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1. TEMAS AKTUALITATE

Informacija par gaisa piesarnojumu parasti tiek iegiita, izmantojot
dazadas vides parametru metodes — gan nepartrauktus, automatiz&tus merijumus,
gan piesarnojuma izkliedes modeléSanu. Pasreiz€jie risinajumi pilda savu
pamatmerki — noverte eso$as situacijas atbilstibu vides kvalitates normativiem.
Tomeér jaunakie petijumi parada, ka gaisa piesarnojuma joma pastav slépti, griti
pamanami draudi — sinergiskais efekts — palielinata ietekme uz dziviem
organismiem, kuru rada dazadu piesarnojoso vielu un vides faktoru mijiedarbiba.
Piem@&ram, ozons sajaucoties ar citiem piesarnotajiem, rada lielaku ietekmi uz
cilvéku veselibu neka iedarbojoties atseviski (Mauderly and Samet, 2009). Sadi
mijiedarbibas efekti ir Joti sarezgiti un ir atkarigi no daudzu faktoru
kombinacijam — laikapstakliem, gaisa temperatiiras, mitruma, ekspozicijas u.c.
(Stylianou and Nicolich, 2009; Su et al., 2012) — Iidz ar to, tos nav vienkarsi
novertet.

Gaisa piesarnojuma sinergiska efekta novertejuma metozu attistibu kave
atbilsto$u pétijumu trikums (Callahan and Sexton, 2007) — sinergiskais efekts
visbiezak ir apskatits tikai pasu vienkarsako mijiedarbibu forma un parsvara
laboratorijas apstaklos (Meek et al., 2011; Monosson, 2005). Tapéc, izmantojot
esosas zinasanas par piesarnojoso vielu mijiedarbibam, vides parametru metodes
vienas paSas nevar kalpot ka efektivs instruments sinergiska piesarnojuma
novertésanai.

Alternativa ir bioindikacija — piesarnojuma limena noteikSana péc ta
iedarbibas uz konkrétiem dziviem organismiem, jeb bioindikatoriem. Sadi nav
iesp&jams noteikt precizas piesarnojoso vielu koncentracijas gaisa, bet ar
bioindikacijas palidzibu var efektivi novertét dzivu organismu veselibas stavokli
noteikta piesarnojuma Iiment (Tiwari, 2008; Conti and Cecchetti, 2001). Tomér
arl bioindikacija atseviski nevar tikt izmantota ka efektivs sinergiska
piesarnojuma novértésanas risinajums, jo nav iesp&jams pateikt vai konstatétie
indikatororganismu bojajumi ir raduSies atsevisku piesarnotaju iedarbibas
rezultata vai ari to c€lonis ir sinergiskais efekts.

Ta ka abi esoSie gaisa kvalitates noveértésanas panémieni, katrs atseviski,
nav efektivi izmantojami sinergiska efekta noveért€$ana, tos var apvienot.
Pienemot, ka sinergiska efekta gadijuma dziviem organismiem vajadzetu iegit
lielakus bojajumus neka tam vajadz&tu biit konkrétaja piesarnojuma Iimeni,
bioindikacijas un vides parametru metozu apvienoSana viena integréta
risinajuma varétu radit jauno sinergiska efekta novertésanas metodi, kas lautu
izméerit ta raditos “papildus bojajumus” un Iidz ar to arT paSu sinergisko efektu.
Sads integréts sinergiska efekta novertésanas risindgjums varétu bitiski uzlabot
gaisa kvalitates monitoringa efektivitati, jo papildus esoSajiem merfjumiem tiktu
noverteti arT piesarnotaju un vides faktoru mijiedarbibas raditie draudi.



1.1. Promocijas darba merkis un uzdevumi

Izstradat bioindikacija un vides parametru metodé balstitu sinergiska
efekta novertésanas modeli un parbaudit to prakse, veicot gaisa piesarnojuma
sinergiska efekta novérté§jumu Liepaja un Riga.

Promocijas darba mérka sasniegSanai noteiktie uzdevumi:
1. Raksturot gaisa piesarnojuma un ta ietekmes noveértgjuma problematiku;
2. lzstradat gaisa piesarnojuma sinergiska efekta novértéSanas modeli, kas
balstits bioindikacija un vides parametru metodg;
3. Aprobeét izstradato modeli un novertét ta praktisko pielietojamibu, veicot
gaisa piesarnojuma sinergiska efekta novértgjumu Liepaja un Riga.

1.2. Promocijas darba struktiira

Sinergiska piesarnojuma indeksa (CPI) izstrade

| |

CP|1 CP|2
Merijumu izmantosana Piesarnojuma izkliedes
Sinergiska efekta Sinergiska efekta
noveértgjums Liepaja un Riga novertgjums Liepaja

l l

Ieteikumi izstradato sinergiska efekta novértéSanas
modelu pielietosanai turpmakos pétijumos




1.3. Pétijuma zinatniska novitate un praktiska nozimiba

e Pirmo reizi Latvija veikts gaisa piesarnojuma sinergiska efekta
novertgjums. Analizéta tadu faktoru ka gaisa temperatiira, mitrums un
“ielu kanjonu” veidota mikroklimata ietekme sinergiska efekta veidosana.

e P&tjjuma gaita pielietota jauna pieeja gaisa piesarnojuma sinergiska
efekta novérteSana — bioindikacijas un gaisa kvalitates mérfjumu
apvienoSana viena integréta modeli.

e Izstradata visparinata gaisa piesarnotaju mijiedarbibas novert€sanas
metode — sinergiska piesarnojuma indekss CPI.

e Balstoties uz sinergiska piesarnojuma indeksa metodi, izstradati divi
specializ&ti gaisa piesarnojuma sinergiska efekta noveértésanas modeli —
viens ka datu avotu izmanto automatiskas gaisa kvalitates merfjumu
stacijas, otrs — piesarnojuma izkliedes model&sanu.

1.4. Promocijas darba rezultatu aprobacija
Zinatniskas publikacijas
Zurnalu raksti:

Kalnin§, V. Cumulative air pollution evaluation model in air quality
monitoring: merging bioindication and pollution measurements. Pollution
Research. 2015, vol. 34, pp. 21-29. (SCOPUS)

Kalning, V. Cumulative Impact Evaluation In Central Part of Liepaja with
Cumulative Pollution Index Method and Air Pollution Dispersion Modelling.
Proceedings of the Latvia University of Agriculture. 2015, vol. 33, pp. 2-7.

Kalnin§, V. Bioindication based cumulative effect evaluation for air pollution
monitoring in cases when monitored pollutant values do not exceed breakpoint
values. Innovations and Technologies News, 2012, vol. 2, pp. 3-10.

Publikacijas konferencu rakstu krajumos:

Kalning, V., Straupe I., Sudars, R. Evaluation of cumulative air pollution in
Riga and Liepaja with Cumulative Pollution Index method. Research for Rural
Development 2014, Annual 20th International Scientific Conference
Proceedings. 2014, vol. 2, pp. 127-132. (SCOPUS)



Kalnin§, V. Bioindication solutions integration in air quality reporting
systems. Liepajas Universitates 16. starptautiskas zinatniskdas konferences
rakstu krajums. 2014, pp. 407-413.

Kalnins, V. Citizen science approach in bioindication based air pollution
monitoring. Liepdjas Universitates 15. starptautiskas zinatniskds konferences
rakstu krajums. 2013, pp. 458-464.

Kalnin§ V. 2012. Assessment of Bioindication Methods in Air Pollution
monitoring. Research for Rural Development 2012” Annual 18th International
Scientific Conference Proceedings. 2012, vol. 2, pp. 117-121. (SCOPUS)

Zinojumi konferences

Kalnins, V. Evaluation of cumulative air pollution impact in Liepaja.
Liepajas Universitates 17. starptautiska zinatniska konference. Liepaja, Latvija,
22. —23. maijs, 2014. Stenda referats.

Kalnins, V., Straupe 1., Sudars, R. Evaluation of cumulative air pollution in
Riga and Liepaja with Cumulative Pollution Index method. Research for Rural
Development 2014, Annual 20th International Scientific Conference. Jelgava,
Latvia, 21 — 32 May, 2014.

Kalnin§, V. Bioindication solutions integration in air quality reporting

systems. Liepajas Universitates 16. starptautiska zinatniska konference. Liepaja,
Latvija, 23. — 24. maijs, 2013.

Kalnins, V. Citizen science approach in bioindication based air pollution
monitoring. Liepajas Universitates 15. starptautiska zinatniska konference.
Liepaja, Latvija, 17. — 18. maijs, 2012.

Kalnin§ V. Assessment of Bioindication Methods in Air Pollution
monitoring. Research for Rural Development 2012” Annual 18th International
Scientific Conference. Jelgava, Latvia, 16 — 18 May, 2012.

Kalnins, V. Bioindikacija balstita gaisa piesarnojuma monitoringa tiklu
planoSana un kumulativa efekta noverteéSana. Latvijas Universitates 71.
konference. Riga, Latvija, 30. janvari, 2013.



2. MATERIALS UN METODES

2.1. Gaisa piesarnojuma sinergiska efekta novertesana,
izmantojot automatiskas merijumu stacijas Liepaja un Riga

2.1.1. Sinergiska efekta novértésanas process

Gaisa piesarnojuma sinergiska efekta novertéSanai Riga izvel&ts centra
rajons kur, balstoties uz Rigas domes Majoklu un vides departamenta 2008. gada
izkliedes modeléSanu, ir visaugstakais koncentracijas Iimenis tiem
piesarnotajiem, kam Riga visbiezak konstatéta pielaujamas normas parsniegSana
—NOz un puteklu dalinam PMyo (Rigas dome, 2011). Ka pétijuma vietas izvélétas
abas centra rajona gaisa kvalitates mérfjumu stacijas:

e Brivibasiela 73
e Kr. Valdemara icla 18
Sinergiska efekta novertgjuma vietas izvéle Liepaja — Kalpaka iela 34 balstita uz
datu pieejamibu, jo Seit atrodas vieniga Liepajas pils€tas automatizeta gaisa
piesarnojuma mérijumu stacija (LVGMC, 2011).
Pétfjuma ietvaros sinergiskais efekts izteikts ar vienadojumu:

B
C=— 1
Vi (€
kur:
C - sinergiskais efekts / cumulative effect;
B - Dbioindikacijas pétijuma rezultati attieciba pret piesarnojuma Iimeni,

izteikti ar kvantitativu raditaju / bioindication results;
M — piesarnojuma mérjjumu rezultati attieciba pret piesarnojuma limeni,
izteikti ar kvantitativu raditaju / pollution measurements.

Indeksa M aprékinasanai 1. vienadojuma, no pétjjuma izmantotajam
automatiskajam gaisa piesarnojuma mérjjumu stacijam Riga un Liepaja ieguti
mérfjumu dati par katru ménesi laika posma no 01.02.2013. 1idz 01.01.2014.

No visam piesarnojosajam vielam, kas méritas katra stacija, sinergiska
efekta novertéSanai izvélétas tadas vielas, kam atbilstosi Ministru kabineta
noteikumos Nr. 1290 “Noteikumi par gaisa kvalitati”, pielaujama norma ir
noteikta laika periodam mazakam par vienu kalendaro ménesi — vid€jam laikam,
kas nepiecieSams aktivo bioindikacijas metozu pielietosanai (Nimis et al., 2002)
un kas ietekmé bioindikatorus — kérpjus.

Sinergiska efekta aprékinam izmantoti sekojosi piesarnotaji:
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e Riga, Brivibas iela 73 — SOy, NO,, Os;

e Riga, Kr. Valdemara iela 18 — NOx, NO, Oz, CO;

e Liepaja — SO, NOx, O3, CO.

Paral@li gaisa piesarnojuma mérijumiem, lai iegiitu nepiecieSamos datus
sinergiska efekta aprékinasanai 1. vienadojuma, veikts lihenoindikacijas
novertéjums — pie katras monitoringa stacijas galveno méraparatu augstuma
novietoti caurspidigas, perforétas plastmasas kastes ar kérpju paraugiem.

P&tjjuma izmantotas tris kerpju sugas, kas sastopamas Latvijas pilsétas
(Piterans & Berzina, 1990) — dzeltenais sienas kérpis Xanthoria parietina (L.),
rievaina parmélija Parmelia sulcata (Taylor) un o$u ramalina Ramalina fraxinea
(L.). Konkré&tas sugas izveletas no dazadam jutibas grupam, lai izslégtu atsevisku
keérpju individualas jutibas Tpatnibas pret specifiskiem piesarnotajiem vai vides
faktoriem:

o Ramalina fraxinea (L.) — jutigs pret gandriz visam izplatitakajam gaisu
piesarnojosam vielam (Nimis et al., 2002);

o Parmelia sulcata (Taylor) — vidgji jutigs pret SO, (Hawksworth and Rose
1970; Peterson et al. 1992), taja pasa laika jutigs pret citiem
piesarpotajiem, pieméram, Os (Ross & Nash 1983; Ryan 1990; Peterson
et al. 1992);

e Xanthoria parietina (L.) — izturigs keérpis, kuru ietekmé tikai augsts gaisa
piesarnojums (Hawksworth and Rose 1970; Perkins & Millar 1987b).

Ke&rpju paraugu ievaksanas vieta atradas Liepaja — piepils€tas meza netalu
no Dienvidu fortu drupam (koordinatas: 56, 284841; 21, 000106). Konkr&tas
vietas izveéli noteica pedgjas pieejamas gaisa piesarnojuma izkliedes
model&$anas dati par So Liepajas pils€tas dalu. Tie parada, ka izveleta vieta ir
arpus visam Liepajas pils€ta konstatétajam gaisa piesarnojuma izplatibas zonam,
un gaiss taja ir vert§jams ka relativi tirs (Estonian, Latvian & Lithuanian
Environment, 2004).

Katru ménesi laika posma no 01.02.2013. Iidz 01.01.2014. paraugu
ievakSanas vieta Liepaja ievakti 4 cm lieli kérpju paraugi, ievietoti perforétas
caurspidigas plastmasas kast€s un nogadati sinergiska efekta novértgjuma vietas.
Lai transport€Sanas laika kérpju paraugiem noverstu gaisa piekluvi, perforétas
kastes ievietoja hermétiskas kastgs.

P&c novietoSanas uz automatiskajam mérfjjumu stacijam perforétas kastes
tur atstdja 1 ménesi, pec tam nonéma, atkal ievietoja hermétiskas kastés un
nogadaja Latvijas Lauksaimniecibas Universitates Augsnes agrokimisko
analizu laboratorija, lai veiktu hlorofila-feofitina daudzuma attiecibas
merjjumus.

11



2.1.2. Kameralo darbu metodika

Katru meénesi pétjjuma laika perioda mérita hlorofila un feofitina
daudzuma attieciba kerpju paraugos — relativi universals gaisa piesarnojuma
radito bojajumu indikators (Tretiach et al., 2007; Riddell et al., 2012).

P&c nogadasanas laboratorija k&rpju paraugus atbrivoja no augsnes,
puteklu u.c. cieto dalinu nosedumiem, skaloja ar destilétu Gideni un ievietoja
mégengs. Lai novertétu piesarnojuma raditos bojajumus, no kérpju paraugiem
izdalija hlorofilu un feofitinu, pielietojot visa pasaulé popularo Ronena un
Galuna metodi (Ronen & Galun, 1984). Atbilstosi metodes apraksta dotajai
procediirai k&rpju paraugiem pievienoja dimetilsulfoksidu (DMSO) un tos
karsgja 45 miniites 65 °C temperatiira, rezultata iegtistot DMSO skidumu ar
abiem nepiecieSamajiem pigmentiem.

legiito Skidumu ievietoja spektrofotometra, lai izméritu gaismas
absorbciju Ronena un Galuna metodes apraksta noraditajos hlorofilu un feofitmu
raksturojosos vilnu garumos — attiecigi 415 and 435 nm. Rezultati, izmantojot
spektrofotometra ieblivéto aparatprogrammatiiru, izteikti ar optiska blivuma
koeficientu atbilsto$i Lamberta — Bera likumam.

Visas iegiitas optiska blivuma vertibas apkopotas Microsoft Excel tabula,
sagrupgjot pec kérpju sugas, ménesa un gaisa kvalitates monitoringa stacijas, kur
konkrétais kérpju sugas paraugs bija novietots. Lai nodrosinatu iegiito optisko
blivumu savstarpgju salidzinamibu, visiem paraugiem izmantots vienads DMSO
daudzums — 5 ml, un pirms ekstrakcijas procesa uzsaksanas visi paraugi nosverti
un iegiitas optiska blivuma vertibas izteiktas pret vienu kerpja parauga masas
vienibu (OD/g). Talak tas izmantotas $aja promocijas darba izstradataja modelt
gaisa piesarnojuma sinergiska efekta aprékinasanai.

2.2. Sinergiska efekta novértéjums satiksmes raditajam gaisa
piesarnojumam Liepaja, izmantojot piesarnojuma izkliedes
modelésanu

Gaisa piesarnojuma sinergiska efekta novértéSanai Liepaja, izmantojot
piesarnojuma izkliedes model&sanu, izvéléta Liepajas pilsétas centrala dala.

Konkré&tas teritorijas izv€li noteica datu pieejamiba, jo par to bija pieejami
gan piesarnojuma izkliedes model&$anas rezultati, gan bioindikacijas petijums —
autotransporta ietekmes uz gaisa kvalitati novert€jums Liepajas centra (Estonian,
Latvian & Lithuanian Environment, 2007), ka ari taja pasa laika veikts kérpju
sugu un to seguma novertgjums (Kalnins, 2009).

P&tijuma teritorija robezojas ar Jauno ostmalu (Z), talak ar Ganibu ielu
(A), Kungu ielu (D) un Lielo ielu (R) (2.1. att.).
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2.1. att. Satiksmes radita gaisa piesarnojuma sinergiska efekta Liepajas
centralaja dala aprekinasanas punktu teritorialais izvietojums / Evaluation
points of traffic pollution cumulative effect in central part of Liepaja

Ta ka izkliedes model&sanas dati aptvéra visu analizgto teritoriju, bet
bioindikacijas dati bija pieejami tikai par tam vietam, kuras ir koki vai kriimi,
pamatojoties uz bioindikacijas datu pieejamibu, Liepajas centralaja dala izveleti
12 punkti gaisa piesarnojuma sinergiska efekta novertésanai (2.1. att.)

Precizs sinergiska efekta novértéjuma punktu apraksts, to atra$anas vietas
un koordinatas ir dotas 2.1. tabula.

2.1. tabula
Satiksmes radita gaisa piesarnojuma sinergiska efekta Liepajas centralaja

dala novertéjuma punktu koordinatas / Coordinates of the cumulative
pollution evaluation points in Liepaja

Nr Geografiskas koordinatas / Nosaukums / Place
) Geographic coordinates
1 56.507034; 21.010184 | Tirgonu un Kungu ielas krustojums
2 56.506490; 21.013304 | Malkas un Kungu ielas krustojums
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2.1. tabulas turpinajums

Geografiskas koordinatas / Nosaukums / Place
Nr. y - -
Geographic coordinates

3 56.506313; 21.019863 | Kungu un Ganibu ielas krustojums

4 56.508299; 21.011569 Rozu laukums

5 56.508835; 21.015131 Baznicas icla

6 56.508299; 21.022196 Baznicas un Ganibu ielas krustojums
7 56.510092; 21.013163 Liela icla

8 56.510269; 21.017835 Barinu iela

9 56.509618; 21.023411 Jauna iela

10 56.511765; 21.015265 K. Zales laukums

11 56.513992; 21.015157 Jauna ostmala

12 56.513966; 21.022977 Ganibu un Ezermalas ielas krustojums

Sinergiskais efekts izteikts ar vienadojumu:

c-2 @
D
kur:
C - sinergiskais efekts / cumulative effect;
B - Dbioindikacijas pétijuma rezultati attieciba pret piesarnojuma Iimeni,
izteikti ar kvantitativu raditaju / bioindication results;
D — piesarnojuma izkliedes model&Sanas rezultati attieciba pret piesarnojuma

limeni, izteikti ar kvantitativu raditaju / pollution dispersion modelling.

Indeksa D aprékinasanai 2. vienadojuma izmantoti 2007. gada Liepajas
centralas dalas gaisa piesarnojuma izkliedes modeléSanas rezultati (Estonian,
Latvian & Lithuanian Environment, 2007)

Atbilstosi SIA Estonian, Latvian & Lithuanian Environment sniegtajai
informacijai piesarnojuma izkliedes modelésana bija veikta, izmantojot ADMS
Roads 2.2 modeli, ka modelgjamo vielu izveloties slapekla oksidus — NO un
NO;, jo novérte§juma autori uzskatija, ka konkrétaja teritorija vienigais
nozimigais gaisa piesarnojuma avots ir autotransports, un slapekla oksidi veido
lielako dalu no kopgja emisiju apjoma (Estonian, Latvian & Lithuanian
Environment, 2007).

Indeksa B aprékinasanai (vienadojums Nr. 2) tika izmantoti 2007. gada
bioindikacijas pétijuma rezultati — V. Kalnina bakalaura darba izstrades ietvaros
ievakta informacija par dazadu kerpju sugu sastopamibu Liepaja un tas centralaja
dala — kérpju sugu uzskaite, segumu raksturojosa skaitliska vértiba un punktu
koordinatas vietam, kur konkr&tas sugas konstatetas (Kalnins, 2009).
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2.3. Darba izmantotas statistiskas analizes metodes

legiitajiem sinergiska efekta noveért€juma rezultatiem veikta dispersijas
analize (One-way ANOVA) un korelacijas analize, izmantojot Microsoft Excel
2013 ietvertos statistisko analizu risinajumus. Aprékinati Pirsona korelacijas
koeficienti zinamajiem faktoriem, kas varétu piedalities sinergiska efekta
veidosana. P&tijuma rezultatu validacijai pielietota arT parcialas korelacijas
analize, izmantojot inversas matricas metodi.

Satiksmes radita piesarnojuma sinergiska efekta noveértgjuma rezultatiem
veikta telpiskas autokorelacijas analize. Telpiskas autokorelacijas raksturosanai
izmanto Morana I indeksu (Moran, 1950), kuru izsaka skala no -1 Iidz +1, kur:

e -1 Iidz 0 — negativa telpiska autokorelacija (objektiem ar Iidzigu telpisku

novietojumu ir atskirigas vertibas);

e (Iidz +1 — pozitiva telpiska autokorelacija (objektiem ar Iidzigu telpisku

novietojumu ir arT [idzigas vertibas);

o 0 —telpiska autokorelacija nepastav (objektu izvietojums ir nejauss).
Telpiskas autokorelacijas analizei promocijas darba aprakstita pétjjuma ietvaros,
izmantots Tartu Universitates izstradatais tieSsaistes risinajums telpisko datu
apstradei, kas pieejams interneta vietng&: http://digiarhiiv.ut.ee/kalkulaator/

Izmantojot to, aprékinats Morana I indekss, lai novertetu, vai konkrétais
sinergiska efekta teritorialais izvietojums ir nejau$s, vai arl tas ir veidojies
noteiktu saistibu (mikroklimata) rezultata.

2.2. tabula

Morana I aprékinasanas parametri satiksmes radita piesarnojuma
sinergiska efekta novertéjuma Liepaja / Moran’s I calculation data
(¢ — geografiskais platums / latitude, A — geografiskais garums / longitude)

Laukuma robezu koordinatas / ¢ muin ¢ max A min A max

Coordinates of the area border

56.50 56.51 21.01 21.02

Intervalu skaits / Number of intervals | 10

Intervalu garums / Length of intervals | 10 m

p-vértiba / p-value 0.05
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3. REZULTATI UN DISKUSIJA

3.1. Gaisa piesarnojuma sinergiska efekta novértésana,
izmantojot automatiskas merijumu stacijas Liepaja un Riga

3.1.1. Sinergiska efekta novertésanas modela izstrade

Sinergiska efekta matematiska modela izstradé ka paraugi tika izmantotas
divas savas jomas plasu atpazistamibu ieguvuSas metodes — gaisa kvalitates
indekss Air Quality Index (AQI) un gaisa tiribas indekss Index of Atmospheric
Purity (IAP). To aprékinasanas vienadojumi attiecigi tika izmantoti 1.
vienadojuma indeksu B un M talaka izstradg, rezultata iegiistot 3. vienadojumu:

L IEre. i e Jse o
[, i oe o

kur:

CPl — sinergiska piesarnojuma indekss / Cumulative Pollution Index;
Cp—  piesarnotaja p koncentracija / concentration of pollutant p;
BP, — piesarnotaja p robezvertiba / breakpoint of pollutant p;

np—  piesarnojoso vielu skaits / number of pollutants;

ns— keérpju paraugu skaits / number of lichen samples;

Qs—  nebojats paraugs / sample without damage;

Qd¢s—  bojajumu intensitate / damage magnitude.

Kaut arT 3. vienadojums dotaja forma ir izmantojams sinergiska efekta
aprékinasanai, taja izmantota bioindikacijas pieeja — k&€rpju paraugu bojajumu
intensitates noteikS$ana ir parak visparinata, tapéc tas parveidots talak (4.
vienadojums), par paraugu nemot vienu no visplasak lietotajam bioindikacijas
metodém gaisa piesarnojuma noveérté$ana — hlorofila un feofitina daudzuma
mérijumus kérpju paraugos (Kalnins et al., 2014):

o P00 @
L Ere e, oo
kur

CPl; — sinergiska piesarnojuma indekss/ Cumulative Pollution Index;
Cp—  piesarnotaja p koncentracija / concentration of pollutant p;
BP, — piesarnotaja / breakpoint of pollutant p;
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np —
ns —
C-

P_

piesarnojoso viel

u skaits / number of pollutants;

kérpju paraugu skaits / number of lichen samples;

sakotngjais hlorofila daudzums parauga / initial amount chlorophyll

amount;

feofitina daudzums parauga / pheophytin amount.

Lai izstradatu sinergiska efekta novertéSanas modeli, 4. vienadojums
parveidots instrukciju secibas shéma un rezultata izveidots sinergiska efekta

novertéSanas modelis (3.1. att.)

Feofitins - P

MearTjumu stacijas  |———»

Hlorofils - C

Analize
l Analize

Lietotaja saskarne

Kopgjais
modéms

Beigas

I

l

ADACS

<4—| Piesarotajs p

Normativs - n /

!

!

!

CPI = [(Sum P/ Sum C) x100] / [(Sum p / Sum n) x100]

\ 4

Robezvertiba T

Avots:

Kalnins, 2015a

1
*’7

Beigas

A

v

Datubaze

3.1. att. Gaisa piesarnojuma sinergiska efekta novértéjuma modelis,
izmantojot automatiskas mérTjumu stacijas / Cumulative pollution
evaluation model with automated measurement stations
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3.1.2. Sinergiska efekta novértéjuma rezultati

Gaisa piesarnojuma sinergiska efekta novertéSanai izmantoti kameralo
darbu laika iegiitie dati — hlorofila/feofitina daudzuma attieciba pie monitoringa
stacijam novietotajos kérpju paraugos un attiecigo monitoringa staciju merijumi.
Rezultata aprékinatas sinergiska piesarnojuma indeksa CPI vértibas katram
kalendarajam ménesim — 3.2. att.

2.0
1.8
1.6

151
14 39 2136
2 %z:l:ﬂ:"—./.ﬁhz.’/ k

08 ' 0.74 0.80
0.6

0.4 o

0.2 Meénesis / Month

2 3 4 5 6 7 8 9 10 11 12 1

Liepaja Riga, Kr.Valdenara iela / str.

Riga, Brivibas iela / str. = = = (CPI robezvertiba / breakpoint

Avots: Kalnins et al., 2014

3.2. att. CPI indekss pa ménesiem gaisa piesarnojuma sinergiska efekta
noveértesana Riga un Liepaja, izmantojot automatiskas mérfjumu stacijas /
Monthly CP1 values in cumulative pollution evaluation with automated
measurement stations

Atbilstosi 3.2. att. abas pétijuma vietas — Liepaja un Riga, konstatéts
sinergiskais efekts. Liepaja CPI veértiba virs robezvertibas ir gandriz visa gada
garuma, iznemot martu, Rigd — no junija lidz oktobrim (Brivibas ield) un
februari, novembri, decembri, janvari (Kr. Valdemara iela).

Lai parliecinatos, ka gaisa piesarnojuma sinergiska efekta novértéjuma,
izmantojot automatiskds mérfjumu stacijas, iegiitds CPI vertibas parada
sinergisko efektu nevis biologisku faktoru izraisitas hlorofila-feofitina daudzuma
svarstibas kérpju paraugos, veikta dispersijas analize divam faktoru grupam,
kuras atbilsto$i citu autoru pétijumiem var&tu biit iesaistitas sinergiska efekta
veidoSana:
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e Piesarnotaji (Mauderly and Samet, 2009; Bell et al., 2011; Stylianou and

Nicolich, 2009; Su et al., 2012);

e Piesarnotaji apvienojuma ar meteorologiskajiem faktoriem — gaisa

temperatiiru un mitrumu (Daniel, et al., 2003; Roberts, 2004).

Vispirms CPI vértibas sagrupétas atbilstosi iepriek§ minétajam potencialo
ietekmes faktoru grupam, un tad veikta dispersijas analize.

Visas pétijuma vietas — Liepaja, Brivibas iela 73 un Kr. Valdemara icla
18 Riga, konstatéta biitiska ietekme gan piesarnotaju, gan apvienotajai
piesarnotaju un meteorologisko faktoru grupai (Ffact.< Ferit. pie o0 = 0.05).

Lai noskaidrotu atsevisku faktoru lomu CPI indeksa veido$ana sinergiska
efekta novert€juma izmantojot mérjjumu stacijas, veikta korelacijas analize
atsevisSkiem faktoriem — piesarnotajiem, gaisa temperatiirai un mitrumam.

Abas pétijumu vietas — Liepaja un Riga tika konstatéta gaisa
piesarnojuma korelacija ar CPI vertibam. Liepaja verojama izteikta CPI
korelacija ar NOx — R = 0.72, savukart Riga Brivibas iela ar Oz — R = 0.90 un
NOx — R =0.96 (3.1. tabula).

3.1. tabula

CPI korelacija ar dazadam gaisu piesarnojosam vielam sinergiska
efekta novertejuma Liepaja un Riga, izmantojot automatiskas merijjumu
stacijas / CPI correlation with pollutants (*p < 0.05)

Vieta / Site Pirsona korelacijas koeficients / Pearsons’s R
O3 NOx SO; CO

Liepaja 0.24 0.72* 0.54 )
Riga * * -
Brivibas iela IStr. 0.90 0.96 0.37
Riga
Valdemara iela 0.68 0.15 - 0.45
/Str.

Neskatoties uz to, ka arT citiem piesarnotajiem ir vérojama korelacija ar
CPI vertibam, pieméram, SO, Liepaja (R = 0.54) un O3z Kr.Valdemara iela Riga
(R = 0.68), tie nav statistiski biitiski — p > 0.05. Ipasi izteikta statistiskas
ticamibas Itmena probléma ir rezultatiem no Kr.Valdemara ielas Riga, kur
neviena piesarnotaja korelacija ar CPI nav statistiski batiska (3.1. tabula).

Bet p vertibas, kas ir lielakas par 0.05 ne vienmér nozimé to, ka iegiitie
rezultati ir nejausi vai kltidaini. Viens no izplatitakajiem skaidrojumiem $ados
gadijumos ir neliels paraugu skaits, ka rezultata p vértibas biezi ir paaugstinatas
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un rodas kltidaini pien@mumi par zemu statistisko ticamibu (du Prel, et al., 2009;
Gail & Feinn, 2012; Lew, 2012).

Tapéc pilniba nevar izslégt iespgjamibu, ka arT statistiski nebutiskajiem
faktoram ir bijusi kada loma sinergiska efekta veidoSana. Lai sniegtu atbildes uz
$0 jautajumu, ir nepiecieSami plasaki petijumi ilgaka laika perioda.

Izvertgjot sinergisko efektu, ka art CPI vértibu veidojosos faktorus, nevar
nemt vera tikai atseviSkas piesarnojosas vielas — ir zinams, ka biutiska ietekme
sinergiska efekta veidoSana ir arl meteorologiskiem faktoriem (Roberts, 2004;
Callahan and Sexton, 2007). Tas, ka CPI korelacija ar gaisa piesarnojoso vielu
koncentracijas svarstibam gan Liepaja, gan Riga ir loti parliecinosa (R = 0.90
1idz 0.96), nemot véra sinergiska efekta vispargjo defingjumu (piesarnojoso vielu
mijiedarbibas kopgjais efekts), ir tikai logiski. Bet tas neizskaidro, kapéc gandriz
visas mérijumu vietas visaugstakas CPI vertibas, respektivi, arl sinergiskais
efekts ir tiesi vasaras ménesos (3.1. att.).

Atbildes uz jautajumu par meteorologisko faktoru ietekmi CPI vértibu
veido$ana var sniegt CPI un meteorologisko faktoru — gaisa temperatiiras un
mitruma korelacijas izvert&jams.

Atskirtba no piesarnojuma limena korelacijas meteorologisko faktoru
ietekmes izvert€jama rezultati ir loti mainigi — katra me&rjjumu vieta tie ir atSkirigi
un varié relativi liela amplitdda. Seit atkal paradas statistiska nozimiguma
probléma — p > 0.05 ir tikai CPI korelacijai ar gaisa temperatiiru Liepaja un
Brivibas iela Riga, ka arT CPI korelacijai ar gaisa mitrumu Kr. Valdemara iela
Riga (3.2. tabula).

3.2. tabula
CPI korelacija ar meteorologiskajiem faktoriem sinergiska efekta

novertéejuma Liepaja un Riga, izmantojot automatiskas merijumu stacijas
/ CPI correlation with meteorological factors (*p < 0.05)

Pirsona korelacijas koeficients / Pearsons’s R
Vieta / Site Mertl:ri?pggg_l?agflsa Relativais mitrums /
P
Temperature (°C) Humidity (%)
Liepaja 0.61* 0.38
Riga -
Brivibas iela / Str. 0.58 0.17
Riga *
Valdemara iela / Str. 0.37 0.78
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Nemot vera tikai statistiski ticamos rezultatus, Liepaja ir v€rojama
parliecinosa CPI korelacija ar ménesa vidg€jas gaisa temperattiras izmainam (3.2.
tabula) — R = 0.61. Nedaudz zemaka korelacija starp iegtitajam CPI vértibam un
ménesa vidgjo gaisa temperatiiru ir arT Brivibas iela Riga — R = 0.58. Pilniba
atSkirigi rezultati iegiiti otraja Rigas merfjumu vieta — Brivibas ielai paral€laja
Kr. Valdemara iela (3.2. tabula) Seit tika konstatéta loti izteikta CPI korelacija
ar gaisa relativa mitruma izmainam — R = 0.78.

Situacijas vert€§jumu daudz skaidraku padarttu precizs gaisa temperatiiras
un mitruma izmainu salidzinajums konkrétajas vietas Liepaja un Riga, kur veikti
sinergiska efekta pétjjumi. Bet ta ka gan Rigas domei piedero$as mérjjumu
stacijas, gan LVGMC meérfjumu stacija Liepaja nav aprikota ar
meteorologiskiem mérinstrumentiem, $ads salidzinajums diemzél nav iesp&jams.

No sinergiska efekta noveértéjuma viedokla bitiski ir tas, ka Brivibas iela
Riga korelacija ar CPI vértibam ir vienlaicigi diviem piesarnotajiem — NOx un
O3, kas norada uz $o abu vielu iespgjamu savstarpgji papildinosu iedarbibu jeb
sinergisko efektu. Oz un NOx mijiedarbiba ir paradita daudzos pétijumos
(Goldstein, 1976; Gelzleichter et al., 1992; O’Neil et al, 1995). Cilvéku un
dzivnieku organisma S§ie abi piesarnotaji nonak elpoSanas procesa, kur tie
saskaras ar elpcelu sieninu Skidrumiem. To sastava eso$ie antioksidanti reagg ar
NOx un biitiski samazina audu aizsardzibu no oksidétajiem, ieskaitot ozonu
(Gamon et al., 2014). Os; un NOx mijiedarbiba notiek ari biokimiska liment —
slapekla oksidi un ozons ir iesaistiti vairakas kimiskas reakcijas, kuru laika rodas
NOsz un N2Os, kuri savukart ir iesaistiti talakas rekcijas, bojajot dazadas
olbaltumvielu struktiiras (Gamon et al., 2014).

Gaisa temperatliras un piesarnojuma savstarpgja iedarbiba, kada
konstatéta Liepaja un Riga, ir pieradita vairakos pétjjumos. Daudzi pétijumi
norada uz saistibam starp ozona koncentraciju un gaisa temperatiiru — 21-23 °C
temperatiiras diapazona Oz rada elpoSanas sistémas traucgjumus (Horstman et
al., 1990; Adams 2003, Adams, 2006), bet, temperatiirai paaugstinoties, O3
raditais kait€jums palielinas (Gong et al., 1986; Foster et al. 2000). Dazos
pétijumos ir konstatéta ari O3z un gaisa temperatiiras sinergiska ietekme uz
augiem (Elampari, et al., 2013), kas norada uz iespgjamibu, ka Os; un gaisa
temperattras sinergiska mijiedarbiba sniedzas talak par ietekmi uz elpoSanas
organu sistému un, iespgjams, ietekmé art daudzus dzivibas procesus biokimiska
Iimeni — ka tas ir Oz un NOx mijiedarbibas gadijuma.

Ta ka sinergiska efekta novert&juma iegiitie rezultati ir pamatojami ar citu
autoru lidzigos pétijumos ieglitam atzinam, var uzskatit, ka sinergiskais efekts
Liepaja un Riga pétijuma laika ir konstatéts, un izstradatais modelis (3.1. att.)
pilda savu funkciju un izmantojams praktiskiem mérkiem — sinergiska efekta
mérijumiem gaisa kvalitates monitoringa ietvaros.
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3.2. Sinergiska efekta noveértéjums satiksmes raditajam gaisa
piesarnojumam Liepaja, izmantojot piesarnojuma izkliedes
modeleSanu

3.2.1. Sinergiska efekta novértésanas modela izstrade

Satiksmes radita gaisa piesarnojuma sinergiska efekta novertéSanas
modela izstradg bija nepiecieSama Ipasa pieeja, jo Saja gadijuma gaisa kvalitates
mérijumu vieta bija jaizmanto izkliedes model&Sana.

Ka redzams 2. vienadojuma, lai aprekinatu sinergisko efektu,
nepiecieSamas divas sakuma vertibas — piesarnojoSo vielu koncentracija un
bioindikacijas pétijuma rezultati, iegiiti viena un taja pasa punkta. Vielu
koncentracijas datus par jebkuru novértéjamas teritorijas punktu var iegiit ar
izkliedes model&sanas palidzibu, atliek tikai bioindikacijas datu ieguve. Lai to
paveiktu, ir nepiecieSams noveértét bioindikatoru stavokli plasa teritorija, tapec
vispiemérotakas $aja gadijuma ir pasivas (kérpju daudzveidibas novertgjuma)
metodes, pieméram, gaisa tiribas indeksa |AP — metode, kuru lietoto lielakaja
dala bioindikacijas petijumu ar merki novertet gaisa kvalitati (Falla et al., 2000;
Nimis et al., 2002). Apvienojot IAP ar iepriek§ izstradato vienadojumu
sinergiska efekta noverté$anai, izmantojot automatiskajas meérijumu stacijas (4.
vienadojums), rezultats ir sekojoss (Kalnins, 2015b):

(IAP, — 1AP) /(AP —1)]x100

O
T sre, M e, oo ®

kur:

CPl, — sinergiska piesarnojuma indekss / Cumulative Pollution Index;
Cp—  piesarnotaja p koncentracija / concentration of pollutant p;
BP, — piesarnotaja p robezvertiba / breakpoint of pollutant p;

np—  piesarnotaju skaits / number of pollutants;

IAP — TAP vértiba parauglaukuma / IAP value;
IAPc — TAP vértiba kontrollaukuma ar tiru gaisu / IAP in control site.

Tadgjadi sinergiskais efekts ir izteikts ka starpiba starp gaisa
piesarnojuma izkliedes model€Sanas rezultatiem un konkrétaja vieta iegtitas [AP
vertibas attiecibu pret AP vertibu kontrollaukuma ar tiru gaisu (5. vienadojums).
Lai So vienadojumu varetu integrét gaisa piesarnojuma izkliedes modeleSanas
informacijas plisma, tas uzrakstits ka instrukciju secibas shéma un izveidots
sinergiska efekta novértéSanas modelis (3.3. att.).

22



I1zejas fails
POSTFILE

X,Y p X,Y b

o

Tuvakas koordinatas
FIND CLOSEST X.Y o

Atbilstosa AVE CONC meklésana

> Vidgja
Nolasisana ‘ koncentracija XY
AVE CONC (CPI2)

IAP

CPI2

IAPC

Normativs N

v
[(IAPC — IAP) /( IAPC — 1) x100] / [(Sum AVE CONC / Sum N) x100]

Avots: autora veidots

3.3. att. Gaisa piesarnojuma sinergiska efekta novértéjuma modelis,
izmantojot piesarnojuma izkliedes modelésanu / Cumulative pollution
evaluation model with dispersion modelling

Pirmaja posma tiek salidzinatas bioindikacijas noveért€§juma punktu
koordinatas (X,Y b) ar koordinatam izkliedes modeléSanas rezultatu faila
POSTFILE (X,Y p), lai atrastu tuvakas vértibas, kuras talak tiek atzimétas ka
sinergiska efekta novértgjuma koordinatas — (X,Y CPI). Otraja posma izkliedes
modelésanas izejas faila POSTFILE tiek mekletas XY CPI atbilstosas
piesarnojoso vielu koncentracijas vertibas AVE CONC, So posmu atkartojot
visam model@Sana izmantotajam vielam. Atrastas piesarnojuma koncentracijas
vertibas kopa ar attiecigajam IAP, IAPc vérttbam un robezvertibam katrai
modelésana izmantotajai vielai tiek izmantotas CPI aprékinasSanai.
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3.2.2. Sinergiska efekta novértéjuma rezultati

Sinergiska efekta novértéjumam satiksmes raditajam gaisa piesarnojumam,
izmantojot izkliedes modeléSanu, Liepaja pielietots izstradatais modelis (3.3.
att.) un sekojosi dati:

e NO un NO: (NOx) gada vidgjas izkliedes modeleSanas rezultati
Liepajas pilsetas centralaja dala (Estonian, Latvian & Lithuanian
Environment, 2007),

e  KE&rpju sugu un to seguma novertejums Liepajas pilseta.

Lidzigi ka gaisa piesarnojuma sinergiska efekta novertgjuma, izmantojot
automatiskas mérjjumu stacijas, ievietojot abu veidu datus atbilstosaja CPI
aprékinasanas modelt (3.3 att.), aprékinatas CPI vértibas.

Atbilstosi iegttajiem rezultatiem (3.3. tabula) sinergiskais efekts Liepajas
centralaja dala ir relativi liels — CPI svarstas intervala no 1.36 1idz 1.94 — daudz
vairak ka novertgjuma, izmantojot automatiskas merijumu stacijas, kad CPI gan
Liepaja, gan Riga varié intervala no 1 Iidz 1.39 (3.3. tabula).

3.3. tabula

legiitie rezultati satiksmes radita gaisa piesarnojuma sinergiska efekta
noveértéjuma Liepaja, izmantojot piesarnojuma izkliedes modelésanu / CPI
results in central part of Liepaja, obtained with dispersion modelling
(Kalnins, 2015b)

Nr. | Geografiskas koordinatas / | Vietas nosaukums / Site CPI
Geographic coordinates

1 56.507034: 21.010184 | 1 irgonuun Kunguielas | ) o,
krustojums

2 56.506490; 21.013304 | Malkas un Kunguiielas |, oo
krustojums

3 56.506313: 21.019863 | ~ungu un Ganibuielas | ) ¢
krustojums

4 56.508299; 21.011569 Rozu laukums 1.94

5 56.508835; 21.015131 Baznicas iela 1.88

6 56.508299: 21.022196 | Daznicas un Ganibuielas | 4 g
krustojums

7 56.510092; 21.013163 Liela iela 1.82
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3.3. tabulas turpinajums

Nr. | Geografiskas koordinatas / Vietas nosaukums / Site CPI
Geographic coordinates
8 56.510269; 21.017835 Barinu iela 1.67
9 56.509618; 21.023411 Jauna iela 1.65
10 56.511765; 21.015265 K. Zales laukums 1.80
11 56.513992; 21.015157 Jauna ostmala 1.36
12 | 56.513066; 21.022977 | anibu un Ezermalas 1.36
ielas krustojums

Augsts sinergiskais piesarnojums ir vérojams visa Lielas ielas garuma
(1.8-1.94). Taja pasa laika pargjas Liepajas centra dalas CPI vértibas ir gandriz
identiskas — 1.64; 1.65; 1.67, iznemot Baznicas un Ganibu ielas krustojumu, kur
sinergiskais efekts ir gandriz tik pat augsts ka Lielaja iela — 1.81 (3.3. tabula).
Sinergiska efekta minimums konstatéts Jaunaja ostmala (1.36) — plasa, atklata
vieta blakus Tirdzniecibas kanalam, bet maksimums — Rozu laukuma, kur CPI
vertiba bija 1.94 (3.3. tabula).

legiitajos rezultatos ir vérojama izteikta negativa korelacija starp gaisa
piesarnojuma Iimeni un CPI vértibam (R = -0.86). To var skaidrot ar
piesarnojuma izkliedes model&Sanas rezultatu un reala piesarnojuma Ilimena
atSkiribam. Fakts, ka model€Sanas rezultati biezi atskiras no reala piesarnojuma,
ir zinams no daudziem pétijumiem (Air Quality Modelling Review Steering
Group, Department for Environment, Food & Rural Affairs, 2011; Hirtl &
Baumann-Stanzer, 2007). Tapéc var izdarit pienémumu, ka daudzas vietas
Liepajas centra iegiitie rezultati uzrada nevis sinergisko mijiedarbibu radito
“redlo ietekmi” uz ekosistému dzivu organismu veselibu, bet gan “realo ietekmi”
tie$a nozimé — patiesa piesarnojuma Iimena un izkliedes modelésanas rezultatu
neatbilstibu

Ir arT punkti, kur situacija ir pilnigi pretéja — Jaunaja ostmala, izkliedes
model&Sanas rezultati uzrada augstu gaisa piesarnojumu  (25-30 pg m?), bet,
neskatoties uz to, CPI vértibas Seit ir viszemakas visa Liepajas centra — 1.36.
Sadas sinergiska efekta teritorialas izplatibas Ipatnibas nevar izskaidrot tikai ar
model&sanas nepilnibam vien.

To, ka 3.3. tabula redzamais CPI teritorialais izvietojums nav nejauss,
parada telpiskas autokorelacijas analize (3.4. att.) — $aja izvietojuma ir vérojama
izteikta klasterizacija (Morana I = 0.78) ar klasteru malu garumiem aptuveni 80
m, kas norada uz noteiktam likumsakaribam sinergiska efekta izplatiba.
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Avots: Kalnins, 2015b

3.4. att. Morana | indekss satiksmes radita gaisa piesarnojuma
sinergiskajam efektam Liepajas centralaja dala / Moran’s I of
cumulative air pollution in central part of Liepaja

Nemot véra jaunakos pétijumus par pilsétas mikroklimatu, var izvirzit
hipotézi, ka $adu CPI izvietojumu ir radijusi “ielu kanjonu” geometrija.
Mikroklimata un ielu kanjonu geometrijas ietekme uz gaisa temperatiiru un
mitrumu — faktoriem, kas var ietekmét sinergisko efektu (3.1. un 3.2. tabula) ir
pieradita daudzos pétijumos.

Augstas €kas rada pastavigu &énu, tada veida aizkavéot mitruma
iztvaikosanu. Tas arT aiztur v&ju, mazinot gaisa apmainu. Betona, asfalta un miira
virsmas akumul€ siltumu, 1idz ar ko paaugstinas apkartgjas vides temperatiira,
papildus siltumu dod arT automobilu izpliides gazes utt. (Chen et al., 2010; Idezak
et al., 2007; Vardoulakis et al., 2003).

Sadi varétu izskaidrot kapéc visaugstakas CPI vertibas (1.82-19.4) ir
Lielaja iela — vieta, kuru no visam pusém apnem relativi augstas akmens un miira
¢kas, kamér viszemakais sinergiskais efekts (CPI 1.36) ir Jaunaja ostmala — plasa
un atklata vieta Tirdzniecibas kanala krastos. So pien@mumu apstiprina ari
sinergiska efekta merijumos konstatétas ipatnibas, kad divas paralélas ielas Riga
— Brivibas un Kr.Valdemara ielas, starp kuram ir dazu desmitu metru attalums,
noverotas pilnigi atSkirigas sinergiska efekta izmainas un ta veidoSanas céloni
(3.1. un 3.2. tabula).
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Lai parliecinatos, ka CPI telpiskas autokorelacijas rezultati rada sinergisko
efektu, nevis gaisa piesarnojuma izkliedi, veikta telpiskas autokorelacijas analize
SIA Estonian, Latvian & Lithuanian Environment izkliedes modeléSanas
rezultatiem tajos paSos punktos, kuros aprékinatas CPI vertibas.

Morana | indekss

\ \
L 2
L+ Y

20 30 40 50 60 70 30 90 100
Klastern malu garums (m)

Avots: Kalnins, 2015b

3.5. att. Morana | indekss satiksmes ridita gaisa piesarnojuma izkliedes
modelé$anas rezultatiem Liepajas centralaja dala / Moran’s I of pollution
dispersion in central part of Liepaja

Abas Iiknes (3.4. att. un 3.5. att.), lai arT atseviskos punktos lidzigas, tomér
bitiski atskiras kopuma, kas norada uz to, ka CPI teritoriala izvietojuma cé€loni
nav identiski NO, NO2 izkliedei — tos ir ietekm&jusi arT citi faktori, kas $aja
gadijuma varétu bit sinergiskais efekts.

Atskiribas verojamas klasteros ar malu garumiem 40-50 m — CPI Morana
I =-0.05, savukart, NO un NO, Morana I = 0.22. Nozimigakas atSkiribas ir ari
klasteru izvietojuma ar malu garumiem 70-90 m, kur CPl Morana | = -0.41 lidz
0.78, savukart NO, NO, Morana | =-0.61 Iidz 0.77.

Saja pétijuma konstatéta mikroklimata ietekme gaisa piesarnojuma
sinergiska efektu veidoSana ir relativi jauna atzina — lidzigos pétijumos parasti
apskatita atsevisku meteorologisku faktoru radita ietekme (Daniel, et al., 2003;
Roberts, 2004). Tomér mikroklimats un meteorologiskie faktori ir divi dazadi
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j&dzieni, jo gaisa temperatiira, v€ja atrums un relativais gaisa mitrums dazadas
pilsétas vietas dél “ielu kanjonu” geometrijas var izteikti atSkirties no vispargjiem
meteorologiskajiem apstakliem konkrétaja vieta (Chen et al., 2010; Idezak et al.,
2007; Vardoulakis et al., 2003). Tas arT labi izskaidro pretrunigos rezultatus no
Brivibas un Valdemara ielas Riga, apliecinot, ka sinergisko efektu veidojosie
meteorologiskie faktori ir specifiski katrai konkrétajai vietai un, ja viena
gadijuma korelacija netiek konstatéta, tas nenozimg, ka So faktoru var izslégt no
sinergiska efekta novertgjuma — cita vieta §is faktors var izradities loti biitisks
sinergisko mijiedarbibu veidotajs.

Saja sinergiska efekta novertgjuma iegiitie rezultati un galvenas atzinas —
parliecinosa CPI korelacija ar piesarnojuma svarstibam R = -0.86 un izteikta
telpiska autokorelacija Morana I = (.78 atbilst biezak lietotai sinergiska efekta
definicijai, kas nosaka, ka sinergisko efektu veido dazado piesarnojoSo vielu
vienlaiciga iedarbiba (EPA, 1986; Mumtaz & Durkin, 1992; Brouwere et al.,
2014). To vel papildina fakts, ka iegiito sinergiska efekta novért€juma rezultatu
— CPI telpiska autokorelacija atSkiras no gaisa piesarnojuma izkliedes
modelé$anas rezultatiem (3.4. att. un 3.5. att.), kas liecina par dazadu faktoru
mijiedarbibu konkrétu CPI vertibu radiSana. Lidz ar to var uzskatit, ka
izstradatais modelis satiksmes radita gaisa piesarnojuma sinergiska efekta
novertéSanai (3.3. att.) Iidzigi ka sinergiska efekta noveért§juma modelis,
izmantojot automatiskas mé&rfjumu stacijas (3.1. att.) ir sp&jigs darboties un
izmantojams praktiskiem mérkiem — satiksmes radita gaisa piesarnojuma
sinergiska efekta novértéSanai ar izkliedes model&Sanas palidzibu.

3.3. Liepaja un Riga veikto sinergiska efekta novertéjumu
rezultatu validacija

Pétfjuma laika gan Liepaja, gan Riga konstatéts sinergiskais efekts

sekojosu mijiedarbibu veida:

e Liepaja — NOx un gaisa temperatiiru,

e Rigda — NOx, O3 un gaisa temperatiira.
Lai Sos rezultatus validétu — parliecinatos, ka tie$am ir konstatéts mingto faktoru
veidots sinergiskais efekts, veikta parcialas korelacijas analize.

Sim mérkim visam pétijumu vietam izveidotas 2 atseviskas korelacijas
matricas: viena gaisu piesarnojosam vielam, otra — meteorologiskajiem
faktoriem. Parcialas korelacijas aprékinasana pielietota inversas matricas metode
— vispirms izveidota inversa matrica, talak ar tas palidzibu izveidota parcialas
korelacijas matrica (3.4. — 3.5. tabula).
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3.4. tabula

CPI parciala korelacija un tas aprekinasanai izmantotie dati gaisa
piesarnojuma sinergiska efekta novértéjumam Liepaja / Partial correlation
of CP1 forming factors in Liepaja

Pirsona korelacijas koeficients / Pearson’s R

CPI NOx Temperatiira /
Air temperature
CPI - -0.47 -0.34
NOx -0.47 - -0.57
Temperattra / -0.3404 -0.57 -

Air temperature
Pirsona korelacijas koeficienta inversa matrica / Inverse matrix

CPI NOx Temperatara /
Air temperature
CPI - 4.45 4.07
NOx 4.45 - 4.88
Temperatra / 4.07 4.88 -

Air temperature
Parcialas korelacijas koeficients / Partial correlation

CPI NOx Temperatira /
Air temperature
CPI - -0.86 -0.84
NOx -0.86 - -0.88
Temperattra / -0.84 -0.88 -

Air temperature

Liepaja CPI un NOx parcialas korelacijas koeficients ir 0.86., savukart,
CPI un gaisa temperatiirai — 0.84. Lidz ar to var teikt, ka pastav vienlidz liela
varbitiba, ka sinergisko efektu Liepaja ir veidojusi slapekla oksidi vai gaisa
temperatara (3.4. tabula).

Paslaik lielaka dala pieradijumu ir par Oz un gaisa temperatiiras
vienlidzigu mijiedarbibu (Foster et al. 2000; Kahle et al., 2015; Madrigano et al.,
2015), tomer atseviSkos petfjumos ir pieradita arl mijiedarbiba starp gaisa
temperatiru un NOx (Vanos et al.,, 2014). Tapéc var pienemt, ka gaisa
piesarnojuma sinergiska efekta noveértgjuma rezultati Liepaja ataino sinergisko
efektu, bet iesp&ju, ka Sos rezultatus ir radijusi tikai specifiska bioindikatoru
reakcija gaisa temperatiiras svarstibu ietekmé, pilniba izslégt nevar.
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Rezultati no Brivibas ielas salidzinajuma ar Liepaju uzrada sarezgitaku
sinergisko mijiedarbibu — Oz + NOx + temperatiira (3.1. un 3.2. tabula).

3.5. tabula

CPI parciala korelacija un tas aprékinasanai izmantotie dati gaisa
piesarnojuma sinergiska efekta novertéjumam Riga Brivibas iela / Partial
correlation of CPI forming factors in Riga Brivibas Str.

Pirsona korelacijas koeficients / Pearson’s R

Air temperature

CPI NOx Os Temperatara /
Air temperature
CPI - -0.89 -0.91 0.57
NOx -0.89 - 0.68 -0.33
O3 -0.91 0.68 - -0.73
Temperatiira / 0.57 -0.33 -0.73 -

Pirsona korelacij

as koeficienta inversa matrica / Inverse matrix

Air temperature

CPI NOx 0Os Temperatara /
Air temperature
CPI - 20.63 24.16 0.77
NOx 20.63 - 10.15 -0.35
O3 24.16 10.15 - 2.72
Temperatra / 0.77 -0.35 2.72 -

Parcialas korelacijas koeficients / Partial correlation

Air temperature

CPI NOx O3 Temperatira /
Air temperature
CPI - -0.91 -0.88 -0.07
NOx -0.91 - -0.67 0.06
O3 -0.88 -0.67 - -0.41
Temperatiira / -0.07 0.06 -0.41 -

Riga, Brivibas iela (3.5. tabula), CPl un Os parcialas korelacijas
koeficients ir 0.88, bet CPl un NOx — 0.91, kas norada uz parliecino$u $o
piesarnotaju ietekmi sinergiska efekta veido$ana. Par labu sinergiska efekta
konstatéSanai liecina fakts, ka izslédzot vienlaicigi gan O3 gan NOx varbiit&jo
ietekmi, parcialas korelacijas koeficients gaisa temperatirai ir -0.07.
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Tomér $aja gadijuma janem veéra fakts, ka abas sinergiska efekta
veidosana iesaistitas piesarnojosas vielas — Oz un NOx ir savstarpgji saistitas, jo
ozons tie$d veida videé nenonak — ta avots ir slapekla oksidi, no kuriem tas
veidojas dazadu fotokimisku reakciju cela (Vallero, 2014). Tomér, no otras
puses, ir arguments, ka Os un NOx iesaiste gaisa piesarnojuma sinergiska efekta
veidoSana ir zinama no eksperimentaliem pétijumiem laboratorijas apstaklos
(Gamon et al., 2014) un arguments, ka parcialas korelacijas ir atskirigas — R =
0.67 (O3, NOx) ir mazak izteikta korelacija ka R = 0.88 (O3, CPI) un R = 0.91
(NOx, CPI). Tapéc varbutiba, ka iegtitas CPI vértibas ataino Oz un NOx raditu
sinergisko efektu, ir lielaka.

3.4. Izstradato sinergiska efekta novértésanas modelu
pielietoSanas metodika

Gaisa piesarnojuma sinergisko efektu $aja promocijas darba aprakstitaja
veida var novertet vietas kur ir izvietotas automatiskas gaisa kvalitates mérjjumu
stacijas vai ir veikta piesarnojuma izkliedes modeléSana. Piemérotaka
novertgjuma varianta izvéles gaita paradita 3.6. attela.

Novértgjama teritorija

| Automatiskas gaisa kvalitates |——— | CPI1 modelis |
mérfiumu staciias |

! l Nav |

| iesarnoi i |
— Piesarnojuma izkliedes | N -
i modelegana | | CPI> modelis |

Nav

Veic piesarnojuma
izkliedes modelésanu

Avots: autora veidots
3.6. att. Gaisa piesarnojuma sinergiska efekta novértéSanas modela

izveles gaita / Selection process of the most suitable cumulative pollution
evaluation model
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Neatkarigi no pielietota modela (3.1. vai 3.3. att.), gaisa piesarnojuma
sinergiska efekta novertéjuma gala rezultats ir sinergiska piesarnojuma indekss
CPI. Lai noteiktu atbilstosu riska limeni var izmantot 3.6. tabulu.

3.6. tabula

CPI indeksa vértibam atbilstoso sinergiska efekta Iimenu skala / CPI index
scale according to cumulative effect magnitude

CPI Piesarnojuma limena atskiriba no Sinergiskais efekts /
mérfjamiem vai izkliedes Cumulative effect
modelésanas / Difference between
actual effect and measurements (%)
>5 100 Loti augsts / Very high
26-5 80 Augsts / High
1.8-25 60 Vidgjs / Average
1.3-17 40 Zems / Low
1-1.2 20 Loti zems / Very low
1 0 Sinergiskais efekts
nepastav / No effect
<1 - Rezultati nav derigi /
Not valid

3.6. tabulas saturs ir tikai rekomendacija CPI vértibu interpreté$ana, jo ta
parada teorétisko CPI vértibu atbilstibu dazadiem sinergiska efekta radito draudu
Iimeniem, izmantojot atzinas no pétjjuma, kas veikts §T promocijas darba
izstrades gaita. Precizakas CPI gradacijas izstradei ir nepiecieSami plasaki
petijumi un lielaks datu apjoms, uz ka pamata izdarit secinajumus par konkrétu
CPI vertibu saistibu ar konkr&tu draudu limeni.
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4. SECINAJUMI

Pétljuma gaita izstradats visparinats gaisa piesarnojuma sinergiska
efekta noveértéSanas matematiskais modelis — CPI indekss un uz to
balstiti praktiski risinajumi — divi specializéti sinergiska efekta
novertésanas modeli: pirmais ka informacijas avotu sinergiska efekta
noteikSanai izmanto automatiskas gaisa kvalitates mérjjum stacijas,
otrais — piesarnojuma izkliedes modelésanu.

Izstradato sinergiska efekta novértéSanas modelu sinergisko efektu
raksturojosais CPI indekss Liepaja varigja robezas 1.1 — 1.94 (loti zems
lidz vidgjs), Riga no 1.3 — 1.51 (zems).

Ka potencialie sinergisko efektu veidojosie faktori §1 pétijuma ietvaros
identificeti slapekla oksidi, ozons un gaisa temperatiira — ve€rojama
izteikta iegiito CPI indeksa vértibu korelacija ar visiem mingtajiem
faktoriem: R =0.72 — 0.96 (NOx), R = 0.90 (O3) un R = 0.61 — 0.58
gaisa temperatirai.

Gaisa temperatirai sinergiska efekta veido$ana nav bijusi noteicoSa
loma, ta visticamak darbojusies ka katalizators: CPI indeksa un gaisa
temperatiiras parcialas korelacijas koeficients — 0.07

Pétfjuma laika pirmo reizi konstatéta pilsétas mikroklimata ietekme
sinergiska efekta veido§ana — izkliedes modeléSana balstita
novértgjuma laika Liepaja konstatSta izteikta rezultatu teritoriala
klasterizacija (Morana I = 0.78). Augstakas sinergiska efekta vertibas
noverotas pilsétas “ielu kanjonos” — CPI indekss 1.65 lidz 1.82,
savukart, zemaka vertiba (CPI 1.36) — plasa un atklata vieta (Jaunaja
ostmala).

Abi izstradatie sinergiska efekta noveértéSanas modeli savu funkciju
pilda vienlidz labi un ir savstarpgji papildinosi — modelis, kas ka
informacijas avotu izmanto automatiskas mérijumu stacijas, lauj veikt
punktveida m&rTjumus pa atseviskiem méneSiem, savukart, modelis, kas
izmanto piesarnojuma izkliedes model&Sanu, ir piemé&rots ilgtermina
sinergiska efekta novérté$anai plasa teritorija.

Apstiprinajusies izvirzita pétjjuma hipoté€ze — gaisa piesarnojuma
sinergiska efekta gadijuma bioindikacijas rezultati atskiras no gaisa
kvalitates mérfjumu rezultatiem, un $o abu rezultatu attiecibu var
izmantot sinergiska efekta novertésanai.
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1. BACKGROUND OF THE RESEARCH

Information on air pollution can be obtained with a variety of
environmental parameter methods — automated measurements and pollution
dispersion modelling. Current solutions fulfil their task — evaluate pollution level
in compliance with environmental quality standards. However, recent studies
have shown that there is a hidden, less obvious danger — cumulative effect —
increased impact on living organisms caused by interactions of different
pollutants and environmental factors. For example, ozone mixed with other
pollutants, results in greater impact on human health than same substances in a
separate action (Mauderly and Samet, 2009). Such interactions are very complex
and depends on a combination of many factors — weather, air temperature,
humidity, exposure, etc. (Stylianou and Nicolich, 2009; Su et al., 2012), hence
they are not easy to assess.

Air pollution cumulative effect assessment methodologies are hindered
by a lack of verified analytical framework (Callahan and Sexton, 2007) —
cumulative effect most often is viewed only in a simplest form of interactions
and mostly in laboratory conditions (Meek et al., 2011; Monosson, 2005).
Therefore, with current knowledge on interactions between pollutants,
environmental parameter methods alone cannot serve as an effective tool for
cumulative pollution assessment.

As an alternative bioindication can be used — pollution level determination
by its impact on certain living organisms. It can’t determine exact concentrations
of substances, like with air quality measurements, but it is an effective tool to
evaluate how much pollution caused damage living organism take in given
pollution level (Tiwari, 2008; Conti and Cecchetti, 2001). However, also
bioindication alone cannot be used as an effective cumulative effect assessment
tool, because it is impossible to determine whether the damage to indicator
organisms are caused by individual pollutants or the cause is cumulative effect.

In the case of cumulative impact, living organisms should receive more
damage than it should be in measured pollution level. Therefore, by using
chemical substances concentration measurements and bioindication together,
would be possible to extract information about this extra damage from air quality
measurement data, allowing to detect and evaluate cumulative effects more
effectively than with current — statistical models based approaches.

Such integrated cumulative effect evaluation solution could significantly
improve efficiency of air quality monitoring, because in addition to the existing
measurements, also cumulative effect can be detected and evaluated.
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1.1. Goal and tasks of the thesis

The objective of the doctoral thesis is to develop a cumulative effect
evaluation model based in bioindication and environmental parameter methods
and verify it by doing cumulative effect evaluation in Liepaja and Riga.
Scientific tasks set to reach the goal of the thesis are:

1. Characterize air pollution and its assessment problematics;

2. Develop air pollution cumulative effect evaluation model based in
bioindication and environmental parameter method,;

3. Verify developed model and assess its practical application by doing air
pollution cumulative effect evaluation in Liepaja and Riga.

1.2. Structure of the thesis

Development of Cumulative Pollution Index (CPI)

| |

CP|1 CP|2
Measurements Dispersion modelling
Cumulative effect evaluation Cumulative effect evaluation
in Liepaja and Riga in Liepaja

l

Recommendations for the use of developed cumulative
effect evaluation models in further research
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1.3. Scientific novelty and practical value of the research

e  For the first time in Latvia air pollution cumulative effect evaluation was
done. During the research such factors as air temperature, humidity and
cumulative effect caused microclimate of "street canyons" were
evaluated.

o During the study a new approach in cumulative effect evaluation was used
— bioindication and air quality measurements merged into a single
integrated solution.

e Universal cumulative pollution evaluation method was developed —
Cumulative Pollution Index (CPI)

e Based on the CPI method, two specialized air pollution cumulative effect
evaluation models were developed — one for automatic air quality
measurement stations, and the other — for pollution dispersion modelling.

1.4. Approbation of the results
The results of the thesis are published in three scientific articles:

Kalnin§, V. Cumulative air pollution evaluation model in air quality
monitoring: merging bioindication and pollution measurements. Pollution
Research. 2015, vol. 34, pp. 21-29. (SCOPUS)

Kalning, V. Cumulative Impact Evaluation In Central Part of Liepaja with
Cumulative Pollution Index Method and Air Pollution Dispersion Modelling.
Proceedings of the Latvia University of Agriculture. 2015, vol. 33, pp. 2-7.

Kalnin§, V. Bioindication based cumulative effect evaluation for air pollution
monitoring in cases when monitored pollutant values do not exceed breakpoint
values. Innovations and Technologies News, 2012, vol. 2, pp. 3-10.

Four proceedings of conferences:

Kalnin§, V., Straupe I., Sudars, R. Evaluation of cumulative air pollution in
Riga and Liepaja with Cumulative Pollution Index method. Research for Rural
Development 2014, Annual 20th International Scientific Conference
Proceedings. 2014, vol. 2, pp. 127-132. (SCOPUS)

Kalnin§, V. Bioindication solutions integration in air quality reporting
systems. Liepajas Universitates 16. starptautiskds zindatniskds konferences
rakstu krajums. 2014, pp. 407-413.
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Kalnins, V. Citizen science approach in bioindication based air pollution
monitoring. Liepdjas Universitates 15. starptautiskas zinatniskds konferences
rakstu krajums. 2013, pp. 458-464.

Kalnin§ V. 2012. Assessment of Bioindication Methods in Air Pollution
monitoring. Research for Rural Development 2012” Annual 18th International
Scientific Conference Proceedings. 2012, vol. 2, pp. 117-121. (SCOPUS)

The results are presented in six scientific conferences:

Kalnins, V. Evaluation of cumulative air pollution impact in Liepaja.
Liepajas Universitates 17. starptautiska zinatniska konference. Liepaja, Latvija,
22. — 23. maijs, 2014. Stenda referats.

Kalnins, V., Straupe 1., Sudars, R. Evaluation of cumulative air pollution in
Riga and Liepaja with Cumulative Pollution Index method. Research for Rural
Development 2014, Annual 20th International Scientific Conference. Jelgava,
Latvia, 21 — 32 May, 2014.

Kalnins, V. Bioindication solutions integration in air quality reporting
systems. Liepajas Universitates 16. starptautiska zinatniska konference. Liepaja,
Latvija, 23. — 24. maijs, 2013.

Kalnin§, V. Citizen science approach in bioindication based air pollution
monitoring. Liepajas Universitates 15. starptautiska zinatniska konference.
Liepaja, Latvija, 17. — 18. maijs, 2012.

Kalnin§ V. Assessment of Bioindication Methods in Air Pollution
monitoring. Research for Rural Development 2012” Annual 18th International
Scientific Conference. Jelgava, Latvia, 16 — 18 May, 2012.

Kalnins, V. Bioindikacija balstita gaisa piesarnojuma monitoringa tiklu
planosana un kumulativa efekta novert€Sana. Latvijas Universitates 71.
konference. Riga, Latvija, 30. janvari, 2013.
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2. MATERIALS AND METHODS

2.1. Air pollution cumulative effect evaluation with automated
measurement stations in Liepaja and Riga

2.1.1. Cumulative effect evaluation process

In Riga, for air pollution cumulative effect evaluation, central district was
used. The choice was made on a basis of the year 2008 pollution dispersion
modelling, done by Riga City Council Housing and Environment Department. It
shows that the highest concentrations of air pollution are in this place (Riga City
Council, 2011). As the research sites in Riga following automated measurements
station were used:

e Brivibas Street 73

e Kr. Valdemara Street 18
Research location in Liepaja — Kalpaka Street 34 was chosen due to data
availability, because this measurement station is the only one in Liepaja
(LVGMC, 2011).

Air pollution cumulative effect was expressed in the form of equation
Nr.1. To calculate value M in equation Nr.1 air pollution measurement data were
obtained on a monthly basis during the period 02.01.2013. — 01.01.2014.
Following pollutants were used:

e Riga, Brivibas Street 73 — SO,, NO,, Og;
e Riga, Kr. Valdemara Street 18 — NOx, NO, O3, CO;
e Liepaja — SOz NOx, O3, CO.

To calculate value B, at the same time as air pollution measurements,
bioindication research was done — transparent, perforated plastic containers with
lichen samples were placed on each monitoring station used in cumulative effect
evaluation. Three lichen species were used — Xanthoria parietina (L.), Parmelia
sulcata (Taylor) and Ramalina fraxinea (L.).

These species was chosen from different sensitivity groups to exclude
specific sensitivity to individual pollutants and environmental factors:

e Ramalina fraxinea (L.) — sensitive to almost all pollutants (Nimis et al.,

2002);

o Parmelia sulcata (Taylor) — medium sensitive to SO, (Hawksworth and

Rose 1970; Peterson et al. 1992), sensitive to other pollutants, including

O3 (Ross & Nash 1983; Ryan 1990; Peterson et al. 1992);

e Xanthoria parietina (L.) —resistant specie, affected only by high pollution
levels (Hawksworth and Rose 1970; Perkins & Millar 1987b).
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Sampling site was located in Liepaja — in suburban forest, near the ruins
of Southern fortification of Liepaja (coordinates: 56, 284841; 21, 000106). The
choice of this location was based on last available air pollution dispersion
modelling which shows that air in this place is relatively clear — outside of all
pollution zones of Liepaja (Estonian, Latvian & Lithuanian Environment, 2004).

Each month, during the period 02.01.2013. — 01.01.2014., 4 cm large
lichen samples were collected from all species used in this research and placed
in airtight plastic containers and delivered to the cumulative effect evaluation
sites. This was done to prevent contamination during the transport.

After placement on the measurement stations, lichen samples were left
there for one calendar month, then removed, placed in airtight containers again,
and delivered to Latvia University of Agriculture, Agrochemical Soil Analysis
Laboratory where chlorophyll/pheophytin ratio analysis was done.

2.1.2. Methodology of data processing

As pollution impact on lichens can be determined by chlorophyll and
pheophytin ratio (Tretiach et al., 2007; Riddell et al., 2012). In the laboratory
these biochemical values were measured with spectrophotometer according to
Ronen and Galun method (1984).

For extraction of both necessary pigments, lichens were placed in
Dimethylsulphoxide (DMSO) and heated at a temperature of 65°C for 45
minutes. Then cooled, placed in a spectrophotometer, and measured chlorophyll/
pheophytin ratio characterizing optical densities — 415 and 435 nm wavelengths
(Ronen & Galun, 1984). To ensure that all obtained optical densities are
comparable and heavier lichens with more pigment content has no impact on
results, before pigment extraction, all samples ware weighted and same amount
of DMSO used — 5 ml. Finally, each optical density was expressed against one
unit of mass (OD/g).

All obtained results — were compiled in Microsoft Excel table according
to lichen species, calendar month and air quality measurement station where the
specific sample was placed.

2.2. Air pollution cumulative effect evaluation in Liepaja with,
pollution dispersion modelling

In Liepaja, for air pollution cumulative effect evaluation with dispersion
modelling the central part of Liepaja was used.

The choice was based on data availability — on this site both types of
necessary data for cumulative effect calculation was available — dispersion
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modelling (Estonian, Latvian & Lithuanian Environment, 2007) and
bioindication study (Kalnins, 2009).

The study area is bordered by Jauna ostmala (N), Ganibu Street (E),
Kungu Street (S) and Liela Street (W) — Fig. 2.1. In this area 12 points were
selected according to bioindication data availability. The locations, coordinates
and spatial distribution of these points are shown in Table 2.1. and Fig. 2.1.

Cumulative effect was expressed in the form of equation Nr.2. To
calculate value D in equation Nr.2, year 2007 pollution dispersion modelling data
were used. This modelling was done by SIA Estonian, Latvian & Lithuanian
Environment on contract by the Municipality of Liepaja with ADMS Roads 2.2
model. It shows dispersion of nitrogen oxides (NOx), because, according to
modelling survey authors, traffic is the only significant pollution source in the
central part of Liepaja and NOx takes the largest part in composition of car
exhaust gases (Estonian, Latvian & Lithuanian Environment, 2007). To calculate
value B in equation Nr.2, accounting of lichen flora in Liepaja was used —
collected in the same year as dispersion modelling for preparation of bachelor
thesis (Kalnins, 2009).

2.3. Used statistical analysis methods

As a statistical methods correlation analysis (Pearson’s R), partial
correlation and One-way ANOVA were used. The calculation of correlation
(given as coefficient of multiple correlation in MS Excel) and One-way ANOVA
was done by the use of Microsoft Excel built-in tools. Partial correlation was
calculated with inverse matrix method.

Since the results of cumulative effect evaluation with pollution dispersion
modelling consists of CPI values and their spatial distribution, to determine if
there are any spatial patterns in cumulative effect detections, spatial
autocorrelation in form of Moran’s I index was used (Moran, 1950) expressed in
scale -1 to +1 where:

e -1to 0 - negative autocorrelation;
e (0 to +1 - positive autocorrelation;
e 0 -no autocorrelation.

Moran’s 1 was calculated by the use of online tool, developed by
University of Tartu for statistical analysis of spatial data, available at:
http://digiarhiiv.ut.ee/kalkulaator/

Calculation parameters are shown in Table 2.2.
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3. RESULTS AND DISCUSION

3.1. Air pollution cumulative effect evaluation with automated
measurement stations in Liepaja and Riga

3.1.1. Development of cumulative effect evaluation model

As an examples in cumulative effect evaluation model development, two
in world practice popular methods were used — Air Quality Index (AQI) and
Index of Atmospheric Purity (IAP). Their equations respectively were placed in
equation Nr.1. — AQI as value M and IAP as value B. The result is equation Nr.3

Although equation Nr.3 in given form can be used to calculate cumulative
effect, the approach used is too generalized, so it was transformed further to make
it compatible with chlorophyll/pheophytin ratio method. The result is equation
Nr.4 (Kalnins et al., 2014).

Based on equation Nr.4, model for air pollution cumulative effect
evaluation with automated measurement stations was developed — Fig. 3.1.

3.1.2. Results of cumulative effect evaluation

In cumulative effect evaluation in Liepaja and Riga with developed model
(Fig. 3.1.) chirophyll/pheophytin ratio data were used together with air quality
measurements done by same measurement station where lichen samples were
placed. Results are compiled in Fig. 3.2.

According to Fig 3.2., in both cities — Liepaja and Riga, air pollution
cumulative effect was detected. In Liepaja air quality monitoring site it was
detected all year long, except April. While in Riga, only in summer — June to
October (Brivibas Str.) and some autumn months — November to December (Kr.
Valdemara Str).

Based on previous research on cumulative effects by other authors, following
possible cumulative effect forming factors were evaluated:
e Pollutants (Mauderly and Samet, 2009; Bell et al., 2011; Stylianou and

Nicolich, 2009; Su et al., 2012);

e Pollutants in combination with meteorological factors — air temperature

and humidity (Daniel, et al., 2003; Roberts, 2004).

One-way ANOVA show that in all research sites significant impact on
cumulative effect measurement results are both groups — pollutants and
meteorological factors (Fact.< Ferit, o= 0.05).

In Liepaja significant impact on CPI is NOx (R = 0.72), while in Riga

Brivibas Street — O3 (R = 0.90) and NOx (R = 0.96) — Table 3.1.
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Despite the CPI correlation with other pollutants, for example, SO; in
Liepaja (R = 0.54) and Os in Kr. Valdemara Str. (R = 0.68), these results are
below level of significance (p > 0.05).

However, p > 0.05 not necessarily means that data are not valid — one of
the most widespread explanations in such cases is small sample size (du Prel, et
al., 2009; Gail & Feinn, 2012; Lew, 2012), but in same time results with p > 0.05
can’t be interpreted as statistically justified cumulative effect detections.

Taking into account only pollutants, statistically justified cumulative
effect detection is only in Riga, Brivibas Street, because R = 0.72 for NOx alone
in Liepaja don’t meet the definition of cumulative effect — synergy of multiple
pollutants. Analysis of meteorological factors impact on CPI values — Table 3.6.,
shows significant CPI correlation with air temperature in Liepaja (R = 0.61).
Also, in Riga, Brivibas Street CPI correlates with changes in ambient air
temperature, but to a lesser extent than in Liepaja (R = 0.58). Completely
different results are from the second site in Riga — Kr. Valdemara Street. In this
place, significant correlation is only with relative humidity (r = 0.78). If there is
any air temperature impact on CPl, itis insignificant (R = 0.37). In addition, these
results aren’t statistically significant (p > 0.05). Therefore, it can be concluded
that in forming of CPI values the main meteorological factor was air temperature.

NOx and O3 cumulative synergy is well known from various research done
by other authors (Gelzleichter et al., 1992; O’Neil et al., 1995). Humans and
animals inhale both of these pollutants and they come in contact with respiratory
tract lining fluids (RTFLSs). Antioxidants in RTFLs reacts with NOx and reduces
respiratory tissue protection capabilities from oxidants like O3 (Gamon et al.,
2014). NOx and O3 synergy also occurs in biochemical level in the form of
damage of various protein structures. Therefore, affecting not only humans and
animals, but almost all living organisms (Gamon et al., 2014). Also temperature
as a catalyser factor in forming of pollution impact is known from other research
— for example, it is known that O3 causes respiratory dysfunctions in 21-23°C
temperature diapason (Horstman et al., 1990; Adams 2003, Adams, 2006) and
further increase in temperature results in even greater Oz impact (Gong et al.,
1986; Foster et al., 2000).

Since the cumulative effect evaluation results in Liepaja and Riga can be
justified by similar studies done by other authors, it can be assumed that during
the study in Liepaja and Riga air pollution cumulative effect was detected and
developed cumulative pollution evaluation model (Fig. 3.1.) is valid and can be
used for practical purposes — cumulative effect measurements in air quality
monitoring.
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3.2. Air pollution cumulative effect evaluation in Liepaja with,
pollution dispersion modelling

3.2.1. Development of cumulative effect evaluation model

As shown in equation Nr.2, calculation of cumulative effect requires two
types of input data — concentration of pollutants and bioindication results,
obtained in the same place where pollution measurements were done. Pollution
concentrations can be obtained by the use of dispersion modelling, therefore only
acquisition of bioindication data remains. To do this, it is necessary to assess
bioindicators over a wide area, so the most appropriate in this case are passive
(lichen diversity assessment) techniques, such as IAP — one of the most popular
bioindication methods (Falla et al. , 2000; Nimis et al., 2002). Merging IAP with
previously developed CPI equation for cumulative effect evaluation with
automated measurement stations (equation Nr.4), the result is equation Nr.5
(Kalnins, 2015b).

Based on equation Nr.5 air pollution cumulative effect evaluation model
with pollution dispersion modelling was developed — Fig. 3.3.

To start cumulative effect evaluation process, two sets of data are needed —
bioindication survey results with AP method which consist of coordinates and
according index values and pollution dispersion modelling results in form of
POSTFILE describing same area as bioindication survey. In first step
bioindication survey coordinates (X,Y b) are compared with X,Y columns in
POSTFILE (X,Y p) to find nearest values, which are marketed as cumulative
pollution evaluation coordinates (X,Y CPI).

In second step POSTFILE is searched for X,Y CPI according values in the
AVE CONC column. This part is repeated for all pollutants used in specific
dispersion modelling. Results, including breakpoint values for each pollutant,
together with bioindication survey results — IAP value and IAP control value, are
used to calculate CPI index.

3.2.2. Results of cumulative effect evaluation

In air pollution cumulative effect evaluation in central part of Liepaja,
developed evaluation model — Fig. 3.3. and following data were used:
e NO and NO; (NOx) year average modelled concentration (Estonian,
Latvian & Lithuanian Environment, 2007),
e Lichen species and their coverage accounting in Liepaja (Kalnins,
2009).
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According to the obtained results (Table 3.3.), cumulative impact in the
central part of Liepaja is relatively high — CPI vary in interval 1.36 to 1.94

High cumulative impact is observed throughout the entire length of Liela
Street (1.8-1.94) while elsewhere in the central part of Liepaja CPI values are
almost identical — 1.64, 1.65, 1.67, except Baznicas and Ganibu Street crossing,
where cumulative impact is almost as high as in Liela Street — 1.81 (Table 3.3.).
The minimum of cumulative impact is in Jauna Ostmala (1.36) — a wide, open
place, near the Tirdzniecibas Channel, while the maximum is in Rozu Square,
where CPI value is 1.94 (Table 3.3.). There is a strong negative correlation
between modelled pollution level and obtained CPI values (r = -0.86) which
means that high pollution scores go with low CPI scores and contrary. Therefore,
is possible to make an assumption that in many points in Liepaja the results of
this study show not the “real impact” on living organism caused by cumulative
effect, but the “real impact” due to non-compliance of dispersion modelling
results and actual pollution level.

Fact that pollution modelling results often differs from real life situation is
known from many studies (Hirtl & Baumann-Stanzer, 2007; Air Quality
Modelling Review Steering Group, Department for Environment, Food & Rural
Affairs, 2011). It can explain, why in some places pollution level is low while
CPI values are high, for example — Rozu Square, bet there are also places where
the situation is completely opposite — in Jauna Ostmala the results of dispersion
modelling show high pollution (25-30 pg m™), while CPI values there is the
lowest in the whole central part of Liepaja — 1.36.

Examining the spatial distribution of cumulative impact (Fig. 3.4.) strong
clustering of CPI values were observed (Moran’s I = 0.78). It means, that there
is a pattern in cumulative effect spatial distribution. Taking into account the latest
research on city microclimate, it is possible to assume that one of the main factors
that cause cumulative effect variations in the central part of Liepaja is
microclimate differences due to geometry of street canyons. Microclimate and
street canyon geometry impact on air temperature and humidity is demonstrated
by a number of studies (Vardoulakis et al., 2003; Idezak et al., 2007; Chen et al.,
2010) —tall building cause permanent shadow, thus inhibiting evaporation. They
also hold wind, reducing air exchange. Concrete, masonry and asphalt surfaces
accumulate heat and ambient air temperature rises due to temperature of car
exhaust gases, etc.

This can explain why the highest CPI values (1.82-19.4) are in Liela Street
which is surrounded by high stone and concrete buildings, while the lowest
cumulative impact is in wide and open space — Jauna Ostmala (CPI 1.36).
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To make sure that the results of CPI spatial autocorrelation analysis show
cumulative effect, not air pollution dispersion, SIA Estonian, Latvian &
Lithuanian Environment modelling results were analysed in same way — by the
use of spatial autocorrelation method.

Both curves (Fig. 3.4. and Fig. 3.5.) are similar in specific points, but
significantly different in general. This points to the fact that the cause of CPI
spatial distribution is not identical to NO, NO; dispersion — it is also affected by
other factors that in this case could be cumulative effect.

The role of microclimate in forming of air pollution cumulative effect is
relatively new fact — in similar studies individual meteorological factors are
typically evaluated (Daniel et al., 2003; Roberts, 2004). This can explain
conflicting results from two parallel streets in Riga — Brivibas and Kr. Valdemara
Street, because cumulative effect forming meteorological factors can be specific
to each particular location and if in one case correlation isn’t found it doesn’t
mean that those factors may be excluded from cumulative effect evaluation in
another places.

As the results obtained with CP1 model correlate with air pollution level
(r = -0.86) and shows strong spatial autocorrelation — Moran’s | = 0.78, they
corresponds to the most commonly used definition of cumulative effect, which
states that cumulative effect is impact of various pollutants in simultaneous
action (EPA, 1986; Mumtaz & Durkin, 1992; Brouwers et al. 2014).

Therefore, can be concluded that developed cumulative effect evaluation
model (Fig. 3.3.) is valid and can be used for practical purposes — cumulative
effect assessment with air pollution dispersion modelling.

3.3. Validation of cumulative effect evaluation results in
Liepaja and Riga

During the study in Liepaja and Riga, cumulative effect was detected in
following forms of interactions:
e Liepaja — NOx and air temperature,
e Riga— NOx, Oz and air temperature,
To validate these results, partial correlation analysis was done.

For this purpose, two separate correlation matrix — one for air pollutants, the
other for meteorological factors were created — Table 3.4. — 3.5.

In Liepaja CPI and NOx partial correlation coefficient is 0.86, while
coefficient for CPI and air temperature — 0.84. Therefore, it can be said that there
is an equally high probability that air pollution cumulative effect in Liepaja was
formed by either nitrogen oxides or air temperature (Table 3.4.).
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Currently most of the evidence is on Oz and temperature interactions (Foster
et al. 2000; Kahle et al., 2015; Madrigano et al., 2015), but some studies have
shown interactions between temperature and NOx (Vanos et al ., 2014).
Therefore, it can be assumed that the air pollution cumulative effect evaluation
results in Liepaja shows cumulative effect, but the possibility that these results
are only a specific reaction to air temperature fluctuations cannot be completely
ruled out.

Results from Brivibas Street in Riga, in comparison with results from Liepaja,
shows more complex cumulative interaction — O3 + NOx + air temperature (Table
3.1.-3.2).

In Riga (Table 3.5.) CPI and Og partial correlation coefficient is 0.88, but CPI
and NOx — 0.91. It is important that excluding both Os; and NOx, partial
correlation of air temperature doesn’t exist (coefficient = -0.07).

However, in this case both cumulative effect forming pollutants — Os; and
NOx are interrelated — ozone in atmosphere is formed in photochemical
reactions, also from nitrogen oxides (Vallero, 2014). However, on the other hand,
there is an argument that Oz and NOx involvement in cumulative effect is known
from experimental studies in laboratory conditions (Gamon et al., 2014) and an
argument that the partial correlations are different (Table 3.4. — 3.5.).

Therefore, the probability that the obtained CPI values shows O3 and NOx
cumulative effect is more convincing.

3.4. Methodology for the use of developed cumulative effect
evaluation models

Air pollution cumulative effect in the way described in this doctoral thesis
can be evaluated if either automatic air quality measuring stations or pollution
dispersion modelling is available.

How to choose the most suitable one of the both developed models are
shown in Fig. 3.6.

Regardless of the chosen cumulative effect evaluation model (Fig. 3.1. or
Fig. 3.3.), the result is Cumulative Pollution Index — CPI. In order to determine
the level of risk associated with specific CPI value, Table 3.6. can be used.
However, the content of Table 3.6. is only a recommendation — it is a theoretical
interpretation of CPI. For development of more accurate gradation additional and
larger scale research is needed.
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4. CONCLUSIONS

During the research generalized air pollution cumulative effect
evaluation mathematical model — CPI index and two specialized
cumulative effect evaluation models were developed. In the first model
as data source automatic air quality measurement stations are used, in
the second - pollution dispersion modelling is used.

Application of developed models shows that in Liepaja cumulative
effect characterizing CPI index ranged within 1.1 — 1.94 (very low to
medium), while in Riga from 1.3 to 1.51 (low).

As a potential cumulative effect forming factors, nitrogen oxides, ozone
and air temperature were identified — CPI index correlates with all of
these factors: R =0.72 —0.96 (NOx), R =0.90 (O3) and R = 0.61 — 0.58
(air temperature).

Air temperature is not the main cumulative effect forming factor — it
most likely have acted as a catalyst: partial correlation of CPI index and
temperature is -0.07.

During the study, for the first time, the role of microclimate in forming
of cumulative effect was noted — dispersion modelling based assessment
in Liepaja shows significant spatial clustering of cumulative effect
(Moran’s | = 0.78). Higher values were observed in the "street canyons"
—CPI 1.651t0 1.82, while the lowest value (CPI 1.36) in a wide and open
area (Jauna Ostmala).

Both developed cumulative effect evaluation models works equally
well and complement each other.

The hypothesis was confirmed — bioindication results in a case of air
pollution cumulative effect differs from measurement results and this
difference can be used to detect and evaluate cumulative effect.
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