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The number of chemical substances is enormous. At the end
of 2002, the number of organic and inorganic substances has
already exceeded 20 million /1/. Since research in chemistry
is ongoing and new chemical substances are still being
synthesised, the number of new substances is constantly
increasing. Moreover, these substances may also take the
form of various combinations of a component of various
products.

It is not possible to assess the danger posed by all the
chemical substances known today (also chemical products)
to the surrounding environment and human beings.
Moreover of all the substances currently on active sale there
could be approximately 100,000 chemical substances /2/.
Performing control measures on chemical substances and
chemical products, it is important to know the chemical
substances':

quantities;

danger in the environment and to human health.

Information regarding the import, manufacture and usage of
chemical substances and chemical products has been
collated in Latvia since 1995. At the end of 2002, the
relevant database contains information regarding 1,033
substances and 5,418 products that have been
manufactured, imported or used in Latvia during the period
of time between 1995 and 2001. In comparison with
Sweden's register of products, which contains information
regarding 64,572 chemical substances and 258,691
chemical products /3/, the number is relatively small.
However it should be taken into account that the database
in Latvia has only been in existence for a relatively short
period of time. 

Until now the data regarding the import, manufacture and
usage of chemical substances and chemical products in
Latvia has been collated in a statistical report, 4KP. However,
starting from 2003 the procedures for the inventory of
chemical substances and chemical products in companies
and their registration will be regulated by Cabinet of
Ministers regulations no. 466 "Regulations regarding proce-
dures for the inventory and data base of chemical substances
and chemical products" adopted in 2002 /4/. These will
result in the establishment of a new and more qualitative
data base where the person filling out the template must also
indicate the danger of the chemical substance or chemical
product in accordance with the Cabinet of Regulations no.
107 (adopted in 2002) regarding "Procedures for
classification, labelling and packaging of chemical substances
and chemical products" (amendments no. 445) and the
chemical substance's or chemical product's area of use.

The danger posed by chemical substances may be assessed,
knowing this substance's physical chemical, toxicological and
ecotoxicological properties. A chemical substance is viewed
as hazardous, in accordance with the "Chemical substances
and chemical products law" /4/ it may be classified among 15
categories of danger. All classified hazardous chemical
substances are listed in the "List of Hazardous Chemical
Substances" /5/, which is constantly updated and conforms to
the annex I of European Union Directive 67/548/EEC.

The tables below depict the quantities of the most widely
distributed highly toxic, toxic, oxidising, highly flammable
and flammable and environmentally hazardous chemical
substances in Latvia during the period of time between 1995
and 2001. All the substances that feature in the tables are
found on the "Hazardous chemical substances list".

17.  Hazardous chemical substances

Indicators
17.1. Quantities of hazardous chemical

substances
17.2. Emissions of heavy metals to

atmosphere
17.3. Emissions of heavy metals to water
17.4. Concentration of heavy metals in

fish tissue
17.5. Concentration of heavy metals in

mollusc tissue 
17.6. Concentration of heavy metals in

sea sediment

17.1. Quantities of hazardous chemical substances



A large group of polluting substances are made up of
hydrocarbons, whose main source of emission is the
utilisation of refined petroleum products. From the tables it is
possible to see that extremely large quantities of imported or
used substances in recent years consist of butane and
propane (Figure 17.1.4). These petroleum products are
primarily used as liquefied gas and according to the nature of
the hazard they pose are considered to be highly flammable
substances. 

Some of substances shown in the tables are utilised and may
be utilised as solvents. One such substance is acrylonitrile
(Figure 17.1.2.), the quantities of which have increased
significantly during recent years. Globally, acrylonitrile is
manufactured in large quantities and its main spheres of
utilisation are in the production of colorants as well as in the
manufacture of polymers, pesticides and medicinal products.
Its decomposition can create cyanides that are particularly
hazardous both for the environment and human health and
long-term exposure to which can result in cancer. Likewise,
benzene is viewed as being toxic (Figure 17.1.2.). Globally, it
is precisely as a result of this large toxicity that attempts are
being made to restrict its use as a solvent. The chemical
substances shown in a separate table, which are classified as
highly flammable, may also be utilised as solvents, for
example, butanol, xylene, butyl acetate. 

Calcium hypochlorite and hydrogen peroxide (Figure
17.1.3.), which are classified as oxidising chemical
substances are mainly used for two purposes: for example, as
bleach in the textile industry or as a disinfectant. However,
ammonium nitrate or nitrates, whose volumes of use are
steadily growing are widely utilised in agriculture (Figure
17.1.8.).
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Heavy metals

Mercury (Hg), cadmium (Cd) and lead (Pb) and their
compounds are considered to be the most hazardous metals.
Micro-doses of other metals, for example, copper (Cu) and
zinc (Zn) are even beneficial and are regarded as harmful if
consumed in large doses. Mercury is a particularly
problematic substance because it has the capacity to spread
in its vapour phase, as well as accumulate in the organism
more effectively than other metals. 

Table no 17.1.9. shows that the largest quantities of heavy
metal cadmium, lead, mercury and their salts were imported
in 2000. If this date is compared, for example, with that of
Norway's product control data, it may be seen that in
Norway in recent years the quantity of lead, that has been
sold as a component within various products exceeds 16
thousand tonnes a year and that these quantities have a
tendency to increase. Since 1985, compounds that contain
cadmium have not exceeded 1 tonne /6/. However,
according to data provided by the Finnish Environment
Institute, in recent years the quantities of mercury in Finland
do not exceed 1 tonne /5/.

The turning point in Finland regarding the emission of heavy
metals from manufacturing was 1990 after which a reduction
in level of heavy metal emissions was observed attributable
to more effective incineration equipment and separators, as
well as the improved automation of the process /5/.

Persistent organic pollutants (POP) 

Persistent organic pollutants (POP) are man-made organic
substances containing halogen (chlorine, bromine) that
because of their chemical persistence manage to remain in
the environment for decades. Moreover as a result of the
movement of wind and water POP can travel very great
distances. According to the practical application and origin,
POP can be divided into 3 smaller groups:

pesticides (aldrin, DDT, dieldrin, endrin, hexachlorocyk-
lohexane, chlordane, chlordecone, mirex, tokxaphene);

industrial raw materials and technical chemicals
(hexachlorobenzene, polychlorinated biphenyl (PHB);

by-products of high temperature processes (polychlorina-
ted dibenzo-p-dioxins and dibenzophuranes (PHDD/F)).

One of the most notable sources of POP's is agriculture. The
State Plant Protection Service collects information regarding
means of plant protection. It is responsible for creating a list



of registered plant protection instruments, as well as being
responsible for the issue of permits to users of plant
protection instruments, importers and retailers. From the
date (Table 17.1.10.) it can be seen that the smallest
consumption of pesticides in Latvia was in 1994. In turn,
their consumption is set to increase in coming years. In
comparison, in Sweden the quantity of pesticides being used
is constantly falling [3].

In the environment, polychlorinated biphenyls (PHB's)
decompose very slowly; they dissolve into fat and can have
a negative impact on human and animal fertility. For
example, even though the manufacture, sale and import of
PHB's and appliances containing them was banned in
Finland in 1990 and their use as such was banned from 1995
onward, they nevertheless decompose extremely slowly and
so that their consequences are still felt today. /7/

The main source of PHB discharge in Latvia is the energy
sector, as well as the largest industrial companies and rail
transport, where electrical rail appliances that contain PHB
(transformers and capacitors) are still in use today.

In order to get an impression regarding the existence of
installations that may possibly contain PHB; the State
Environments Inspection carried out a sample survey among
companies in 2002. Currently the number of known
capacitors discovered by it, which are in operational use, is:

KC type capacitors - 499;

KM type capacitors - 115;

KÝ type capacitors - 4;

TN type transformers - 1.

However, according to data collected in 2000 by Latvia's
largest energy company "Latvenergo", about 170 tonnes of
electric capacitors have been located and audited, of which
98 tonnes are still in operational use.

Cabinet of Ministers regulation no.117, adopted on March
12, 2002, "Regulations regarding the requirements for the
usage and labelling of individual installations and products
containing hazardous chemical substances and regarding a
list of goods that are harmful to the environment" determines
a list of goods that are harmful to the environment and a ban
on their import and distribution, as well as, determines the
requirements and restriction for the use and labelling of such
installations, that contain individual hazardous chemical
substances. Section 6 of the Cabinet of Ministers regulation
refers to: "…If the volumetric capacity of polychlorinated
biphenyls or polychlorinated terphenyls in an installation is
greater than 5 dm³, the owners or users of the installation
shall submit information to the relevant regional
environment administration regarding such installation…". In
turn, Section 23, states that, "…by January 1, 2003 the
owners and users of installations referred to in Section 6 of
these regulations shall submit the information referred to
Annex 2 of these regulations to the regional environment
administration…" Therefore - it will only be possible to
acquire more exact data regarding the quantity of such
installations after January 1, 2003. 

In Stockholm, in May 2001, Latvia signed a UN convention
"On persistent organic pollutants". The purpose of this

convention is to protect human heath and environment from
persistent organic pollutants. The POP convention currently
bans the utilisation of the 12 most hazardous POP's,
however, gradually other POP's will also be incorporated into
it. In order to implement this convention in real life, an
international project was begun in Latvia in 2002 that will
help to discover the sources of POP's and their reserves.

In turn, in order to implement the Cabinet of Ministers regu-
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One of the pointers or indicators that pointedly characterises
the impact of anthropogenic activity on the environment is
the emission of heavy metals. The most frequently encounte-
red heavy metals or elements: arsenic (As), mercury (Hg),
lead (Pb), cadmium (Cd), chromium (Cr), copper (Cu), nickel
(Ni), zinc (Zn), vanadium (V), selenium (Se), as well as their
compounds are natural substances and are usually
encountered in the environment in a very diffuse form.
Human commercial activity, most particularly, that related to
energy production and industrial manufacturing is the main
source of environmental pollution linked to heavy metals. It
is a persistent, and as a result - hazardous form of pollution,
because, accumulating in the biosphere it affects the food
chains of many living organisms, causing harmful, even toxic
effects.

The quantity of heavy metal emissions in absolute figures (in
kilograms or tonnes/year) is not a particularly revealing
indicator in terms of the comparison of individual countries
(particularly - emissions in a water environment, because the
regulatory enactments of many countries do not require their
declaration). Minus a comparison with the corresponding
data on emissions from previous years, this indicator is, at
best, an approximate guide in regard to national economic
and political development. However, assessed
chronologically, it offers salient information regarding the
investment made by countries and their successes in the
implementation of environmental protection measures. 

The sources of emissions of heavy metals into the air,
including in Latvia, are industrial processes that are linked to
high temperature technologies:

Pyrometallurgical processes (metal smelting and thermal
processing emit As, Cd, Zn, Ni into the air); 

Energy extraction (fossil fuels, particularly - the burning of
coal, lignite and oil shale as well as heavy naphthenics
emit Hg and Pb, also Cd);
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17.2. Emissions of heavy metals to atmosphere

lation no. 340, "On Procedures for the Import, Submission
and Risk Assessment of New Chemical Substances" (2002)
more successfully, a Latvian - Swedish project is being
implemented in Latvia, whose purpose is explore new
chemical substances in the Latvian market. In 2002, Latvian
and Swedish specialists collaborated in a project in order to
carry out an initial inventory of biocidal products. The active
or natural substances that are components of biocidal
products are intended to chemically or biologically destroy
or repel harmful organisms. In the area of regulatory
enactment pertaining to chemical substances, Cabinet of
Ministers regulations are being drafted, which will apply to
tasks involving biocide products. The Public Health Agency is
currently compiling information regarding individual biocide
products (disinfectants, rodenticides and foeticides).

In future, in regard to the area of the control of chemical
substances and chemical products, a lot of attention will
need to be paid in regard to informing the public regarding
the hazardous nature of chemical substances and chemical
products, as well as, their safe usage. For example, publishing
materials containing information that would be widely
available to the public could do this. In turn, the
manufacturing company of the chemical substances and

chemical products should replace the most hazardous
chemical substances with less dangerous ones wherever this
is possible in order to protect the potential user of the
product from the undesirable impact of the products on
human health and the environment. Taking global pollution
problems into account, usage of the referred to metals and
POP's should be avoided, which are particularly dangerous
because of their slow degradation.

Internet addresses:

/1/ http://www.cas.org

/2/ http://www.vyh.fi/eng/environ/sustdev/indicat/myrkyt.htm

/3/ http://www.kemi.se/default_eng.htm

/4/ http://www.varam.gov.lv/environment/likumd/Lkimija.htm

/5/ http://www.vdc.lv/chemical/saraxsti/saraksti.htm

/5/ http://www.vyh.fi/eng/environ/sustdev/indicat/elohopea.htm

/6/ http://environment.no/

/7/ www.varam.gov.lv/vide/jomas/Lnot_org_sav.htm
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All the remaining incineration processes, including waste
incineration (emits Hg, Pb, Cd);

Industrial manufacturing (depending of the manufacturing
type various heavy metals are emitted);

Road transport and other types of mobile means of trans-
port (Pb, Cd, Cu, Ni, Zn emissions). Thanks to changes
made for purposes of environmental protection to the
petrol components of engines (replacement of additives
containing lead), there has been a significant reduction in
lead emissions from means of transport. /1, 2/.

As a result of their toxic properties, Hg, Cd and Pb are so-
called priority heavy metals. Accordingly heightened
attention is paid to their emissions. Latvia's emissions of
priority heavy metals from1990 to 2000 have been
calculated for stationary sources of emissions (energy-related
and industrial processes, Figure 17.2.1.). Latvia makes annual
reports regarding its emissions of priority heavy metals to the
Secretariat of the Geneva Convention on Long-range
Transboundary Air Pollution (EMEP Secretariat).

As shown by the data in Figure 17.2.1., a reduction and
stabilisation in the emissions of mercury and cadmium has
been observed after 1995, which can be explained by
improvements in the technological processes related to
incineration, as well as by gradual changes in the structure of
fuel, as the result a transition among large manufacturing
companies in the energy sector to environmentally friendly
type of fuel - natural gas. The real emissions, particularly
those of lead, are, of course, larger (not exceeding the 1996
level), because these would also include emissions that have
been determined for mobile (means of transport) and diffuse
sources of pollution (for example, individual home heating).

A comparison of the emissions of heavy metals in Latvia with
emissions from neighbouring countries (to some extent these
affect us as a result of transboundary pollution) is provided in
Figure 17.2.2. and Figure 17.2.3. Two of the largest emitters
of mercury and cadmium not only in our neighbouring
region, but also in Europe, are the Russian Federation and
Poland, which simultaneously boast both well developed
extractive and heavy industries, and also major energy

sectors. Nevertheless, these still contain a sufficiently large
proportion of antiquated technologies and the measures
carried out in relation to air protection are not sufficiently
effective. During the time period between 1995 and 2000,
Poland's emissions of cadmium decreased by 39% and those
of mercury - by 21%. In contrast, whilst Russia's emissions of
cadmium decreased by 4%, its emissions of mercury have
increased - moreover by 40%! /3/

Harmonising Latvia's regulatory enactments in air protection
with the requirements set out in EU directives, the Cabinet
of Ministers adopted regulation no. 286, "Regulations
regarding air quality" (02.07.2002.), which regulates
enactments related to air quality and its main pollutants, also
including - lead. The maximum limit for lead emissions has
been set at 0.5 mg/m3.

Since many companies are currently unable to technically
implement these requirements, operators (companies) have
been given a set preparation and transition period, in order
to adapt to the new situation, however, as from January 1,
2005, exceeding the limit for lead emissions will no longer
be permitted.

Heavy metals are mainly discharged into the water
environment though communal or industrial waste waters, of
course, not as actual metal, but rather in the form of various
soluble compounds as chemical elements (which to some
extent we understand to be the relevant metals).

Figure 17.3.1. reflects the emissions of various heavy metals
(Pb, Cr, Ni) with waste waters, including those of mercury
and cadmium which are particularly hazardous to the water
environment, are not increasing and have stabilised during
recent years. There has been a significant increase in the total
emission of zinc and copper (particularly in Riga), which can
be explained by the significant increase in business activity,
also including that in sectors, that are linked to the utilisation
of these metals and their compounds (the manufacture of
textile products, metal processing, the manufacture of timber
preservatives, specific types of construction materials and the
manufacture and utilisation of sanitary materials etc.).

17.3. Emissions of heavy metals to water
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The breakdown of residual pollution from heavy metals
arising from waste water according to economic sectors is
depicted in Table 17.3.2.

In Latvia during the time period between 2000 and 2002,
there has been a notable increase in legislation pertaining to
the protection of the water environment. However, the
control of emissions of heavy metals and their permissible
limits are mainly prescribed by Cabinet of Ministers
regulation no. 34, "On emissions of pollutants into the
aquatic environment" (22.01.2002) - applies to surface
water, underground water (ground water) and wastewater.
Cabinet of Ministers regulation no.118, "Regulations on
surface and ground water quality" (12.03.2002) and Cabinet
of Ministers regulation no. 63, "Mandatory harmlessness
requirements for drinking water" (23.02.1999) regulate the
quality requirements for these waters, including, the
maximum permissible limits in regard to heavy metals. In
accordance with the requirements set out in European
Union regulatory enactments, Cabinet of Ministers regulation
no. 365, "Regulations on utilisation, monitoring and control
of sewage sludge and compost thereof" (20.08.2002)
regulates the permissible limits of heavy metals in treated
sewage sludge and their composts, which are utilised in
agriculture and in the re-cultivation of abandoned lands or
contaminated sites. 

Cabinet of Ministers regulation no. 155, "Regulations on
water use permits" (22.04.1997), CM regulation no.35.
"Amendments to the Cabinet of Ministers regulation no.155,
April 22, 1997, "Regulations on water use permits"
(22.01.2002) and CM regulation no.119. "Amendments to
the Cabinet of Ministers regulation no.155, April 22, 1997,
"Regulations on water use permits" (12.03.2002) prescribes
the permissible size of emissions for which a corresponding
natural resources tax must be paid (and if the prescribed
limits are exceeded - significant penalty fees). These
regulations and the limits prescribed therein are applicable to
each operator performing polluting activities who has been
issued with a water usage permit.

The overall picture (table 17.3.1.) is slightly paradoxical,
because to some extent by performing vitally necessary and
useful work in collecting and treating household, communal
and industrial wastewater, some water management
companies become the largest polluters of the water
environment. Undoubtedly, further improvements are
necessary in the area of data collection and processing that
pertains to emissions of heavy metals, which will be largely
met by the requirements set out in new legislation and their
corresponding implementation.

Sources and Internet addresses:

/1/ Economic Commission for Europe, Heavy Metals
Emissions, Prague, 1995

/2/ G. Baumbach, Air Quality Control, Springer-Verlag Berlin
Heidelberg New York, 1996.

/3/ http://www.emep.int/index-data.html 

/4/ Latvian Environment Agency database, State Statistical
Survey, "No. 2-Water"
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The monitoring of traditionally harmful substances, including
heavy metals, in the tissue of fish is carried out due to the
economic significance of fish. Even though, the Baltic herring
is one of the most significant species in the Baltic Sea, the
necessity of whose monitoring is determined by HELCOM
recommendations, the monitoring of Baltic herring in the
Gulf of Riga was commenced only in 2002. Therefore the
results of this particular research were not available for this
report.

Nevertheless, the most suitable indicator species in regard to
Latvian conditions is the perch (Perca fluviatilis), because
intensive shore fishing is characteristic of Latvia, that is, the
area, where perch may be found. Moreover, perch are local
species, resident in areas close to the rivers inflow into the
sea, that are accordingly an extremely suitable indicator
organism from the perspective of the Water Framework
Directive (2000/60/EC).

Regular monitoring of heavy metals in the tissue of fish was
only commenced in 2001 in two stations, of which one (Z02)
is "polluted" (the station area is affected by the Daugava) and

the second (Z06) - is for "comparison" (Figure 17.4.1.). Prior
to that, starting from 1995, measurements were carried out
comparatively rarely, as a result of which, the data lines are
not adequate enough for the formulation of credible
conclusions.

The exception to this is cadmium, the concentration of which
has been observed as growing steadily near Daugavgriva
(station Z02). A similar trend has been observed in regard to
the concentration of cadmium in Baltic herring in the
southern and northern parts of the Baltic Sea /1/. Since the
concentration of cadmium observed in the polluted station
(Z02) is discernibly larger than that observed in the station
used for comparison (Z06), it is most likely that the increase
in the concentration of cadmium is of an anthropogenic
nature. In such a situation it would be vital to identify the real
sources for the discharge of cadmium into the water that
flows into river basins, as prescribed by the requirements set
out in the Water Framework Directive. Additionally, measures
should be performed in order to reduce the level of that
water inflow which contains cadmium.

17.4. Concentration of heavy metals in fish tissue

Figure 17.4.1. Concentration of heavy metals in perch (Perca fluviatilis) tissue, mg/kg (dry weight)
Source: Institute of Aquatic Ecology of University of Latvia
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17.5. Concentration of heavy metals in mollusc tissue 

Molluscs (Macoma baltica) are not a commercially significant
organism, but since they inhabit shore districts and do not
relocate from one district to another, they are a good local
indicator of the level of pollution. As such, molluscs are an
ideal subject for observation from the perspective of the
Water Framework Directive.

In Latvia, the monitoring of heavy metals concentrations in
molluscs was only commenced in 1998. Accordingly the
data lines are not adequate enough for the formulation of
credible statements in regard to trends pertaining to the
concentration of heavy metals in mollusc tissue. If one com-
pares the southern area of the Gulf of Riga (stations 167B,
101A, 163B - Figure 17.5.1.) with its northern area (station
107), significantly larger concentrations of heavy metals are
observable in the southern district. This finding testifies to the
negative impact of the three largest rivers that flow into the

Gulf of Riga (Figure 17.5.1.). Such measurements of heavy
metals in molluscs are also carried out in other areas,
however, it is difficult to make mutual comparisons between
the results, because in previous measurements, molluscs
were not dried, which creates greater inaccuracies in the
measurements. In Latvia, heavy metals are measured after
the samples have been dried beforehand. However,
irrespective of the fact that precise comparisons cannot be
made, it is possible to say that the concentrations of heavy
metals observed fit into the range of concentrations observed
in other parts of the Baltic Sea. /2/ In order to make better
analyses of the trends regarding heavy metal concentrations
in the sea environment, the monitoring that has been
commenced must be continued until a sufficient line of
observations has been collected that is at least 10 years long.  

Figure 17.5.1. Concentration of heavy metals in molluscs (Macoma baltica) tissue, mg/kg (dry weight)
Source: Institute of Aquatic Ecology of University of Latvia 
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17.6. Concentration of heavy metals in sea sediment

Sea sediment has traditionally been an intensive subject of
research, because information about changes in the
condition of the environment is collected cumulatively.
Comparatively recently (in Latvia - since 1997), the sea
sediments has also been used for the monitoring of heavy
metals. The monitoring of heavy metals in sea sediment is
also incorporated within the terms of reference of HELCOM
MONAS and sea sediment is also referred to in the Water
Framework Directive as one of the objects of the monitoring
of hazardous substances. The concentrations of the relevant
metals are similar in all three stations and highlight either a
trend of reduction or that corresponding to a stable
concentration level (Figure 17.6.1.). Since there are
indications that the burial of cadmium in the central area of
the Gulf of Rîga is directly linked to
sedimentation of particulate matter of a
biological origin, then the most likely
reason for the re-duction in the
concentration of cadmium is a reduction of
sedimentation rate of particulate material of
biological origin as a result of a reduction in
the level of eutrophication. Accordingly,
even though the volumes of cadmium
discharged into the Baltic Sea are
increasing, which is suggested by the
increased concentration of cadmium in the
tissue of fish, the internal bio-chemical
processes of the Gulf of Rîga are masking
the signal in the sediments.

If one compares the concentrations of
heavy metals in the Gulf of Rîga with that of
the central area of the Baltic Sea /1/, where
significantly larger concentrations have
been observed, the differences in the level
of concentrations are determined by the
varying sedimentation regimes. That is, less
particulate matter of a mineral origin is
deposited in the central part of the Baltic
Sea, than in the Gulf of Rîga and other
shore regions, and this lithological material
'dilutes' heavy metals of antropogenical or
biological origin. Therefore it is more
convenient to compare the various Gulfs in
the Baltic Sea (Table 17.6.1.).

Information sources:

/1/ Helsinki Commission (2001),
Environment of the Baltic Sea area 1994-
1998. Baltic Sea Environment Proceedings
No. 82A, pg. 23.

/2/ Helsinki Commission (1993), First
assessment of the state of the coastal
waters of the Baltic Sea. Baltic Sea
Environment Proceedings No. 54, page
160.

Authors: Anda Ozoliòa, Juris Frîdmanis,
Juris Aigars Figure 17.6.1. Concentration of heavy metals in sea sediment, mg/kg (dry weight)

Source: Institute of Aquatic Ecology of University of Latvia


