Cladosporium, Scopulariopsis
Paecilomyces, 
Scopulariopsis, 
Stachybotrys

Paecilomyces, 
Scopulariopsis, 
Cladosporium

HL-100
K 0 0 0
F 0 0 0

HL-50
K 0 0 0

F Aspergillus, Cladosporium, 
Paecilomyces

Paecilomyces, 
Chaetomium Paecilomyces

HL-20

K Scopulariopsis,  
Paecilomyces Paecilomyces Paecilomyces

F

Paecilomyces, Chaetomium, 
Penicillium, Trichoderma, 
Cladosporium, Coprinus 
comatus, Scopulariopsis, 
Stachybotrys

Paecilomyces, Coprinus 
comatus, Scopulariopsis

Paecilomyces, 
Scopulariopsis

MPC-100
K Scopulariopsis Paecilomyces Paecilomyces, 

Scopulariopsis

F Paecilomyces, Scopulariopsis, 
Actinobacteria, Readeriella

Paecilomyces, 
Scopulariopsis Paecilomyces

MPC-50
K Paecilomyces, Scopulariopsis Paecilomyces Paecilomyces

F Readeriella, Paecilomyces, 
Scopulariopsis Readeriella, Paecilomyces Readeriella, 

Paecilomyces

MPC-20

K Paecilomyces, Scopulariopsis Paecilomyces Paecilomyces

F Paecilomyces, Scopulariopsis, 
nematodes, Readeriella

nematodes,  
Paecilomyces,  
Mucor,  
Trichoderma

Paecilomyces



71

HS

K Coprinus comatus, 
Paecilomyces, Geotrichum 0 Chaetomium

F
Mucor, Cladosporium, 
Chaetomium, Coprinus 
comatus, Stachybotrys

Mucor, Stachybotrys, 
Coprinus comatus

Mucor, 
Cladosporium, 
Chaetomium, 
Stachybotrys, 
Alternaria

FS

K
Scopulariopsis, Acremonium, 
Coprinus comatus, 
Paecilomyces

– –

F
Nematodes, Paramecium, 
Paecilomyces, Coprinus 
comatus, Alternaria

– –

WW
K Paecilomyces, – –

F Trichoderma – –

WF
K Paecilomyces – –
F – – –

SLHC
K 0 0 0
F 0 0 0

SLHC – B
K 0 0 0
F 0 0 0

The environmental reaction (pH) plays an important role in the spread of fungi and 
bacteria in building materials and was measured in both the first and second stages of 
the experiment. The composite materials with pH levels up to 8 are more susceptible 
to colonisation by microorganisms than alkaline cement materials, which have a pH of 
about 12–14 and are therefore relatively insensitive to colonisation in the early state of 
the composite. However, over time, the carbonation process lowers the pH of cementi-
tious alkaline materials to about 9, allowing the microorganisms to develop on the 
materials. studies have examined the accelerated carbon- ate contamination of mortars 
and show that their bioavailability is significantly increased. Thus, such composites can 
be a significant source of indoor air pollution (Verdier et al., 2014)mortar, etc.

Summary. Microbiological stability tests have been developed for sapropel-based 
new materials for application of functional properties. Biocomposite material, where 
sapropel was used as a binder, shows one of the highest microbiological stability results. 
In addition, fungi and other organisms were not detected on the samples.

The tested sapropel, lime and magnesium oxychloride cement composite material 
have a higher microbiological resistance than commercially used wood wool insulation; 
therefore, they have the potential to be used in construction under similar conditions, 
i.e. in structures protected from external moisture. Using visual expert conclusions, as 
in this study, can give a modest insight into the microbiological resistance and stabil-
ity of the studied composite materials. It may also be that a fungus with a robust effect 
on the material can give a low growth percentage share. Organoclay-added samples 
showed 13.8% lower overgrowth and those with the biocide product had 9.1% lower, 
however incompatibility was observed with formulated hydraulic lime (20%), mag-
nesium oxychloride cement (20%), hydraulic lime (20 %) and magnesium phosphate 
cement (100%) binders.
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3.10. Comparison of created sapropel and peat based 
biocomposite materials

In order to determine which material is the most promising for use in the con-
struction industry as a thermal insulation material, a comparison of materials was 
performed taking into account the study of their essential properties. Thermal con-
ductivity, microbial resistance, mechanical strength results, microbial resistance, sound 
insulation, auto-ignition, biodegradability was taken into account (Table 3.10.)

Table 3.10
Sapropel and peat based biocomposites comparison

Biocom-
posite 

material
Composition

Thermal 
conduc-

tivity,  
W/m3

Micro-
bial re-

sistance, 
scale 
1–5*

Mechanical 
strenght, MPa
Compressive 

strenght/ Flex-
ural strenght

Sound 
insu-

lation, 
dB

Auto–
igni-

tion, T

Biode-
gradabil-

ity, relative 
units**

SLHC
Sapropel
Lime
Hemp

0.089 0 0.77 – – –

SWF Sapropel
Wood fiber 0.060 4 0.60 – – –

SWD
Sapropel
Wood sanding 
dust

0.061 3.8 0.67 – – –

CS–GAS–
HS

Sapropel
Hemp 0.063 – 0.101/0.05 – – 0.40

CS–CBS–
HS

Sapropel
Hemp 0.059 – 0.159/0.06 – – 0.31

GAS–WW Sapropel
Wood fiber 0.055 – 0.221/ 0.069 – – 0.35

CBS–WW Sapropel
Wood fiber 0.060 – – – – 0.16

GAS –WD
Sapropel
Wood sanding 
dust

0.061 – 0.71/ 0.164 – – 0.11

CBS–
WD–
Aerosil

Sapropel
Wood sanding 
dust
Aerosil

0.080 – 0.68/ 0.203 – – –

Sapropel – 
particle 
board

Sapropel
Wood chips 0.067 – 0.06 /0.02 31–32 296 –

Peat – 
particle 
board

Peat
Wood chips 0.06 – 0.13/0.3 30–32 333 –

* Evaluation of fungal growth on materials (average values) is showed in Table or 2.3. and 2.4. 
Separate scales have been used in different studies, but they have been harmonized to give comparable 
results.
** Ratio of respiration intensity after 7-day incubation period and at the begining of incubation.
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The thermal conductivity results are alike for the developed materials and they 
show that the materials can be used for the development of environmentally friendly 
composite materials with insulating properties.

The bio-based composite material, where sapropel was used as a binder, shows one 
of the best results of microbiological stability. Furthermore, no fungi or other organ-
isms were detected on the samples. The compressive strength test results show that 
materials are stable and can be used as thermal insulation materials. 

The biodegradability of the obtained biocomposite materials was studied and differ-
ences in the biodegradability potential were found, mainly depending on the properties 
of the filler, but also on the presence of mineral content in the obtained composites.

The comparative evaluation of the created biocomposite materials in thesis, indi-
cates that the properties of materials support their application possibilities, and the 
obtained knowledge can promote development of new materials.
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CONCLUSIONS

1. 	 Organic-rich sapropel is prospective material for diverse applications: it shows high 
prospects to act as biological glue combined with fibrous organic materials.

2. 	 Using local resources such as sapropel and by-products of the production process, 
such as birch wood sanding dust, birch wood fibers, hemp shives and wood chips, it 
is possible to develop environmentally friendly composite materials in construction 
and agriculture, adapting them to the needs of use.

3. 	 Biological stability of natural sapropel containing biocomposites is one of key 
parameters for their application potential and should include detailed evaluation of 
composites in respect to major groups of microorganisms of concern.

4. 	 The mechanical and thermal properties of sapropel-based composites were similar 
to those of synthetic as well as mineral materials, suggesting that sapropel com-
posites could have similar use in the construction industry: as a self-bearing wall 
thermal insulation material that works together with the structural timber frame. 

5. As the sapropel-based building materials have high organic content, they are vulner-
able to biodegradation; therefore, antimicrobial additives are significant to add.

6. 	 Microbiological stability and biodegradation tests have been developed and adapted 
to apply the functional properties of sapropel-based biocomposite materials.
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ANOTĀCIJA
Promocijas darba “SAPROPELIS BIOKOMPOZĪTMATERIĀLU IZSTRĀDEI: 

ĪPAŠĪBU IZPĒTE UN PIELIETOŠANAS IESPĒJAS” mērķis ir izpētīt sapropeļa īpašības 
un iespējas to izmantot biokompozītmateriālu izstrādei izmantošanai lauksaimniecībā, 
celtniecības nozarē un citās jomās, kā arī pārbaudīt iegūto materiālu īpašības attiecībā 
uz to pielietošanas iespējām. Biokompozītmateriālu paraugi tika veidoti, izmanto-
jot dažādu veidu sapropeli kā saistvielu un bērza koksnes slīpputekļus, bērza koksnes 
šķiedru, kaņepju spaļus un šķiedru, aerosilu, mahagonijas zāģu skaidas kā pildvielas. 
Sapropeļa kā līmvielas īpašību pārbaudei tika izmantots bērza lobītais finieris, dižskā-
barža finieris un gabalkūdra. Darba teorētiskā daļā ir veikts pārskats par sapropeļa 
īpašībām un sastāvu, videi draudzīgu būvmateriālu izmantošanas iespējām. Izveidotie 
biokompozītmateriāli tika analizēti nosakot to mehānisko izturību, siltumvadītspēju, 
mikrobioloģisko stabilitāti, biodegradāciju, kompozītmateriālu novecināšanos, kompo-
zītmateriālu spiedes un lieces izturību, skaņas izolācijas īpašības, pašaizdegšanās iespē-
jas. Promocijas darbā pierādīts, ka, izmantojot vietējos resursus, piemēram, sapropeli, 
un ražošanas procesa blakusproduktus, piemēram, bērza koksnes slīpputekļus, kok-
snes šķiedras, kaņepju spaļus un šķiedru, būvniecībā un lauksaimniecībā ir iespējams 
izstrādāt videi draudzīgus biokompozītmateriālus, tos pielāgojot lietošanas vajadzībām. 
Dabiskā sapropeļa, kas ietilpst biokompozītmateriālu sastāvā, mikrobioloģiskā stabili-
tāte ir viens no galvenajiem parametriem to pielietošanas potenciālam, un tajā jāietver 
detalizēts biokomkompozītmateriālu novērtējums attiecībā uz galvenajām mikroorga-
nismu grupām, kas ir sastopamas celtniecības materiālos. Sapropeļa biokompozītma-
teriālu mehāniskās un siltumizolācijas īpašības ir līdzīgas ar komerciāli pieejamiem 
materiāliem, kas liek secināt, ka sapropeļa biokompozītmateriālus varētu līdzīgi izman-
tot būvniecības nozarē.

Promocijas darba kopsavilkums sastāv no 27 lappusēm un satur vienu attēlu un čet-
ras tabulas. 

Atslēgas vārdi: sapropelis, saistviela, kompozītmateriāls, mikrobioloģiskā stabili-
tāte, biodegradācija
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IEVADS
Mūsdienu ekonomika visā pasaulē lielā mērā ir balstīta uz fosilo materiālu izman-

tošanu (Ingrao et al., 2018), un šī pieeja ievērojami veicina resursu izsīkšanu, vides pro-
blēmas, un, jo īpaši klimata izmaiņas. Bioekonomiku (biotehnonomiku) var uzskatīt 
par alternatīvu fosilo materiālu balstītai ekonomikai, un tā balstās uz biomasas vai bio-
tehnoloģijas izmantošanu preču, pakalpojumu vai enerģijas ražošanai (Lewandowski, 
2018). Ņemot vērā pasaules vides un klimata problēmas, kā arī globālo resursu sama-
zināšanos un noplicināšanos, kas novedīs pie resursu izsīkšanas, ir nepieciešams sama-
zināt sintētisko ķīmisko vielu lietošanu un attīstīt bioekonomiku. Videi draudzīgu 
materiālu paplašināta izmantošana ir uzskatāma par efektīvu rīcības instrumentu ilgt-
spējīgas attīstības stratēģiju ietvaros gan Eiropas Savienībā (Altozano, 2012), gan Latvijā 
(Latvijas Republikas Zemkopības Ministrija, 2017). Tāpēc ir svarīgi atrast un pētīt jau-
nus dabisko materiālus, kas būtu spējīgi aizstāt sintētiskos materiālus (Fava et al., 2015).  

Organiskām vielām bagāti ezeru nogulumi – sapropelis, gitija u.c. – ir perspektīvs 
materiāls dažādām izmantošanas iespējām (Balčiūnas et al., 2016; Stankevica, 2020). 
Sapropelis ir ezeru rekultivācijas blakusprodukts, īpaši attiecībā uz eitrofiem ezeriem, 
kuriem ir nepieciešama ezeru nogulumu izņemšana, lai saglabātu ezeru ekosistēmu, 
neļaujot tiem aizaugt. Tādējādi sapropeļa ieguve un izmantošana ir ilgtspējīga no 
aprites ekonomikas perspektīvas, it īpaši attīstot jaunus sapropeli saturošus biokom-
pozītmateriālus jeb biokompozītus. Lielākā daļa Latvijas ezeru ir eitrofi ezeri, kurus 
būtiski ietekmē antropogēnā eitrofikācija. Kopējais pieejamais sapropeļa resurss Latvijā 
ir ~2 miljr. m3. Sapropeļa resursa apjoms ezeros sasniedz 700–800 milj. m3, kamēr 
sapropeļa rezerves purvos ir 1,5 miljrd. m3 (Segliņš, 2014). Sapropeli var uzskatīt par 
atjaunojamo resursu, jo ezeru eitrofikācija ir dabisks un nepārtraukts process. Tādējādi 
jaunu iespēju izstrāde, lai veicinātu sapropeļa pielietošanu, sekmē ezeru rekultivāciju, 
kā arī var ievērojami veicināt bioekonomikas attīstību.

Sapropeļa īpašības ir atkarīgas no daudziem apstākļiem, ierobežojot resursa tiešo 
pielietojumu, kas visbiežāk vērsts uz lauksaimniecības vajadzībām. Līdztekus ierobe-
žotam pētījumu apjomam, kā arī novecojušiem sapropeļa izmantošanas pētījumiem, 
sapropelis kā resurss vāji ieinteresē nozares, kas darbojas jaunu produktu izstrādē. 
Viena no ievērojamākajām sapropeļa īpašībām, to apstrādājot un izžāvējot, ir spēja dar-
boties kā saistvielai vai līmvielai dažādos materiālos (Balčiūnas et al., 2016; Gružāns, 
1958, 1960; Klavins and Obuka, 2018). Tādējādi sapropeli var izmantot kompozītma-
teriālu izstrādei, pamatojoties uz dažādu materiālu grupu īpašību kombināciju, kā arī 
jaunu materiālu ar jaunām īpašībām izstrādei. Jaunu kompozītmateriālu izstrāde mūs-
dienās ir vispārēja materiālu zinātnes attīstības tendence. Parasti kompozītmateriāli 
ir veidoti uz sintētisku materiālu bāzes, piemēram, minerālvate, akmens vate, stikla 
vate, savukārt sapropeļa unikālās īpašības ļauj ieviest jaunu kompozītmateriālu grupu, 
ko veido matrica un šķiedru pastiprinājums – biokompozītmateriāli (Mohanty et al., 
2000). Neskatoties uz to, sapropelis praktiski nav izmantots šādu materiālu ražošanai, 
tomēr var  uzskatīt, ka šis pētījumu virziens ir ļoti perspektīvs, jo uz dabīgo materiālu 
balstītas saistvielas biokompozītmateriālu izveidei ir aktuālas.

Būtisks virziens darbā ar sapropeli ir tā izmantošana par saistvielu, bet par pildvielu 
kompozītmateriālos izmantojot papildus vēl dažādus rūpniecības un lauksaimniecības 
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blakusproduktus. Šāda pieeja sniedz iespējas atrast jaunu pielietojumus, piemēram, 
kaņepju spaļiem un šķiedrai, koksnes slīpputekļiem, skaidām. Nozīmīgs etaps biokom-
pozītmateriālu izstrādē ir pareiza jauno materiālu īpašību noteikšana (Bulota et  al., 
2011; Jawaid et  al., 2019; Mngomezulu et  al., 2014). Biokompozītmateriālu testēšana 
tradicionāli koncentrējās uz funkcionālo īpašību – mehāniskās izturības, lietošanas 
izturības, u. c. – pārbaudēm, bet bioloģiskās stabilitātes testi bieži tiek atstāti novārtā, 
jo testēšanas metodoloģijas nav izstrādātas un aprobētas. Tomēr, tā kā biokompozītma-
teriāli ir bioloģiski noārdāmi materiāl, to bioloģiskās stabilitātes pētījumiem ir svarīga 
loma jauno materiālu praktiskās izmantošanas veidu apzināšanā.

Promocijas darba mērķis ir pētīt sapropeļa īpašības un iespējas to izmantot bio-
kompozītmateriālu izstrādei izmantošanai lauksaimniecībā, celtniecības nozarē un 
citās jomās, kā arī pārbaudīt iegūto materiālu īpašības attiecībā uz to pielietoša-
nas iespējām.

Promocijas darba uzdevumi
1.	 Sapropela īpašību izpēte biokompozītmateriālu izstrādei
2.	 Izstrādāt principus biokompozītmateriālu ražošanai, izmantojot sapropeli 
3.	 Sagatavot jaunus, uz pielietojumu orientētus, sapropeli saturošus biokompozīt-

materiālus 
4.	 Izstrādāt biokompozītmateriālu īpašību izpētes metodoloģiju un pētīt sapropeļa 

biokompozītmateriālu pielietošanas iespējas.

Hipotēze
Jaunu testēšanas metodoloģiju izstrāde un aprobācija ir būtiska, lai izstrādātu 

sapropeli saturošus biokompozītmateriālus, īpašu vērību pievēršot to funkcionalitātei 
un biostabilitātei.

Zinātniskā novitāte
1. 	 Jaunas pieejas izveide ezeru rekultivācijas atkritumu produkta – sapropeļa, īpa-

šību izpētei un tā izmantošanas iespēju attīstīšanai dabīgu materiālu ražošanai, un 
izmantošanas iespēju demonstrēšanai

2. 	 Izstrādāta dizaina koncepcija sapropeļa biokompozītmateriālu izveidei
3. 	 Sapropeļa biokompozītmateriālu sagatavošana jaunām, uz tirgu orientētām izman-

tošanas iespējām būvmateriālu rūpniecībā un projektēšanā, kā arī citās jomās, tādē-
jādi atbalstot vietēju, dabisku resursu izmantošanu

4. 	 Sapropeli saturošu biokompozītmateriālu analītiskās raksturošanas un testēšanas 
metodikas izstrāde, lai pierādītu to biostabilitāti, funkcionālās īpašības un pielieto-
šanas potenciālu

Promocijas darba rezultātu aprobācija
Promocijas pētījuma rezultāti ir aprobēti 9 zinātniskās publikācijās, no kurām 8 ir 

indeksētas SCOPUS un Web of science zinātniskās literatūras datu bāzēs, apspriesti 
5 ziņojumos starptautiskās zinātniskās konferencēs, 6 referātos vietēja mēroga konfe-
rencēs Latvijā. 
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1. LITERATŪRAS APSKATS
1.1. Sapropelis: veidošanās apstākļi un sastāvs

Sapropelis ir daļēji atjaunojams zemes dzīļu resurss (Segliņš and Brangulis, 1996), 
kas ir veidojies dažādos apstākļos. Sapropelis ir sīkgraudainas un irdenas saldūdens ar 
organiskajām vielām bagātas nogulsnes (Emeis, 2009). Sapropelī ir zems neorganis-
kās izcelsmes vielu saturs (Stankeviča and Kļaviņš, 2014). Sapropeļa organiskās vielas 
galvenokārt veido ūdenstilpē mītošo ūdensaugu (fitoplanktons) un ūdensdzīvnieku 
(zooplanktons un citi) atliekas (Kurzo et al., 2004), kas lielos daudzumos savairojas stā-
vošās vai vāji caurtekošās, aizaugošās ūdens tilpēs (Lācis, 2003). Sapropeļa sastāvu bez 
kramaļģēm, zilaļģēm un zaļaļģēm veido arī radiolārijas, foraminīferas, dinoflagelāti, 
sūkļi, dažādas vēžveidīgo sugas, kā arī baktērijas. 

Ir divi sapropeļa iegulu tipi: ezeros (zem ūdens) un sauszemes, kas atrodas purvos 
zem kūdras slāņa (Kaķītis, 1999). Pamatojoties uz Latvijas ezeru izpētes rezultātiem, 
ezeros sapropeļa krājumi ir 700–800 milj. m3, bet sapropeļa krājumi purvos sasniedz 
1,5  miljr.  m3. Kopējie sapropeļa resursi Latvijā ir 2  miljr.  m3 (Segliņš, 2014), tomēr 
uzkrāto resursu novērtējums būtu jāpārvērtē, ņemot vērā neseno pētījumu rezultātus 
(Stankevica, 2020).

Viena no būtiskākajām valga sapropeļa īpašībām ir tā koloidāla struktūra. Tā nosaka 
sapropeļa organisko koloīdo daļiņu spēju absorbēt lielu daudzumu ūdens, tamdēļ tam 
ir augsta mitruma ietilpība, kas ir 70–97% (Vimba, 1956) un zema filtrācijas spēja 
(Liužinas et al., 2005). Sapropela relatīvais mitrums ir saistīts ar tā organisko sastāvu – 
jo lielāks organisko vielu daudzums, jo lielāks mitruma saturs (Stankevica, 2020). 

1.2. Sapropeļa izmantošanas iespējas

Sapropelis ir pieejams ievērojamā daudzumā, tāpēc ir svarīgi izpētīt tā pielietošanas 
iespējas. Sapropeli var uzskatīt par atjaunojamu dabīgas izcelsmes vērtīgu resursu, un, 
piemēram, ezera rekultivācijas gadījumā, kas ietver nogulumu izņemšanu no ezeriem, 
to var uzskatīt par blakusproduktu un tādējādi to var tālāk izmantot, kā izejvielu jaunu 
produktu radīšanai. Sapropelim tāpat kā kūdrai ir plašas izmantošanas iespējas, kas ir 
atkarīgas no sapropeļa sastāva, īpašībām un resursa pieejamības. To var izmantot dažā-
dās tautsaimniecības nozarēs, piemēram, lauksaimniecībā, medicīnā, veterinārijā, celt-
niecības nozarē utt.

No izmantošanas viedokļa par vērtīgāko sapropeļa tipu uzskata organisko sapro-
peli, tomēr tas nenozīmē, ka šis tips ir universāls un sniedz tikpat labus rezultātus visās 
sapropeļa izmantošanas jomās (Brakšs et al., 1960; Gružāns, 1960; Штин, 2005).

Visplašāk ir pētīta sapropela izmantošana lauksaimniecībā. Sapropeļa īpašības 
ietekmē tā pielietošanas potenciālu lauksaimniecībā: 1) sapropelis sekmē augsnes 
struktūras uzlabošanu, 2) sapropelis var bagātināt augsni ar organiskām vielām, īpaši 
ar humusvielām, 3) sapropelis ir barības vielu avots un var nodrošināt lēnu barības 
vielu izdalīšanos 4) bioloģiski aktīvās vielas sapropelī var veicināt augu augšanu (sapro-
pelis var darboties kā biostimulants). Latvijā sapropeļa izmantošana lauka mēslošanā 
Latvijas Lauksaimniecības Universitātē tiek pētīta kopš 1954. gada. Kā organisko mēs-
lojumu sapropeli var izmantot gan svaigā veidā, gan kā kompostu vai substrātu. Svarīgi 
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ir uzsvērt, ka svaigi iegūts, neizvēdināts sapropelis satur, alumīnija, cinka, bitumvielas 
un neoksidētus dzelzs savienojumus, kas pirmajā izmantošanas gadā var kavēt tā pār-
veidošanos augiem pieejamās barības vielās, kā arī samazināt augsnes mikroorganismu 
aktivitāti (Kaķītis, 1999). Lai sapropelis būtu ļoti efektīvs pirmajā lietošanas gadā, to 
jāsajauc ar kūtsmēsliem vai vircu.

Ņemot vērā sapropeļa īpašības, ir lielas iespējas attīstīt sapropeļa izmantošanu 
lopkopībā, lai veicinātu lopkopības efektivitāti, putnu un dzīvnieku barības efektīvu 
izmantošanu. Arguments attiecībā uz sapropela izmantošanu ir saistīts ar tā biogēno 
raksturu un acīmredzamo nepieciešamību samazināt sintētisko produktu daudzumu. 

Viens no potenciālajiem sapropeļa pielietošanas veidiem lopkopībā, ir tā izmanto-
šana par uztura bagātinātāju, kas paaugstina dzīvnieku svaru, neizmantojot ķīmiskus 
preparātus. Šim mērķim ir piemērots organiskais sapropelis, kas ir dabisks un drošs 
mājputniem. Sapropeli bagātinot ar dabīgiem mikroelementiem un vitamīniem, to var 
izmantot lopkopībā kā mikroelementu un vitamīnu piedevu. 

Bioloģiski aktīvas vielas – enzīmi, vitamīni, antibiotikas, aminoskābes, lipīdi, 
estrogēni, ogļhidrāti, kā arī humusvielas veicina sapropeļa fizioloģisko nozīmi māj-
putnu barības piedevās. Humusvielas, kas ir sastopamas sapropelī veicina dzīvnieku 
zarnu trakta mikrobioloģisko līdzsvaru un funkcionalitāti. Toties sapropelī esošais 
cinks un varš uzlabo dzīvnieku augšanu, imūnsistēmas funkciju (Mikulionienè and 
Balezentienè, 2012).

Sapropeļa pielietošanas potenciāls veselības aprūpē ir balstīts uz ilgu balneoloģi-
jas vēsturi, kuras pamatā ir peloīdu vai medicīnisko dūņu izmantošana ārējai lietoša-
nai un vannām, kā arī citi preparāti un materiāli. Peloīdi tiek aprakstīti, kā organisko 
minerālu kompleksi ar augstu organisko vielu koncentrāciju, ko var izmantot tera-
peitiskajās procedūrās (Badalov and Krikorova, 2012). Galvenie faktori, kas ietekmē 
sapropeļa lietošanas efektivitāti balneoloģijā, ir bioloģiski aktīvu vielu, piemēram, hor-
monu, sterīnu, aminoskābju un vitamīnu klātbūtne (Szajdak and Maryganova, 2007). 
Sapropelis ir izmantojams balneoterapijā un kosmetoloģijā (Badalov and Krikorova, 
2012), kad iegūts no ezera vai purva un kombinācijā ar fizikāliem faktoriem (sapropeļa 
mitrums, siltuma noturēšanas spēja), psiholoģiskajiem aspektiem (relaksējoša atmos-
fēra), tā pielietošana pārliecinoši parāda biostimulējošu iedarbību, aktivizē vielmaiņu 
un imūnsistēmu (Anderson, 1996). Sapropeļa pielietojums vairākos pētījumos ir parā-
dījis augstu efektivitāti kaulu un muskuļu slimību, locītavu un mugurkaula slimību, 
miozīta, čūlu ārstēšanā, kā arī pozitīvu ietekmi uz nervu sistēmas traucējumiem. 
(Bellometti et al., 1996, 2000). Svarīga ir sapropeļa spēja mazināt iekaisuma procesus, 
kā arī ādas slimības, īpaši hronisku ekzēmu un vairākas dermatīta formas (Carabelli 
et al., 1998).

Minerālvielas un organiskie savienojumi sapropeļa sastāvā nosaka tā efektivitāti 
dažādu slimību ārstēšanā, piemēram, perifērās un nervu sistēmas, balsta un kustību 
sistēmas slimības, kuņģa un zarnu trakta slimības. Metaboliskās aktivitātes pētījumos 
sapropelī tika noskaidrots, ka sapropeļa ārstnieciskās īpašības nosaka tā organiskās vie-
las, tai skaitā arī humusvielas (Курзо, 2005). Sapropelis var tikt pielietots mastīta, hro-
niska gastrīta, čūlu, divpadsmit pirkstu zarnas, furunkulu, ādas (apdegumus, dermatītu, 
ekzēmas) slimībām, kā arī hepatobiliāro sistēmu slimības ārstēšanā (Штин, 2005).

Viens no sapropeļa pielietošanas veidiem ir tā izmantošana brikešu un granulu ražo-
šanā dzīvojamo un mājsaimniecības ēku apsildīšanai (Kozlovska-Kędziora and Petraitis, 
2011; J. Kozlovska and Petraitis, 2012; Курзо, 2005; Штин, 2005). Sapropeļa brikešu 
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izmantošana ietaupa citus enerģijas resursus, jo sapropela brikešu dedzināšanas process 
ir ilgāks nekā parastajām briketēm (Kozlovska-Kędziora and Petraitis, 2011; Justyna 
Kozlovska, 2012). Šo brikešu ražošanā sapropeli var sajaukt ar salmiem, zāģu skaidām 
vai kūdru (Штин, 2005). Pētījumi parādīja, ka piesārņojuma koncentrācija sapropeļa 
brikešu dedzināšanas procesā nepārsniedz normatīvās robežas. Šāda veida briketes 
var samazināt piesārņojumu un nodrošināt vienmērīgu enerģijas avota izmantošanu 
(Justyna Kozlovska, 2012). Izmantojot zāģu skaidu-sapropeļa briketes, tiek samazināta 
CO2 emisija un uzlabota sadegšana (Штин, 2005).

Ir veikti daudzi pētījumi par sapropeļa izmantošanu ķīmiskajā rūpniecībā. Resursa 
pieejamības, salīdzinoši zemās pašizmaksas, ķīmiskā sastāva, ekoloģiskā drošuma dēļ 
sapropelis ir piemērojama izejviela urbšanas šķīdumu veidošanai, kas samazina berzi 
un ir vajadzīgi ģeoloģiskās izpētes dziļurbumu darbiem (Штин, 2005). Sapropelis satur 
augstmolekulārās vielas: dabiskus biopolimērus, celulozi, humusvielas, ogļhidrātus, lig-
nīnu, bitumus un hemicelulozi, tā šķīduma inhibitora aktivitātes īpašības uz metāliskas 
virsmas koroziju un reoloģiskās īpašības, nosaka sapropeļa šķidrumu izmantošanu urb-
šanas iekārtu sistēmās, papildus tās ir labākas par SiO2, aerosolu un diatomītu dispersi-
jām (Курзо, 2005; Штин, 2005).

1.3. Sapropeļa izmantošana biokompozītmateriālu  
veidošanā

Šobrīd ir pieaugoša uzmanība kompozītmateriālu, īpaši biokompozītmateriālu 
izstrādei. Biokompozītmateriāli ir kompozītmateriāli, ko veido bioloģiskas izcelsmes 
matrica (sveķi, līme utt.) un šķiedru materiāla armatūra. Rūpes par vidi un sintētisko 
šķiedru izmaksas ir radījušas pamatu dabisko šķiedru izmantošanai kompozītos, kur 
matricas fāzi veido atjaunojamie vai neatjaunojamie resursi. Kompozītmateriāliem 
atrod jaunus un aizraujošus pielietojumus dažādās jomās, bet dominējošā ir būvniecība 
un celtniecības materiālu rūpniecība.

Ir pētīta sapropeļa izmantošana būvniecības nozarē būvmateriālu ražošanai. Ir pētī-
jumi par sapropela betona tehniskajiem testiem (Brakšs et al., 1960; Gružāns, 1960), 
sapropeļa – kaņepju šķiedru un spaļu (Pleiksnis et al., 2016; Pleikšnis and Dovgiallo, 
2015) and sapropeļa – kokskaidu (Obuka et al., 2014) kompozītmateriāliem. Vienu no 
jaunākajiem pētījumiem veica G. Balčiūnas, kurš pētīja sapropeļa-kaņepju-papīra ražo-
šanas atkritumu  kompozītmateriālu īpašības (Balčiūnas et al., 2016). Šajos pētījumos 
secināja, ka sapropeļa izmantošana par saistvielu ar dažādiem pildmateriāliem, nodro-
šina izveidotajiem kompozītmateriāliem augstu tehnisko kvalitāti, un tos var iekļaut 
gatavo produktu siltumizolācijas materiālu kategorijā. No literatūras datiem izriet, ka 
sapropeli var izmantot kā saistvielas piedevu dažādiem koksnes pārstrādes blakuspro-
duktiem, papīra un kartona rūpniecības ražošanas neizmantotajiem atkritumiem, linu 
pārstrādes blakusproduktiem (Курзо, 2005), mazsadalījušās kūdras un līdzīgām izej-
vielām (Gružāns, 1958, 1960). Sapropelis ir labs aizstājējs uz olbaltumvielām bāzētām 
līmēm, piemēram, albumīnam, un olbaltumvielu aizstāšanas iespējas būtu ievērojams 
sapropeļa izmantošanas pielietojums. 

Saistvielas ražošanai no sapropeļa var tikt izmantots sapropelis ar organisko vielu 
saturu vairāk par 85% un slāpekli vairāk par 3,3% (Курзо, 2005). Sapropeļa saist-
vielaslīmējošās īpašības izmantojamas, ražojot būvniecības materiālus, ar aukstiem 
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paņēmieniem  –  blietēšanu, ar karstiem paņēmieniem – līmspiedē paaugstinātā spie-
dienā un temperatūrā (Brakšs and Miļins, 1960).

Viena no sapropeļa īpašībām ir tā spēja saistīt lielu daudzumu ūdens. Ražojot celt-
niecības materiālus, ir svarīgi panākt, lai kompozīmateriālam ir pēc iespējas mazāks 
rukums. Lai samazinātu materiāla rukumu, sapropeļbetona izgudrotāji un pētnieki 
iesaka izmantot sapropeli ar mitrumu līdz 60% un pildvielas ar mitrumu zem 20%. 
Viens no svarīgākajiem uzdevumiem būvmateriālu ražošanā nākotnē ir samazināt 
enerģijas patēriņu visos to dzīves ciklos, sākot no būvniecības līdz dzīves cikla beigām 
(Asdrubali et al., 2015).
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2. MATERIĀLI UN METODES

2.1. Pētījumā izmantotie sapropeļa paraugi

Promocijas darbā tika izmantots ar organiskajām vielām bagāts sapropelis. 
Sapropeļa nogulumi tika ņemti no četriem Latvijas ezeriem – Padēlis, Pilvelis, Vēveru – 
Rēzeknes novadā, Latgalē. Piksteres ezers – Jēkabpils, Sēlijā. 

2.2. Sapropeļa paraugu raksturošanas metodes

Karsēšanas zudumu noteikšana. Lai noteiktu mitrumu, karbonātu un organisko 
vielu saturu sapropelī, tika izmantota karsēšanas zudumu noteikšanas metode (LOI) 
(Heiri et al., 1993). 

Bioloģiskais sastāvs. Sapropeļa paraugu bioloģisko sastāvu noteica ar gaismas mikro-
skopu, saskaitot un izsakot organisko vielu saturu procentos visās identificētajās orga-
nisko atlieku grupās. Izmantojot sapropeļa tipa klasifikāciju, tika identificēts sapropeļa 
tips, klase un izvērtētas izmantošanas iespējas (Stankeviča and Kļaviņš, 2014).

2.3. Biokompozītmateriālu izstrādei izmantotie materiāli  
un to raksturojums

Kaņepju šķiedras un spaļi, bērza koksnes slīpputekļi and koksnes šķiedra tika 
izmantota, kā pildvielas biokompozītmateriālu sagatavošanā. Biokompozītmateriālu 
izstrādē, kā pildviela – sabiezēšanas piedeva, tika izmantots koloidāls silīcija dioksīda 
produkts “Aerosil”. Plašāks izmantoto materiālu apraksts atrodams rakstos (Obuka 
et al., 2015;Obuka et al., 2017, 2021).

Gabalkūdra (SIA “Laflora”) tika izmantota biokompozītmaterialu biodegradācijas 
testiem, kā kontroles materiāls. Plašāks izmantoto materiālu apraksts atrodams (Obuka 
et al., 2019).

Bērza lobītais finieris tika izmantots, lai izveidotu saplāksni. Lai noteiktu pielieto-
jamības grupu sapropelim kā līmei, tika izmantots dižskābarža finieris. Gabalkūdras 
paraugi arī tika izmantoti testiem. Plašāks izmantoto materiālu apraksts atrodams 
rakstā – (Obuka et al., 2016)

Lai izveidotu sapropeļa – kūdras kokskaidu siltumizolācijas plāksnes tika izman-
tota – Baložu kūdras ieguves kūdra, kā arī Pilveļu ezera sapropelis. Plašāks izmantoto 
materiālu apraksts atrodams (Obuka et al., 2014)

Papildus sapropelim tika izmantotas arī komerciāli pieejamas saistvielas: magnija 
oksihlorīda cements (MOC), hidrauliskais kaļķis (HL), formulētais hidrauliskais kaļ-
ķis (FHL), magnija fosfāta cements (MPC). Plašāks izmantoto materiālu apraksts atro-
dams (Obuka et al., 2017, 2021)
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2.4. Kompozītmateriālu sagatavošana 

Kompozītmateriālu izstrādei mikrobioloģiskās stabilitātes testiem, kā saistvielu 
izmantoja neapstrādātu sapropeli. Biokompozītmateriāli tika izgatavoti arī izmantojot 
neorganiskas saistvielas, piemēram, kaļķi. Papildus informāciju par kompozītmateriālu 
sagatavošanu pieejama (Obuka et al., 2017).

Kompozītmateriāla sagatavošanai, kur sapropeli testēja kā līmi, sapropeļa paraugi 
tika pilnībā sajaukti tieši pirms trīsslāņu saplākšņa sagatavošanas ar izmēriem 
4  ×  250  ×  250 mm. Papildus informāciju par kompozītmateriālu sagatavošanu var 
atrast rakstā (Obuka et al., 2016).

Lai izveidotu sapropeļa – kūdras kokskaidu siltumizolācijas plāksnes, aktivētās kūd-
ras masa ar saistvielas īpašībām tika iegūta kūdru apstrādājot mehāniski – termisko 
ložu planetārajās dzirnavās RETSCH PM 400. Papildus informāciju par kompozītmate-
riālu sagatavošanu var atrast rakstā (Obuka et al., 2014)

2.5. Biokompozītu materiālu testēšanas metodes

Biokompozītmateriāliem (bērza koksnes – sapropeļa (SWD), koksnes šķiedras – 
sapropeļa (SWF)) 4% sausnas masas koncentrācijā tika pievienots SIA ALINA produkts 
ALINA LIFETM organomāli. Iegūto biokompozītmateriālu novecināšana klimata kamerā 
tika veikta, pakļaujot paraugus 30 sasalšanas un atkausēšanas cikliem. Papildus informā-
cija par mikrobioloģiskās stabilitātes testiem var atrast rakstā (Obuka et al., 2017). 

Siltumvadītspēja tika mērīta, izmantojot LaserComp FOX 600 siltuma plūsmas 
mērītāju (Obuka et al., 2015). Spiedes un lieces izturības pārbaudei paraugi tika īpaši 
sagatavoti (zāģēti nepieciešamajos izmēros). Papildus informācija par šo metodi ir atro-
dama rakstā (Obuka et al., 2015).

Kompozītmateriālu mehāniskās izturības testi (stiprības noteikšana statiskā liecē un 
līmējuma stiprības pārbaude, pielietojamības grupas noteikšana, stiprības noteikšana 
stiepē), kur sapropelis tika pārbaudīts kā līmviela, papildus informācija par metodi ir 
atrodama rakstā (Obuka et al., 2016). 

Materiāliem tika veikta arī skaņas izolācijas pārbaude. Papildus informācija par šo 
metodi ir atrodama rakstā (Obuka et al., 2014). 

Lai raksturotu kompozītmateriālu degšanas raksturlielumus, tika veiktas degšanas 
testi (Obuka et al., 2014).

Lai salīdzinātu izveidoto biokompozītmateriālu biodegradāciju, tika izstrādāta ekspe-
rimenta shēma (Obuka et al., 2019). Mikroorganismu ar substrātu inducētās elpošanas 
intensitāte tika pārbaudīta izmantojot zināmas metodes (Rowell, 2014; Zibilske, 
1994; Гавиленко et al., 1975) un tās pielāgojot (Obuka et al., 2019).

Šajā pētījumā izmantotais elpošanas tests tika attiecināts uz substrāta izraisītu elpo-
šanu (SIR), jo kopā ar paraugu augsnei tika pievienoti oglekļa avoti. Tomēr SIR mērīša-
nas standarta principi (piemēram, inkubācija 4 stundas) netika ņemti vērā šī pētījuma 
īpašo uzdevumu dēļ. Bioloģiskās noārdīšanās procesa stimulēšanai tika veikta bioaug-
mentācija un 7 dienu inkubācija.

Pēc 7 dienu inkubācijas perioda tika veikta fluoresceīna diacetāta (FDA) hidrolīzes 
aktivitātes noteikšana (Obuka et al., 2019).
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Kopā, lai pārbaudītu mikrobioloģisko stabilitāti tika veikti 3 eksperimenti. Tika 
veikts sapropela biokompozītmateriālu, LHC un MHC kompozītmateriālu mikro-
bioloģiskās stabilitātes salīdzinājums, mākslīgi inokulējot sēņu suspensijas Alternaria 
alternata un Cladosporium herbarum uz materiāliem. Papildus informācija par metodi 
ir rakstā – (Obuka et al., 2017).

Tika veikti divi eksperimenti, lai noteiktu mikrobioloģisko stabilitāti otrajā testa 
daļā. Abos eksperimenta posmos materiāla paraugi tika mākslīgi inokulēti ar sešu sēņu 
suspensiju:

1)	 Aspergillus versicolor MSCL 1346;
2)	 Penicillium chrysogenum MSCL 281;
3)	 Alternaria alternata MSCL 280;
4)	 Cladosporium herbarum MSCL 258;
5)	 Chaetomium sp. MSCL 851;
6)	 Trichoderma asperellum MSCL 309.

Papildu informācija par metodi ir rakstā (Obuka et al., 2021).
Eksperimenta pirmajā posmā analizētos materiāla paraugus inkubēja divos mit-

ruma režīmos  – RH 75% un 99%, 20 °C (Obuka et  al., 2021). Eksperimenta otrajā 
posmā paraugi tika turēti tikai pie relatīvā mitruma 99% un temperatūras 20 ± 2 °C 
(Obuka et al., 2021).

Pirmajā eksperimenta posmā otrajā mikrobioloģiskās stabilitātes testā tika izman-
tota ACTICIDE FD biocīds. Eksperimenta otrajā posmā biocīds BACTERICIDE. Abos 
eksperimentos mikrobioloģiskās aizsardzības nolūkiem tika izmantots SIA ALINA 
produkts ALINA LIFETM organomālu pārklājums (Obuka et al., 2021).

Sapropeļa, sapropeļa – kūdras granulas izmantošanai lauksaimniecībā tika testētas. 
Pētījumā tika veiktas testēšanas granulu fizikālo-mehānisko īpašību noteikšanai 3 veidu 
granulām (sapropelis, kūdrains sapropelis, sapropeļa-kūdras granulas). Tika noteikts 
bēruma blīvums, izmantojot standartu LVS EN 1097-3 (Anonymous, 1999), ūdensuz-
sūce izmantojot standartu LVS EN 1097-6 (Anonymous, 2013), mehāniskā izturība, 
izmantojot standartu EN 1606 (Anonymous, 2007), vides skābuma reakcija un elektro-
vadītspēja.

Lai sagatavotu bioogles-sapropeļa granulas lauksaimniecības vajadzībām, kā pild-
viela tika izmantota bioogle. Tika izmantotas divu veidu bioogles: bioogle (B), lapkoku 
bioogle (LB.). Granulu kompozītmateriāli tika izveidoti, manuāli sajaucot mitru sapro-
peli un bioogli, līdz tika sasniegta viendabīga konsistence. Lai noteiktu labāko variantu, 
tika izmantotas dažādas bioogļu un sapropeļa proporcijas (1:3, 1:4, 1:6, 1:8 un 1:10). 
Masu tālāk sadalīja divos paraugos, un katra daļa tika ievietota sagatavotās metāla for-
mās. Vienu paraugu žāvēja gaissausā vidē (relatīvais gaisa mitrums 14-20%), bet otru 
žāvēja krāsnī 80 ° C temperatūrā. Gaissausā vidē žāvēts paraugs tika svērts katru stundu 
pirmās 3 stundas un vēlreiz pēc 24 stundu izveides brīža. Krāsnī žāvētu paraugu svēra 
ik pēc 15 minūtēm. Bioogles- sapropeļa granulu granulēšana, īpatnējās virsmas lau-
kums, ūdensuzsūce un mehāniskās izturības testi ir aprakstīti rakstā (Vincevica-Gaile 
et al., 2019).
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3. REZULTĀTI UN DISKUSIJA
3.1. Sapropeļa īpašības

Sapropeļa nogulumi tika ņemti no četriem Latvijas ezeriem – Padēlis, Pilveļu, 
Vēveru – Rēzeknes novadā, Latgalē. Piksteres ezers – Jēkabpils, Sēlijā. 

Šo ezeru sapropelis ir pētīts iepriekš, un to var uzskatīt par biokompozītmateriālu 
izstrādāšanā perspektīvu. Sapropeļa paraugu raksturojums ir uzskaitīts 3.1. tabulā.

3.1. tabula 
Sapropeļa paraugu raksturojums

Ezers Mitrums,  
%

Organiskās 
vielas, %

Karbonāti,  
%

Blīvums,  
g/cm3

Padēlis 85,97 15,27 35,57 1,24
Pilveļu 94,99 84,51 1,26 1,10
Vēveru 97,66 86,25 1,18 1,08
Piksteres 96,45 82,67 17,33 1,028

Izmantotie sapropeļa paraugi atspoguļo sapropeļa tipus, kurus var izmantot kā 
saistvielu materiālos.

3.2. Sapropeļa biokompozītmateriālu izstrāde

Kā potenciālu pildvielu sapropeļa bāzes biokompozītmateriālu veidošanā var 
uzskatīt dabiskas šķiedas un vispirms – kaņepi. Lai izpētītu iespējas kaņepju šķiedru 
un spaļu izmantošanai kompozītmateriālu iegūšanai, tika izmantotas arī komerciāli 
pieejamu saistvielu piedevas: magnija oksihlorīda cements, hidrauliskais kaļķis, for-
mulētais hidrauliskais kaļķis. Iegūtās kompozīcijas salīdzināja savā starpā un ar lite-
ratūrā pieejamajiem datiem. Kaņepju šķiedras un spaļi, koksnes šķiedra un bērza 
koksnes slīpputekļi ir izmantoti, kā pildvielas biokompozītmateriālu izstrādē. Šie pild-
vielas ir lauksaimniecības un kokapstrādes rūpniecības blakusprodukti, kuriem jārod 
atkārtota izmantošana.

Pētījuma mērķis bija noskaidrot biokompozītmateriāluizveides un izmantošanas 
potenciālu, izmantojot sapropeli un kaļķi kā saistvielu un kaņepju spaļus un šķiedru, 
koksnes šķiedru un bērza koksnes slīpputekļus kā pildvielu, un noteikt to optimālās 
īpašības. Blīvums, siltumvadītspēja, un mehāniskā izturība tika noteikta izveidotajiem 
paraugiem. Iegūto kompozītmateriālu spiedes stiprība testos ir parādīta 3.2. tabulā un 
tā parāda, ka iegūtos materiālus var izmantot kā siltumizolācijas materiālus, jo to stip-
rība atbilst normatīvajā regulējumā pastāvošām prasībām.
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3.2. tabula
Kompozītmateriālu raksturojums

Apzīmējums Sastāvs Īpašības

Sapropeļa-
kaļķa-kaņepju 
kompozīts  
SLHC 1-2

Sapropelis
Kaļķis
Kaņepju šķiedra 
un spaļi

Izejvielu attiecība (pildviela : saistviela : 
saistviela) 1 : 2.5 : 2.5

Blīvums kg/m3 306,88; 296,31
Siltumvadītspēja, W/m∙K –
Mehāniskā izturība, MPa 0,25

Sapropeļa-
kaļķa-kaņepju 
kompozīts  
SLHC 3-4

Sapropelis
Kaļķis
Kaņepju šķiedra 
un spaļi

Izejvielu attiecība (pildviela : saistviela : 
saistviela) 1 : 5 : 5

Blīvums kg/m3 533,58; 540,59
Siltumvadītspēja, W/m∙K 0,089
Mehāniskā izturība, MPa 0,77

Kaļķa-kaņepju 
kompozīts  
LHC 1-2

Kaļķis
Kaņepju šķiedra 
un spaļi

Izejvielu attiecība (pildviela : saistviela : 
saistviela) 1 : 2.5 : 2.5

Blīvums kg/m3 294,09; 302,40
Siltumvadītspēja, W/m∙K –
Mehāniskā izturība, MPa 0,29

Kaļķa-kaņepju 
kompozīts  
LHC 3-4

Kaļķis
Kaņepju šķiedra 
un spaļi

Izejvielu attiecība (pildviela : saistviela : 
saistviela) 1 : 5 : 5

Blīvums kg/m3 498,32; 562,93
Siltumvadītspēja, W/m∙K 0,099
Mehāniskā izturība, MPa 0,90

Kaļķa-kaņepju 
kompozīts LHC

Kaļķis
Kaņepju šķiedra 
un spaļi

Izejvielu attiecība (pildviela : saistviela : 
saistviela) 1 : 5 : 5

Blīvums kg/m3 408,10
Siltumvadītspēja, W/m∙K 0,086
Mehāniskā izturība, MPa 0,61

Sapropeļa-
koksnes šķiedras 
kompozīts SWF

Sapropelis
Koksnes šķiedra

Izejvielu attiecība (pildviela : saistviela) 1 : 6
Blīvums kg/m3 319
Siltumvadītspēja, W/m∙K 0,19
Mehāniskā izturība, MPa 0,060

Sapropeļa-
bērza koksnes 
slīputekļu 
kompozīts
SWD

Sapropelis
Koksnes bērza 
slīpputekļi

Izejvielu attiecība pildviela : saistviela) 1 : 6
Blīvums kg/m3 470
Siltumvadītspēja, W/m∙K 0,061

Mehāniskā izturība, MPa 0,67

Magnija-kaņepju 
kompozīts  
MHC 1

Magnija oksīds
Kaņepju šķiedra 
un spaļi

Izejvielu attiecība (pildviela :  saistviela :  
saistviela :  saistviela)

1 : 1.25 : 0.9 : 
1.33

Blīvums kg/m3 302,3
Siltumvadītspēja, W/m∙K 0,076
Mehāniskā izturība, MPa 0,25

Magnija-kaņepju 
kompozīts  
MHC 2

Magnija oksīds
Kaņepju šķiedra 
un spaļi

Izejvielu attiecība (pildviela : saistviela :  
saistviela :  saistviela) 1 : 1.25 : 2 : 0.6

Blīvums kg/m3 504,4
Siltumvadītspēja, W/m∙K 0,111
Mehāniskā izturība, MPa 1,12



101

Iegūtie rezultāti rāda, ka kaļķu un kaņepju kompozītmateriāla (blīvums 408,10 kg/m3)  
siltumvadītspēja ir vidēji zema – 0,086 W/m∙K. Līdzīgas vērtības tika iegūtas sapropeļa-
kaļķa-kaņepju biokompozītmateriālam – 0,089 W/m∙K. Iegūtie rezultāti ir apmierinoši, 
līdzīgi tiem materiāliem, kuros pasaulē praktiski izmanto kaņepju šķiedras un spaļus, 
un ar pašreizējo regulējumu sienai, kas izolēta ar šādiem materiāliem, jābūt aptuveni 
400 mm biezai, lai sasniegtu normatīvās vērtības (Sinka et al., 2014).

Pētījumā par sapropeļa – kūdras kokskaidu siltumizolācijas plāksnēm (Obuka et al., 
2013), tika noteikta materiālu mehāniskā izturība. Atkarībā no mitruma daudzuma 
mainās plātnes spiedes pretestība. Sapropeļa-kokskaidu plātnes izturība ir 0,06 MPa, 
bet kūdras – kokskaidu – 0,13 MPa. Turpretī lieces pretestība parāda, ka sapropeļa – 
kokskaidu plātnei izturība ir 0,02 MPa, bet kūdras-kokskaidu plātnei – 0,3 MPa. Šie 
spiedes pretestības rezultāti norāda uz to, ka kompozītmateriālu stiprība ir pietiekama, 
lai ar tiem veiktu montāžas darbus, kā arī līmējošus savienojumus. Papildus informācija 
par iegūtajiem rezultātiem ir atrodama publikācijā (Obuka et al., 2014).

Iegūtie rezultāti rāda, ka kompozītmateriāliem ar bērza koksnes slīpputekļiem, 
kā pildvielu un zaļaļģu sapropeli, kā saistvielu ir augstākas kompresijas deformācijas 
vērtības perpendikulāri un paralēli parauga veidošanās virzienam. Perpendikulāro 
deformāciju spiedes rezultāti ir diapazonā no 0,67 līdz 0,76 MPa. Lineāro deformāciju 
rezultāts ir attiecīgi 0,72 un 0,67 MPa. Rezultāti, kas iegūti no mehāniskās izturības 
testiem, parāda, ka materiāli ir pietiekami izturīgi, lai tos varētu izmantot montāžas 
darbos un veidotu līmējošos savienojumus. Papildu informācija par testa rezultātiem ir 
atrodama rakstā (Obuka et al., 2015).

3.3. Kompozītmateriālu siltumvadītspējas pārbaude

Pētījumā par sapropeli kā saistvielu biokompozītmateriāliem tika veikts siltumva-
dītspējas tests, izmantojot dažādus sapropeļus un pildvielas (Obuka et al., 2015). Trīs 
sapropeļa veidi tika izmantoti: Vēveru ezera (zaļaļģu) un Pilveļu ezera (zilaļģu) un 
sapropelis no Padēļa ezera (karbonātiskais). Kaņepju spaļi un šķiedra, koksnes šķiedra, 
bērza koksnes slīpputekļi tika izmantoti kā pildvielas. Izstrādātajiem kompozītmate-
riāliem kā saistvielu izmantoja neapstrādātu sapropeli. Iegūtie rezultāti ir apskatāmi 
3.3. tabulā.

3.3. tabula
Kompozītmateriālu siltumvadītspējas rezultāti

Materiāls: saistviela-pildviela Blīvums, 
kg/m3

Siltumvadītspēja, 
W/m∙K

Karbonātiskais uz zaļaļģu sapropelis – kaņepju spaļi un šķiedras 191 0,063 

Karbonātiskais uz zillaļģu sapropelis – kaņepju spaļi un šķiedras 200 0,059 

Koksnes šķiedra – zaļaļģu sapropelis 153 0,055 

Koksnes šķiedra – zaļaļģu sapropelis 202 0,060 

Zillaļģu sapropelis – koksnes bērza slīpputekļi 214 0,061 

Zillaļģu sapropelis – koksnes bērza slīpputekļi – Aerosils 376 0,080 
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Attiecīgi siltumvadītspējas labākie rādītāji ir biokompozītmateriālam, kas ir iegūts 
izmantojot koksnes šķiedras un Vēveru ezera zaļaļģu sapropeli kā saistvielu. Rezultāti 
norāda ka šie biokompozītmateriāli ir ar līdzīgiem rādītājiem un ar līdzīgām izmanto-
šanas iespējām un potenciālu. Izveidotajiem biokompozītmateriāliem ir zema siltumva-
dītspēja to jauktās, porainās struktūras dēļ, un tiem ir viendabīga šķiedru struktūra ar 
savstarpēji savienotām un atvērtām porām. Izejvielu organiskās izcelsmes dēļ sapropeļa 
saistvielas un kaņepju spaļu un šķiedru biokompozītmateriālam ir neviendabīga struk-
tūra. Granulometriski atšķirīgām daļiņām sakārtojoties, rodas tukšumi un nevienmē-
rīga struktūra, ar ieslēgumiem, paraugam ātrāk deformējoties. Papildus informācija par 
testa rezultātiem ir atrodama rakstā (Obuka et al., 2015).

Pētījumā par sapropeļa – kūdras kokskaidu siltumizolācijas plāksnēm (Obuka 
et al., 2014) siltumvadītspējas rezultāti sasniedza 0,067 un 0,060 W/m∙K. Pētījumā tika 
ņemts vērā sasaldēšanas ciklu skaits un testēto materiālu mitrums. Kūdras– kokskaidu 
plātnei veicot saldēšanas ciklu ietekmes izpēti, tās siltumvadītspēja nedaudz palieli-
nās, taču sapropeļa–kokskaidu plātnes siltumvadītspējas koeficients samazinās, kas ir 
labāk. Salīdzinot iegūtos rezultātus, kur biokompozītmateriāla mitruma saturs ir no 
sausgaisa līdz mitrumam piesātinātam materiālam (12%), siltumvadītspējas koeficients 
sapropeļa-kokskaidu plātnei ir 0,050-0,060 W/m∙K un kūdras – kokskaidu plātnei attie-
cīgi 0,055-0,064 W/m∙K. 

3.3. Kompozītmateriālu spiedes un lieces izturības testi

Šajā pētījumā tika izstrādāti kompozītmateriāli, sapropeli izmantojot kā līmvielu. 
Tika izmantoti divu veidu sapropeļa paraugi – zaļaļģu sapropelis, kas iegūts Vēveru 
ezerā un zilaļģu sapropelis, kas iegūts Pilveļu ezerā. Sapropelim tika noteikti tādi rak-
sturlielumi kā sausnas saturs, mitruma saturs un blīvums. Līmes tika pārbaudītas, 
līmējot saplāksni un pārbaudot kompozītmateriālus mehāniski: stiprības noteikšana 
statiskā liecē un līmējuma stiprības pārbaude izmantojot (Anonymous, 2000b) un 
(Anonymous, 2005) standartu, pielietojamības grupas (D1–D4) noteikšana sapropelim 
kā līmvielai izmantojot standartu (Anonymous, 2001a) un izmantojot (Anonymous, 
2002) standartu, gabalkūdras salīmēšana ar sapropeli un stiprības noteikšana stiepē 
perpendikulāti plātnes plaknei noteikšana izmantojot (Anonymous, 2000a) stan-
dartmetodi.

No rezultātiem izriet, ka robežstiprības liecē mehāniskajām pārbaudēm sapropeļa 
līmvielai (Anonymous, 2001b), augstāko rezultātu uzrāda Pilveļu ezera sapropelis para-
lēli liecē – 88,7 MPa. Zemāko rezultātu rāda tāda paša veida sapropelis, kas ir testēts 
tikai perpendikulāri liecei (3.2. attēls). Papildus nosakot pielietojamības grupas (D1–
D4) noteikšana sapropelim kā līmei, rezultāti rāda, ka Pilveļu sapropelis – dižskābardis 
paraugi sasniedz 3,67 MPa. Papildus tests saskaņā ar standartu (Anonymous, 2000a) 
tika taisīts gabalkūdrai un sapropelim kā līmvielai, lai noteiktu stiprības noteikšanu 
stiepē perpendikulāri plātnes plaknei, rezultāti rāda, ka līmēto paraugu gabalkūdra– 
Pilveļu sapropelis, lieces mehāniskā izturība sasniedz – 0,077 MPa, gabalkūdra – 
Vēveru sapropelis sasniedz 0,067 MPa.

Pētījuma rezultāti norāda uz to, ka videi draudzīga līmviela, iegūta no sapropeļa, 
kompozītmateriālu izstrādē ir izmantojama kā dabiska saistviela, kurai piemīt augsta 
spēja salīmēt un noturēt veidojuma formu.
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3.2. attēls. Lieces mehāniskā izturība paralēli un perpendikulāri šķiedru virzienam

Pētījuma virziens ir perspektīvs un tas ir jāturpina, radot jaunus risinājumus 
sapropeļa līmvielas īpašību uzlabošanai, tās efektivitātes celšanai.

3.5. Skaņas izolācijas īpašības

Pētījumā par sapropeli un kūdru, kā saistvielu un kokskaidām kā pildvielu (Obuka 
et al., 2014), ir noteikts, ka viena no nozīmīgām jebkura būvmateriāla īpašībām ir to 
spēja izolēt skaņu Tādējādi promocijas darba ietvaros tika veikts izstrādāto materiālu 
skaņas izolācijas īpašību pētījums (3.4. tabula).

3.4. tabula
Skaņas izolācijas testu rezultāti, izmantojot 4 mikrofonu metodi

Testētā plātne Skaņas izolācijas, 
dB

Kūdra – kokskaidas 30
Kūdra – kokskaidas 32
Sapropelis – kokskaidas 32
Sapropelis – kokskaidas 31

Iegūtajiem biokompozītmateriāliem ir smalki poraina struktūra ar viendabīgu 
šķiedru struktūru ar atvērtām un savstarpēji savienotām porām. Iegūtie skaņas izolā-
cijas rezultāti liecina par to, ka biokompozītmateriāli ir ar ļoti labām izolācijas īpašī-
bām. Salīdzinot ar citiem ekoloģiskajiem siltumizolācijas materiāliem, piemēram, linu 
šķiedru siltumizolācijas materiālu, rezultāti ir sliktāki, un tie atšķiras par 14 dB. Linu 
šķiedru materiālam skaņas absorbcijas rezultāts pēc literatūras datiem ir 45 dB, bet 
linu – vilnas siltumizolācijas materiāls nodrošina 40 dB skaņas absorbciju (Kozłowski 
et al., 2008). Ņemot vērā skaņas izolācijas īpašības, var secināt, ka labāku skaņas izolāci-
jas līmeni var sasniegt, izmantojot smagākus materiālus.
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3.6. Pašaizdegšanās tests

Pētījumā par sapropeli un kūdru, kā saistvielu un kokskaidām kā pildvielu (Obuka 
et  al., 2014) tika veikts izstrādāto materiālu pašaizdegšanas riska novērtējums. Uz 
degšanas pārbaudes iegūto datu pamata ir iespējams secināt to, ka kūdras kokskaidu 
plātnes pašaizdegšanās temperatūra ir augstāka, nekā sapropeļu–kokskaidu plātnes 
pašaizdegšanās temperatūra. Lai uzlabotu materiālu lietojamību, tie jāapstrādā ar dažā-
diem līdzekļiem, kas uzlabo ugunsdrošību un bioloģisko izturību, jo tas uzlabo kompo-
zītmateriālu izturību, izmantošanas iespējas, dzīves ciklu.

3.7. Biodegradācijas testi 

Biodegradācijas eksperimentus veica, testējamajiem biokompozītmateriāliem pie-
vienojot augsni, barības vielas un mikroorganismu konsorciju ar celulolītisko aktivitāti, 
(Muter, 2015) lai nodrošinātu labvēlīgus apstākļus noārdīšanās procesiem. 

Trīs sapropeļa veidi tika izmantoti: Vēveru ezera (zaļaļģu-GAS) un Pilveļu ezera 
(zilaļģu-CBS) un sapropelis no Padēļa ezera (karbonātiskais-CS).

Biodegradācijas testā tika izmantoti biokompozītmateriālu pildvielas – koksnes 
šķiedra, bērza koksnes slīpputekļi, kaņepju šķiedras un spaļi. Šiem materiāliem tika 
izmantotas minerālās saistvielas, kas izstrādātas iepriekšējos pētījumos  – dolomīt-
milti kas sastāv no 100% DL60 kaļķa (Dolomīts) un hidrauliskais kaļķis, kas sastāv no 
60% DL60 kaļķa un 40% kalcinēta kaolīna māla (Māls) (Sinka and Sahmenko, 2015). 
Saistvielas un pildvielas masas attiecība bija 2:1. Gabalkūdra (“Laflora”) tika izman-
tota arī kompozītmateriālu biodegradācijas pētījumos kā kontroles materiāls (Obuka 
et al., 2019).

3.7.1. Mikroorganismu elpošanas intensitāte
Biodegradācijas procesu vēroja sākumā un pēc 7 dienām pie 37 °C. Tika novērots 

elpošanas intensitātes pieaugums kompozītmateriālos. Paraugi inkubācijas sākumā 
uzrādīja statistiski nozīmīgu atšķirību (p<0,05) un elpošanas intensitāte svārstījās dia-
pazonā no 31% līdz 70%, salīdzinot ar kontroli (augsni un kūdru). Papildinformāciju 
par šī pētījuma rezultātiem var atrast (Obuka et al., 2019).

Rezultāti rāda, ka dažādos apjomos visi pētītie biokompozītmateriāli ir bioloģiski 
noārdāmi, nodrošinot degradācijas procesam piemērotus apstākļus. Tas parāda, ka 
izmantotie materiāli ir bioloģiski noārdāmi dažādā laika posmā. Ir secināms, ka tas 
galvenokārt ir atkarīgs no izmantotās pildvielas. Koksnes bērza slīpputekļiem ir visze-
mākā bioloģiskā noārdīšanās spēja, jo tiem uzrādās vismazākā elpošanas intensitāte pēc 
7 dienām, savukārt koksnes šķiedrām un kaņepju spaļiem un šķiedrām ir augstāka bio-
loģiskā noārdīšanās spēja pēc 7 dienu inkubācijas. Rezultāti rāda, ka dažādos apjomos 
visi pētītie biokompozītmateriāli ir bioloģiski noārdāmi un tos var izmantot, lai sama-
zinātu būvmateriālu kopējo ietekmi uz vidi pēc to dzīves cikla beigām.
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3.7.2. Fluoresceīna diacetāta (FDA) hidrolīzes aktivitātes noteikšana
Viens no pārbaudīto materiālu bioloģiskās noārdīšanās novērtēšanas kritērijiem 

ir mikroorganismu enzīmu aktivitātes palielināšanās, kas reaģē uz biopieejamo barī-
bas vielu klātbūtni. Kā zināms, mikroorganismu dažādas enzīmu grupas, t.i., hid-
rolāzes, proteāzes, esterāzes lipāzes u. c., piedalās FDA hidrolīzē. (Green et al., 2006). 
Papildinformāciju par šī pētījuma rezultātiem var atrast (Obuka et al., 2019).

FDA hidrolīzes aktivitātes salīdzinājums parādīja statistiski nozīmīgu (p<0,05)  
atšķirību starp kontroli un kompozītmateriāliem, izņemot CS/koksnes šķiedras mate-
riālu. Lielāka FDA hidrolīzes aktivitāte var netieši norādīt uz intensīvākiem biono-
ārdīšanās procesiem, jo tā ir atkarīga no barības vielu pieejamības, mikroorganismu 
koncentrācijas, kā arī no to fizioloģiskā stāvokļa, ķīmiskā sastāva un vides fizikālajām 
īpašībām (Green et al., 2006; Mupambwa and Mnkeni, 2016).

3.8. Sapropelis, kūdra, bioogle: granulu izstrāde  
izmantošanai lauksaimniecībā

Šajā promocijas darba daļā sapropelis un kūdra tika pētīti, kā potenciālie augsnes 
ielabotāji granulu veidā. Līdz šim sapropelis Latvijā galvenokārt tika izmantots lauku 
mēslošanai, kā papildmēslojums. Turklāt sapropeli var izmantot kā saistvielu, pie-
mēram, granulu izstrādē stiprības uzlabošanai (Balčiūnas et al., 2016; Obuka et al., 
2015; Vincevica-Gaile et al., 2019).

Mērķis bija noskaidrot kūdras-sapropeļa un sapropeļa granulu veidošanas iespējas 
un novērtēt to īpašības. Sapropeļa-kūdras un sapropeļa granulu izstrādes laikā saistviela 
pirms iestrādāšanas tika apstrādāta līdz viendabīgai masai. Pētījumā tika veiktas testē-
šanas granulu fizikāli-mehānisko īpašību noteikšana 3 veidu granulām. Tika noteikts 
bēruma blīvums (Anonymous, 1999), ūdensuzsūce (Anonymous, 2013), granulu spie-
des stiprība (Anonymous, 2007), vides skābuma reakcija un elektrovadītspēja.

Iegūto granulu no tīra sapropeļa un ūdens pH ir 7,35, bet granulām no kūdrainā 
sapropeļa pH ir 7,36, no sapropeļa-kūdras granulām pH ir 4,52. Izveidotās granulas 
ūdens vidē sadalās lēni. Augsnes vidē granulu sadalīšanās notiek fiziskas iedarbības 
rezultātā. 

Bēruma blīvums granulām no tīra sapropeļa un ūdens ir 639,6 kg/m3, bet granu-
lām no kūdrainā sapropeļa ir 246,1kg/m3, sapropeļa-kūdras 248,3 kg/m3. Ūdensuzsūce 
granulām no tīra sapropeļa un ūdens ir ≤78,9%, bet granulām no kūdrainā sapropeļa 
ir 167,8%, bet sapropeļa-kūdras 163,9%. Granulu mehāniskā izturība no tīra sapropeļa 
un ūdens ir 1,06 MPa, bet granulām no kūdrainā sapropeļa ir 0,46 MPa, bet sapropeļa-
kūdras ir 0,44 MPa. Rezultātā tika iegūtas granulas, kuru mehāniskā izturība ir pietie-
kama, lai tās varētu ilglaicīgi uzglabāt, pārvadāt un iestrādāt augsnē.

Promocijas darbā tika pētītas arī bioogles-sapropeļa granulas. Mērķis bija noskaid-
rot bioogļu-sapropeļa granulu izveidošanas iespējas un izvērtēt to īpašības, par izejma-
teriālu izmantojot bioogli, kas rodas kā blakusprodukts koģenerācijas stacijās. Ūdens 
vidē granulas sadalās lēni, jo abas sastāvdaļas ir ūdenī nešķīstošas vielas. Tādēļ augsnes 
vidē to sadalīšanās notiek fiziskas iedarbības rezultātā, bet gan bioogles, gan sapropeļa 
noārdīšanās noris lēni (De Gisi et al., 2014). 

Piksteres ezera sapropeļa un bioogles granulu bēruma blīvums: pēc granulu veida – 
cilindriska (iegūtas pēc ekstrūzijas metodes)  – 0,31  ±  0,07 g/cm3, apaļas (iegūtas ar 
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noapaļošanas – aglomerācijas metodi) – 0,47  ±  0,18 g/cm3, apaļas (iegūtas pēc eks-
trūzijas metodes) –1,00 ± 0,43 g/cm3. Granulu tilpummasa ir zema salīdzinājumā ar 
presētajām bioogļu granulām, kas šobrīd galvenokārt pieejamas tirgū. Izmantotajos 
materiālos nav konstatēts smago metālu piesārņojums, un no šī aspekta tie uzskatāmi 
par droši lietojamiem lauksaimniecībā.

3.9. Sapropeļa biokompozītmateriālu mikrobioloģiskās 
stabilitātes pētījums

Sapropeļa-kaļķa, magnija oksihlorīda kā saistvielas un kaņepju spaļu un šķiedras 
kā pildvielas, sapropeļa kā saistvielas un bērza koksnes slīpputekļu, koksnes šķiedras 
kā pildvielas mikrobioloģiskā stabilitāte tika pētīta. Izmantotās pildvielas ir rūpnie-
cības un lauksaimniecības blakusprodukti, kas jāpārstrādā vai jāizmanto atkārtoti. 
Antimikrobiāla piedeva biokompozītmateriāliem  – SIA ALINA produkts ALINA 
LIFETM organomāli. Paraugi tika testēti, izmantojot sēnes Alternaria alternata un 
Cladosporium herbarum, tās mākslīgi inokulējot uz paraugu virsmas. 

Darba gaitā tika noskaidrots, ka uz izmantotajiem materiāliem visbiežāk ir sastopa-
mas Sordaria, Alternaria un Fusarium ģints sēnes. Atsevišķos gadījumos tika konsta-
tētas arī Penicillium, Acremonium, Paecilomyces, Trichoderma, Mucor un Stachybotrys 
spp., kas liecina par to, ka substrāti satur pietiekamu mitrumu un barības vielu dau-
dzumu sēņu attīstībai. Labi izteikta sēņu attīstība tika novērota uz sapropeļa-koksnes 
šķiedras un bērza koksnes slīpputekļu materiāliem, kas ir skaidrojams ar to neitrālo 
pH 6–7, vai pat nedaudz skābo pH 5, kā arī to, ka koksne dabiski ir piemērots substrāts 
daudzām sēnēm. 

Sēņu attīstība praktiski netika novērota uz kaņepju-kaļķa materiāliem un kaņepju – 
magnija hlorīda saistvielas, kā arī kaņepju–sapropeļa–kaļķa saistvielas materiāliem. Tas 
skaidrojams ar kaņepju antimikrobiālo iedarbību (Ali et al., 2012), kā arī kaļķa dabiski 
augsto pH 9–12, kas negatīvi ietekmē sēņu attīstību. 

Pētījums pierādīja, ka paaugstināta sēņu augšanas intensitāte notiek materiālos, kas 
izgatavoti no koksnes šķiedras, bērza koksnes slīpputekļiem un sapropeļa kā saistvielas. 
Sēņu sugas, kas aug uz biokompozītmateriāla, ir atkarīgas no materiāla veida, pildvie-
las, materiāla virsmas un saistvielas.

Sēņu augšana praktiski netika novērota kaņepju-kaļķa un kaņepju-magnija oksihlo-
rīda, kā arī kaņepju-kaļķa-sapropeļa biokompozīmateriāliem. Papildinformāciju par šī 
pētījuma rezultātiem var atrast (Obuka et al., 2017).

Tika veikti divi eksperimenti, lai noteiktu mikrobioloģisko stabilitāti otrajā testa 
daļā. Testā 2.1. paraugi tika sagatavoti 70 × 70 × 70 mm kubu veidnēs, koksnes vate tika 
sagriezta ar līdzīgu virsmas laukumu. Testā 2.2. paraugi tika sagatavoti 40 mm diametrā 
un 10 mm augstās cilindriskās formās, arī fibrolīts un koksnes vate tika sagatavoti tāpat. 
Testā 2.2. tika izgatavoti arī papildus paraugi ar pazeminātu saistvielas daudzumu, 
izmantojot 50% un 20% no pirmajā eksperimentā izmantotās saistvielas daudzuma ar 
tādu pašu daudzumu kaņepju šķiedru un spaļu, iegūstot paraugus ar mazāku saistvielas 
daudzumu un mikrobioloģisko aizsardzību.

Analizējot kompozītmateriālu mikrobioloģiskās stabilitātes izmaiņas atkarībā no 
saistvielas koncentrācijas, var secināt, ka minerālo saistvielu daudzuma samazināšanās 
samazināja mikrobioloģisko stabilitāti. MOC (magnija oksihlorīda cements-kaņepju), 
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FHL (formulēts hidrauliskais kaļķis-kaņepju) un HL (hidrauliskais kaļķis-kaņepju) 
biokompozītmateriāliem ar 100% saistvielas koncentrāciju augšanas intensitātes novēr-
tējums ir 0–1,5, ar 50% saistvielas koncentrāciju augšanas intensitātes novērtējums ir 
1–3, bet ar 20% tas ir 2,5–4. 

Mikrobioloģiskās stabilitātes samazināšanās korelēja ar pH pazemināšanos parau-
gos. Uz kaļķu bāzes saistvielu kompozītmateriāli (FHL un HL) uzrādīja augstāku 
mikrobioloģisko stabilitāti nekā MOC kompozītmateriāli, jo 100% saistvielu parau-
gos netika novērota sēņu augšana, savukārt MOC sēņu augšanas intensitāte atbilda 
1.–2. novērtējumam. Ar 50% un 20% sasitvielas daudzumu paraugos šī atšķirība 
pazuda. To var attiecināt uz pH līmeni paraugos, kas uz kaļķu bāzes paraugiem bija 
aptuveni 12 pie 100%, bet MOC  – 9,76, savukārt saistvielas samazināšanās 50% un 
20% paraugos uzrādīja līdzīgu pH un mikrobioloģisko stabilitāti. Mikrobioloģiskās sta-
bilitātes samazināšanās MPC kompozītmateriālos nebija tik izteikta, jo augšanas inten-
sitāte 100% koncentrācijā bija 2–4, bet pie 20% – 3–4. Šāda paaugstināta MPC augšanas 
intensitāte bija līdzīga eksperimenta pirmā posma rezultātiem un izskaidrojama ar cie-
tinātāja, kālija fosfāta, ietekmi.

Testā 2.1., tika atklāts, ka sēnes pieder pie Paecilomyces and Stachybotrys pētījumā 
iekļautajos kompozītmateriālos bija visizplatītākās. Dažos gadījumos, Penicillium, 
Acremonium, Cladosporium, Aspergillus, Trichoderma and Mucor tika novēroti arī, 
parādot, ka substrāti satur pietiekamu mitrumu un barības vielu daudzumu sēņu attīs-
tībai. Lielākā daļa šo sēņu barojas ar celulozi; tāpēc tās var atrast uz celulozes bagātiem 
materiāliem (Bech-Andersen, 2004; Klamer et al., 2004). Stachybotrys barojas arī ar lig-
nīnu, un šī iemesla dēļ tas bieži sastopams uz koksnes un tās izstrādājumiem (Vance 
et al., 2016), un to sauc arī par melno pelējumu (Ding et al., 2018). 

Biokompozītmateriālu, kuru pamatā ir sapropelis, funkcionālo īpašību pielietoša-
nai tika izstrādāti un pielāgoti mikrobioloģiskās stabilitātes testi. Biokompozītmateriāli, 
ar sapropeli kā saistvielu, uzrāda vienu no augstākajiem mikrobioloģiskās stabilitātes 
rezultātiem, tas ir, sēnes un citi organismi paraugos netika konstatēti

Sapropeļa, kaļķa un magnija oksihlorīda cementa kompozītmateriālam ir lielāka 
mikrobioloģiskā pretestība nekā komerciāli pieejamiem materiāliem, kā, piemēram, 
koksnes vatei; tāpēc tos ir iespējams izmantot būvniecībā līdzīgos apstākļos, t.i., kons-
trukcijās, kas aizsargātas no ārēja mitruma. Izmantojot vizuālo novērtējuma metodi 
šajā pētījumā, var iegūt ieskatu pētīto biokompozītmateriālu mikrobioloģiskajā rezis-
tencē un stabilitātē. Paraugiem, kuriem tika pievienoti organomāli, to apaugums bija 
par 13,8% mazāks, bet tiem, kuriem bija biocīds pievienots, – par 9,1% mazāks, tomēr 
tika novērota nesaderība ar formulētu hidraulisko kaļķi (20%), magnija oksihlorīda 
cementu (20%), hidraulisko kaļķi (20%) un magnija fosfātu cementa (100%) saistvie-
lām. Papildinformāciju par šī pētījuma rezultātiem var atrast (Obuka et al., 2021).
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SECINĀJUMI

1.	 Ar organiskām vielām bagāts sapropelis ir perspektīvs dabas resurss, lai tam rastu 
dažādas pielietošanas iespējas celtniecībā un lauksaimniecībā, izmantojot to, kā 
saistvielu, kombinējot ar dažādiem ražošanas blakusproduktiem.

2.	 Izmantojot vietējos resursus, piemēram, sapropeli un ražošanas procesa blakuspro-
duktus, piemēram, bērza koksnes slīpputekļus, koksnes šķiedras, kaņepju spaļus 
un šķiedru, būvniecībā un lauksaimniecībā ir iespējams izstrādāt videi draudzīgus 
kompozītmateriālus, tos pielāgojot lietošanas vajadzībām.

3.	 Dabiskā sapropeļa, kas ir biokompozītmateriālu sastāvā, mikrobioloģiskā stabili-
tāte ir viens no galvenajiem parametriem to pielietošanas nodrošināšanai, un testu 
skaitā jāietver detalizēts biokomkompozītmateriālu novērtējums attiecībā uz galve-
najām mikroorganismu grupām, kas ir sastopamas celtniecības materiālos.

4.	 Sapropeļa biokompozītmateriālu mehāniskās un siltumvadītspējas īpašības ir līdzī-
gas ar komerciāliem produktiem, tāpēc biokompozītmateriālus varētu izmantot 
līdzīgi tiem būvniecības nozarē.

5.	 Izveidotajiem būvniecības biokompozītmateriāliem ir augsts organisko vielu saturs, 
tie ir neaizsargāti pret bioloģisko noārdīšanos, tāpēc ir svarīgi pievienot antimikro-
biālas piedevas.

6.	 Mikrobioloģiskās stabilitātes un biodegradācijas testi ir izstrādāti un pielāgoti, lai 
tos varētu izmantot uz sapropeli balstītu 	 biokompozītmateriālu funkcionālo īpa-
šību testēšanai.
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