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PROMOCIJAS DARBA APROBACIJA /
APPROBATION OF RESEARCH RESULTS

Promocijas darbs ir ticis aprob&ts vairakos Itmenos. Promocijas darba
izstrades laika uzkratas zinaSanas un kompetences tika izmantotas zinatnisko
projektu realizacija. Ir sniegti vairak neka 14 =zinojumi starptautiskas
zinatniskajas konferenc€s. Promocijas darba rezultati ir publicéti zinatnisko
rakstu krajumos un Zzurnalos, kas indekséti SCOPUS datubaze. Uzkratas
kompetences tiek pielietotas 4 studiju kursu realizasana (skat. 1.1. tab.), tiek
vaditi 3 magistra darbi. Notiek regulara sadarbiba ar Jelgavas pilsétu saistiba ar
pils€tas gaisa kvalitati.

The doctoral thesis has been approved at several levels. The knowledge and
competencies accumulated during the development of the doctoral thesis have
been utilized in the implementation of scientific projects. More than 14 reports
have been presented at international scientific conferences. The results of the
doctoral thesis have been published in collections of scientific articles and
journals indexed in the SCOPUS database. The accumulated competencies are
applied in the implementation of 4 study courses (see Table 1.1.), and supervision
of 3 master's theses. Regular collaboration with the city of Jelgava is ongoing
regarding the city's air quality.

Projekti / Projects

Promocijas darba izstrades laika ir nemta daliba 7 projektos, kas ir tieSi un pakartoti

saistiti ar gaisa kvalitati:
During the development of the doctoral thesis, participation was taken in 7 projects

that are directly and indirectly related to air quality:

1. 2019. — 2022. Augsnes kimiska sastava ietekme uz SEG emisijam no
lauksaimnieciba izmantojamas zemes LLU pé&tniecibas projekts, p&tnieks

2. 2020. Melioracijas ietekmes noveértésana klimata parmainu (plidu riska)
mazinasana (S373) Valsts parvaldes iestades finansé&ts projekts, zinatniskais
asistents

3. 2021. "Nacionala un starptautiska méroga pasakumu istenoSana izglitojamo
talantu attistibai" ESF projekts, eksperts - recenzents

4. 2021. Melioracijas ietekmes noveértéSana klimata parmainu (pludu riska)
mazinasana (S401) Valsts parvaldes iestades finanséts projekts, zinatniskais
asistents

5. 2020. — 2023. Aramzemes un ilggadigo zalaju apsaimniekoSanas raditas
siltumnicefekta gazu (SEG) emisijas un oglekla dioksida (CO2) piesaistes
uzskaites sist€mas pilnveidosana un atbilsto§u metodisko risinajumu izstrade
Pétniecibas (zinatnisko izstrazu) Iigumdarbs (pakalpojuma Iigums) ar
Latvijas vai arvalstu uzn@€mumiem, organizacijam (komersantiem),
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zinatniskais asistents

. 2023. Melioracijas ietekmes novértéSana klimata parmainu (pludu riska)
mazinasana (S445) Valsts parvaldes iestades finanséts projekts, zinatniskais
asistents

. 2024. Melioracijas ietekmes novértéSana klimata parmainu (plidu riska)
mazinasana (S492) Valsts parvaldes iestades finanséts projekts, zinatniskais
asistents

Publikacijas, kas indeksétas SCOPUS un/vai WoS datubazes /
Publications indexed in SCOPUS and/or WoS databases

Pilecka-Ulcugaceva, J., Grinfelde, 1., Valujeva, K., Berzina, L., & Purmalis,
0. (2021). Assessment of chemical elements pollution from vehicle
emissions: case study of Jelgava city. International Multidisciplinary
Scientific GeoConference Surveying Geology and Mining Ecology
Management, SGEM, 21(4.1), 211-220.
https://doi.org/10.5593/sgem2021/4.1/s19.37

Pilecka, J., Grinfelde, 1., Valujeva, K., Straupe, 1., & Purmalis, O. (2017).
Heavy metal concentration and distribution of snow and Lichea samples in
urban area: Case study of Jelgava. International Multidisciplinary Scientific
GeoConference Surveying Geology and Mining Ecology Management,
SGEM, 17(41), 459-466. https://doi.org/10.5593/sgem2017/41/519.058
Pilecka, J., Grinfelde, I., Valujeva, K., Straupe, I., & Purmalis, O. (2017).
Heavy metal contamination and distribution in the urban environment of
Jelgava. Research  for  Rural  Development, 1, 173-179.
https://doi.org/10.22616/rrd.23.2017.026

Berzina, L., Grinfelde, I., Frolova, O., Karina, Z., & Pilecka, J. (2018). Tool
of consistent reporting of ghg and air pollutant emissions: Case study of
Latvia’s agricultural sector. International Multidisciplinary Scientific
GeoConference Surveying Geology and Mining Ecology Management,
SGEM, 18(4.2), 703-710. https://doi.org/10.5593/sgem2018/4.2/S19.090
Eihe, P., Vebere, L. L., Grinfelde, 1., Pilecka, J., Sachpazidou, V., &
Grinberga, L. (2019). The effect of acidification of pig slurry digestate
applied on winter rapeseed on the ammonia emission reduction. 10P
Conference Series: Earth and Environmental Science, 390(1).
https://doi.org/10.1088/1755-1315/390/1/012043

Frolova, O., Grinfelde, 1., Berzina, L., Valujeva, K., & Pilecka, J. (2018).
Soil moisture impact on ammonia soil fluxes with input of mineral nitrogen.
International Multidisciplinary Scientific GeoConference Surveying
Geology and Mining Ecology Management, SGEM, 18(4.2), 607-614.
https://doi.org/10.5593/sgem2018/4.2/S19.078

Frolova, O., Grinfelde, I., Pilecka-Ulcugaceva, J., & Berzina, L. (2021).
Ammonia and methane emissions from digested manure after land
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application. International Multidisciplinary Scientific GeoConference
Surveying Geology and Mining Ecology Management, SGEM, 21(4.1),
195-202. https://doi.org/10.5593/sgem2021/4.1/s19.35

Grinfelde, 1., Pilecka, J., Berzina, L., Eihe, P., & Valujeva, K. (2019). The
ammonia emmision reduction effect of acidification of pig slurry digestate
applied on winter wheat. International Multidisciplinary Scientific
GeoConference Surveying Geology and Mining Ecology Management,
SGEM, 19(4.1), 1101-1108. https://doi.org/10.5593/sgem2019/4.1/S19.140
Valujeva, K., Pilecka, J., Frolova, O., Berzina, L., & Grinfelde, I. (2017).
Measurement time estimation of CO2, CH4, N20 and NH3 in closed
chambers and recirculation system with picarro g2508 analyser.
International Multidisciplinary ~ Scientific GeoConference Surveying
Geology and Mining Ecology Management, SGEM, 17(41), 519-526.
https://doi.org/10.5593/sgem2017/41/S19.066

Zinojumi konferences / Presentations in international scientific conferences

Promocijas darba izstrades laika ir sniegti 50 zinojumi starptautiskas

zinatniskas konferencés, no kuriem 14, kas noraditi saraksta zemak, ir tieSi
sasititi ar promocijas darba p&tijuma t€mu:

During the development of the research, 50 reports have been provided at

international scientific conferences, 14 of which, listed below, have been directly
hit with the topic of the reserch:

1.

The Distribution of Tungsten in Jelgava City at 2022 and 2023. Jovita
Pilecka-Ulcugaceva, Anda Bakute, Maris Bertins, Kristaps Siltumens, Inga
Grinfelde, XXIllrd SGEM GeoConference — “Green Science for Green
Life”,Vienna, Austria, 28 Nov - 1 Dec, 2023.

The spatial and temporal distribution of aluminum emissions in air from
transport in Jelgava. Jovita Pilecka-Ulcugaceva, Inga Grinfelde, Anda
Bakute, Juris Burlakovs, Maris Bertins, 23rd International Multidisciplinary
Scientific GeoConference SGEM, Albena, Bulgaria, 03-09 July, 2023.
Bulgarian Academy of Sciences, 2023.

Prevalence of long-term and short-term pollution of chemical elements in the
city of Jelgava. Jovita Pilecka-Ulcugaceva, Anda Bakute, Inga Grinfelde,
Research for Rural Development 2022, Jelgava, Latvia, 18-20 May, 2022.

3. The spatial and temporal distribution of zinc in snow: case study of
Jelgava city. Jovita Pilecka-Ulcugaceva, Inga Grinfelde, Reinis Mednis,
Anda Bakute, Kristaps Siltumens, 22nd International Multidisciplinary
Scientific GeoConference SGEM, Albena, Bulgaria, 04-10 July, 2022.
Bulgarian Academy of Sciences Albena, 2022.

The spatial and temporal distribution of zinc in snow: case study of Jelgava
city. Reinis Mednis, Inga Grinfelde, Jovita Pilecka-Ulcugaceva,l17th
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10.

11.

12.

International Scientific Conference "Students on their way to science"
(undergraduate, graduate, post-graduate students), Jelgava, Latvia, April 22,
2022, Latvia University of Life Sciences and Technologies Jelgava, 2022.
The spatial and temporal distribution of lead in snow: case study of Jelgava
city. Kristaps Siltumens, Inga Grinfelde, Sindija Liepa, Jovita Pilecka-
Ulcugaceva, Anda Bakute, Linnaeus ECO-TECH 2022, 13th International
conference “Establishment of cooperation between companies and
institutions in the Nordic countries, the Baltic Sea region and the world",
Kalmar, Sweden, November 21-23, 2022. Linnaeus University Kalmar, 2022.
Heavy metals air pollution in Jelgava city Latvia. Inga Grinfelde, Kristaps
Siltumens, Sindija Liepa, Jovita Pilecka-Ulcugaceva, Anda Bakute,
Linnaeus ECO-TECH 2022, 13th International conference "Establishment of
cooperation between companies and institutions in the Nordic countries, the
Baltic Sea region and the world", Kalmar, Sweden, November 21-23, 2022.
Linnaeus University Kalmar, 2022.

Assessment of chemical elements pollution from vehicle emissions: case
study of Jelgava city. Jovita Pilecka-Ulcugaceva, Inga Grinfelde, Sindija
Liepa, Oskars Purmalis, Kristaps Siltuméns, Linnacus ECO-TECH 2022,
13th International conference "Establishment of cooperation between
companies and institutions in the Nordic countries, the Baltic Sea region and
the world"”, Kalmar, Sweden, November 21-23, 2022. Linnaeus University
Kalmar, 2022.

The spatial and temporal distribution of zinc in snow: case study of Jelgava
city. Jovita Pilecka-Ulcugaceva, Inga Grinfelde, Sindija Liepa, Reinis
Mednis, Anda Bakute, Kristaps Siltumens, Linnaeus ECO-TECH 2022, 13th
International conference "Establishment of cooperation between companies
and institutions in the Nordic countries, the Baltic Sea region and the world",
Kalmar, Sweden, November 21-23, 2022. Linnaeus University Kalmar, 2022.
Heavy metals air pollution in Jelgava city Latvia. M. Stankevica, I. Grinfelde,
A. Bakute, J. Pilecka-Ulcugaceva, O. Purmalis, 21st International
multidisciplinary scientific GeoConference SGEM, Albena, Bulgaria, 7-10
December, 2021. Bulgarian Academy of Sciences Sofia, 2021.

Assessment of chemical elements pollution from vehicle emissions: case
study of Jelgava city. Jovita Pilecka-Ulcugaceva, Inga Grinfelde, Kristine
Valujeva, Laima Berzina, Oskars Purmalis, 21st International
multidisciplinary scientific GeoConference SGEM 2021, Albena, Bulgaria,
16-22 August, 2021. Bulgarian Academy of Sciences Energy and clean
technologies. Sofia, 2021.

Distribution and pollution of chemical elements in Jelgava urban
environment. Jovita Pilecka-Ulcugaceva, Valters Zabelins, Inga Grinfelde,
Sindija Liepa, Oskars Purmalis, 21st International multidisciplinary scientific
GeoConference SGEM 2021, Albena, Bulgaria, 16-22 August, 2021.
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Bulgarian Academy of Sciences Energy and clean technologies. Sofia, 2021.

13.The risk assesment of air pollution caused by heavy metals using spatial
modelling for 2018 and 2019. Jovita Pilecka-Ulcugaceva, Inga Grinfelde,
16th International Scientific Conference "Students on their way to science"
(undergraduate, graduate, post-graduate students): collection of abstracts,
Jelgava, Latvia, April 23, 2021. Latvia University of Life Sciences and
Technologies Jelgava, 2021.

14. Trace elements footprint of transport in urban areas: case study of Jelgava
city. Jovita Pilecka-Ulcugaceva, Inga Grinfelde, 12th International
conference on establishment of cooperation between companies and
institutions in the Nordic countries, the Baltic Sea region and the world,
Kalmar, Sweden, 23-25 November 2020. Linnaeus University Kalmar, 2020.

Apbalvojumi / Awards

Jelgavas pilsétas domes balva izveidota, lai veicinatu Jelgavas pilsétas un
Zemgales regiona attistibu, atbalstitu zinatniskas izstradnes un jaunatnes interesi
par zinatni. Jelgavas pilsétas domes balvas konkursa (2018.gada nogalg) iegiita
1. vieta ar darbu “Kimisko elementu ilglaiciga un Tislaicigd piesarnojuma
izplatiba Jelgavas pilseta.”

The Jelgava City Council Award is established to promote the development
of Jelgava city and the Zemgale region, support scientific research, and
encourage youth interest in science. In the Jelgava City Council Award
competition (at the end of 2018), the 1st place was awarded for the work
"Distribution of Long-term and Short-term Pollution of Chemical Elements in
the City of Jelgava."

Akadémiskais darbs / Academic work

Promocijas darba izstrades laika iegiitds zinasanas un iestradnes tiek
izmantotas Latvijas Biozinatnu un tehnologiju universitates pamatstudiju
studentu un magistrantu zinatniskajos darbos. Promocija darba iestradnu
integracija izglitojosa darba ir apkopota 1.1. tabula.

The knowledge and tools acquired during the development of the doctoral
thesis are used in the scientific works of undergraduate students and master's
students of the Latvian University of Life Sciences and Technologies he
integration of the doctoral thesis in educational work is summarized in 1.1. in
the table.
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1.1.tabula Promocija darba iestradnu integracija izglitojosa darba/

Table 1.1. The research intedration in academic work

Pilsétas gaisa piesarnojuma ar smagajiem metaliem
N.p.k. | Aktivitate / Activity telpisl_(ﬁs izplatibas riska nosfértéjums izmantoéana_l
Use risk assessment of spatial spread of urban air
pollution by heavy metals
1. Ievads vides inZenierija 2 | Smago metalu un gaisa suspendéto cieto dalinu (PM)
KP piesarnojuma izplatiba pilsétvidg.
2. Zinatniskas aktualitates 5 | Iepazistas pilsétas gaisa piesarnojuma ar smagajiem
KP metaliem telpiskas izplatibas riska novértésanas
iespgjam.
3. Industrialo teritoriju | Ilglaiciga un Tslaiciga gaisa piesarnojuma noteikSanas
projektésana 8 KP metoZu pielietojums pilsétvide.
4. Ilgtspejiga resursu | Gaisa kvalitate, gaisa kvalitates noteikSanas metodes,
apsaimniekoSana 3 KP gaisa kvalitates uzlabogana.

CITAS ZINATNISKAS AKTIVITATES PROMOCIJAS
DARBA IZSTRADES LAIKA/ OTHER SCIENTIFIC
ACTIVITIES DURING THE DEVELOPMENT OF THE
PROMOTIONAL THESIS

Promocijas darba izstrades laika nemta daliba projektos, kas tiesi nav saistiti
ar promocijas darba t€mu, ka arT veikta p&tnieciska darbiba dazados zinatnes
virzienos.

During the development of the doctoral thesis, participation was taken in
projects that are not directly related to the topic of the doctoral thesis, as well as
research activities were carried out in various scientific directions.

Projekti / Projects

1. 2019. - 2022. Klimata parmainu samazinaSanas pasakumu
demonstrésana augligu meliorétu organisko augSnu apsaimniekoSana Baltijas
valstis un Somija — LIFE OrgBalt (LIFEO1), zinatniskais asistents

2. 2020.-2021. Atbildiga tdens resursu apsaimniekosana lauku attistibai
viet€ja limenT un Baltijas jiras regiona (R094) — WATERDRIVE (INT10),
zinatniskais asistents

3. 2021. Lemumu pienemsanas atbalsta sistémas izstrade ziemas kvieSu
lapu un varpu slimibu ierobezoSanai Valsts parvaldes iestades finanséts projekts,
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petnieks

4.  2023. Dabisko un antropogéno faktoru ietekmes uz slapekla un fosfora
savienojumu zudumiem no lauksaimniecibas zemém novertejums (S466) Valsts
parvaldes iestades finans&ts projekts, zinatniskais asistents

5. 2023. Atsevisku parvaldes uzdevumu delegéSana 2023. gada (K96)
Valsts parvaldes iestades finanséts projekts, zinatniskais asistents

Publikacijas, kas indeksetas SCOPUS un/vai WoS datubazes /
Publications indexed in SCOPUS and/or WoS databases

1. Bakute, A., Grinfelde, I., Pilecka-Ulcugaceva, J., Liepa, S., & Siltumens, K.
(2021). The land use and climate change impact on lake usma hydrological
regime. International Multidisciplinary Scientific GeoConference Surveying
Geology and Mining Ecology Management, SGEM, 21(3.2), 159-165.
https://doi.org/10.5593/sgem2021V/3.2/s12.24

2. Burlakovs, J., Jani, Y., Grinfelde, I., Pilecka, J., & Valujeva, K. (2020).
Geophysical aspects of abandoned landfill geomorphological and material
properties macro-characterization. International Multidisciplinary Scientific
GeoConference Surveying Geology and Mining Ecology Management,
SGEM, 2020-Augus(1.2), 551-557.
https://doi.org/10.5593/sgem2020/1.2/s05.070

3. Burlakovs, J., Jani, Y., Kriipsalu, M., Grinfelde, 1., Pilecka, J., & Hogland,
W. (2020). Implementation of new concepts in waste management in tourist
metropolitan areas. IOP Conference Series: Earth and Environmental
Science, 471(1). https://doi.org/10.1088/1755-1315/471/1/012017

4. Burlakovs, J., Kriipsalu, M., Porshnov, D., Jani, Y., Ozols, V., Pehme, K.-
M., Rudovica, V., Grinfelde, 1., Pilecka, J., Vincevica-Gaile, Z., Hogland,
W., & Klavins, M. (2019). Gateway of landfilled plastic waste towards
circular economy in Europe. Separations, 6(2).
https://doi.org/10.3390/separations6020025

5. Burlakovs, J., Ozola-Davidane, R., Vincevica-Gaile, Z., Wdowin, M.,
Grinfelde, I., Pilecka-Ulcugaceva, J., & Zekker, 1. (2022). Towards ‘beyond
the zero waste concept’: innovative solutions for valorization of fine residual
waste fraction from landfills: rare earth elements potential. Research for
Rural Development, 37, 254-257. https://doi.org/10.22616/rrd.28.2022.036
Burlakovs, J., Pilecka, J., Grinfelde, I., Arbidans, L., Arina, D., & Setyobudi,
R. H. (2021). Sustainable landfill fine fraction of waste reuse opportunities
in covering layer development. Research for Rural Development, 36, 303—
310. https://doi.org/10.22616/rrd.27.2021.043

6. Burlakovs, J., Pilecka, J., Grinfelde, I., & Ozola-Davidane, R. (2020). Clay
minerals and humic substances as landfill closure covering material
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constituents: First studies. Research for Rural Development, 35, 219-226.
https://doi.org/10.22616/rrd.26.2020.032

7. Burlakovs, J., Pilecka-Ulcugaceva, J., Grinfelde, I., Siltumens, K., &
Vincevica-Gaile, Z. (2022). Potentiometrical screening of landfill mined fine
fraction of waste. International Multidisciplinary Scientific GeoConference
Surveying Geology and Mining Ecology Management, SGEM, 22(1.1), 491—
498. https://doi.org/10.5593/sgem2022/1.1/s04.057

8. Burlakovs, J., Vincevica-Gaile, Z., Krievans, M., Jani, Y., Horttanainen, M.,
Pehme, K.-M., Dace, E., Setyobudi, R. H., Pilecka, J., Denafas, G., Tamm,
T., & Klavins, M. (2020). Platinum group elements in geosphere and
anthroposphere: Interplay among the global reserves, urban ores, markets and
circular economy. Minerals, 10(6), 1-19.
https://doi.org/10.3390/min10060558

9. Butenaite, D., Grinfelde, 1., Pilecka-Ulcugaceva, J., Vincevica-Gaile, Z., &
Liepa, S. (2021). The nitrous oxide isotope measurements for soil samples
under laboratory conditions. International Multidisciplinary Scientific
GeoConference Surveying Geology and Mining Ecology Management,
SGEM, 21(5.1), 529-536. https://doi.org/10.5593/sgem2021/5.1/s21.114

10. Butenaite, D., Liepa, S., Siltumens, K., Pilecka-Ulcugaceva, J., & Grinfelde,
I. (2022). Farm management practice impact on N20 emission. International
Multidisciplinary Scientific GeoConference Surveying Geology and Mining
Ecology Management, SGEM, 22(4.2), 273-279.
https://doi.org/10.5593/sgem2022V/4.2/s19.34

11.Eihe, P., Grinfelde, 1., Pilecka, J., Bakute, A., & Vebere, L. L. (2020). Impacts
of erosion in Svete river. International Multidisciplinary Scientific
GeoConference Surveying Geology and Mining Ecology Management,
SGEM, 2020-Augus(3.1), 177-184.
https://doi.org/10.5593/sgem2020/3.1/512.024

12. Eihe, P., Grinfelde, 1., Pilecka, J., Valujeva, K., & Vebere, L. L. (2020). The
impact of soil treatment and moisture regime on N20O emissions from
agricultural soil. International Multidisciplinary Scientific GeoConference
Surveying Geology and Mining Ecology Management, SGEM, 2020-
Augus(4.1), 515-522. https://doi.org/10.5593/sgem2020/4.1/s19.064

13. Grazule, D., Grinfelde, 1., Bakute, A., Pilecka-Ulcugaceva, J., Burlakovs, J.,
& Siltumens, K. (2022). Challenges for the development of lowland rivers
ecosystem services in the context of sustainable development goals. Research
for Rural Development, 37, 259-265.
https://doi.org/10.22616/rrd.28.2022.037

14. Grazule, D., Grinfelde, I., Pilecka-Ulcugaceva, J., Burlakovs, J., & Valujeva,
K. (2021). The development of ecosystem services as premise of sustainable
development: case study of Svete river in Latvia. International
Multidisciplinary Scientific GeoConference Surveying Geology and Mining
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15.

16.

17.

18.

19.

20.

21.

22.

Ecology Management, SGEM, 21(3.1), 289-296.
https://doi.org/10.5593/sgem2021/3.1/s12.44

Grinfelde, 1., Bakute, A., Pilecka, J., Berzina, L., & Vebere, L. L. (2019). The
impact of landscape structure of catchment area on lake hydrology.
International  Multidisciplinary  Scientific GeoConference Surveying
Geology and Mining Ecology Management, SGEM, 19(3.1), 569-576.
https://doi.org/10.5593/sgem2019/3.1/S12.073

Grinfelde, 1., Bakute, A., Steinberga, K., & Pilecka, J. (2017). The changes
of lake hydrological cycle: A case study of Lake Usma in Latvia.
International Multidisciplinary  Scientific GeoConference Surveying
Geology and Mining Ecology Management, SGEM, 17(31), 655-662.
https://doi.org/10.5593/sgem2017/31/512.082

Grinfelde, 1., Briede, B., Pilecka-Ulcugaceva, J., Valujeva, K., & Liepa, S.
(2021). The education for sustainable development for environmental
engineering  students.  International ~ Multidisciplinary  Scientific
GeoConference Surveying Geology and Mining Ecology Management,
SGEM, 21(5.1), 583-590. https://doi.org/10.5593/sgem2021/5.1/s22.123
Grinfelde, 1., Pilecka-Ulcugaceva, J., Bakute, A., Berzina, L., & Liepa, S.
(2021). The conceptual framework of GHG module integration in conceptual
hydrological model METQ. International Multidisciplinary Scientific
GeoConference Surveying Geology and Mining Ecology Management,
SGEM, 21(4.1), 361-368. https://doi.org/10.5593/sgem2021/4.1/s19.60
Hogland, W., Burlakovs, J., Grinfelde, I., Pilecka, J., & Rage, A. (2018). The
role of triple helix in soil remediation projects. International
Multidisciplinary Scientific GeoConference Surveying Geology and Mining
Ecology Management, SGEM, 18(5.4), 305-312.
https://doi.org/10.5593/sgem2018/5.4/S22.039

Kleinberga, 1., Grinfelde, 1., Straupe, I., Pilecka-Ulcugaceva, J., & Liepa, S.
(2021). Phytoremediation plant development in common and eco friendly
household dish washing products. International Multidisciplinary Scientific
GeoConference Surveying Geology and Mining Ecology Management,
SGEM, 21(5.1), 175-181. https://doi.org/10.5593/sgem2021/5.1/s20.046
Liepa, S., Butenaite, D., Bakute, A., Grinfelde, I., & Pilecka-Ulcugaceva, J.
(2021). Composition of the isotopes of nitrous oxide in the clay soil at
different moisture conditions. International Multidisciplinary Scientific
GeoConference Surveying Geology and Mining Ecology Management,
SGEM, 21(4.2), 59-66. https://doi.org/10.5593/sgem2021V/4.2/s19.a09
Liepa, S., Butenaite, D., Pilecka-Ulcugaceva, J., Siltumens, K., & Grinfelde,
I. (2023). Formation of N20O isotopes in agricultural soils. International
Multidisciplinary Scientific GeoConference Surveying Geology and Mining
Ecology Management, SGEM, 23(4.1), 285-292.
https://doi.org/10.5593/sgem2023/4.1/s19.36
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23.

24.

25.

26.

217.

28.

29.

30.

31.

Liepa, S., Grinfelde, I., Pilecka-Ulcugaceva, J., Burlakovs, J., & Bakute, A.
(2022). Opportunities for the development of seasonal ecosystem services in
the context of sustainable river hydrology. International Multidisciplinary
Scientific GeoConference Surveying Geology and Mining Ecology
Management, SGEM, 22(3.1), 137-144.
https://doi.org/10.5593/sgem2022/3.1/s12.17

Liepa, S., Grinfelde, I., Pilecka-Ulcugaceva, J., Valujeva, K., & Burlakovs,
J. (2021). The conceptual framework of development of environmentally
friendly land drainage system elements technical solutions. International
Multidisciplinary Scientific GeoConference Surveying Geology and Mining
Ecology Management, SGEM, 21(3.1), 279-287.
https://doi.org/10.5593/sgem2021/3.1/512.43

Liepa, S., Siltumens, K., Pilecka-Ulcugaceva, J., Grinfelde, I., & Butenaite,
D. (2022a). Effect of soil physical properties on N20 isotope formation.
International  Multidisciplinary ~ Scientific GeoConference Surveying
Geology and Mining Ecology Management, SGEM, 22(4.1), 317-323.
https://doi.org/10.5593/sgem2022/4.1/s19.41

Liepa, S., Siltumens, K., Pilecka-Ulcugaceva, J., Grinfelde, I., & Butenaite,
D. (2022b). Influence of grown culture on N20O formation. International
Multidisciplinary Scientific GeoConference Surveying Geology and Mining
Ecology Management, SGEM, 22(4.2), 319-325.
https://doi.org/10.5593/sgem2022V//4.2/s19.40

Pehme, K.-M., Burlakovs, J., Kriipsalu, M., Pilecka, J., Grinfelde, 1., Tamm,
T., Jani, Y., & Hogland, W. (2019). Urban hydrology research fundamentals
for waste management practices. Research for Rural Development, 1, 160—
167. https://doi.org/10.22616/rrd.25.2019.024

Pilecka, J., Grinfelde, I., Jumite, L. E., Valujeva, K., & Didze, V. L. (2020).
The anthropogenic impact on surface water quality: Case study of Latvia.
International  Multidisciplinary  Scientific GeoConference  Surveying
Geology and Mining Ecology Management, SGEM, 2020-Augus(3.1), 329-
337. https://doi.org/10.5593/sgem2020/3.1/s12.043

Porshnov, D., Burlakovs, J., Kriipsalu, M., Pilecka, J., Grinfelde, 1., Jani, Y.,
& Hogland, W. (2019). Geoparks in cultural and landscape preservation
context.  Research  for  Rural  Development, 1,  154-159.
https://doi.org/10.22616/rrd.25.2019.023

Rozenvalde, A., Grinfelde, I., Pilecka-Ulcugaceva, J., Burlakovs, J., & Pelse,
M. (2021). The circular economy model of wastewater transformation to
renewable energy. International Multidisciplinary Scientific GeoConference
Surveying Geology and Mining Ecology Management, SGEM, 21(4.1), 101
110. https://doi.org/10.5593/sgem2021/4.1/s17.21

Rudovica, V., Rotter, A., Gaudéncio, S. P., Novoveska, L., Akgiil, F.,
Akslen-Hoel, L. K., Alexandrino, D. A. M., Anne, O., Arbidans, L.,
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1.IEVADS

Vairak neka puse - 56% pasaules iedzivotaju dzivo pilsétas (World Bank,
2023). Tiek prognozets, ka I1dz 2050. gadam pils&tu iedzivotaju Ipatsvars pieaugs
1idz 68 % (United Nations, 2018). P&c 2021. gada datiem aptuveni 38,9% Eiropas
Savienibas iedzivotaju dzivo pilsetas, bet priekspilsétas dzivojoSo skaita
ipatsvars sasniedz 35,9% (Eurostat, 2023). Latvijas pilsétas dzivojoso
iedzivotaju skaita Tpatsvars 2023. gada pieaudzis [1dz 69,8% (Oficialas statistikas
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portals, 2023). Palielinoties iedzivotaju skaitam pilsétas, aizvien aktualaks paliek
jautajums par gaisa kvalitati pilsétvidé. Apmé&ram 92% no pasaules iedzivotaju
dzivo vietas, kur gaisa piesarnojuma Itmenis neatbilst pielaujamajam
robezvertibam (Battista & de Lieto Vollaro, 2017). Satiksmes izraisitais gaisa
piesarnojums ir svariga vides un veselibas probléma visa pasaulé (Wahab et al.,
2020), ka arT satiksme ir galvenais gaisa piesarnojuma c€lonis lielakaja dala
pilsetu (Bucko et al., 2011; D’Amato et al., 2013; Sun et al., 2018), jo
transportlidzekli gan rada, gan parnes piesarnojumu, sausa laika pacelot puteklus
gaisa veicinot pils€tu piesarnojuma Itmena paaugstinasanos (Faiz et al., 2009;
Hoodaji et al., 2012; Lu et al., 2009; Wahab et al., 2020). Daudzpusigs metalu
maisijums gaisa nak no automasinu riepam, bremzu dalu nodiluma un izplades
gazeém (Faiz et al., 2009; Mortazavi et al., 2019; Wahab et al., 2020). Gaisa
suspendéto dalinu emisijas joprojam ir viena no aktualakajam gaisa kvalitates
problémam pilsétas visa pasaulé (Fosmire, 1990; Z. Li et al., 2013). Latvija
situacija ir sliktaka neka vidgji ES tiesi dalinu PM2,5 ietekmes zina, kur Latvijai
ir 17. sliktaka vieta starp 41 novertéto Eiropas valsti (Turap et al., 2019; World
Health Organization, 2021).

Apskatot jeédzienu, risks var atrast daudz un dazadas S$1 termina
interpretacijas. Piem&ram, Iveta Briska terminu risks define $adi: “Risks - (anglu
val. risks, hazard, danger) — ir rezultats jeb galaprodukts, ko ik dienu veido miisu
lémumu pienemsana, ko rada lémumu sekas. Risku var traktet arT ka nakotnes
kait€juma bistamibu.” Eiropas Vides agentiira defing, ka gaisa piesarnojums ir
vienigais lielakais vides izraisits risks veselibai Eiropa (EEA, 2018). Saskana ar
Pasaules Veselibas organizacijas rekomendacijam veselibas riska noveértéjums
ietver tris posmus (World Health Organization, 2016). Pirmais posms ir noverté
iedzivotaju paklautibu attiecigo piesarnojoso vielu iedarbibai, otrais posms ir
aplést ar gaisa piesarnojumu saistito veselibas risku, un tresais posms ir aprékinat
nenoteiktibu (EEA, 2018). Kopuma pilsétu gaisa piesarnojuma telpiskas
izplatibas riska novért§jums sniedz vértigu informaciju, lai izprastu sarezgito
mijiedarbibu starp gaisa kvalitati, cilvéku veselibu un vides ilgtspg€jibu
pilsétvide. Riska raksturojuma noverte pilsétu gaisa piesarnojuma iesp&jamo
ietekmi uz cilvéku populacijam, tostarp elpcelu slimibas, sirds un asinsvadu
sist€mas traucgjumus, véza risku un citus nelabvéligus rezultatus veselibai.

Saja promocijas darba ievaktie un uzkratie dati, ka ari piesarnojuma telpiskas
izplatibas riska kvantitativa analize paver iespgjas veikt veselibas riska
novertg§jumus, iedarbibas un reakcijas attiecibas, lai kvantitativi noteiktu
veselibas riskus, kas saistiti ar gaisa piesarnotaju iedarbibu.

Slikta gaisa kvalitate negativi ietekmé& dzives kvalitati, 1pasi pilsétu
iedzivotajiem, jo cilveks ik dienu ir paklauts puteklu dalinu ietekmei (Mortazavi
et al., 2019; Wahab et al., 2020). Gaisa piesarnojums ietekmé cilvéka veselibu
nepartraukti, tostarp putekli, kas satur dazadus metalus, ir atzits par vienu no
cilvéka veselibas kritiskako problému (She et al., 2017), jo tie viegli iekltst
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cilvéka elpcelos (Alasfar & Isaifan, 2021; Cereceda-Balic et al., 2012; Kikaj et
al., 2023). Lielaka dala smago metalu nonak atmosfera ka aerosola dalinas (Tsai
et al., 2014). Smago metalu nogulsnésanas var biit ar tieSu un netieSu ietekme uz
ekosistémam un cilvéku veselibu (Cadelis et al., 2014; Ochoa-Hueso et al., 2017;
Feng et al., 2019). Gaisa piesarnojums ietekmé visneaizsargatakas personu
grupas, pieméram, griitnieces, bérnus (Cadelis et al., 2014), vecaka gadagajuma
cilvekus, cilvékus ar ierobezotiem ienakumiem un ierobezotu piekluvi arstiem.
Ipasi tiek ietekméti cilveki, kuriem jau ir hroniskas saslimsanas, Siem cilvekiem
rodas komplikacijas un smagakas veselibas problémas (Cadelis et al., 2014;
D’Amato et al., 2013; TARC, 2015; She et al., 2017). Gaisa piesarnojums var
izraisit virkni veselibas problémas un izraisit navéjoSas saslimSanas (skat.
1.1.attelu.). Pedgjos gados arvien vairak tiek veikti pétjjumi par sniega
piesarnojuma slodzu izp&ti mérenaja un arktiskaja klimata josla (Kuoppamaki et
al., 2014). Vairakos pétijumos sniegs izmantots ka pils€tas gaisa piesarnojuma
indikators (Dossi et al., 2007; Engelhard et al., 2007; Liu et al., 2021), jo sniegs
ir, loti labs, materials gaisa piesarnojuma noteikSanai vairaku iemeslu dél, tas
darbojas ka dabisks filtrs dazadiem kimiskiem elementiem, dalinam un
putekliem, Tpasi tiem, kas rodas antropogéno darbibu rezultata, piemeéram, celu
satiksme (Adamiec et al., 2013; Bucko et al., 2011) un ripnieciba (Bucko et al.,
2011; Engelhard et al., 2007; Z. Li et al., 2013). Sniega paraugus var viegli savakt
un analiz&t, gaisa piesarnojuma akumulé$anas laiku nosaka meteorologiskie
apstakli, sniegs labi absorb& no atmosféras gan organiskos, gan neorganiskos
piesarnotajus (Sun et al., 2018). Sedimentacija atmosfera notiek gan mitros, gan
sausos procesos, ko kopa dévé par masu nogulsnésanos. Mitras nogulsnéSanas
laika dalinas un gazes tiek nogulsnétas ar nokrisniem, t.i., lietus, sniega, krusas
un miglas palidzibu (Tsai et al., 2014). Sniegparslas no atmosféras uzkraj vairak
piesarnojoso vielu neka Gdens pilieni (lietus lases), jo tam ir lielaks virsmas
laukums un Iénaks kri$anas atrums (Bucko et al., 2011; Engelhard et al., 2007,
Telmer et al., 2004). Pateicoties tam, m&renaja un arktiskaja klimata joslu valstis
sniega savakSana ir laba gaisa kvalitates noteikSanas metode (D’Amato et al.,
2013; Engelhard et al., 2007). Sniegs efektivi uzkraj dazadus piesarnotajus no
atmosferas, sniega sega pie celiem (Sillanpdd & Koivusalo, 2013), ka arT ielu
puteklus, kurus veido cela nodiluma materials, smiltis un citi materiali, kas
izkaisTti uz celiem ziemas laika (Furberg et al., 2019), ka arT riepu un bremzu
nodilums, dzingji (degSana un berze) un transportlidzeklu korozija (Peltola &
Wikstrom, 2006), riepu ar radz€m izmantoSana pils€ta rada papildu nodilumu
radzém, kas satur volframu (Backstrom et al., 2003; Furberg et al., 2019).
Galvena uzmaniba japieveér§ mikroelementu koncentracijam, kas uzkrajas
ilgtermina un var uzkraties pils€tvides ekosisteému baribas k&des (Faiz et al.,
2009; Wahab et al., 2020).

Dazadu smago metalu avotus var iedalit divas grupas dabiskie un
antropogenie avoti. P&tfjumi par gaisa piesarnojumu, ko rada putekli no dabigiem
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avotiem tiek apskatita puteklu dalinu transportéSana no Saharas tuksneSa uz
Eiropu, ietekmgjot tadas valstis ka Spanija, Italija un Griekija (Querol et al.,
2009). Turklat vulkana izvirdumi ipasi akcent&jot Eiropas regionu Italija un
Islandé var izdalit atmosfera lielu daudzumu pelnu un puteklu, ietekméjot tuvejos
regionus un pat sasniedzot talus apgabalus atkariba no atmosfeéras apstakliem
(Arnalds 2010; Horwell et al., 2017). Kimisko elementu klatbiitne sniega tideni
norada uz vienu vai vairakiem specifiskiem piesarnotajiem, piemeéram, dzelzs
(Fe) klatbiitne sniega norada uz fosila kurinama, automas$inu dzin&u un
transportlidzeklu virsbiives nodilumu, varu (Cu), hromu (Cr), vanadiju (V) un
arsénu (As) iegiist, sadedzinot fosilo kurinamo (Pacyna et al., 2001; Rodella et
al., 2017). Vara (Cu) klatbttne sniega vairak saistita ar transportlidzeklu dazadu
dalu nodilumu, nevis izplades gazu emisiju (Hildemann et al., 1991). Cinks (Zn)
norada uz oglu sadedzinaSanu un satiksmes raditajam emisijam (Miji¢ et al.,
2010). Cinks (Zn) (Apeagyei et al., 2011; Wahab et al., 2020), var§ (Cu), nikelis
(Ni), svins (Pb) (Pacyna et al., 2001) un mangans (Mn) ir saistiti ar satiksmes
putekliem (Sofowote et al., 2019). Piem&ram, aluminija avotus var iedalit $adi:
dabiskie (laika apstakli, kad aluminijs augsnes dalinu veida tiek parnests tident
un gaisd) un antropogénie avoti (automobili, rhpnieciba, atkritumu
sadedzina8ana, oglu sadedzinasana) (Al-Thani et al., 2020; Alasfar & Isaifan,
2021; World Health Organization, 2021). Volframa koncentracija strauji
samazinas, attalinoties no brauktuves, kas liecina par neapstridamu transporta
piesarnojuma avotu (Béckstrom et al., 2003).
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Prickslaicigas naves célonis (Cariolet et al., 2018).
Centrilas nervu sistémas slimibas (Kim et al., 2020).
Neirodegenerativas slimibas, kognitivas slimibas, traucéta neironu
attistiba (Levy 2015; Morris et al., 2021).
Cinka paaugstindtu devu nondkSana organisma veicina letargiju un
visparéju nogurumu (Xue et al., 2020).

" Veicina sirds un asinsvadu slimibu attistibu
Sirds (Cosselman et al., 2015; Franklin et al., 2015; Hayes
etal., 2020).

Hroniskas elpeelu slimibas (D’Amato et al.,
2013; Wahab et al., 2020).

Veicina pneimoniju, plauSu véza attistibu
Plausas (Brabec et al., 2020).

Saasinas astma (Mortazavi et al., 2019).

Nieru slimibas (Xu et al., 2018; Chen et al.,
) 2021:; Okoye et al., 2022).
Nieres
Urinpusla un urincelu véza risks (Zare
Sakhvidi et al., 2020).

Akita aknu mazspéja, aknu vézis
AkNas e eral., 2020).

Paliclinats ncauglibas risks (Mahalingaiah et al., 2016).

=5 Auglibas problémas un samazinata spermas kvalitate
Repf(’d“kuva (Sclevan et al., 2000; Deng et al., 2016; Zhang et al.,
sistéma 2020; Qian et al., 2022; Xu et al., 2023; ).

Policistisko olnicu sindroms (Lin et al., 2019).

Demence (Power et al., 2016).
Kriits vézis (White et al., 2019).
Citas Galvassapes (Kampa & Castanas 2008).
saslimsanas Diabéts, ida.s bojﬁju@ (Brab.e.c et al., 2020). .
Endokrinas sistémas disfunkcija (Rudel &Perovich 2009).

Gaisa piesarnojums izraisa oksidativo stresu organisma, kas ir zinams

riska faktors vielmainas disfunkcijas slimibam (Squitti et al., 2019).
1.tipa diab@ts (Elten et al., 2020) saistits ar Cr; Mn; Ni; Pb; Zn (Forte et al., 2013).
Nelabvéligs pirmsdzemdibu iznakums (Ghosh et al., 2021).

1.1.att. Gaisa piesarnojuma raditas veselibas probléemas

Pateicoties zemajai volframa koncentracijai dabiskaja vidg, tas var bit
piemérots celu un satiksmes piesarnojuma identifikators (Backstrom et al.,
2003). Volframs dabiski izplist atmosféra ar v&ja izplstiem putekliem no
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augsnes, vai arf tas var iekltit iidenos, izskalojoties. Vairakos pétijumos ir zinots
par palielinatu volframa saturu celu puteklu lietus fidens notecg no cela un
celmalas augsném, kas ir saistits ar riepu radzu nodilumu, automasinu nodilumu
un intensivu satiksmes plismu (Peltola & Wikstrom, 2006; Bucko et al., 2011).

Lielaka Latvijas iedzivotaju dala dzivo pilsétas, tade] gaisa kvalitates
petijumi, kuros ieklauti sniega un ielu puteklu analize ir loti svarigi, lai noteiktu
smago metalu izcelsmi, izplatibu un Iimeni pilsétvide, ielu un celu tuvuma.
Pilsetvides gaisa kvalitates petijumi ir vitali nepiecieSami pils€tvides planoSanas
dokumentu izstradé un pilsétas ilgtspEjigas attistibas stratégijas mérku
nosprausanai.

1.1. Promocijas darba robezas

Ekologiskie riski (anglu val. ecological risks) ir saistiti ar iesp&amo
kaitgjumu dabai, sabiedribai un individualajai veselibai, kas rodas sakara ar
dazadiem ekologiskiem faktoriem. Sie riski rodas gan cilvéka apzinatas darbibas
rezultata, piemé&ram, piesarnojot vidi, gan arl nezinamas vai neinformétas
darbibas dgl, kad cilveki nav pilniba apzinajusies to ietekmi. Ekologiskie riski
apdraud cilveku darba, dzives un atpiitas apstaklus, ka arT veselibu, un tie var
ievérojami ietekm@t dzives kvalitati (Beck, 1995; Bartell 2008). Saskana ar
Pasaules Veselibas organizacijas rekomendacijam veselibas riska novertgjums
ietver tris posmus (World Health Organization, 2016). Pirmais posms ir noverté
iedzivotaju paklautibu attiecigo piesarnojoso vielu iedarbibai, otrais posms ir
aplest ar gaisa piesarnojumu saistito veselibas risku, un tresais posms ir aprékinat
nenoteiktibu (EEA, 2018). Lai izprastu dazadu piesarnotaju ietekmi uz veselibu,
tiek izmantoti dati par iedzivotaju paklautiba dazadu piesarnojoso vielu
iedarbibai, epidemiologiskie dati un toksikologiskie p&tijumi. P&c piesarnojuma
Itmena noteikSanas dati talak ir izmantojami, lai veiktu riska raksturojumu, kas
ietver iedarbibas datu integréSanu ar datiem par ietekmi uz veselibu, lai novértétu
negativas ietekmes uz veselibu iesp&amibu populacija, kas paklauta noteikta
limena gaisa piesarnojumam.

Promocijas darba ir veikts Pasaules Vesellbas organizacijas
rekomendacijas noteikta risku izveértéjuma pirmais posms: noteiktas
dazadu piesarnojoSo vielu koncentracijas un izstradatas piesarnojuma
Iimena telpiskas izplatibas riska kartes.

1.2. Promocijas darba mérkis
Promocijas darba mérkis ir izstradat metodiku gaisa piesarnojuma telpiskas

izplatibas riska novértéSanai, balstoties uz bioindikacijas metodém un smago
metalu koncentracijam sniega.
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1.3. Promocijas darba pétnieciskie uzdevumi

Smago metalu un gaisa suspendéto cieto dalinu (PM) gaisa piesarnojuma
pétijumu pieredzies apkoposana;

Ilglaiciga un Tslaiciga gaisa piesarnojuma noteikSanas metozu aprobacija
Jelgavas pilseta;

Gaisa piesarnojuma ar kimiskajiem elementiem koncentraciju noteikSana
Jelgavas pilseta;

Gaisa piesarnojuma ar kimiskajiem elementiem izplatibas telpiska analizes
veikSana;

Gaisa piesarnojuma avotu identifikacija, izmantojot daudzveidigas statistikas
metodes.

1.4. Promocijas darba aizstavamas tézes

Sniegs ir labs indikators pilsétvides gaisa kvalitates novértésanai.
Kompleksi vertgjot ilglaicigo un 1slaicigo gaisa piesarnojumu ir iesp&jams
novertet pilsétvides gaisa piesarnojuma dinamiku laika un telpa.

1.5. Promocijas darba novitate

P&ttjuma pirmo reizi Eiropa iegiti nepartraukti 7 gadu dati par dazadu smago
metalu un citu kimisku elementu uzkrasanos sniega sega pils€tvid€ ar augstu
iz8kirtsp&ju, parklajot visu pilsétas teritoriju.

Pirmo reizi veikti kompleksi pétjjumi Tslaiciga un ilglaiciga gaisa
piesarnojuma identifikacijai, izmantojot kimiskas analizes un bioindikacijas
metodes.

Izmantojot ArcGIS un kompleksas statistikas metodes, ir veikta galveno
piesarnojuma avotu radito risku analize urbana vidg.

Precizéts gaisa kvalitates parauglaukumu optimalais blivums urbana vidg.
Precizéta sniega paraugu sagatavosanas metode pirms ICP kimisko analizu
veiksanas.

Parbaudits, ka sniega parauga analizém vispiemérotaka kimisko analizu
veikSanas metode ir [CP-MS.

1.6. Promocijas darba pétijuma uzbiive

Promocijas darba pétijums veidots vairakas pakapés, lai sasniegtu promocijas

darbam izvirzito mérki (skat.1.2.att.).
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Smago metalu un gaisa suspendéto cieto dalinu (PM) piesarnojuma pétijumu
Publikicija)

pieredzes apkopojums (I-XTIT

1.2.att. Promocijas darba pétijuma galvenie soli

2. MATERIALI UN METODES

Balstoties uz promocijas darba meérki, tika apskatitas dazadas iesp&jas
novertét gaisa piesarnojuma Iimeni pilsétvidé, izmantojot dazadas gaisa
piesarnojuma noteikSanas metodes. Uzsakot pétfjumus, tika veikta k&rpju
inventarizacija (X Publikacija), veikta Dzeltena sienas k&rpja (Xanthoria
parietina) kimiskas analizes (X Publikacija) un k&rpja Puslisu hipogimnija
(Hypogymnia physodes) transplantu izvietoSana Jelgavas pilséta (X Publikacija).

Promocijas darba apskatits 7 gadu periods (2017. - 2023. gads) ievacot sniega
paraugus un tos, analiz&jot (I-XIII Publikacija). Apskatita parauglaukumu
ierikoSanas pilnveidoSana un dazadu iekartu nepiecieSamiba analiz&jot Sniega
paraugus, lai iegtitu maksimali precizus rezultatus.

2.1. Petama objekta raksturojums

Jelgava atrodas Latvijas centralaja dala, ieklaujoties Zemgales lidzenuma
(skat.2.1.att.). Pils€tu 8kérso Lielupe un Driksa, savukart Svétes upe tek pa tas
teritoriju. Jelgavas pilsétas platiba sasniedz 60,32 km?. Visu Jelgavas pilsétas
teritoriju iedala 11 funkcionalajas zonas (savrupmaju apbiives teritorija,
mazstavu dzivojamas apbiives teritorija, daudzstavu dzivojamas apbiives
teritorija, publiskas apbiives teritorija, jauktas centra apbiives teritorija,
rupnieciskas apblives teritorija, transporta infrastruktiiras teritorija, tehniskas
apbiives teritorija, dabas un apstadijumu teritorija, meZu teritorija, Gdenu
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teritorija). Jelgavas pilséta dabas pamatnes teritorijas, kas ietver apstadijumus,
plavas, mezus, denstilpes un Gdensteces, dabiskas Gidensmalas, dabas lieguma
“Lielupes palienes plavas” teritoriju, ka arT ielu un celu malas bez speciali
izveidotiem apstadijumiem aiznem 2610,9 ha jeb 43,3% no visas pilsétas
teritorijas (Jelgavas pilsétas paSvaldiba, 2017). Ar savu iedzivotaju skaitu
Jelgava ir viena no lielakajam Latvijas pilsétam. Saskana ar oficialajiem
statistikas portala datiem no 2017. gada sakuma lidz 2023. gada sakumam
iedzivotaju skaits Jelgava ir svarstijies no 56026 lidz 54836, un Sis skaits katru
gadu samazinas (Oficialais statistikas portals, 2023).

J

Lietuva
2.1.att. Jelgavas pilsétas geografiska atraSanas vieta

Jelgavas klimats pieder méreni kontinentalajai zonai. Ziemas vid€ja gaisa
temperatiira ir ap -5,5 °C, bet vasara ta sasniedz +17,1 °C. Ménesa vidgja
temperatiiras amplitida gada laika ir 22,1 °C. Vidgji gada ir 150-155 dienas ar
makonainu laiku un 170-180 dienas ar nokri$niem. Vidgjais gada nokriSnu
daudzumi svarstas no 550 lidz 560 mm. Vislielakais absolutais gaisa mitrums ir
(Latvijas Vides, Geologijas un Meteorologijas centrs, 2020). Parasti pastaviga
sniega sega veidojas decembra beigas. Sniega segas biezums ir loti mainigs un
svarstas no 10 lidz 25 cm (Latvijas Vides, Geologijas un Meteorologijas centrs,
2020).

Sekojosa rindkopa ieklauta promocijas darba materialu un metozu sadala
“Petama objekta raksturojums”. Jelgavas pilséta ir veikta kampanveidiga
automasinu uzskaite. Automasinu skaitisana, kas veikta 2020. gada julija uz
Dobeles Sosejas pie Svetes upes tilta, vid&ji 24 h saskaititas 10488 vieglas
automasinas, 758 smagas automasinas un 375 auto sastavi. AutomaSinu
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skaitiSana, kas veikta 2021. gada 19. jilija, netalu no Miera ielas un Bauskas ielas
krustojuma, kur atrodas viens no parauglaukumiem vid&ji 24 h saskaititas 11192
vieglas automasinas, 949 smagas automasinas un 986 auto sastavi. Automasinu
skaitiSana, kas veikta 2022. gada 21. maija Viskalu iela vidgji 24 h saskaititas
1476 vieglas automasinas, 111 smagas automasinas un 48 auto sastavi.

Karninu cela, kur atrodas divi no pétfjuma ieklautajiem parauglaukumiem (N
56°37'33"; E 23°46' 27" un N 56° 37' 33"; E 23° 46' 27"), automasiu skaits no
2023. gada 18. janvara lidz 24. janvarim, kur vid&ji 24 h ir konstat&tas 549 vieglas
automasinas, 37 smagas automasinas un 21 auto sastavs. Automasinu skaitiSanas
rezultati no Rigas ielas un Skautu ielas krustojuma, skaitiSana veikta 2023. gada
Kalnciema cela pie Loka magistrales ar skatu uz centru automasinu skaitiSana
veikta 2023. gada marta, kur vid€ji 24 h saskaititas 2094 vieglas automasinas,
pargjas automasinas nav skaititas.

2.1.1. Ilglaiciga piesarnojuma noteik§anas metodes

Lihenoindikacijas metode. Jelgavas pilsétas teritorija ir daudzveidigs eku
blivums un uznémumu darbibas intensitate pa pilsétu sadalita nevienmeérigi.
Lihenoindikacijas nolaka pilsetu sadalija 104 parauglaukumos, nemot véra eku
blivumu, riipniecisko uzpémumu klatbGitni un galveno transporta celu
novietojumu. Centralais rajons tika sadalits 52 parauglaukos ar platibu 500 m x
500 m, bet pargja pils€tas teritorija - 1000 m x 1000 m parauglaukos, kas kopa
veidoja vél 52 parauglaukus (X Publikacija). Sis parauglaukumu izvietojums tika
izstradats, balstoties uz gaisa kvalitates petijumiem, kas veikti 1996. un 2006.
gada. 2016. gada teritorijai tika pievienoti vél 21 parauglaukums, atbilstosi
pilsétas attistibai un apbives paplasinasanai (Grinfelde et al., 2017). Kopuma
2016. gada lihenoindikacija tika veikta 125 parauglaukos (skat.2.2.att.).
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2.2.att. Lihenoindikacijas parauglaukumu izvietojums Jelgavas pilséta

Jelgavas pilsétas pétijuma veicot, lihenoindikaciju kopuma tika atlasiti un
apsekoti 1250 lapu koki: abeles Malus spp., ara bérzi Betula pendula, baltalksni
Alnus incana, bumbieres Pyrusspp., liepas Tilia spp., melnalk$ni Alnus
glutinosa, oslapu klavas Acer negundo, parastie ozoli Quercus robur, parastas
klavas Acer platanoides, parastas zirgkastanas Aesculus hippocastanum, parastas
gobas Ulmusglabra, parastas viksnas Ulmus laevis, piladzi Sorbus spp., plimes
Prunus spp. un vitoli Salix spp. Jelgavas pilsétas pétijuma veicot,
lihenoindikaciju kopuma tika atlasiti 1250 dazadu sugu lapu koki. Koki tika
izveleti ta, lai tie biitu aptuveni vienada augstuma, lidzigu vainagu formu, lidzigi
izmé&ra un vecuma. Biitiski bija tas, lai tie augtu l11dzigas vietas — galvenokart ielu
un celu malas. Kopuma visa Jelgavas pilsetas teritorija bija 125 parauglaukumi,
katra parauglaukuma tika izveéléti 10 koku, kerpju sugu skaitiSana tika veikta
visiem desmit izvéletajiem kokiem, visa koka stumbra platiba no 30 cm Iidz 2 m
augstuma. K&rpju procentualais segums péc sugam tika novertéts pec tas koka
stumbra puses, kura bija visvairak kérpju (Grinfelde et al., 2017).

Pirmo reizi gaisa tiribas indeksa aprékinu aprakstija Leblanc un DeSloover
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1970. gada. Gaisa tiribas indeksu (IAP - Index of Atmospheric Purity) aprékina
katram  parauglaukumam. Apskata un sastada visu kérpju sugu
toksiskotolerances faktora Q vértibu un seguma sastopamibas pakapes f vertibu
reizinajuma summu. To aprékina p&c 1. formulas.

To aprekina péc 1. formulas:

14p = 37D 1)

kur:

IAP — gaisa tiribas indekss;

n — kérpju sugu skaits pétamaja teritorija;

Q — toksikotolerances faktors (konstants katrai k&rpju sugai), ko aprékina
izmantojot 2.formulu:

Q=ni/nz, (2
kur:

ny — visu kérpju sugu kopgjais skaits visos parauglaukumos, kuros ir
interes€josa suga;

N, — parauglaukumu summa, kuros ir sastopama interesgjosa suga;

f — seguma sastopamibas pakape, ko nosaka péc kérpju sugas procentuala
seguma un kerpju sugas sastopamibas biezuma kombingjuma Kkatra
parauglaukuma.

f vertibas:

1 — suga reta, ar niecigu segumu;

2 — suga reti vai ar 1-5% segumu;

3 — suga ne biezi vai ar 5-10% segumu;

4 — suga biezi vai ar 10-20% segumu;

5 — suga loti biezi ar segumu, kas lielaks par 20% (Leblanc & DeSloover,
1970).

Keérpju paraugu analize metode. Lai veiktu kérpju kimisko analizi, tika
ievakts Dzeltenais sienas kérpis (Xanthoria parietina), lai varétu noteikt
ilgtermina piesarnojumu, kas uzkrajies kérpjos. K&rpja paraugi tika iegiiti no 20
parauglaukumiem (skat.2.3.att.), katra no tiem 3 atkartojumos. Dzeltena sienas
kérpja (Xanthoria parietina) koordinatas noraditas Pilecka et al. (2017)
publikacija.
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2.3.att. Dzeltena sienas kerpja (Xanthoria parietina) paraugu ievaksanas
vietas Jelgavas pilséta

Sie parauglaukumi atrodas Jelgavas pilsétas dalas, kuras ir visintensivaka
antropogéna ietekme. Tie ietver gan daudzstavu dzivojamas €ku kvartalus, gan
privatmaju rajonus, riipniecibas zonas, intensivus satiksmes posmus un citas
antropog@nas ietekmes raksturojosas vietas. Salidzinajuma noltkos tika savakti
ari paraugi no dabiska meza, kas atrodas aptuveni 5 km attaluma no pilsétas
robezas (X Publikacija).

Dzeltenais sienas kérpis (Xanthoria parietina) tika savakts no lapu koku
stumbriem aptuveni 1,3 — 1,5 metru augstuma virs zemes. K&rpis tika ievakts
atdalot ta laponi no koka stumbra ar pinceti, savaktie paraugi tika ievietoti
absoliiti tiros stikla traukos un kérpju vaksanas laika tika izmantoti puteklus
nesaturosus nitrila cimdi (skat.2.4.att.).
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2.4.att. Dzeltena sienas kérpja (Xanthoria parietina) paraugs, kas ievakts no
koka stumbra

2.1.2. Islaiciga piesarnojuma noteik$anas metodes

Kerpju transplantacijas metode. Parskatot dazadus petjjumus un stradajot
ar bioindikacijas metodém, ir svarigi nemt véra dazadus biitiskus parametrus, kas
ietekm@ piesarnojuma Iimeni un ta izkliedi ielu kanjonos: ielu izmérus, vgja
atrumu un virzienu, €ku novietojumu, siltuma stratifikaciju, transportlidzeklu
kustibu (izméru, skaitu) u.c. (Xie et al., 2005). Pauglaukumi tika atlasiti pilsétas
centralaja dala, kura ir lielaka antropogéna slodze un apdzivotiba (skat.2.5.att.).
Keérpja (Hypgymnia phydosis) paraugi tika ievakti meza aptuveni 5 km attaluma
no Jelgavas pilsétas centra. Transplanti tika novietoti parauglaukumos,
piestiprinot tos esosajiem koku zariem ar metala stiepli, kas atradas 1,5 metru
augstuma virs zemes (X Publikacija). Visi transplanti bija izvietoti koka DR pusé
(skat.2.6.att.).
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2.5.att. Kerpja Pislisu hipogimnija (Hypogymnia physodes) transplantu
parauglaukumi

2.6. att. Kerpja PusliSu hipogimnija (Hypogymnia physodes) transplants
Jelgavas dzelzcela stacija, 2016. gads
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Sniega paraugu analizes metode. Sniega paraugu analize ir viena no
metodém, kas tiek izmantota, lai noteiktu islaicigo gaisa piesarnojumu ar
kimiskajiem elementiem pilsétu teritorijas (Engelhard et al., 2007; Cereceda-
Balic et al., 2012; Vasi¢ et al., 2012; Xue et al, 2020). Kopuma sniega paraugi ir
ievakti no 2017. gada lidz 2023. gadam (I-XIII Publikacija). Sniega uzkrasanas
periods ir no 5-9 dienam. P&tjjumu uzsakot 2017. gada, sniega paraugi tika
ievakti 20 parauglaukumos tuvak pils€tas centram (papildus 1 parauglaukums 5
km attaluma arpus pils€tas, Mezciema meza masiva), bet, sakot ar 2018. gadu,
sniega paraugi ievakti 59 parauglaukumos, kas izvietoti Jelgavas pilséta un 1
parauglaukuma, kas ir 5 km attaluma arpus pilsétas, Mezciema meza masiva
(skat.2.7.att.). Lai nodro$inatu vienmérigu un maksimali precizu rezultatu uz
katru pilsétas kvadratkilometru (vid&ji uz 1 km?ir 1 parauglaukums) ir jaizveido
viens parauglaukums. Katra parauglaukuma tika ievakti 3 sniega paraugi, ievacot
katru paraugu tick panemta visa sniega sega.

2.7. att. Sniega parauglaukumu izvietojuma attistiba Jelgavas pilséta no
2017. gada Iidz 2023. gadam

Sniegs tika savakts, izmantojot vienreizgjas lietoSanas puteklus nesaturosus
nitrila cimdus. Sie paraugi tika iegiiti 5 metru attaluma no cela braucamas dalas.
Sniegs tika savakts sterilos plastmasas traukos, un nekav€joties nogadati
ledusskap1 un tad transportéti uz laboratoriju.

Sniega paraugu ievakSana transporta piesarnojuma monitoringam.
Sniegs ir labs materials, kas sp&j uzkrat informaciju par apkartgjo gaisa kvalitati
un to izmanto par indikatoru nosakot transporta ietekmi uz kopg&jo pilsétas gaisa
kvalitati (Adamiec et al., 2013; Kuoppamaki et al., 2014). Sniega paraugi tika
nemti no 3 dazadiem celiem Jelgavas pilséta ar atSkirigu satiksmes intensitati
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(skat.2.8.att.). Katra cela posma bija 6 parauglaukumi, katra cela pusé pa 3. Katra
paraugu nemsanas vieta atrodas tris dazados punktos pilséta. Paraugi, kas ievakti
2018. gada janvari nemti 1 m, 50 m un 100 m attaluma no cela brauktuves (VI
Publikacija). Paraugi ievakti 2019. gada janvari, 1 m, 10 m un 20 m attaluma no
cela brauktuves (IV Publikacija).

22

7 ‘ - Latvia

2.8. att. Sniega parauglaukumu izvietojums transporta piesarnojuma
monitoringam Jelgavas pilséta

2.2. Paraugu apstrade un analizéSana

ICP spektrometri var tikt izmantoti, lai analizétu vides paraugus, dazadus
bioindikatorus, pieméram, kérpjus, stinas u.c., ka arT tidens paraugus. levaktie
sniega paraugi laboratorija tiek nogadati izkususa veida. Paraugu sagatavoSana
katrai iekartai ir aprakstita publikacijas. Paraugu, kas analizéti ar ICP-AES,
sagatavoSana aprakstita (I un II Publikacija), paraugu, kas analizéti ar ICP-OES,
sagatavoSana aprakstita (III-VIIl, X-XII Publikacija) (induktivi savienota
plazmas atomu emisijas spektroskopija (ICP-AES) tiek saukta ari par induktivi
saistitas plazmas optiskas emisijas spektroskopiju (ICP-OES)). Paraugu, kas
analizeti ar ICP-MS, sagatavosana aprakstita (IX, XI-XIII Publikacija).

Izmantojot un salidzinot dazadu paraugu sagatavoSanu ICP-OES iekartai,
tika apskatiti varianti, ka sniega paraugus filtr& caur papira filtru un paskabina
lidz 1% HNOs, savukart otrs variants, ka sniega paraugus paskabina lidz 1%
HNQOsg, iztur 3 dienas un péc tam filtré caur papira filtru (IIT Publikacija).

Paraugi, kas ievakti 2017. gada un 2018. gada tika analizéti gan ar ICP-AES
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(Inductively Coupled Plasma Atomic Emission Spectrometry), gan ar ICP-OES
(Inductively Coupled Plasma Optical Emission Spectrometry) spektrometru.
Apskatot tabulu 2.1. var redz&t, ka dati, kas iebiti ar ICP-AES izmantoti divas
publikacijas (I un II Publikacija). Paraugi, ks ievakti 2019. gada tika analizgti ar
ICP-OES spektrometru. Paraugi no 2020. - 2023. gadam tika analizeti ar 8900
Triple Quadrupole ICP-MS (Inductively coupled plasma mass spectrometry)
spektrometru (skat.2.1. tab.).

Analizgjot, Dzelteno sienas kérpi (Xanthoria parietina) tika izmantots ICP-
OES (X Publikacija), kerpis pirms analizé8anas ir izzaveéta veida un atdalits no
vismazakajiem piemaisijumiem (koka lapam, mizam utt.). Preciza kerpja
sagatavoSana analiz€Sanai skatama X Publikacija.

2.3. Petijuma izmantotie dati un statistikas metodes

Pétijuma ir izmantota lihenoindikacijas metode, kur 125 parauglaukumos
veikta kerpju inventarizacija, kas sikak aprakstits desmitaja publikacija (X
Publikacija), k&rpja PasliSu hipogimnija (Hypogymnia physodes) transplantu
metode (Grinfelde et al., 2017). Izmantota metode, kur Dzeltenais sienas kérpis
(Xanthoria parietina) ievakts 20 parauglaukumos un veiktas kimiskas analizes
(X Publikacija). Sniega paraugu 2017. gada ievakti 20 parauglaukumos (I un X
Publikacija) un no 2018.-2023. gadam 60 parauglaukumaos (11, 111, V, VII, VIII,
IX, XI, XII, XII Publikacija). Apskatot transporta koridorus, ievakti sniega
paraugi 18 parauglaukumos 2018. un 2019. gada (IV un VI Publikacija) (skat.
2.1. tab.).

Petfjuma izmantotas datu kopas un statistikas metodes, kas, izmantotas
petijuma, ir apkopots 2.1. tabula. Geografiskas informacijas sistémas (GIS)
nodro§ina piemérotus rikus telpisko attiecibu aprakstiSanai. Lai izprastu gaisa
piesarnojuma ar smagajiem metaliem telpisko izplatibu, tika pielietots ArcGIS
programmatiiru. Telpiskas analize veikta ar ArcGIS programmatiira iebiivéto
IDW (Inverse-Distance Weighting) metodi (I, I, V un XI publikacijas). Metode
izv€leta, balstoties uz literatiiru par metodes atbilstibu, analiz&jot gaisa
piesarnojuma datus (Garcia et al., 2016; Chen et al., 2018), ka arT, salidzinot ar
citiem rikiem, IDW ir viegli pielietojama programma, jo tai nav nepiecieSama
ieprieks€ja datu modelesana vai subjektivi pieneémumi (Jumaah et al., 2019; Xu
etal., 2022).
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2.1. tabula. Pétijuma ieklautas datu kopas un statistikas metodes
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Visvairak pétfjuma ir analizeti un aprakstiti smagie metali tadi ka svins, nikelis
var$ un cinks. Petjjuma, ieklautie ktmiskie elementi, kas, apskatiti un aprakstiti
dazadas publikacijas, ir apskatami 2.2. tabula.

2.2. tabula. Petijuma ieklautie kimiskie elementi

|

|
Il
v

X (X [x| v
IX

XIX|X|X[X[X|X|X| X

X

Xl
X1

Publikacijas =
Svins (Pb)
Nikelis (Ni)
Varss (Cu)
Vanadijs (V)
Dzelzs (Fe)
Hroms (Cr)
Arsens (As)
Cinks (Zn)

AIIEE;)HUS X

Mangans
(Mn) X | X[ X|X

Silicijs (Si) X
Kalcijs (Ca) X
Kalijs (K)
Magnijs
(Mg)
Natrijs (Na)

X | X|X| vl
X | X[ X

XX | X | X
X | X | X|X
X[ X[ XX v

XX XXX X (V]I

X

XX | X|X|[X|[X]|X]|X
X

X| X | X | X[X[X|X

Barijs (Ba)

Kadmijs
(Cd)

Kobalds
(Co)

Molibdéns
(Mo)

X | X | X [ X|X| X [X[X|X]| X | X |X

Stroncijs
(Sr)

X

Volframs
X X
(W)

* Smagie metali ickrasoti oranza krasa.
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3. REZULTATI UN DISKUSIJA

Saja nodala ir apkopoti galvenie promocijas darba pétfjuma rezultati, kas
iedaltti Cetras apaks$nodalas, kur pirmaja apakSnodala atspogulota ilglaiciga un
1slaiciga gaisa piesarnojuma noteikSanas metozu aprobacija un pilnveide. Otraja
apaksnodala aprakstita gaisa piesarnojuma ar smagajiem metaliem koncentraciju
noteikSana. TreSaja apaks$nodala veikta gaisa piesarnojuma ar smagajiem
metaliem izplatibas telpiska analize. Gaisa piesarnojuma ar smagajiem metaliem
avotu identifikacija aprakstita ceturtaja apaksnodala.

3.1. Ilglaiciga un islaiciga gaisa piesarnojuma noteikSanas metoZu
aprobacija un pilnveide

Saja apak$nodala ir apkopotas ilglaicigd un Tslaiciga piesarnojuma
noteikSanas metozu aprobacija un pilnveide. Sniegts detaliz€ts apraksts par
metozu aprobaciju un pilnveidi. Gaisa piesarnojuma noteikSanai var izmantot
ilglaiciga un Tslaicigd gaisa piesarnojuma noteikSanas metodes un So metozu
aprobacija, un pilnveide (I1I, IX, X Publikacija) ir neizbégama darba sastavdala.

3.1.1. Ilglaiciga gaisa piesarnojuma noteikSanas metoZu aprobacija

Pastav dazadas metodes ilgtermina piesarnojuma novertésanai, kuras var
iedalit gan kimiskajas, gan biologiskajas metod€s. Viena no ilglaiciga gaisa
piesarnojuma noteik$anas metodém, kas pieder biologisko metozu sadalai, ir
gaisa tiribas indeksa (Index of Atmospheric Purity) aprékinasana. Kérpji labi
atspogulo vietas, kuras ietekmeé séra dioksids (Orlova et al. 2015), slapekla oksidi
(Mateos un Gonzalez 2016) un smagie metali (Kularatne un De Freitas 2013;
Parzych et al., 2016).Toksisko elementu uzkrasanas kerpjos korele ar attalumu
no piesarnotaja (Attanayaka un Wijeyaratne 2013). Jelgavas pilsetas ilglaiciga
gaisa kvalitates noteikSanai arl ir izmantota Dzeltena sienas kérpja (Xanthoria
parietina) ievakSanas un analizes metode (Pilecka et. al., 2017), kas ir otra
ilglaiciga piesarnojuma noteikSanas metode, kas pieder dazadu kimisko vielu
analizei organismos un §tnas.

Jelgavas pils€tas teritorija gaisa kvalitati novertgja, izmantojot datus no 125
parauglaukumiem, un identificgja tris gaisa piesarnojuma zonas. Augsta
piesarnojuma zona (1. grupa) bija teritorija ar minimalu kérpju skaitu vai
izdzivosanu (IAP no 0-110). Vid&ja piesarnojuma zona (2. grupa) bija ierobeZota
keérpju populacijas jeb parejas zona (IAP =111 —200). Zema piesarnojuma zona
(3. grupa) ietilpa teritorijas, kur kérpju klatbiitne bija bagata vai kuras valdija
dabiska vides zona (IAP> virs 200). Saskana ar Grinfelde u.c., 2017. gada
petljumu, augsta gaisa piesarnojuma zona Jelgava 2016. gada aiznéma 1,66 km2
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jeb 2,75% mno visam pilsétas teritorijam. ST zona tika konstatéta 4
parauglaukumos: tris Jelgavas centra (teritorija, kur ir Jelgavas notekiidenu
attirisanas iekartas; Meiju cela un Kazarmes ielu krustojuma, Palidzibas ielas
rajond) un viena arpus centra (pie Langervaldes meza). Vidgja gaisa
piesarnojuma zona Jelgava 2016. gada aiznéma 26,54 km?2 jeb 44,0% no kopgjas
platibas. Salidzinot ar ieprieksgjiem rezultatiem no 1996. gada, vidgja gaisa
piesarnojuma platiba nedaudz palielinajas no 25,76 km2 Iidz 26,54 km?2, bet
salidzinot ar 2006. gada rezultatiem, ta samazinajas no 29,26 km2 jeb 48,51%
I1dz 26,54 km?2 jeb 44,0%. Zema gaisa piesarnojuma jeb tira gaisa zona Jelgava
2016. gada aiznéma vairak neka pusi no pilsétas teritorijas — 32,12 km2 jeb
53,25%.
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3.1.2. Islaiciga gaisa piesarnojuma noteik§anas metoZzu aprobacija

Islaiciga gaisa piesarnojuma noteik$anai var izmantot gan kérpju transplantu
metodi, gan sniega paraugu ievakSanas metodi. Jelgavas pilsetas Tslaiciga gaisa
piesarnojuma noteikSanai ir izmantotas abas metodes, k&rpja Piislisu hipogimnija
(Hypogymnia physodes) transplantu metode izmantota Jelgavas pilsétas gaisa
kvalitates monitoringam kops§ 1996. gada (Grinfelde et al., 2017).

Monitorings, kas veikts 2016. gada, liecina, ka Jelgavas pilsétas teritorija
kérpju (Hypogimnia physodes) vitalitate atSkiras. Divas monitoringu vietas -
Prohorova icla/Neretas iela (Nr. 16) un Langervaldes meZs (Rubenu cel§) (Nr.
17) - kérpju nekrozes un lapona nolobisanas konstatétas jau péc 2 ménesiem
(julija, augusta), tapec Sajas vietas veikti atkartoti petijumi - atjaunoti k&rpju
paraugi, kam nekrozes un lapona pilniga nolobiSanas konstatéta attiecigi péc 31
un 90 dienam. Sis atskiribas perioda ilguma varétu bit skaidrojamas ar kérpju
lielaku fiziologisko aktivitati vasaras perioda, salidzinot ar rudens/ziemas
periodu. Tris monitoringu vietas - Viskalu iela/Lacu iela (Nr. 1), Lietuvas
Soseja/Savienibas iela (Nr. 3) un Ausekla iela/Blaumana iela (Nr. 13) - kérpju
nekrozes konstatetas peéc 3 meéneSiem (92 dienam). Autotransporta raditais
piesarnojums ietekmgjis gaisa kvalitati $ajas vietas, it TpaSi Lietuvas Sosejas
tuvums.

Nedaudz labaka situacija ir piecas monitoringu vietds - Lietuvas
Soseja/Platones iela (Nr. 2), Tervetes ielas parbrauktuve (Nr. 5), Satiksmes
iela/Ganibu iela (Statoil) (Nr. 12), Rigas iela (RAF, Neste) (Nr. 19) un Dobeles
Soseja/Satiksmes iela (Nr. 11) - kérpju nekrozes konstatetas pec 5 meénesiem jeb
153 dienam, bet Dobeles Soseja péc 6 menesiem jeb 184 dienam. Autotransporta
raditais piesarnojums ari $ajas vietds ir galvenais faktors. Savukart tris
monitoringu vietas - Tervetes iela/Pavasara iela (Nr. 7), Liela iela/Ozola skvérs
(Nr. 8) un Aspazijas iela/Asteru iela (5.vsk.) (Nr. 10) - kérpju nekrozes
konstatétas péc 7 ménesiem jeb 215 dienam. Labvéliga ietekme Sajas pedgjas
vietas ir klajumiem ar apstadijumiem (Ozola skvéram un 5. vidusskolas sporta
laukums), kas nodro$ina piesarnojuma izkliedi. K&rpjiem péc 8 ménesiem (243
dienas) tikai laponu krasas izmainas konstatetas monitoringu vietas - Liela
iela/Driksas tilts (Nr. 14), Rigas iela/Brivibas bulvaris (Nr. 15), Aviacijas iela
(pie naftas bazes) (Nr. 18) un TC Valdeka/Rigas iela (Nr. 20). Loti labu vitalitati
(8 ménesus jeb 243 dienas) saglaba kérpji monitoringu vietas - Dzelzscela stacija
(Nr. 4) un Liela iela/Dobeles iela. Abam §tm vietam ir salidzinosi lielas atklatas
telpas, ka arT abas vietas koki, pie kuriem piestiprinati paraugi, ir abeles.

42



3.2.att. Kerpju transplants, kas izvietots Jelgavas dzelzcela stacija, 2016.
gads

Aprobgjot, 1slaicigd gaisa piesarnojuma noteikSanas metodes izmantojot
sniega paraugus aprakstitas (III Publikacija).

@K _SM 4
&« sv3
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3.3. att. Islaiciga gaisa piesarnojuma klasteru analizes rezultati pec sniega
paraugu kimiska sastava, paraugi ievakti 14.02.2017
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Klastera KL SM 4 kopu raksturo arkartigi augsts piesarnojums, kur
primarais avots ir transporta raditais piesarnojums. Klasterim KL SM 3
raksturigs augsts transporta izplides gazu raditais piesarnojums. Klasterim
KL SM 2 raksturigs augsts piesarnojums, kas rodas riipniecisko procesu
rezultata, bet klasterim KL SM 1 raksturigs saméra tirs gaiss, ar nelielu
transporta radito piesarnojumu (Pilecka et al., 2018). Sniega klasteru analizes
rezultati att€loti 3.3.attela.

3.1.3. Ilglaiciga un 1slaiciga gaisa piesarnojuma noteik§anas metoZu
pilnveide

Apskatot dazadas metodes, ar kuram iesp&jams noteikt gan ilglaiciga, gan
1slaiciga gaisa piesarnojuma noteikSanas iespgjas pilsétvide ir iesp€ja izveleties
labako no metodém. Darba gaita ir veikta metozu pilnveide - no 20 sniega
parauglaukumiem pils&tas centralaja dala, parauglaukumu skaits pieaudzis 1idz
60 parauglaukumiem visa pilsétas teritorija.

Tika izvertétas un salidzinatas divas paraugu sagatavosanas metodes (Il
Publikacija): 1 grupa kur izkusuSais sniegs tiek filtr€ts un p&c tam skabinats un
2. grupa kur izkususSais sniegs tiek skabinats un p&c tam filtréts. Aprakstosa
statistika par svinu (Pb), cinku (Zn), nikeli (Ni), vanadiju (V), varu (Cu),
manganu (Mn) pa analitiskajam grupam ir paradita 1. tabula, kur atSkiribas starp
analitiskajam grupam ir bitiskas. Piem&ram, Zn, Cu un V maksimala
koncentracija otraja grupa atskiras vairak neka 10 reizu.
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3.4. att. 1. grupas aglomerativas hierarhiskas klasteréSanas rezultati
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3.1. tabula. Smago metalu apraksto$a statistika pa analitiskajam grupam

Statistika

Zn |
1.grupa
Zn |
2.grupa
Ni |
1.grupa
Ni |
2.grupa

Minimums,
ng/l

1,00
0,68
0,48
9,22
0,55
0,40
0,60
0,55
0,86
2,82
0,47

5,89

Maksimums,
ng/l

1,34
51,18
11,91

1002,05

0,71
40,75

0,60
64,16

6,28

829,49

9,36

Pirma kvartile,
ng/l

1,00
2,16
2,10
22,32
0,60
1,00
0,60
0,60
0,90
5,78

0,93

Mediana,
ng/l

1,00
3,59
3,88
45,91
0,60
1,59
0,60
0,67
1,17
8,93

2,08

1357,01 | 25,37 | 46,93

Tresa kvartile,
ng/l

1,00

6,81

6,63
81,51
0,60

2,85

0,60

2,21

1,71

23,34

3,09

171,68

Vidgja vertiba,
ng/l

1,01
6,31
4,63
79,62
0,60
2,80
0,60
2,92
1,44
28,66

2,29

150,57

Standartnovirze,
ng/l

o
o
a1

8,42
3,05
135,32
0,02
5,24
0,00
8,31
0,82
105,24
1,62

239,90

Pirmas grupas aglomerativas hierarhiskas klasteréSanas rezultati ir paraditi
3.4 attela, tika noteiktas 6 klases, un atkiriba klases ietvaros ir 29%, bet starp
klasem 71%. Otras grupas aglomerativas hierarhiskas klasteréSanas rezultati ir
paraditi 3.5. attgla, tika definctas 8 klases un novirze klases ietvaros ir 2% un
starp klaseém ta ir 98%.
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3.5. att. Otras grupas aglomerativas hierarhiskas klasteréSanas rezultati

Pirmas paraugu grupas 6 klasu cinka koncentracijas ir paraditas 3.6. attgla,
kur ir parklajums starp klasem. Cinka koncentracija 8 grupas un otraja paraugu
grupa ir paradita 3.7. attela, kur cinka koncentracija klases robezas ir viendabiga
un starp klasém nav parklajuma.
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3.6. att. Pirmas paraugu grupas 6 3.7. att. Otras paraugu grupas 8
klasu Zn koncentracijas (ng/l) kla§u Zn koncentracijas (ng/l)

Ilglaiciga un 1slaiciga gaisa piesarnojuma noteikSanas metodes ir aprobétas
un pilnveidotas. Dzeltena sienas kérpja (Xanthoria parietina) analizu rezultati ir
integréti darba, apvienojot ilglaiciga un Tslaiciga piesarnojuma noteikSanas
metodes. IzvEléta sniega paraugu analiz€Sanas metode ir publicéta IX
Publikacija. Tika secinats, ka sniega paraugu analiz€$anai nepiecieSams izmantot
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indukfivi saistitas plazmas masspektometrs (ICP-MS), jo tam ir augstaka
iz8kirtspgja (skat. 3.8.att.).

Palielinats monitoringa
vietu skaits: no 20 Iidz 60 Paraugu sagatavoSanas G
vietam. Papildus 18 metode: skabinasana un
transporta piesarnojuma pec tam filtréSana. ICP-MS.
monitoringa vietas.

Sniega paraugu

ievak3ana reizi gada.

3.8. att. Gaisa piesarnojuma noteik§anas metodes uzlabojumi un to posmi

3.2. Gaisa piesarnojuma ar smagajiem metaliem un citu kimisku elementu
koncentraciju noteik§ana

Saja apaksnodala sniegti rezultati vienkarSotai gaisa piesarnojuma ar
smagajiem metaliem koncentraciju noteik$anai izmantojot sniega paraugu
analiz&Sanu aprakstosas statistikas [iTmeni. Koncentraciju noteiksanai izmantotas
divas iekartas induktivi savienotas plazmas optiskas emisijas spektroskops (ICP-
OES) un induktivi saistitds plazmas masspektometrs (ICP-MS). Induktivi
savienota plazmas atomu emisijas spektroskopija (ICP-AES), ko déve art par
induktivi saistitas plazmas optiskas emisijas spektroskopiju (ICP-OES) abas
analttiskas metodes ir mingtas rakstos.

Apkopojot 2019. gada vara (Cu) rezultatus, var secinat, ka tikai divos
paraugos Nr.18 un Nr.39 vara koncentracija bija augstaka neka pargjiem
paraugiem. Vara koncentracija parauga Nr.18 ir 12,5 pg/l, kas ir augstakais
rezultats. Saja parauga vara koncentracija varétu bit tik augsta, jo gaisa kvalitati
varetu ietekmet satiksmes pliisma, dzivojamo eku apbiive, blakus esosa dzelzcela
Iinija un atkritumu nepareiza apstrade vai nelikumiga dedzinaSana privatajas
teritorijas. Satiksme pils€tu teritorijas rada gan gaisa piesarnojumu, gan troksni.
Parauga Nr.39 vara koncentracija ir 11,7 pg/l. Vara koncentraciju arT $aja
parauga varétu ietekmét satiksme. Nikela (Ni) rezultati liecina, ka tikai vienam
paraugam ir augstaka nikela koncentracija neka citiem paraugiem. Nikela
koncentracija lielakaja dala paraugu ir mazaka par 0,6 pg/l. Vislielaka nikela
koncentracija ir parauga Nr.2., kur ta ir 4,4 pg/l. Parauga Nr.2 nikela
koncentracija vartu bt tik augsta, jo gaisa kvalitati varétu ietekmét privatmaju
apblive, kas ziemas perioda izmanto nepiemérotu kurinamo materialu €ku
apkurei. Ar1 transporta koridors atrodas netalu no §is parauga zonas, kas ietekmé
gaisa kvalitati intensivas satiksmes del. Svina koncentracija parauga Nr.13 ir
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11.1 pg/1. Saja parauga svina koncentracija varétu bt tik augsta, jo gaisa kvalitati
var€tu ietekmét satiksme pa tuv&jo Lietuvas Soseju. Tadi piesarnotaji ka svins
(Pb) un vars (Cu) nonak gaisa no transportlidzeklu izpliides gazeém (Pilecka et
al., 2018).

Visaugstaka svina koncentracija ir parauga Nr.48. Svina koncentracija Saja
parauga ir 72,3 pg/l. Salidzinot ar svina koncentraciju Viskalu ielas parauga, Sis
paraugs satur aptuveni septinas reizes vairak svina. Svina koncentraciju var
ietekmét atkritumu sadedzina$ana privatmajas (Pilecka et al., 2018). Vanadija
(V) daudzums lielakaja dala paraugu ir mazaks par 0,7 pg/l, bet citos paraugos
tas nav lielaks par 1 pg/l. Blakus ir intensiva satiksme un dzelzcela linija, tur
vanadija koncentracija ir lielaka par 0,7 pg/l.

Cinka (Zn) rezultati liecina, ka cinka koncentracija trijos paraugos ir liclaka
par 50 pg/l. Paraugiem Nr.39, Nr.46 un Nr.48 ir visaugstakie cinka rezultati.
Cinka koncentracijas parauga Nr.39 ir 53,7 pg/l un parauga Nr.46 73,2 pg/l
ietekmé satiksme. Augstakais cinka rezultats paradas parauga Nr.48 rezultatos.
Cinka Koncentracija $aja vieta ir 204,5 pg/l. Gaisa kvalitati varétu ietekmét
satiksme un &ku apkure, izmantojot nepiem&rotu kurinamo, pieméram,
atkritumus.

Apskatot arT citu kimisku elementu koncentraciju noteikSanu, $aja gadijuma
aluminija izplatibu un koncentracijas Jelgavas pilséta datu apstradei izmantoti 60
aluminija m&rfjumu rezultati no dazadam paraugu ievakSanas vietam Jelgava
laika perioda no 2018. gada lidz 2021. gadam. Lielaka dala no paraugu
ievakSanas vietam atrodas aptuveni 5 m attaluma no celu braucamas dalas vai
gajeju ietvém, kas varétu paradit augstakas Al koncentracijas.

3.2. tabula. Aluminija (Al) mérijumi sniega no 2018. lidz 2021. gadam

Mainigie lielumi Al, pg/l
2020 2021
2018 | 2019
Skaits Derigs 60 60 60 60
Nederigs 0 0 0 0
Vidéja vertiba 1,13 0,08 91,68 32,58
Vidéjas vertibas standartkliida | 0,48 0,01 22,56 6,67
Mediana 0,25 0,06 38,59 12,20
Standartnovirze 3,68 0,06 173,30 51,23
Dispersija 13,53 | 0,004 | 30032,99 2624,48
Minimums 0,04 0,02 4,32 443
Maksimums 28,00 0,36 | 1183,66 315,17
Procentile | 25 0,11 0,04 19,84 7,36
50 0,25 0,06 38,59 12,20
75 0,83 0,09 71,32 35,34
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Ka iespgjams redzét 3.2.tabula, tad caur gadiem aluminija vidgjas
aritmétiskas vertibas butiski atSkiras mazakajai vértibai 2019. gada esot 0,08
ng/l, bet 2020. gada 91,68 pg/l. Vismazaka standartkluda ir 2019. gada, tikai 0.01
ng/l, bet lielaka ir 2020. gada sasniedzot 22,56 ng/l. Tapat ka vidgjas aritmétiskas
vertibas arT medianas pa gadiem butiski atskiras, 2019. gada esot tikai 0,06 png/l,
bet 2020. gada ta sasniedz — 38,59 ng/l. P&c tabulas ir vérojams, ka liclaka
standartnovirze ir verojama 2020. gada 173,30 pg/l, un 2019. gada ta ir
ievérojami mazaka 0,06 pg/l. Mazaka minimala mérjjumu vertiba konstatta
2019. gada esot 0,02 pg/l, bet lielaka minimala vertiba konstateta 2021. gada —
4,43 pg/l. Mazaka maksimala aluminija vértiba konstateta 2019. gada — 0,36 pg/l,
bet lielaka maksimala aluminija vértiba 2020. gada sasniedzot 1183,66 pg/l.
Kuoppaméki et al., (2014) sava pétijjuma uzsver, ka satiksmes intensitates un
attaluma no celiem mijiedarbiba bija statistiski nozimigs raditajs. Satiksmes
intensitates ietekme uz izSkidusajiem smagajiem metaliem bija dazada, tacu
koncentracija parasti bija augstaka blakus vai tuvu celiem, ka attalakas vietas
pilséta vai nostak celam, Tpasi attieciba uz aluminiju, $adas tendences verojamas
ar1 Jelgava veiktaja pétijuma izvert€jot aluminija koncentracijas pils€tvide.
Jelgavas pils€tas aluminija maksimalo vertibu esamiba ir izteikti gar galvenajiem
transporta koridoriem, kas spilgti tos iezimeé. Kuoppamaki et al., (2014) nonaca
pie rezultata, ka aluminija koncentracijas bija augstakas arT uz augstas
intensitates celiem salidzinajuma ar zemas intensitates celiem (Kuoppamaéki et
al., 2014), arT $aja pétjjuma redzamas $adas tendences, IpasSi uzsverot augstas
koncentracijas Lietuvas Sosejas tuvuma. Paraugi, kas ievakti 2018. gada un 2020.
gada iezim& Dobeles Soseju un Rigas ielu, kas ir galvenais cels, kas savieno
Dobeles pilsétu, Jelgavas pilsétu ar Latvijas galvaspilsétu Rigu. Japiemin, ka
Jelgavas pilsétai ir tikai viens apvedcel$ 1idz, kuram ved Garozas iela, kur 2019.
gada konstatétas augstas aluminija koncentracijas 0,26 pg/l.

Nakotné biitu jaanaliz€ viet€jais mikroklimats un v€ja virziens, jo apskatot
parauglaukumos atrasto maksimalo vértibu izplatibu pilséta, ir redzamas kopigas
tendences pa gadiem, pieméram, 2021. gada visas maksimalas aluminija vertibas
ir grupgjusas virziena uz pilsetas dienvidiem.

Izvertgjot volframa koncentraciju izmainas pa gadiem, minimala vértiba
2022. gada volframam Jelgavas teritorija ir 0,05 pg/l, maksimala vertiba 4,35
pg/l, bet mediana ir 0,05 pg/l. Minimala vértiba 2023. gada volframam Jelgavas
teritorija ir 0,06 pg/l, maksimala vertiba 0,96 pg/l, bet mediana ir 0,18 pg/l
(skat.3.9.att).
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3.9. att. Volframa izmainas pa gadiem

Izmantojot dazadas datu vizualas interpretacijas metodes, tika secinats, ka
koncentraciju izplatibu aprakstiSanai nepiecieSams izmantot GIS rikus. Apskatot
smago metdlu un citu kimisku elementu koncentracijas, ir secinats, ka
nepiecieSams regulari uzkrat un publicét datus atvertas pieejas zinatniskajas
datubazes. Dati par Jelgavas gaisa piesarnojuma ar smagajiem metaliem un citu
kimisku elementu koncentracijam ir publicéti - Data in brief (IX Publikacija),
datu aktualizéSana planota reizi 3 gados papildinot datubazé jau pieejamo
informaciju.

3.3. Gaisa piesarnojuma ar smagajiem metaliem izplatibas telpiska analize

Saja apak$nodala aprakstita gaisa piesarnojuma ar smagajiem metaliem
izplatibas telpiska analize. Telpiskas analizes rezultatus labi var atspogulot,
izmantojot ArcGIS programmatiiru, lietojot IDW (Inverse-Distance Weighting)
metodi (Garcia et al., 2016; Chen et al., 2018) (V, II, Il un XI Publikacijas).
P&tfjuma rezultati no 2019. gada apliecina, ka lielakais piesarnojums ir lielako
ielu un krustojumu vietas. Viena no augstakajam vara (Cu) koncentracijam ir
Jelgavas pilsétas centra dala - Lielas ielas un Dambja ielas krustojuma un pilsétas
dienvidaustrumos, kur tas sasniedz 10,9-12,5 png/l. Paaugstinata vara
koncentracija pilsetas centra var€tu biit skaidrojama ar loti intensivu satiksmi
starp Rigu - Dobeli, Dobeli - Jelgavu, ka arT $aja krustojuma atrodas degvielas
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uzpildes stacija, dazadi autoservisi, kur ikdiena cirkul€ daudz automasinu. Naftas
un fosilo materialu sadedzina$ana ir saistita ar vara izdaliSanos. Vara
koncentracija dazadas pilsétas ielas var atSkirties atkariba no vara klatbiitnes
automa$inu bremz€s un vietas, kur vara koncentracijas izdalas bremzgéSanas
rezultata (Engelhard et al., 2007). Piesarnojums dienvidaustrumos var€tu biit
skaidrojams ar neatlautu atkritumu dedzinas$anu privatmaju apkures sistémas, kas
ir viens no lielakajiem Cu emisiju raditajiem pilsétvide (Rodella et al., 2017).
Paaugstinata vara (Cu) koncentracija Aviacijas iela svarstas no 7,8-9,4 pg/l, kur
atrodas viens no lielakajiem industrialajiem parkiem Latvija ar kop&jo platibu 23
ha.

ST parka teritorija ietilpst gumijas ra¥o8ana un parstrade, metalapstrade, PET
pudelu apstrade, pulvermetalurgija un citi razoSanas procesi. levérojami
paaugstinata nikela koncentracija Jelgavas ziemelrietumu dala skaidrojama ar
mezizstrades darbiem, kas intensivi tika veikta 2018. gada beigas un 2019. gada
pirmaja ceturksni. Piesarnojumu $aja teritorija varétu ietekmé&t tuvuma eso$as
auto darbnicas aktivitates. Lai precizak noskaidrotu Ni avotus, nepiecieSams
veikt papildu pétijumu, kur viet€ja Iimeni tiek noteikts nikela piesarnojuma
avots.

Pb (ng/l)

[ 1,00-8,75
[18,75-16,50
[ 116,50-24,24
[ 12424-31,99
| 31,99-39,74
[ 139,74-47,48
N 47,48-55,23
[ 55,23-62,98

3.10. att. Svina (Pb) izplatiba Jelgava 2019. gada

Svins (Pb) attiecas uz antropoge€no piesarnojumu no automasinu emisijam,
bremzu nodilumu (Xue et al., 2020). Jelgavas pilséta veiktas sniega analizes
skaidri norada uz vietam ar intensivu satiksmi, bieziem sastrégumiem un
krustojumiem ar intensivu automasinu satiksmes plismu (skat. 3.10.att.).

Visaugstaka mangana (Mn) koncentracija ir vietgjos svarigos krustojumos,
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kas liecina par intensivas satiksmes un sastrégumu ietekmi uz pils€tas gaisa
kvalitati. Teritorijas ar piesarnojumu no 27 Iidz 54 pg/l varétu noradit uz
antropogéno piesarnojumu no privatmaju apkures sisttmam, jo ir zinams, ka Mn
izdalas atkritumu un citu kurinamo sadedzinasanas laika. Rupnieciskaja zona
cinka Itmenis parasti ir augstaks neka citviet pilsétas, pieméram, Jelgavas pilséta
lielakas Zn koncentracijas ir Aviacijas ielas parauglaukumos, kur ta svarstas
robezas no 153,2 lidz 204,3 pg/l. Saja teritorija atrodas viens no lielakajiem
industrialajiem parkiem Latvija, kur notiek dazada veida ripnieciska darbiba.

Atseviski apskatot relativo koncentraciju izmainas 2017. gada februara un
2018. gada februara datiem ir redzams, ka Jelgava nikela (Ni) relativo
koncentraciju izmainas nav 1pasi lielas tacu koncentracijas ir vienmerigi sadalitas
pa visu pilsétu. Nikela relativo koncentraciju izmainu relativas maksimalas
vertibas ir blakus Tervetes ielas dzelzcela parvadam un Riipniecibas un Tervetes
ielas krustojuma. Lielas Ni relativas koncentracijas izmainas parasti rada
siltumenergijas raZotaji, ka arT privatmaju apkures sist€émas. Vislielakais vara
(Cu) koncentracijas picaugums ir Satiksmes ielas rajona, kur atrodas sabiedriska
transporta stavvietas. Vara (Cu) piesarnojums saistits ar satiksmes intensitati,
privatmaju apkures sistémam, fosilo kurinamo, ugunosanu un metalriipniecibu.

Cinks (Zn) tiek uzskatits par toksisku metalu, tas rodas riipnieciskas darbibas
procesa oglu sadedzinasanas rezultata, ka ar tas ir saistits ar satiksmes intensitati.
Jelgava cinka (Zn) relativo koncentraciju izmainas nav lielas (skat.3.11. att.),
tacu koncentracijas nav vienmérigi sadalitas pa pilsetu.

Cinka (Zn) relativo koncentraciju izmainu relativas maksimalas vertibas ir
pie T&rvetes ielas dzelzcela parvada, Ripniecibas un Tervetes ielas krustojuma,
un Satiksmes ielas rajona, kur atrodas sabiedriska transporta stavvietas.

Zn

[[1-587.96 —-415.33

[1-415.33--323.26

[ 1-323.26--219.43
|-219.43 —-103.34
]-103.34 —-33.39
1-33.39 - 41.60

[ 141.60—194.46

[71194.46 — 559.32

71 559.32 - 965.75

3.11. att. Cinka (Zn) pg/l relativo koncentraciju izmainas (2017. gada
februaris un 2018. gada februaris) Jelgavas pilséta
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Svina (Pb) relativo koncentraciju izmainas Jelgavas pilséta paraditas 3.12.
attela. Svina (Pb) relativo koncentraciju izmainu relativas maksimalas vertibas ir
blakus Térvetes ieclas dzelzcela parvadam, Ripniecibas un T&rvetes ielas
krustojuma un Satiksmes ielas teritorija, kura atrodas sabiedriska transporta
stavvieta. Svina (Pb) klatbtitne Jelgavas pilséta ir saistita ar dedzinasanu, naftas
un fosilo materialu dedzinasanu un transportu.

Pb

[1-24,09--18,29
[™1-18,29 —-13,27
[ ]-13,27--8,42

[1-8,42 —-2,06
[ ]-2,06—2.99
[]-2,99 -8,97
[ 8.97 — 17,67

117,67 -30,07
71 30,07 — 48,47

3.12. att. Svina (Pb) pg/l relativo koncentraciju izmainas Jelgavas
pilséta

Vanadijs (V) tiek uzskatits par tipisku ellas sadegSanas procesa indikatoru,
Jelgava vanadija (V) relativo koncentraciju izmainas nav 1pasi lielas tacu
koncentracijas nav vienmérigi sadalitas pa pils€tu. Vanadija (V) relativo
koncentraciju izmainu relativas maksimalas vértibas ir blakus Térvetes ielas
dzelzcela parvadam. Dzelzs (Fe) parasti rodas fosila kurinama sadegSanas
rezultata. Dzelzs dalinu avots ir dzing€ja un automasinas virsblives materiala
nodilums. Jelgava dzelzs (Fe) relativo koncentraciju izmainas nav ipasi lielas,
tacu koncentracijas ir diezgan vienm&rigi sadalitas visa pilséta.

Arséna (As) un hroma (Cr) koncentraciju relativais pieaugums ir koncentréts
Tervetes ielas parvada rajona un Satiksmes iela. Arsénu (As) rodas fosila
kurinama sadegSanas rezultata, ari hroms (Cr) ir tieSi saistits ar satiksmes
intensitati un atkritumu sadedzinaSanu.

Apskatot dazadus veidus, ka veikt telpisko analizi, pieméram, cinkam (Zn),
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aluminijam (Al), varam (Cu) un dzelzim (Fe), tie tika grup&ti péc
koncentracijam, izmantojot hierarhisku klasteru analizi ar Eiklida attaluma
algoritmu. Salidzino$i ftiras, viegli piesarnotas un piesarnotas teritorijas tika
sadalitas, izmantojot ArcGIS programmatiiru. Cinka (Zn) sadalifjums péc
relativas koncentracijas paradits 3.13. attela. Klasteru analize iedala 15 relativo
koncentraciju grupas. Pirmas piecas grupas ar cinka (Zn) koncentraciju no 0,50
11dz 4,29 pg/l defingjam, ka salidzinosi tiru teritoriju. Otras piecas grupas ar cinka
(Zn) koncentraciju no 4,29 lidz 8,09 pg/l defingjam, ka salidzino$i viegli
piesarnotu teritoriju. P€dgjas piecas grupas ar cinka (Zn) koncentraciju no 8,09
lidz 11,88 pg/l defingjam ka relativi piesarnotas teritorijas ar augstu antropogéno
ietekmi. Galvenie cinka (Zn) avoti pils€tu teritorijas ir riipnieciba, oglu
dedzinasana un transports. Tadi transporta koridori ka Rigas iela, Liela iela un
Lietuvas Soseja, ka ari dzelzcel§ un aplveida krustojuma zona ir galvenie
antropogénie cinka (Zn) avoti Jelgavas pilséta (skat. 3.13. att.).

Zn (ng/l

I 0,50 - 1,25
I 1.25-2,02
2.02-2.77
2,77 - 3,53
3,53-4,29
[ 1429-5,05
5,05-581
5:81 =6,57
6,57 - 7,33
7,33 - 8,09
| 8,09 - 8,85
18,85-9.,61
9,61 - 10,37
10,37 - 11,12
111,12-11,88

3.13. att. Cinka (Zn) pg/1 izplatiba Jelgavas pilséta
Aluminijs (Al) ir viens no galvenajiem atkritumu sadedzinasanas un

ugunosanas indikatoriem. Aluminija (Al) sadalijums p&c relativas koncentracijas
paradits 3.14. attela. Klasteru analize iedala 15 relativo koncentraciju grupas.
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Al (ng/l

10,0000 - 0,0024
0,0024 - 0,0041
0,0041 - 0,0053
[10,0053 - 0,0062
[ 10,0062 - 0,0068
[ 10,0068 - 0,0072
[ 10,0072 -0,0078
[ 10,0078 - 0,0087
[ 10,0087 - 0,0099
[10,0099 -0,0116
[10,0116 -0,0140
[ 10,0140-0,0175
10,0175 - 0,0223
[ 0,0223 - 0,0292
70,0292 - 0,0389

=
]

3.14. att. Aluminija (Al) pg/l izplatiba Jelgavas pilséta

Pirmas piecas grupas ar aluminija (Al) koncentraciju no 0 lidz 0,007 ug/l
defingjam, ka salidzinosi tiru laukumu. Otras piecas grupas ar aluminija (Al)
koncentraciju no 0,007 Iidz 0,012 pg/l defingjam, ka salidzinosi viegli piesarnotu
teritoriju. P&dgjas piecas grupas ar aluminija (Al) koncentraciju no 0,012 lidz
0,039 ng/l defingjam ka relativi piesarnotas teritorijas ar augstu antropogéno
ietekmi. Salidzinosi augsta aluminija (Al) koncentracija ir teritorijas ar privatiem
majokliem. Aluminija (Al) piesarnojums virzas ziemelu, ziemelaustrumu
virzienos no pilsétas centra zonas domingjosa véja dé]. Kalnciema cela
privatmaju rajons un to apkures sistémas varctu bt galvenais aluminija (Al)
avots $aja rajona.

Var$ galvenokart rodas iekSdedzes dzingjos, sadegot naftas produktiem un
atkritumiem. Klasteru analize iedala 15 relativo koncentraciju grupas. Pirmas
piecas grupas ar vara (Cu) koncentraciju no 0 lidz 2,01 pg/l defingjam, ka
salidzino$i tiru laukumu. Otras piecas grupas ar vara (Cu) koncentraciju no 2,01
11dz 4,20 pg/l defingjam, ka salidzinosi viegli piesarnotu teritoriju. Pedgjas piecas
grupas ar vara (Cu) koncentraciju no 4,20 Iidz 6,30 pg/l defingjam ka relativi
piesarnotas teritorijas ar augstu antropogéno ietekmi. Lielaka vara (Cu)
koncentracija Jelgavas pilséta ir Liela iela un Rigas iela, kas savieno Jelgavu ar
Rigu. Katru dienu galveno ielu izmanto aptuveni 36000 automasinu. Vara (Cu)
koncentracija rodas arT no nekontrol&tas atkritumu dedzinasanas privatmaju
rajonos.
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Apskatot dzelzs (Fe) izplatibu snieglident, klasteru analize iedala 13 relativo
koncentraciju grupas. Pirmas Cetras grupas ar dzelzs (Fe) koncentraciju no 0 lidz
0,007 mg/l defingjam, ka salidzinosi tiru teritoriju. Otras piecas grupas ar dzelzs
(Fe) koncentraciju no 0,007 Iidz 0,017 mg/l defingjam, ka salidzinosi viegli
piesarnotu teritoriju. PEdgjas Cetras grupas ar dzelzs (Fe) koncentraciju no 0,017
1idz 0,024 mg/1 defingjam ka relativi piesarnotas teritorijas ar augstu antropogéno
ietekmi. Paaugstinata dzelzs dalinu koncentr&ja bija galvenajos celu posmos,
piem@ram, Liela iela, Rigas iela un Lietuvas Soseja. Dzelzs koncentracijas aptver
visu Jelgavas pils€tu, kas liecina, ka nav viens dzelzs (Fe) piesarnojuma avota,
tacu antropogénas aktivitates, piemeram, satiksme, apkures sist€mas, ripnieciba
piesarno gaisu, un paaugstina dzelzs (Fe) koncentraciju pilsétas.

P&tot gaisa piesarnojuma izplatibu pilsétvidé Cetru gadu perioda un apskatot
apraksto$as statistikas rezultatus, redzams, ka 2018. gada iegiits visaugstakais
vidgjais cinka mérijums — 79,62 pg/l, kas ir gandriz 9 reizes lielaki par 2020.
gada ieglito vidéjo mérfjumu 8,88 pg/l. 2018. gada iegiits vislielakais cinka
mérijums 1002,05 pg/l un 2020. gada iegiits vismazakais mérijjums 0,99 pg/l.
Apskatot vértibu procentiles sadalfjumu redzams, ka 2018. gada Jelgavas
teritorija ieglti ieverojami augstaki merjjumu rezultati neka 2019.-2021 gada.
2019.-2021. gada merfjumu vertibas ir diez gan lidzigas. Normalizéto cinka
merjjumu telpisko reprezentaciju 2018. gada. Visaugstaka cinka dalinu
koncentracija konstatéta Dobeles un Satiksmes ielas krustojuma (39. punkts).
Otra augstaka vértiba konstatéta netalu no regionala cela P99 (57. punkts), ka
ari uz regionala cela P95 (17. un 21. punkts). V&l ievérojami augstas
koncentracijas novérojamas uz valsts nozimes autocela A8 (9. punkts). Ipasi
augstas cinka koncentracijas 2018. gada var izskaidrot ar ugunosanu uz Pasta
salas (48. punkts), kas kalpo ka pulcéSanas vieta dazadiem pasakumiem. Par&jos
gadus paaugstinats cinka dalinu piesarnojums 48. punkta nav konstatéts.

Ar vislielako cinka piesarnojumu 2019. gada izcelas tiesi pilsétas cents, kur
iegiits vairums augstakie cinka dalinu meérfjumi. Visaugstakas vertibas noverotas
tieSi pils€tas centra (45. un 47. punkts) un pie pilsétas centra argjas robezas (38.
un 43. punkts). 2020. gada augstakas veértibas noveérotas uz valsts nozimes
autocelu A8. 3 mérfjumi uz §T cela noradija uz paaugstinatu cinka koncentraciju
(6.;8. un 9. punkts). Netalu no Dobeles Soseja, ka ari regionalas nozimes celam
P100 (55. punkts) ir noverojama paaugstinata cinka dalinu koncentracija. Visi
paaugstinatas koncentracijas punkti norada uz satiksmes kustibu Rigas virziena.
2021. gada centra uz kopg€jo pilsétas fonu ir mazaks cinka dalinu piesarnojums
neka citus gadus. Saja gada ievérojami cinka dalipu mé&Tjumi novéroti uz
regionalajiem celiem P99, P100 un P93, ka ari uz valsts nozimes cela A8. Pirmo
reizi 4 gadu laika, paaugstinatas cinka koncentracijas novérota 4. punkta. Sis
punkts atrodas privatmaju rajona. Iesp&jamo piesarnojumu varétu izskaidrot ar
neatlautu atkritumu dedzinasanu privatmaju apkures sistémas.
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~+— Dzelzcels

021 -21,95

B 21,95 - 34,62
36,62 - 42,01
42,01 - 46,32
46,32 - 53,71
52,71 - 66,38
66,38 — 88,12
88,12 - 125,41

125,41 - 189,39

3.15. att. Cinka dalinu izplatiba Jelgava 2018.-2021. gads

Apkopojot iegiitos rezultatus (skat. 3.15. att.) vél vairak izcelas jau gitais
prieksstats, pilsétas centrs un magistralie celi ir ar ievérojami lielaku cinka dalinu
piesarnojumu neka par€ja Jelgava. Vislielakais cinka dalinu piesarnojums
noveérojams uz valsts nozimes celu A8 (8. punkts) un regionalo celu P99 (57.
punkts). Pils€tas centra 4 gadu perioda vislielakais cinka dalinu piesarnojums
konstatéts Dobeles un Satiksmes ielas krustojuma (39. punkts) un T&rvetes un
Pavasara iclas krustojuma (47. punkts). Ir vérts pieminét, ka Tpasi aizsargajamai
dabas teritorijai Lielupes palienu plavas paral€li iet regionalais cel§ P99, kuram
konstat€ts paaugstinats cinka dalinu piesarnojums un cinka dalinu piesarnojums
varétu nonakt aizsargajama teritorija.

Jelgavas pilséta piesarnojums ir homogens, tadel nepiecieSamas identificet
piesarnojuma izcelsmes avotus.

3.4. Gaisa piesarnojuma ar smagajiem metaliem avotu identifikacija

Svarigs aspekts, p€tot gaisa piesarnojumu ar smagajiem metaliem, ir
identificét avotus. Apskatot, rezultatus par piesarnojoso vielu koncentracijam gar
brauktuvém var redzet, ka augstakas piesarnojoso vielu koncentracijas tiek
noverotas 1 m attaluma no brauktuves, salidzinot ar paraugiem, kas nemti no
talakam paraugu nemsanas vietam. 3.16. un 3.17. att€la paradita tieSa satiksmes
ietekme uz Cr un Pb koncentracijam, cieSa satiksmes ietekme bija redzama ari
uz tadiem Kkimiskajiem elementiem ka Mn un V. Piesarnojoso vielu
koncentracijas samazinas 10 m attaluma. legiitie rezultati uzradija, ka Cu un Zn

57



koncentraciju 20 m attaluma ietekm& arT citi avoti. Salidzinot Pb, Zn un V
koncentracijas 1 m attaluma no brauktuves un 10 m attaluma no brauktuves,
piesarnojoso vielu koncentracijas samazinas 6 lidz 11 reizes.

16 T . 20 T o
14 181
w12 %1
2 214 1
£071 &121 Pb, ng/l |
g st 2104 s
g Cr. pg/l| 10 £ 10
B 6+ g 87 Pb, ug/l |
g E 6T “ 20
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214 Pbougl|
0 Cr, pg/l| 1 0 Tg
Parauga ievaksanas attalums no cela Parauga ievaksanas attalums no cela
3.16. att. Cr koncentracijas 3.17. att. Pb koncentracijas
atkariba no attaluma no cela atkariba no attaluma no cela

Lielakas Pb un Cr koncentracijas atrodas uz autocela Jelgava-Riga aptuveni
4 km no Jelgavas pilsétas centra (skat. 3.18. att. un 3.19. att.). Saja cela posma
arT tika konstatétas lielakas koncentracijas Cu, Mn, V un Zn. Jelgavas pilsetas
ziemelu un austrumu dala Mn koncentracijas biitiski neatskiras. V koncentracija
mainds no zemakas koncentracijas pils€tas rietumu dala uz augstaku pilsétas
austrumu dala. Cr un Pb koncentracijas ir zemakas Jelgavas pilsétas ziemelu
dala, salidzinot ar citam vietam (Skat. 3.18. att. un 3.19. att). Ari Cu

koncentracijas ir zemakas Jelgavas pilsétas ziemelu dala, salidzinot ar citam
vietam.
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Apskatot 2018. gada datus, lai identificétu piesarnojuma avotus rezultati,
uzrada augstas vara (Cu) 826,7 pg/l, nikela (Ni) 40,4 pg/l, svina (Pb) 50,5 pg/l,
mangana (Mn) 1351,1 pg/l un cinka (Zn) 992,8 ng/l, koncentracijas dazados
pilsétas virzienos. Aprakstosa statistika par vara (Cu), nikela (Ni), svina (Pb),
mangana (Mn) un cinka (Zn) koncentracijam izkususa sniega paraugos sniegta

3.3. tabula.

Snhiega paraugos vara (Cu), nikela (Ni), svina (Pb), mangana (Mn) un cinka
(Zn) koncentracijas tika analiz&tas pa atrasanas vietu grupam. Cela virzieni ir
austrumu (A), ziemelu (Z) rietumu (R) un pilsétas centrs (C). Kruskal-Wallis
tests tika izmantots, lai noteiktu atSkirbas starp grupam. Vara (Cu) un nikela (Ni)
koncentracijas uzradija statistiski nozimigas atskiribas starp atrasanas vietam Cu
p-vértiba bija 0,028 un Ni p-vértiba bija 0,001, bet Pb, Mn un Zn statistiski
nozimigas atskiribas péc atrasanas vietas neuzradija.

3.3.tabula. Statistika par vara (Cu), nikela (Ni), svina (Pb), mangana (Mn)

un cinka (Zn) koncentracijam

Metali .
Statistika Cu, pg/l | Ni, pg/l | Pb,pg/l | Mn, pg/l | Zn, pg/l
Noverojumu 114 114 114 114 114
skaits

[ztrikstosie 0 0 0 0 0

l’lOVeI‘Q]uml
Minimums 2,8 0,4 0,7 5,9 9,2
Maksimums 829,5 40,8 51,2 1357,0 1002,1
Diapazons 826,7 40,4 50,5 1351,1 992,8
Mediana 11,2 2,0 3,6 46,9 34,7
Vidgjais 24,5 3,4 6,2 151,6 86,6
Distance (n) 5957,7 20,1 50,7 | 52613,0 | 16154,6
Sta”da(r;;‘o"”ze 772 45 71| 2204 | 1271
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Tika

izmantoti

vairaki paru salidzinajumi,

izmantojot Steel-Dwass-

Critchlow-Fligner procedtru (Spurrier, 2007), lai noteiktu atskiribas starp Cu un
Ni koncentracijam p&c atrasanas vietas grupam (Rietumi (R); Ziemeli (Z);
Austrumi (A); Pilsétas centrs (C) Wij un grupa Steel-Dwass-Critchlow-Fligner
procediira p&c atrasanas vietu grupam ir paradita 3.4. tabula.

3.4. tabula. Cu un Ni koncentracijas Wij statistics un grupa péc atraSanas
vietu grupam, izmantojot Steel-Dwass-Critchlow-Fligner procediiru

Cu, pg/l
- R Z A C Grupas
Cu, ug/l|R - 2,46 1,48 3,87* A -
Cu, ng/l|Z -2,46 - -0,27 1,85 A B
Cu, pg/l| A -1,48 0,27 - 2,11 A B
Cu,pg/1|C | -3,87* -1,85 -2,11 - - B
*p-value <0,05
Ni, pg/l
- R Z A C Grupas
Ni, ug/l | R - 2,37 1,52 5,17* A -
Ni, ug/l| Z -2,37 - -0,56 2,50 A B
Ni, pg/l | A -1,52 0,52 - 2,89 A B
Ni, ug/1|C | -5,17* -2,50 -2,89 - - B
*p-value <0,001

Vara (Cu), nikela (Ni) svina (Pb) cinka (Zn) koncentracijas p&c attaluma no
cela, izmantojot Steel-Dwass-Critchlow-Fligner procediiru, ir klasificétas divas
grupas, kur 1 m 50 m un 100 m distance ir viena grupa un 5 m otraja grupa (skat.
3.5. tab.). Mangana (Mn) koncentracijas p&c attaluma no cela, izmantojot Steel-
Dwass-Critchlow-Fligner procediru, ir klasificétas tris grupas, kur Im un 50 m
distance ir viena grupa 50 m un 100 m otraja grupa un 5 m treSaja grupa (skat.

3.5. tab.).
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3.5. tabula. Cu, Ni, Pb, Mn, Zn koncentracijas Wij statistics un grupa péc
attaluma grupam, izmantojot Steel-Dwass-Critchlow-Fligner procediiru

Cu, pg/
- |1 | 50 | 100 |5 Grupas
Cu, pg/11 - 7,25* 6,40* 6,44* | A -
Cu, pg/1]50 -7,25*% - -0,63 0,35 A -
Cu, pg/11100 | -6,40* 0,63 - 1,04 A -
Cu, ng/1]5 -6,44* -0,35 -1,04 - - B
*p-value <0.0001
Ni, png/l
- |1 | 50 | 100 |5 Grupas
Ni, pg/l]1 - 7,25* 6,76* 785 | A -
Ni, ug/1|50 | -7,25* - -0,11 1,06 |[A]| -
Ni, png/1]100 -6,76* 0,11 - 1,65 A -
Ni, ug/115 -7,85* -1,06 -1,64 - - B
*p-value <0,0001
Pb, ng/l
- |1 | 50 | 100 |5 Grupas
Pb, ug/1|1 - 6,35* 7,23* 579* | A -
Pb, ug/1|50 -6,35* - 0,29 -1,31 A -
Pb, ug/11100 | -7,23* -0,29 - -1,98 A -
Pb, ug/l|5 -5,79* 1,31 1,98 - - B
*p-value <0,0001
Mn, pg/l
- |1 |50 | 100 |5 Grupas
Mn, ng/l |1 - 6,80* 7,11* 6,000 |A| - |-
Mn, pg/1]50 -6,80* - 0,67 -2,72 A|B|-
Mn, pg/1]100 | -7,11* -0,67 - -384** | - |B]|-
Mn, pg/l |5 -6,00* 2,72 3,84** - -1 -1C
*p-value <0,0001 | **p-value <0,034
Zn, ngll
- |1 | 50 | 100 |5 Grupas
Zn, ng/l|1 - 7,11 7,25 684 |A| -
Zn, ug/1]50 -7,11 - -0,98 -2,03 A -
Zn, pg/1]100 -7,25 0,98 - -2,13 A -
Zn, ug/l|5 -6,84 2,03 2,13 - - B
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3.6. tabula. Klasteru centroidu koordinatas

Kimiskais Klastera centroida koordinatas
elements 1 2 3 4
Al (ug/l) -0,57 1,11 1,06 1,16
Ca (ug/l) -0,44 0,35 1,76 0,25
Fe (ug/h) -0,58 041 111 0,45
K (ug/l) -0,44 0,17 0,55 -0,11
Mg (ug/l) -0,40 0,31 2,24 0,51
Na (ug/l) -0,50 0,61 3,84 -0,15

P (u/l) -0,34 -0,38 1,11 5,32
S (ug/)) -0,70 0,21 2,54 2,38
As (ug/l) 0,13 -0,13 -0,13 -0,13
Ba (ug/l) -0,37 0,28 0,11 7,15
Cd (ng/) 0,00 0,00 0,00 0,00
Co (ug/) -0,25 -0,26 2,36 0,43
Cr (ug/l) 0,23 0,23 -0,23 6,08
Cu (ug/l) -0,85 0,46 0,22 1,80

Mn (ug/l) -0,45 0,35 1,59 0,86
Mo (ug/l) -0,30 -0,30 -0,30 -0,30
Ni (ug/l) 0,23 0,23 -0,23 -0,23
Pb (ug/h -0,06 -0,18 -0,20 7,52
Si (ug/l) 0,53 0,67 1,02 0,70
Sr (ng/h) -0,66 0,47 2,05 1,46
V (ug/l) 0,32 0,32 1,08 3,56
Zn (ug/l) -0,45 0,01 -0,03 6,73

Rezultati, kas paradas Jelgavas pils€tas izp&tes datos par smagajiem metaliem
parada loti lidzigus rezultatus ar citiem lidzigiem pé@tijumiem, meklgjot
korelacijas starp transporta intensitati un smago metalu piesarnojumu sniega
kuSanas tidenos (Engelhard et al., 2007). Vara (Cu), nikela (Ni), svina (Pb),
mangana (Mn) un cinka (Zn) koncentracija p&tijuma uzrada lielu amplitidu ar
loti zemam veértibam un arkartigi augstam vertibam. Jaatzime, ka grupas péc
paraugu nemsanas vietas bija dazadas atSkiribas. Pilsétas centralaja dala (C),
ziemelos (Z) un austrumos (A) bija atSkiribas tikai Cu un Ni koncentracijas,
savukart Mn, Pb un Zn neuzradija biitiskas atkiribas starp vietam. Saja p&tfjuma
sadalitas grupas parada paraugu nemsanas attaluma no cela nozimi.

Darba tika apskatitas iesp&jas identificet gaisa piesarnojuma ar smagajiem
metaliem avotus, izmantojot hierarhisko klasteru metodi. Kopuma tika apskatiti
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19 kimiskie elementi, no kuriem talak tika veikta monitoringa punktu
klasifikacija, izmantojot hierarhisko klasteru metodi. Klastera centroida
koordinatas ir noradttas 3.6. tabula.

Lielakaja dala paraugu kimisko elementu koncentracijas bija zemakas par
instrumenta kltidas vertibu, bet atseviskiem paraugiem koncentracija bija
pietickami augsta, lai to noteiktu. Saja pétijuma dala tika izdaliti vairaki klasteri.
Pirmaja klasterT ir apvienotas teritorijas ar salidzinosSi zemu gaisa piesarnojumu,
kur visas metalu vertibas ir zem vidgjas vertibas un klasterT ir ieklauts kontroles
monitoringa punkts. Otraja klasterT ir aprakstiti monitoringa punkti, kuros
kimisko elementu sastavs ir raksturigs satiksmes izraisitam piesarnojumam
(Engelhard et al., 2007; Vasi¢ et al., 2012). Tresais klasteris apvieno monitoringa
punktus, kuros papildus satiksmes piesarnojumam ir identificéts atkritumiem un
fosila kurinama sadegSanai raksturigo kimisko elementu saturs (Pacyna et al.,
2001; Veysseyre et al., 2001; Rodella et al., 2017; Gao et al., 2017). Ceturto
klasteru veido viens monitoringa punkts, kura papildus transporta
piesarnojumam ir konstatGtas paaugstinatas cinka un svina vértibas. Sie metali
izteikti norada uz atkritumu dedzinasanu (Rodella et al., 2017), ko var&tu skaidrot
ar blivu privatmaju apbiivi, kur veidojas izteikts ielas kanjons, kas apgriitina
gaisa cirkulaciju un veicina piesarnojuma uzkrasanos.

Apskatot tikai viena metala klasteru analizes rezultatus, uzradijas lidzigas
tendences, ka apskatot vairaku metalu kopu. Klasteru analizes rezultata izdalijas
piecas volframa piesarnojuma riska grupas (skat. 3.20.att.). Pirmais klasteris ir
ar vidgjo vertibu 0,12 pg/l un mediana ar 0,10 pg/l. Otra klastera vid€ja vertiba
ir 2,31 pg/l un mediana 2,31 pg/l. Tresa klastera vidéja vértiba ir 0,25 ug/l un
mediana 0,25 pg/l. Ceturtaja klasteri vidéja veértiba ir 0,35 pg/l un mediana 0,36
ug/l. Piektaja klasteri vidgja vertiba ir 0,44 pg/l un mediana 0,45 pg/l.

a

@l
8]

@]
w

]7

@]
=

Klastera numurs

9!
93

3981 23981 43981 63981 83981 103981 123981 143981
Atskiriba

3.20. att. Volframa hierarhiska klasteru analize
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P&tijuma, kas veikts Zviedrija, volframa koncentracija ziema pieauga, bet
vasara bija daudz zemaka. Volframa vidgjas vertibas notec€ no celiem ziema bija
9,18 pg/l, vasara 1,06 pg/l Svaneberg pilséta, Norsholm pilséta vasara tas bija
0,58 pg/l, bet ziema 5,77 pg/l. Volframs biezi tiek atstats novarta celu noteces
petijumos, lai gan to biezi izmanto riepu radzes (Backstrom et al., 2003). Miisu
petijums parada transporta koridoru biitisko ietekmi, Ipasi augsts piesarnojuma
risks ar volframu paradas galvenaja tranzita virziena uz Lietuvu, kur pie
apdzivotas vietas robezas, straujas bremz€Sanas un uzsakSanas paradas
visaugstakas volframa koncentracijas, kur medianas vertiba 2022. gada bija 4,41
pg/l. Volframa minimalas, maksimalas, vidéjas un medianas vertibas apkopotas
3.7.tabula. Rezultati iegiiti p&c klasteru analizes Jelgavas pils€tai 2022. un 2023.
gadam.

3.7. tabula. VVolframa aprakstosa statistika pa kopam

2 ES| ES | % | £% %5

< 2| 23 | B2 33 @ £

X = g - =
2022|1 | 0,05 1,01 0,09 0,05 Zems risks
20222 417 4,48 4,35 4,41 Loti augsts risks
202213 | 0,05 0,31 0,09 0,05 Vidgjs risks
202214 | 0,05 0,29 0,07 0,05 Vidgji augsts risks
2022|5 | 0,05 0,05 0,05 0,05 Augsts risks
2023|1 | 0,05 0,25 0,14 0,14 Zems risks
20232 0,26 0,28 0,27 0,27 Loti augsts risks
202313 | 0,29 0,52 0,41 0,41 Vidgjs risks
202314 | 0,53 0,74 0,64 0,64 Vidg&ji augsts risks
2023|5 | 0,75 0,99 0,87 0,87 Augsts risks

Bourcier et al. 1980 pétijuma lietustidenu paraugos no celiem, kas ietver, ielu
puteklus volframs bija 15000 pg/l (Bourcier et al., 1980). Jelgavas pilséta
regulari tiek savakti putekli no asfaltétajam ielam. P&tijums parada, ka ielas bez
asfalta seguma ir augsts volframa piesarnojuma risks. Volframa koncentracijas
izkusuSos sniega paraugos, kas ievakti Polija, dazadas vietas bija 1,70 pg/l
lidlauka, pie Sosejas 2,59 pg/l un 1,5 m attaluma no iebrauktuves autostavvieta
1,93 pg/l (Adamiec et al., 2013). P&tijuma, kas veikts Jelgavas pilséta, 2022. un
2023. gada vidgjas volframa koncentracijas svarstijas robezas no 0,07 pg/l lidz
4,35 ng/l (skat. 3.21.att.).
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Zems risks

Vidgjs risks
Vidgji augsts risks
Augsts risks

Loti augsts risks

Dzelzcels

3.21.att. Volframa izplatiba Jelgava apskatot riska Iimenus

4. SECINAJUMI UN PRIEKSLIKUMI

1. Pasaulé vairakas zinatnieku grupas veic pétfjumus smago metalu un gaisa
suspendgeto cieto dalinu (PM) gaisa piesarnojuma noteikSanai, tomer jamin,
ka Sie petfjumi ir fragmentari, versti uz specifisku piesarnojuma veidu un
neatspogulo urbano vidi ka sarezgitu un kompleksu gaisa piesarnojuma
avotu.

2. Jelgavas pilséta ir aprobéts un izveidots ilglaiciga un islaiciga piesarnojuma
monitoringa tikls, kas lauj novertét gaisa piesarnojuma dinamiku laika un
telpa. Ir izveidota datubaze, kas satur kimisko elementu koncentracijas sniega
60 parauglaukumos no 2018.-2024. gadam.

3. Jelgavas pilséta ir loti plass gaisa piesarnojuma ar smagajiem metaliem
diapazons, cinka (Zn) koncentracijas svarstas no 0,01-1002,10 pg/l, vara (Cu)
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koncentracijas svarstas no 0-829,50 pg/l, nikela (Ni) koncentracijas svarstas
no 0,001-40,40 pg/l, svina (Pb) koncentracijas svarstas no 0,70-62,97 pg/l,
mangana (Mn) koncentracijas svarstas no 5,90-1357,0 ug/l, aluminija
koncentracijas svarstas no 0,01-1183,66 pg/l.

. Gaisa piesarnojuma ar kimiskajiem elementiem izplatibas telpiska analize
parada, ka transporta koridori ir vieni no galvenajiem faktoriem, kas nosaka
piesarnojuma telpisko izplatibu pilseta.

. Gaisa piesarnojumu avotu identifikacijai nepiecieSamas izmantot vairakas
statistikas metodes kombinacija ar telpisko analizi izmantojot GIS. Saskana
ar Kruskal-Wallis testu var$ (Cu), nikelis (Ni), svins (Pb), mangans (Mn) un
cinks (Zn) radija butiskas atSkiribas starp attaluma grupam ar p vertibu <
0,0001.

. Promocijas darba ir veikt pirmais posms Pasaules Veselibas organizacijas
noteiktaja gaisa piesarnojuma riska izvert€§juma procediira, kas saistits ar
piesarnojuma koncentracijam un to telpiska izplatibas risku. Nakamos
posmus var veikt medicinas zinatn€s nozares specialisti.

. Peétijumu nepiecieSams turpinat un analizét paaugstinatu kimisko vielu
koncentraciju avotus, kas ir loti sarezgits un komplekss uzdevums, jo
pilsétvidg ir vesela virkne punktveida un difuzie piesarnojuma avoti, kuri ir
mainigi laika un telpa, un kuru radita piesarnojuma telpisko izplatibu
ietekmé€, gan pils€tas strukttiras, gan globalais un lokalais klimats.
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1. INTRODUCTION

More than half, 56%, of the world's population lives in cities (World Bank,
2023). It is predicted that by 2050, this proportion will increase to 68% (United
Nations, 2018). According to 2021 data, approximately 38.9% of the European
Union population resides in cities, with another 35.9% living in suburbs
(Eurostat, 2023). In 2023, the percentage of Latvian urban dwellers rose to 69.8%
(Official Statistics Portal, 2023). As urban populations swell, the issue of air
quality becomes increasingly pertinent. About 92% of the global populace
resides where air pollution exceeds permissible limits (Battista & de Lieto
Vollaro, 2017). Traffic-related air pollution emerges as a significant
environmental and health concern worldwide (Wahab et al., 2020), with vehicles
being the primary contributors to urban air pollution in most cities (Bucko et al.,
2011; D'Amato et al., 2013; Sun et al., 2018). They generate and transport
pollutants by kicking up dust during dry weather, elevating urban pollution levels
(Faiz et al., 2009; Hoodaji et al., 2012; Lu et al., 2009; Wahab et al., 2020). A
mix of metals from car tires, brake wear, and exhaust gases compounds this issue
(Faiz et al., 2009; Mortazavi et al., 2019; Wahab et al., 2020). Airborne
particulate emissions remain one of the foremost air quality challenges in cities
globally (Fosmire, 1990; Z. Li et al., 2013). In Latvia, PM2.5 particles' impact
surpasses the EU average, with Latvia ranking 17th among 41 evaluated
European countries (Turap et al., 2019; World Health Organization, 2021).

Various interpretations of the term "risk" exist. Iveta Briska defines it as
follows: "Risk - (or hazard, danger) - is the result or final product formed daily
by our decision-making, caused by decision consequences. Risk can also be
perceived as the danger of future harm." The European Environment Agency
identifies air pollution as Europe's primary environmental health hazard (EEA,
2018). According to World Health Organization recommendations, health risk
assessment comprises three stages (World Health Organization, 2016). The first
involves estimating population exposure to relevant pollutants, the second
assessing associated health risks, and the third calculating uncertainty (EEA,
2018). Overall, assessing the spatial distribution of urban air pollution yields
crucial insights into the intricate interactions among air quality, human health,
and environmental sustainability in urban settings. Risk characterization
evaluates potential effects on human populations, encompassing respiratory
disease, cardiovascular disease, cancer risk, and other adverse health outcomes.

The data collected and compiled in this thesis, along with the quantitative
analysis of pollution spatial distribution risk, provide the opportunity to conduct
health risk assessments, exposure-response relationships, and quantify the health
risks associated with exposure to air pollutants.

Poor air quality significantly impacts quality of life, particularly for urban
residents who are exposed to dust particles daily (Mortazavi et al., 2019; Wahab
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et al., 2020). Air pollution, including dust containing various metals, is
recognized as one of the most critical human health issues because these particles
easily enter the respiratory tract (Alasfar & Isaifan, 2021; Cereceda-Balic et al.,
2012; Kikaj et al., 2023). Most heavy metals enter the atmosphere as aerosol
particles (Tsai et al., 2014). The deposition of heavy metals can have direct and
indirect effects on ecosystems and human health (Cadelis et al., 2014; Ochoa-
Hueso et al., 2017; Feng et al., 2019). Air pollution disproportionately affects
vulnerable groups such as pregnant women, children, the elderly, and those with
limited income and access to healthcare. Individuals with pre-existing chronic
conditions are particularly susceptible, experiencing complications and more
severe health issues (Cadelis et al., 2014; D'Amato et al., 2013; IARC, 2015; She
et al., 2017). Air pollution can lead to a range of health problems and fatal
diseases.

In recent years, research on snow pollution loads in temperate and arctic
climate zones has increased (Kuoppamaéki et al., 2014). Several studies have used
snow as an indicator of urban air pollution (Dossi et al., 2007; Engelhard et al.,
2007; Liu et al., 2021). Snow is an effective material for measuring air pollution
due to its natural filtering properties for various chemical elements, particles, and
dust, especially from anthropogenic activities such as road traffic and industry
(Adamiec et al., 2013; Bucko et al., 2011; Engelhard et al., 2007; Z. Li et al.,
2013). Snow samples are easily collected and analyzed, with accumulation time
determined by meteorological conditions. Snow effectively absorbs both organic
and inorganic pollutants from the atmosphere (Sun et al., 2018). Sedimentation
in the atmosphere occurs through wet and dry deposition processes, with
snowflakes accumulating more pollutants than raindrops due to their larger
surface area and slower falling speed (Bucko et al., 2011; Engelhard et al., 2007;
Telmer et al., 2004). Snow collection is thus a valuable method for assessing air
quality in temperate and arctic regions. Snow cover near roads and street dust,
composed of road wear material, sand, and other materials scattered during
winter, accumulate pollutants from vehicle tire and brake wear, engine
emissions, and vehicle corrosion (Peltola & Wikstrom, 2006; Furberg et al.,
2019). Urban use of studded tires further contributes to wear and tungsten-
containing studs (Béckstrom et al., 2003; Furberg et al., 2019). The focus should
be on micronutrient concentrations that accumulate over the long term and can
bioaccumulate in urban ecosystems' food chains (Faiz et al., 2009; Wahab et al.,
2020).

The sources of various heavy metals can be divided into two groups, natural
and anthropogenic sources. Research on air pollution by dust from natural
sources looks at the transport of dust particles from the Sahara desert to Europe,
affecting countries such as Spain, Italy and Greece (Querol et al., 2009). In
addition, volcanic eruptions, especially in the European region of Italy and
Iceland, can release large amounts of ash and dust into the atmosphere, affecting

68



nearby regions and even reaching distant areas depending on atmospheric
conditions (Arnalds 2010; Horwell et al., 2017). The presence of chemical
elements in snow water indicates one or more specific contaminants, for
example, the presence of iron (Fe) in snow indicates fossil fuels, car engine and
vehicle body wear, copper (Cu), chromium (Cr), vanadium (V) and arsenic ( As)
is obtained by burning fossil fuels (Pacyna et al., 2001; Rodella et al., 2017). The
presence of copper (Cu) in snow is more related to the wear and tear of different
parts of vehicles than to the emission of exhaust gases (Hildemann et al., 1991).
Zinc (Zn) indicates emissions from coal burning and traffic (Miji¢ et al., 2010).
Zinc (Zn) (Apeagyei et al., 2011; Wahab et al., 2020), copper (Cu), nickel (Ni),
lead (Pb) (Pacyna et al., 2001) and manganese (Mn) are associated with traffic
dust (Sofowote et al., 2019). For example, sources of aluminum can be divided
into: natural (weathering, when aluminum is transferred in the form of soil
particles to water and air) and anthropogenic sources (automotive, industrial,
waste incineration, coal burning) (Al-Thani et al., 2020; Alasfar & Isaifan, 2021;
World Health Organization, 2021). Tungsten concentrations decrease rapidly
with distance from the roadway, suggesting an indisputable source of transport
pollution (Béckstrom et al., 2003).

Due to the low concentration of tungsten in the natural environment, it can
be a suitable identifier of road and traffic pollution (Backstrom et al., 2003).
Tungsten naturally escapes into the atmosphere in wind-blown dust from the soil,
or it can enter waters by leaching. Several studies have reported increased
tungsten content in road dust stormwater runoff from road and roadside soils
associated with tire stud wear, car wear and heavy traffic flow (Peltola &
Wikstrom, 2006; Bucko et al., 2011).

Most of Latvia's population lives in cities, so air quality studies, which
include snow and street dust analysis, are very important to determine the origin,
distribution and level of heavy metals in the urban environment, near streets and
roads. Urban air quality studies are vitally necessary for the development of
urban planning documents and for setting the goals of the city's sustainable
development strategy.

69



Cause of premature death (Cariolet et al., 2018).

Diseases of the central nervous system (Kim et al., 2020).
Neurodegenerative diseases, cognitive diseases, disturbed neuron
development (Levy 2015; Morris et al., 2021).

High doses of zinc in the body contribute to lethargy and general
fatigue (Xue et al., 2020).

Promotes the development of cardiovascular diseases
Heart (Cosselman et al., 2015; Franklin et al., 2015; Hayes
et al., 2020).

Chronic respiratory diseases (D’Amato et
al., 2013; Wahab et al., 2020).

Promotes the development of pneumonia,
Lungs lung cancer (Brabec et al., 2020).
Asthma worsens (Mortazavi et al.,
2019).

Kidney diseases (Xu et al., 2018; Chen et al.,
2021; Okoye et al., 2022).

Bladder and urinary tract cancer risk (Zare
Sakhvidi et al., 2020).

Acute liver failure, liver cancer (Brabec et al.,

Liver 2020).

Increased risk of infertility (Mahalingaiah et al.,
2016).
s Fertility problems and reduced sperm quality
Reproductlve (Selevan et al., 2000; Deng et al., 2016; Zhang et al.,
system 2020; Qian et al., 2022; Xu et al., 2023 ).

Polycystic ovary syndrome (Lin et al., 2019).

Dementia (Power et al., 2016).
Other Breast cancer (White et al., 2019).
. Headaches (Kampa & Castanas 2008).
illnesses and Diabetes, skin lesions (Brabec et al., 2020).
diseases Dysfunction of the endocrine system (Rudel &Perovich 2009).
Air pollution causes oxidative stress in the body, which is a known risk
factor for metabolic dysfunction diseases (Squitti et al., 2019).
Type 1 diabetes (Elten et al., 2020) is associated with Cr; Mn; No; Pb; Zn (Forte et al.,
2013). Adverse prenatal outcome (Ghosh et al., 2021).

Fig. 1.1. Health problems caused by air pollution
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1.1. The limits of the thesis

Ecological risks (English ecological risk) are related to possible damage to
nature, society and individual health, arising due to various ecological factors.
These risks arise both as a result of deliberate human activity, such as polluting
the environment, and also as a result of unknown or uninformed activity, when
people are not fully aware of their effects. Environmental risks threaten people's
working, living and recreational conditions, as well as health, and can
significantly affect the quality of life (Beck, 1995; Bartell 2008). According to
the recommendations of the World Health Organization, health risk assessment
includes three stages (World Health Organization, 2016). The first step is to
estimate the population's exposure to the relevant pollutants, the second step is
to estimate the health risk associated with air pollution, and the third step is to
calculate the uncertainty (EEA, 2018). In order to understand the health effects
of various pollutants, data on population exposure to various pollutants,
epidemiological data and toxicological studies are used. After the pollution level
is determined, the data can then be used to perform risk characterization, which
involves integrating exposure data with health effects data to estimate the
likelihood of adverse health effects in a population exposed to a given level of
air pollution.

In the doctoral thesis, the first stage of the risk assessment determined
by the recommendations of the World Health Organization has been carried
out: the concentration of various polluting substances has been determined
and risk maps of the spatial distribution of the level of pollution have been
developed.

1.2. Aim of the study

The aim of the doctoral thesis is to develop a methodology for assessing the
risk of spatial spread of air pollution, based on bioindication methods and heavy
metal concentrations in snow.

1.3. Research tasks

1. Collection of research experience of air pollution of heavy metals and solid
particles (PM) suspended in the air;

2. Approbation of long-term and short-term air pollution detection methods in
the city of Jelgava;

3. Determination of concentrations of air pollution with chemical elements in
the city of Jelgava;
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Performing a spatial analysis of the distribution of air pollution with chemical
elements;
Identification of sources of air pollution using modern statistical methods.

1.4. Thesis statements

Snow is a good indicator for assessing urban air quality.
By comprehensively assessing long-term and short-term air pollution, it is
possible to assess the dynamics of urban air pollution in time and space.

1.5. Scientific novelty

For the first time in Europe, the study obtained continuous 7-year data on the
accumulation of various heavy metals and other chemical elements in the
snow cover in the urban environment with high resolution, covering the entire
city area.

For the first time, complex studies were carried out for the identification of
short-term and long-term air pollution using chemical analysis and
bioindication methods.

Using ArcGIS and complex statistical methods, an analysis of the risks
caused by the main sources of pollution in the urban environment has been
carried out.

The optimal density of air quality sampling plots in the urban environment
has been specified.

Specified method of snow sample preparation before ICP chemical analyses.
It has been verified that ICP-MS is the most suitable chemical analysis
method for snow sample analyses.

1.6. Structure of study

The study of the doctoral thesis is made in several stages in order to achieve

the goal set for the doctoral thesis (see Fig. 1.2).
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Compendium of Research Experiences in Heavy Metals and Airborne Particulate
Matter (PM) Pollution (Publications I-XIII).

Approbation a

Fig. 1.2. The main steps of the dissertation research

2. MATERIALS AND METHODS

Based on the doctoral thesis's objective, various methods for assessing urban
air pollution levels were explored. The research commenced with a lichen
inventory (X Publication), followed by chemical analysis of Maritime sunburst
lichen (Xanthoria parietina) (X Publication), and the placement of Tube Lichen
transplants (Hypogymnia physodes) across Jelgava city (X Publication).

The doctoral thesis examines a 7-year period (2017 - 2023) involving the
collection and analysis of snow samples (Publications 1-XI1I). It explores the
improvement of sample collection sites and the necessity of various equipment
when analyzing snow samples to obtain the most accurate results.

2.1. Description of the research object

Jelgava is located in the central part of Latvia, being part of the Zemgale plain
(see Fig. 2.1). Lielupe and Driksa cross the city, while the Svéte river flows
through its territory. The area of Jelgava city reaches 60.32 km? With its
population, Jelgava is one of the largest cities in Latvia. According to official
statistics portal data, from the beginning of 2017 to the beginning of 2023, the
population of Jelgava has fluctuated from 56,026 to 54,836, and this number is
decreasing every year (Oficialais statistikas portals, 2023).



Lietuva

Fig. 2.1. Geographical location of the city of Jelgava

The climate of Jelgava belongs to the moderately continental zone. The
average air temperature in winter is around -5.5 °C, but in summer it reaches
+17.1 °C. The average monthly temperature range during the year is 22.1 °C. On
average, there are 150-155 days with cloudy weather and 170-180 days with
precipitation per year. Average annual rainfall ranges from 550 to 560 mm. The
highest absolute air humidity is in June, and the lowest in February. The frost-
free period lasts from 135 to 145 days (Latvijas Vides, Geologijas un
Meteorologijas centrs, 202). Usually, the permanent snow cover is formed at the
end of December. The thickness of the snow cover is very variable and ranges
from 10 to 25 cm (Latvijas Vides, Geologijas un Meteorologijas centrs, 202).

A campaign-based vehicle count was conducted in the city of Jelgava. During
the vehicle count on the Dobele Highway near the Svete River bridge in July
2020, an average of 10488 passenger cars, 758 trucks, and 375 vehicle
combinations were counted over 24 hours. On July 19, 2021, near the intersection
of Miera Street and Bauska Street, where one of the sample plots is located, an
average of 11192 passenger cars, 949 trucks, and 986 vehicle combinations were
counted over 24 hours. On May 21, 2022, on Viskali Street, an average of 1476
passenger cars, 111 trucks, and 48 vehicle combinations were counted over 24
hours. On Karniu Road, where two of the study's sample plots are located (N 56°
37'33"; E 23°46' 27" and N 56° 37' 33"; E 23° 46' 27"), the vehicle count from
January 18 to January 24, 2023, recorded an average of 549 passenger cars, 37
trucks, and 21 vehicle combinations over 24 hours. At the intersection of Rigas
Street and Skautu Street in June 2023, an average of 661 passenger cars and 11
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trucks were counted over 24 hours. On Kalnciema Road near the Loka magistral
with a view towards the city center, vehicle counting was conducted in March
2023, where an average of 2094 passenger cars were counted over 24 hours other
vehicles were not counted.

2.1.1. Long-term pollution detection methods

Lichen indication method. In the territory of the city of Jelgava, there is a
diverse density of buildings and the intensity of business activity is unevenly
distributed throughout the city. For the purpose of licheno-indication, the city
was divided into 104 plots, taking into account the density of buildings, the
presence of industrial enterprises and the location of the main transport routes.
The central district was divided into 52 plots with an area of 500 m x 500 m, and
the rest of the city into 1000 m x 1000 m plots, which made a total of 52 more
plots (X Publication). This plot layout was developed based on air quality studies
conducted in 1996 and 2006. In 2016, 21 more plots were added to the territory,
according to the development of the city and the expansion of buildings
(Grinfelde et al., 2017). In total, in 2016, lichen indication was performed in 125
sample plots (see Fig. 2.2).

Fig. 2.2. Location of lichen indication plots in the city of Jelgava
75



In the study of the city of Jelgava, a total of 1,250 deciduous trees were
selected and surveyed for lichen indication: Apple Trees (Malus spp.), Silver
Birch (Betula pendula), Gray Alder (Alnus incana), Pear Tree (Pyrus spp.), Lime
Tree (Tilia spp.), Alder (Alnus glutinosa), ashleaf Maple (Acer negundo),
pedunculate Oak (Quercus robur), Norway Maple (Acer platanoides), parastas
Horse chestnut (Aesculus hippocastanum), Wych EIm (Ulmus glabra), European
white elm (Ulmus laevis), European rowan (Sorbus spp.), Plum Tree (Prunus
spp.) and Willows (Salix spp.). The trees were selected to be approximately the
same height, similar crown shape, similar size and age. It was important that they
grow in similar places - mainly on the sides of streets and roads. In total, there
were 125 sample plots in the entire territory of the city of Jelgava, 10 trees were
selected in each sample plot, the count of lichen species was performed for all
ten selected trees, in the entire area of the tree trunk from 30 cm to 2 m in height.
Percent lichen cover by species was estimated from the side of the tree trunk with
the most lichens (Grinfelde et al., 2017).

Calculation of the Air Purity Index (1AP) was first described by Leblanc and
DeSloover in 1970. Index of Atmospheric Purity (IAP) is calculated for each
plot. The sum of the product of the Q value of the toxic tolerance factor of all
lichen species and the f value of the degree of occurrence of the cover is
examined and compiled. It is calculated according to formula 1.

It is calculated according to formula 1:

14p = £ &0 M
where:

IAP — Index of Atmospheric Purity;

n — number of lichen species in the study area;

Q —toxicotolerance factor (constant for each lichen species), calculated using
formula 2:

Q=ni/ ny, 2
where:

n; — the total number of all lichen species in all plots that contain the species
of interest;

n, —sum of sample plots in which the species of interest is present;

f — degree of occurrence of cover, determined by the combination of the
percentage cover of a lichen species and the frequency of occurrence of a lichen
species in each plot.

f values:

1 — the species is rare, with little cover;

2 — species rare or with 1-5% coverage;

3 — species not often or with 5-10% coverage;

4 — species often or with 10-20% coverage;

5 — species very common with cover greater than 20% (Leblanc & DeSloover,
1970).
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Lichen sample analysis method. For chemical analysis of the lichens,
Maritime sunburst lichen (Xanthoria parietina) was collected in order to
determine the long-term pollution accumulated in the lichens. Lichen samples
were obtained from 20 sample plots (see Fig. 2.3), each of them in 3 repetitions.
The coordinates of the yellow wall lichen (Xanthoria parietina) are given in
Pilecka et al. (2017) in the publication

Fig. 2.3. Maritime sunburst lichen (Xanthoria parietina) sample collection
sites in the city of Jelgava

These plots are located in the parts of the city of Jelgava, which have the most
intense anthropogenic influence. They include blocks of high-rise residential
buildings, residential districts, industrial zones, intensive traffic sections and
other places characterized by anthropogenic influence. For comparison purposes,
samples were also collected from a natural forest approximately 5 km from the
city boundary (X Publication).
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Maritime sunburst lichen (Xanthoria parietina) was collected from the trunks
of deciduous trees at a height of about 1.3 — 1.5 meters above the ground. The
lichen was collected by separating its leaves from the tree trunk with tweezers,
the collected samples were placed in absolutely clean glass containers and dust-
free nitrile gloves were used during lichen collection (see Fig. 2.4).

Fig. 2.4. A specimen of Maritime sunburst lichen (Xanthoria parietina)
collected from a tree trunk

2.1.2. Methods for determining short-term pollution

Lichen transplantation method. When reviewing various studies and
working with bioindication methods, it is important to take into account various
important parameters that affect the level of pollution and its dispersion in street
canyons: street dimensions, wind speed and direction, location of buildings,
thermal stratification, movement of vehicles (size, number), etc. (Xie et al.,
2005). Plots were selected in the central part of the city, which has the highest
anthropogenic load and population (see Fig. 2.5). Samples of Tube Lichen
(Hypgymnia phydosis) were collected in a forest approximately 5 km from
Jelgava city center. Transplants were placed in the plots by attaching them to
existing tree branches with metal wire at a height of 1.5 meters above the ground
(X Publication). All transplants were placed on the SW side of the tree (see Fig.
2.6).
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Fig. 2.5. Tube Lichen (Hypogymnia physodes) transplant plots

Fig. 2.6. Tube Lichen (Hypogymnia physodes) transplant at Jelgava
railway station, 2016
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Method of analysis of snow samples. Analysis of snow samples is one of
the methods used to determine short-term air pollution by chemical elements in
urban areas (Engelhard et al., 2007; Cereceda-Balic et al., 2012; Vasi¢ et al.,
2012; Xue et al, 2020). In general, snow samples have been collected from 2017
to 2023 (1-XI11 Publication). The period of snow accumulation is from 5-9 days.
When the research started in 2017, snow samples were collected in 20 sample
plots closer to the city center (in addition, 1 sample plot 5 km outside the city, in
the MeZciem forest massif), but starting in 2018, snow samples were collected in
59 sample plots located in the city of Jelgava and 1 in the sample plot, which is
5 km outside the city, in the Mezciem forest massif (see Fig. 2.7). In order to
ensure an even and maximally accurate result, one sample plot must be created
for each square kilometer of the city (on average there is 1 sample plot per 1
km?). 3 snow samples were collected in each sample area, the entire snow cover
is taken when collecting each sample.

Bopblostbyoin

Fig. 2.7. Development of the location of snow plots in the city of Jelgava
from 2017 to 2023

Snow was collected using disposable dust-free nitrile gloves. These samples
were obtained at a distance of 5 meters from the roadway. The snow was
collected in sterile plastic containers and immediately refrigerated and then
transported to the laboratory.

Collection of snow samples for transport pollution monitoring. Snow is a
good material capable of accumulating information about ambient air quality and
is used as an indicator for determining the impact of transport on overall urban
air quality (Adamiec et al., 2013; Kuoppamaiki et al., 2014). Snow samples were
taken from 3 different roads in the city of Jelgava with different traffic intensity
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(see Fig. 2.8). Each road section had 6 sampling plots, 3 on each side of the road.
Each sampling site is located at three different points in the city. The samples
collected in January 2018 were taken at a distance of 1 m, 50 m and 100 m from
the roadway (VI Publication). Samples were collected in January 2019, at a
distance of 1 m, 10 m and 20 m from the roadway (IV Publication).

22

Latvia

Fig. 2.8. Location of snow sample plots for transport pollution monitoring
in the city of Jelgava

2.2. Sample processing and analysis

ICP spectrometers can be used to analyze environmental samples, various
bioindicators such as lichens, mosses, etc., as well as water samples. The
collected snow samples are brought to the laboratory in melted form. Sample
preparation for each facility is described in publications. The preparation of
samples analyzed by ICP-AES is described (in Publications | and Il), the
preparation of samples analyzed by ICP-OES is described in (I11-VII, X-XII
Publications) (Inductively Coupled Plasma Atomic Emission Spectroscopy
(ICP-AES) is also called inductively coupled plasma optical emission
spectroscopy (ICP-OES). Preparation of samples analyzed by ICP-MS is
described (IX, XI-XIII in Publication).

By using and comparing the preparation of different samples for the ICP-
OES machine, the options were considered that snow samples are filtered
through a paper filter and acidified to 1% HNOs3, while the other option is that
the snow samples are acidified to 1% HNOs3, kept for 3 days and then filtered
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through paper filter (111 Publication).

The samples collected in 2017 and 2018 were analyzed with both ICP-AES
(Inductively Coupled Plasma Atomic Emission Spectrometry) and ICP-OES
(Inductively Coupled Plasma Optical Emission Spectrometry) spectrometers.
Looking at table 2.1. it can be seen that the data obtained by ICP-AES are used
in two publications (Publication I and Il). The samples collected in 2019 were
analyzed with an ICP-OES spectrometer. Samples from 2020 - 2023 were
analyzed with an 8900 Triple Quadrupole ICP-MS (Inductively coupled plasma
mass spectrometry) spectrometer (see Table. 2.1).

For analysis, Maritime sunburst lichen (Xanthoria parietina) was used for
ICP-OES (X Publication), the lichen is dried and separated from the smallest
impurities (tree leaves, barks, etc.) before analysis. The exact preparation of
lichen for analysis can be seen in X Publication.

2.3. Data and statistical methods used in the study

The research uses the lichenindication method, where lichen inventory was
carried out in 125 plots, which is described in more detail in the tenth publication
(X Publication), the Tube Lichen (Hypogymnia physodes) transplant method
(Grinfelde et al., 2017). A method was used where Maritime sunburst lichen
(Xanthoria parietina) was collected in 20 plots and chemical analyzes were
performed (X Publication). Snow samples were collected in 20 plots in 2017
(Publication I and X) and from 2018 to 2023 in 60 plots (Publication II, 11, V,
VII, VI, IX, XI, XII, XII). When inspecting the transport corridors, snow
samples were collected in 18 sample plots in 2018 and 2019 (IV and VI
Publication) (see Table. 2.1).

Data sets and statistical methods used in the study, which are used in the
study, are summarized in Section 2.1. in the table. Geographic information
systems (GIS) provide suitable tools for describing spatial relationships. ArcGIS
software was used to understand the spatial distribution of air pollution with
heavy metals. Spatial analysis was performed with the IDW (Inverse-Distance
Weighting) method built into the ArcGIS software (1, 11, VV and X1 publications).
The method was chosen based on the literature on the adequacy of the method
when analyzing air pollution data (Garcia et al., 2016; Chen et al., 2018), and
compared to other tools, IDW is an easy-to-use program because it does not
require prior data modeling or subjective assumptions (Jumaah et al., 2019; Xu
etal., 2022).
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Table 2.1. Data sets and statistical methods included in the study
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In total, more than 20 chemical elements are included in the research, thirteen
of which are heavy metals, which are given special attention in the doctoral
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thesis. Heavy metals such as lead, nickel copper and zinc have been analyzed and
described the most in the study. The chemical elements included in the study,
which have been reviewed and described in various publications, can be viewed

in 2.2. in the table.

Table 2.2. Chemical elements included in the study

I
il
v
IX

Publications = X

Xl
XIlI

Lead (Pb)

Nickel (Ni)

X|X|X| vy
X[ X[ Xy
X | X | X

Copper (Cu)

X | X | X[ X
X | X | X|X
X | X | XX |V

Vanadijs (V)

Iron (Fe)

XX | XXX | X[V

Chromium (Cr)

Arsenic (As)

XX [ X|X|X|X|X]|X
X
X[ X|X[X|X|X|X|X]| x

Zinc (Zn)

Aluminum (Al) X

Manganese (Mn) X | X| X| X

XX | X [X[X[X[X

Silicon (Si) X

Calcium (Ca) X

Potassium (K)

Magnesium (Mg)

Sodium (Na)

Barium (Ba)

Cadmium (Cd)

Cobalt (Co)

Molybdenum (Mo)

XX [X|X[X|X|X|X|X|X|X|X]|X

Strontium (Sr)

Tungsten (W) X

* Heavy metals are colored orange.
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In the city of Jelgava, a long-term and short-term pollution monitoring
network has been approved and established, which allows to assess the dynamics
of air pollution in time and space. A database containing chemical element
concentrations in snow in 60 sample plots from 2018-2024 has been created. for
the year, which will be maintained and supplemented every year (Pilecka-
Ulc¢ugaceva 2024g; Pilecka-Ulcugaceva 2024f; Pilecka-Ul¢ugaceva 2024e;
Pilecka-Ul¢ugaceva 2024d; Pilecka-Ul¢ugadeva 2024c; Pilecka-Ul¢ugaceva
2024b). The concentrations of chemical elements in snow, which characterize
the 2020 data, are published in publication IX. The data of the first year of the
study obtained from 20 sample plots in 2017 on the concentrations of chemical
elements in snow are available in the Pilecka-Ul¢ugaceva (2024a) database.

3. RESULTS AND DISCUSSION

This chapter summarizes the main research results of the doctoral thesis,
which are divided into four subsections, where the first subsection reflects the
approval and improvement of long-term and short-term air pollution detection
methods. The second subsection describes the determination of concentrations
of air pollution with heavy metals. In the third subsection, a spatial analysis of
the distribution of air pollution with heavy metals was carried out. The
identification of sources of air pollution with heavy metals is described in the
fourth subsection.

3.1. Approbation and development of long-term and short-term air
pollution detection methods

This subsection summarizes the approval and development of long-term and
short-term pollution detection methods. A detailed description of the approbation
and improvement of the methods is given. Long-term and short-term air pollution
detection methods can be used to determine air pollution, and the approbation
and improvement of these methods (I11, IX, X Publication) is an inevitable part
of the work.

3.1.1. Approbation of long-term air pollution detection methods

There are various methods for assessing long-term pollution, which can be
divided into both chemical and biological methods. One of the methods for
determining long-term air pollution, which belongs to the section of biological
methods, is the calculation of the Index of Atmospheric Purity. Lichens represent
well areas affected by sulfur dioxide (Orlova et al. 2015), nitrogen oxides
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(Mateos and Gonzalez 2016) and heavy metals (Kularatne and De Freitas 2013;
Parzych et al., 2016). Accumulation of toxic elements in lichens correlates with
distance. from the pollutant (Attanayaka and Wijeyaratne 2013). The Maritime
sunburst lichen (Xanthoria parietina) collection and analysis method (Pilecka et.
al., 2017) has also been used to determine the long-term air quality of the city of
Jelgava, which is the second long-term pollution detection method that belongs
to the analysis of various chemical substances in organisms and cells.

In Jelgava city territory, air quality was assessed using data from 125 sample
plots, and three air pollution zones were identified. A high pollution area (group
1) was an area with minimal lichen numbers or survival (IAP from 0-110). The
medium pollution zone (group 2) was a limited lichen population or transition
zone (IAP = 111 — 200). The low pollution zone (group 3) included areas where
the presence of lichens was rich or where a natural environmental zone prevailed
(IAP> above 200). According to a 2017 study by Grinfelde et al., the area of high
air pollution in Jelgava occupied 1.66 km?2 or 2.75% of all city areas in 2016.
This zone was found in 4 sample plots: three in the center of Jelgava (in the area
where the Jelgava wastewater treatment facilities are located; at the intersection
of Meiju road and Kazarmes streets, in the area of Palidzibas Street) and one
outside the center (near the Langervalde Forest). In 2016, the medium air
pollution zone in Jelgava occupied 26.54 km? or 44.0% of the total area.
Compared to the previous results from 1996, the average area of air pollution
slightly increased from 25.76 km? to 26.54 km?, but compared to the results of
2006, it decreased from 29.26 km? or 48.51% to 26.54 km? or 44.0%. In 2016,
the low air pollution or clean air zone in Jelgava occupied more than half of the
city's territory - 32.12 km? or 53.25% (see Fig. 3.1.).
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Pollution zones, 2016

® Low pollution
Medium pollution

@ High pollution

Fig. 3.1. Air quality zones according to the IAP index

3.1.2. Approbation of short-term air pollution detection methods

Both the lichen transplant method and the snow sampling method can be used
to determine short-term air pollution. Both methods have been used to determine
short-term air pollution in the city of Jelgava, the Tube Lichen (Hypogymnia
physodes) transplant method has been used for air quality monitoring in the city
of Jelgava since 1996 (Grinfelde et al., 2017).

Monitoring carried out in 2016 shows that the vitality of Tube Lichen
(Hypogimnia physodes) varies in the area of Jelgava city. In two monitoring
locations - Prohorova street/Neretas street (No. 16) and Langervalde forest
(Rubenu road) (No. 17) - lichen necrosis and peeling of leaves were detected
after only 2 months (July, August), so repeated studies were carried out in these
places - regenerated lichen samples, which showed necrosis and complete
peeling of the leaf after 31 and 90 days, respectively. These differences in the
duration of the period could be explained by the greater physiological activity of
lichens in the summer period compared to the autumn/winter period. In three
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monitoring locations - Viskalu street/Ladu street (No. 1), Lietuvas
highway/Savienibas street (No. 3) and Ausekla street/Blaumana street (No. 13) -
lichen necrosis was detected after 3 months (92 days). The pollution caused by
road transport has affected the air quality in these places, especially the proximity
of the Lithuanian highway.

The situation is slightly better in five monitoring locations - Lietuvas
highway/Platones street (No. 2), Tervetes street crossing (No. 5), Satiksmes
street/Ganibu street (No. 12), Rigas street (No. 19) and Dobele
highway/Satiksmes street (No. 11) - lichen necrosis was detected after 5 months
or 153 days, but on Dobele highway after 6 months or 184 days. Pollution caused
by road transport is also a major factor in these areas. On the other hand, in three
monitoring locations - Teérvetes street/Pavasara street (No. 7), Liela street/Ozola
square (No. 8) and Aspazijas street/Asteru street (No. 10) - lichen necrosis was
detected after 7 months or 215 days. Open spaces with greenery (Ozola Square
and Aspazijas street/Asteru street) have a beneficial effect in these last places,
which ensure the dispersion of pollution. For lichens, after 8 months (243 days),
only leaf color changes were detected in monitoring locations - Liela street/Liela
street/Pillsalas street (No. 14), Rigas street/Brivibas bulvaris (No. 15), Aviacijas
street (near the oil base) (No. 18) and TC Valdeka/Rigas street (No. 20). Very
good vitality (8 months or 243 days) is maintained by lichens in monitoring
locations - Railway Station (No. 4) and Liela Street/Dobeles Street. Both of these
sites have relatively large open spaces, and in both sites the trees to which the
specimens are attached are apple trees.
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Fig. 3.2. Lichen transplant placed at the Jelgava railway station, 2016

After testing, methods for determining short-term air pollution using snow
samples are described (Publication I11).

@KL _SM 4
&« sv 3
WKL SM 2
AKLSM 1
® PM 10

Fig. 3.3. Results of short-term air pollution cluster analysis based on the
chemical composition of snow samples, samples collected on 14.02.2017
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Cluster KL_SM_4 is characterized by extremely high pollution, where the
primary source is pollution from transport. Cluster KL_SM_3 is characterized by
high pollution caused by transport exhaust gases. Cluster KL_SM 2 is
characterized by high pollution resulting from industrial processes, while cluster
KL_SM_1 is characterized by relatively clean air with little pollution from
transport (Pilecka et al., 2018). The results of the snow cluster analysis are shown
in Figure 3.3.

3.1.3. Improvement of long-term and short-term air pollution detection
methods

Looking at the various methods that can be used to determine both long-term
and short-term air pollution detection options in the urban environment, it is
possible to choose the best of the methods. In the course of the work, methods
have been improved - from 20 snow sample plots in the central part of the city,
the number of sample plots has increased to 60 sample plots throughout the city.

Two methods of sample preparation were evaluated and compared
(Publication I1): Group 1 where the melted snow is filtered and then acidified
and Group 2 where the melted snow is acidified and then filtered. Descriptive
statistics for lead (Pb), zinc (Zn), nickel (Ni), vanadium (V), copper (Cu),
manganese (Mn) by analytical group are shown in Table 1, where differences
between analytical groups are significant. For example, the maximum
concentration of Zn, Cu and V in the second group differs by more than 10 times.
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Fig. 3.4. Results of the first group’s agglomerative hierarchical clustering
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Table 3.1. Descriptive statistics of heavy metals by analytical groups
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The results of the agglomerative hierarchical clustering of the first group are
shown in Figure 3.4, 6 classes were identified, and the difference within the class
is 29%, and between classes is 71%. The results of the agglomerative hierarchical
clustering of the second group are shown in 3.5. in the figure, 8 classes were
defined and the deviation within the class is 2% and between classes it is 98%.
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Fig. 3.5. The results of the agglomerative hierarchical clustering of the
second group

Zinc concentrations of the first group of 6 classes are shown in 3.6. in Fig.
where there is an overlap between the classes. The concentration of zinc in 8
groups and in the second group of samples is shown in 3.7. in the figure, where
the zinc concentration within the class boundaries is homogeneous and there is
no overlap between the classes.
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Fig. 3.6. Zn concentrations (ug/l)  Fig. 3.7. Zn concentrations (ng/l) of
of the first group of 6 classes of the 8 classes of the second sample
samples group

Methods for determining long-term and short-term air pollution have been
approved and improved. The results of Maritime sunburst lichen (Xanthoria
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parietina) analyzes are integrated into the work, combining long-term and short-
term pollution detection methods. The chosen method for analyzing snow
samples is published in Publication IX. It was concluded that for the analysis of
snow samples it is necessary to use an inductively coupled plasma mass
spectrometer (ICP-MS), because it has a higher resolution (see Fig. 3.8).

number of
monito es: frum 0 _ampl.e preparation Must be used
to 60 pla dditionally, method: acidification e
) . 5 ICP-MS.
18 transport pollution followed by filtration.
monitoring sites.

Collection of snow

samples once a year.

Fig. 3.8. Improvements in the air pollution detection method and their
stages

3.2. Determination of air pollution with heavy metals and concentrations of
other chemical elements

This subsection presents the results for a simplified determination of air
pollution with heavy metals using the analysis of snow samples at the level of
descriptive statistics. Two devices, an inductively coupled plasma optical
emission spectroscope (ICP-OES) and an inductively coupled plasma mass
spectrometer (ICP-MS), were used to determine concentrations. Inductively
Coupled Plasma Atomic Emission Spectroscopy (ICP-AES), also known as
Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES) both
analytical methods are mentioned in articles.

Summarizing the copper (Cu) results of 2019, it can be concluded that only
in two samples No. 18 and No. 39 the concentration of copper was higher than
the other samples. The concentration of copper in sample No. 18 is 12.5 pg/l,
which is the highest result. In this sample, copper concentrations could be so high
because air quality could be affected by traffic flow, residential development, an
adjacent rail line, and improper waste treatment or illegal burning in private
areas. Traffic in urban areas creates both air pollution and noise. The copper
concentration of sample No. 39 is 11.7 pg/l. The concentration of copper in this
sample could also be affected by traffic. The nickel (Ni) results show that only
one sample has a higher concentration of nickel than the other samples. Nickel
concentration in most samples is less than 0.6 pg/l. The highest concentration of
nickel is in sample No. 2, where it is 4.4 pg/l. In sample No. 2, the concentration
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of nickel could be so high, because the air quality could be affected by the
construction of private houses, which use unsuitable fuel for heating the
buildings during the winter period. A transport corridor is also located near this
sample area, which affects air quality due to heavy traffic. The concentration of
lead in sample No. 13 is 11.1 pg/l. The lead concentration in this sample could
be so high because air quality could be affected by traffic on the nearby
Lithuanian highway. Pollutants such as lead (Pb) and copper (Cu) enter the air
from vehicle exhaust (Pilecka et al., 2018).

The highest lead concentration is in sample No. 48. The lead concentration
in this sample is 72.3 pg/l. Compared to the lead concentration in the Viskali
Street sample, this sample contains approximately seven times more lead. Lead
concentration can be affected by waste incineration in private homes (Pilecka et
al., 2018). The amount of vanadium (V) in most samples is less than 0.7 pg/l, but
in other samples it is not more than 1 pg/l. There is heavy traffic and a railway
line nearby, where the concentration of vanadium is greater than 0.7 ug/1.

Zinc (Zn) results show that zinc concentration in three samples is greater than
50 pg/l. Samples No. 39, No. 46 and No. 48 have the highest zinc results. Zinc
concentration in sample No. 39 is 53.7 pg/l and in sample No. 46 73.2 ng/l is
affected by traffic. The highest zinc result appears in the results of sample No.
48. The concentration of zinc in this place is 204.5 pg/l. Air quality could be
affected by traffic and building heating using unsuitable fuels such as waste.

Looking at the determination of concentrations of other chemical elements,
in this case, the results of 60 aluminum measurements from various sample
collection sites in Jelgava in the period from 2018 to 2021 were used to process
data on the distribution and concentration of aluminum in the city of Jelgava.

Table 3.2. Aluminum (Al) measurements in snow from 2018 to 2021.

. Al pg/l| [Al pg/l|| Alypg/l| | Al pgl|
Variables 2018 2019 2020 2021
Number \Valid 60 60 60 60
Invalid 0 0 0 0
Average value 1.13 0.08 91.68 32.58
Standard error of the mean 0.48 0.01 22.56 6.67
Median 0.25 0.06) 38.59 12.20
Standard deviation 3.68 0.06 173.30 51.23
Dispersion 13.53 0.004] 30032.99  2624.48
Minimum 0.04 0.02 4.32 4.43
Maximum 28.00 0.36f 1183.66 315.17
Percentile 25 0.11] 0.04 19.84 7.36
50 0.22 0.06 38.59 12.20
75 0.83 0.09 71.32 35.34
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Most of the sampling sites are located approximately 5 m from the roadway or
pedestrian sidewalks, which could show higher aluminum concentrations.

As can be seen in Table 3.2, the average arithmetic values of aluminum differ
significantly over the years, the lowest value being 0.08 pg/l in 2019, and 91.68
pg/lin 2020. The smallest standard error is in 2019, only 0.01 ng/1, but the largest
is in 2020, reaching 22.56 pg/l. Just like the average arithmetic values, the
medians differ significantly by year, being only 0.06 pg/1 in 2019, and reaching
38.59 ng/l in 2020. According to the table, it can be seen that the largest standard
deviation is observed in 2020 at 173.30 pg/l, and in 2019 it is significantly
smaller at 0.06 pg/l. The lowest minimum measurement value was found in 2019
to be 0.02 ug/l, while the highest minimum value was found in 2021 — 4.43 pg/1.
The lowest maximum aluminum value was found in 2019 — 0.36 pg/l, while the
highest maximum aluminum value in 2020 reached 1183.66 pg/l. Kuoppamaki
et al., (2014) in their study emphasize that the interaction of traffic intensity and
distance from roads was a statistically significant indicator. The influence of
traffic intensity on the dissolved heavy metals was different, but the
concentration was usually higher near or near the roads, than in more remote
places in the city or next to the road, especially in relation to aluminum, such
trends can also be observed in the study conducted in Jelgava when evaluating
aluminum concentrations in the urban environment. The existence of the
maximum values of aluminum in the city of Jelgava is pronounced along the
main transport corridors, which clearly mark them. Kuoppamaéki et al., (2014)
concluded that aluminum concentrations were also higher on high-intensity roads
compared to low-intensity roads (Kuoppaméki et al., 2014), this study also shows
such trends, especially emphasizing the high concentrations near the Lithuanian
highway . The samples collected in 2018 and 2020 mark the Dobele highway and
Rigas street, which is the main road connecting the city of Dobele, the city of
Jelgava with the capital of Latvia, Riga. It should be mentioned that the city of
Jelgava has only one bypass road, which leads to Garozas Street, where in 2019
high aluminium concentrations of 0.26 pg/l were found.

In the future, the local microclimate and wind direction should be analyzed,
because when looking at the distribution of the maximum values found in the
sample plots in the city, common trends are visible by year, for example, all the
maximum aluminum values of 2021 are grouped towards the south of the city.

Evaluating changes in tungsten concentrations over the years, the minimum
value for tungsten in Jelgava territory in 2022 is 0.05 pg/l, the maximum value
is4.35 ug/l, and the median is 0.05 pg/l. The minimum value in 2023 for tungsten
in Jelgava territory is 0.06 pg/l, the maximum value is 0.96 pg/l, and the median
is 0.18 pg/l (see Fig. 3.9).
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Fig. 3.9. Tungsten changes over the years

Using different methods of visual interpretation of data, it was concluded that
it is necessary to use GIS tools to describe concentration distributions. Looking
at the concentrations of heavy metals and other chemical elements, it has been
concluded that it is necessary to regularly accumulate and publish data in open
access scientific databases. Data on Jelgava air pollution with heavy metals and
concentrations of other chemical elements have been published - Data in brief
(IX Publication), data updating is planned every 3 years by supplementing the
information already available in the database.

3.3. Spatial analysis of the distribution of air pollution with heavy metals

This subsection describes the spatial analysis of the distribution of air
pollution with heavy metals. Spatial analysis results can be well represented
using ArcGIS software using the Inverse-Distance Weighting (IDW) method
(Garcia et al., 2016; Chen et al., 2018) (Publications V, 11, 11 and XI). The results
of the study from 2019 confirm that the greatest pollution is in the places of major
streets and intersections. One of the highest concentrations of copper (Cu) is in

96



the center of Jelgava - at the intersection of Liela street and Dambja street and in
the southeast of the city, where it reaches 10.9-12.5 pg/l. The increased
concentration of copper in the city center could be explained by the very
intensive traffic between Riga - Dobeli, Dobeli - Jelgava, as well as at this
intersection there is a gas station, various car repair shops, where many cars
circulate on a daily basis. The burning of petroleum and fossil materials is
associated with the release of copper. Copper concentrations can vary between
city streets depending on the presence of copper in car brakes and where copper
concentrations are released by braking (Engelhard et al., 2007). The pollution in
the Southeast could be explained by unauthorized burning of waste in heating
systems of private houses, which is one of the biggest sources of Cu emissions
in the urban environment (Rodella et al., 2017). Elevated copper (Cu)
concentration varies from 7.8-9.4 ug/l in Aviacijas street, where one of the largest
industrial parks in Latvia is located with a total area of 23 ha.

The territory of this park includes rubber production and processing, metal
processing, PET bottle processing, powder metallurgy and other production
processes. The significantly increased concentration of nickel in the
northwestern part of Jelgava can be explained by logging works, which were
intensively carried out at the end of 2018 and in the first quarter of 2019. The
pollution in this area could be affected by the activities of a nearby car workshop.
In order to more precisely clarify the sources of Ni, it is necessary to conduct an
additional study where the source of nickel pollution is determined at the local
level.

Pb (ug/h)
[ 1.00-8.75
N [ 8.75-16.50

7 [ 116.50-24.24
| 24.24-31.99
31.99-39.74
39.74-47.48
47.48-55.23
55.23-62.98

mAOL

Fig. 3.10. Distribution of lead (Pb) in Jelgava in 2019
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Lead (Pb) refers to anthropogenic pollution from car emissions, brake wear
(Xue et al., 2020). The snow analyzes carried out in the city of Jelgava clearly
indicate places with intense traffic, frequent traffic jams and intersections with
intense car traffic flow (see Fig. 3.10).

The highest concentrations of manganese (Mn) are found at local important
intersections, indicating the impact of heavy traffic and congestion on urban air
quality. Areas with pollution from 27 to 54 pg/l could indicate anthropogenic
pollution from heating systems of private houses, as Mn is known to be released
during the burning of waste and other fuels. In the industrial zone, the level of
zinc is usually higher than in other parts of the city, for example, in the city of
Jelgava, the highest concentrations of Zn are found in Aviacias iela sample plots,
where it ranges from 153.2 to 204.3 ug/l. This area is home to one of the largest
industrial parks in Latvia, where various types of industrial activity take place.

Looking separately at the changes in relative concentrations in the data of
February 2017 and February 2018, it can be seen that in Jelgava the changes in
the relative concentrations of nickel (Ni) are not particularly large, but the
concentrations are evenly distributed throughout the city. The relative maximum
values of changes in the relative concentrations of nickel are next to the Tervetes
street railway overpass and at the intersection of Riipniecibas and T&rvetes
streets. Large changes in the relative concentration of Ni are usually caused by
heat energy producers as well as private house heating systems. The biggest
increase in copper (Cu) concentration is in the area of Satiksmes Street, where
public transport parking spaces are located. Copper (Cu) pollution is associated
with traffic intensity, heating systems of private houses, fossil fuels, fireworks
and metal industry.

Zinc (Zn) is considered a toxic metal, it is produced in the process of
industrial activity as a result of the burning of coal, and it is also related to the
intensity of traffic. In Jelgava, the changes in the relative concentrations of zinc
(Zn) are not large (see Fig. 3.11), but the concentrations are not evenly distributed
throughout the city.

The relative maximum values of changes in the relative concentrations of
zinc (Zn) are at the Tervetes street railway overpass, at the intersection of
Riipnicias and Tervetes Streets, and in the area of Satiksmes street, where public
transport parking spaces are located.

Changes in the relative concentrations of lead (Pb) in the city of Jelgava are
shown in 3.12. figure. The relative maximum values of changes in the relative
concentrations of lead (Pb) are next to the Tervetes Street railway overpass, at
the intersection of Riipniecibas and Te€rvetes Streets and in the area of Satiksmes
Street, where there is a public transport parking lot. The presence of lead (Pb) in
the city of Jelgava is related to burning, burning of oil and fossil materials, and
transport.
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Fig. 3.11. Changes in zinc (Zn) pg/l relative concentrations (February 2017
and February 2018) in the city of Jelgava
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Fig. 3.12. Changes in relative concentrations of lead (Pb) pg/l in the city
of Jelgava

Vanadium (V) is considered a typical indicator of the oil combustion process,
the changes in relative concentrations of vanadium (V) in Jelgava are not
particularly large, but the concentrations are not evenly distributed throughout
the city. The relative maximum values of changes in the relative concentrations
of vanadium (V) are next to the Térvetes street railway overpass. Iron (Fe) is
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usually produced by burning fossil fuels. The source of iron particles is the wear
and tear of the engine and car body material. In Jelgava, the changes in the
relative concentrations of iron (Fe) are not particularly large, but the
concentrations are fairly evenly distributed throughout the city.

The relative increase in arsenic (As) and chromium (Cr) concentrations is
concentrated in the overpass area of Tervetes street and Satiksmes street. Arsenic
(As) is produced as a result of burning fossil fuels, chromium (Cr) is also directly
related to traffic intensity and waste burning.

Looking at different ways to perform spatial analysis, such as zinc (Zn),
aluminum (Al), copper (Cu) and iron (Fe), they were grouped by concentration
using hierarchical cluster analysis with the Euclidean distance algorithm.
Relatively clean, lightly polluted and polluted areas were divided using ArcGIS
software. The distribution of zinc (Zn) by relative concentration is shown in 3.13.
in the picture. Cluster analysis divides 15 groups of relative concentrations. We
defined the first five groups with zinc (Zn) concentration from 0.50 to 4.29 pg/l
as relatively clean territory. We defined the second five groups with zinc (Zn)
concentration from 4.29 to 8.09 pg/l as relatively lightly polluted territory. We
defined the last five groups with zinc (Zn) concentration from 8.09 to 11.88 pg/l
as relatively polluted areas with high anthropogenic influence. The main sources
of zinc (Zn) in urban areas are industry, coal burning and transport. Such
transport corridors as Rigas street, Liela street and Lietuvas Highway, as well as
the railway and the roundabout area are the main anthropogenic sources of zinc
(Zn) in the city of Jelgava (see Fig. 3.13).
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Fig. 3.13. Distribution of zinc (Zn) pg/l in the city of Jelgava
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Aluminum (Al) is one of the main indicators of waste incineration and
fireworks. The distribution of aluminum (Al) by relative concentration is shown
in 3.14. in the picture. Cluster analysis divides 15 groups of relative
concentrations.
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Fig. 3.14. Distribution of aluminum (Al) pg/l in the city of Jelgava

We defined the first five groups with aluminum (Al) concentration from 0 to
0.007 pg/l as a relatively clean area. We defined the second five groups with
aluminum (Al) concentration from 0.007 to 0.012 pg/l as relatively lightly
polluted territory. We defined the last five groups with aluminum (Al)
concentration from 0.012 to 0.039 pg/l as relatively polluted areas with high
anthropogenic influence. A relatively high concentration of aluminum (Al) is
found in areas with private housing. Aluminum (Al) pollution moves in the north,
northeast direction from the city center area due to the prevailing wind. The area
of private houses on Kalnciema road and their heating systems could be the main
source of aluminum (Al) in this area.

Copper is mainly produced in internal combustion engines from the
combustion of petroleum products and waste. Cluster analysis divides 15 groups
of relative concentrations. We defined the first five groups with copper (Cu)
concentration from 0 to 2.01 pg/l as a relatively clean area. We defined the
second five groups with copper (Cu) concentration from 2.01 to 4.20 pg/l as
relatively lightly polluted territory. We defined the last five groups with copper
(Cu) concentration from 4.20 to 6.30 pg/l as relatively polluted areas with high
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anthropogenic influence. The largest concentration of copper (Cu) in the city of
Jelgava is on Liela Street and Rigas Street, which connects Jelgava to Riga.
About 36,000 cars use the main street every day. Copper (Cu) concentrations
also arise from uncontrolled burning of waste in private residential areas.

Looking at the distribution of iron (Fe) in snow water, cluster analysis divides
13 groups of relative concentrations. We defined the first four groups with iron
(Fe) concentration from 0 to 0.007 mg/l as relatively clean territory. We defined
the second five groups with iron (Fe) concentration from 0.007 to 0.017 mg/l as
relatively lightly polluted territory. We defined the last four groups with iron (Fe)
concentration from 0.017 to 0.024 mg/l as relatively polluted areas with high
anthropogenic influence. The concentration of iron particles was increased in the
main road sections, for example Liela street, Rigas street and Lietuvas highway.
Iron concentrations cover the entire city of Jelgava, which shows that there is no
single source of iron (Fe) pollution, but anthropogenic activities such as traffic,
heating systems, industry pollute the air and increase iron (Fe) concentrations in
cities.

When studying the spread of air pollution in the urban environment over a
four-year period and looking at the results of descriptive statistics, it can be seen
that the highest average zinc measurement was obtained in 2018 - 79.62 pg/l,
which is almost 9 times higher than the average measurement obtained in 2020
of 8.88 ng/l. The highest zinc measurement of 1002.05 pg/l was obtained in 2018
and the lowest measurement of 0.99 g/l was obtained in 2020. Looking at the
percentile distribution of values, it can be seen that significantly higher
measurement results were obtained in Jelgava territory in 2018 than in 2019-
2021. 2019-2021 year's measurement values are quite similar. Spatial
representation of normalized zinc measurements in 2018. The highest
concentration of zinc particles was found at the intersection of Dobele and
Satiksmes streets (item 39). The second highest value was found near the
regional road P99 (point 57), as well as on the regional road P95 (points 17 and
21). Significantly high concentrations can also be observed on the national
highway A8 (point 9). Particularly high concentrations of zinc in 2018 can be
explained by fireworks on Post Island (point 48), which serves as a gathering
place for various events. In other years, increased pollution of zinc particles was
not detected in point 48.

In 2019, the cent of the city stands out with the highest zinc pollution, where
most of the highest measurements of zinc particles were obtained. The highest
values were observed directly in the city center (points 45 and 47) and at the
outer border of the city center (points 38 and 43). In 2020, the highest values
were observed on the national highway A8. 3 measurements on this road
indicated an increased concentration of zinc (points 6; 8 and 9). An increased
concentration of zinc particles can be observed near the Dobele highway, as well
as the regional road P100 (point 55). All points of increased concentration
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indicate the movement of traffic in the direction of Riga. In 2021, there is less
zinc particle pollution in the city center than in other years. This year, significant
measurements of zinc particles were observed on the regional roads P99, P100
and P93, as well as on the national road A8. For the first time in 4 years, increased
zinc concentrations were observed in point 4. This point is located in an area of
private houses. The possible contamination could be explained by the
unauthorized burning of waste in the heating systems of private houses.
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Fig. 3.15. Distribution of zinc particles in Jelgava 2018-2021. year

Summarizing the obtained results (see Fig. 3.15), the already obtained image
stands out even more, the city center and main roads are significantly more
polluted by zinc particles than the rest of Jelgava. The greatest pollution of zinc
particles can be observed on the national road A8 (point 8) and the regional road
P99 (point 57). In the center of the city, over a 4-year period, the highest pollution
of zinc particles was found at the intersection of Dobeles and Satiksmes streets
(point 39) and at the intersection of T&rvetes and Pavasara streets (point 47). It is
worth mentioning that the regional road P99 runs parallel to the specially
protected natural area Lielupe floodplain meadows, which has been found to be
highly contaminated with zinc particles and could end up in the protected area.

In the city of Jelgava, pollution is homogeneous, so it is necessary to identify
the sources of pollution.
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3.4. Identification of sources of air pollution with heavy metals

An important aspect in the study of air pollution by heavy metals is to identify
the sources. Looking at the results for pollutant concentrations along roadways,
it can be seen that higher pollutant concentrations are observed 1 m away from
the roadway compared to samples taken from further sampling locations. 3.16.
and 3.17. Figure shows the direct impact of traffic on the concentrations of Cr
and Pb, a close impact of traffic was also visible on such chemical elements as
Mn and V. Concentrations of pollutants decrease at a distance of 10 m. The
obtained results showed that the concentration of Cu and Zn at a distance of 20
m is also influenced by other sources. Comparing the concentrations of Pb, Zn,
and V at a distance of 1 m from the roadway and at a distance of 10 m from the
roadway, the concentrations of pollutants decrease by 6 to 11 times.
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The highest concentrations of Pb and Cr are located on the Jelgava-Riga
highway approximately 4 km from Jelgava city center (see Fig. 3.18 and Fig.
3.19). The highest concentrations of Cu, Mn, V and Zn were also found in this
section of the road. Mn concentrations do not differ significantly in the northern
and eastern parts of the city of Jelgava. The concentration of V changes from a
lower concentration in the western part of the city to a higher concentration in
the eastern part of the city. Cr and Pb concentrations are lower in the northern
part of Jelgava city compared to other places (see Fig. 3.18 and Fig. 3.19). Cu
concentrations are also lower in the northern part of Jelgava city compared to
other places.
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Looking at the 2018 data to identify the sources of pollution, the results show
high levels of copper (Cu) 826.7 pg/l, nickel (Ni) 40.4 pg/l, lead (Pb) 50.5 ng/l,
manganese (Mn) 1351.1 pg/l and zinc (Zn) 992.8 pg/l, concentrations in different
directions of the city. Descriptive statistics on concentrations of copper (Cu),
nickel (Ni), lead (Pb), manganese (Mn) and zinc (Zn) in melted snow samples
are given in 3.3. in the table.

The concentrations of copper (Cu), nickel (Ni), lead (Pb), manganese (Mn)
and zinc (Zn) in the snow samples were analyzed by location group. The
directions of the road are east (A), north (N), west (R) and city center (C). The
Kruskal-Wallis test was used to determine differences between groups. Copper
(Cu) and nickel (Ni) concentrations showed statistically significant differences
between locations Cu p-value was 0.028 and Ni p-value was 0.001, but Pb, Mn
and Zn did not show statistically significant differences by location.

Table 3.3. Statistics on copper (Cu), nickel (Ni), lead (Pb), manganese (Mn)
and zinc (Zn) concentrations

Metals Cu, Ni, Pb, Mn, Zn,

Statistics pg/l ng/l pg/l ng/l pg/l
Number of observations 114 114 114 114 114
Missing observations 0 0 0 0 0
Minimum 2.8 0.4 0.7 5.9 9.2
Maximum 8295 | 4038 51.2 | 1357.0 | 1002.1
Range 826.7 | 404 50.5 | 1351.1 992.8
Median 11.2 2.0 3.6 46.9 34.7
Average 24.5 34 6.2 151.6 86.6
Distance (n) 5957.7 | 201 50.7 | 52613.0 | 16154.6
Standard deviation (n) 77.2 4.5 7.1 229.4 127.1
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Multiple pairwise comparisons using the Steel-Dwass-Critchlow-Fligner
procedure (Spurrier, 2007) were used to determine differences between Cu and
Ni concentrations by location group (West (W); North (N); East (E); Urban
center (C) Wij and group Steel-Dwass-Critchlow-Fligner procedure by location

groups is shown in Table 3.4.

Table 3.4. Wij statistics of Cu and Ni concentrations and group by location
groups using the Steel-Dwass-Critchlow-Fligner procedure

Cu, pg/l
- R Z A C Groups
Cu, pg/1 | W - 2.46 1.48 3.874* A -
Cu, pg/l|N -2.46 - -0.27 1.85 A B
Cu, pg/l | E -1.48 0.27 - 2.11 A B
Cu, pg/1|C -3.87* -1.85 -2.11 - - B
*p-value <0.05
Ni, pg/l
- R Z A C Groups
Ni, pg/l | W - 2.37 1.52 5.17* A -
Ni, pug/1 | N -2.37 - -0.52 2.50 A B
Ni, ug/l | E -1.52 0.52 - 2.89 A B
Ni, pg/1| C -5.17* -2.50 -2.885 - - B
*p-value <0.001
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Table 3.5. Wij statistics of Cu, Ni, Pb, Mn, Zn concentrations and group by
distance groups using the Steel-Dwass-Critchlow-Fligner procedure

Cu, pg/
- |1 | 50 | 100 |5 Groups
Cu, pg/11 - 7.25* 6.40* 6.44* | A -
Cu, pg/1]50 -7.25*% - -0.63 0.35 A -
Cu, pg/l 100 | -6.40* 0.63 - 1.04 A -
Cu, ng/1]5 -6.44* -0.35 -1.04 - - B
*p-value <0.0001
Ni, png/l
- |1 | 50 | 100 |5 Groups
Ni, pg/l]1 - 7.25* 6.76* 785 | A -
Ni, ug/1|50 | -7.25* - -0.11 .06 |A| -
Ni, ug/1] 100 -6.76* 0.11 - 1.64 A -
Ni, ug/l| 5 -7.85* -1.06 -1.64 - -| B
*p-value <0.0001
Pb, ng/l
- |1 | 50 | 100 |5 Groups
Pb, ug/1|1 - 6.35* 7.23* 579* | A -
Pb, ug/1|50 -6.35* - 0.29 -1.31 A -
Pb, ug/1]1100 | -7.23* -0.29 - -1.98 A -
Pb, ug/l|5 -5.79* 1.31 1.98 - - B
*p-value <0.0001
Mn, pg/l
- |1 |50 | 100 |5 Groups
Mn, ng/l |1 - 6.80* 7.11* 6.00* |A| - |-
Mn, pg/1]50 -6.80* - 0.67 -2.72 A|B|-
Mn, pg/1]/100 | -7.11* -0.67 - -3.84** | - | B |-
Mn, pg/l |5 -6.00* 2.72 3.84** - -1 -1C
*p-value <0.0001 | **p-value <0.034
Zn, ngll
- |1 | 50 | 100 |5 Groups
Zn, ng/l|1 - 7.11 7.25 684 |A| -
Zn, ug/1]50 -7.11 - -0.98 -2.03 A -
Zn, ug/1]100 -7.25 0.98 - -2.13 A -
Zn, ug/l|5 -6.84 2.03 2.13 - - B

Copper (Cu), Nickel (Ni) Lead (Pb) Zinc (Zn) concentrations by distance
from the road using the Steel-Dwass-Critchlow-Fligner procedure are classified
into two groups, with 1 m 50 m and 100 m distance in one group and 5 m in the
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second group (see tab. 3.5). Manganese (Mn) concentrations are classified by
distance from the road using the Steel-Dwass-Critchlow-Fligner procedure into
three groups, with 1m and 50 m in one group, 50 m and 100 m in the second
group, and 5 m in the third group (see Tab. 3.5.).

Table. 3.6. Cluster centroid coordinates

Cluster centroid coordinates
Chemical element
1 2 3 4

Al (ug/l) -0.57 1.11 1.06 1.16
Ca (ug/l) -0.44 0.35 1.76 0.25
Fe (ng/l) -0.58 0.41 1.11 0.45
K (ug/l) -0.44 -0.17 0.55 -0.11
Mg (ng/l) -0.40 0.31 2.24 0.51
Na (ug/1) -0.50 0.61 3.84 -0.15
P (ug/l) -0.34 -0.38 111 5.32
S (ug/l) -0.70 0.21 2.54 2.38
As (ug/l) -0.13 -0.13 -0.13 -0.13
Ba (ug/l) -0.37 0.28 0.11 7.15
Cd (ug/l) 0.00 0.00 0.00 0.00
Co (ug/l) -0.25 -0.26 2.36 0.43
Cr (ug/) -0.23 -0.23 -0.23 6.08
Cu (ug/l) -0.85 0.46 0.22 1.80
Mn (ug/1) -0.45 0.35 1.59 0.86
Mo (ug/l) -0.30 -0.30 -0.30 -0.30
Ni (ug/l) -0.23 -0.23 -0.23 -0.23
Pb (ug/l) -0.06 -0.18 -0.20 7.52
Si (ug/l) -0.53 0.67 1.02 0.70
Sr (ug/l) -0.66 0.47 2.05 1.46
V (ug/l) -0.32 -0.32 1.08 3.56
Zn (ug/) -0.45 0.01 -0.03 6.73

108



The results appearing in the Jelgava city study data on heavy metals show
very similar results to other similar studies looking for correlations between
transport intensity and heavy metal pollution in snowmelt waters (Engelhard et
al., 2007). The concentration of copper (Cu), nickel (Ni), lead (Pb), manganese
(Mn) and zinc (Zn) in the study shows a large amplitude with very low values
and extremely high values. It should be noted that there were different
differences between the groups according to the sampling site. The central (C),
north (Z) and east (A) parts of the city showed differences only in Cu and Ni
concentrations, while Mn, Pb and Zn did not show significant differences
between sites. The split groups in this study show the importance of sampling
distance from the road.

The paper examined the possibilities of identifying sources of air pollution
with heavy metals using the hierarchical cluster method. In total, 19 chemical
elements were examined, from which the classification of monitoring points was
carried out using the hierarchical cluster method. The coordinates of the cluster
centroid are given in 3.6. in the table.

Most of the samples had concentrations of chemical elements below the error
value of the instrument, but some samples had concentrations high enough to be
detected. Several clusters were distinguished in this part of the study. The first
cluster includes territories with relatively low air pollution, where all metal
values are below the average value and a control monitoring point is included in
the cluster. The second cluster describes monitoring points where the
composition of chemical elements is characteristic of traffic-induced pollution
(Engelhard et al., 2007; Vasi¢ et al., 2012). The third cluster combines
monitoring points where, in addition to traffic pollution, the content of chemical
elements characteristic of waste and fossil fuel combustion has been identified
(Pacynaetal., 2001; Veysseyre et al., 2001; Rodellaet al., 2017; Gao et al., 2017)
. The fourth cluster consists of one monitoring point where, in addition to
transport pollution, elevated zinc and lead values have been detected. These
metals strongly indicate waste burning (Rodella et al., 2017), which could be
explained by the dense construction of private houses, where a pronounced street
canyon is formed, which hinders air circulation and contributes to the
accumulation of pollution.

Looking at the results of the single-metal cluster analysis showed similar
trends as when looking at the multi-metal cluster. As a result of the cluster
analysis, five tungsten pollution risk groups were distinguished (see Fig. 3.20).
The first cluster has a mean value of 0.119 pg/l and a median of 0.097 pg/l. The
mean value of the second cluster is 2.311 pg/l and the median is 2.311 pg/l. The
mean value of the third cluster is 0.246 ng/l and the median is 0.251 pg/l. In the
fourth cluster, the average value is 0.351 pg/l and the median is 0.355 pg/l. In
the fifth cluster, the average value is 0.443 ug/l and the median is 0.445 pg/l.
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Fig. 3.20. Wolfram Hierarchical Cluster Analysis

In a study conducted in Sweden, tungsten concentrations increased in winter
but were much lower in summer. Average tungsten values in road runoff in
winter were 9.18 pg/l, in summer 1.06 pg/l in Svaneberg town, in Norsholm town
they were 0.58 ug/l in summer, and 5.77 pg/l in winter. Tungsten is often
neglected in road runoff studies, although it is often used in tire studs (Béackstrom
et al., 2003). Our study shows the significant impact of transport corridors,
especially high risk of contamination with tungsten appears in the main transit
direction to Lithuania, where the highest tungsten concentrations appear at the
border of the settlement, rapid braking and starting, where the median value in
2022 was 4.406 pg/l.

The minimum, maximum, average and median values of tungsten are
summarized in table 3.7. The results were obtained after cluster analysis for the
city of Jelgava for 2022 and 2023.

Bourcier et al. In a 1980 study, tungsten was 15,000 ug/l in stormwater
samples from roads containing street dust (Bourcier et al., 1980). In the city of
Jelgava, dust is regularly collected from asphalted streets. The study shows that
unpaved streets are at high risk of tungsten contamination. Tungsten
concentrations in melted snow samples collected in Poland at different locations
were 1.70 pg/l at the airport, 2.59 pg/l near the highway and 1.93 pg/l 1.5 m from
the entrance in the parking lot (Adamiec et al., 2013). In the study conducted in
the city of Jelgava, in 2022 and 2023, the average tungsten concentration ranged
from 0.072 pg/l to 4.352 pg/l (see Fig. 3.21).
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Table 3.7. Wolfram descriptive statistics by cluster

o 5 = 5 = | 92| §=2 E

2 ED | ED | S| T w® =

= c =2 X = L=z 22 x

= > 14

20221 0.050 1.009 | 0.093 | 0.050 Low risk
20222 4.165 4483 | 4.352 | 4.406 Very high risk
2022 |3 0.050 0.310 | 0.087 | 0.050 Medium risk
2022 |4 0.050 0.288 | 0.072 | 0.050 | Moderately high risk
2022 |5 0.050 0.050 | 0.050 | 0.050 High risk
2023 |1 0.050 0.250 | 0.144 | 0.143 Low risk
20232 0.260 0.280 | 0.270 | 0.270 Very high risk
20233 0.290 0.520 | 0.405 | 0.405 Medium risk
2023 |4 0.530 0.740 | 0.635 | 0.635 | Moderately high risk
2023 |5 0.750 0.990 | 0.870 | 0.870 High risk
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Fig. 3.21. Tungsten prevalence in Jelgava, looking at risk levels
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4. CONCLUSIONS AND PROPOSALS

In the world, several groups of scientists conduct research to determine the
air pollution of heavy metals and solid particles (PM) suspended in the air,
however, it should be mentioned that these studies are fragmentary, focused
on a specific type of pollution and do not reflect the urban environment as a
complex and complex source of air pollution.

In the city of Jelgava, a long-term and short-term pollution monitoring
network has been approved and established, allowing the dynamics of air
pollution in time and space to be assessed. A database has been created
containing concentrations of chemical elements in snow in 60 plots from
2018 to 2024.

Jelgava city has a very wide range of air pollution with heavy metals, zinc
(Zn) concentrations vary from 0.007-1002.1 pg/l, copper (Cu)
concentrations vary from 0-829.50 pg/l, nickel (Ni) concentrations vary
from 0.0005 -40.40 pg/1, lead (Pb) concentrations range from 0.7-62.97 pg/1,
manganese (Mn) concentrations range from 5.9-1357.0 ug/l, aluminum
concentrations range from 0.01-1183.66 pg/l.

The spatial analysis of the distribution of air pollution with chemical
elements shows that transport corridors are one of the main factors that
determine the spatial distribution of pollution in the city.

For the identification of air pollution sources, it is necessary to use several
statistical methods in combination with spatial analysis using GIS.
According to the Kruskal-Wallis test, copper (Cu), nickel (Ni), lead (Pb),
manganese (Mn) and zinc (Zn) produced significant differences between
distance groups with a p value < 0.0001.

In the doctoral thesis, the first step in the air pollution risk assessment
procedure established by the World Health Organization, which is related to
pollution concentrations and the risk of their spatial spread, is to be carried
out. The next steps can be carried out by specialists in the field of medical
sciences.

It is necessary to continue the research and analyze the sources of increased
concentrations of chemical substances, which is a very difficult and complex
task, because the urban environment has a whole series of point and diffuse
pollution sources, which are variable in time and space, and which affect the
spatial distribution of pollution, as well as city structures , both global and
local climate.
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