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Daugavpils Universite doctaju un studjoSo ziratniskas konferences notiek kop3 1958. gada.
Konferen&m ir starpdiscipliars raksturs un tag piedais gan stugjoSie, gan dogtaji, gan ar ieverojami
zinatnieki no daZdam pasaules valsh. Daugavpils Universites 57. starptautigk ziratniskas konferences
petijumu tematika bijdoti plasa — eksaks, humaniras, izgitibas, nikslas un sodalo zinatnpu jonas.

Zinatnisko rakstu kijuma Daugavpils Universigtes 57. starptautisks zinitniskas konferences
rakstu krzjums = Proceedings of the &7International Scientific Conference of Daugavpilsniversity
apkopoti 2015. gada 16.—17. Apkonferené prezenttie materiili.

Daugavpils Universiites 57. starptautisis zinitniskis konferences rakstu §umstiek publicts 3
ddas: A. dda. Dabasziatnes B. dda. Sociilas zimitnes C. dda. Humanitiras zinitnes

The annual scientific conferences at Daugavpilsvehsity have been organized since 1958. The
themes of research presented at the conferences albgpheres of life. Due to the facts that theference
was of interdisciplinary character and that itstipgrants were students and outstanding scientists
different countries, the subjects of scientific astigations were very varied — in the domains adcex
sciences, the humanities, education, art and ssdrhces.

The results of scientific investigations preserdadng the conference are collected in the colbecti
of scientific articlesProceedings of the 87International Scientific Conference of Daugavpildniversity.

Proceedings of the §7nternational Scientific Conference of Daugavpilsiversityare published in
three parts: part ANatural sciences part B.Social Sciencegart C.Humanities.
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GREAT CORMORANTS (PHALACROCORAX CARBO)
IN THE RAZNA NATIONAL PARK — CURRENT SITUATION
AND NEED FOR FUTURE MANAGEMENT

Aleksandrs Savis
Daugavpils University, Pades street 1, Daugavpils, LV-5401, Latvia
anders_s@inbox.lv

Abstract

Key words:Great Cormorants, the Razna national park, opirpof

Nesting Great Cormorant®ljalacrocorax carbo)n Latvia firstly were observed at the end of 8@h. Increase of
population was rapid and in 2012 there were estich&106 breeding pairs in nine colonies. Colonethée lake of

Razna and the lake EZezers in the Razna natiorta(RAIP) are one of the smallest in Latvia.

One of the targets for establishing the RNP in 2083 been protection of the Lake of Razna whereadays one of
islands is already destroyed by nesting Great Caants (GC). The lake EZezers has been under pimiesince 1928
due to unique biotopes situated on the islandsay @dpart of islands is intensively used by GC.aided research on
birds’ impact on soil and vegetation in the parlswiane in 2007, since that there are only visuaéplations. In 2010
a peak for number of GC (136 nests) was fixed @RNP. Currently situation related to GC in the RbIBtable, and a
number of nests do not exceed 100 for the lassyear

Experience gives evidence that number of theses loimd increase sharply and cause substantial damageironment
which will take long time to avert. It is importattt work out the management plan of GC before arsible damage
will be done and this research is base for progosal

Methodology of opinion poll of experts and popudatin the RNP was designed and implemented by auttz014 to

fixed observations; clarify knowledge and underdiag of local residents on GC. Acquired informatiwas compared
with research results of domestic and foreign astlmd can be used to work out proposals for theagement of GC
in the RNP.

Kopsavilkums

Atslegas wardi: jiaras kraulfi, Raznas nacioalais parks, aptaujas

LigzdojosSie fjiras krauli (Phalacrocorax carbo)Latvija pirmo reizi noeroti astadesmito gadu beiy. Popuicija
pieaugaloti strauji un 2012.gadLatvija devigas kolonias bija ap 3106 ligzdojoSi putnuag. Jaras krauku kolonijas
Raznas nacioflaja parka ir vienas no maikajam Latvija.

Viens no Riznas naciofla parka izveidoSanasarkiem 2007.gadl bija saisits ar Riznas ezera, kur Sabrviena no
salm ir batiski cietusi no jiras krauku ietekmes, aizsarttai. EZezers aatsalu unikilajiem biotopiem ir viena no
vissenk aizsargjamam dabas teritorijm Latvija, kops 1928.gada. Sodien \#ias & salas apdxo jaras krauki. Jiras
kraulu ietekme uz augsni un gefaciju Raznas naciofla parka ezera satika petita 2007.gag, kops & laika notiek
tikai putnu vizdla noweroSana, kur autors iesai§tes kopS 2014.gada. Visvak ligzdojoSo jiras kraulu ligzdas
uzskaittas 2010.gax] kad ligzdu kopskaits sasniedza 136. Sbhigzdojo3o jiras krauku skaits ir samaziies un
situacija pedejos gados ir stabila, kefais ligzdojoSo putnu gu skaits nefirsniedz 100. Pieredze dnvalstu @tijumi
liecina, ka ligzdojoSo putnu skaits kolanijr neprognogjams un var strauji pieaugt un nodapatisku kaigjumu
aplartgjai videi. Retijuma rezuliti ir pamats priekSlikumiem, lai izglatu joras krauku populicijas apsaimniekoSanas
planu Raznas naciofilaja parla, kaner nav nodaiti nenoersami kaigjumi.

Autors 2014.gaal izstradaja metodolgiju iedzvotaju un ekspertu aptaim un ieviesa to praks Aptaujas laik tika
apzirati respondentu na@vojumi, ziraSanas un izpratne pairas kraukiem un to ietekmi uz vidi. ®jumu rezulkti
saidzimati ar visp@Ergjo situaciju un citu @tijumi rezul&tiem. Riznas naciola parka un rgiona attstbas un
apsaimniekoSanasaplos pietver jiras krauku apsaimniekoSanas aspekti.

Introduction

RNP was established in 2007 and covers an are@6df¥ha. The park was created to protect
the Lake of Razna (the second largest lake in Batnd the surrounding areas. The lake EZezers is
one of the oldest protected areas in Latvia sir@@81Valuable ecosystems - natural deciduous

forests with many rare species of plants are foandseveral of the 26 islands in this lake.

6
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Nowadays several islands of these lakes are c@dry Great Cormorants (GC), and one of the
islands in the Lake of Razna is already destroyestd the impact of the birds.

Management plan of the RNP was worked out in 20@Pduring this process 16 biotops of
the EU importance were recognised. Project on Etiote of Habitats and Species in the RNP is
ongoing and includes the control and protectiorigif species habitat at five major lakes of the
RNP. Main tasks of this project are to design angdlément a set of measures for protection and
management of five habitats and eight species ef&d and international importance, and raise
public awareness regarding the need for proteatiothese habitats. Management of GC is not
included in any plan or project of the RNP, eveithé birds nesting in colonies in trees are an
extreme natural disturbance in woodlands, whichmates formation of glades and destroy
vegetation for long time.

According to the literature GC as invasive and vaggressive species have emerged in
Latvia only about 30 years ago (Bregnballe et2014).They are nesting in colonies in trees next
to water bodies. In 2012, Latvia had an estimatB@b3reeding pairs of GC in nine colonies. A
total of 2634 nests were counted, with the totakecage of all breeders estimated at 80%. This is an
increase of approximately 600 pairs compared td 2Uhe majority of GC (71%) was breeding in
western Latvia, bordering with the Baltic Sea. @ads of GC in the RNP are relatively small to
compare with other ones, but because of the snzalislands are sensitive ecosystems and the
impact of GC is fairly strong.

Monitoring of GC in Latvia has started in 2005. @as of the impact of the birds to
environment in Latvia started in 2006, but are Venjted (Atmata 2014; Bumbiere 2014; Lajgi
andCekstere 2008). Management of GC is carried ouvimdreas in Latvia where conflicts with
fisheries are intense. Annual permits to shoot @dprately 50-70 GC yearly were allocated by the
Nature Conservation Agency to the Nagli fish poalout 70 km from the RNP) and regulation of
GC were allowed also in the Dagda municipality k&i).

Task of the research is to evaluate situationedléd GC in the RNP based on the previous
research projects, observations done by ornithstegvith participation of author and results of the
opinion poll organised by author. Generalisationitgfrature was done to obtain information on
GC, their behaviour, distribution and impact on émgironment. Requirements of the EU and local
legislation and policies were studied to realizesgiiole management strategies. Findings of
observations and results of opinion poll are comgawrith current management plan of the RNP
and it forms a base for future decisions relatetthéomanagement of GC.

Methodology and methods
Author of the paper has participated in the obdewa of GC since 2014 and used the

methodology designed in 2007 (Bregnballe et all420In the first step numbers were given to the
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islands because most of them are without namesl{Fi@bservations started with the inspection of
islands already colonized by the birds or potelytiguitable for them in two lakes. GR are
concentrated only in the west of the Lake Raznaiantthe east of the Lake EZezers. Route of
observation was worked out and binocular obsemdtiom a boat was done in June. In summer
when weather conditions where appropriate the @slamth nests were visited and trees with nests
were marked with bright ribbons and geographicakdmates of each tree were taken with help of
GPS Trimble Juncseries SB Obtained data were processed witBSRI programArcGIS and
ArcMapl0and trees with nests were presented on the mg@2(Fight side). Number of nests per
tree and also fallen nests were counted. Islands wsited second time during the winter of 2014
to recount nests. It was more easy to count nésisfall, but it was not possible to define a nest

was populated in the summer or not.

Figure 1.Mapping of islands occupied or potential for GR the lake Razna (left)
and the Lake EZezers (right)
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Author designed methodology for interviews of eaximental specialists and experts, as well
as population and implemented it in practice duanagumn 2014 to winter 2015. Opinion poll of
population was carried out on the phone or withhtekp of personal interviews. Target of the poll
was to find out observations, knowledge, compreioengnd attitude of population to GC.
Information sources and viewpoints of responderdgsevalso studied. Qualitative and quantitative
analyses of the data were done for the differemtigs of respondents — fishermen, hunters, owners
of guest houses. Answers of the environmental apsts were compared with answers given by
population.

It was a plan to interview about 30 experts, buy d® agreed to participate. Altogether 150
people were asked to participate in the opinioh pbre than a half of accosted refused to answer
the questions mostly because they did not knowhamytabout GC and had never seen them. There
were about ten people who started to respond tastigms, but in the course of time it was noticed

that their viewpoints were based only on the prviatiewpoint of society about the evil impact of

8
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the birds. Answers of seven respondents who consitier birds as GC also were excluded from
the analyses. Totally 58 questionnaires were aedl{@r the needs of this research. 42 respondents
were from population and 16 respondents were theialsts and the employees of environmental
organisations.
Results of GC observations in the RNP

Totally there are about 35 islands and 20 of thesnwath big trees appropriate for nesting of
GC in the Lake EZezers. In 2014 nests of the hirele located on two islands (Nr.12 (Siena sala)
and 17; Fig 1) of the Lake Ezezers, but totallyeseislands were used by the birds. GC very often
used to sit on the trees with the slope to watelids) also other big trees in the islands and en th
coasts of lakes. Totally 30 trees with 53 nestsevemunted and mapped in the island Siena sala in
the Lake EZezers (Fig 2). It means that there W66€enesting birds in the season of 2014.

Figure 2.Trees with the nests of GC in the Lake EZezers
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There are ten islands in the Lake of Razna. Ithseoved that GC used only six islands
situated in the western part of the lake (Fig b)GC were observed in the eastern part of the lake.
One of the islands (Nr.4; Fig 1) of the Lake of Rahas already been destroyed by GC - there are
no more suitable trees for nesting. It was theaeaghy no nests of GC were observed during 2011
to 2013. Nowadays GC colonise other island (Nrig;1f in the Lake of Razna.

Totally six islands in the Lake of Razna and eiglands in the Lake EZezers were visited for
direct observation in 2014. Monitoring data of GQhe RNP are available from 2007 (Table 1).
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Table 1.Number of nests of Great Cormorants in the lakestioé RNP
Lake 2007 | 2008 | 2009| 2010 2011 2012 2013 2014
Lake of Razna | 30 48 57 60 0 0 0 8
Lake Ezezers |46 52 50 76 90 80 86 57

Results of opinion poll

Respondents were in age between 30 to 75 years,padof them in the age group from 40
to 60. Largest part of respondents was male. Sdifédirence between groups of population and
experts were noticed — highest percentage of fesreate lower average age of respondents were
fixed in the expert group in comparison to the grofipopulation.

81% observed GC in the territory of the RNP. Timarfe when the first observations of GC
were fixed was wide — starting from 1995. Almostadf of respondents observed GC several times
in a week in 2014 while about 18% only once a yEajure 1).

Close to a half of respondents pointed out thay #aav GC in their farms only flying over.
21% of respondents considered that there was nagkuor disturbance to their household caused
by GC. In the first moment a part of respondentssitered that GC did harm to their properties,
but during the conversation they explained the mhespret of the question and related harm to
nature in general. No private farm or other propess harmed or burdened in any ways by GC.

61% of respondents were fishermen, 15% were huaiis13% considered themselves as
owners of guest houses. Only 17% of respondente wetside above mentioned activities, and
largest part of them was in the group of environtalespecialists or experts. No significant
differences were found among these groups.

Each third respondent had been fishing in the lakélse RNP. Several lakes were mentioned
as fishing places. About 22% of respondents meeatiaine Lake of Razna and 12% - the Lake
EZezers where GC were nesting. Each second ofrirgmepointed out that they foddered fish, but
only a few observed that GC visited these placeswars related to fishing and resources of fish
were contradictious. 77% of fishermen mentionedifiant harm to fish resources, but 9% of
fishermen thought that there was no negative impa@&C. Totally 45% of respondents considered,
that the number of fish had decreased in recenmsyeeile 21% expressed opposite viewpoint.
Despite everything one third of respondents waxengty assured that the main reason for decrease
of fish population is GC. The same number of regipots mentioned also increasing number of
fishermen and 17% - illegal fishing as a reasontfdn the expert group some other reasons were
also mentioned — HPS, deterioration of ecologicahditions, passive regeneration of fish

resources.

10
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83% of respondents considered they had knowledgetaBC. About 60% mentioned that
they had read about GC in the printed material® dine Internet and nearly the same amount had
seen or heard about GC on TV or over the radio. 4@¥tioned friends, relatives or other persons
as a source of information.

Large part of respondents considered negative itmgaéish resources and nature in GC
nesting places, as well as hold a view that GC gesiped other species of birds (figure Rlp
significant difference was found between the knalgkeof respondents and sources of information;
as well as between the answers of population aeciasts.

About 78% of respondents had a viewpoint that thealer of GC is increasing, while 7%
had opposite one. The rest did not have any idemsilar distribution of answers was also on
guestion about the need to regulate the number®f 81% held a view that it is necessary to
regulate (diminish) number of the birds and badesrtviewpoints mostly on damage to fish
resources done by GC. Despite of negative attititodé&sC, some positive aspects were also
mentioned by respondents in discussions — beaatifdlinteresting birds and attraction of tourists.
Discussion and conclusions

Analyses of legislation and normative acts, as veal policy documents and regional
development plans of local and the EU importange g@vidence on complicated situation. GC are
protected according with regulations of the BirdiseBtive' of the EU (79/409/EEK), but from
1997 there is no demand to create specially predesteas for them. GC are not in the list of game
birds, but in places where conflict with fisheryhigh regulation of birds is permitted on the basis
of special rules. There is information that illegainting of birds sometimes takes place in Latvia,
but there is no evidence for it. Theoretically 8 rules allow regulation of GC to protect fish
population, but practically it is hard to implemehts regulation due to the lack of research and
other data and information. For example, thereascansensus and methods how to count and
calculate optimal number of GC in a nesting pla&&iqson et. al. 2006; Skov 2007).

The only research of the impact of GC to the veagetaand soil in the RNP was done in the
Siena Island in the Lake EZezers in 2007 (LgvandCekstere, 2008). Specialists estimated that
the island has already been used for nesting fouta®0 years. GC made nests firstly in pines and
spruces, and to a less extent in lime trees ansl. @&ake to changes in substrate chemical properties
spruce trees decay at first, while pines and bezads are more resistant against the excessive
amount of bird droppings. Because of bird droppitigsground right under the trees with nests is
completely stripped of vegetation. It increasesstnalte acidity and reduces the amount of exchange
cations. Substrate acidification, disproportionsfand especially of P under the trees with nests

affect over a wider area of the forest stand comtipos and the transformation of plant

! http://eur-lex.europa.eu/legal-content/EN/TXT/2@ELEX:32009L0147
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communities. Laivi$ andCekstere (2008) also stated that the change of atgetwas observed as
well on less impacted places.

Author finds that situation in the RNP is also vepmplex and contradictious. On one hand
the park was created to protect unique nature sahne fish resources, but on the other hand GC
eliminated some of them. It is also necessary ke i@ account that GC obviously are under
protection. GC can be considered as a threatdoa €cosystem and biological diversity or in some
cases as a supplement to variety of nature, bptars deal with the management of these birds and
assessment of their impact to the environment.

Currently the number of GC in the RNP is not ineneg, but anyway there is a need to
elaborate the management plan of GC. It has taabedbon scientific and research data, as well as
taken into account viewpoints of general publicve3al questions have to be answered and
included in this plan — optimal number of GC, shilgaplaces for nesting, methods of regulation of
number and educational issues.

One of the reasons for decrease of the number of@tl be a fact that the RNP is situated
relatively close to the only two places with fisbnpl complexes where the authorities permitted
management of the GC population by shooting. Atrttoment shooting on the basis of permits is
only regulation method in Latvia. Some other methbkie disturbance, destroying nests or oiling
of eggs are used in other countries (Guillaumet220But it is too early to discuss methods of
regulation if the methods of calculation of theiol number of GC are unclear.

When GC were not observed on the island of the lodk@azna in previous nesting place in
2013 it was a suspicion on human intervention. iBteaobservation of the island gave evidence
that nests had fallen down from the trees due torakreasons. Trees were so impacted by
droppings of GC that they dried up and lost alnatigbranches necessary for a support of nests.

Opinion poll of experts and population providesuaddle information and confirms the need
for necessity for raising awareness. Printed litgeeaas well as TV or radio broadcasts on GC are
very rarely available. It is possible to suggesit tthe most part of information respondents and
public obtain from other persons and it forms tlasdfor a negative attitude to GC. Of course,
these birds destroy environment in their nestiraggd, but opinion that GC directly jeopardize and
attack other birds is totally wrong. Also viewpothtat GC are the main reason to diminish fish
population in the RNP is a myth. There are sevexsg¢arch projects outside Latvia where it was
noticed that in natural reservoirs (lakes, rivaex) GC do not threaten significantly economically
valuable fish stock (Dias 2011; Kumada 2012). Situmachanges if the number of GC sharply
increases.

Opinion poll demonstrates that there is the lackkmdwledge and comprehension among
population and also environmental specialists sods related to GC. There is a need to work out
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informative and educational materials to increasevkedge of society and have its reasoned
standpoint in next opinion polls in Latvia.

The research gives evidence that at the moment @wuail$sR in the RNP is stable, but it is a
risk that it can grow. It is possible to concludhatt comprehension of experts as well as general
public related to GR is incorrect and it is a néedtart educational activities as well as continue
observations of GR. Situation is very complicadei@ to the fact that GR are in the list of protdcte
species, but at the same time their populationragsti some parts of the RNP which is also
protected area. Author has a viewpoint that theagament plan of the RNP is very general related
to management of GR and have to be improved. Expente to calculate allowable number of GR

in the RNP and information campaign among publiateel to GR have to be organised.
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Abstract

In the shadow of the Amber Route
Keywords:palaeogeography, amber deposits, source of raweanamntiquity, fossil resins
In the Baltic region, the amber is not so much mmwdity, but mostly a cultural value, even the parthational
identity. Therefore the natural science studiesrarevery welcome in this particular area. Fosssims are widely
known around the world and only some of them arttleth as amber and recognised in a number of tiesie
representing different geological age, chemical position and country of origin. The Baltic ambess@me specifics
in chemical composition, but this is valid only filbe most of cases. Palaeogeographical reconstnuictdicates that
the Baltic amber originally accumulated in the dglenvironment in the wide ancient strait area fEeaatern Romania
and the Crimea, covering the central part of UleaBelarus, Poland and East Germany in the nogter|_the primary
deposits were redeposited and the amber was mn@dit happens repeatedly and new deposits amefirand are
recognizable in nature, but the amber found hehaidly distinguishable from the amber in primagpdsits. Most of
amber deposits were known in antiquity and havehesed and later abandoned.

Kopsavilkums

Dzintara cela éna
Atslegas vrdi: pale@geografija, dzintara iegulas, izejvielu avoti senatriosilie svéi
Dzintars Baltijas rgiona ir ne tik daudz mateiia ka kultarvesturiska ertiba, pat ziams nacioalas identiites
elements. Tde] dabasziatniski petjumi ne viennar ir gaiciti Saja joma. Fosilie sv&i daka ir plaSi izplaiti un tikai dda
no tiem tiek saukta par dzintaru. Tam ir @kirdesmiti paveidu, kas &as [Ec geologiska vecuma, sadva un
geogafiskas izcelsmes. Baltijas dzintars ir viens no dzintze@iem, tam ir at§ribas paumes, betas nav univerdas.
Palegeoggfiskas rekonstrukcijas nada, ka Baltijas dzintarsakotngji ir uzkrajies deltis plad seras juras Saurum
zora no Runanijas austrumiem un Krimas, aptver Ukrainas @mtddu, Baltkrieviju, Polijas austrumus unatfjas
ziemdus. \elak Sis primaras iegulas tiek frskalotas un dzintars tiekagvietots, tas notiek vaikkartigi un jauni
veido&s iegulas ir dab atpazstamas, bet Seit atrodamais dzintars gandav atBirams. Dda no &m ir zinamas
senatg un tikuSas izmantotas uglak pamestas.

Introduction

Almost in the whole Northern Europe the amber isitieely well recognized as a high-
quality and value coloured gemstone and traditignatcludes very substantial emotional
components that are rooted in the cultural histdrgeople living in the region, and the Earth and
Environmental science element is highlighted omlyindividual cases. They are uncharacteristic
pieces of amber shapes and inclusions, especralthase cases where fossilised insects, rarely
other animals or visually attractive plant residaes recognized in the amber. Overall, amber is
relatively cheap gemstone, though our region hangthened the mistaken opinion about amber
rarity in nature, the uniqueness of the Baltic amdnad the important role of the amber in the
ancient trade routes. Some of them are specialikedavith a common name "Amber Route".

The study aims to identify the occurrence of amdoed its natural diversity, as well as to
evaluate the possibilities of finding new depositamber, and to assess development of the Baltic

amber trade route in antiquity.
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Materials and methods

The study is based on a very extensive literatnedyais and evaluation, including the study
of the Eastern Baltic region, Belarus and Ukraireports of regional studies, including the
geological mapping and technical reports of mineeglources search and evaluation. There are
more than 420 sources and they are given in detailee book of V. Seglins (2015). In this article
it would not be appropriate to repeat that, andefioee it focuses on the evaluation of the results
obtained from the scientific literature analysis.

Fossil resins and amber in the natural deposits

In the broad meaning the amber is a polymerizesilfssd resin and, therefore, is referred to
organic minerals, although amber is highly amorghand has no crystalline structure- it is a semi-
solid-polymer. Characteristics of the amber havenbstudied in detail for many centuries
(Bogdasarov 2007). They have been changing oveida mnge, because there are many tens of
synonymous for the amber, but their names are msablout 50 more widespread varieties (colour,
transparency, piece size, geographical locatioamatal composition, inclusions etc., etc.). Natural
amber may vary in colour - from almost black tokyilvhite. In total, about 250 different shades
of amber, including virtually colourless, are knawn Europe as the most appropriate variety of
used for jewellery is a transparent amber in ligit shades and honey yellow colours. In the
Eastern countries more highly valued is the red asde the US - a bluish hue amber.

Resin fossilization takes place also today. Thestiknown amber grains are found in the
lignite deposits from the Carboniferous era, altffoin several cases the researchers have identified
something quite similarl in the Devonian sedimetds, However, these are natural rarities and are
found in a few granules only. Nowadays fossilisedins are found on all continents (except
Antarctica yet), although the quantity and quatifythe finds differ greatly. Very often the Baltic
amber orsucciniteis related to one particular resins producer pdauck the presence of succinic acid
is traditionally considered to be the distinguighiieature of amber of this type. However, recent
studies indicate that the number of the amber q@siducing plants was larger and, probably, there
were at least 3-4 of them (Wolfe et al. 2009). Phnesence of the characteristic succinic acid is
typical also for a great number of fossil resind amber types (Vavra 2009).

The beginning of amber recognition and use

The oldest reliably dated artefacts made from anaver known from Mesolithic and, in
particular, the late Stone Age. These evidencekmroen from the Baltic and the Mediterranean
countries. Among these finds it is definitely wortientioning those, found by I. Loze at the huoé
ancient settlements, including Sarnate, Gipka aadynothers in Latvia. No less richly Stone Age
amber artefacts were found elsewhere, but espganllithuania, Poland and Denmark. This has
created a certain one-sidedness picture of the amdm®gnition in other regions of Europe.
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However, the characteristics of the amber arteflxtad in England, Spain, Italy, and Asia Minor
and north-east Africa should be mentioned as Wéley are known there since at least 4,500 to
3,500 BC. That is earlier than in the Baltic regidxmber utilisation continued in the Bronze
period, mostly in the Mediterranean region where fibssil resin amber was quite widely used
mainly for the manufacture of cosmetics, incenswualk jewellery and household decoration.
Perhaps better known are many Etruscan amber @gefowever it is less known fact that they are
made of local amber. Similarly, there are many masustandings in relation to other European
ancient cultures that used local amber raw matsadatces. The analysis indicates that there were

many sources of amber in Europe (Fig. 1A) confirogdhe artefacts found in excavations.

Figure 1.Widely known amber sources in Europe:
A- known in Bronze period, B-natural occurrence
A B
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By contrast, geological studies indicate that imdpe the fossil resins and amber is found in
nature in significantly greater amount (Fig. 1BhdAthere is a reason to believe that in the future
other amber raw material sources known since aiyigull be recognised. At the same time it is
noted that the geological studies identified andwartaining deposits of sediments and they can be
found rarely and only in a tiny grain form, but yn@ay be deposits of sediments containing tens
and hundreds of tonnes of valuable raw amber. Atsmrring in amber geological age, the quality
and utility of jewellery making is quite differenthere are two largest amber containing deposit
provinces distinguished which are also the ricloests with a high quality amber: one of them is
located in the north of Italy and covers mainly Beriver valley, and the other — in the Baltic Sea
region. Amber from these two provinces is distibgtdifferent colour and the external shape of a
piece, and chemical composition is also slightfyedent. However, there is a lot in common like
the development time and its relationship with anient Tethys Ocean which existed during the

Palaeogene and Neogene periods several tens aimmillears ago.
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Palaeogeographical reconstructions

Palaeogeographical reconstructions (Blakey 200djcate that during the Oligocene the
ancient Tethys Ocean separated Africa from cenparis of southern Europe and Asia in still
relatively large areas. During the Miocene the ¥egtlfOcean palaeobasin area significantly
decreased and several semi-isolated ancient beesis were formed .

In the coastal areas of the ancient basins then-pgsducing plants grew and the resin
containing chips or whole trunks were moved intoi@mt deltas by rivers. These ancient deltas are
reconstructed in detail only in the Baltic ambepalgts province yet (Fig. 2). Ancient deltas were
significantly affected by the changes in the pdb@sin development, and part of them was
redeposited. In this way, the initial or primaryl@n containing deposits were formed.

Figure 2.The ancient delta areas with the amber containing dep®sluring the Oligocene period

(33.9 - 23.0 Ma)Primary delta deposits at the beginning (A) antdthe end of the Oligocene (B)
A B

= Ancient delta oo
PPP and lagoons

amber grains

During the Miocene time (23.0 - 5.3 Ma), the antieasin changes significantly. The initially
deposited sediments and delta formations beconegeitiestrial areas which were transformed later
by the rivers again, therefore creating a new delith less rich amber containing sediments.
However, the distribution area wasd noticeably wi#leg. 3A) and such deposits should be entitled

as the secondary amber containing deposits.
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Figure 3.The most notable areas of the secondary (A) andiaey (B) amber containing deposits
A B
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Secondary deposits are not large and rich, buetlsepossible to find the same high-valued
amber pieces. The redeposition of the Baltic anatewed to explore it in the entirely remote
regions. Therefore, there is no reason for contsywabout the analytical attempts to mutually
distinguish amber from the Miocene sediments inl&md) and Scotland from the same type of
amber found, for example, in the Nemunas downstmregon.

By time the secondary amber deposits were affdayeerosion, partly destroyed, moved and
once more redeposited, and the amber grains wevedragain. Furthermore, they were relocated
during the Quaternary period. The ancient deposftgglaciers and the edge formations of
meltwaters often contain some grains of amber amh ieces, like in the central part of the
Russian Plain (Fig. 3B). It is formed of the tagiaamber containing deposits, most of which,
however, are associated with a relatively receotaggcal past, when the World Ocean level rise
resulted in the Littorina Sea transgression inatheient Baltic Sea basin. Raised sea level promoted
coastal erosion, affecting also the primary andowsedary amber-bearing deposits. Therefore,
nowadays the ancient Littorina Sea deposits ardi@dBaltic almost always contain rare and small
amber grains.

The following geological processes that affectesl dhcient Littorina Sea amber containing
sediments promoted further dispersion of the anph&cers along the Baltic coast. Today, rare
amber grains can be found at the Baltic Sea coastlymorthwards from the Sembia peninsula and
the Curonian dunes transported by alongshore dstren
Development of the amber trade

In the case of the most ancient amber trade ancepsing centres, a broad overview was
provided by the study of I. Loze (Loze 2008) andhis aspect of European regions this question
was little studied. However, during the Bronze anthsequent Iron Age the amber role changed
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significantly, and there is recognised a substhuaégrease in the number of amulets or similar
artefacts made of amber. In the Mediterranean negionber becomes easily workable semi-

precious gemstone and loses its role in jewelled/ia replaced by much more valuable hard stone
gems, becoming more widely known after the Macealoilexander’s crusade to the east. During

this time, the amber trade continues, but its i®ieery limited and substantially reduced by wider

spread of Christianity because the amber was natiomed among the high quality and important

gemstones in the Bible. During the following cerds, the raw and processed amber is known
from many places in the European area. Howevere tise a small number of such places and their
linkage to a traditional sales network is not sufgmb by archaeological finds, not hitherto known

traders and tax register data.

Circumstances change after the Renaissance perloeh whe amber is quite widely
recognized as a relatively inexpensive decorativaesthat is used for various craft inlays and is
more widely used for solid amber beads. Only in1fith century amber from the Baltic Sea coast
becomes more demanded in European markets andaimas fairly significant product in already
established trade routes that continue to buildenaord more detailed distribution networks. With
regard to the amber trade chains documented bgritiask documents the most completely they
were identified in Germany, but those were relatingthe reconstruction of the 18th century
(Richter 2005). During the subsequent years, var@mber collection and even fishing methods
were developed which ensured slightly increasedearcsbnsumer markets. However, significant
changes followed only in the second half of 19thtary. Detailed geological studies confirm very
rich amber deposits of Prussia, where the mostrestpe mining project was developed and in 1872
the company has already reached the design capad@p tonnes of amber per year. It is more
amber than so far was extracted throughout thedmadgiether during this century. Such huge
amount of amber required a corresponding expanafittge amber trade and processing network, as
well as the need and consumption stimulus measMiasy of them can nowadays be recognized as
mythical stories, and the amber obtained hithenkchown properties.

Nowadays, the amber is obtained approximately #3B%ountries around the world in a total
of about 380-420 tonnes, of which about 7% is bistafor jewellery and household item
production, but only approx. 2.5% are useful favgéery. The total market value of the amber is
estimated to be about 1,5 billion euro per yearlza®la tendency to decrease and become more and
more pronounced than a niche product to a limitestaner base. Therefore, the new amber
deposits in the world in recent decades are noelodgmanded, but the extracting operations are
focused directly on small deposit areas, whers passible to obtain the amber pieces which are
relatively more suitable for jewellery making ditlgdor local consumption. In this case, the amber
with a given higher value meant the link with localtural and historical heritage. Therefore,  ca

19



DAUGAVPILS UNIVERSITATES 57. STARPTAUTISKAS ZINATNISKAS KONFERENCES PROCEEDINGS OF
RAKSTU KRAJUMS THE 57" INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY

be not only the symbol of difference, but alsogmsf belonging to a certain nation and the idgntit
proof. At the same time it is noted that the foliogv categories of emotional link with the same
amber as a resource of raw materials or its gebgralporigin is quite comparative.

Conclusions

The current study demonstrates that the fossihsegart of which is called amber are quite
widespread in the world. These substances are tbtoway, and only a small part of it remains
during the fossilisation. The oldest known ambexirgg are known from the coal layers that were
formed more than 350 million years ago. Most of terently used amber was formed during
Neogene and Paleogene time and to this day hasmemna the ancient river delta sediments.
During the geological past, they have been moved partly redeposited for several times.
Nowadays, the characteristic Baltic amber is ndifucccurring in a very wide area in the North-
East Europe, including the distant areas of theanothe Baltic Sea.

In ancient times, there have been many sourcesnbeaknown in other paerts of Europe,
including the Mediterranean region. There is nademce known that the amber collected at the
coastal areas of the Baltic Sea has been use@ ®otith of the Alps. This raw amber material and
its products transported by the trade routes isvknonly since the end of the Middle Ages. The
amber trade routes developed particularly durirgli®th and 17th centuries, but significant flow of

goods is known only since the second half of thi& £@ntury.
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Abstract

Application of Rusle Empirical Model for Estimation of Potential Soil Losses from Headwater Catchments

in South-Eastern Latvia

Key words:RUSLE model, soil erosion, GIS
During the past decades, many studies of soil @ndsy water are based on the modelling technigugéemented in a
Geographic Information System (GIS) environmente Thtionale of such approach relates to the faait hriables
required for the calculations of soil losses canpbepared in a GIS data format allowing effectivédy perform
modelling by GIS tools. However, only some GIS-lthaealogical studies have been conducted until imolatvia.
Hence, the aim of this research was to estimatentiat soil erosion rates in south-eastern Latwiaapplication of
GIS-based modelling. To reach this aim, empiricaviBed Universal Soil Loss Equation (RUSLE) modea &rcGIS
software were applied. Modelling was carried inesal’ model territories, i.e. five headwater catchtaedrained by
gullies. The results of the study reveal that adeshg the complexity of geographic distributiondifferent soil types
within the gully catchments on the one hand, andsnmovement and linear erosion processes in tig chdnnels on
the other hand, the applied RUSLE model cannotigeoveliable quantitative predictions of soil lossélowever,
results of GIS modelling can be reasonably usegstonate the spatial distribution of soil erositgk rand to identify
potential erosion hotspots at a local scale.

Kopsavilkums
RUSLE empiriska modda pielietojums augsnes erozijas poterilb apjomu novert éSanai nelielos sateces baseinos
dienvidaustrumu Latvij a
Atslegvardi: RUSLE modelis, augsnes erozija, GIS
Pedejas desmitgaes daudziudens izraigas augsnes erozijastfjumi ir balsiti uz modetSanas pgmieniem, kuri ir
realiz&ti geogafisko informacijas sistmu (GIS) vide. Pamats &lai pieejai ir saists ar faktu, ka augsnes zudumu
aprkiniem nepiecieSamie maugie lielumi var tikt sagatavotiakGlS formata dati,laujot efekivi veikt modeéSanu ar
GIS rikiem. Toner Iidz Sim Latvig ir tikuSi reali£ti tikai dazi analgiski petijumi. Tadgjadi & petijuma nerkis bija
nowertet augsnes erozijas poteflois apjomus dienvidaustrumu Latij pielietojot GIS bazetu modeéSanu. Lai
sasniegtu 3o onki, tika izmantots empiskais revidtais universlais augsnes zudumu vigojums (RUSLE) un
ArcGIS programmaira. ModetSana tika realita atsevikas etalonteritors, t.i. piecos nelielos sateces baseinos,
kurus dren gravas. Btjjumu rezulsti parada, kanemot \era atkirigu augsne tipgeoggfiskas izplatbas kompliétibu
gravu sateces baseinos no vienas puses, Wzumggocesus un lineas erozijas norisi gravu guka no otras puses,
pielietotais RUSLE modelis nenodroSina ticamas aeggzudumu prognozes. TanGIS modetSanas rezuiti var tikt
sekmgi izmantoti, lai no@rtetu tdens izraitas augsnes erozijas riskaogafisko izplatbu un identifiétu potencilos
erozijas arglus lokala meroga.

Introduction

Soil erosion by water is a natural exogenic gealalgprocess (Easterbrook 1999) which can
be greatly accelerated by human activities andfairenmental changes, and which has been
reported in the literature as the major causeraf Begradation in the world (Lal 2003; Poesen.et al
2003; Valentin et al. 2005; Garcia-Ruiz et al. 20C0nsequently, studies of soil erosion by water
and associated on-site and off-site processesfi@reht landscapes is crucial for obtaining data
relevant to appropriate management of territorienms of erosion risk assessment and sustainable
using of soil resources (Montanarella and Vargas220During the past decades, many of such

studies had focused on the application of modeli@apniques implemented in a GIS environment
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(Mitasova et al. 1996), because the data requoethe calculations of soil losses can be prepared
in a GIS data format. That also allows to perforwdelling by GIS tools and to predict erosion in a
regular grid cell both at regional and local scaldse integration of erosion models, e.g. USLE or
RUSLE models in GIS environment has been acknowdédip be an effective approach for
assessment the potential rates and geographiddigin of soil losses (Molnar and Julien 1998;
Fernandez et al. 2003; Fu et al. 2006). Moreovensicering that variables required for the
calculations of soil losses can be obtained by raated or semi-automated procedures from
remotely sensed data or referenced thematic mapsavailability of GIS instruments has greatly
facilitated model application over areas from heaidw catchments to much larger regions (Lu et
al. 2004; Terranova et al. 2009). In such a cordext regarding that protection of soils is the key
objective of the EU draft Soil Framework Directi(european Commission 2006) attention of the
scientific community and policy makers has undedadly focused on matters of soil erosion
modelling. In addition, the data reported by reskears suggest that soil erosion to great extent
affects water quality too, because the main pagedfiment delivery to rivers and lakes relates to
transferring of soil erosion products from adjackamdscape (Collins et al. 2009; Rickson 2014).
Hence soil erosion and its risk estimation canddated to protection of the water quality which is
some of the major concerns in the European Uniominee states and is the main objective of the
EU Water Framework Directive (OJEC, 2000). Therttgye is a trend approved by EU institutions
and agencies (Van Der Knijff et al., 2000; Gobinaét 2003; Panagos et al. 2004) to use soil
erosion models that can be performed by GIS tooladsist sustainable management of soil
resources and environmentally wise planning of Jasel Despite that, until now in Latvia only
some studies on the GIS-based modelling of potesidlosses have been conducted (Grisanovs
2009; Soms and GriSanovs 2010a; Soms and Gris&@dwh; Soms 2014).

Considering that, the aim of this research wasstonate soil erosion rates in south-eastern
Latvia by application of GIS-based modelling. Fesearch purposes, empirical RUSLE model and
ArcGIS software were applied, and five headwatéchrtaents drained by gullies were chosen as
model territories.

The specific objectives of the research outlinethia paper were (1) to collect, process and
generate input data and variables required for cdleulations of soil losses compatible with
ArcGIS; (2) to apply GIS/RUSLE approach estimatpajential soil loss from selected headwater
catchments in the river Daugava spillway valley;t(B8assess the results of GIS/RUSLE modelling
in terms of tolerable and critical soils erosioregholds.

Material and Methods
The study area, i.e. the river Daugava spillwayeyais located in south-eastern Latvia (Fig.

1A).The spillway valley is one of the regions intiia, where in many places gullies formed due to
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the interaction of natural and human-induced factblence, the spillway valley has been selected
as a study area affected by soil erosion. Theretbre is one of the most appropriate areas for the
study of soil erosion processes in the south-eagi@rt of the country.

Small headwater catchments drained by gullies heracteristic features in this spillway
valley. There are more than 340 permanent gulliedifterent size and morphology dissecting the
main valley sides along its 50 km long stretch fidraslava down to Krauja village, and total gully
length per unit area in some places reach@km km? (Soms 2006). Local altitudes range
between circa 80 m a.s.| at the valley bottom ab@d 2+ 180 m a.s.| at adjoining hummocky and
undulated areas (Fig. 1B). That also determinesitie location of headwater catchments over the

local base level.

Figure 1.Location of study area in Latvia (A) and digital @ation model (DEM) of the river
Daugava spillway valley with model territories aélected headwater catchments (B).
Source of DEM: NASA Shuttle Radar Topography Missielevation data v.4 (Jarvis et al. 2008)

"

Legend
B © * Selected headwater catchments
Elevation

Study area 7 High: 1779 m asl.

0 50 100 km 2 B Low: 82 m asl.
Daugavpils, wes ™., Edge of the spillway valley

BT i

For research purposes, five headwater gully catolsneere chosen as model territories.
Such small catchments constitute the upper pathefydrographic network in hummocky post-
glacial landscape in SE Latvia and play a significale as sources of eroded soil material. The
local names of gullies which drain the correspogduatchments are Bamas givis, Peganij
rucej, Mogilnij rucej, EitviniSku strauts and Ververu strauts, henaaleh territories were named
BG, PR, MR, ES and VS respectively (Fig. 1B). Alétresearch procedures described further were
performed for each catchment.
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To perform modelling, first of all, appropriate n@dhat can be integrated in the ArcGIS
environment was selected. Review of literature ats/ésee e.g. Merritt et al. 2003; de Vente et al.
2013) that the models used for the purposes oflassmnt of soil losses can be distinguished to
three groups, i.e. (1) qualitative models; (2) ampl models and (3) quantitative models. Amongst
the developed models, the empirical Universal Sods Equation (USLE) (Wischmeier and Smith
1978), and its more recent version, Revised Unalesgil Loss Equation (RUSLE) (Renard et al.
1991), that quantifies the mean area-specific drsnibloss, is most frequently used worldwide at
various spatial scales and different physiogeodcagid landscape contexts (Renschler and Harbor
2002; Zhang et al. 2013). This is mainly becaussdimodels have a very simple structure of the
equations, availability of input of data as wellaapossibility to perform modelling by GIS tools.
Hence, RUSLE empirical model was selected for egton of potential soil losses from headwater
catchments in south-eastern Latvia.

According to Renard et al. (1991) the potential spasion risk within the defined area under
study can be predicted by the RUSLE model, whicm@&thematical form is written as follows:

A=R-K-L-S-C-P
whereA is the mean soil loss per year (t3); R is the rainfall erosivity factor (MJ mm fa'y™);
K is soil-erodibility factor (t h M3 mm?); L is the slope length factor a®is the slope steepness
factor (both dimensionless(; is the cover management factor (dimensionless)fas the support
practice factor (dimensionless).

The value ofR factor have been inferred from the literaturedi8d 1996), from the closest
location where estimations of R factor is availabke north-east Lithuania. Thefactor was set to
value 461.2 (MJ mm haly™).

TheK factor values were obtained in two stages. Firstly texture types were derived from
field survey data of Quaternary deposits in modetluiments according to identified lithological
units. After that values given in the literatureaf@gos et al. 2014) were assigned for soils with
corresponding texture type.

For the obtaining oE andS values, high-resolution £ 1 m DEM was generated by ArcGIS
extension Spatial Analyst todlopo To Rasteon the basis of manually digitised contour lined a
spot heights from the topographic maps at scal6,Q0D. Thel S factor was calculated with the
previously developed DEM according to the exprassiosed in RUSLE in details described by
McCool et al. (1989). For that reason considerimgthtions of the length of the article, author omi
the layout of this mathematical operations.

The C factor values were obtained from identificationlahd cover types on the basis of
analysis of orthophoto maps (LGIA 2012). THefactor was parameterised by assigning a uniform

value given in the literature (Wischmeier and Smii#78) to each land cover class.
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The support practic® factor (dimensionless) was set to value ‘1’ beeatigere are no
specific erosion control practices in the studiattlements, thus this factor has no impact on the
resulting soil losses from model territories.

Due to RUSLE empirical model deals with geospatiput data, the ArcGIS tools facilitated
the automatization of calculation procedures. Hettoe mean annual soil loss for the each of five
model catchments were calculatdster Calculatotool according to the SQL codes developed by
GriSanovs (2009) for application in GIS environmehte summarised workflow diagram of the

methodology followed in this study is presentedFig.2.

Figure 2.The summarised workflow of GIS/RUSLE approach

[topographic mapsj [ﬂeld 5;1%?; of soil J [ orthophoto maps J [

published data J

ArcGIS
| digitisation L

e pmm— e !

contour spot soil types land cover types
il lines heights (polygons)

(polygons)
reclassification |

K factor values
C factor values
R factor value

vector data;
¥ ¥ | |

i interpolation ”

[ DEM 1‘ conversion to raster |
3 I T 1 | T
— y ¥ :
rasterdalaé
¥ ¥ ¥ ¥
[ RUSLE model }..
19!

| map algebra: raster calculator ‘
| [ I

= = 1

} reclassification \

v 12 ¥

Map: soil erosion
risk — modelled
potential mean
annual soil loss

Map: modelled soil
erosion rates
above the tolerable
threshold

Map: modelled soil
erosion rates
above the critical
threshold

Results and Discussion

Considering a diversity of Quaternary deposits armdugh terrain of the spillway valley, a
variety of soils can be identified within headwatatchments under study. Despite that, dominant
types of soils are Albic Stagnic Podzols, StagrilweRivisols and Albic Rubic Arenosols. Although
the soils vary, the selected gully catchments lsavdar properties in respect of erodibility becaus
glacial till derived soils with stony loamy — clayeliamicton and sand textures prevail in the
selected catchments. Hence, values of erodibilitjagtor of the top-layer are rather similar in
model territories.

Canopy vegetation in the headwater catchments islym&presented by broad-leaved forests

of wych elm and lime communities. The forests amwng primarily on gully slopes because these
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landforms are unsuitable for human economic a@#witike tree cutting, grazing, soil processing,
etc.

Review of literature indicates (Schwab et al., )99at the forest vegetation cover and land
use also are significant factors that affect rafesoil erosion. Therefore, the spatial analysitaaofl
cover patterns and calculation of a particular &e&ach land cover type was carried out. In Table

1, the calculated proportion of land cover clageegach of the headwater catchments are shown.

Table 1.Land cover classes and their proportion in each kieater catchment

Catchment
Land cover (%) BG PR VR ES VS
forest 11.10 7.14 74.18 40.67 36.51
scrub - 2.50 7.02 3.88 6.44
arable land 4,74 5.67 1.41 - -
gardens - - 5.83 - -
grassland and rangeland 83.95 84.28 11/45 46.76 72583.
orchard - - - 8.69 2.27
pond 0.22 0.42 0.10 - 1.05

The protective forest canopy vegetation covers ntbhen 30% of the area of three of
headwater catchments. At the same time, the afabtkin the model territories constitutes less
than 5% of the total gully catchments. Thus, it tenanticipated less erosion risk and related
delivery of eroded soil material from model temiés MR, ES and VS. To verify this assumption,
the GIS/RUSLE approach was applied to estimatenpiatesoil loss from selected headwater
catchments in the river Daugava spillway valley.

The obtained results indicate that modelled ss$és from the headwater catchments greatly
varies from 0.001 to 150.6 t harr?, but the average values predicted by RUSLE forntioelel
territories ranges from 0.25 to 0.58 tthha™ (Fig. 3).

However, at the catchment scale potential soil \adses varies greatly depending on land
cover type, e.gA = 0.12 t hdy™ for forestlandA = 0.27 t hdy™ for grassland and rangeland, ad
5.59 t hdy™ for cropland and arable land. The average sail tosdelled rates of cropland was about
20 times that of grassland, and 46 times that mdsted land. The spatial distribution of the soil

erosion risk is uneven and differs both among Htelaments and at the each catchment (Fig. 3).
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Figure 3.Results or RUSLE modelling for selected headwatatahments: mean annual
sediment loss (left column); erosion rates above thlerable threshold (middle column); and
above critical threshold (right column)
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The regularity elucidated during the analysis dhdadicates that the lowest soil erosion risk
relates mostly to forested areas, whilst the higduer erosion risk areas geographically coincide
with arable land. Notably, despite the presencéodst vegetation that cover more than 30% of
area of three of catchments under study, sizalots pif soils are potentially prone to erosion rates
above the tolerable threshold calculated for Eur@feheijen et al., 2009), i.e. 0.3 tthgr. It is
also necessary to note, that RUSLE modelling haditdi substantial parts of model territories where
erosion rates potentially can exceed the criticadghold 1.0 t Hayr (Fig. 3).

Comparison of modelled values of soil losses withlished data on sediment delivery (Soms
and Gruberts 2008) demonstrates that applied RUSbiel underestimates eroded material flux.
This discrepancy occurs because RUSLE model onsisiple impact of high-intensity rainfalls as
well as the effects of concentrated linear erosinrsediment transfer from catchments. Both these
facts as reasons of RUSLE errors also are indidatéde literature (Kinnel 2005). Also, the field
observations indicate that the part of the erodederal is supplied from the erosion of gully
sidewalls and by mass movement processes. It m dlgo influences the precision of RUSLE
estimations.

Conclusions

The results of the research presented in this pgeemit to draw several important
conclusions about the results of RUSLE modelling astimation of potential soil losses from
headwater catchments in the river Daugava spilivedigy.

The application of GIS/RUSLE approach in differgoihtysiogeographic environmental
conditions has some limitations. The obtained \&loé potential soil loss and corresponding
erosion risk have to be appraised adequately, famlyndicative and planning purposes, and not
considered in absolute terms.

The analysis of data carried out in this studystasved that the current approach of RUSLE
erosion model underestimates the proportion ofsdégiment load that is transferred from erosion
sources associated with contributing surfaces aflWvater catchments.

Although the results of RUSLE modelling, in genecdn be used as a basis for soil losses
estimation, until better models will be elaboratead adapted, policy makers and responsible
institutions should handle the results of soil emsrisk assessment by GIS tools with some

discretion.
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Abstract

The Efficiency of Artificial Intelligence Systems & Autonomous Mobile Robots and Tendencies for Devabment
Key Words:mobile robot, control system, fuzzy logic, neunehsystem, artificial intelligence.

In all over the world, there is an increasing numtiediscussions about the newest and most actiehee research
object — artificial intelligent system developmeint, there are many international seminars, sifieonferences and
other form of meetings of scientists in which natyothe new achievements, practical problems, kg development
perspectives of artificial intelligent system. Asnsequences, it is necessary to systematic analysiswadays stage
and problems of development of artificial intelligesystems. This article analyzes running effecigs and
development perspectives of artificial intelligesystem of mobile autonomic robots. Research papides a brief
analysis of differentiation of robot system defimit in automatics and information technologies scés. Nonetheless,
the research object of this article is artificiatelligent system for robot control that is basedurzy logic and neuron
net system methodic while genetic calculating ancbability substantiation are not analyzed in thiticle. This
articles analyzes the basic principles and existiymiems of fuzzy logic, neuron networking pecities, and common
architecture of artificial and specific neuron netsoreover, there is analysis of the most populgbria artificial
intelligent system like neuro-fuzzy, fuzzy-genetind other hybrid systems.

Kopsavilkums

Autonomo mobilo robotu maksliga intelekta sisemu efektivitate un attistibas tendences
Atslegvardi: mobilais robots, vatbas sistma, miglo& logika, neironu &li, makskgais intelekts.
Visa pasau# biezi tiek uzdots jagjums par patlaban jagko un aktdlako zimatniskas petnieabas jomu — rakskiga
intelekta afistibu, t. n. tiek organiti starptautiskie semimi, konferences, kas anaime tikai jauskos naksliga
intelekta sasniegumus,¢taafi to atistibas perspektas. Tapec ir nepiecieSamaikaka misdienu naksliga intelekta
sasniegumu,at darlibas iespju un izmanto3anas robolikperspekivu anaize. Saj rakst tiek analiztas autonomu
mobilo robotu raksliga intelekta sisimas un izertéta to darlibas efektiviite un afistbas tendences. Rakgsi tiek
atklata robotu sisimas gdziena diferendiija autonatikas un infornatikas jona, tatu lielaka uzmaiba tiek \Ersta uz
maksfiga intelekta vatbas robotu sistmam, kas pc bitibas tiek pamatotas ar migist logikas, neironu klu
metodikam, bet S& darla netiek analizti gergtiskie apekini un varhitibas pamatojums. Rakstiek analizti gan
miglotas logikas pamati,@s esosds sisEmas, gan neirondklu darlibasipatribas, naksligo un specifisko neironakiu
kopiga arhitektira. Raksi ai tiek analigtas populrakas hibfAdas miksliga intelekta sisimas neurofuzzy (neironu —
miglotas), fuzzy-genetic (miglas —gergtikas) un @argjas sistmas.

Introduction

Thanks to the breakthroughs in computing and telolgnes, the progress of robotics has been
given more and more importance in the specialiggtres of social activities as well as in the
performance of various operations. In addition, gb&ential of robotics in improving the quality of
people's daily life and making it more comfortalsleinderlined. Consequently, the development of
an effective robot control system, which is curkemhe most urgent and topical question of this
sphere, is being increasingly raised all over tlogldv international seminars and conferences [14]

are held to analyse not only the latest achievesnamtrobot control systems but also their

development prospects.
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Autonomous and mobile robots, which is a new dioectn the sphere of robotics, is
becoming more and more topical and attracts mutdntain. One of the most common robot
control tasks encountered in this regard is thesldgment of planning methods in an unknown
environment. This task encompasses some majorsissube search for proper methods, which
would allow the robot to plan its movements in amknown environment, but also to take
appropriate decisions in real-time mode, and eaflgdn environments with unfamiliar moving
obstacles. This paper therefore analyses the meosht fuzzy logic and neural network planning
methods that deserve widest practical implememtatioalso discusses the effectiveness of their
potential hybrid decisions in mobile robot motidarming. The aim of this paper is to analyse the
mobile robot motion planning methods in unknown issivment by employing fuzzy logic and
neural networks and to assess the effectivenessaabilities of such methods. To this end, the
paper aims to analyse and identify the researd Evcollision-free mobile robot motion planning
by using neural networks and fuzzy logic, neuraoeks, and neural-fuzzy network methods. This
paper analyses the performance characteristiceti@ctiveness of such methods in the sphere of
mobile robot motion planning in an unknown envir@amn
1. Fuzzy logic in mobile robot motion planning

The fuzzy logic method is used in intelligent mebiobot motion and control planning
systems. Fuzzy logic is the totality of methodsnudthematical description of fuzzy sets with
formalization of logical conclusions and fuzzy asgtions. The main fields of application of fuzzy
logic algorithms are linear planning and processiagament, self-learning systems, investigation
of risky and critical situations, image recognitietc. [13].

Currently, fuzzy logic methods are widely applied the planning and management of
technical systems in the production process, walldws improve the quality of production, reduce
resource and energy costs, and ensure betteraresesto the effects of dangerous factors when
compared to traditional automatic control systeéjs [

Fuzzy systems are designed based on the concép damdani and usually involves three
stages: fuzzification, inference process, and defication (Figure 1).

Fuzzy rule
Input /
P base Output
A 4
Fuzzification Inference |._... Defuzzification
process |

Figure 1. The stages of the fuzzy system
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The fuzzification stage yields the values of assimng of membership functions, which
correspond to fixed values of all constituents wbrevector signal. The stage of the inference
process is the main stage of the fuzzy system. Miith fuzzy logic inferences cannot be obtained
based on initial rules. They are formulated by gsmmaximization and minimization operations,
where individual assumptions are combined into @eenmon assumption. Then, based on
Mamdani algorithm, inference certainty is estaldsifior each rule and it cannot be greater than the
certainty resulting from the common assumption luk trule. Furthermore, during this stage
individual inferences are combined into one infeeegorresponding to the resulting membership
function; this is done by using maximization opienas. In the defuzzification stage, by applying
the centroid method, the fixed value of normalizedtrol action is calculated.

In addition to Mamdani fuzzy concept based systaystems based on the Sugeno concept
are also used. Here the specific values of coartbn are calculated in the same way as algebraic
functions of input variables. In this case therents need to perform defuzzification using the
centroid method and the exact value of the resuttantrol action is calculated as a weighted value
[13].

One topical issue in today's robotics is relatetheéosimplification of real time calculations so
that robots could quickly perform response moveméaniorder to avoid collisions with obstacles.
In this case, the goal of planning is to calculatbot's new path in real time and without
considerable delay. This problem is dealt with mpbying the capabilities of fuzzy logic. This is
reflected in research into planning issues rel&eabot's movement both in known and unknown
environments. However, the fuzzy-logic based denisnaking mechanism is more commonly
used under conditions of an unknown environmeng. [10

The use of fuzzy logic is directly linked to theeusf traditional models that are applied in
making decisions under the conditions of fast npedr processes, where quantitative methods are
not acceptable. The use of fuzzy logic in this dasgharacterized by relatively low price compared
with other methods [11]. The following are also siolered to be advantages of fuzzy logic: the
ability to generate a quick response movementahtime, low cost of use, low time expenditure as
well as the fact that it is applied only when theedfic object or process control type is not
determined [5].

S. Boonphoapichart, S. Komada and T. Hod examinegtoblems of robot motion planning
in real time in an unknown environment and developgwo-tier fuzzy decision-making system,
which consisted of the initial decision-making €tamd the final decision-making stage, which was
the initial step in the decision and the final demm phase, whose function was based on
information obtained from two video cameras moimigrchanges in the environment. This system

was characterised by relatively low time expenéit@and ability to adapt itself to different
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modifications of control commands. In addition, d@escientists believe that it could be applied to
any off-line autonomous machine. The effectiveradghe application of the fuzzy system has been
proven on the basis of computer simulation regdlts

Alessandro Saffiotti has developed a real-time yuglanner for robot's movements in an
unfamiliar environment, which works according te tlules related to the geometric analysis of the
robot's movements and its goal configuration amalyShis fuzzy planner created new “safe”
trajectory points, when the robot's ultrasonic efigders detected an obstacle on its path [13].

Harmeet Singh and Arora Sanchit used fuzzy logidte planning of robot's motion in real
time and for on-line control. The solution of ingerkinematic problem was transformed into a
fuzzy logic model, on which the robot's motion plang was based.

Leslie Astudillo, Oscar Castillo, Patricia Melinpda Arnulfo Alanis proposed to use fuzzy
logic in a robot motion planning controller. Thenmiple of this method is velocity control of a
mobile robot based on input velocity signals. Iis tbase, one fuzzy logic controller ensures the
necessary torque for a mobile robot [2].

Various options of fuzzy logic systems for real @¢irplanning of mobile robots motions in
unknown environment, which were presented in thpema by D. R. Parhi, Xu Dongyue, S.
Bhowmik, S. K. Kashyap et al, have different desigh membership functions. This system was
characterised by a relatively high speed and thetfeat there was no need to solve the inverse
kinematic problem. The main operation problem @f thzzy system developed by these scientists
was the complexity of adjustment of the input mersbip function when the robot found itself
between obstacles in close proximity to each otheraddition, the robot lacked the required
accuracy to reach the destination point [8]. Thuymn analysing the operational characteristics of
the fuzzy system, it is opportune to proceed tortaet topical question — application of neural
networks.

2. Application of neural networks in mobile robot notion planning in an unknown
environment

Although roboticists started to use neural netwardsso long ago, such networks proved to
be useful in the development of robotic controlteyss. Neural networks are calculation structures
built from a certain number single-type elementi&daneurons, which are simple converters. Each
neuron performs rather simple functions. Connestibetween neurons determine the complexity
and flexibility of the operation of the entire nalnetwork. Each neuron consists of:

1. Synapses, which ensure connections between mead multiply the signal by number,
which describes connection strength — synaptic igig
2. The adder, which adds up the signals comingutiirosynaptic connections from other

neurons and the signals from external sources;
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3.  The non-linear converter, which implements finedr functions of a single argument (i.e.
adder output). The output value of a neuron beldongsange [0, 1] and the neuron itself
strengthens first of all weak signals rather thaong ones [1].

Topologically, neural networks are classified inbese three main types: fully connected
networks, multilayer networks and loosely-coupleetworks. Multilayer networks, in which
neurons are connected in layers, are the most yvajmdlied. Each layer has a set of neurons with
common input signals. The number of neurons in daghr can be varied; in addition, it is not
related to the number of neurons in other layergefinput signals are transferred into the neural
inputs of the input layer, which usually is numimezero. The output signals of the last layer are
considered to be network outputs. In addition tpuinand output layers, a multilayer neural
network has one or several hidden layers [4].

The creation of a neural network consists of tHeofdng stages: selection of the type of
network architectures and selection of the netwesakning method. The following are considered
to be the most popular and researched neural niedveschitectures: multilayer perceptron, neural
network with common regression, Kohonen networks, ethers. Special learning algorithms have
been developed for most networks and they makeossiple to coordinate the weight of the
network in a certain way. The main learning aldormtof multilayer perceptrons, which are used in
control systems, is the back propagation of erlgorghm. Figure 2 gives an example of a three-
layered neural network, where x 1 and ylare inpdt@utput signal vectors.

The use of neural networks to solve the problemobbt motion planning in an unknown
environment has received considerable attentianadern research literature. The following is an
analysis of research papers that deal with theiggin of neural networks under the conditions of

an unknown environment [4].

Figure 2. Three-layer neural network

Jasmin Velagic and Nedim Osmic proposed to useaheetworks in the trajectory planning

stage of a mobile robot equipped with range find€manks to these neural networks, robots would
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learn to move around in an unknown environment avwid collisions with obstacles. A trained
robot, moving from initial configuration to the ¢t configuration, had to bypass obstacles in its
work zone by using local information from rangedins. This problem was solved by using a
periodic single-layer neural network. It is taughe relationship between linear speeds and
positions of a mobile robot by using the back pgaten algorithm in the real time mode. This
algorithm is performed in each iteration (samplae for calculation of optimal input control
signals [15].

R. Fierro and F. L. Lewis developed a model fomplag a safe path for a robot in an
unknown environment in which a multilayer feedfordiameural network was used for the training
of dynamic properties in real time mode. HoweVieis planning model and neural network training
algorithm are very complex and calculations areetsonsuming [6].

Danica Janglova proposed a solution for the plapnamd intelligent control of an
autonomous mobile robot's collision-free trajectamya partially structured environment. This
solution is based on the use of two neural netwdhes first neural network is used to determine
free space using ultrasound range finder data lamdecond neural network finds a safe direction
for the next robot section of the path in the wpdae while avoiding the nearest obstacles.
Although this solution is quite efficient in a sitagenvironment, it requires many sensors [9].

For neural network training purposes, scientisteri@ned goal positions of the robot based
on the fact that the movement strategies, whicmtheal network learned in certain environments,
could be easily adjusted in a new dynamic envirarime the presence of moving obstacles in the
workspace of a mobile robot, it could avoid colirss only when the speed of obstacles was such
that the robot was able to stop in time and reacbr@ingly. Another reason why there was a
greater probability of collision with moving obskas was that ultrasound range finders were not
able to detect the sharp edges of the obstacleshisoreason, scientists decided to use obstacles
with levelled edges in the robot's workspace dutimgr experiments while noting the need for
improvement in the design of range finders [12]e Tieural network model was directly used for
trajectory formation. The neural network state spa@s determined by a robot's configuration
space and each neuron was described by the congiegomotion equation. This model allowed
the implementation of a robot's multi-goal pathnpiiag in real time and planning in the presence
of unpredictable changes in the environment. Thecgss is based on variable neural network
activity, reflecting the environmental instabilityVhen determining a safe direction of robot
motion, there was no need to optimize energy copsiom obtain beforehand information about
the dynamic environment, and to train. There wéisear relationship between the complexity of
the calculations and the size of the neural netwonkwhich each neuron had only a local lateral

relationship with neighbouring neurons|6].
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The previously examined methods correspond withothexall view on how the problem of
mobile robot motion planning in an unknown envir@amh should be solved, where local
information read by range finders is used to gdrei@sponse motions. It is therefore opportune to
analyse this new approach by defining the abovetioreed combination of these both methods.

3. The application of a combination of neural netwiks and fuzzy logic in mobile robot motion

planning

Many scientists proposed the use of the combinatemal network and fuzzy logic method
for solving the problems of robot motion planning an undefined environment with random
obstacles. H. R. Beom, H. S. Cho, Amir Massoud laend, Caro Lucas et al proposed several
different real-time methods for robot motion plarmgi which were based on the application of
neural network and fuzzy logic rules, where thentrgy algorithm worked in real-time mode and
determined the formation of these basic rules. {fféwesparency of the control system ensured the
effectiveness of the training algorithm, which wagresented by the back propagation of error
algorithm. However, training under this algorithsnai relatively slow process, if it is realized &alr
time. Thus, because of basic fuzzy logic rule fdrama which, as mentioned before, is a result of a
network training process, the problem that emengad related to the robot's ability to reach the
goal. Despite the fact that the mobile robot redcit® goal configuration area, the formed basic
fuzzy logic rules not always allowed it to precisedach the goal point. In cases where the robot
did not reach this point, the training algorithndia be restricted so that the basic rules could be
changed without making any changes to the fuzzioastage. Scientists saw it possible to solve
this problem by improving the training algorithm & way that would enable it to adapt the
fuzzification stage and thereby apply a hybrid pefuzzy network with different types of
membership functions [3].

At present, the combination of neural networks fraty logic is not widely discussed in the
scientific literature dealing with the problem dfaf-time mobile robot motion planning in an
unknown environment. Neuro-fuzzy methods are usesblve the problems of trajectory formation
and motion planning [3] and general case contrjl [8
Conclusions

Based on the foregoing analysis of solutions ofpiablem of mobile robot motion planning
in an unknown environment by using fuzzy logic arediral networks, the following conclusions
can be summarized:

1. In most research papers, the methods for amtlifiee mobile robot motion planning based
on fuzzy logic and neural networks were appliedannmbnditions of a known environment,
whereas research related to the application ofetimesthods in unknown environments has
been limited, even though taking into consideratiom potential for practical application of
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such research, the solution of these problems wbaid greater significance both for the
advancement of mobile robotic systems and for dhatisn of practical issues.

2. The solution of the problem of mobile robot matiplanning in an unknown environment
based on fuzzy logic is widely examined, becausethis case the decision-making
mechanism always allows generation of response ments caused by the emergence of
obstacles in the robot's trajectory;

3.  The efficiency of neural networks in solving nielrobot motion planning problems in an
unknown environment largely depend on the levétahing of the specific network;

4.  As can be seen from this analysis of reseatehature, further search for solutions to the
problem of mobile robot motion planning in an unkmoenvironment is being carried out by
using neural networks trained with fuzzy logic sil&uch neuro-fuzzy networks can learn

more efficiently and better solve problems assediatith non-linear systems.
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Abstract
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In robotics science there are two main trends dhedesign of robotics. One of them is the desifyapecialized or
special robots, that perform certain technologogarations, serve specific devices they are aasugatck-acting and
reliable, but these robots have usually a few lewebility. Another trend of robot design is the idg@sof universal
multifunctional robots that perform more technot@jioperations, have more levels of mobility, theayt have more
difficulties in achieving greater positioning acaay, reliability and their design is expensive.sThrticle provides the
analysis of the most widely applied in practiceatibarms in order to reveal their diversity andgpective working
peculiarities for their effective usage. Researelpgr analyzes the running parameters and diffeultf different
robotic arms, which are similar in their designt Hifferent in their control systems level, i.enning of 1, 2 and 3
DOF (degrees of freedom) robotic systems. Theen#ysis of dynamic mathematical models of theseethlifferent
kind of DOF robotic systems which are containednathematical models of DC motors that rotate rabatim links
and direct position-task models. After estimatihg tmissing parameters of robotic arms’ motors, hnd 3 DOF
robotic arms’ models have been created by softyaekage “Matlab Simulink”, which allows to set cailing
voltages and observe the change of currents, tpoipaén speed and trajectory over the current time.

Kopsavilkums

Robotu posmu kustbas EtiSana
Atslegvardi: ar vienu bivibas pakpi, ar divam brivibas pakipem, ar trijam brivibas pakipem, vadbas sissma, robota
roka, manipulators, mateftiskais modelis, robota dinamika.
Robotu tehnik ir divi izteiktakie robotu projeldSanas virzieni. Viens no tiem ir speciatiz un spedlo robotu
projekgSana, kuras laikizveidotie roboti veic atti@gas tehnolgiskas opeédcijas, apkalpo attiagas ielartas, kaut vai
S&adiem robotiem nav daudz wthas pakpju, tie ir pregzi, atri darbojas un ir droSi. Otrais robotu projgSdnas
virziens — univer@o daudzfunkciju robotu projetdana, kuri veic vaik tehnolgisko opeiciju, tiem ir vaigik brivibas
pakapju, tatu ir daudz gitak sasniegt liddku to poziciogSanas preciZiti, darba uzticaiu, ka af S&du robotu
projekeSana ir drgaka. Saj raksh tiek veikta vispladk pielietotu praks robota roku anae ar nolku atkht to
daZdibu un noteikt kofgos visu 30 robotu posmu kontaktpunktusa$akst izpétitas robotu rokas, kam ir lidziga
konstrukcija, té&u vadbas sistmas ir atgirigas — to robotu si&mnas, kuim ir viena, divas un 15 bfvibas pakpes,
darlibasipatribas un parametri. Rakistiek analiztas mirgtas robotu rokas si&mnas, kuam ir tris at&irigas kugbas
pakapes, dinamikas mateatiskie modéi, kas aptver robota rokas posmus$anasibzstivas materitiskos modgus
un tieSo stvoklu uzdevuma modes. Apgkinot eksperimento robota roku dzigju trukstoSos parametrus, tika
izveidoti robota rokas mogiear vienu, digm un trigm brivibas pakpém un ar ,Matlab Simulink* programmartas
paketi, kadauj uzdot vatbas spriegumus urerot stiavas, momenta, posnatruma, trajektorijas un laika attigi.

|. Material and Methods
Introduction

The production sector is expanding rapidly and pobdechnologies and processes are getting
more and more complex. These changes determirgetre@opment of robotics. Such systems must
meet high demands, i.e. they must be both suftigiextcurate and fast. However, the demand for
robots in the industrial and manufacturing sectergrowing uncontrollably, and, as a result,
robotic arms are used in the most diverse indsshigzause they can perform various tasks, such as
assembly, loading, welding, grinding, painting &ach robots are widely used in practice, and this
is why there is a need for more detailed studiesobntic arms.

This work analyses robotic arms and the purposeich analysis is to examine the functional

features of robotic arms of different design (éth various degrees of freedom) and to compare
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them with one another in order to identify the matlvantages and disadvantages of one-, two-, and
three-degree-of-freedom robotic arms as well asdémtify the most optimal function of their
structure in terms of its application. The aim bistwork is, therefore, to examine and compare
robotic arms having one, two and three degreeseafdbm, and, to this end, the work seeks to
review the scientific literature on the structured acontrol systems of robot manipulators and to
carry out the mathematical modelling of one-, twand three-degree-of-freedom robotic arms.
Finally, this work aims to compare the obtainedadat
Analysis of the structures of manipulators

In 2000, the impressivBlauerhoff Bridge (Figure 1) measuringl5 x 15 m was built in the
Netherlands. The main peculiarity of this bridgehat it is an enormous robotic arm having one
degree of freedom (one link) holding a sectionhaf toad, which is raised to allow ships to pass in
the river. It is a drawbridge of a simple desigd &s action is based on the long-known princigdle o
a lever; a double-arm lever [7] is used to lift Heetion of the road into the air.

Figure 1.The Slauerhoff Bridg€g[7].

The Quanser company has designed a two-degreeaddm (i.e. two-link) robotic arm SFL
2DOF (Figure 2), which consists of two DC motofg motor 1 is mounted on the base and turns
link 1, while motor 2 is mounted at the end of lthkand turns link 2 The tensometric sensors
installed at rearmost positions of the links of theotic arm act as protection against breakage
during operation. High resolution optic incremensansors are mounted on both motors. This
manipulator features MIMO (Multi-Input and Multi-@aut) system, which is supplied with a state
feedback controller to reduce fluctuations causgdflexibility as well as the effects of the
movements of the interface connection. This sydtama completely open structure, which makes

it suitable for designing any other desired coterdb].
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Figure 2.Two-degree-of-freedom robotic arm SFL 2D(B].

Another excellent example of a three-degree-ofefoee robotic arm is the QTP 3DOF HI/R
robotic arm designed by the scientists of Univgreit British Columbia and the engineers of the
Quanser company (Figure 3). The peculiarity of thizotic arm is the fact that it is a planar robot
consisting of two mutually adjusted pantographs sehmterfaces have three degrees of freedom
and therefore allow the robot to move verticallyl aotate on a single axis without restrictions. The
adjustment ring is directly connected to the irgteef coupling of the first links of the pantograph
and the intersecting interfaces of the links alB80 degree unrestricted rotation of the end effecto
The robotic arm is controlled by two DC motors whighaft rotation position is measured using a
high-resolution optical encoder. The system is dletd through a computer by using a Quanser
Q8 HIL (hardware-in-the-loop) control card [4].

Figure 3.QTP 3DOF HI/R three-degree-of-freedom robotic ar.

The mathematical models of the dynamics of robotikinks
When designing a control system for a robot witle ontwo links, it is necessary to analyse
the dynamics of the robot by using the equationmofion that describe the forces and moments

acting on mechanical links. The already existingtays of equation may be used [1]. When
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designing and analysing a one-link robot, the dyinans described by the following system of
equations [3]:

(‘]1 + I1) G +mgr Cos(ql):Tl 1)
where: J, =1/3l, m — mass moment of inertia of a link, kaf; r, =1,/ 2 — distance to the centre

of mass of link 1, my — link mass, kgt: — link length, mig; — link twist angle, radg,— angular
acceleration of a link, radtsy — acceleration, nfs T, — torque at axis coupling of a link, Nm.

The kinematic diagram of a one-degree-of-freedobotas presented in Figure 4. Since the
arm of the robot works on a horizontal plane, it#ion is not affected by gravitational forces.

Figure 4.The kinematic diagram of a one-degree-of-freedonioo.
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The dynamics of a two-link robot is described bg thllowing system of equations [3]:
( (‘Jl +m, |12)q1 +m, I1 Foe qz COS(Qz B ql)_ mzI 1T2¢ qz (Q2 o ql)Sin(% o ql)
+ (ml gr,+mg |1) Sinql =T,
Jz qz +m, l 1 Vo ql co CI2 -G )- mzl 1 Vo ql (qz - ql)Sin(qZ - ql) 2)
+M, g, sing =T,

where: J; =1/31>m, and J, :1/3I22m2 — mass moment of inertia of links, kef; r,, =1,/2 —
distance to the centre of mass of link 2,m; — link masses, kdj » — link lengths, mpj > — twist
angles of links, radg;, — link angular velocities, rad/€j, ,— link angular accelerations, rad/g —

acceleration, m§ Ty, — torques at axis couplings of links, Nm.
The kinematic diagram of a two-degree-of-freedobotas presented in Figure 5.
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Figure 5.The kinematic diagram of a two-degree-of-freedonbaa.
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The dynamics of a three-link robot is describedh®yfollowing system of equations [3]:

sin(d;— 0, =G )+ (M g r,+m g 1, +myg 1)) sing, =T;;

3, Gy + Myl 11, 7o. G G COLAs — Gy =)= Ml P G G (65— 6, — )
Sin(q3—q2—q1)+ng P Sinqz :Tz; (3)
Js qs + m3| 1I 2 r3c Ch qz C05(q3 _Q2 - ql)_ msl 1| 2 r3c ql qz (CI3 - qz _ql)

sin(d, -0, — ¢ )+ M, g 1y, Sing, =T,

where: J, =¥312m, J,=13I’m, and J, = ¥/31 m,— mass moments of inertia of links, ‘kd;

re=1,/2 andr, =,/ 2— distance to the centre of mass of link 2,mz 3 — link masses, kg;
l123— link lengths, mp 23— twist angles of links, rad{,,,— link angular accelerations, rad/s
g,,5 — triple inverted angles of links, ratl/g — acceleration, nis T, 35— torques at axis coupling

of links, Nm.

The kinematic diagram of a three-degree-of-freedoinot is presented in Figure 6.
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Figure 6.The kinematic diagram of a three-degree-of-freedoabot.

The position of the end point of a robot is chang@@dugh control of DC motors, which
produce torques and thereby turn specific robatiksl around their axe§.he DC engine has its
own electrical and electrical mechanical time cant. Their impact in the robot's movement may
be assessed by adding a DC motor mathematical niodbke robot's mathematical model. It is
necessary to assess friction forces and liquididncforces, which affect motion at the time of
reverse movement and at maximum speeds. A DC mmuaihematical model that takes into

account friction forces [1, 2J:
Lﬂ:u—i r—wCg;
dt

J Z—?: i Cy —M - fs—[Te signw)+ (Ts - Tc ) ex-a | | ) sign(o) |

(4)

where: L — total inductance of motor anchor link,iH intensity of electrical current in the anchor
chain A; u — voltage connected to anchor chainy V¥ total resistance of anchor chaif;, o —
motor shaft angular rotation speed, rad/s; €generator electromotive force constant, V-s/thd;
mass moment of inertia of motor anchor;rkg Cy — electromechanical transfer coefficient, Nm/A;
Ma — moment of resistance, Nm; ¥ moment of liquid friction resistance, Nwvhad; Tc — dry
friction torque, Nm; §— static friction torque, Nmg — time constant, s.

Robotic links perform only rotary motions. Howevire end movement of a robotic end
effector is linear. The position of robotic endsix and y in a Cartesian coordinate system is

calculated according to the number of constituiehks![5]:
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1. The position of end points andy of a one-link robot in a Cartesian coordinate eysis

calculated as follows:

x=1cos(Q);
{y= Isin(g)

2. The position of end points andy of a two-link robot in a Cartesian coordinate systs

()

calculated as follows:
{x =1, cos(y) +1, cos@, + d,);
y=1;sin(@) +1,sin(, +q,)

3. The position of end points andy of a three-link robot in a Cartesian coordinatsetem is

(6)

calculated as follows:

{x: |, cos@,) +1, cos@, +0,) +1,cos@, +q, +0s5);

. . . 7
y:Ilsln(ql)+|25|n(ql+QZ)+ISSIn(q1+QZ+Q3) ( )

Generalized dynamic models of one-, two-, threed #our-of-freedom robotic arms are

presented in Figures 7, 8 and 9.

Figure 7.The model of a one-degree-of-freedom robotic arm.

Position of end point
. of one link (x1. v1)
11 Np——
Speedl
Torquel T d1
i g
qi Vi—————»
Control Motor 1
signal Dvnamics of Direct
one-link robot  position
task
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Figure 8.The model of a two-degree-of-freedom robotic arm.

Speed] q'1 J Position of end point
ee )
P Torquel —T; of link 1 (x1. y1)
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Control signal Motorl il —
ofwae :
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Speed? Torque2 |—T) Direct Position of end point
Control signal peed. Q2 re of link 2 (x3. v9)
position 2(x2. 72
Motor2

Dvnamics of task

two-link robot

Figure 9.The model of a three-degree-of-freedom robotic arm.
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The models of one-, two-, three- and four-link rob@rms created using MatLab Simulink

software consist of several main building blockig@Fes 7, 8, and 9):

. Motorl, Motor2 and Motorl blocks are DC motor models developed accordinfptmula
(4). The input signal of this block is a controltage and torque is produced in the outlet. In
addition, angular velocity feedback is used inrtiwlel of DC motors.

o The blocksThe Dynamics of a Single-Link Robot, The Dynamics dwo-Link Roboand
The Dynamics of a Three-Link Roliwve been drawn up in accordance with formul&(1,
3). Their input signals are torques produced byomsptwhile angular rotation velocities and
link twist angles of a robotic arm are obtainedha outlet. In these models, the constants are
link masses and lengths.
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o In theDirect Position Taslblock, the position of robotic arm's end pointand y is obtained
in a Cartesian coordinate system based on theveeledordinates of the links of the robotic
arm, according to formulas (5, 6, and 7). The exgsangles of links are provided in the input
of this block and in the position coordinates af #nd point of the robotic arm are generated
in a Cartesian system in the output.

Il. Results

The study of the dynamics of the model

In order to simulate the dynamics of a robotic d&ewing one or more degrees of freedom, it
is necessary to transfer the mathematical modedritbes! in the first part of this chapter to the

Matlab Simulink software package.

All estimated parameters of DC motors needed feattwn of models are given in Tables 1,

2, and 3.

Table 1.Characteristics of DC motors of a one-link robot

Name of parameter and unit of measuremler%eS'gnatlo Meaning
n Motor 1
Electrical time constant, s Te 0.00144
Electromechanical time constant, s Twm 0.0056
Inductance, H L 0.00216
ResistanceQ R 1.5
Inertia moment, kg-fm J 0.0062
Electromechanical coefficient, N-m/A Cwm 0.625
Emf of the generator. constant, V - s/ rad Ce 2.64

Table 2.Characteristics of DC motors of a two-link robot

Name of parameter and unit of Designation Meaning

measurement Motor 1 Motor 2
Electrical time constant, s Te 0.00122 0.00144
Electromechanical time constant, s Twm 0.0410 0.0056
Inductance, H L 0.00183 0.00216
ResistanceQ R 1.5 1.5
Inertia moment, kg-m J 0.057 0.0062
Electromechanical coefficient, N-m/A Cwm 0.625 0.625
generator electromotive force constant, Ce 3.34 2 64
V-s/rad

Table 3.Characteristics of DC motors of a three-link robot

Name of parameter and unit of Designation Meaning
measurement Motor 1 Motor 2| Motor 3
Electrical time constant, s Te 0.00166 | 0.00122| 0.00144
Electromechanical time constant, s Twm 0.0764 0.0410 0.0056
Inductance, H L 0.00150 0.00183 0.0021
ResistanceQ R 15 1.5 15
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Name of parameter and unit of Designation Meaning
measurement Motor 1 Motor 2 | Motor 3
Inertia moment, kg-m J 0.1078 0.057 0.0062
Electromechanical coefficient, N-m/A Cwm 0.625 0.625 0.625
generator electromotive force constant, Ce 4.04 334 2 64
V-s/rad

For the dynamic model simulation of a robotic araving one or several links, the lengths
and masses of the links are also needed: 0.2 m; my =3.42kg;1,=0.2 m; mp = 3.42 Kg;
I3=0.2 m;m = 3.42 kg4 = 0.2 m;m, = 0.36 kg.

Nominal voltage is connected for one second tantbeor of a one-link robotic arm (Fig. 10).
The voltage polarity is then reversed and thusniwtor reverses, i.e., changes its direction of
rotation. After another second, the voltage coregetd the first motor becomes equal to zero — the
motor is stopped. This experiment enables sequenbaitoring of the processes of acceleration,

reverse and stopping. Simulation results are pteden Figures 11 and 12:

Figure 10.The model of a one-degree-of-freedom robotic arm
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Figure 11 Robotic arm simulation results: U — motor controbitage variation T — torque
produced by the motoky - motor angular velocity variation, | — motor cuent variation

0V, T, Nm;, @, rad/s; T, A
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Figure 12 End point trajectories of a one-link robotic arm ia Cartesian coordinate system
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The next study examines the dynamics of two comagebhks of a two-degree-of-freedom
robot. The dynamics of each link has been studepdmtely. Nominal voltage is connected to the
motor of link 1 for one second. The voltage polai#t then reversed and thus the motor reverses,
i.e., changes its direction of rotation. After drestsecond, the voltage connected to the first moto
becomes equal to zero — the motor is stopped.éMpsriment enables sequential monitoring of the
processes of acceleration, reverse and stoppingnduhe entire simulation experiment, the

voltage of the motor of link 2 is equal to zerog(FL3). Simulation results are presented in Figures
14 and 15:

Figure 13.The model of a two-degree-of-freedom robotic arm
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Figure 14 Robotic arm simulation results: Y U, — motor control voltage variation,
w1, w2 — motor angular velocity variation, f T, — torques produced by motors,
I1, I,— motor current variation

15

LV T, Nim; @, radds; T, A

Figure 15 End point trajectories of links 1 and 2 of a robotarm
in a Cartesian coordinate system
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The dynamics of link 2 was examined in the same. \Wayninal voltage is connected for one
second to the motor of link 2. The voltage polaistyhen reversed and thus the motor reverses, i.e.
changes its direction of rotation. After anothecasel, the voltage connected to motor 2 becomes
equal to zero — the motor is stopped. During threesimulation experiment, the voltage of the

motor of link 1 is equal to zero (Fig. 13). Simudatresults are presented in Figures 16 and 17:
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Figure 16.Robotic arm simulation results: Y U, — motor control voltage variation,
w1, w2 — motor angular velocity variation, f T, — torques produced by motors,
l1, I,— motor current variation
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Figure 17 End point trajectories of links 1 and 2 of a robotarm
in a Cartesian coordinate system
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The next study examines the dynamics of three adaddinks of a three-degree-of-freedom
robot. The dynamics of each link has been studiépdrsitely. Simulation results are presented in
Figures 19 and 20:
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Figure 18 The model of a three-degree-of-freedom robotic arm
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Figure 19 Robotic arm simulation results: Y U,, Us, U5 — motor control voltage variation,
w1, w2, w3, w4 — Motor angular velocity variation, 1 T,, T3, T4 — torques produced by motors,
I, I, I3, 14 — motor current variation
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Figure 20 End point trajectories of links 1 and 2 of a robotarm
in a Cartesian coordinate system
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The dynamics of link 2 was examined in the same.\@&myulation results are presented in
Figures 21 and 22:
Figure 21 Robotic arm simulation results: Y U,, Us, U — motor control voltage variationy;,

w2, w3, w4 — Motor angular velocity variation, I T,, T3, T4 — torques produced by motors, I,
I3, 14— motor current variation

I,V T, Nm;, @, rad/s; T, A

Figure 22 End point trajectories of links 1 and 2 of a robotarm
in a Cartesian coordinate system
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The dynamics of link 3 was examined in the same.\@&myulation results are presented in

Figures 23 and 24:
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Figure 23 Robotic arm simulation results: Y U,, Us, Uy — motor control voltage variation,
w1, w2, w3, w4 — Motor angular velocity variation, 1 T,, T3, T4 — torques produced by motors,
I, I, I3, |4 — motor current variation
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Figure 24 End point trajectories of links 1 and 2 of a robotarm
in a Cartesian coordinate system
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Conclusions

1. The analysis of literature on robotic structures Blaown that the control of link motion can
be realised through different methods and varioosors, drives and encoders may be used,
depending on the number of kinetic links, motioangmission mechanisms and their
applicability.

2. This article presents the mathematical models ®fdynamics of one-, two-, three- and four-
degree-of-mobility robotic arms created with Mat&imulink software package that makes it
possible to set control voltages and monitor cusietiorque, link velocity, and trajectory over
time. In addition, the mathematical models and alifgosition models of DC motors that

rotate the links of robotic arms have also beeluged in these models.
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Abstract

Frequency of joint hypermobility occurrence among wimmers
Key Words;joint hypermobility, swimming, Beighton score
Joint is called hypermobile if its range of motierceeds the norm, taking into account the age amdiey of the
person. Joint hypermobility is primarily caused ingre flexible tissue, which is determined by gemétheritance.
Joint hypermobility is considered as an advantagd,at the same time as a disadvantage. For mang italue, which
gives increased ability in sport. The aim of thedst was to assess the frequency of joint hyperntphiccurrence
among swimmers. A prospective study was condudtead)ving swimmers of Riga who were in the age graf 14-
23 years, engaged in swimming for at least 5 yaadshave reached at least 11l Sports class. 9sjeuere assessed after
Beighton score and the range of their movementmaasured with goniometer. Study involved 53 swimanél.5 %
(n = 22) women and 58.5 % (n = 31) men. The aveeageof 17.2 £+ 2.5 years, with an average 9.919+y2ars of
swimming experience. 71.7% of respondents had it joypermobility. Hypermobility was occurring thealst
frequently among Brass swimmers, hypermobility wasurring in 46.7% of them (p = 0,011). There isstatistically
reliable data that suggests, that continued ocmupatith swimming increases joint movement rangent@l group -
30 young people of the same age, 33.3 % of theorelgmts had joint hypermobility. In conclusionsjnfo
hypermobility is more common among swimmers tham ithst of the population. Swimmers who swim in Bras
compared to swimmers who use other styles, hagdlksble joints.

Kopsavilkums

Locttavu hipermobilit ates sastoparnbas biezums pel@taju vid
Atslegvardi: locitavu hipermobilite, peldSana, Beightona skala
Ja lodgtavas kusbu ampliida @rsniedz normu, to sauc par hipermobilu. itacu kustbu apjoms ir atkags no
personas vecuma un dzimuma. itaeu hipermobiliiti primari izraisa elasgaki audi, kurus nosakaergtiska
iedzimtba. Palieliats kusibu apjoms tiek uzskas rei£ ka priekSrodba un tiikums. Daudziematir vértiba, kas
piekir lielaku izveiabu spori.
Darba nerkis bija nowrtét locitavu hipermobiliites sastopatbas biezumu peddiaju vida. Tika veikts prospekis
pettjlums, iesaistot §ijuma Rigas peldtajus vecuma grup 14 — 23 gadi, kuri nodarbojusSies ar @Slahu vismaz 5
gadus un sasniegusi vismaz Il sporta klasc Beightona skalas nestétas 9 lodtavas, kuru kushu apjoms rerits ar
goniometru. Hipermobilitte defirgta, ja>4 loatavas tests pozvs. Rtjuma iesaisiti 53 peldtaji, 41,5% (n = 22)
sievieSu un 58.5% (n = 31jrieSu. Vidtjais vecums 17.2 + 2.5 gadi, ar p&ddnu nodarbojusSies \djil 9.91 £ 2.9 gadus.
No respondentiem 71.7% bija ftmvu hipermobiliite. Brasa pekdaju vida hipermobiliite bija sastopama visedt
46.7% no tiem bija hipermobilite (p = 0,011). Nav statistiski ticamu datu, kesttgfa nodarboSas ar peldSanu
palielimtu loatavu kustbu apjomu. Kontroles gragbija 30 & paSa vecuma jaunieSi, no kuriem 33,3% respondsjatu
locitavu hipermobiliite. Tika seciats, ka peldtaju vida locitavu hipermobiliite ir bieak sastopamaakpopukcija.
Pelcttajam sievietm hipermobilifiti novero biezk. Brasa peletaji, salidzinot ar cita stila peldajiem, ir ar mazk
elastgam loatavam.

Introduction
Joint hypermobility means that person can move somall your joints more than most

people can. It's often known as being double-janéd doctors sometimes refer to it as joint
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hyperlaxity. For some, like dancers and swimmerd amusicians, having a wide range of
movement can have its advantages.

Joint hypermobility results from ligamentous lax{§oep 2013). The main symptom of joint
hypermobility is having an unusually large gangerafvement in joints. Usually it is an isolated
finding, although it may also occur in individualsth a primary genetic disorder of connective
issue matrix proteins (Tobias et al. 2013).

People with joint hypermobility may have been awfaoen an early age that their joints were
more supple than usual, and this might not haveezhany further problems or symptoms. In the
majority of individuals joint hypermobility existén isolation and may be associated with
musculoskeletal symptoms such as pain. This has laeeled as “generalized ligamentous laxity”
or “non-pathologic hyper- mobility” (Bin Abd Razak al. 2014).

Joint hypermobility is most frequently assessedgisihe Beighton score, which was devised
in South Africa based on assessments of 1083 Ts@hitans (adults and children). The Beighton
score is a modification of the Carter and Wilkinsaoring system (Beighton et al. 1973).

The prevalence of asymptomatic generalized hypeitityoim children has been variably and
widely reported, between 3% and 30%. Generalized [typermobility is said to be more prevalent
among girls than boys (Smits — Engelsman et al1R01

In UK among the 6,022 children evaluated, the genae of hypermobility in girls and boys
age 13.8 years was 27.5% and 10.6% (Clinch 201igreTare also some variations in the races,
with the African ethnic group having an estimateelvplence as high as 57% (Remvig et al. 2007).

Many normal people have hypermobile joints with gtber symptoms. However, a small
number of people with hypermobile joints experiepaén or other symptoms, and this is called
joint hypermobility syndrome (Elsevier et al. 2018)edical diagnosis of this syndrome requires
symptoms which can include chronic joint pain, lzdie, injured of dislocated joints, impairment
of proprioception, and temporomandibular joint dysftion (Hakim et al. 2005).

Diagnosis of joint hypermobility syndrome depends baving symptoms as well as
hypermobile joints and is made using the Brightotega (Grahame et al. 2000).

Joint hypermobility is commonly found in a groujpconditions called Hereditary Disorders
of Connective Tissues (HDCT). The most common ekghis joint hypermobility syndrome. This
group of conditions also include Ehlers-Danlos Sgntek and Marfan Syndrome. The clinical
expressions ranges from morbidity because of maskaletal, skin, ocular and visceral
pathologies to mortality from acute vascular cakpHakim et al. 2006).

Hypermobility-related disorders, in particular thenign joint hypermobility syndrome are

among the most frequently encountered rheumatoltigarders in clinical practice in UK. But still
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many patients with this syndrome passes unheedetiagnosed and, presumably, untreated
(Grahame 2008).

Screening gymnasts, swimmers and dancers at #re ¢t their careers may be very
important to warn them about avoiding certain higk-activities and indicate physiotherapy.

The aim of the study was to assess the frequenpym hypermobility occurrence among
swimmers.
Material and methods

This was a prospective case-control study conduobes December 2014 to January 2015. A
study was conducted, involving swimmers of Riga wiere in the age group of 14 — 23 years,
engaged in swimming for at least 5 years and haaehed at least Il Sports class.

A structured questionnaire was administered t@aiticipants attending the research.  The
surveyed factors included personal history, swingwirorkout frequency, duration of the trainings,
achievements in the sport of swimming. Participamése asked whether they had any aches or
pains that had affected the knee, hip, shouldemridack and had lasted longer than 3 months.

Hypermobility was assessed in all participantsnaliteg the research. The modified Beighton
9-point scoring system, with each joint assessegarately, was used. The fifth
metacarpophalangeal joint was classified as hypeitend it could be extended >90°, the thumb
was classified as hypermobile if it could be oppbs$e the wrist, the elbows and knees were
classified as hypermobile if they could be extendedD® and the trunk was classified as
hypermobile if both palms could be placed flat te floor with the knees straight. Assesments
were performed fot the 9 individual joints (bothuthbs, both little fingers, both elbows, both knees,
and the trunk), and the total number of hypermojulats was recorded as the Beighton score.
Participants eigth joint hypermobility were thos@aovhad a Beighton score off (Tobias et al.
2013).

Goniometry was used to measure the passive Dbilatdaasiflexion of the fifth
metacarpophalangeal joint and the passive bilateyperextension of the elbow and knee. The
scores were recorded and tabulated on the queatrenn

Controul group comprised of age matched individwdie were not engaged in swimming. A
significance level of p < 0.05 was selected forlgsia. All statistical analyses were performed
using the Statistical Package for the Social SeésiBM SPSS Statistits Average rates were
presented as mean [tstandard deviation], whileitkb@lence — as percentages (n — in absolute
guantity).

Informed written consent was obtained from all jggréints and under-aged participant’s

parents. Ethics approval was obtained from Rigadsts University ethics committe.
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Results

The prospective study involved 53 swimmers, 41.5n% 22) women and 58.5 % (n = 31)
men, the average age of 17.2 + 2.5 years. Swimnmaisided in the research, had reached at least
[l sports class.

The swimmers, who were involved in the study, hadeast five years of experience, on
average 9.91 £ 2.9 years of experience. From thesers involved in the study 37.7 % (n = 20)
were swimming for more than 11 years, 32.1 % (rV¥faér nine to 10 years, 18.9 % (n = 10) for
seven to eight years and 11.3 % (n = 6) for fiveixoyears (Fig. 1).

Attending swimming exercise seven days a week \88té % (n = 21) of the swimmers
involved in the study, , 52.8 % (n = 28) of thammers were practicing swimming five to six days
a week, 3.8 % (n = 2) devoted three to four daysekercise, and 3.8 % (n = 2) had one to two
swimming exercises a week.

At the moment of joint hypermobility evaluation 2& (n = 4) swimmers complied with the
regulations of the International Sports Master524. (n = 13) of the swimmers complied with the
regulations of Sports Master, 26.4 % (n = 14) efslvimmers were Sports Master candidates, 34%
(n = 18) swimmers complied with | sports class tations, 5.7 % (n= 3) swimmers complied with
the Il sports class and 1.9 % (n = 1) swimmers dmadpvith the Ill sports class regulations.

From the respondents included in the study 47.2h% @5) had achievements in freestyle
swimming, and 22.6 % (n = 12) were successful ak$&taoke, successful at swimming in brass
were 22.6% (n = 12), while 18.9 % (n = 10) of tespondents were successful, using butterfly
swimming technique and 5.7 % (n= 3) in individuadtey.

Swimmers' health condition assessment: Back pdiighwlasted for more than three months
was indicated by 15.1 % (n = 8) of the surveyedmwers. Pain in one of the other joints for longer
than three months was indicated by 15.1 % (n =f 8)erespondents.

Beighton Hypermobility test results: Joint hyperntibp was observed for 71.7 % of the
respondents, but for 28.3 % of the respondents@®#¥) it was not present (Fig. 2). For 95.4 % of
the female respondents hypermobility was observeld=#.8 % of the male respondents had joint
hypermobility.

For 53.3 % of swimmers who used brass techniqu, pypermobility was not occurrent, but
for 46.7 % of brass swimmers the hypermobility whserved (p = 0.011) (Fig.3). Brass swimmers
had the most inelastic joints, compared with swimamgho were gaining achievements in other
swimming styles.

There was no statistical reliability, proving thHatpermobility frequency among swimmers
would depend on their age. As well as there istatissically reliable data, proving, that increade
years spent in swimming exercises changes thedrayuof hypermobility among swimmers.
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A control group was selected, containing peoplthefsame age, which were not involved in
swimming in everyday life. Among the young peope 33.3 % joint hypermobility was observed,
but 66,7 % of respondents did not have this camdi¢p = 0.01).

Discussion

The majority of the respondents involved in thisdst were male, because in this age group,
males are more common to be occupied with swimmRegspondents have been trained in
swimming for a long time, two-thirds of the respents have been attending a swimming pool on a
regular basis, for more than nine years.

Hypermobility was more common among swimmers thary ather people. Joint
hypermobility is more common for females (Smitsrg&lsman et al. 2011); this study shows these
results as well. Joint hypermobility was observadaimost all (95%) female swimmers.

Since there was no statistical reliability, tha thcidence of hypermobility among swimmers
would depend on their age or the number of yeaggtspn exercising, it seems reasonable to think
that the best swimmers have joint hypermobility tmaelection. Joint elasticity takes precedence
in swimming sports, if it is combined with muscleength and good coordination. This study
included swimmers who were swimming for many ye@soups of younger swimmers were not
observed for incidence of joint hypermobility amotigem, which would allow to gain more
specific information about the selection of swimsweith hypermobile joints.

Most of the cases of joint hypermobility is an &teld finding, which is not related to other
pathological conditions (Tobias et al. 2013). iif,addition to increased joint elasticity, pain It
joints or back pain for more than three monthshiseoved, as well as dislocation or subluxation in
joints, it needs to be assessed by diagnosticriesiteehether the person has joint hypermobility
syndrome (Grahame et al. 2000). Part of swimmetsdnhpain in joints or back pain for periods
longer than three months. This means that therédcbe swimmers with joint hypermobility
syndrome, which would require to draw additionaieiation to their health (Grahame 2008).
However, back pain may also occur from the fact #ilhswimming strokes require maintained
hyperextension of the lower back to achieve a stliead position. Increased intensity can increase
the risk of damage of the lower back (Wanivenhdus.e€2012). Part of the people who have joint
hypermobility, also have syndromes such as Ehlenskd® Syndrome and Marfan Syndrome, the
presence of which have not been excluded for tbesamers.

Additional attention should be paid to the exersisghich swimmers carry out before and
after swimming practice, to avoid shoulder, knegine injuries (Wanivenhaus et al. 2012).
Longtime athletes’ health checks for swimmers sthotgquire particular attention to joints,
assessing joint elasticity, as well as assessnfgheqossible injury risks. Also, in the assessimen
of joint hypermobility for swimmers, an in-depthamwination of whether swimmer has one of the
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conditions of the group called Hereditary Disordef€onnective Tissues should be carried out as

well.

Conclusions

o The findings of this study suggest that joint hypebility was more common among
swimmers than the rest of the population.

o Joint hypermobility was more common among femalesaers.

. Swimmers who used brass, compared to swimmers wld ather styles, had less flexible

joints.
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Abstract

A study of survival rate after cardiopulmonary resuscitation (CPR) in Clinical Center “Gailezers”
Key Words:Cardiopulmonary resuscitation. Clinical Center “@Gazers”
The aim of the research is to evaluate the CPR padethe patient's vital functions after the CPR afso through
analyzing the examinations performed to evaluatentiost frequent complications analyzing case hegoData was
gathered from 55 patients on whom in 2012 was pexd CPR, medical information available in the ameh of
Clinical Centre “Gailezers”. The data was analymethg IBM SPSS Statistic0 and Microsoft Excel 2013 program.
Study involved 55 patients. The average age of §A0886] years. Discharged were 54.5% patientsd d&a5%
patients.During the CPR occurring heart rhythms: asystolth Wwi8% patient, ventricular fibrillation 43,6% [eatts,
ventricular tachycardia 52,7% patients. When anatythe ECG before the CPR 10,9% patients had simgthm, 1
day after the CPR sinus rhythm — 27,3% patientsy &king discharged - 34,5% patieisom early complications the
most frequent is CNS lesion, developed in 40% pti©f late, the most frequent complication is pneuraarsted in
21, 8% patientsMost of the CPR are made in EMA stage and thetigeidack of data on the patient's condition préor t
the CPR. The most frequent early complication ésdamage to the CNS, which is the most common doatjan after
a total of the CPR. As the most frequent late cazapibn can occur pneumonia, which tend to devetmpe often in
patients with MV.

Kopsavilkums

Izdzivotibas datu anaize pacientiem fgc kardiopulmonalas reanimacijas (KPR) staciorara “Gailezers”
Atslegas vrdi: Kardiopulmorla reanimicija. Klniskais centrs “Ggezers”
Merkis ir nowertet sirds un plauSu reaniitijas efektivifiti un pacienta vitlas funkcijas pc reanimcijas, Kk an
izanalizt veiktas parbaudes, lai nawrtétu bieak sastopams komplikacijas. Datinemti par 55 pacientiem, kuriem
2012. gad tika veikta sirds un plauSu reariaija, medigniska informacija pieejama khiska centra "Gdezers"
arhivos. Dati tika analii izmantojot IBM SPSS programmu ugtjpuma tikai iesaisiti 55 pacienti. Vidjais vecums
61,6 [20;86] gadi. 54,5% pacienti tika izrakist45,5% pacientu nomira. Sirds un plauSu reanijas laila fiksgtie
sirds ritmi: 1,8% pacientu ir asistolija, 43,6% tréulara fibrilacija, 52,7% ventrikdra tahikardia. Analizjot EKG
pirms reanimcijas 10,9% pacientiem ir sinuss ritms, dier@¢ peaninacijas sinuss ritms ir 27,3% pacientu uécp
izraksiSaris - 34,5%. No agnaagm komplikacijam visbiezkas ir CNS bajjums, tas padas 40% pacientiem. No
vélinaam komplikacijam visbiezka ir pneimonija, noerota 21,8% pacientiem. L&da dda sirds un plausu
reaninaciju ir veiktas EMA stadd; ir datu tokums par pacienta atokli pirms reanimcijas. Biezka agfna
komplikacija ir bojagjums CNS, kas ir bieikka komplikacija kopuna.

Introduction

Cardiopulmonary resuscitation (CPR) is a technigsed to provide blood flow when heart
has stopped. It is a life saving procedure thathmcarried out by a person who doesn’t have any
medical education. These are basic steps in CPRhvaine usable in any situation by someone for
any reason is unconscious which were publishedurgiean Resuscitation Council (ERC) in ERC
Guidelines for cardiopulmonary resuscitation (2010)
1. Make sure you, the victim and any bystandersate.
2.  Check the victim for a response
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3. If he does not respond:
e shout for help
o turn the victim onto his back and then open tineay using head; tilt and chin lift;
o place your hand on his forehead and gently tilthieiad back;
o with your fingertips under the point of the victanchin, lift the chin to open the
airway.
Keeping the airway open, look, listen and feeldreathing
If the breathing is not normal or absent:
e gethelp
o start chest compression — press down on sternuf ¢an and repeat at rate of at lieast 100
times in one minute
6. Combine chest compression with rescue breatlfier 80 compressions give 2 effective

rescue breaths, this should not take more thah(Blslan et al. 2010:1224)

However there are guidelines that are meant forrgemey medical treatment team. These
guidelines include defibrillation, intubations angse of different medicaments to restore
spontaneous blood circulation (Nolan et al. 2029t1244).

Leader organizations in resurrection and life suppaining are American Heart Association
(AHA) European Resuscitation Council (ERC), the Haad Stroke Foundation of Canada (HSFC)
and other related organizations. The first inteomal cardiopulmonary resurrection (CPR)
Guidelines were published in year 2000. Since tharnypdated list of guidelines is published every
five years. Last guidelines for CPR where publisime#010 and this year there are expectations for
new CPR guidelines. Discussions are over the rath@st compressions. For now recommended
are 100 chest compressions in a minute, but nedetines possibly will be corrected and they
might be recommending 100 — 120 chest compressgiomse minute (Lee 2015). This discussion is
about the fact that many studies such as Lee (20d6% (2012) and Field (2012) proved that
slower compression may not provide adequate bloadugion, but on the other hand faster
compressions could put providers at risk of perfagriess effective compressions. There may
change recommendations about hypothermia, becéhere twere studies provided evidence
confirming no difference existed in patient outcenvehen body temperatures were cooled to 33
degrees Celsius, as compared to 36 degrees Célsalgn et al. 2003) The duration for CPR
performance will be a topic of discussion, refemegca 2012 study which found increased
percentages occurrence for inpatients receiving @R period of up to 45 minutes (Rapp 2013).
If cardiopulmonary resuscitation is early initiatédincreases the chances of survival by 2-3 times
(Mani et al. 2015). However, short-term cardiacestrrepisode is characterized by multi-organ
damage in connection with ischemia. Post—cardiegsticare has significant potential to reduce
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early mortality caused by homodynamic instabilitydalater morbidity and mortality from
multiorgan failure and brain injury (Peberdy et 2010). Subsequent objectives of post—cardiac
arrest care are:

Control body temperature to optimize survival aeurological recovery

Identify and treat acute coronary syndromes (ACS

Optimize mechanical ventilation to minimize lungury

Reduce the risk of multiorgan injury and suppogan function if required

Objectively assess prognosis for recovery

N o M wDbd PR

Assist survivors with rehabilitation servicesemtrequired (Peberdy et al. 2010: 5678).

To avoid multiorgan failure after cardiac arres$ie provider of CPR should mechanically
support breathing immediately after the return pbrganeous circulation. They should also
evaluate head of the bed 30° if tolerated to redhedncidence of cerebral edema, aspiration, and
ventilatory — associated pneumonia. Providers shditriate inspired oxygen to the lowest level
required to achieve oxygen saturation more than,®80as to avoid potential oxygen toxicity.
Hyperventilation increases intrathoracic pressum@ iaversely lowers cardiac output. After return
of spontaneous circulation ECG monitoring should dostinued because of recurrent cardiac
arrhythmias. (Peberdy et al. 2010: 5679).

For all patients who are unable to follow verbaimoeands after return of spontaneous
circulation should be considered therapeutic hygwmtiia because it is the only intervention to
improve neurological outcome (Peberdy et al. 2GB80).

Significance of this study is to acknowledge ey of intensive medical care quality in
Latvian Clinical Center “G#¢zers” comparing to other country hospitals. Theneo study so far
that would analyze outcome treating patients gieeformed CPR in Clinical Center “Gezers”
which is one of most overloaded hospitals withgyas in Latvia. This information would help to
make improvement and would help avoid most comneattdcauses in intensive care.

This study was performed to acknowledge patientdicmm after performed CPR, late
survival rate after CPR and most common complicatiafter CPR and how common they are
found. Using medical case reports, information almerformed examinations was analyzed, to
make conclusions about common organ injuries swemeurological injury, lung injury and
myocardial injury.

Material and methods
Study was performed retrospectively in Clinical @en“Gaiezers” analyzing medical

information from patient's medical case reports ilabde in the archives of Clinical Centre
“Gailezers”. There were gathered information onpa&ients on who in 2012 was performed CPR

and on whom were restored spontaneous blood cil@aldnformation that was analyzed included
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data on patient’'s basic information (sex, age)jep#ts condition during CPR, and patient’s
condition after CPR Analyzing how many patient’semd discharged after CPR and inferring late
survival rate after CPR and analyzing late compbees that accrued after CPR. The data was
analyzed using IBM SPSS Statist® and Microsoft Excel 2013 program.
Results

Study involved 55 patients, 20 women and 35 me. dde range was 20-86 years with the
average age of patients 61.6 =+ SD CPR was initidbed patient before emergency medical
treatment (EMT) arrival, 30 in EMT and patientsé24he hospital.

Discharged from hospital were 54.5% patients, d&a8% patients. 9.09% patients died in
the 1st hour after CPR. 7.27% patients died ardnel- 6th hour. 12.73% patients died till 24th
hour. 25.45% of patients died on 2nd day or later.

Figure 1.Distributions of patients on time of death

Distribution of patients

= Survived = Died in 1st day during 1st hour
w Died in 1st day during 2nd till 6th hour » Died in 15t day during 7th till 24th hour

= Died in 2nd day or later

During the CPR occurring heart rhythms were: adgstoith 1.8% patient, ventricular
fibrillation 43.6% patients, ventricular tachycad2.7% patients. Defibrillation was initiated to
41.6% patients and most commonly on 18.9% patigefibrillation was performed one time, 5.7%
patients had 2 defibrillations, 9.4% patients hatkeBbrillations, 1.9% patient had 4 defibrillatgn
3.8% patients had 5 defibrillations and 1.9% patierd 6 defibrillations.
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Figure 2.Cont of defibrillation performed on patients
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After cardiac arrest and CPR spontaneous breathasgfound in 18.9% patients and 81.1%
had mechanical ventilation.

After cardiac arrest and CPR hypotension was foumd4.55% of patients. 21.82% of
patients had hypertension with either systoliciastblic hypertension.

After cardiac arrest and CPR 7% of patients hadywardia with heart rate frequency lower
than 60.56% of patients had tachycardia with hesetfrequency higher than 90.

Figure 3.Heart rate after CPR
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When analyzing the ECG before the CPR 10.9% patieate sinus rhythm. Acute coronary
syndrome was found in 43.6% patients and it masiyli provoked cardiac arrest. 18.2% patients
had bradycardia before cardiac arrest.

1 day after the CPR sinus rhythm was found in 27p8%ents. Atrial fibrillation was found in
21.8%. Bradicardia was found in 3.6% patients. Vaaldia was found in 32.7% patients.

After being discharged — 34.5% patients had sifmyshm. Atrial fibrillation was found in
3.6% patients. Bradycardia was found ir 3.6% pé&diand tachycardia was found in 3.6% patients.

Of early (found in first 48 hours) complicationsetmost frequent is CNS lesion, developed
40% patients. Myocardial injury was found in 43.G%tients, this was found using ECG and
finding acute coronary syndrome, which most likelas cause of cardiac arrest not an early
developed complicatiolPneumonia as an early complication was found ifo/fpatients.

Of late (found after 48 hours), the most frequaarhplication is pneumonia, noted in 21.8%
patients.CNS lesion after 48 hours was found in 5,4% padieAcute coronary syndrome was
found in 12.7% patients.

Discussion

Similar study was made in MD Anderson Cancer Cedgrartment of Emergency Medicine,
University of Texas on cancer patients. One hundveshty-six cancer center patients received
CPR in 2003-2007 (Group 1) and 2008-2012 (Groupl)year 2010. CPR guidelines were
updated. The aim was to analyze how many cancempsifafter cardiac arrest and CPR have been
discharged from hospital. Results were similar athbgroups. Survival to hospital discharge was
11% Group 1 vs. 10% Group 2. (Miller 2015) Resualte much lower than in Clinical Center
“Gailezers” and reasons for such difference is that h AMhderson Cancer Center were included
only patients with cancer, who have particularly Iates of return of spontaneous circulation, but
in Clinical Center “Gdezers” patients were unselected and profile ofibispital is very extensive.
And in study at MD Anderson Cancer Center DepartroéEmergency Medicine were included all
performed CPR but in Clinical Centre “Gezers” patients who did not restore spontaneousdblo
circulation were excluded.

The American Heart Association published the H&xstease and Stroke Statistics - 2013
Update. Statistical update in year 2013 shows slhiavivor rate was 9.5% for patients who
had out of hospital cardiac arrest and underwenR CiRor patients who had cardiac arrest
in hospital care, survival rate was 23.9% (AHA 2D1Phese results are lower than results
in Clinical Center “Gdiezers” and reason was that in the heart and ststktgstics — 2013
Updateanalyzed was survival rate after CPR but in Clini@antre “Galezers” patients who didn’t
restore spontaneous blood circulation were exclumled patients who had restored spontaneous
blood flow would had higher survival rate later.
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In Iran Department of Anesthesiology, Bagiyatalldhiversity of Medical Sciences
was performed a study on 290 patients and as re&ulpatients (12%) were alive at
discharge. Majority of patients who had particight@ study, were more than 60 years
old. Study included patients with different clinicgases $aghafinia 201(. Study is very
similar to the study performed in Clinical Centé&ddilezers” but results were much lover,
because in Iran discharges alive where 12%, buClinical Center “Galiezers” 54.5%.
Study in Clinical Center “G&ezers” was performed on 55 patients, which is mleds
than study performed in Iran. But results are stdty different.

Lund University Hospital made a study about CN$oles after CPR. Results showed that the
largest number of diffusion changes on MRI was tim16 patients who died. Perfusion changes,
compared with healthy volunteers from a previoymlplished cerebral perfusion study, were found
in seven out of eight patients. (Jarnum H et aD9Q0In Clinical Center “Gagezers” of early
complications the most frequent is CNS lesion, e 40%, which is lower result. Patients who
participate in Clinical Center “Gl@izers” study where 55 and in Lund University HadpR4
patients.

In Medical Intensive Care Unit, Cochin Hospital riBavas performed a study researching
how often does pneumonia occur after cardiac aam$tCPR. Results were that in the first 3 days,
419 (65%) presented early-onset pneumonia. (P&2b2i) In Clinical Center “G#zers” is
pneumonia, noted in 21, 8%.

Results which were revealed in Clinical Center ‘|6zérs” are more “optimistic” than in
other studies. Late survival rate is much grediantin similar studies and rate of complications
after CPR is lower. To find out reasons for thedtemnces there should be held a prospective
study with similar aims, so it would be possibleetcamine reasons for different results than in
other hospitals. It would be valuable to performitar study in a different hospital in Latvia to
compare results.

Conclusions
. Most of the CPR are made in EMA stage and therthaeslack of data on the patient's

condition prior to the CPR.

. Late survival after cardiac arrest and CPR is 54.B4t 44.5% die after CPR in hospital.
These are high results because in similar studigemis who survive CPR are 10% - 23.9%.
And rate of discharge after CPR has been 12%.

o Most of patients (25.45%) die on 2nd day or lateracardiac arrest and CPR.

o The most frequent early complication is the dantaggne CNS, which is the most common
complication after a total of the CPR. As the mfyeuent late complication can occur

pneumonia.
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Abstract

Key words:antineoplastic drugs, hazardous drugs, occupati@exposure, health professionals, acute side effect
Introduction. Not only patients but also healthcare workersesqeosed to antineoplastic drugs (cancer chemotherap
drugs). Due to their adverse effects, antineoplabtigs are considered as potential health riskifmses and nursing
assistants, especially development of short-ternl@mg-term side effects is possible.

Aim. The aim of this research was to collect and surim@anformation about acute side effects of antplastic drugs

in two major cancer centers in Latvia and the fadssiorrelation between acute effects and work espee.

Material and methods. In total 51 nurses and nursing assistants resgbtudthe research. All the participants of the
research were women working in chemotherapy warkasdt for 12 months. The research was conductdeairs
Stradins Clinical University Hospital, DepartmeftGhemotherapy (DC) and Riga East University Hadpidncology
Centre of Latvia, DC. All information was reviewaith MS Excel and IBM SPSS software.

Results. The average of work experience in DC was 8,63,189) years. 56,9 % of respondents stated at dewsside
effect since working in DC. An acute side effecttslas headache is the most common one (37.3%Qwed by
irritation of eyes (25,5%), irritation of skin (16%), dizziness (13,7%), irritation of mouth ancbtt (7,8%).

Headache (p = 0.021), dizziness (p = 0.018), fioitaof mouth and throat (p = 0.043) and irritataineyes (p = 0.004)
had statistically significant positive associatieith years of working in DC.

Conclusions.More than half of respondents had at least onteagide effect since working in DC. The most common
complaints were headache and irritation of eyes.

Nurses and nursing assistants working for longee tin DC were more likely to have headache, dizzneritation of
mouth and throat and irritation of eyes.

Kopsavilkums

Atslegvardi: antineoplastisks vielas, Estamis vielas,aroda ekspazijas, vesebas apripes spedilisti, akiita blakus
efekti.

levads. Ar antineoplastiskm vielam (ANV), kas tiek izmantotagaundaligo audzju arsteSara kimijterapijas veid,
saskads ne tikai pacienti, bet aveseibas aplipe stradajosie.So vielu izraigu blakus efektu &, antineoplastiskie
[idzeKi tiek uzskatti par potendiliem veselbu apdraudoSiem riskiemasam un nasu paigiem, ipasi liela iespja ir
atfistitiesistermpa un ilgtermaa blakus efektiem.

Merkis. ST petjjuma nerkis bija sadkt un apkopot inforriciju par antineoplastisko vielu izraiem akitiem blakus
efektiem divos liglkos onkolgijas centros Latvj un nowrtét iesgEjamo koreiciju starp akitiem blakus efektiem un
darba stZu.

Materi ali un metodes.Tika aptaujtas 51 misa un masu paigi. Visi petijuma ieklautie respondenti bija sievietes, kuras
kimijterapijas nodi stradaja vismaz 12 reneSus. Aptauja tika veikta Paula Stradkliniskas universiites slimicas
Onkolasijas kiinikas kimijterapijas noda (KN) un Rgas Austrumu khiskas universiites slimicas staciofra
Latvijas Onkolgijas centraKN. legitie dati tika apkopoti un apatiati, izmantojot MS Excel un IBM SPSS
programmas.

Rezultati. Vidgjais darba gtZs nod# bija 8,63 (x7,109) gadi. 56,9% respondentdratia vismaz vienu blakni kops
darba uzzkSanasKN. Biezk mingtas akitas didzibas bija galvaspes (37.3%), acu kaidjums (25,5%),adas
kairinajums (19, 6%), reibonis (13,7%) un mutes tkdess kairirajums (7,8%). Galvagpes (p = 0.021), reibonis (p =
0.018), mutes unikles kairirgjums (p = 0.043) un acu kaifjums (p = 0.004) uzdija statistiski ticamu poZitu
saistbu ar darba 82uKN.

Secirajumi. Vairak nela puse respondentu sasis ar vismaz vienu aku blakus efektu kops darba akSaansiKN.
Visbiezakas sidzibas bija galvagpes un acu kairijJums. Masam un nasu paigiem, kam darba &sKN ir lielaks, ir
lielaka iesggja attstities galvasgpem, reibonim, acu kairfjumam, mutes urikles kairirijumam.

Introduction
Antineoplastic drugs have been used in the treatwferancer for more than 50 years. These

powerful drugs are used clinically to destroy ontcol the growth or spread of cancer cells, cure
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the cancer or put it in remission, ease symptorob a8 pain or pressure from a tumor when a cure
is not possible. (Ontario Nurses’ Association 20TBgir pharmacological property to kill tumor
cells is by interfering with cell division. Howeveheir action is not specific to cancerous celisj
non-cancerous cells may also get damaged. (Shakrashet al. 2014)

Antineoplastic drugs are part of a larger groupechhazardous drugs. Hazardous drugs are
drugs that pose a potential health risk to healhe cworkers who may be exposed during
preparation or administration. Most drugs are atergid hazardous if they are cytotoxic, it means
they inhibit or prevent cell function. These inatuddiologic, antiviral, and immunosuppressive
agents, as well as drugs from other classes. (lOrntarses’ Association 2012) Hazardous drugs
are drugs manifesting genotoxicity, carcinogenjcigratogenicity, fertility impairment, serious
organ or any other toxic manifestation at low dogeanimal or human experiments. (Shahrasbi
A.A. etal. 2014)

Despite their therapeutic and beneficial effectscancer patients with life-threatening
conditions, both acute or short-term and chronidoag-term adverse effects are associated with
antineoplastic drugs treatment. (Villarini M. et 2012) All antineoplastic drugs have side effects
associated with patient use. Workers who handi@eemplastic drugs may be at risk of suffering the
same effects as their patients without reaping @nthe benefits. (Ontario Nurses’ Association
2012)

The likelihood of an adverse event resulting frootupational exposure to antineoplastic
drugs can vary with the dose and frequency of stposure, and the extent to which the drug is
absorbed into the body. (Ontario Nurses’ Assocmf012)

Epidemiological studies of personnel who handlenaoplastic drugs, performed on a global
scale, showed detectable levels of genotoxic dragthe work environment and a statistically
significant increase in DNA damage and chromosabalrations in the exposed population versus
the reference group. (Buschini A. et al. 2013) Otsteidies have found increased chromosomal
aberrations and evidences of mutagenic/ carcinogasks in exposed nurses’ urine samples.
(Shahrasbi A.A. et al. 2014)

Occupational exposure to antineoplastic drugs acdirectly and non-directly through skin
absorption, ingestion, inhalation, or accidentgdtion. Both clinical and non-clinical workers may
be exposed to antineoplastic drugs during the pa¢ipa, administration, or disposal of these toxic
agents. (Ontario Nurses’ Association 2012)

Also important is whether or not safe work praditave been followed and in the case of a
pregnant health care worker, the point during aymaecy and/or fetal development at which the

exposure occurs. Exposure to even very small caratems of certain drugs may be hazardous for
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all workers who handle them. In these cases there@ safe limits. (Ontario Nurses’ Association
2012)

In a recent study conducted in 2011 in Canadaarekers reported that nearly 17 per cent of
nurses who work in outpatient chemotherapy infusienters reported being exposed on their skin
or eyes to the antineoplastic drugs they deliv@ntério Nurses’ Association 2012)

Acute exposure generally causes transient symptsunh as headache, nausea, malaise,
dizziness, rash, dermatitis, skin and mucous memebmaitation or ulceration and eye or throat
irritation. (Shahrasbi A.A. et al. 2014) Cases lodl@minal pain, hair loss and liver damage related
to cytotoxic drug exposure were also reported. {KxH. et al. 2013)

There are a number of long-term or chronic effélotd have been identified in health care
workers working with or near these potent drugsesehhealth effects include: liver and kidney
damage, damage to the bone marrow, damage to nigs nd heart, infertility (temporary and
permanent), effects on reproduction and the deusjopetus in pregnant women, learning
disabilities in offspring, hearing impairment arahcer. (Ontario Nurses’ Association 2012)

Only a limited number of epidemiological studiesréaddressed occupational cancer risks
related to handling of antineoplastic drugs. Thennrasults reported in these studies are an
increased risk of leukemia among oncology nurse$ @imysicians occupationally exposed to
antineoplastic drugs and an elevated risk of cafacdong-term pharmacy personnel. (Villarini M.
et al. 2012) Fetal loss induced by chronic exp®siar cyclophosphamide, doxorubicin and
vincristine, in nursing personnel was also obser{@dahrasbi A.A. et al. 2014)

During the past 30 years, numerous guidelines baea issued to protect health careworkers
in Western countries. Although these safety precastare advanced to reduce worker exposure,
recent studies have demonstrated that workplacdgammation and occupational exposure
continues. (Yu Wen H. et al. 2012)

Material and Methods

Site observationThe report was conducted at two specialized cacesters in Riga, capital
city of Latvia, in order to determine the acuteesgdfects of antineoplastic drugs. These two center
were Pauls Stradins Clinical University Hospitaledartment of Chemotherapy and Riga East
University Hospital, Oncology Centre of Latvia, Repment of Chemotherapy. There was large
variability in antineoplastic drug usage in botmtees as they did not specialized in narrow
oncologic fields.

Population recruitment. A total number of 68 nuraesl nursing assistants were provided
with the questionnaire, all of them were women wiere working in department of chemotherapy
at least for 12 months. Exclusion criteria wereivectrinkers or smokers, known uncontrolled

chronic medical conditions (cardiac problems, diebearthritic related disorders and respiratory
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diseases), bleeding disorders, any past cancenaBegor active complicated medical or surgical
therapies in the past 12 months. The aim of thiegant selection in terms of health and years of
experience was to avoid any bias or any unrelagaghms reporting by the nursing and nursing
assistants’ staff.

Questionnaire. The questionnaire was in two parts and based en ntlost reputable
international guidelines such as American Sociétealth System Pharmacists, the Occupational
Safety and Health Administration and the Health &fe®y Executive guidelines for handling
cytotoxic drugs in clinical settings. First part svaimed to establish the knowledge on the
hazardous effects, ways of exposure to cytotoxugslr personnel protective equipment use and
safe handling measurdhe second part was aimed at gathering any repeitiedeffects that may
be due to acute or chronic exposure to cytotoxauté side effects were classified as irritation of
eyes, irritation of skin, irritation of mouth andirbat, dizziness, headache, nausea, vomiting,
diarrhea. The questionnaire had to be specificauititausing any concerns for participants when
answering the questions. The questions had todmslated from English to Latvian without any
loss of meaning.

Data processingAll information was reviewed with MS Excel and IBEMPSS software.
Descriptive statistics measured the central tendencluding the mean parameters and the
variability including the standard deviation, thenfmum and maximum values of the variables.
With inferential statistics correlations were madgrasp the connection between acute side effects
and participant’'s understandings of hazards assaciaith their jobs and existence or lack of
resources to help to minimize the risks, p-valugewased to quantify the idea of statistical
significance of correlations.

Results

Based on questionnaire responses and inclusiorercidsion criteria, the total number of
participants included in research was 51. Of theanew29 nurses and 22 nursing assistants, 100%
were women, with a mean age of 43,39 + 11,105 yearge 21 — 63 years). The average of work
experience in department of chemotherapy was 8,839 years, suggesting chronic exposure to
a wide spectrum of antineoplastic drugs. The mosjuent ways of exposure of antineoplastic
drugs were cleaning of procedure room (60,8%), sirpgeparation for usage in procedure room
(58,8%) and administering medication to patient$,Z%), as shown in Diagram 1. 97,1% of
respondents were informed about hazards assomattetheir jobs.
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Diagram 1. The most frequent ways of
exposure of antineoplastic drugs
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This information was obtained from classes andimngi held by the hospitals in 58,8%, from
coworkers in 54,9%, from individual studies usingrigus texts and internet in 47,1%, from
participation in conferences in 13,7% and from mgsassociations and previous university
training (during undergraduate training) in 11,8% shown in Diagrar@.

Diagram 2. Sources of information about
occupational hazards

70%
58.80%

£ 60% gm 54-90%
& o
% 50% 47.10%
e g
2 40%
-
-
s 30%
5
_ 0, L3}
E 20% T3./U% 11.80%
z

= H |

0% - : : : ; )
classes and coworkers individual  participation in nursing
training held by studics using  conferences  associations
the hospitals various texts and previous
and internet university
training

All respondents were informed about available reseai to help minimize occupational
hazardous risks but only 90,2% regularly used ptote equipment during work. 31,4 % of
respondents noticed overall decreasing of healt#tust since working in department of
chemotherapy but there were no statistically sigaift association with ways of exposure of
antineoplastic drugs $8,05), information status about hazards associatt#dtheir jobs (g0,05)
and regular usage of protective equipment durindkj@>0,05).
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56,9% of respondents stated at least one sidetefiece working in department of
chemotherapy. Using the validated questionnaigeaimned to investigate the prevalence of acute
adverse effects. An acute side effect such as bhada the most common one, reported in 19 cases
(37,3 %), followed by irritation of eyes, reported 13 cases (25,5 %), hair loss, reported in 11
cases (21,6%) irritation of skin, reported in 18es(19,6 %), dizziness, reported in 7 cases (13,7
%), irritation of mouth and throat, reported in dses (7,8 %), as shown in Diagram 3. Skin
irritation could be any rash and skin redness (d#tm like reactions) while working with
cytotoxic agents. In all cases nurses confirmetltttey had no other reasons or life style changes t
be the cause for such reactions. The questiongmess to the nurses were “In general, have you
experienced more episodes of hair loss while warkinyour current wards?” and “In general, have
you experienced more episodes of nausea and vgmtiile working in your current ward?”

All reported side effects had positive associatath years of working in department of
chemotherapy, showing higher frequency of sideceffenurses and nursing assistants with longer
occupational exposure to antineoplastic drugs. Heael (p=0,021), dizziness (p=0,018), irritation
of mouth and throat (p=0,043) and irritation of £§p=0,004) had statistically significant positive
association with years of working in departmentleémotherapy while other side effects had not
(p>0,05). None of respondents reported newly discaveeproductive challenges or oncological
diseases since working in department of chemotlyerap
Discussion

The aim of this investigation was to collect andnsuarize information about acute side
effects of antineoplastic drugs in two major cancenters in Latvia and the possible correlation
between antineoplastic drugs and work experienbis Jtudy was based on questionnaire and was
carried out in two different parts: to assess thesll of training and knowledge of the nurses and
nursing assistants on risks associated with cyiotdrugs; to investigate the level of acute side
effects that were associated with occupational sxpoto chemotherapy agents.

This study appears to be the first local invesiigadbf the nurses’ safety-related knowledge,
attitude and practices in cytotoxic drug handlinguigeneral hospital. To our knowledge, it is also
the only study, which demonstrates the possibleéeaside effects, which are related to handling
cytotoxic drugs.

Although there was possibility to compaegel of training and knowledge of the nurses and
level of acute side effects between two hospitatsited number of nurses and nursing assistant
included in this research disallowed further inigzdton.

This research revealed moderate level of knowleddlee nurses and nursing assistants about
possible occupational exposure to antineoplastiggir The most common source of information
was classes and training held by the hospitalgvi@ld by coworkers and individual studies using
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various texts and Internet. Comparing these fadts studies from other countries, hospitals are the
main providers of information about safe handlifiglmgs and risks associated with that.

Although all respondents were informed about abglaresources to help minimize
occupational hazardous risks, only 90,2% regulaskyd protective equipment during work and this
difference may be even bigger if we take into aot@ubjectivity of survey. We found slightly
higher incidence of overall decreasing of healtlatust since working in department of
chemotherapy in respondents who did not regulaggduprotective equipment but it was not
statistically significant association.

More than half of respondents stated at least ateeeffect since working in department of
chemotherapy. Rarely there was only one markededféet. The most frequents stated acute side
effect was headache, followed by irritation of eyr loss, irritation of skin and dizziness. Tder
were no reported cases about nausea, vomiting @ndeh. Comparing these facts with studies
from other countries, irritation of skin was the shdrequent one, which could be explained by
lower level of protective equipment usage. Althougé need to mention that headache is less
reliable side effect to reveal occupational riskcgfotoxic drugs due to broad spectrum of other
conditions, which can cause this symptom.

All reported side effects were more common in reslemts with longer working experience
in department of chemotherapy, showing possibleutative effect of cytotoxic drugs on human
organism. This association was statistically sigarit with four side effects: headache, dizziness,
irritation of mouth and throat and irritation ofesy

The most acknowledged chronic side effects of aoptastic drugs associated with
occupational exposure are reproductive challengésrility, spontaneous abortions and congenital
malformations) and oncological diseases (leukeM@)-Hodgkin lymphoma, breast, bladder and
liver cancers). In our research none of respondesp®rted newly discovered reproductive
challenges or oncological diseases since workirdgpartment of chemotherapy.

Conclusions

More than half of respondents had at least onesagide effect since working in department
of chemotherapy.

The most common complaints were headache andioritaf eyes.

Nurses and nursing assistants working for longee tin department of chemotherapy were
more likely to have headache, dizziness, irritabdbmouth and throat and irritation of eyes.
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Abstract

Deep Vein Thrombosis and Pulmonary Embolism: the Knwledge of Gynecologists, Obstetricians and

Puerperal Women about Prophylaxis

Key words:thrombosis, preghancy, knowledge, prevention, lpytaxis
The risk of venous thromboembolism increases 1@diwhuring pregnancy, childbirth and postpartumaquri Deep
vein thrombosis and pulmonary embolism (DVT/PE) aserious pregnancy and postpartum complicatishigh can
be fatal. Nowadays, correctly assessing risk facaord under medication or/and non-drug preventide,possible to
avoid completely these complications.
Aim was 1) to find out the awareness of gynecoksgisd obstetricians of what is DVT/PE risk andpprdaxis; 2) to
clarify awareness of the puerperal women of DVT@eaphylaxis.
Questioning gynecologists, obstetricians and puatgeomen, and analyzes of information was useal i@search tool.
The data were collected and processed in a computgirams MS Word, Excel. Data analyzes were ahroiet
through descriptive statistical methods.
100 gynecologists and obstetricians and 104 puarpeomen were interviewed. 85% gynecologists, dlistans
informed the pregnant woman about DVT/PE risk andvided the following recommendations: graduated
compression socks - 67%, physical activity - 44Midfintake - 25%, a phlebologist consultation 92254% of the
surveyed had a DVT/PE guidelines. 68% know thatatvia there are developed guidelines for DVT/PE%30f
medical practitioners of puerperal women informieeint about the increased risk of venous thrombos$ishich 22%
told how to reduce the risk. 46% were able to natrleast one preventive measure.
In Latvia there is an insufficient assess of DVT/iEk and compliance control during pregnancy wheourring the
maternity and after giving birth, which leads targased risk of maternal morbidity and mortality. Health care
facilities there are often no DVT/PE guideline whicould evidence doctors low knowledge about DVT/PEgnant
women are aware of DVT/ PE and prophylaxis meadare®o little.

Kopsavilkums

Dzilo venu tromboze un plausu embolija: ginekologu, dzenwbu spechlistu un nedelniecu

zinaSanas par profilaksi

Atslegas vrdi: tromboze, gitniecba, zimiSanas, prevencija, profilakse
Gratnieabas, dzemibu un gcdzemdbu periodos venas trombembolijas risks pieaug 10 reizes.]®zEnu tromboze
un plauSu embolija ir nopietnastgnieabas un pcdzemdbu komplikacijas, kuras var it letalas. Masdieras pareizi
izvertgjot risku un ieerojot medikamentozo un nemedikamentozo profilaksiesggjams pilnba izvairities no #m
komplikacijam.
Meérkis bija noskaidrot, &da ir ginekologu un dzerflou spedilistu informetiba par DzVT/PE riskiem un profilaksi.
Noskaidrot, Eda ir ne@lniecu informeétiba par DzVT/PE profilaksi.
Ka pétijjuma instruments izmantota ginekologu un dz@huadspedilistu anketSana un to anak®ana, neglniecu
anketSana, anketu ana#izana. Dati tika apkopoti un apstiti datorprogramm MS Word, Excel. Datu arii tiek
planots veikt ar aprakstas statistikas metaan.
Tika aptaujti 100 ginekologi un dzenidu spedilisti un 104 nedlnieces. 85% inforgtu griatnieci par DzVT/PE risku,
shiegtu 8das rekomeritijas: kompresijas Zes - 67%, fizisks aktiviites - 44%, Edruma unemSana - 25%,
flebologa konsuiicija — 22%, profilaktiska medikamentoza terapijal5%. 54% aptaajo iestde ir DzVT/PE
vadlinijas. 68% zina, ka Latijir izstradatas DzVT/PE nacialas vadinijas. 37% neélniecu arstniedbas persona bija
stastijusi par paaugstito venu trombozes risku, no kim 22% sistija ka risku samazifit. 46% vagja nosaukt vismaz
vienu profilakses pakumu.
Secirajumi: Latvija nepietiekoSi tiek iz&rteti DzVT/PE riski un iegrota profilakse dritnieabas laiki, iestjoties
dzemdbu nodda un Ec dzemdbam. Veseibas apiipes iestdes biezi nav DzVT/PE vatfijas/algoritmi, kas va&tu
skaidrot arstu nezju par DzVT/PE profilaksi. Gitnieces prak maz tiek informatas par DzVT/PE profilakses
pagsikumiem, puse ank&b ned]niecu nevar nosaukt nevienu.
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Introduction

Pregnancy and the puerperium are well-establisisdd factors for deep vein thrombosis
(DVT) and pulmonary embolism (PE), which are cdilesly referred to as venous thromboembolic
disease (VTE). The risk of venous thromboembolisongases 4 - 5 times during pregnancy (Pomp
ER, 2007). Risk during postpartum period is up fotiines higher (Heit JA, 2005). Deep vein
thrombosis and pulmonary embolism (DVT/PE) are osexi pregnancy and postpartum
complications, which can be fatal. In year 2014=fNICEF data in the world, thromboembolism
was the cause of maternal morbidity in 3 %. (Sagt &I, 2014). Nowadays, correctly assessing risk
and under medication or/and non-drug preventionisitpossible to minimize risk of these
complications.

Venous thromboembolism (VTE) may occur at any ticwging gestation. Studies report
conflicting data as to the timing in pregnancy.héligh most reports suggest that VTE can occur at
any trimester in pregnancy, some studies suggasMhE is more common during the first half of
pregnancy. One study of 165 episodes of VTE inmragy documented a higher incidence in the
first trimester (Gherman RB et al, 1999). Othedsts have not confirmed an association between
gestational age and frequency of VTE (O’Connor Ddl,e2011). Note that most evidence suggests
that VTE is more common in the postpartum pericgtiier A et al, 2005).

Pregnancy is a state characterized by Virchowéslt(lL - hypercoagulability, 2 - venous stasis
and turbulence, 3 - endothelial injury and dysfiorgt Pregnancy is a state of hypercoagulability
due to alterations of coagulation proteins. Fackols VII, VIII, IX, and X increase in pregnancy.
Pregnancy increases resistance to the anti-thromkexttors such as protein C and protein S.
Thrombophilia can exacerbate these changes in tadaguproteins, further increasing the patient’s
risk for VTE. Venous stasis also increases asidilatf lower extremity veins occurs followed by
venous compression by the gravid uterus and enigrdiac arteries. Situations of decreased
mobility (e.g., surgery, cesarean delivery, bed, neolonged travel or air travel) may exacerbate
these factors. Endothelial injury may transpirdime of delivery. These factors work together to
increase risk of VTE in the pregnant and postpanpatient.

The need for thromboprophylaxis should be assemstgbartum, postpartum and at any time
the patient transitions from the outpatient to itmgatient setting (Bain E et al, 2014). When it is
determined that thromboprophylaxis is warrantedappropriate strategy should be selected and
prescribed. Thromboprophylaxis can be pharmacol@gicanticoagulation with LMWH) (Greer
IA, 2005) or mechanical (e.g., intermittent pneumatompression devices or graduated
compression stockings) (Norgren L, 1995).

In Latvia specific DVT/PE in pregnancy guidelinese aleveloped that helps to evaluate
DVT/PE risk factors. These guidelines help physisito choose the right prophylactic measures to
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apply for each woman during pregnancy, labor andrafelivery. Each physician, using the
guidelines, should evaluate DVT/PE risk factors asdlicate the women about appropriate
prophylaxis.

Materials and Methods

100 gynecologists and obstetricians were interviediering several sessions of “The Latvian
Association of Gynecologists and Obstetricians”efEhwere no exclusion factors. As a research
tool were used specially designed questionnairgendiews were held from February year 2015 to
March year 2015.

Gynecologists and obstetricians were asked wheliegr provide the antenatal care, whether
they work at hospital labor ward, about their wakperience. They were asked whether they
inform the women during pregnancy about the in@dadeep vein thrombosis and pulmonary
embolism risk and if they give any recommendati@mgl if so, what they recommend to lower the
risk. There was a question whether there is a tjo@at the health care facilities they work at.
Specialists were asked if they know that in Lathi@re is a national guideline made. Next questions
were specifically for obstetricians. They were akkehether they evaluate deep vein thrombosis
and pulmonary embolism risk before the labor artiefy evaluate the risk after the delivery. They
were asked what thromboprophylaxis they would chados patients with low thromboembolism
risk and for patients with medium thromboembolissk.r

104 puerperal women from several different hospital Latvia were interviewed: 50 from
Riga Maternity Hospital, 34 from Pauls Stradinsnf€ial University Hospital and 20 from Vidzeme
Hospital. All puerperal women were included andréheere no exclusion factors. As a research
tool were used specially designed questionnairgerdiews were held from January year 2015 to
February year 2015.

Puerperal women were asked whether the care pibwgeecologist, midwife of family
physician. They were asked if they used any angigl@ants during pregnancy and after delivery
(LMWH - low molecular weight heparins of aspirif)hey were asked whether they were told
during pregnancy about importance of physical &gtand adequate fluid intake. They were asked
whether medical personnel urged them to early aigivafter delivery and whether medical
personnel told her to have an adequate fluid intdkeey also were asked whether they were
recommended to wear the graduated compressionirsggckluring pregnancy, during labor and
after delivery and if they did or did not wear thehimey were asked if the specialist that provided
the maternity care told them about the increased/P¥ risk during pregnancy, and if they were
told what to do to decrease the risk. Puerperal @onvere asked to name three prophylactic

measurements to decrease the DVT/PE risk duringnarecy.
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The data were collected and processed in a computgrams MS Word, Excel. Data
analyzes were carried out through descriptivesttedl methods.
Results

All of the gynecologists and obstetricians do pdevihe antenatal care and 28 of them work
also at hospital labor ward. Work experience:@% Q years), 50 (10 — 29 years), 39 (30 and more
years).

85 gynecologists and obstetricians inform womeninduipregnancy about the increased
DVT/PE risk and give recommendations, 15 not. Thregommend: 55 — graduated compression
stockings, 36 — physical activity, 20 — adequatiédfintake, 16 — prophylaxis with medicaments,
14 — phlebologist consultation, 8 — standard recenaations (n= 85).

Figure 1. Recommendations specialists give women during peegy

55
36
20
I 16 14

graduated  physical activity adequate fluid medicamentous phlebologist
compression intake prophilaxis consultation
stockings

The DVT/PE guidelines, that helps to evaluate rigktors and choose the appropriate
prophylaxis, use in their daily praxis 57 spectalislon’t use — 43. The knowledge that the national
DVT/PE guidelines are developed had — 68, did motkthat the guidelines are available — 32.

Intrapartum risk assessment for all women undertbkeobstetricians, only for high risk
patients (e.g. previous single/recurrent VTE, thoophilia) — 13, does not evaluate risk — 1 (n =
28). Postpartum risk assessment for all women takierll obstetricians, only for high risk
patients (e.g. previous singe/recurrent VTE, throptidia) — 16, does not evaluate risk — 1 (n =
28).

Intrapartum prophylaxis of choice when the DVT/PEkrir low: early activation after

delivery - 4, adequate fluid intake - 6, graduatechpression stockings - 19, aspirin - 5, LMWH - 3
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(n = 28), (Fig. 2.) Postpartum prophylaxis of cleowhen DVT/PE risk is intermediate: graduated
compression stockings — 8, LMWH — 15, Aspirin -n7/=(28).

Figure 2.Intrapartum prophylaxis with low risk
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From puerperal women for 93 antenatal care provglgtecologist/obstetrician, for 11 care
provided midwife. During pregnancy 101 women did nse aspirin or LMWH, 2 used aspirin and
1 used LMWH. In postparum period 99 women did re# aspirin or LMWH, 1 used aspirin and 4
used LMWH. During maternity care 80 specialistoinfied women about necessity for adequate
fluid intake, 84 specialists about necessity foygital activity. After delivery medical personal
informed women about importance of early activatiort6 cases, about importance of adequate
fluid intake in 77 cases. Graduated compressiortksigs (GCS) during pregnancy were
recommended for 13 women, from which 9 used then®li cases GCS were not recommended.
Intrapartum GCS were recommended for 10 women, fndrnich 6 used them, in 94 cases GCS
were not recommended. In postpartum period GCS ree@nmended for 14 women, were used in
10 cases, were not recommended in 90 cases.

During pregnancy 39 specialists told women aboatiticreased thrombembolism risk, 23 of
them told about appropriate thrombembolism prophigle65 specialists did not spoke with women
about DVT/PE.

At least 3 prophylactic measures to decrease DVTisKs could name 48 women, could not
name any measures — 56. Most frequently as a DVP#Rphylactic measure, women named
GCS - 23, physical activity — 24, leg lifting — 46d adequate fluid intake — 8 (n = 48) (Fig. 3.)
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Figure 3.Prophylactic measures puerperal women can name

graduated adequate fluid physical activity leg lifting
compression intake
stockings

Discussion

It is questionable, whether it is necessary tormfevomen about DVT/PE risk, it could be
unnecessary stress. Royal College of Obstetricearts Gynaecologists recommends, that VTE
should be discussed with women at risk and theoresafor individual recommendations explained.
(RCOG Green-top Guideline No. 37a, 2015)

Specialists are using aspirin for thromboprophyaguring pregnancy and in postpartum
period, although it is not recommended in guidai(RCOG Green-top Guideline No. 37a, 2015).
There are no controlled trials on the use of aspfor thromboprophylaxis in pregnancy.
Conclusions about its efficacy have been extrapdl&iom trials in the nonpregnant population. In
the NICE guideline reviewing VTE prevention in hitapsed patients, the benefit was modest in
comparison to heparin and aspirin was not recomegkridr postoperative thromboprophylaxis.
The Women’'s Health Study140 found low dose aspmin better than placebo for long-term
primary prevention of VTE in older women. Any beheff aspirin in VTE prevention appears
uncertain and significantly less than that of LMW$§ LMWH should be used instead (NICE
clinical guideline 92. London: 2010).

Risk assessment should be repeated again intrapantummediately postpartum and all
women should be evaluated. (RCOG Green-top Guieldlin. 37a, 2015). Risk for all women
evaluate less then half gynecologists and obsiatisc therefor special forms, focused to DVT/PE
risk assessment and prophylaxis, should be madeanduced in maternity wards in Latvia.

The use of LMWH are not recommended when DVT/PE isdow, adequate hydration and
early activation are recommended instead.

When interviewed, women, who were recommended t@rwgraduated compression
stockings during pregnancy, but did not wear thenmost cases admitted, that it is hard and even
impossible to put stockings on due to the sizénefstomach, especially in the third trimester.
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Often women can not name any DVT/PE decreasing unea&nt, and usually they say, that
they don’t have varicous veins, therefor they domdve an interest in DVT/PE risks and
prophylaxis. It is a common misconception and worskauld be educated, that there are many
other risk factors.

Conclusions

1. In Latvia there is an insufficient access of DVT/REK and compliance control during
pregnancy when occurring the maternity and aft@ngibirth.

2. In health care facilities there are often no DVT/B&delines / algorithms which could
explain the fact that doctors do not know about IRH prophylaxis.

3. Although doctors try to evaluate the DVT/PE riskttas before and after delivery, the used
approach is often inaccurate, which could be dustee existent guidelines in the health care
facility.

Pregnant women are aware of DVT/PE and prophylacgiasures far too little.

5. The knowledge of puerperal women is direct propodl of the knowledge of physicians.
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Abstract

Risk factors for pulmonary embolism in patients ofLatvian Cardiology Center
Key Words:pulmonary embolism, risk factors, frequency.
Pulmonary embolism (PE) is an acute cardiovasqagnology which can be fatal if not diagnosed imeti There are
several risk factors which should be recognizedrder to prevent the development of PE or to hetfvea at the
diagnosis. The aim of the research is to clarify tlsk factors and their frequency for PE in pdteof Latvian
Cardiology Center. The information ¢®llected from medical archive of Pauls Stradingi€al University Hospital
about 190 patients of Latvian Cardiology Center where treated with the diagnosis of PE from 01.0132-
31.10.2014. From 190 patients 66% (126) are wonmeh 38% (64) men. The average age is 74 (66;79)sykear
women and 64 (52;76) years for men. The main r@skok is deep vein thrombosis (DVT), occurring #%@(43) of
women vs. 50% (32) of men. DVT occurs more fregiyeon the right side — 49% (17) vs. 59% (17), amdower leg
veins — 50% (8) vs. 75% (12), respectively. Essgritypertension occurs in 61% (77) vs. 39% (25)puit heart
failure — 64% (80) vs. 58% (37). Atrial fibrillatiooccurs in 28% (35) vs. 33% (21), but old myocardifarction —
15% (19) vs. 28% (18). Diabetes mellitus appeark3ith (23) vs. 14% (9). Other risk factors occuelpr10%. High
density lipoprotein cholesterol (HDL-C) is decrehder both genders — in women 1.02 (0.87;1.34)iwanen 0.95
(0.76;1.19) mmol/L with a statistically significartifference (p=0.045) between them. In conclusiBf non-
modifiable risk factors are age64 years and female gender (two times more occwoimen). Modifiable risk factors
are deep vein thrombosis, essential hypertensidrchronic heart failure, as well as atrial fibtiitan, old myocardial
infarction, decreased HDL-C and others.

Kopsavilkums

Plausu arterijas trombembolijas riska faktori Latvijas Kardiol ogijas centra pacientiem
Atslegvardi: plauSu arérijas trombembolija, riska faktori, biezums.
Plausu adrijas trombembolija (PATE) ir alta sirds-asinsvadu pat@iga, kas var ot fatala, ja netiek savlaigi
diagnostiéta. Ir vaimki nopietni riska faktori, kurus, savlag atklajot, var prevenvi noverst PATE aftstibu vai
palidzet tikt 1idz diagnozei. Darba &kis ir noskaidrot riska faktorus un to biezumu PAPEcientiem Latvijas
Kardiologijas centd. Apkopota Paula Stragi Kliniskas universiites slimncas medimiskag arhiva pieejam
informacija par 190 Latvijas Kardiofgjas centra pacientiem, kasstjuSies ar diagnozi PATE no 01.01.2013.—
31.10.2014. No 190 pacientiem 66% (126) ir siegiete 33% (64) ¥ieSi. Pacientu viglais vecums ir 74 (66;79) gadi
sievieEm un 64 (52;76) gadiikieSiem. Galvenais riska faktors ir tzvenu tromboze (DzVT), kas sastopama 34% (43)
sievieSu un 50% (32)inieSu. DzVT bieik ir labag pus — 49% (17) un 59% (17), un apaksstilkanas — 50% (8) un
75% (12), attietgi. Primaru arterilu hipertensiju sastop 61% (77) un 39% (25), hianisirds mazsgu — 64% (80) un
58% (37).Atriju fibrill acija sastopama 28% (35) un 33% (21). Vecs miokanfdakts ir 15% (19) un 28% (18). Cukura
diaksts nowrojams 18% (23) un 14% (9). Citi riska faktori sgetmi reik <10%. Augsta bvuma lipoproténu
holesteins ir samazifits abiem dzimumiem — sievégh 1.02 (0.87;1.34) univeSiem 0.95 (0.76;1.19) mmol/L ar
statistiski ticamu aidribu (p=0.045) starp ywiem. Rezurgjot PATE neietekrgjamie riska faktori ir dzimums
(sievieem 2x biezk) un vecums (>64g). Modifggamie riska fakotri ir d4b venu tromboze, pridra arterila
hipertensija un hroniska sirds magjsp ka an pastvigas formastriju fibrill acija, veci miokarda infarkti un citi.

Introduction

Pulmonary embolism (PE) is a cardiovascular patholavhich belongs to venous
thromboembolism (VTE) and most often results froneem vein thrombosis. Venous
thromboembolism is the third most common cardiouscdisease (after heart attack and stroke)

with the annual incidence 100-200 per 100’000 intiaals (Konstantinides et al. 2014: 3037). The

exact epidemiology of PE is difficult to determirs@ce PE can pass asymptomatic and may also
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be as an incidental finding during examinationsdibrer reasons (Konstantinides et al. 2014: 3037).
Approximately one third of VTE results in pulmonamnbolism (Kaberich et al. 2014; Machlus et
al. 2011). In most cases PE is the consequencdsepf vein thrombosis, so most of the existing
data on epidemiology and risk factors are derivethfstudies that have examined VTE as a whole.
PE is one of the main causes of mortality and hakpation in Europe, so it is important to
diagnose it in time and to start the appropriagatment (Konstantinides et al. 2014: 3037). From
all patients with a primary diagnosis of PE thiagihosis is confirmed in 8-39%. In one study from
696 patients with a primary diagnosis of PE it wasfirmed in 21% (145) and the most common
complaint (59%) was shortness of breath (Ozakal.e2014).

Mortality of patients with untreated PE can be mhlas 30-35%, but if PE is diagnosed in
time and the proper treatment is started, mortaldg be reduced to 2-8% (Komissarova et al.
2013). Still PE is the most common cause of deér surgery (Stryjewski et al. 2011). The
highest risk of VTE is in the first two weeks afsrgery, but remains increased for two to three
months (Konstantinides et al. 2014: 3038). Obviputsis important to recognize the risk factors
(and know their frequency) in order to get to theper diagnosis as early as possible.

Since the risk of venous thromboembolism increasiéls age (> 40 years, the risk doubles
with every decade) and the demographic trend shbatspopulation is getting older in general, it
means that the number of patients with PE willéase (Kaberich et al. 2014). In other surveys it is
stated that PE risk doubles with each decade #iterage of 60 years (NHLBI 2011). Several
studies show that the average age of the PE patisn81-79 years and PE occurs with equal
frequency in both women and men (Stamm et al. 2@djjewski et al. 2011). According to
clinical data, the average age of PE incidenc®ig®years, but by data from autopsies, the highest
incidence is in the age of 70-80 years (Belohlasekl. 2013). Analyzing data from autopsies, it
shows that before death PE was diagnosed in on#§s30 of patients (Belohlavek et al. 2013).

The majority of patients with symptomatic deep vésrombosis have proximal clots and the
complication of PE occurs in 40-50% of patientstenf without clinical manifestations
(Konstantinides et al. 2014: 3038). In other reseaimilar statement is done: the prevalence of
DVT is higher (58.5%) in patients with PE than iatipnts without PE and PE is more likely to
occur in patients with proximal DVT, and more embdling segments is detected in patients with
proximal DVT (Shao et al. 2012). There are alsa@néal variants that lead to venous stasis, for
example, left common iliac vein passes under thiet kcommon iliac artery during its normal course
and this vein more often gets compressed by thesyaresulting in VTE (Patel et al. 2014).

Atrial fibrillation may be both the contributing deor and the consequence of pulmonary
embolism. Atrial fibrillation causes hypercoaguklstate in left and right atrium which can result
in stroke or pulmonary embolism, respectively (Kukt al. 2015). In one research atrial fibrillation
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was detected in 24% (231) of patients with PE,tbtambus in right heart in 5% (50) (Kukla et al.
2015).

There are several risk factors (environmental agsgetic, patient-related or permanent and
setting-related or temporary) which should be recag in order to prevent the development of PE
or to help to get to the diagnosis. Temporary arergible risk factors are surgery, trauma,
immobilization, pregnancy, oral contraception ugsehormone replacement therapy within six
weeks to three months before diagnosis of PE (Kmisides et al. 2014: 3037). Still PE may also
be present in the absence of any known risk fattter important to know the presence of persistent
risk factors because of the duration of anticoagnaherapy (Konstantinides et al. 2014: 3037).

Strong provoking factors for VTE are major surgemmguma, lower limb fractures, joint
replacements and spinal cord injury, as well azea(Rogers et al. 2012). The risk of VTE varies
with different types of cancer, for example, theghd@st risk have haematological, lung,
gastrointestinal, pancreatic and brain cancers f§Tétnal. 2013). In fertile women the most often
risk factor for VTE is oral contraception (Blancoshha et al. 2010). VTE is a major cause of
maternal mortality if it occurs in pregnancy.

Infection can be as a trigger for hospitalizatioor VTE, but blood transfusion and
erythropoesis-stimulating agents are associateld avitincreased risk of VTE (Rogers et al. 2012;
Clayton et al. 2011).

Patients with diabetes mellitus have a hypercoddpilstate that may increase their risk for
thromboembolism. Stress-hyperglycemia is associatgd VTE, with a clear linear relation
between glucose levels and risk of VTE (Sechtedzeegyal. 2012). This hyperglycemia can result
from physical stress response (inflammatory, homnaction) induced by VTE itself or is present
because of previously undiagnosed impaired glutaseance (diabetes mellitus). In great cohort
research there is a conclusion that patients widbaies mellitus have significantly higher
prevalence of PE independently of coronary artesgake, hypertension, congestive heart failure or
smoking (Movahed et al. 2015). The explanation fiois is that diabetes mellitus includes
coagulation and metabolic abnormalities involvingids, endothelial dysfunction, fibrinolytic
system and platelets.

Also these risk factors which influence cardiovdacisystem in general are important as
predisposing factors for VTE — smoking, hypertensibypercholesterolaemia, obesity, diabetes
mellitus (Piazza et al. 2010; Konstantinides et28l14: 3037). Myocardial infarction and heart
failure increase the risk of PE, but also convegrselpatients with VTE have increased risk of
myocardial infarction, heart failure and stroker@8wsen et al. 2011).

The aim of the research is to clarify the risk dastand their frequency for pulmonary
embolism in patients of Latvian Cardiology Centerorder to increase the possibility of detecting
the right diagnosis in time as well as for the pr@ion and prophylaxis.
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Material and methods

This study is retrospective. The information (riskctors, co-morbidities, blood analysis) is
collected from medical archive of Pauls StradinsiCal University Hospital about 190 patients of
Latvian Cardiology Center who were treated with tti@gnosis of PE from 01.01.2013.—
31.10.2014. Patients are divided into two groupgégders and then compared with each other.
The survey includes 126 women and 64 men.

Data were analyzed usingS Exceland IBM SPSSStatisticsprograms. Average rates are
presented as arithmetic mean (x standard deviatioay median [I; 1l quartile] for nonparametric
factors, while the incidence — as percentagesifrabsolute quantity).

Results

From 190 patients 66% (126) are women and 34% 1f@&t). The average age is 74 (66;79)
years for women and 64 (52;76) years for men. Tlennand direct risk factor is deep vein
thrombosis (DVT), occurring in 39.5% of PE patiertsomen 34% (43) and men 50% (32). DVT
occurs more frequently on the right side — 49% {faZyomen and 59% (17) in men, but on the left
side the frequency is 43% (15) and 24% (7), respsygt(Figure 1). In 8% (3) of women and 17%
(5) of men DVT is found on both sides. More ofteDappears in lower leg (shank) veins — 50%
(8) and 75% (12), than in upper leg (thigh) veing4% (7) and 6% (1), respectively. In shank and
thigh together (in the whole lower limb) DVT occuns6% (1) of men and in none of women, but

more proximal — in pelvis 6% (1) of women and 13pdf men (Figure 1).

Figure 1.Deep vein thrombosis localization
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Essential hypertension occurs in 61% (77) of woraet 39% (25) of men (Figure 2). More
often appears Grade 2 hypertension — 79% (61) mewand 68% (17) in men, but Grade 1 — 13%
(10) and 24% (6), respectively, Grade 3 — 8% irhlg@nders (in absolute numbers — 6 women and
2 men) (Figure 2).
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Figure 2.Frequency of essential hypertension
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Chronic heart failure occurs in 64% (80) of women & 58% (37) of men (Figure 3). More
often for women it is functional Class Il — in 50%0), but for men — Class Il by NYHA in 46%
(17). Frequency of functional Class I is 12% (I®Domen and 13% (5) in men, Class Il in men is
38% (14), Class lll in women is 33% (26), but Cld¥s— 5% (4) and 3% (1), respectively
(Figure 3).

Figure 3.Frequency of chronic heart failure
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Atrial fibrillation occurs in 28% (35) of women ar88% (21) of men. More frequently it is
permanent form — 74% (26) and 95% (20), but pamm&ysform — 26% (9) and 5% (1),
respectively. Old myocardial infarction appearslifo (19) of women and 28% (18) of men.
Myocardial infarction without previous percutaneax@onary intervention (PCI) occurs in 58%
(11) and 28% (5), but with PCI and implanted stent2% (8) and 72% (13), respectively. Type 2
diabetes mellitus appears in 18% (23) and 14% (9).
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Other risk factors — lower limb fractures (hip, f@mtibia), orthopedic and other surgeries,
obesity, varicose vein, superficial vein thrombpsigal contraceptives, hormone replacement

therapy, tumor, stroke with paralysis — occur rardl0% (Figure 4).

Figure 4.Frequency of other risk factors
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In all patients were determined blood biochemicalameters, more precisely, lipids - total
cholesterol (TC), low-density lipoprotein cholestefLDL-C), high-density lipoprotein cholesterol
(HDL-C) and triglycerides (TG). For both gendersatacholesterol in average is normal (if the
reference interval is TC <5 mmol/L) — 4.4 (x1.1)women and 4.1 (x1.1) mmol/L in men (Figure
5). But for patients with high cardiovascular ribks reference interval should be reduced to TC <3
mmol/L. In this case for both genders total ch@edtlevels are elevated. If the normal reference
interval is accepted as LDL-C <3 mmol/L, then fatlbgenders LDL-C is normal in average — in
women 2.7 (£0.9) and in men 2.6 (£0.9) mmol/L (F&B). But if the reference interval is reduced
to LDL-C <2.5 or <1.8 mmol/L (in patients with higlardiovascular risk) then these averages are
above the norm. HDL-C is decreased for both gend@msvomen 1.02 (0.87;1.34) and in men 0.95
(0.76;1.19) mmol/L with a statistically significamlifference (p=0.045) between them (normal
reference interval is HDL-€1.2 mmol/L) (Figure 5). Triglycerides for both gemd are in normal
levels — in women 1.2 (1.0;1.6) and in men 1.0;(09 mmol/L (normal reference interval is TG
<1.7 mmol/L).
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Figure 5.Blood biochemical parameters — total cholesterofQ)T low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein chadéerol (HDL-C)
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Discussion

As it is retrospective research there are someictshs. For example, in case histories it is
not obligatory for doctors to write down whethee thatient smokes or drinks alcohol regularly, so
it is impossible to get the information about thask factors.

In this study the average age of patients with pulany embolism (PE) is 74 years for women
and 64 years for men, and PE is more common in wdin men (2: 1). The average age is stated
similar in other studies (61-79 years), but thera difference in PE frequency between genders — in
several studies it is described that PE occurs egtml frequency in both women and men (Stamm
et al. 2014; Stryjewski et al. 2011). This coulddxplained by the fact that in Latvia women are in
a higher proportion (1.7 times more) in this ageug;, when PE is more frequent (data from the
year of 2013 — in the age group 60-79 years womeR%6'964, but men - 152'013) (LR CSP: 77).

Although it is stated that left common iliac veiagges under the right common iliac artery
during its normal course leading to VTE more oftenthe left side limb (Patel et al. 2014), in this
research deep vein thrombosis most frequently scoarthe right side limb. It shows that this
anatomical variant is not so determinative and ¢bispression by artery is not so significant.

In this study atrial fibrillation is in 30% of patits while in other research it was detected in
24% of patients with PE (Kukla et al. 2015). It medhat in average atrial fibrillation occurs in
every fourth patient with PE.

The results show that there is no significant défee between treatment technique used in
old myocardial infarction — with or without previegpercutaneous coronary intervention (PCI) and
implanted stents. In both cases old myocardialati@n can be as a risk factor for PE.
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The normal reference interval for total choleste(@lC) and low-density lipoprotein
cholestorol (LDL-C) is dependent from the patierd&diovascular risk — the higher is risk the
lower is reference interval. This cardiovasculaskriincludes SCORE risk charts, previous
cardiovascular disease, myocardial infarction, eccbronary syndrome, stroke, hypertension,
diabetes mellitus with target organ damage, sesferenic kidney disease, dyslipidemia, smoking,
obesity, unfavorable heredit§rglis u.c. 2007). Essential hypertension occur§ift of women
and 39% of men, old myocardial infarction — 15% &@&%, diabetes mellitus 18% and 14%,
respectively. There are also other risk factors thiatl means that for these patients with PE in this
research should use reduced reference intervalpids. With such statement in this study patients
with PE in average have increased TC and LDL-Caeuwteased HDL-C (high-density lipoprotein
cholesterol) which results in dyslipidemia (alse @i the factors for increased cardiovascular risk)
Conclusions
o Non-modifiable risk factors in pulmonary embolisime aage> 64 years and female gender

(two times more occur in women).

. Modifiable risk factors are deep vein thrombosioginfrequently in the right lower leg),
essential hypertension (more often Grade 2), chrbart failure (more often functional
Class Il in women and Class lll in men by NYHA)rialk fibrillation (more frequently
permanent form), old myocardial infarction and @i@s mellitus, type 2.

. In less than 10% of patients occur other risk fisctobesity, lower limb fractures (hip, femur,
tibia), orthopedic or other surgeries, varicosensgisuperficial vein thrombosis, tumor,
stroke, oral contraceptives or hormone replacerhnemapy.

. From all these risk factors mentioned above in mmore frequently appear deep vein
thrombosis, atrial fibrillation and old myocardiaifarction, but in women — essential
hypertension and chronic heart failure.

. In this study patients with PE in average haveeased total cholesterol and low-density
lipoprotein cholesterol and decreased high-derigityprotein cholesterol which results in
dyslipidemia.
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