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Atskaité izmantotie saisinajumi un apzimeéjumi

EDS vai EDX - izkliedéto rentgenstaru energijas analizators (Energy-dispersive X-ray
spectroscopy — anglu val);

Filtru projektivais segums — analiz€ ieklauta visa filtra parklajums ar cietajam dalinam,;

GMS - Gaisa monitoringa stacija(s);

LVGMC - Valsts SIA “Latvijas Vides, geologijas un meteorologijas centrs”;

PAH — policikliskie aromatiskie oglidenrazi (polycyclic aromatic hydrocarbons — anglu val.);
PCA - galveno komponentu analize (Principal component analysis — anglu val.);

PM - puteklu cietas dalinas (particulate matter — anglu val.);

PMgzs — puteklu cietas dalinas ar izmériem mazakiem par 2,5 um;

PM1o — puteklu cietas dalinas ar izmériem mazakiem par 10 pm;

SEM - skengjosais elektronu mikroskops.



levads

Puteklu cietas dalinas ir loti smalku dalipnu komplekss maisijums, kas satur
visdazadakos organiskos un neorganiskos savienojumus, un kuras savu mazo izméru dél
izraisa veselibas problémas cilvékiem tas ieelpojot (avots: “epa.gov...”). Puteklu cietas
dalinas savu aktualitati nav zaud&jusas kops briza, kad atklata to nelabvéliga iedarbiba uz
veselibu, bet tiesi otradi — p&d€jos gados tas tiek pétitas arvien vairak un veselibai nodartais
launums tiek uztverts arvien nopietnak. Aktualitate nezid ari tapec, ka $adu dalinu izskauSana
no intensivas pilsétvides, kur tas apdraud lielu skaitu iedzivotaju, ir loti sarezgits process, kas
prasa daudzpus€ju un kompleksu izpéti, lai noskaidrotu to c€lonus un iesp&€jamos puteklu
samazinasanas variantus. Riga nav iznémums, kur puteklu cietajam dalipam PMzio bieZi
noverojama paaugstinata koncentracija gaisa vide.

Puteklu cieto dalinu ietekme uz veselibu ir atkariga gan no cieto dalinu izméra, gan to
kimiska sastava. Jo dalinas smalkakas, jo tas sp&j dzilak iespiesties organisma un nodarit tam
lielaku launumu. Saja pétijuma apskatitas puteklu cietas dalinas PMio, kuras raksturojas ar
izmériem mazakiem par 10 um diametra. So dalinu mazais izmérs lauj tam cilvéku organisma
noklut 1idz plausam, izkliistot cauri degunam un riklei. Smalkas puteklu cietas dalinas spgj
nelabvéligi ietekm@t gan plausas, gan sirds un asinsvadu sistému, ka ar1 izsaukt nopietnas
veselibas problémas (Brook et al., 2010; Anderson et al., 2012).

Riga regulari tiek parsniegts diennakts robezlielums puteklu cietajam dalinam PMao, kas
noteikts MK noteikumos Nr.1290 “Noteikumi par gaisa kvalitati”’, un, kas nosaka, ka
diennakts PM1o koncentracijas robezlielums ir 50 ug/m?, bet to drikst parsniegt ne vairak ka
35 reizes gada. Faktiskie novérojumi liecina, ka Riga nespgj ieverot Sos noteikumus, jo tadu
dienu skaits, kad PM1o koncentracija parsniedz diennakts robezlielumu, ir ievérojami vairak
neka atlauts. Pagajusaja, 2013. gada, sadi parsniegto dienu skaits Brivibas iela bija 140, kas ir
par 105 dienam vairak, neka tas pielaujams. Rigai ir jasamazina puteklu cieto dalinu
koncentracija pilsétas gaisa, lai spétu izpildit gaisa kvalitates normativus. Lai to izdaritu, ir
nepiecieSams identificét puteklu cieto dalinu emisijas avotus, lai noskaidrotu, kas ir atbildigs
par augsto PMio koncentraciju pilsétas gaisa.

Ieprieks veiktie pétijumi par puteklu piesarnojumu Riga (Jankovska, 2008; Klavins,
2000; Latvijas Vides..., 2008; LVGMC novertejums, 2012; Osite, 2003; Osite u.c., 2005;
Rigas Vides..., 2008; gteinberga, 2007; Viksna, 2006; “Rigas Vides..., 2013”) nav sp€jusi
izskaidrot augsto PM1o koncentraciju Rigas centra gaisa monitoringa stacijas dazadu iemeslu
del, pie kuriem jamin gan to veikSanas epizodiskums, gan to izmantoto datu nepilnigums, gan
pétito avotu mazais skaits, [idz ar to ir nepiecieSami papildus petijumi, kuri spétu labak
izskaidrot ming&tas problémas rasanas iemeslus.

Pétijuma "Smalko dalipu PMio sastava un morfologijas analize un zongjuma kartes
izstrade Rigai" ietvaros izstradata puteklu cieto dalinu PMio zongjuma karte Rigai, kas attélo
uz faktiskd materiala balstitus model€Sanas rezultatus, iedalot Rigu tris zonas, atkariba no
PMao gada vid&jas koncentracijas:

| zona - cieto dalinu PMio gada vid&ja koncentracija $aja zona parsniedz 40 pug/md;
Il zona - cieto dalinu PM1o gada vid&ja koncentracija ir robezas no 30 Iidz 40 pg/m?;
[11 zona - cieto dalinu PM1o gada vidgja koncentracija ir mazaka par 30 pg/m?3.



P&tijuma veikta izlases putek]u cieto dalinu paraugu analize ar SEM-EDS metodi paraugiem,
kuri ievakti no gaisa monitoringa stacijam Brivibas iela 73 un Kr. Valdemara iela 18 laika
posma no 2013. g. 1. oktobra lidz 2014. g. 31. martam. Puteklu paraugu ievaksSana un
morfologijas un sastava analizéSana tika veikta, pamatojoties uz 2013. gada izstradatas
metodes, kura aprakstita projekta “P&tfjums par tehnologijam puteklu smalko dalinu sastava
un morfologijas noteikSanai un metodes izstrade puteklu paraugu savaksanai Rigas gaisa
monitoringa stacijas un atklata vide”. legitie SEM-EDS analizu rezultati izmantoti
kompleksai PCA statistikas analizei, péc kuras var spriest par galvenajiem piesarpotaju
avotiem, kuri atbildigi par augsto PMio koncentraciju Rigas centra gaisa monitoringa stacijas.

P&tijuma ietvaros iegitie rezultati detalizeti analiz&ti un aprobéti starptautiska zinatniska
konferenc€ zinojuma veida — tie prezentéti S.g. 9. oktobrT starptautiska meroga zinatniskaja
konferencé EcoBalt 2014 ar mutisku zinojumu “Variability of Particulate Matter Constituents
in Urban Street Canyon in Riga, Latvia”; zinojuma kopsavilkums dots 4. pielikuma.

Peéc pétijuma veikSanas sagatavota publikacija, kuru paredzets iesniegt starptautiski
cit€jama zinatniska Zzurnala, publikacijas nosaukums - “Application of SEM-EDX and
Principal Component Analysis for PM1o Characterization and Source Apportionment. A Street
Canyon Case Study”, ta pievienota 5. pielikuma.

P&tijuma gaita iegiitic un analizétie SEM attéli un EDS analizu rezultati apkopoti un
pievienoti Sim p&tijumam kompaktdiska formata (6. pielikums).



1. Puteklu cieto dalinu problémas aktualitate

Puteklu cietam dalinam misdienu pilsétvidé tiek pieversta pastiprinata uzmaniba
saistiba ar to launo ietekmi uz veselibu un faktu, ka to koncentracija urbanizétas vides biezi
parsniedz pielaujamas normas, tiesi apdraudot pilsétas dzivojoSos un stradajosos iedzivotajus.
Parsvara uzmaniba tiek pievérsta PMio puteklu cieto dalinu koncentracijai, lai gan arvien
biezak aktualaka klast vél sikaku — PM2s cieto dalinu klatbitne, jo, ka noskaidrots, PMzs ir
veselibai kaitigakas un atstaj lielaku negativo ietekmi uz veselibu, neka PMio dalinas, kas
saistams ar to mazo izméru un sp&ju iespiesties dzivu organismu §tnas un nokliit asinsrites
sisttema. Pasaules Veselibas organizacija (WHO-World Health Organization, no anglu val.)
aplésusi, ka ik gadu PM2s dalinas izsauc 800 tiikstoSu cilvéku priek$laicigu navi (Brook et al.,
2010). Cita petijjuma, kura izmantota statistika no 112 ASV pilsétam, secinats, ka PMa2s
koncentracijas pieaugums par 10 ug/m?® palielina mirstibu par 0,98% turklat Ipasi nelabvéligu
ietekmi uz veselibu puteklu cietas dalinas nodara pavasara ménesos (Zanobetti & Schwartz,
2009).

Puteklu cieto dalinu robeZlielumus regulé “Noteikumi par gaisa kvalitati” (MK noteikumi
Nr.1290), kas saskanoti ar Eiropas Savienibas gaisa strukturdirektivu. Noteikumi nosaka, ka
puteklu cieto dalinu PM1o gada normativs, kuru nedrikst parsniegt, ir 40 pg/m?3, bet 24 stundu
jeb diennakts normativs ir 50 pg/m®, kuru parsniegt drikst ne vairak ka 35 reizes (dienas) gada
laika. Smalkajam puteklu cietajam dalinpdam PMo2s5 noteikts merklielums gada vidgjai
koncentracijai — 25 pg/m?.

Riga puteklu cietas dalinas PMio gada robezlielumu parsniegusas perioda 2003.-2008.
gads, bet $is robezlielums parsniegts art 2010. gada (Valdemara ielas GMS) un pagajusaja,
2013. gada (Valdemara ielas GMS) (skattt 1.1.att.). PM2s puteklu cieto dalinu koncentracijas
meéritas tikai Brivibas ielas GMS 2008.-2011. gada un Kronvalda bulvari novietotaja pilsétas
fona stacija 2011.-2013. gada. Brivibas iela PMz2s parsniedzis gada mérklielumu visos Cetros
gados, kad tas merits. Kronvalda bulvari izvietotaja pilsétas fona monitoringa stacija tas
merisanas vesturé nav parsniegtas ne PMio gada robezlieluma, ne PM2s gada mérklieluma

noteiktas koncentraciju veértibas.
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1.1.attels. PM1o un PMz2s gada vidgjas koncentracijas Riga.



To dienu skaits, kad parsniegts vidgjais diennakts pielaujamais robezlielums 50 pg/m3
apméra atSkiras gadu no gada, bet lidz pagajusajam 2013. gadam Valdemara ielas GMS bija
verojama tendence samazinaties So dienu skaitam gada, lai gan Brivibas ielas GMS 1
tendence beidzas jau 2010. gada (skatit 1.2. att.).
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1.2. attéls. Dienu skaits, kad parsniegts PMio diennakts normativs (50 pg/m®) virs
pielaujamajam 35 reizém gada.

Pagajusaja 2013. gada diennakts robezlielums tika parsniegts 140 reizes, kas ir par 105
dienam vairak, neka pielauj diennakts normativu parsniegumu skaits (35 dienas gada).

1.3. att€la redzams, ka §1 gada sakuma pirmajos trijos ménesos parsniegto dienu skaits
PMio diennakts robezlielumam jau parsniedzis gada pielaujamo normativu, lidz ar to ir
nepiecieSams sikak izpétit $aja perioda notiekoSos procesus un it seviski — izpétit puteklu
cieto dalinu sastavu un morfologiju, lai noteiktu galvenos emisijas avotus, kuri atbildigi par
augstajam PMio koncentracijam.
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2. Izlases paraugu ievaksana

2.1. Izlases paraugu izvéles kritériji un pamatojums

Filtru paraugu apstrade un analize veikta ar mérki izprast augstu PMio koncentraciju
veidosanos, nelabvéligu situaciju identificéSanu, un, lai izv€létos paraugus talak analizétu
SEM-EDX rakturojot dazadu kimisko elementu kvalitativo un kvantitativo klatbitni.
Izveloties filtrus talakam analizém, verteti apstakli, kas var veicinat augstu piesarnojuma
epizozu veidoSanos — Iens v§;js, ilgstoss beznokrisnu periods, augsts relativais mitrums, nelieli
nokriSni (klasificgjami ka ,,zZimes”). Pétama perioda diennakts PMio koncentracijas Brivibas
un Valdemara iela pétjjumu periodam (1.10.2013.-31.03.2014.) dotas 2.1.1. un 2.1.2. att&los,
kur ipasi izceltas SEM-EDX analizei izvéletas dienas. Gan Brivibas, gan Valdemara iclas
monitoringa stacija, redzama liela koncentraciju variacija, tomér, salidzinot rudens un
pavasara sezonas, novérojams, ka pavasarim raksturigas loti augstas piesarnojuma situacijas,
ko ietekmé gan meteorologiskie apstakli, gan ielu apsaimnieko$anas un uzkopsanas prakse.
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2.1.2. attéls. PM1o diennakts vidéjas koncentracija Brivibas iela (1.10.2013.-31.03.2014.)

Talak analiz€ta un pamatota atsevisku filtru izvéle, SEM-EDX analizé pétito filtru
elementu masas procentualais sastavs pa EDX darba atskaitem (reportiem) atrodams 6.
piclikuma MS Office Word mapés “Brivibas ielas reporti” un “Valdemara ielas reporti”.
raksturojumam
meteorologiskas noveérojumu stacijas, kas atrodas Raina bulvari 19.

Meteorologiskajam
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apstakli, nove@rots, ka ieprieksgjas
ned€las laika nav bijusi nokriSni; $aja
perioda novérota loti augta PMio
koncentracija art svétdiena (Valdemara
iela, diennakts vidgja koncentracija —
57.7 ug/md), kas nav raksturigi.
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2.1.3. attels. PM1o koncentraciju un meteorologisko parametru izmainas Valdemara iela un
Brivibas iela (7.X — 13.X, 2013)

leprieksgjos attelos (2.1.3.att.) skaidri novérojama cieto dalinu uzkrasanas visas ned€las
laika, papildus cieto dalinu veidoSanos var€ja veicinat augstais relativais mitrums, ka rezultata
sados apstaklos noveérojama higroskopiska augsSana.

A1T nakamais pétijumu periods (14. XI-30. XI) raksturojams lidzigi, - augstas PMuio
koncentracijas iegitas, sakot jau no ceturtdienas. Sada situacija atkartojas simptomatiski,
analiz€jot cieto dalinu piesarnojuma Itmeni ned€las griezuma ierasti zemakas koncentracijas
noverojamas nedélas sakuma, pec tam raksturiga to uzkrasanas un maksimalais piesarnojuma
Iimenis tiek sasniegts ceturtdiend un piektdiena. Saja, noveérojumu perioda papildus
uzkraSanas procesiem biitiska nozime bija nokrisniem, kuri tika noveroti praktiski katru dienu
(2.1.4.att.).

100 100 9
14.11.2013. 14.11.2013.
EY %0 18
w0 25111013' 29.11.2013. 1 [ ]
r 30.11.2013. 80 [ 7
o 70 —7¢ ’ LA "
3 / /R e — e
f 60 ’ ;“ 2 60 i
g *ﬁi ool £ w 1 — “10c
§ o A ::7 ] é 40 RN B s | 1+ 1t al ™ | 1 z:
04— ﬂ ¢ I e e e I Y
20 4 | u 2
20 4 N l R e e e
10 ] ’
’ 10 A I e S ++ ++t +1+ It
o
1 2 3 4 5 6 7 0 0
Diena 1 2 3 4 5 6 7
9 28.10.2013.-3.11.2013. M 4.11.2013.-10.11.2013. 11.11.2013.-17.11.2013. prena
18.11.2013.-24.11.2013. W 25.11.2013.-1.12.2013. 11.11.2013.-17.11.2013. O Temp (11.11.2013.-17.11.2013.) W WSp (11.11.2013.-17.11.2013.)

10




3

Koncentracija, pg/m

0
S
L

o
o
L

N
S
L

w
oS
!
T

25.11.2013.

1177
Z 7 7
2 Z %
Z 2! 7
.7 7 7

M 25.11.2013.-1.12.2013. O Temp (25.11.2013.-1.12.2013.) ¢ WSp (25.11.2013.-1.12.2013.)

Temp, oC/ WSp, m/s

Saja novérojumu perioda redzamas cikliskas
(atbilstosi ned€las ritumam) PMzio koncentraciju
izmainas, kas augstakas vertibas novérojamas no
lidz
koncentraciju paaugstinasanos sekmgja nelielu
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nokri$ni (,,Zimes”) un stagn&josie meteorologiskie
apstakli ieprieksejas nedelas.
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2.1.5. attéls. PMiwo koncentraciju un meteorologisko parametru izmainas Brivibas un

Valdemara iela (2.XII — 22.XIl1, 2013)
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2014. gada janvara beigas tika novéroti ziemai raksturigi meteorologiskiec apstakli —
vid€js relativais mitrums, zema gaisa temperatiira, mainigi nokriSni un v§j$, kas veicinaja
atsevisku augstu PMio koncentraciju veidodanos. Saja perioda neraksturigi, ka loti augsta
PMio koncentracija novérota sestdiena (25. I), kas izskaidrojams ar salidzino$i sausu
beznokris$nu periodu ieprieksejas nedélas laika un Iénu v&ju. Ipatn€ja piesarnojuma epizode
novérota piektdiena, 31. janvari, kad augsta PMio koncentracija (93,6 pg/m®) sakrit ar
intensivu snigsanu (2.1.6.att.).
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2.1.6. attéls. PM1o koncentraciju un meteorologisko parametru izmainas Brivibas iela (20.1 —
02.11, 2014)

2014. gada ziemas/pavasara sezona veérojama cieSa sakariba starp PM1o koncentracijam,
nokridpu klatbhtni/intensitati un v&ja atrumu. Augstakas koncentracijas novérotas 7.februari
(piektdiena), kad bija loti lens v&js, nelieli nokriSni un intensiva transporta plisma, 12.-
13.februart (treSdiena un ceturtdiena), kad novérota vismaz 5 dienu beznokriSnu periods,
anticikloniski apstakli, Iidz ar to stabila atmosféra (2.1.7.att.).
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2014. gada marta beigas (27.1II, 29.11I) vérojama
lidziga situacija — léns v&jS, bez nokriSniem.
Kopuma arT §im gada periodam vérojama lidzigas
cikliskas  izmainas, - Visbiezak  augstakas
koncentracijas tiek novérotas nedélas otra pusé, kas
liecina  par  piesarpojuma  uzkrasanos un
nepietickamu ventiléSanos. Bez tam, pavasara
sezona, ka papildus faktors cieto dalinu
piesarnojuma limenis ir resuspensijas procesu
intensitate.

2.1.7. attéels. PM1o koncentraciju un meteorologisko parametru izmainas Brivibas iela (3.11 —

31.111, 2014)
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2.2. Izlases paraugu ievakSanas apraksts

Puteklu cieto dalinu PMio paraugi periodam no 2013. g. oktobra lidz 2014. g. martam
tika ievakti divas stacionaras monitoringa stacijas Kri§jana Valdemara iela un Brivibas iela
pec projekta ,,Pétijums par tehnologijam puteklu smalko dalinu sastava un morfologijas
noteikSanai un metodes izstrade puteklu paraugu savaksSanai Rigas gaisa monitoringa stacijas
un atklata vide” izstradatas metodes. Filtri ar uzkratam cietajam dalinam PMao tika uzglabati
Latvijas Universitates Cietvielu fizikas institita tirtelpas, kur atlasiti izlases paraugi un
sagatavoti SEM-EDX analizém.

Puteklu cietas dalinas GMS Valdemara iela 18 tiek paraugotas iekarta Thermo ESM
Andersen FH 62I-R, kuras pamatfunkcija ir PMio koncentracijas mérjjumi. Iekarta putekli
uzkrajas uz stiklSkiedras lentes, kura tinas uz priekSu ar noteiktu intervalu, kuru iesp&ams
regulét. Lai puteklu slanis neuzkratos parak biezs, kas iekartai apgritinatu precizu datu nolasi,
iekartai ir uzstadits uzdevums partities uz priekSu art tad, ja kumulativais puteklu daudzums
uz lentas viena parauga sasniedz 3000 pg No 2013.10.01 Iidz 2013.10.30 stiklSkiedras
paraugojamas lentes partiSanas intervals bija uzstadits 6 stundu rezima: lente partinas katras
dienas pusnakti, 6:00, 12:00 un 18:00. No 2013. g. 30. oktobra Iidz 2014. g. marta beigam
lentas partiSanas intervals bija 24 stundas jeb viena pilna diena no pusnakts Iidz pusnaktij.
Mingétaja 24 stundu paraugoSanas perioda nereti tika sasniegta kumulativa koncentracija 3000
ug pirms paredz€tas partiSanas pusnakti, kas izsauca lentes partiSanos pirms pusnakts,
tadejadi radot divus un reizém pat tris paraugus viena diena, bet nav iesp&jams precizi pateikt
tiesi cikos lente ir partinusies uz priekSu. Tapat ne vienmér var viennozimigi noteikt, cik
reizes lente tinusies uz priekSu vienas dienas ietvaros, jo iekarta neatstdj mark€umu uz
paraugiem, ka arT partiSanas bridis netiek ierakstits datubaze. Rezultata ne vienmer var pilniba
pilnigi drosi noteikt paraugu reprezentativo paraugosanas dienu. ST probléma ir tikusi laicigi
apzinata un risinata, pielietojot manualu stiklSkiedras lentes mark&Sanu ar piesaisti realajam
latkam. MarkéSana lava piesaistit istajiem datumiem lielako dalu Valdemaras ielas cieto
puteklu dalinu paraugus.

GSM Valdemara iela 18 puteklu cietas dalinas tiek paraugotas uz stiklSkiedras lentes,
kuras kimiskais sastavs ir SiO2, kas nosaka to, ka precizi silicija (Si) un skabekla (O)
mérjjumi putekliem uz §is lentes nav iesp&ami paSas lentes fona vértibu dé]. Kimiskais
sastavs, ka pamata ir silicijs un skabeklis, labi redzams elementu spektru kart€, kas atspogulo
tiru stikla Skiedras filtru no Valdemara ielas GMS (skatit 2.1.1. att.), kur ka piemaisijums tika
konstatets arT natrijs (Na), kas janem veéra, analiz&jot uz Siem, filtriem uzkratos paraugus.
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2.1.1.. attels. Valdemara ielas GMS izmantota stikla Skiedras filtra EDX spektra kartes
silicija (Si), skabekla (O) un natrija (Na) elementiem.

Stiklskiedras lentes katrs atsevisks slanis sastav no Skiedram, kuras Sk&rsgriezuma ir
apalas, tas ir garenas un ar mainigu diametru — no 0,5 mm lidz 4,6 mm (skatit 2.2.2. aun b
attelu). Kopa lente sastav no 10 sadiem slaniem, starp kuriem ir neliela telpa, kura uzkrajas
putekli. Skiedras veido neregularus caurumus, caur kuru plist gaisam un kur uzkraties
putekliem ar loti mainigiem izmériem, kas lauj lielai dalai puteklu iespiesties lentes dzilakajos
slanos, tadgjadi nelaujot tos apskatit no parauga virspuses.

&

1000x I 50 um

2.2.2. attels. Valdemara ielas GMS izmantotais stikla Skiedras filtrs a) 1000 reizu
palielindjuma un b) 5000 reizu palielinajuma.

Puteklu cieto dalinu paraugi no Brivibas ielas GMS (Brivibas iela 73) tika iegiiti ar
OPSIS SM200 iekartu, kas paredzéta PMio puteklu cieto dalinu paraugoSanai. Paraugi tiek
uzkrati uz teflona tipa filtriem ar 47 mm lielu diametru, kuri uzkrajas filtra kaseté un kuri tiek
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nomainiti ik péc ménesa. Katrai dienai paraléli tick ieguti divi PMio paraugi — viens tiek
izmantots, lai LVGMC Ilaboratorija analiz€étu PAH un smago metalu saturu, bet otrs tiek
uzglabats ar mérki veikt SEM-EDS analizes. Paraugu ekspozicijas laiks ir 24 stundas jeb
viena pilna diena, 11dz ar to katra parauga filtra virs€ja karta biis eksponéti svaigakie putekli,
jeb tie, kuri uzkrajusies vakara, tadgjadi, pastavot intensivai puteklu uzkrasanai, dienas pirmas
puses (nakts un rita) putekli var tikt pilniba parklati ar dienas otras puses putekliem un palikt
neredzami parsedzoso puteklu del.

Brivibas ielas GMS izmantotie filtri atSkiras no Valdemara ielas GMS izmantotajiem —
tie ir smalkaki, neka Valdemara iela, to pavedienu vid&jais diametrs ir 0.3 pm, pavedieni ir
1saki (aptuveni 10 pm) un tie sava starpa savienoti, veidojot 1 um diametra lielus savienojumu
punktus (skatit 2.2.3. att€lu).

L

10°000 x I 10 um

2.2.3. attels. Puteklu uztversanas filtrs no GMS Brivibas iela 73

Sie filtri raksturojas ar blivaku struktiiru, tie veido poras ar nelielu diametru (vidgji 1 — 3
um) ka arf tie ir planaki (biezums 20 um), kas nosaka to, ka puteklu cietas dalinas parsvara
uzkrajas filtra virspus€ un atskiriba no stikla Skiedras filtra, tikai neliela dala puteklu iespiezas
filtra dziluma. Balstoties uz EDX analizém, Brivibas ielas GMS izmantotie filtri satur oglekli
un fluoru, kas attiecigi norada, ka $o divu elementu analize putek]u paraugos javérte
piesardzigi. Fluora klatbiitne filtra p&tijumam netraucg, jo fluoru saturoSas dalinas paraugos
neprognozgjam, toties problémas rada oglekla fona vertibas filtra, jo tas parklajas ar
oglidenrazu un organisko vielu sastava esoSo oglekli. Tadgjadi, pieméram, tiek ieveérojami
apgritinatu kvépu kvantificéSana péc kimisko spektru analizém.
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3. Puteklu cieto dalinu (PM1o) SEM-EDS analize kimiska sastava un
morfologijas noteikSanai

Puteklu cietas dalinas, kuras tika ievaktas divas gaisa monitoringa stacijas Valdemara un
Brivibas ielas uz PMio puteklu savacgju filtriem, projekta ietvaros tika analiz€tas Latvijas
Universitates Cietvielu fizikas institfita ar sken&joSo elektronu mikroskopu (SEM) LYRA3
XMU, kuru razo kompanija Tescan. Min&tais skengjosais elektronu mikroskops ir aprikots ar
izkliedéto rentgenstaru energijas spektroskopijas (EDX) analizatoru X-Max 50 mm2, ka
operacijas un analizes tiek veiktas, izmantojot datorprogrammu AzTec. Ta ka putek]u paraugi
parasti ir elektribu slikti vadosi, tad pirms analizé$anas ar SEM-EDX metodi, katrs izlases
puteklu paraugs tiek apputinats ar zeltu, lai tam biitu labakas elektribu vadosas 1paSibas un
attiecigi izdotos kvalitativaki att€li un rezultati.

No visiem ievaktajiem paraugiem analiz&ti tika izlases paraugi ar SEM-EDX metodi
péc iepriekséja gada izstradatas metodes, kura aprakstita pétijuma “P&tijums par tehnologijam
puteklu smalko dalinu sastava un morfologijas noteik$anai un metodes izstrade puteklu
paraugu savakSanai Rigas gaisa monitoringa stacijas un atklata vidé”. lzlases paraugi tika
izveleti pec kriterijiem, kuri aprakstiti 2.1. nodala. Visi izlases paraugi tika rupigi analizeti ar
skengjoso elektronu mikroskopu, bet detalizétaki mérfjumi tika veikti atseviSkiem
projektiviem segumiem, jeb visiem SEM att€la redzeslauka ietilpstoSajiem objektiem kopa
skaitot, ka arT atseviskam dalinam ar EDX metodi, lai iegttu datu masivu priek$ 4. nodala
aprakstitas statistiskas analizes un tad€jadi bitu iesp§jams precizak noskaidrot puteklu
kimisko sastavu un morfologijas likumsakaribas, kas attiecigi palidz noteikt rasanas iemeslus
un par tiem atbildigos avotus. EDX spektri tika iegiiti gan noteiktiem redzeslaukiem, kas sevi
ietver noteikta izméra skatu laukumu pie konkréta palielinajuma, tadéjadi iegiistot informaciju
par kopgjo redzeslauka esoSo puteklu elementu sadalfjuma saturu, gan ar1 analizgjot
atseviskus objektus ar punktveida metodi, tadgjadi iegiistot katra objekta individualo elementu
sadaltjumu.

Izkliedéto rentgenstaru energijas spektroskopijas metode sp&j noteikt plasu elementu
spektru saturu, bet tai ir ierobezojums — ar EDX nevar noteikt vieglos elementus ka tidenradi,
héliju, litiju, beriliju. Ta ka visi puteklu paraugi tiek apputinati ar zeltu, tad art So elementu
nav iesp&jams identificét paraugos, bet zinot zelta izplatibas tendences, japienem, ka
analiz€tajos paraugos zelts nevaretu tikt sastapts. Elementu analizi apgriitina arT no puteklu
filtriem nakusSais signals, kas reprezent€ filtru ktmisko sastavu. Valdemara un Brivibas ielas
tiek izmantoti filtri ar atSkirigu kimisko sastavu, kas sikak aprakstits 2.2. nodala. legitais
rezultats ir elementu procentualais masas sadalijjums, kas nozim&, ka nav ieglistama
informacija par to, kados savienojumos Sis elements atrodas un kadas funkcionalas grupas
raksturigas. Tas vairakos gadijumos apgritina atpazit iegiito elementu spektru, jo rezultati var
biit dazadi interpret€jami, vai arl nav iesp&jams vispar interpretét. Dalinas, kuru noteikSana
nav bijusi iesp&jama neatpazistama elementu sadalijuma vai morfologijas dgl, pieskaititas
neatpazito dalinu grupai (skatit 3.1.7. apak$sadalu). Tomér pie neatpazitam dalinam netiek
pieskaititas tadas dalinas, kuras ir iesp&jams pieskaitit iezu dalinu grupai, lai gan to preciza
identifikacija ir apgriitinata, jo iezu dalinam ir raksturigas likumsakaribas.
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3.1. Raksturigo puteklu cieto dalinu PM;o iedalijums

Puteklu cieto dalinu identifikacija ir nozimiga, lai biitu iesp&jams noteikt to izcelsmes
avotu, kas atbildigs par puteklu pienesi gaisa. Ir nepiecieSamas neparprotamas, unikalas
pazimes katrai puteklu grupai, lai atbildigos avotus identificétu precizi, tomer ne vienméer tas
ir iesp&jams vairaku iemeslu dgl, pie ka var pieskaitit puteklu parklaSanos vienam par otru,
elektronu staru caurspieSsanos caur identificjamo objektu, tadgjadi paradot objekta
nereprezentgjosu spektru, ka nereti atrodami tadi objekti, kuru izcelsme nav zinama.
Visbiezak nenosakamas dalinas ir izméros mazas (< lum), to kimisko sastavu ir griiti
noskaidrot, vai arT tas nav raksturigs nevienai grupai. Nenosakamas dalinas citos petijjumos
médz ienemt ievérojamu apjomu no visam dalinam, ta, pieméram, Veijuna Li (LI, et al, 2011)
petijuma 42% dalinas tika uzskatitas par nezinamas izcelsmes. Ta ka $aja petijjuma galvenais
uzsvars ir uz tiem putekliem, kas dod lielu masu puteklu koncentracijai, tad minétas mazas,
griiti identific§jamas dalinas netika detaliz&ti pétitas.

Puteklu cietas dalinas var iedalit noteiktas grupas, balstoties uz to kimisko sastavu,
morfologiskajam pazimém un, interpret&jot Sos divus parametrus, ari uz to izcelsmes vietu.
Parsvara dalinu raksturo tie elementi, kuri sastada procentuali lielako dalu no dalinas masas,
bet, pieméram, metaliskam dalinam svarigs ir ari to elementu saturs, kuri nav domingjosi,
pieméram, aluminijs, platins, cinks, u.c. P& morfologiskam pazimém var loti viegli
identificét biogénas izcelsmes dalinas, kvépus, un mazaka mera arT ieZu un mineralas atlizu
dalinas.

3.1.1. Kvepi

Kvépi ir oglekli saturo$i veidojumi, kuri veidojas organiskas vielas nepilnigas
sadegSanas rezultata. Ogleklis kvépos ir 80 — 96% apméra, bet to kimiskais sastavs atkarigs
no sadegosas vielas, jo kvépi veidojas sadegot benzinam, dizeldegvielai, ellai, degvielellai,
parafinam un butanam, tad&jadi tie ir nozimigi indikatori transportlidzeklu klatbiitnei.

Kvépus viegli identificét péc to raksturigas morfologijas — tie sastav no loti mazam
loditem, kuras parasti ir sasaistitas kopa virkngé vai lielakos sakopojumos — konglomeratos.
Atsevisku kvépu lodiSu izméri ir 30-60 nm jeb 0,03-0,06 um, lai gan kvépu konglomeratu
sakopojumi var veidot objektus ar daudz lielakiem izmériem — pat virs 10 pum (skatit 3.1.1.
att.).
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3.1.1. artéls. Kvépu lodisu veidotas virtenes liela palielinajuma (a) un to veidoti lieli
konglomerati (b)

Kvepi loti negativi ietekmé cilvéku veselibu, jo to izméri ir loti mazi un tad€jadi tie spgj
iespiesties dzili cilvéku elpcelu sist€éma, S$tinas un asinsvadu sist€éma, tadg€jadi nopietni
apdraudot cilvéku veselibu (Shiraiwa, 2012; Curtis, 2006). Kvépi satur arT poliaromatiskos
ogludenrazus jeb PAH (Polycyclic aromatic hydrocarbon — anglu val.), kas palielina kvépu
negativo ietekmi uz veselibu (Richter, 2005). ASV Vides agentiira defingé kvépus ka
mikroskopiskas dalinas, kuras izraisa priekslaicigu navi, paaugstina sirdsdarbibas traucg€jumu
risku, t.sk. sirdstrieku, akiito bronhitu un saasinat astmas simptomus b&rniem, pastiprinat
alergijas.

3.1.2. Biogenas izcelsmes dalinas

Biogénas izcelsmes dalinas ir dabigas izcelsmes, kuras ir izveidojusi dzivie organismi —
parsvara augi. Tiem raksturiga ir sarezgitakas uzbtives veidota sakartota morfologija ar biezi
izplatitam simetrijas iezimém un noapalotam malam (skatit 3.1.2. att.). Biogénas izcelsmes
dalinas parsvara satur oglekli un skabekli. Saja grupa pieskaitamas gan augu tie§as atlickas —
lapotnu, katu u.c. atliekas, ka arT augu raditie puteksni. Biogénam dalinam biezi ir raksturigs
mazs blivums, vai ar1 garenas formas, kas izskaidro to, ka dalinas, kuru izmé&ri m&dz parsniegt
10 pum garenakaja virziena, tomer spgj noklut uz filtra, jo to aerodinamiskais izmérs ieklaujas
PM1o robezas.
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3.1.2. attéls. Biogenas izcelsmes dalina

No cilvéku veselibas skatupunkta biog€nas izcelsmes dalinas parsvara saistitas ar
alergiskam reakcijam, kuras liclakoties izsauc augu putekSni un sénu sporas. Alergiskajam
reakcijam raksturiga sezonala aktivitate — atkariba no konkrétu augu ziedésanas laika. Ipasi no
biogénas izcelsmes dalinam jauzmanas astmas slimniekiem, kuriem $adas dalinas var saasinat
slimibas simptomus.

3.1.3. IeZu dalinas

Iezu dalinas veido putekli, kuri radusies no sadrupusiem dabigas izcelsmes ieZiem. Saja
grupa ietilpst dazada kimiska sastava iezu atliizas, kuras parasti var labi atpazit péc
morfologijas pazimém. Morfologiski §is grupas dalipas raksturojas ar blivu struktaru,
Skautpainam, asam, bet reiz€m ari noapalotam malam (skatit 3.1.3.att.). Tas parasti ir loti
neregularas formas, veidojot paral€lskaldnim vai kubam lidzigu formu, izpemot vizlas — tas
veido plakSnainas formas graudus.

3.1.3. attéels. Dazadas tipiskas iezu dalinas
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Prasti iezu dalinas puteklu filtros reprezenté tuvakas apkartnes geologiju, jo netiek talu
parvietotas, lai gan cilvéka darbibas rezultata (biivnieciba, ielu kaisiSana, u.c.) filtros var
nonakt arf no citam geologiskam vidém atvestas dalinas (Moreno, 2003).

P&c kimiska sastava var atSkirt divu veidu iezu dalinu galvenos veidus:

1) Karbonatiskas dalinas

2) Aluminiju, siliciju un skabekli saturoSas iezu dalinas

Karbonatiskas dalinas veido divu veidu minerali — kalcits (kimiska formula CaCOs) un
dolomits (CaMg(CQ3)2), lidz ar to péc EDX spektriem karbonatiskas dalinas var atskirt,
balstoties uz kalcija (Ca) un/vai magnija (Mg) elementu saturu kopa ar skabekli (O). Latvijas
teritorija plasi izplatits ir dolomits, kuru ar1 biezi izmanto celu biivnieciba un €ku apdarg.
Tapat karbonatiska sastava iezi (kalkakmeni, dolomiti) sastopami grants sastava, bet puteklu
vai cementu veida var biit sastopami ar smilts un aleirita nogulumos.

Aluminiju, siliciju un skabekli saturoSas iezu dalinas veido plasaks mineralu klasts.
Visizplatitakie elementi Sajas dalinas ir skabeklis (O), silicijs (Si) un aluminijs (Al), kurus
pavada citi elementi mazaka apméra — kalijs (K), natrijs (Na), kalcijs (Ca), dzelzs (Fe),
magnijs (Mg) un fluors (F). Biezak sastopamie minerali ir tadi, kuri ir smilts, grants un
laukakmenu sastavos: kvarcs (SiO2), laukSpati — ortoklazs (KAISisOs) un plagioklazs
(NaAlSisOs — CaAl:Si20s), vizlas — biotits (K(Mg,Fe)s3(AlSis010)(F,OH)2) un muskovits
(KAI2(AISi3010)(F,OH)2), ka ari ir iesp&jams sastapt malu mineralus — kaolinu, illitu un
hloritu grupas malus, kuros parstavétie elementi ir skabeklis, silicijs, aluminijs, dzelzs un
magnijs. Sis izcelsmes dalinas pilsétas vidé var nokliit gan augsnes erozijas veida — atpiistas
no apartiem, apstradatiem laukiem, gan dublu veida — ar transportlidzekliem, gan tikt
izkaisttas uz ielam ziemas perioda pretslidéSanas noliikos, gan rasties no buvniecibas un
rekonstrukciju darbiem, jo grants un smilts tiek plasi izmantotas cela darbos, ka ar tie ir
betona sastava.

Iezu dalinu ietekme uz veselibu ir mazak atkariga no to kimiska sastava, bet vairak no
izm@riem — smalkas silicija dioksida (SiOz2) dalinas liela koncentracija var izraisit silikozi —
slimibu, kas palielina risku saslimt ar plauSu vezi. Lai cilvékiem nove@rotu silikozes
simptomus, ir nepiecieSama augsta koncentracija (virs 200 pug/m®), kada Latvija apkartgja
vid€ nav novérota. Tomér tas nenozimé, ka mazaka koncentracija neatstaj ietekmi uz veselibu.
Karbonatiskas iezu dalinas netiek uzskatitas par toksiskam — tiek uzskatits, ka ieelpojot Sadas
dalinas, tas parasti tiek izklepotas, bet dala absorbétas cilveka kermeni. Ar retiem
iznedmumiem tomer ir konstatets, ka jutigam cilvéku grupam, ka astmatikiem, paaugstinata
karbonatu koncentracija gaisa var izsaukt astmas 1ekmi, tapec atseviskas skolas ASV bérnus
ar elpcelu problémam stingri neiesaka nosédinat tuvu ar kritu rakstamai tafelei (avots: “Is
Chalk ...”).

3.1.4. Sals dalinas

Sals dalinas ir dazadas formas, bet tas vieno lidzigs kimiskais sastavs — natrija hlorids
(NaCl), ko labi var identificgt péc EDX spektra. Sis dalinas izméros neparsniedz 5 um un péc
to morfologijas var identificét tas rasanas avotu. Pie pirma avota pieder dabiskas izcelsmes,
pareizas, kubiskas formas kristalus parstavosie jiiras sals kristali, kas veidojusies juras virsgja
karta, vilnojoSam tidenim saskaroties ar gaisu, iztvaikojot un izkristaliz€jot idealas formas sals
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kristalus. Pie otras grupas pieder sals, kas nacis no ielu kaisiSanas ar sali ziema sniega
kausé$anas noliikos. Sadu sals kristalu uzbiive var biit dazada — tie var bt regularas formas
iegareni (3.1.4.a att.) vai apali (3.1.4.b att.).

y . g

3.1.4. attéls. legarenas (a) un apalas (b) formas sals dalinas no ziemas perioda

Nereti atseviski mazi sals kristalu graudini ir apaugusi ap kadu citu dalinu, veidojot
regularus uzaugumus (skatit 3.1.5.att.), kas liecina par pagulosas dalinas atraSanos sals
piesatinajuma videé — sals skiduma, kurs veidojies sals kaisiSanas rezultata uz ielam.

3.1.5. attéls. Atseviski mazi sals kristali apaugusi ap oglekli saturosu dalinu

Ja jiiras sals grupas dalinas var konstatet jebkura sezona, tad otras grupas sals dalinas
konstat€jamas tikai tajos ziemas un pavasara periodos, kad notiek ielu kaisiSana ar sali.
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Petijumos parasti nepéta sals dalinu tieSo iedarbibu uz cilvéku veselibu, jo natrija
hlorida ietekme vairak saistama ar netieSo ietekmi pilsétvide. Ir izpétits, ka saules gaismas
iedarbiba natrija hlorida molekulas tiek saSkeltas, sadalot to natrija un hlorida, no kuriem
hlorida joni iesaistas talakas reakcijas ar fosila kurinama degSanas produktiem, kas veicina
ozona veidosanos. Ozona klatbiitne pilsétvidé ir loti nevélama, jo tas nelabvéligi ietekme
cilvéku veselibu pat pie loti zemam koncentracijam (avots: “UC Irvine Researchers...”).

3.1.5. Metaliskas dalinas

Metalisko dalinu grupa tiek pieskaititas tadas dalinas, kuras pamata sastav no metaliem
vai to veidojo$am vielam, pieméram, dzelzs, aluminijs, cinks, var$, titans, mangans, hroms,
u.c. Dalinas sastopamie metalu veidi un koncentracijas var stipri vari€t, un tas ir atkarigs no
katras dalinas izcelsmes vietas un veidoSanas apstakliem (temperatiira, Gdens klatbiitne).
Metalisku dalinu izcelsme var biit dazada. Pilsétvidé var sastapt metaliskas dalinas, kuras
radusas autotransporta nolietojuma rezultatd — riisa no auto virsbuives un detalam, bremzu
disku nodilums, citu transporta tehnikas nolietojums. Tapat metalu saturoSas dalinas var
rasties no metinasanas procesiem, industrializacijas darbibas. Sadas dalinas var rasties ari
dabisku procesu rezultata, pieméram, no augsnes un iezu dédésanas un erozijas (dzelzs oksidi
un dzelzs hidroksidi). Aluminiju saturosas dalinas var rasties automasinu dzingja nolietoSanas
rezultata (Kimura, 2006).

33’000 x

3.1.6. attels. Cinku un titanu saturosa dalina.

Metalisko dalinu morfologija parasti raksturojas ar pleksnu veida, adatveida, vai masiva
veida dalinam ar dazadam virsmam — gan asam, gan noapalotam, reiz€m tas atgadina izkususu
metalu struktdru (skatit 3.1.6. un 3.1.7. att.). To izm@rs parasti ir mazs (zem 4 pm), kas
saistam ar to paaugstinato blivumu un attiecigi apgrutindjumu uzturéties gaisa vide (tas atri
1zkrit). Tomér reizém filtros ir atrodamas tadas metaliskas dalinas, kuru izméri ir ievérojami
lielaki (skatit 3.1.7. Att.), kas saistams ar to, ka ievérojamais izmérs ir tikai viena plakn€ un
dalina ir plana — acimredzot tas aerodinamiskais izmérs ir mazaks par 10 pm, kas lava tai
izklit cauri PMio sist€émai un noklut uz filtra Valdemara ielas GMS.
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3.1.7. attéls. Dzelzi saturo$a metaliska dalina

Metalisko dalinu grupa iesp&jamas dazadas elementu kombinacijas un to toksiskums var
mainities plasas robezas, tie ir kancerogéni, neirotoksiski, imunotoksiski, kardiotoksiski,
toksiski reproduktivai sisteémai, teratogéni un genotoksiski. Dazi metali ir toksiski pat loti
zemas koncentracijas. Ta ka metali nav biodegrad@jami, tad tiem ir tendence uzkraties
apkartgja vide, to kimiskais stavoklis var biit mainigs, kas nosaka, ka ar1 toksiskuma pakape
var mainities, ka ari tiem iesp&jama dazada valence, un tie var bt gan neorganiskajos, gan
organiskajos savienojumos. Petijumi rada, ka ir saistiba starp metalu sastavu organisma un
DNS bojajumiem. Epidemiologiskajos pétijumos vairakas pilsétas konstatéts, ka tie$i Ni un
Pb saistami ar mirstibas palielinaSanos, savukart citos pétijumos konstatéta cieSa saikne starp
Fe, Ni, Zn piesarnojumu un mirstibu (Sehlstedt u.c., 2012; Chen and Lippmann, 2009).

3.1.6 Sferiskas dalinas

Sférisku dalinu galvena noteico$a ipasiba ir morfologiska — tas veido sféras jeb
bumbinas (skat. 3.1.8.a un b. att.). Sajas dalinas parasti dominé ogleklis un skabeklis, bet ka
piejaukums parasti ir sérs, mazaka meéra citi metaliski elementi: dzelzs, kalcijs, nikelis, u.c.
Neorganisko elementu (t.sk. parejas metalu) lielaks saturs emisijas raksturigs kurinamajam
sadegot stacionaras iekartds, salidzinot ar mobiliem emisijas avotiem. Sadu dalinu izméri
parasti varié robezas no 1 um lidz 6 pm. Sada tipa dalinas veidojas no nepilnigas fosila
kurinama sadegSanas un, atkariba no degSanas temperatiiras, tas var biit ar tukSu, dobju vidu,
vai ar saturét daudz poras, kuras izveidojas pateicoties intensivai dimgazu plasmai (3.1.8. a
att.).
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3.1.8. attéls. Sferiskas dalinas no degSanas procesiem. Porainas (a) un gludas, bez
poram (b).

Poru un tukSumu dg] sfériskam dalinam medz but mazs blivums, kas savienojuma ar
mazo dalinas izm&ru nosaka to, ka $ada veida dalinas sp&j nolidot lielus attalumus gaisa vide
un nereti to raSanas avots atrodas talu, kas apgritina to identificéSanu.

Sterisku dalinu ietekme uz veselibu lielakoties saistita ar to mazajiem izm&riem un to
sastava klatesoSie metalu elementi, kuri parasti kondensg€jas uz dalinu virsmas. Ietekme uz
veselibu ir atkariga no metalu kompozicionala sastava, $kidibas un reagétsp&jas, kas savukart
ir atkarigs no degSanas procesa apstakliem.

3.1.7. Neidentificejamas dalinas

Pie §t1s grupas pieder dalinas, kuru izcelsme nav skaidri nosakama. Tam ir divi iemesli:
neraksturigu morfologisko TpaSibu un kimiska sastava kopums, kas nelauj $is dalinas
pieskaitit kadai no iepriek§ min€tajam grupam, ka ar1 tas, ka So dalinu mazais izmérs nelauj
tam ieglt reprezentativu EDX spektru fona vértibu dé] — EDX izsviestie elektroni izspiezas
cauri pétamajam objektam un tiek iegits spektrs paguloso objektu (filtra vai biezak — citu
dalinu) sastavam.

Pie neidentific€jamo dalinu grupas ir pieskaititas dalinas, par kuru iesp&jamo izcelsmi ir
zinamas indikacijas. Sis ir dalinas, kuras sastav pamata sastav no natrija (Na), slapekla (N) un
skabekla (O), un kuru morfologija raksturojas ar labam skaldnibas plakném. Balstoties uz
Veijuna Li (Li, et al, 2011) un (Geng et al, 2010) publikacijam, $adas dalinas varétu bt
radusas no sals kristaliem, kuri, slapekla dioksida (NO2) ietekmé ir parveidojusas par natrija
nitratu (NaNOs3).
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3.1.9. attels. Neidentificeta, iesp&jams, NaNOs dalina pirms EDS analizes (a) un péc a (b)

Mingétaja literatiira gan tika pielietota STEM/EDX (sken&joSais transmisijas elektronu
mikroskops ar energijas kas aprikots ar izkliedéto rentgenstaru energijas analizatoru) metode,
lai $adus apgalvojumus varétu pamatot. Saja petijuma lidzigam dalinam raksturiga neizturiba
pret EDS analizi — tajas péc elementu analizes rodas caurumi un attiecigi ieglitais elementu
satura rezultats var neatbilst pasai dalinai, bet gan fonam (skatit 3.1.9. att.).

Ta ka pie §is grupas ir pieskaititas dazadas dalinas, tad arT dalinu ietekme uz veselibu
var but dazada. Visizteiksmigaka ietekme uz veselibu ir saistita ar So dalinu parsvara mazo
izmeru, kas pieder pie PM2s grupas. Ta ka neidentificéto dalinu kimiskais sastavs ne vienmér
nosakams, vai ari tas ir neparliecinoss, tad to ietekme uz veselibu no kimiska viedokla nav
skaidri nosakama.

3.2. Puteklu cieto dalinu paraugu analize izlases dienam
3.2.1. Rudens dienas ar augstu PM1g koncentraciju

# 2013. gada 13. oktobris — Brivibas iclas GMS (svétdiena); PM10 = 67,2 png/m®.

No visam 2013. oktobra dienam 13. oktobri tika konstateta otra lielaka PMuio
koncentracija un visaugstaka koncentracija starp §1 ménesa brivdienam. Sai dienai raksturigs
augsts atmosferas spiediens (1021 hPa), [ens v&j$ (1 m/s), nopietni nokri$ni nav bijusi veselu
nedelu, tikai briziem konstatétas atseviskas smidzinoSa lietus epizodes. Gaisa temperatiira
dienas vida sasniedz 12°C, nakti nokrit Iidz 5°C.

Puteklu cieto dalinu paraugs no Brivibas ielas tika analizets, izmantojot SEM-EDS
metodi un rezultata iegiitas vairakas reprezentativas puteklu bildes, ka pieméram, 3.2.1. attéls.
SEM attéla redzams, ka lielu dalu filtra virsmu nosedz kvépu karta, ka art dazadas formas —

gan iegarenas, gan nevienadas formas objekti izme&ros 11dz pat 10 um diametra.
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3.2.1. attels. SEM attels paraugam no Brivibas ielas GMS reprezentgjot 2013. g. 13.
oktobri (izcelto aplu skaidrojumu skatit teksta)

EDS spektra kartes redzams, ka, lai gan kvépi nosedz lielu dalu filtra virsmas laukumu,
tomer caur tiem izspiezas filtru saturosais fluors, liecinot par kvépu lielu caurspiesanas sp&ju
vai to mazu blivumu (skatit 3.2.2. att.). Balstoties uz morfologiskam ipasibam un EDS spektru
kartéSanu, 3.2.1. attela var skaidri izdalit SiO2 saturoSas iezu dalinas (zilie apli), biogénisku
objektu (dzeltens aplis) un dalinu, kuras izcelas ar aluminija saturu (sarkanais aplis). Dalina
sarkanaja apli tika izpétita detalizétak un atklajas, ka lielako dalu no tas masas aiznem
skabeklis (46,5%), kam seko ogleklis (26,7%), bet 1pasi izcelama relativi augsta aluminija
(17,5%) un dzelzs (8,8%) klatbitne, kurus pavada ari mazs vara (0,4%) un kalcija (0,2%)
piejaukums.
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3.2.2. attels. EDS spektra kartes Brivibas ielas GMS paraugam no 2013. g. 13. oktobra

Sis dienas parauga filtra tika atrastas un uznemtas 3.1.6. attéla redzamas cinku un
titanu saturosas dalinas. P&tot kvépu sakopojumus lielaka méroga, atklajas, ka starp kvépu 40
nm lielajam loditém atrodas arT lielakas — 200 Iidz 500 nm lielas lodites, kuras pamata sastav

no oglekla un skabekla, bet piejukuma, kur§ neparsniedz vienu procentu, konstatgjams silicijs
un kalijs (3.2.3. att.).

SEM MAG: 70.0 kx
View field: 3.95 ym

3.2.3. attels. Kvépi un sferiskas lodites Brivibas ielas GMS parauga no 2013. g. 13.
oktobra
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# 2013. gada 13. oktobris — Valdemara ielas GMS (svétdiena): PM10 = 57.7 ug/m®.

2013. gada 13. oktobris tika analizets arT Valdemara ielas GMS paraugam, jo $aja diena
Valdemara ielas GMS puteklu cieto dalinu koncentracijas méritajs Thermo ESM Andersen FH
621-R tika darbinats ar 6 stundu partiSanas intervalu, ka rezultata Sai dienai ir iegtti 4 paraugi,
kuri reprezent€ §is dienas laikus: 00:00-06:00, 06:00-12:00, 12:00-18:00 un 18:00-24:00, kas,
atskiriba no Brivibas ielas GMS iegiitajiem paraugiem, palidz izprast puteklu sastava
izmainas dienas laika griezuma.

a) 00:00 — 06:00 nakts uz svétdienu, 13. oktobri. Raksturiga neliela svaigu kvépu karta,
vietam kveépu konglomerati. Parauga sastopamas ari sfériskas dalinas, bet ipasi izcelams
palielinats iezu atliizu Tpatsvars, sastopamas ar1 biogénas atliekas.

b) 06:00 — 12:00. Iezu dalinu Tpatsvars samazinas, toties picaug kvépu daudzums, starp
kuriem ieklautas sferiskas lodites izmeros Iidz pat 2 um.

c) 12:00-18:00. Vistirakais posms no §1s dienas — svaigu kvépu un kvépu konglomeratu
saturs ievérojami mazaks, lai gan joprojam tie sastopami viscaur filtra parauga. Iezu dalinu
daudzums ir mazs, un to izméri parsvara ir nelieli. Biogéno dalinu saturs nedaudz pieaudzis.

d) 18:00 — 24:00. Vislielakais svaigu kvépu daudzums no $is dienas paraugiem — tie klaj
visu skatu lauku un nosegusi stikla Skiedras, ta ka nav konstat€jams, cik daudz un kas ir
iespiedies filtra dziluma starp Skiedram. Iezu dalinu ipatsvars starp kvépiem ir neliels,
salidzinosi lielaks ir biogéno dalinu saturs. No iezu dalinam domin€ dolomita minerals.

3.2.2. Ziemas dienas ar Joti augstu PM1o koncentraciju

# 2013. g. 2. decembris, pirmdiena. Loti augsta PM1o koncentracija — 101,9 pag/md.

Saja diena raksturigs ziema reti konstatgjams zems relativais mitrums — 60%,
temperatira tiesi virs ledus kusanas temperatiiras 0 — 1°C. Vgja atrums ap 5 m/s, augsts
atmosferas spiediens — 1020 hPa. Visu iepriekS€jo ned€lu pirms §is dienas relativais gaisa
mitrums bijis augsts, aptuveni 80-90% robezas, atmosféras spiediens parsvara bijis 955 —
1010 hPa. PM1o koncentracija ieprieksgja diena (01.12.2013) bija normas robezas (20 pg/m®),
bet divas un tris dienas ieprieks ta bija augsta (attiecigi 79,2 un 74,8 pg/m®), parsniedzot
robezlielumu.

Puteklu filtra parauga konstatéts, ka visu virsmu nosedz svaigas kvépu dalinas, kuras
parsedz liels daudzums lielaku dalinu izméros no 2-10 um (skat. 3.2.4. att.).
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3.2.4. attels. SEM attels Brivibas iela GMS filtra paraugam no 2013.g. 2. decembra

3.2.4. attelam atbilstosa EDS spektra karte redzama 3.2.5. attéla, peéc kuras
konstatejams, ka lielu apjomu no visam lielajam dalinam filtra parauga parstav sals dalinas
(NaCl). To apstiprina arT atsevisku objektu spektru analize, kas veikta $im paraugam. Sals
dalinas avots ir sals kaisiSana uz ielam.

Na Kal 2 Cl Kal Si Kal

S0pm S50um S0pm

Ca Kal Mg Kal 2 0 Kal

S0um S50um S0prm

3.2.5. attéls. 3.2.4. SEM attela EDS spektra kartes elementiem Na, Cl, Si, Ca, Mg un O



EDS spektra kartésana un atsevisku objektu morfologijas un elementu sastava analizg
konstatets, ka Saja diena sals dalinas ir plasi izplatitas, tas tiecas veidot noapalotas formas ar
gludam malam, atseviSkas sals dalinas nereti ir salipuSas kopa, veidojot sals konglomeratus.
Viscaur filtra parauga sastopamas ari iezu atliizu dalinas, kuru apmérs gan ir mazaks, neka
sals dalinu veidotais. Iezu dalipas parstav gan aluminosilikati, gan karbonatu dalinas, kuru
galvenais avots visticamak ir smilts kaisiSana uz ielam. Mazos apjomos konstatetas ari
biogénas, sferiskas un metala dalinas.

Iesp&jamais skaidrojums augstajai PMio koncentracijai 2013.g. 2. decembr1 ir zema
relativa gaisa temperatiira izraisfjusi sals dalinu veidoSanos no sals Skidumiem, kuri
uzkrajusies ielas péc ielu kaisiSanas ar sali sniega un ledus kausésanas noliikiem. Vidgji lielais
v€ja atrums un autotransporta pliisma veicinajusi So cieto dalinu nonakSanu gaisa vidé un
gaisa monitoringa staciju puteklu filtros. Tapat gaisa vidé nokluvuSas iezu dalinas no smilts
maistjumiem, kuri uzkrajas ielas pec ielu kaisiSanas ar smilti pretslidésanas nolikiem.

3.2.3. Ziemas - pavasara dienas ar augstu PM1o koncentraciju

#2014.9. 27. un 29. marts, ceturtdiena un sestdiena, PMio koncentracijas 94.4 un 99.7
ug/m3,

Gan 27., gan 29. marts raksturojams ka tipiskas ziemas-pavasara parejas dienas, kuras
konstatéta augsta PMio koncentracija. Saja nedéla tikai otrdiena tika konstatéti nelieli
nokris$ni, bet sakot ar treSdienu iestajies sauss laiks, kura ari konstatétas augstakas PMio
koncentracijas. Temperatiira nedéla svarstas no +2 lidz +10°C, v§j$ lidz 5 m/s. Dienas PMio

robezlieluma koncentracija tika parsniegta no 27. marta lidz projekta apskatita intervala
beigam — 31. martam. Relativais mitrums augsto PM1o koncentraciju dienas ir diezgan zems —
no 40 lidz 65 %, Iidz ar to gaiss ir bijis sauss. Atmosferas spiediens bijis augsts — lidz pat
1024 hPa.

Augsta PMio koncentracija skaidrojama ar pavasaros biezi novérojamu situaciju — ir
sauss laiks, ir atkusuSi ziemas laika sniega masa ietvertas smilts maisijuma sastavdalas kopa
ar citiem putekliem, kas kopa veido resuspensgéjamo materialu, kas sausa laika del tiek viegli
resuspenséts autotransporta pliismas dél. Par resuspensiju liecina lielais iezu dalinu 1patsvars
filtra paraugos, bet par autotransporta ietekmi uz tam liecina lielais kvépu izmesSu daudzums,
kas aptver iezu dalinas un filtra poras (skat. 3.2.6. att.).
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3.2.6. attéls. Puteklu cietas dalinas no filtra Brivibas iela, 2014. gada 27. marts (a) un 29.
marts (b) lielaka palielinajuma

legiitie rezultati reprezente puteklu cieto dalinu resuspensiju transportlidzeklu ietekme,
kuri reemité ziema uzkratas dalinas. Augsto puteklu PMio koncentraciju skaidro ari ielu
kanjona tipa uzbiive, kura Saja perioda nav tikusi pietiekos$i ventiléta 1ena veja del, tadejadi
uzkrajot gaisa vidé gan tieSas emisijas, gan resuspenséto materialu.

4. Statistiskas analizes rezultati

Analize veikta dazadam SEM-EDX filtru grupam:

(1) filtra projektiva seguma kimisko elementu atgadiSanas bieZzums Brivibas ielas
filtros, kuri izveleti pec ekstrémi augsta piesarnojuma limena kritérija;

(2 filtra projektiva seguma kimisko elementu atgadiSanas biezums Valdemara ielas
filtros, kuri izv€leti pec ekstrémi augsta piesarnojuma limena kriterija;

(3)  kimisko elementu atgadiSanas biezums filtra izlases objektos Brivibas ielas filtros,
kuri izveleti p&c ekstrémi augsta piesarnojuma Itmena kriterija;

4) kimisko elementu atgadiSanas biezums filtra izlases objektos Valdemara ielas
filtros, kuri izveleti pec ekstrémi augsta piesarnpojuma Iimena kritérija.

Kopuma analizé ieklauti: 53 Brivibas ielas un 28 Valdemara ielas filtru paraugu
projektivie segumi; 245 izlases objekti Brivibas iela un 199 izlases objekti Valdemara icla;
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papildus analizé ieklautas attiecigos periodos iegutas cieto dalinu PMio koncentracijas abas
paraugoSanas vietas un meteorologiskie parametri (v€ja atrums, relativais mitrums un
nokris$nu klatbiitne/daudzums). Izmantotas analizes metodes:

(1) korelaciju analize — parametru cieSuma noteikSanai (p=0.05; p = 0.01);

(2)  Kklasteranalize — situaciju un paraugu lidzibas novérteéSanai; izmantota Varda
metode, I1dzibas noteikSana p&c Eiklida kvadratiska garuma;

(3) galveno komponentu analize — elementu grupu un lidz ar to izcelsmes noteikSanai,
sakotngji analize veikta pilnam statistiskam kompleksam, tad izsleégti elementi,
kuru Eigena vektoru vertibas ir mazakas par 0,45.;

4) neparametriskas analizes metode (Kruskalla Vallesa tests) elementu variaciju
raksturoSanai.

[zmantotas programmas:
1) IBM SPSS Statistics, ver.22;
(2) PC-ORD, ver. 5.10

4.1. Projektivo segumu analiZu rezultati Valdemara ielas filtriem

Raksturigi, ka loti cieSas statistiski butiskas (p = 0.01) korelacijas veido mineralas jeb
dabigas izcelsmes elementi — Al, Si, K, Na, Cl, Ca, Mg, savukart tadi metaliskie elementi ka
Cu, Zn, Cr, Ti, Mn lai arT parada statistiski butiskas sakaribas, tomér ne tik cieSas un nereti
Pirsona korelacijas koeficients neparsniedz koeficienta vertibu ,,0.5”, kas uzskatama par vidgji
cieSu sakaribu. Augstakie korelacijas raditaji iegiiti $adu elementu pariem: Al-O (0.759), Si-O
(0.674), Zn-O (0.631), Al-Na (0.644), Si-Na (0.834), Zn-Na (0.819), Ba-Na (0.745), Ca-Mg
(0.807), Si-Al (0.840), K-Al (0.622), Zn-Al (0.762), Ba-Al (0.694), Si-K (0.725), Zn-Si
(0.924), Ba-Si (0.925), Ti-Cl (0.639), Ba-K (0.813), Fe-Ca (0.628). Rezultatu analizes pilna
matrica dota 2. pielikuma.

Lidzigi ka Brivibas ielas rezultatu analizg, ari $aja gadijuma Klasteranalizg konstatéts, ka
elementu koncentracijam raksturiga liela mainiba un iesp&jams identificet lidziga tipa dienas,
kura raksturigs vienots dazadu kimisko elementu maisijums.

PCA analizu rezultati rada, ka elementu izkliedi nosaka (ir statistiski bitiskas) 2 asis, no
kuram pirma izskaidro 42 %, savukart otra 23 %. Par pirmas ass biitiskiem elementiem
uzskatami - Na, Al, Si, K, Cu, Zn, Ba, savukart otras ass — Mg, Cl, Ca, Ti, Cr, Fe; atseviski
izvietojies ogleklis, kura ietekme no visiem elementiem ir visbatiskaka. Rezultatu grafiskais
att€lojums dots 4.1. att¢la. Lidz ar to ar pirmo asi iesp&jams izskaidrot ar sakotngji dabigas
izcelsmes dalinu ietekmi, t.sk. resuspensiju, savukart otra ass saistama ar antropogéno
ietekmi. Ka redzams attéla, antropogéna ietekme vairak novérojama tiesi piektdienas.
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4.1. artéels. PCA rezultatu grafisks att€lojums (1. un 2. ass) Valdemara ielas filtru segumam
4.2. Projektivo segumu analizu rezultati Brivibas ielas filtriem

Korelaciju analizé iegiti $adi rezultati (saistibas cieSums raksturots ar linearo
korelacijas raditaju — Pirsona koeficientu, analizei izmantoti divi biitiskuma Itmeni — 0.01 un
0.05):

@) apgriezeniskas attiecibas - C-F, C-O, Cu-C, Mg-F, Si-F, K-F, Ca-F, Fe-F, Zn-F, kas
skaidrojams ar filtra materiala klatbiitni analizg;

(2) loti cieSa un statistiski butiska ir sakariba starp Na-Cl, jo Pirsona korelacijas
koeficients ir 0.973; lidzigi Ca-Mg gadijuma (Pirsona koeficients ir 0.963);

(3) vél loti cieSa sakariba (virs 0.5) konstatéta Sadiem pariem: Mg-O, Al-O, Si-O, K-
O, Ca-0O, Na-Mg, Mg-CI, Mg-Zn, Al-Si, Al-Fe, Si-Fe, CI-Zn, Ca-Zn, Fe-0O, Cu-Zn.

Korelaciju matrica dota 2. pielikuma.

Saskana ar klasteranalizes rezultatiem, analiz€tie filtri péc to elementu kimiska sastava
mainibas ir visai atSkirigi, tomér konstatéts, ka v€rojamas lidzigas tendences paraugos
atkariba no ned€las dienas, ari situacijas, kad tika noverotas loti augstas cieto dalinu PMio
koncentracijas. Piem@ram, par lidzigiem uzskatami Brivibas ielas filtri laika perioda no
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11.03.2014. lidz 14.03.2014., kad cieto dalinu PMio koncentracija bija robezas no 78-115
ug/mé. Elementu sastava lidziba novérojama ari brivdienas, pieméram, péc dalinu kimisko
elementu sastdva par Iidzigam uzskatamas S$adas dienas — 23.03.2014., 30.11.2013,,
25.01.2014., kuras tika nov@rotas Iidziga piesarnojuma Itmenpa cieto dalipu PMaio
koncentracijas, attiecigi — 72.1 ug/m® 74.8 pg/mé, 71.3 pg/m3. Elementu variaciju
dendrogramma p&c novérota datuma dota 3. pielikuma.

Galveno komponentu analizes rezultata tika identific€tas galvenas piesarnojoso vielu
izcelsmes grupas. Ka redzams, doming $adas grupas — dabigas izcelsmes dalinas, Ipasi labi
novérojama Na un Cl jonu cie$a sakariba, kas norada uz raksturigo juras sals NaCl klatbitni
atmosferas gaisa. ArT $aja gadijuma statistiski butiskas ir 2 asis, tomer elementiem raksturiga
daudz lielaka izkliede:

l.ass (25 % izkliede) asocigjama ar O, Na, Mg, Al, Si, Cl, Ca, Fe, Zn, kura novérojama
antropogéna un dabigas izcelsmes dalinu ietekme, pasi izpauzas sals/smilts maisijuma
kaisiSanas ietekme;

2. ass (15 % izkliede) — dabigas un sakotn&ji dabigas izcelsmes dalinu ietekme,
raksturigie (butiskie elementi — O, Na, Si, K, Cl, Fe);

3. ass izskaidro vel 10 % izkliedes (atbilstoSi PCA analizei ietekme ir vid€ji butiska).

Rezultatu grafiskais att€lojums dots 4.2. attela.

Rez1 Redzama cieSa sakariba
starp Cl un Na joniem,
raksturigs Zn Tpatsvars
(riepu abrazijas ietekme),
augseja kreisaja sektora
verojama dabiskas
izcelsmes elementu kopa.
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4.2. attels. PCA analizu rezultati Brivibas iclas projektiva seguma filtriem

Liela dala no rezultatiem nav asoci€jami ar kadu konkrétu izcelsmi, kas varétu biit
skaidrojams ar 1so periodu (1.10.2014.-31.03.2014.), kur§ tiek analizéts, turklat projektiva
seguma analizg ieklauti tikai 53 paraugi. Vértgjot dazadu elementu saistibu ar PMio, redzams,
ka butiska ir saistiba ar Zn, ka ari PMaio kopgjas vertibas liela méra asoci€jamas ar Na, Cl, Mg
Ipatsvaru.

4.3. AtseviSku elementu analizu rezultati Brivibas ielas filtriem

Lai arT augstas Pirsona korelacijas vertibas starp elementiem nav konstatétas (kas ari
saprotams dalinu daudzveidibas dg]), tomér redzams, ka statistiski biitiska sakariba ir starp
dabigas izcelsmes un antropog€nas izcelsmes elementiem (korelaciju matrica dota 2.
pielikuma).

Atsevisku dalinu sastava analizu rezultatiem raksturiga augsta mainiba, kas saistitas ar
dalinu plasu daudzveidibu. Galveno komponentu analizes rezultata konstatéts, ka elementu
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mainibu nosaka vairakas asis - par biitiskam uzskatamas pat 8 asis, kuru devums ir robezas no
7-14 %). Ka biitiskakas:
1) 1.ass izskaidrojot 14 % variaciju, kuru nosaka $adi elementi — C, O, Al, Si, K (dabigas
izcelsmes komponente);

2) 2.ass izskaidrojot 9 % variaciju, kuru nosaka juras sals un sals/smilts kaisiSanas
ietekme (tiek raksturota ar elementiem Na un Cl);

3) 3. ass izskaidrojot 9 % variaciju, kuru nosaka antropogéna ietekme (domingjosie un
statistiski bitiskie elementi — Mn, Fe, Cu).

PCA rezultatu grafisks att€lojums zemak (skat. 4.3. attélu).

Brivibas-Objekti CieSa saistiba $adiem
Mg P W-Day pariem/grupam:
e é Y . .
A2 - Nal CI)
v - Al Si,K;
5
:6 - Mg! Ca
Axis1 &7

CieSa saistiba  $adiem
W-Day pariem/grupam:

A - Na, CI;

‘g - Mn, Fe, Cu;

A4 - Al Si,K
A5

A B
AT
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Brivibas-Objekti Ciesa saistiba S$adiem
W-Day pariem/grupam:
9 - Na, Cl,
42 - AL Si K;
3
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A5
Ab
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4.3. attels. PCA analizes rezultatu grafisks att€lojums SEM-EDX rezultatiem Brivibas iela
4.4. Atsevisku elementu analiZu rezultati Valdemara ielas filtriem

Korelaciju analizes rezultati atsevisku dalinu Itmeni butiski neat$kiras Valdemara un
Brivibas ielas filtros, - konstatéta statistiski butiska sakariba mineralas izcelsmes dalinam,
tomér sakariba ir statistiski vaja, kas ari Saja gadijuma norada uz liclu daudzveidibu
(korelaciju matrica dota 2. pielikuma).

Galveno komponentu analizes rezultata noteiktas 5 statistiski biitiskas (p = 0.001):

4) 1.ass izskaidrojot 14 % variaciju, kuru nosaka $adi elementi — C, O, Al, Si (dabigas
izcelsmes/fona komponente);

5) 2.ass izskaidrojot 12 % variaciju, kuru nosaka juras sals un sals/smilts kaisiSanas
ietekme un abrazija (tiek raksturota ar elementiem Na un ClI, Zn);

6) 3. ass izskaidrojot 10 % wvariaciju, kuru ari nosaka dabigas izcelsmes ietekme
(domingjosie un statistiski butiskie elementi — Mg, Si, Cl, K).

Antropogeénas ietekmes apmers vert€jams ar 4.asi — 8 % apmera.

PCA rezultatu grafisks att€lojums zemak (skat. 4.4. attelu).
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»
Axis 3
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4.4. artéels. PCA analizes rezultatu grafisks att€lojums SEM-EDX rezultatiem Valdemara iela
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Secinajumi

(1) 2014. gada pirmajos 3 méneSos novérotas augstas cieto dalinu koncentracijas gan
Valdemara, gan Brivibas ield; diennakts robezlieluma parsniegSanas gadijjumu skaits
Valdemara iela ir 42, bet Brivibas iela — 48 reizes, kas parsniedz gada pielauto (35 reizu
parsniegumuy);

(2) Projekta ietvaros pétitajam cieto dalinu periodam (1.10.2013.-31.03.2014.) novérotas
dazas raksturigas iezimes:

e augstakas koncentracijas visbiezak noverotas ceturtdienas, piektdienas un sestdienas
(uzkrasanas efekta dél);

e kimisko elementu sastava analize liecina, ka to sastavs uz filtra ir atSkirigs brivdienas
un darba dienas;

(3) Cieto dalinu projektiva seguma analizes rezultati:
e videji 50 % cieto dalinu piesarnojuma iesp&jams saistit ar tieSajam autotransporta
emisijam, - tas ir kvépu veida un sastav no oglekla;
e cieto dalinu PMio masas koncentracijas analize liecina, ka autotransporta tieSais
devums (izplides gazes) sasniedz pat 70 %;

e aptuveni 40 % cieto dalinu abos ielu kanjonos ir dabigas izcelsmes, t.sk. juras sals,
sals/smilts maisTjums, resuspend@tais materials.

(4) Atsevisko dalinu analizes rezultati:

e lai arT tam raksturiga liela mainiba un sastava biitisko komponensu izskaidroSanai bija
nepiecieSams analizét 5 — 8§ asis, konstatets, ka lielakajai dalai individualo dalinu
raksturiga dabigas izcelsmes komponente aptuveni 22 — 24 % apmeéra, kas sevi ietver
ar1 resuspend&to materialu;

e 09-12% no resuspend€to un uzkrato dalinu masas izskaidro NaCl klatbiitne, bet nav
iesp&jams precizi identificét konkrétu avotu — ielu KaisiSana vai jiras sals ietekme;

e gandriz katras dalinas sastava ir novérojama antropogéna ietekme (abrazijas efekts) 8
-9 % apmera.

(5) Ka butiskakie meteorologiskie raditaji, kuri ietekmé cieto dalinu piesarnojumu, identific&ti
v&ja atrums, relativais mitrums, nokrisnu klatbiitne un intensitate;

(6) Augstos mitruma apstaklos raksturiga NaCl klatblitnes samazinaSanas un pret&ji, kas
saistits ar vielas $kidibu; savukart véja atruma ietekme ir tiesa, - tam palielinoties pieaug
resuspend€ta materiala Ipatsvars atmosfera.
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Pielikumi

Pielikumu saraksts:

1. Pielikums. Analize izmantoto izlases dienu kopsavilkums

2. Pielikums. Korelaciju matricas

3. Pielikums. Klasteranalizes rezultati (dendrogrammas)

4. Pielikums. EcoBalt 2014 starptautiskas konferences t€zes projekta ietvaros
izstradatajam zinojumam

5. Pielikums. Starptautiskam zinatniskam zurnalam sagatavota publikacija

6. Pielikums. Kompaktdisks (CD), kas satur:

e izlases dienu puteklu filtru paraugu SEM att€lus

e izlases dienu puteklu filtru paraugu EDS analiZzu rezultati atseviskiem
elementiem un projektiviem segumiem

e EDS elementu sadalijumu pa atseviskiem elementiem un projektiviem
segumiem tabulas veida.
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1.Pielikums

Analizé izmantoto izlases dienu kopsavilkums

Valdemara iela

Brivibas iela

10.X PM1o = 93.6 ug/m® 11.X PMyo = 76.7 ug/m®
11.X PMyo = 87.6 ug/m?® 13.X PMio = 67.2 ug/m®
13.X PMyp = 57.7 ug/m?
14.XI PMyo = 93.7 ug/m?
25.X1 PM1o = 82.5 ug/m®
29.X1-30.XI PMio = 79.2 & 74.8 ug/m®
2.XI1 PMjo = 101.9 ug/m?®
18.XI1 PMio = 82.6 ug/m®
20.XI1 PMio = 78.4 ug/m® 20.X11 PMio = 83.4 ug/m®
25.1 PMyo = 71.3 ug/m®
30.1 PMyo =127.7 ug/m3 31.1 PMio = 93.6 ug/m®
7.1 PMyo = 86.3 ug/m?®
10.111-14.111 10.111 (1-diena) — 88.2 ug/m?®
11111 (2-diena) — 77.9 ug/m?
12.111 (3-diena) — 115.1 ug/m?
13.111 (4-diena) — 94.5 ug/m?
14.111 (5-diena) — 79.3 ug/m?®
23.11 PMyo = 72.1 ug/m®
27.11 PMio = 94.4 ug/m?
29.11 PMio = 99.7 ug/m?

45




Pirsona korelacijas matrica (Valdemara ielas filtru projektivais segums)

2. Pielikums

** P=0.01 [sarkana].
* F=0.05 [dzeltena). |

C O Nz Mz A =i F = ci K L3 Ti Cr Mn Fe Cu n Ma In B3 Lz Ta Ft
C 1
o 1
F
Nz 1
1
1
1
1
400 1
. -
-y ,A3g" 1
388 1
g 1
Zn -, 351" ,628" 1
Br
Mo - 370" - 3817 | 443" -,463" 1
In 440 1
B3 - 383" 465" 1
Lz 1
Tz 372" - 428" -a42" 1
Ft - 382" - 432" ,A1E" 1
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p = 0.01 (sarkans)
p = 0.05 (dzeltens)

Pirsona korelacijas matrica (Brivibas ielas filtru projektivais segums)
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Pirsona korelacijas matrica (Brivibas ielas filtru atsevisku dalinu analizes rezultati)

c o F Nz M= A ) P 5 C K ) Cr

B

208

ATE

Ta
Pt 21 -8 i ,lEE'-
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Pirsona korelacijas matrica (Valdemara ielas filtru atsevisku dalinu analizes rezultati)

Na
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== P =0u01 {smrians)
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3. Pielikums

Valdemara iela (filtra segums)

Dendrogram using Ward Linkage

Rescaled Distance Cluster Combine

1] ] 10 15 20 25
1 1 1 L L

20131010 3
2013.10.11 11 —
2013.1011 81—
2013101113

20134011 14—
20131011 23—
2013101115

2013.10.11 21 —
20131011 81—
2014.01.30 28
20131011 12

201310101

2014.01.30 29—
201310141 22—
2014.02.07 25 —
2014.02.07 26

20131010 7 —
2013.10.11 20 =
2014.02.07 27 —

2013404116
20131011 24 —
20131011 19—
20131010 4 —
2013101110 =

2013101117

2013404118 —
20131010 6 —
20131010 51—

20131010 21—
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Brivibas iela (filtra segums)

Dendrogram using Ward Linkage

Rescaled Distance Cluster Combine

0 B 10 13 20
1 1 1 1

20140311 23—
20140311 26 —
20140312 26—

20140311 24
2014.03.14 34 —
20140312 28—

2014.03.23 4 —

20131130 43
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20140125 2 —
20131231 31—
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20140329 21 —
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201403236
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2014032710
2014031017
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2014031018

20140327 14

201311304 —
201403233

20140311 25




4. Pielikums

Book of Abstracts of the 19 International scientific conference “EcoBalt 2014”
October 8-10, 2014, Riga, Latvia

VARIABILITY OF PARTICULATE MATTER CONSTITUENTS IN
URBAN STREET CANYON IN RIGA, LATVIA

Janis Bikshe', Iveta Steinberga!, Janis Bikshe?, Karlis Kundzins’, Janis Kleperis*
‘ Faculty of Geography and Earth Sciences, University of Latvia, Riga, Latvia

* Faculty of Engineering, Vidzeme University of Applied Sciences, Valmiera, Latvia
*University of Latvia, Institute of Solid State Physics, Riga, Latvia

*Housing and Environment Department, Riga City Council, Riga, Latvia

During the last decade air quality in Riga (Latvia) city centre has been quite stable and high
exceeding EU and therefore local air quality limit values in terms of coarse particulate matter (P™M,)
and nitrogen dioxide (NOZ). While NO, pollution sources and photochemistry is well known, PM
concentration levels are governed by anthropogenic source contribution, meteorological conditions,
biogenic source specificity, presence of wide spectra precursors (ozone, volatile organic compounds, etc.)
and local activities (e.g. street cleaning and sanding practice) as well. Although previous studies mostly
were able to identify high concentration causes from meteorological and traffic intensity point of view,
more detailed investigation of particulates are necessary to pinpoint the origin and lifecycle of PM, .
This research focuses on morphology and chemical specifications of PM, pollution in two street canyons
where daily limit value of 50 pg/m? is quite often exceeded, moreover in some cases concentration of
250 pg/m’ were detected. Detailed morphology and chemical investigation of particulate matter were
conducted by using SEM-EDX for period October 1, 2013 — March 31, 2014.

Typical samples from days with high PM, concentrations and specific meteorological or traffic
conditions were selected for SEM-EDX analysis. Results confirmed substantial traffic influence on
PM concentrations because of abundance of soot in days where PM _ limits were exceeded. Soot was
characterized as single particle or conglomerate of soot particles with typical diameter of 40-50 nm.
Samples from strong wind conditions in spring season consisted from considerable amount of soil/sand
dust particles — result from street sanding in winter season. Dust particles are characterized as irregular
to regular particles and likely to make sharp fractures, typical chemical elements in such particles are
silicon, oxygen and aluminium as well as calcium, magnesium, carbon and in less extent, sodium and
potassium. Lower contribution to PM’s are coming from halite which can be observed in all seasons
because of the origin from sea in sea salt form although more often halite was observed in winter-
spring samples where halite is coming from streets where salts are scattered for snow melting purposes.
Minor group of particulates are coming from biological sources — pollens, sections of leaves and plants
characterized by abundance of carbon and smooth, patterned morphological parts.

According to results particulate matter in atmosphere could be characterized in classes depending
on genealogy (source), morphology and composition. In order to identify and introduce any regulatory
measures to improve air qualityall characteristic classes should be consider. Above mentioned dominating
classes could be: (1) soot particles; (2) secondary aerosols; (3) pollen; (4) pure metallic particles; (5) sea
salt & soil erosion particles; (6) unidentified particles.

As most important and prevailing PM concentration group of particles, soot particle class was
specified which corresponds up to 40% of particulates in street canyons in most adverse conditions
although soil erosion particles in strong wind conditions has great influence as well. High pollution
episodes analysis of PM shown that 80 % of daily limit exceedances occurs in day’s without precipitation
which indicates high intensity accumulation processes.

Contact person: Janis Bikshe, Alberta screet 10, Riga, LV-1010, Latvia, phone: +371 29844924,
e-mail: janis.bikse@lu.lv

52



5.Pielikums

APPLICATION OF SEM-EDX AND PRINCIPAL COMPONENT ANALYSIS
FOR PM1 CHARACTERIZATION AND SOURCE APPORTIONMENT.
A STREET CANYON CASE STUDY

Janis Jr Bikshe?, Iveta Steinberga, Janis Kleperis?, Janis Bikshe®

tUniversity of Latvia, Faculty of Geography and Earth Sciences, 10 Alberta Street, Riga, LV-1010, Latvia;
2Housing and Environment Department, Riga City Council,49/53 Brivibas Street, Riga, LV-1010;
3Vidzeme University of Applied Sciences, Faculty of Engineering, Cesu street 4, Valmiera, Latvia, LV4201

Email: janis.bikse@lu.lv

Abstract

Source apportionment of particulate matter within European studies has been investigated
already since 1987, and several techniques such as positive matrix factorization and
multi-variant analysis are well known and widely used. This paper covers several
activities leading to pollution source identification and quantification such as
conventional measurements of PMao, use of SEM-EDX for qualitative and morphological
analysis and Principal Component Analysis (PCA) for source quantification in street
canyon. It has been identified that almost 50 % of particulates by volume originates from
cars as primary exhaust emissions, moreover this type of source is responsible for 70 %
of emissions in case of mass estimation; left 50 % of particulates originates from natural
sources or semi-natural sources as erosion, re-suspension, salt/sand mixture usage for
street sanding. Analysis of individual particles shows that almost all particles consist of
10 % of sea salt, 8-9 % of tyres and brakes abrasion.

Keywords: PMio, SEM-EDX, PCA, Source identification

1. Introduction

Particulate matter (PM) has been an object of interest for scientists and overall society for
almost 20 years; keeping in mind growing population, urbanization, intensive agricultural
activities and recent achievements on human health assessment particulate matter
pollution problem will be important in future and any solutions for action plans in order
to decrease pollution recently should be introduced. The main reasons for particulate
matter pollution level decreasing are connected with adverse influence on people’s
health. PM’s can cause serious cardiovascular diseases as well as respiratory illnesses
(Schwartz, 1994; Schwartz et al., 1996; Brook et al., 2010; Anderson et al., 2012),
therefore it’s important to keep PM levels low to limit adverse effects of them to
inhabitant’s health.

2. Materials and methodology

2.1. Site description
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This research was conducted by analysing particulate matter in Riga which is capital of
Latvia (North-East part of Europe). Riga is located next to the Baltic Sea — in the shore of
the Gulf of Riga and the river Daugava, which is the largest river in Latvia. Population in
Riga reaches 700 thousand residents and a large part of them is daily using
communication ways through the city centre, which is an object of interest in this
research because of the elevated particulate matter levels. PM filters were collected
during high concentration episodes in the centre of city during the period of October 1,
2013 — March 31, 2014. Samples for the analysis were collected at two monitoring
stations — urban traffic site VValdemara and urban traffic site Brivibas (see figure 2.1.1.).
Both stations are located in the city centre, could be characterized as typical street
canyons where high PMzio pollution levels have been registered already for ten years
(Municipality of Riga, 2013). In these streets typical daily traffic flow intensity is 25000
vehicles per day. Both streets are approximately 15 meters wide and flanked on both
sides with about 22-30 m high buildings. Streets are parallel each other and they are
oriented in the NE-SW direction (approx. 223 ° azimuth).

A Urban traffic site Valdemara

B Urban traffic site Brivibas

Figure 2.1.1. Location of air quality monitoring stations in Riga (Latvia)
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2.2. PM sampling

PM sampling was done by OPSIS instrument SM200 Beta attenuation particulate monitor
(gravimetric sampler) and Thermo ESM Andersen FH 62I-R instrument, which are
automatic sampling methods. Instrument is equipped with PMi1o/PM2s head, inlet
intensity 2.3 m3h at urban traffic site Valdemara and 1.0 m%h at urban traffic site
Brivibas, and mass measurement range 0-1000 pug/m?® (see figure 2.1.1.). PM samples
were carried out for 1 hour and 24 hours resolution time according to CEN 1434-1
method with accuracy 0.5 pg/m® for 24 h exposure time. A filter material used for
particulate matter collection was Teflon tape at VValdemara street station and Teflon filters
at Brivibas street.

2.2. PM mass characterization

PM fractional measurements (annual concentration for period 2008-2013) show that
either on background and street urban level fraction of ultrafine (PMz2s) particles
determine pollution level; in average PM2s fraction at background level reaches 72 %
(low: 63 %, high: 79 %), but at traffic site 70 % (low: 62 %, high: 74 %). Long-term
changes (2003-2013) of PM concentrations show significant decrease in the middle of
mentioned period, after that some stabilization occurs and unfortunately last year (2013)
show slight growth leading to annual limit value exceeding at urban traffic sites (see
Figure 2.2.1). PM concentration decrease at 2008 correspond with the economic crisis
and highly correlate with the traffic density; afterwards high annual values could be more
explained with growing occurrence of high pollution episodes where main role “players”
are specific meteorological situations, non-effective street cleaning activities, €.g., open
brushing are used instead of vacuum cleaning.

60 7

207 PRA10 limit value=40 ug/m3
40 4
30 1
W25 talrat valudl:25 ug)|
20 A
10 - T T T T T T T T T T 1

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

3

Concentration, ug/m

Year

Valdemara (PM10}-urban canyon B Brivibas (PM10)-urban canyon Kronvalda (PM10)-background
Brivibas (PM2.5)-urban canyon Kronvalda (PM2.5)-backeround
Figure 2.2.1. Long-term changes of particulate matter concentration in Riga (Latvia)

High variability of particulate matter has been detected within the study period (October,
2013-March, 2014). These variations closely correlate with meteorological parameters,
e.g., in January 2014, higher concentrations were observed, caused by the intensive
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pollution source contribution, low precipitation, and long dry periods. The above
conditions lead to very high pollution episodes, the pollution level reaching 157 pg/m?®
(see Figure 2.2.2).

150
180 ~
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100 - - 12

75

Concentration, pg/m

50

Concentration, pgém

25 1

2013, October 2013, November 2013, December 2014, January 2014, February 2014, March 180118 120L13 1s0l22 120125

Year, month

Valdemara M Brivibas

Figure 2.2.2. Monthly averages and variation levels of particulate matter in Riga (left side) and concentration
increase at Valdemara Street due to specific meteorological parameters (right side)

Particulate matter concentration levels at ambient air usually are characterized by two
indicators — annual average concentration and exceedances of daily limit concentration
(50 pg/m). While annual average concentrations of particulate matter over the last years
closely vary under or above limit value, daily limit values are exceeded 100 and more
times every year (allowed number of exceedances is 35 times). Analysis of daily limit
values show that typically exceedances of more than 35 times occurs already at the
beginning of the year, e.g. at the urban both traffic stations (Brivibas and Valdemara)
daily limit value already are exceeded at March (see figure 2.2.3.).

{cumulative values)
[&1]
(=]
1

ap 4 Allowed numebr of exceedances - 35

Number of daily limit exceedances

B Ii

2013, Jan-Sept 2013, October 2013, November 2013, December 2014 January 2014, February 2014, March

Year, Month

Valdemara M Brivibas

Figure 2.2.3 Number of exceedances of particulate matter daily limit value in Riga (Latvia)
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2.3. Morphological description

Several source types of particulate matter were investigated during research. They vary in
morphological characterization and elemental composition as well as in appearance
frequency in filter. All particles were grouped according to their composition,
morphology and potential emission source. It was possible to distinguish 6 major groups
for observed particulates and they were classified in the following categories: soot,
biogenic particles, soil dust, salt particles, metallic particles, spherical particles, and
unknown particles. Sometimes grouping can be not as straightforward as it is in
distinguishing between soil dust and metallic particles as metallic elements can be
detected in both categories, but morphology then is the key for identification of the
source (Wang et al., 2013).

Figure 2.3.1. Typical particulates found in filters: (a) mineral matter, (b) soot, (c) fly
ash particle, (d) salt particles, (€) biogenic material, (f) metallic particle

2.3.1. Fly ash particles and soot aggregates

Soot is a common product of incomplete combustion of hydrocarbons. In general, they
are very small spherical particles with a diameter of 30-60 nanometres (see figure 2.3.1.b)
(Shahid et al., 2013), but they rarely are also found as a single sphere — these spherical
particles tend to create connected chains or even large conglomerates. Conglomerates
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usually represent old soot and whereas soot chains and single soot spheres are interpreted
as newly or fresh soot. Particles from combustion usually have common morphology —
spherical shape. These spheres can be hollow or they can consist of several holes in sides
which have been left by escaping gases during combustion (see figure 2.3.1.c). Spherical
particles consist mainly of carbon, but other elements as S, Si, Fe, Ni etc. can be detected
as well.

2.3.2. Mineral matter

Soil dust includes all particles coming originally from natural sources — rock fragments,
sand and/or gravel constituents, clay and silt. They can arrive in city independently by
wind from soil erosion or by cars as mud fragments, but they are also present in city with
purpose — this includes soil dust from building activities, building erosion and street
sanding in winter. Soil dust general characterization is their appearance — they look like
rock fragments with sharp to smooth corners, all sides of soil dust fragment look similar
and sometimes cleavage directional fracture can be visible (see figure 2.3.1.a) (Genga et
al.,, 2012). Elemental composition includes Al, Si, O, K, Na, Ca, and Mg as main
elements, but contribution from other elements can be present. Very common rock found
in samples is dolomite as it is very common and widely distributed in Latvia and it is
often used in road constructions and it may be present in sand mixture which is used for
street sanding in winter.

2.3.3. Biogenic material

Biogenic particles are formed by living organisms — plants in general. They can be easily
distinguished as they mainly consist of carbon and their morphology characterizes as
smooth surface and visible symmetrical elements (see figure 2.3.1.e). Few great size
biological particles have been investigated in filters with diameters larger than 10 um in
diameter — it’s likely that their aerodynamically size is smaller as these large particles
usually are flat on one dimension.

2.3.4. Salt particles

Salt particles or sodium chloride (NaCl) particles can be easily identified by its
distinguishable composition although morphology can vary depending on its source.
There are two sources for salt particles in Riga. The first source is sea salt particles
naturally coming from Baltic Sea, and the second source is anthropogenic — salts coming
from street sanding in winter time for snow and ice melting purpose. Natural sea salt can
be observed in all seasons (Li et al., 2010) whereas anthropogenic salt particles are
related to winter time when temperature tends to be below or close to 0°C. Naturally
occurred sea salt particles forms well crystallized cubic shape while anthropogenic salts
are more heterogeneous in morphology and they can be confused with soil dust if
elemental composition isn’t discussed (see figure 2.3.1.d).

2.3.5. Metallic particles
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A metallic particle includes particles from anthropogenic sources, which include wearing
of cars, emissions from welding processes and other anthropogenic sources where
metallic particles are released. These particles can have sharp edges (see figure 2.3.1.) as
well as rounded; sometimes edges are smooth, melted looking. Usually these particles are
small in size as their density is greater than other types of particulates. Commonly
identified metallic elements include Fe, Al, Zn, Ti and Mn, although other metals can be
found as well (Varrica et al., 2013).

2.3.6. Other/unknown particles

Unknown particles include particles with unknown source. These usually are small
particles and therefore their elemental composition is more difficult to detect. Particles
with unknown composition pattern are also added to this group.

2.4. SEM-EDX analysis

The particulate matter in this research were analysed by using SEM (Scanning Electron
Microscopy) and EDX (Energy-dispersive X-ray spectroscopy) methods. LYRA3 XMU
SEM equipment was used which was occupied by X-Max 50 mm? EDX analyser. SEM-
EDX method has been widely used for investigation of sources of PM’s (Morata et al.,
2008; Lu et al., 2012; Pachauri et al., 2013). EDX elemental analyses were made for both
— whole view field and for individual objects. In total 525 EDX analyses were made: 298
for urban traffic site Brivibas and 227 for urban traffic site Valdemara. Obtained
elemental weight per cent results were used for interpretation of PM sources by analysing
them by cluster analysis and PCA method (see section 3).

2.5. Chemical composition

Chemical composition data obtained from SEM-EDX analysis are analysed by different
statistical analysis methods, such as simple correlation where relationships between
chemical element pairs were explained by Pearson correlation coefficient (at p = 0.05 and
p = 0.01), cluster analysis and principal component analysis (PCA) method. Element
occurrence data are used to construct the dendrogram by means of the clustering method
of Ward’s algorithm (Hierarchical Clyster Analysis) using squared Euclidean distance as
distance measure method. Clustering was performed from different points of view,
depending on the exact date and chemical composition by IBM SPSS Statistics (ver. 22).
In order to identify main chemical components, their groups and intra-species variations
multivariate data analysis such as PCA is used (PC-ORD 5.10 software), cross-products
matrix is built based on correlation, scores for matrix evaluated on distance-based biplot.

3. Results and discussion

All statistically analysed filters were divided in 4 main groups: (1) elemental distribution
of chemicals on filters collected at urban traffic site Brivibas (n = 53); (2) elemental
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distribution of chemicals on filter type collected at urban traffic site Valdemara (n = 28);
(3) elemental distribution of chemicals on surface of specific particulates collected at
urban traffic site Brivibas (n = 245); (4) elemental distribution of chemicals on surface of
specific particulates collected at urban traffic site Valdemara (n = 199).

3.1. Correlation and Clyster analysis

Highest statistically significant correlation (p=0.01) was identified between species of
natural or mineral origin — Al, Si, K, Na, Cl, Ca, Mg, most significant and closest pairs
are Na-Cl (Pearson correlation coefficient 0.973) expressing sea salt and street sanding
effect; Ca-Mg (Pearson correlation coefficient 0.963) showing occurrence of carbonates
or particularly dolomite particles at air. Full correlation matrix for urban street traffic site
Brivibas is given at figure 3.1.1.

Ea 1
. . B
: - = ‘
Ft i

Figure 2.2.3. Correlation matrix of particulate mater chemical species at urban traffic site Brivibas (red
indication p = 0.01; yellow indication p = 0.05); n = 53; October 1, 2013 — March, 31, 2014.

Comparing to other urban traffic site Valdemara correlation of the elements for elemental
distribution cases are the same; as expected, a different situation occurs in case of a
specific particle analysis, where elemental distribution are mainly dependent on particle
origin.

Clyster analysis of chemical species within different filters and particles shows some
indicative tendencies:
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(1) chemical species have some temporal variations within week period,;
particulates could be classified depending of the day of the week, e.g. all
Fridays are the same variation of chemical species;

(2) in some cases above mentioned tendency could be explained by PM mass
concentration, but not always.

3.3. Source apportionment from PCA

A PCA method, which is one of the most widely used (Belis et al., 2013) for particulate
matter analysis, shows dominating groups of chemical elements allowing explaining
chemical species in the atmosphere. In general, better results of PCA were obtained for
full filter material coverage analysis recognizing 3 main axes. As an example analysis of
urban traffic site elemental data shows that there are:
a) 1% axis (25 % of variance) consisting of following elements - O, Na, Mg, Al Si, Cl,
Ca, Fe, Zn, which could be mainly explained by natural origin;
b) 2" axis (15 % of variance) consisting of following elements - O, Na, Si, K, ClI, Fe,
which could be mainly explained by natural origin as well, but differently from 1%
axis chemical compounds are different;
¢) 3" axis (10 % of variance) with lower significance level (p = 0.05) consisting of
following elements - Al, Ba, Fe, Si.
In all cases, very strong dependency and impact of NaCl was identified; unfortunately it
is not possible to distinguish differences between natural sea salt episodes and street
sanding activities. Graphical representation of PCA is given in figure 3.3.1.

Rez1 Rez1
W-Day
a2
Yy
45

46
i

Figure 3.3.1. PCA results of SEM-EDX results from urban traffic site Brivibas.

4. Main conclusions
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(1) due to specific meteorological parameters and according to the cluster analysis,
temporal variation of PM overall are the same week-to-week; highest PM
concentrations occurs from Thursday to Saturday and chemical composition at
exact periods are very close; such similarities occurs due to intensive PM
accumulation processes and indicates leading source contribution;

(2) about 50-60 % of PM on urban street level could be explained by specific source ;
moreover about 40 % of total PM are of natural origin (including sea salt, street
sanding and resuspension);

(3) about 50 % of PM pollution at urban street level could be associated with traffic
exhaust emissions and classified as soot; from mass fraction point of view these
are 70 % of pollution level,

(4) about 8 — 9 % of particulate matter pollution possible to associate with abrasion
processes;

(5) impact analysis of specific meteorological parameters identifies most important
parameters in case of PM pollution — wind speed, relative humidity and
precipitation (absence and/or intensity).
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