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IEVADS

Darba meérkis — Rigas pils€tas gaisa piesarnojuma ar benzolu teritorialo zonu karSu
sagatavoSana faktiskam un limit€tam emisijam.

Saskana ar 20.05.2015. noslégto ligumu (Nr.DMV-15-104-11) starp Rigas domes Majokla un
vides departamentu un SIA ,,Vidzemes Elektrotehnikas Fabrika”, tika veikti $adi darbi:

1) ilgtermina monitoringa rezultatu analize;

2) indikativi benzola mérjjumi dazadas sezonas;

3) gaisa piesarnojuma ar benzolu zonu karsu izstrade limit€tam un faktiskam emisijam,
pamatojoties uz jaunakiem (2014. gada) datiem p&c operatoriem izsniegtam atlaujam
un to faktisko aktivitati, transporta plismu struktiiru un intensitati, izkliezu aprékinus
attelojot uz Rigas kartes digitalas pamatnes. Saskana ar iepriekSmingto izstradatas
sekojoSas kartes:

1. Gaisa piesarpojuma ar benzolu zon€juma karte Rigas pilsétai ar pilsétas
teritoriju robezam un ielu nosaukumiem limit€tam un faktiskam emisijam.
Kopskats. — 2 kartes A2 formata (M1:60000).

ii. Gaisa piesarnojuma zon&juma ar benzolu karte Rigas pilsetai faktiskam
emisijam. Dalfjuma kopskats. — 1 karte A2 formata (M1:60000).

1. Gaisa piesarnojuma ar benzolu zon€juma karte faktiskam emisijam Rigas
pilsétai ar ielu nosaukumiem un maju numuriem. Fragmenti 1 — 13 Al
formata (M1:5000).

Kar$u materials sagatavots divos eksemplaros digitala forma.
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PASKAIDROJUMA RAKSTS - Rigas pilsétas gaisa piesarnojuma ar
benzolu (C¢Hg) teritorialo zonu kartes

1. Visparigs raksturojums

GaistoSie organiskie savienojumi (GOS, anglu valoda VOC - volatile organic
compounds), kuri novérojami atmosfera raksturo salidzinoS$i lielu grupu piesarnojoSo vielu
gazveida forma. Kopuma Saja grupa ir ap 500 dazadu savienojumu — alkani, alkini,
aromatiskie ogliidenrazi, piesatinatie un nepiesatinatie aldehidi, ketoni, esteri u.c., t.sk.
benzols.

Benzola noturiba (dzives ilgums) apkartéja vidé gazveida forma ir no dazam stundam
lidz dazam dienam atkariba no apkartéas vides, klimata un citu piesarnojoSo vielu
koncentracijam atmosfera. Doming€joSais mehanisms, kas norit atmosfera un veicina benzola
piesarnojuma samazinasanos, - reakcijas ar hidroksilradikaliem; ne tik efektiva, lai ari, vera
nemama ir nokri$nu intensitate, jo benzolam raksturiga ar1 vaja Skidiba tident.

Benzols ir j€lnaftas, dazadu naftas produktu, t.sk. degvielu sastava, ta tilpuma
ipatsvars 1-5%. AtbilstoSi Eiropas Savienibas likumdoSanai (Direktiva 2003/17/EK) un
attiecigi Latvijas likumdoSanai (MK 322), maksimali pielaujama benzola tilpuma
koncentracija degviela ir 1 %. Tas atmosféra nonak iztvaikoSanas procesu rezultata un
nepilnigas sadegSanas gadijuma. Citi benzola piesarpojuma avoti — fosila kurinama
sadedzinaSanas iekartas, kimiska raZoSana, kur tiek izmantots benzols (pieméram, fenola,
cikloheksana kimiska sintéze), smékesana (Bahadar et al., 2014).

Benzola bistamibu raksturo ilgtermina p&tijumi, saskana ar kuriem p&c Starptautiskas
Véza pétljumu agentiiras IARC (International Agency for Research on Cancer) datiem tas
ieklauts 1. kategorija - "Kancerogéns cilvékiem”; §aja kategorija ieklauj vielas un maisijumus,
kuru bistamiba ir skaidri pieradita. Benzols ir viela, kurai nav iesp&jams noteikt drosu
piesarnojuma Iltmeni (WHO, 2000), kas nozimé — benzola piesarnojums paaugstina
kancerogenitates risku jebkura koncentracija. Individa uznemta koncentracija ir atkariga no
cilvéka dzives ieradumiem, apkart€jas vides u.c. raditajiem. Vairakos p&tijumos konstatéts, ka
ikdienas uznemta benzola doza varié robezas no 180 Ilidz 1300 ug, vid€jais ikdienas raditajs ir
320 pg, papildus tiek identificéti citi benzola avoti, kuri paaugstina veselibas riska raditajus:

- smé&keSana — 1800 pg/diena;

- pasiva smekeSana — 50 pg/diena;

- auto vadiSana ikdiena — 49-203 pg/diena (Hughes et al., 1994; Wallace, 1989).

Benzola kaitiga ietekme uz cilvéka organismu novérojama ka:

- hematoksiska ietekme — asinsainas izmainas (pancitopénija, aplastiska anémija,
trombocitopénija, granulocitopénija u.c.);

- imunotoksiska ietekme — kaulu smadzenu bojajumi;

- reproduktivas sist€émas traucgjumi — teratogéna ietekme;

- genotoksiska iedarbiba — hromosomu, DNA bojajumi;

- laundabigie audzgji — leikeémija (Benzene, 1982; Benzene, 1993; Paci et al., 1989;
Toxicological profile for benzene, 1993).

Lai analizétu benzola piesarnojuma izplatibu Rigas pils€ta un izstradatu zonu kartes,

veikta piesarnojuma dispersijas modeléSana ar programmu AERMOD (beztermina licence Nr.
AER0006364), izmantojot Gausa matematisko modeli; saskana ar Valsts Vides dienesta
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izsniegto atlauju programmas izmantoSana saskanota atbilstosi Latvijas likumdoSanas aktiem
(MK 02.04.2013. noteikumiem Nr. 182 “Noteikumi par stacionaru piesarnojuma avotu
emisijas limita projektu izstradi”). ModeleSana veikta, balstoties uz stacionaro avotu raditajam
emisijam, izmantojot valsts statistiska parskata par gaisa aizsardzibu ,Nr.2-Gaiss” atskaites
par uznémumu raditajam faktiskajam un limit€tajam emisijam 2014. gada un informaciju par
autotransporta plismam Rigas pilsé€tas ielas.

Izkliezu aprékinu programmas datu bazé ievadita informacija par izmeSu avotu
geografisko novietojumu, augstumu, diametru, plismas atrumu, izmesu izplides dinamisko
informaciju — tabulas par emisijas avota darbibu diennakts, méneSa un gada griezuma un
emisiju apjomu. Savukart, informacija par autotransporta plismu AERMOD modelim iegiita
no Rigas Domes Majoklu un vides departamenta, kura riciba bija autotransporta vienibu
uzskaites dati. Programma ievadita informacija izdrukas forma no programmas pievienota G.
Pielikuma.

2-Gaiss datu baze ir pieejama informacija par stacionaro piesarnojuma avotu darbibu.
Kopuma Riga koncentréta lielaka dala emisijas avotu, valsts Iimeni laika posma no 2002.
gada lidz 2014. gadam galvaspilséta emitéta benzola ipatsvars varié no 31 % lidz 76 % (skat.

1. att€lu). Laika posma no 2002.-2008. nov€rojama liela mainiba, péc 2009. gada — ir stabila
tendence benzola emisijam palielinaties.
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1. att. Benzola emisiju Tpatsvars Riga salidzinajuma ar kopgjo benzola emisiju daudzumu
Latvija laika posma 2002.-2014., 2-Gaiss datu bazes dati

Datu bazeé pieejama informacija par benzola emisijam ir pilniga naftas produktu
parkrausanas uzpémumiem, savukart, nelielam iekartam (pieméram, degvielas uzpildes
stacijam) benzola emisijas nav novertétas. Pasreiz (2014. gada) novertéto emisijas avotu
daudzums Riga ir 148, laika posma no 2010. gada vérojama stabila tendence palielinaties gan
emisijas avotu skaitam, gan atmosfera emitéta benzola apjomam (skat. 2. att€lu zemak).
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2. att. Benzola emisiju un avotu mainiba Riga, 2-Gaiss datu bazes dati.
Analiz€jot benzola emisijas avotu specifiku, skaita zina domin€ gaistoSo organisko

savienojumu (GOS) emit&josas iekartas, pargjo iekartu (sadedzinasanas iekartas un cita veida
iekartas) Ipatsvars pedejo 5 gadu laika arvien samazinas (skat. 3. att).
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B GOS iekartas 40% 31% 49% 51% 46% 56%

B GOSiekartas M Sadedzinasanasiekartas M Sadedzinasana razoSanai  m Cita

3. att. Benzola emisijas iekartu mainiba 2002.-2014., 2-Gaiss datu bazes dati.

Veidojot stacionaro piesarnojuma avotu datu bazi, papildus 2-Gaiss ieklautajiem emisiju
avotiem izvertetas ar1 degvielas uzpildes stacijas (DUS):

stacijas, kur atmosfera nonak benzina tvaiki, atbilsto$i benzina kvalitates
standartiem, pienemts, ka 1 % no §tm emisijam ir benzola tvaiki;
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- stacijas, kur atmosfera nonak dizeldegvielas tvaiki, atbilstoSi degvielas kvalitates
sertifikatam, 0.02 % no $Tm emisijam ir benzola tvaiki.

Izmantojot $adu metodologisku pieeju, datu baze papildinata ar 101 emisijas avotu.

Atmosfera emitéta benzola daudzums no mobiliem piesarnojuma avotiem novertets,
nemot vera vairakus faktorus:

1) plismas intensitate un iedalijums vieglajas un smagajas automasinas, informacija
iegiita no Rigas Domes Satiksmes departamenta; kopuma raksturoti 180 ielu posmi
387 km garuma;

2) transporta plismu strukturalais iedalfjums, atbilstos§i Celu satiksmes droSibas
direkcijas datiem, noteikts §ads: ~ 57 % ir automasinas ar benzina dzing&jiem, ~43 % -
ar dizeldegvielas dzingjiem vieglo automasinu grupa;

3) transporta plismu iedaljjums atbilstosi Euro klasem veikts, pamatojoties uz Celu
satiksmes drosibas direkcijas datiem (apkopojums dots 4. attela).

"
of S\
D F
29%
%,
22X 28%
@p

4. att. Automasinu sadalijums atbilstosi Euro klasifikacijai vieglo (kreisa pus€) un smago (laba
pus€) automasinu grupa, CSDD dati

Benzola emisiju daudzumi novertéti, izmantojot jaunakas pieejamas zinoSanas
vadlinijas konvencijas “Par robeZ§kérsojoso gaisa piesarnosanu lielos attalumos” (Zengvas
konvencija) ietvaros apstiprinatai metodikai (EMEP/EEA, 2013), atbilsto$i kurai benzola
emitétais apjoms tiek noverteéts ka ne metana gaistoSo organisko savienojumu (NMVOC)
frakcija. Aprékiniem izmantotie NMVOC emisiju faktori apkopoti 1. tabula.

1. tabula
NMVOC emisiju faktori (g/km) dazadam automasinu klasém
Euro standarts Vieglas automasinas, Vieglas automasinas, Smagas automasinas,
benzins dizeldegviela dizeldegviela
PC Euro 1 0,53 0,047 0,326
PC Euro 2 0,251 0,035 0,207
PC Euro 3 0,119 0,02 0,189
PC Euro 4 0,065 0,014 0,008
PC Euro 5 0,065 0,008 0,008
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Katrai no automasinu klasém, atkariba no izmantotas degvielas, noteikti benzola satura
frakcijas (%, masas) raditaji:
- Euro klases automasinas ar benzina dzingjiem — 5,61 %;
- Euro klases automasinas ar dizeldegvielas dzingjiem — 1,98 %;
- Smagas automasinas ar dizeldegvielas dzingjiem — 0,07 %.

Meteorologiskajam raksturojumam izkliedes aprékinos izmantoti Rigas novérojumu
stacijas (Riga — Universitate) 2014.gada novérojumu dati.

2. Gaisa kvalitates normativi benzolam

Pielaujamo benzola piesarpnojuma Iimeni reglamenté Ministru kabineta 03.11.2009.
noteikumi Nr.1290 “Noteikumi par gaisa kvalitati’. Lai nodroSinatu cilvéka veselibas
aizsardzibu, benzolam noteikts gada normativs — 5 pg/m’.

Bez normativa lieluma benzolam noteikts augS€jais un apaks$€jais piesarnojuma
novertesanas slieksnis:

1) 70 % no gada robezlicluma vértibas (3,5 pg/m’) — augiéjais novértéjuma slieksnis;

2) 40 % no gada robezlicluma vértibas (2 pg/m’) — apakigjais novértéjuma slieksnis.

Augsgja un apak$gja novert€juma sliekSna krit€rijs tiek izmantots monitoringa tikla
izveide:

a) diflizo emisijas avotu tuvuma:

a. Japiesarnojuma limenis parsniedz augsejo novertejums slieksni un iedzivotaju
skaits ir robezas no 500-749 tiikstosi (Riga 2014.g. sakuma péc Centralas
statistikas parvaldes datiem — 643368), nepiecieSamas 2 monitoringa stacijas;

b. Ja piesarnojuma Iimenis ir robezas starp augs€jo un apakse€jo noverte€juma
slieksni, nemot véra iedzivotaju kriteriju — 1 stacija;

c. Vienai no iekartam, parsniedzot augs€jo noverteésanas slieksni, jameéra fona
piesarnojums, veél vienai — transporta radita ietekme;

b) novertgjot piesarnojuma limeni punktveida emisijas avotu tuvuma, paraugu nemsanas
vietu skaitu stacionariem mérijjumiem nosaka, nemot véra emisiju blivumu, iesp&jamo
gaisa piesarnojuma izkliedes raksturu un potencialo ietekmi uz iedzivotajiem.

Benzola piesarnojuma Ilimepa merjjumiem izmanto bazes (references) metodi, kas
noteikta standarta LVS EN 14662:2005 “Gaisa kvalitate — Benzola koncentraciju mérisanas
standartmetode”, vai citu lidzveértigu analizes metodi (MK 1290).

MK noteikumu (MK 1290) 15. pielikuma doti datu kvalitates meérki benzola
novertésanai:

- stacionaro mérijjumu nenoteiktiba — 25 %;

- minimalais nepiecieSamais ieglito merjjumu datu apjoms (stacionari vai indikativi
mértjumi) — 90 %;

- minimalais nepiecieSamais mérjjumu laiks pilsétas fona un transporta
piesarnojuma noveroSanas vietas (mérjjumiem jabiit vienmerigi sadalitiem gada
laika, lai raksturotu dazadus klimata un satiksmes apstaklus) — 35 %;

- minimalais nepiecieSamais meérjjumu laiks riipnieciskajas teritorijas — 90 %;

- indikattvo m&rtjjumu nenoteiktiba — 30 %;
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- minimalais nepiecieSamais meérjjumu laiks indikativiem mérjjumiem, izlases karta
veicot vienas dienas merijumus reizi nedela, tos sadala vienmerigi gada laika vai
astonu gada nede€lu laika — 14 %;

- modeléSanas nenoteiktiba — 50 %.

3. Faktiskas situacijas analize

3.1. Ilgtermina monitoringa rezultatu analize

Benzola novérojumi Riga kop$ noverojumu uzsakSanas 2003. gada veikti dazadas
pilsétas vietas:
a) Brivostas teritorija un tas uzpémumu ietekmes zona — riipnieciska piesarnojuma
noveérteésanas stacijas;
b) Pils€tas centra — transporta radita piesarnojuma noverteésanas stacijas;
c) Pilsetas fona liment — fona stacija.

Monitoringa staciju izvietojums dots 5. attela, detalizéts raksturojums - 2. tabula.

5] @ 4

5. attels. Benzola stacionaro monitoringa staciju izvietojums
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2. tabula

Stacijas Stacijas Adrese Analizgtais Merjumu Monitoringa
Nr. nosaukums monitoringa metode stacijas tips
karté periods
1 Valdemara | Valdemara iela 18 | 2005-2014 Gazu Transporta
hromatografija
2 Brivibas Brivibas iela 73 2004-2014 DOAS Transporta
3 Kengarags | Maskavas iela 165 | 2009-2014 DOAS Fona
4 Milgravis Viestura prosp. 24 | 2003-2009 DOAS Fona
5 BLB Ezera iela 22 2005-2012 DOAS Ripnieciska
piesarnojuma
6 Tvaika Tvaika iela 44 2004-2013 DOAS Ripnieciska
piesarnojuma
7 ManTess Tvaika iela 7a 2004-2012 DOAS Ripnieciska
piesarnojuma

(1) DOAS - diferenciala optiska absorbcijas spektroskopija;

(2) stacijas Brivibas un Milgravis periodiski gaisa kvalitates analize veikta izmantojot ar diftizas
paraugu nemsanas iekartas, benzola koncentracija noteik§ana veikta laboratorija ar gazu
hromatografijas-masspektrometrijas (GC/MS) metodi.

MONITORINGA REZULTATU ANALIZE RUPNIECISKA PIESARNOJUMA STACIJAS

Riipnieciska piesarnojuma (galvenokart, saistiba ar Brivostas aktivitat€ém) mérisana ir
veikta 3 monitoringa stacijas — BLB, Tvaika un ManTess. Gada vidgjo tendencu analizes
rezultata konstatets, ka stacijas BLB un ManTess v€rojama tendence piesarnojuma Iimenim
palielinaties, savukart, stacija Tvaika — loti vaja tendence piesarnojuma Iimenim samazinaties
(skat. 6.-8. att€lus).

Koncentracija, jig/m
o ©
Koncentracija, jig/m

IS

~

4
0 0

2005 = 2006 & 2007 = 2008 = 2009 | 2010 = 2011 = 2012 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
BB 47 4,0 84 6.2 49 84 10,4 10,7 Tvaika 55 54 67 83 66 46 47 71 | 76 32

6. att€ls. Benzola koncentraciju izmainas 7. attels. Benzola koncentraciju izmainas
stacija BLB stacija Tvaika
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14 Nemot véra benzolam noteikto gada
normativu (5 pg/m’), normativs netika
parsniegts tikai stacija Tvaika
I I (novérojumu periods 2004-2013), abas
: pargjas stacyjas (BLB, 2005-2012;
W [ [t s [e9l o[ i ManTess, 2004-2012) piesarpojuma
Iimenis  vert§jams ka nepielaujami
augsts.

Koncentracija, j1g/m?

8. attéls. Benzola koncentraciju izmainas
stacija ManTess

Benzola vidgjo koncentraciju izmainas

A (ménesu vid€jo vertibu griezuma) gada
=, /\/\/ —aon2 laika  analizétajos staciju darbibas
2 \/\/\/ I periodos mainas butiski (skat. 9. attélu).
£ ‘/\/’\/ — 009 Izmainu attélo§anai izmantota uzkrato
Q 2008 — . - —
g J\/\_/ . liknu diagramma, ar kuras palidzibu
M ' . — 2006 iesp€jams novertet strukturalas izmainas

& _m perioda, bet ne analizét absolitas

nm v v v v v X XX vertibas.

Uzsakot  noveérojumus  ripnieciska

B — piesarnojuma stacijas, Sadas izmainas

—oon2 pirmajos monitoringa gados netika
% W o konstatétas, pieméram, stacija BLB
'g ’W — s 2005. gada meéneSu videjas vertibas
S /\/\//\ - mainas neliela diapazona — gada vidgja
v/ i ; 2008 vértiba ir 4,7 pg/m’, standartnovirze —

S e 1,8 pg/m’.

Analiz€jot meénesSu vid€jas vertibas un to

mainibu visa nov€rojumu perioda,

¢ redzams, ka stacija Mantess bitiski

s — atSkiras no abam par€jam stacijam ar to,
S — 2010 ka augstakas benzola koncentracijas
‘;é) W e novérojamas tieSi gada aukstakaja
“g’ W 2007 perioda; bez tam, ar 2007.-2009. gadu
M _— 2 verojama lielaka benzola koncentraciju

2005

— 00 variacija gada laika; jaatzime, ka S$1
variacija klast ar katru gadu arvien
izteiktaka. Sadu tendenci varétu skaidrot
ar  piesarpojuma  avotu  ietekmes
biitiskuma palielinasanos.

mn \" \ 4 vie Vil X X XI X

9. attels. Benzola koncentraciju izmainu
cikla uzkrato Iiknu diagrammas gada laika
stacijas BLB (A), Tvaika (B) un Mantess

©

Detalizétai benzola koncentraciju analizei ned€las griezuma, izveletas divas
meteorologiski atSkirigas ned€las — aukstaja gada perioda (9.01.2012.-15.01.2012.) un siltaja
perioda (7.05.2012.-13.05.2012.). 10. attéla redzamas benzola koncentraciju ik stundu
variacijas diennakts perioda ned€las garuma.
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10. att. Benzola diennakts variaciju uzkrato liknu diagrammas gada aukstaja perioda (kreisaja
pus€) nedélas griezuma (9.01. — pirmdiena, darba diena; attiecigi 14.01. un 15.01. — sestdiena un
svétdiena, brivdienas) un siltaja perioda (labaja pus€) ned€las griezuma (7.05. — pirmdiena, darba
diena; attiecigi 12.05. un 13.05. — sestdiena un svétdiena, brivdienas) stacija BLB

Benzola koncentraciju un meteorologisko raditaju analize rada, ka starp atmosféras
temperatiiru un benzola koncentracijam ir vaja, bet statistiski biitiska lineara sakariba, kas ir
izskaidrojams tad€jadi, ka siltakos apstaklos ir nove€rojama intensiva gaistoSo organisko
savienojumu (GOS) iztvaikoSana.

Indikativai meteorologisko parametru un koncentracijau analizei izv€leti $adi periodi:

- aukstais periods: 9.01.2012.-15.01.2012.;

- siltais periods: 7.05.2012.-13.05.2012.
Analiz€jot v€ja atruma saikni ar benzola koncentracijam, nekada cieSa sakariba netika
konstatéta, savukart, v€ja virziena ietekme vert€§jama ka bitiska. Redzams, ka dienvidu
virziena v€ju gadijuma verojama lielaka koncentraciju izkliede salidzinajuma ar cita virziena
vejiem, kas skaidrojams ar citu piesarnojuma avotu izvietojumu dienvidu virziena attieciba
pret staciju BLB.

Rezultatu analize grafiski attlota 11. attéla zemak.

Benzola koncentracija, ug/m3

2 0 o® of ore:
g ° °
3 ° ] o
° £ 10 B 6202 ° Y ()
3 oB08 » PR o3°° )
° 2 ® 8§ o @, B8 © o
2 ©%" 8¢
2 s ° ° —
° °
0 0
-2 0 2 4 6 8 0 5 10 15 20 25
Temperatiira, oC Temperatiira, oC
25 25
® @
£ 20 £ 20
E E
515 S 15
3 €
< <
2 2
S 10 - £ 10
2 2
5 g
8 i I i i 8 I
< <
a @
0 0
z ZA A DA D DR R ZR z ZA A DA D DR R ZR
Véja virziens Véja virziens

Rigas Vides fonda projekts. Ligums Nv. DMV-15-104-11, 20.05.2015. 12



o
@®

@D IR 0O
© © em®oo
GO O
[o5:o0T0)
o o
oo
)
>
oD s
QIEXPCO
ammD ©
X@II» 00
@ aD
L

Véja dtrums, m/s

11. att. Benzola koncentraciju saikne ar meteorologiskiem parametriem gada aukstaja perioda
(kreisaja pusg€) un siltaja perioda (labaja pus¢) stacija BLB

Monitoringa stacija Tvaika iela 44 ieglitie meérjjumi atSkiras no stacijas BLB, lai ar1
abas stacijas atrodas salidzinosi tuvu. Koncentraciju analize veikta péc lidzigas metodologijas
ka stacijas BLB gadijuma. Diennakts variaciju gadijuma redzams (skat. 12. att€lu), ka lielakas
variacijas noverojamas brivdienas, kas skaidrojams ar ne tik biitisku transporta ietekmi Tvaika
iela.

Koncentracija
Koncentracija
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20120113 2012.01,1 20120113 ——2012.05.11, == 2012.05.12. ====2012.05.13

12. att. Benzola diennakts variaciju uzkrato liknu diagrammas gada aukstaja perioda (kreisa pusg)
un siltaja perioda (laba pusg) stacija Tvaika

Benzola koncentraciju un meteorologisko raditaju analizes rezultata secinats:

a) Stacija Tvaika siltaja perioda veérojama lineara tieSa saikne starp atmosferas
gaisa temperatiiru un benzola koncentracijam; aukstaja perioda sada saikne nav
konstatéta;

b) Lidzigi ka stacijas BLB gadijjuma, lielaka koncentraciju izkliede vérojama
dienvidu sektoru v€&ju gadijuma, kas norada uz atseviSku avotu ietekmes
konstatesanu;

c) Gada siltaja perioda konstatéts, ka v€ja atrumam palielinoties verojamas
augstakas benzola koncentracijas; aukstaja perioda S$ada tendence nav
verojama.

Rezultatu analize grafiski att€lota 13. attela zemak.
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13. att. Benzola koncentraciju saikne ar meteorologiskiem parametriem gada aukstaja
perioda (kreisaja pus€) un siltaja perioda (labaja pusg) stacija Tvaika

Stacija ManTess izvietota loti tuvu stacijai Tvaika, tomer iegilitie novérojumu rezultati
batiski atikiras, par to liecina koncentraciju nedélas cikls (skat. 14. att.). Saja monitoringa
stacija ve€rojama Ilidziga iezime - brivdienas noverojama lielaka benzola koncentraciju
mainiba neatkarigi no gadalaika.
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14. att. Benzola diennakts variaciju uzkrato Itknu diagrammas gada aukstaja un siltaja perioda stacija
ManTess

Benzola koncentraciju un meteorologisko raditaju analizes rezultata secinats:
a) Stacija ManTess atmosferas temperatiirai nav saikne ar benzola koncentracijam;
b) Lielaka koncentraciju izkliede vérojama gan dienvidu, gan ziemelu sektoru v&ju
gadfjuma, kas norada uz atseviSku avotu ietekmes konstatéSanu — Brivostas
uznémumi izvietoti gan ziemelu, gan dienvidu virziend attieciba pret
monitoringa staciju;
c) Vgja atruma ietekme uz benzola koncentracijam nav konstatéta.

Rezultatu analize grafiski att€lota 15. attela zemak.
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15. att. Benzola koncentraciju saikne ar meteorologiskiem parametriem gada
aukstaja perioda (kreisaja pus€) un siltaja perioda (labaja pus€) stacija ManTess

MONITORINGA REZULTATU ANALIZE FONA STACIJAS

Benzola fona piesarpojuma meériSana veikta 2 monitoringa stacijas — Milgravis un
Kengarags.

Gada vid€jo tendencu analizes rezultata konstatets, ka abas stacijas vérojama tendence
piesarnojuma limenim samazinaties (skat. 16. att.). 2007. gada stacija Milgravis noveérojumi
netika veikti, 2008.-2009. — indikativie meérjjumi ar difuzijas iekartam (menesa vid€ja
ekspozicija, gada vid€ja koncentracija par 11 meneSiem), diemzel 2010.gada stacija tika
slegta. 2009. gada iegiitie merjjumi stacija Milgravis par indikativiem, tehnisku iemeslu dé]
noverojumu skaits ir mazaks par 50 % (32 %).

Stacija Kengarags 2009.-2010.g. novérotas salidzinoSi augstas benzola koncentracijas,
diemzel pilnvertiga ietekmes c€lonu analize nav iesp&jama fragmentaro meérjjumu del (2009.
gada iegiitas tikai 19 %, bet 2010. gada — 8 % stundas koncentracijas), peéc merjumiem
redzams, ka iekarta stradajusi nestabili.

Rigas Vides fonda projekts. Ligums Nv. DMV-15-104-11, 20.05.2015. 15
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16. attels. Benzola koncentraciju izmainas stacija Milgravis (kreisa pus€) un stacija
Kengarags (labaja pusg)

Benzola gada koncentraciju profils fona stacijas nov€rojumu perioda nav butiski

mainijies, skat. 17. att€lu zemak.

Koncentracija
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17. att€ls. Benzola koncentraciju uzkrato Iiknu diagrammas gada laika stacija
Milgravis (A), Kengarags (B)

Analizgjot koncentraciju mainibu diennakts perioda gan darba dienas, gan brivdienas

gada siltaja un aukstaja perioda, redzamas saméra nelielas variacijas ziemas perioda, vasaras
perioda izkliede ir liclaka (skat. 18. att.), tom&r salidzinajuma ar noverojumiem ripnieciska
piesarnojuma ietekmes stacijas, ta veért€jama ka nebutiska.

Koncentracija
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18. att. Benzola diennakts variaciju uzkrato Iiknu diagramma gada aukstaja (kreisaja pus€) un
stabinu diagramma siltaja (labaja pus€) perioda stacija Kengarags

Benzola koncentraciju un meteorologisko raditaju analizes rezultata secinats:

a) Stacija Kengarags vérojama pret€ja sakariba (atskiriba no noverota riipnieciska
piesarnojuma monitoringa stacijas) starp atmosfeéras temperatiiru un benzola
koncentracijam - palielinoties temperatiirai, benzola koncentracijas samazinas;

b) Mazaka koncentraciju variacija vérojama pie ziemelu un ziemelu-austrumu
virziena veéjiem;

c) Palielinoties v&ja atrumam, benzola koncentracija samazinas.

16



Rezultatu analize grafiski att€lota 19. att€la zemak.
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19. att. Benzola koncentraciju saikne ar meteorologiskiem parametriem gada aukstaja perioda
(kreisaja pusg€) un siltaja perioda (labaja pus¢) stacija Kengarags

Benzola diennakts cikls stacija Milgravis gada aukstaja perioda ir nemainigs, siltaja
perioda noveérojamas nelielas koncentraciju variacijas pecpusdienas un vakara pus€ neatkarigi
no ned€las dienas (darba diena vai brivdiena), skat. 20. att€lu zemak.
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20. att. Benzola diennakts variaciju uzkrato Itknu diagrammas gada aukstaja (kreisaja puse)

un siltaja (labaja pus€) perioda stacija Milgravis.
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Siltaja perioda augstas koncentracijas vakara pec plkst. 20:00 saistitas ar loti 1énu v&ju (1-2
m/s), kas trauc€a piesarnojuma dispersiju pilséta. Koncentraciju variaciju att€losanai
izmantotas uzkrato Iiknu diagrammas, péc kuram iesp&jams noteikt atSkiribu mérogu dazadas
dienas, Saja gadijuma — augstakas koncentracijas noveérotas 19.06.2005. un 21.06.2005. p&c

plkst. 20:00.
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21. att. Benzola koncentraciju saikne ar meteorologiskiem parametriem gada aukstaja perioda
(kreisaja pusg€) un siltaja perioda (labaja pus¢) stacija Milgravis

Benzola koncentraciju un meteorologisko raditaju analizes rezultata secinats:
a) Stacija Milgravis vérojama nebiitiska sakariba starp atmosfeéras temperatiiru un
benzola koncentracijam;
b) Mazaka koncentraciju variacija vérojama pie rietumu sektora véjiem;
c) Palielinoties v&ja atrumam, benzola koncentracija samazinas.
d) Rezultatu analize grafiski att€lota 21. attela.

MONITORINGA REZULTATU ANALIZE TRANSPORTA IETEKMES NOVERTEJUMA STACIJAS

Transporta raditais benzola piesarnojums tiek mérits Rigas centra, stacijas Brivibas un
Valdemara ielas. Gada vid€jo tendenCu analizes rezultata konstatéts, ka stacija Brivibas
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noverojama tendence koncentracijam samazinaties (skat. 23. att€lu), savukart stacija
Valdemara laika perioda no 2007. gada Iidz 2014. gadam variacijas ir nelielas un gada vidgjas
koncentracijas nav biitiski mainijusas (skat. 22. att€lu).

Koncentracija, jig/m

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Valdemara 2,2 0,7 03 03 03 03 04 04 0,5 0,2

0,0

22. attels. Benzola koncentraciju

izmainas stacija Valdemara

Koncentracija

23. attéls. Benzola koncentraciju
variaciju uzkrato Iikpu diagrammas
gada laika stacija Valdemara

Koncentracija, j1g/m?

4

0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Brivibas 8,0 81 9,7 5,6 50 33 39 44 41 35

23. attels. Benzola koncentraciju

izmainas stacija Brivibas

Benzola vid€jo koncentraciju
izmainas (meéneSu vid&jo vertibu
griezuma) stacija Valdemara visa
noverojumu perioda praktiski nav
mainTjusas - gada sakuma verojamas
zemakas koncentracijas, augstakas
vertibas konstatétas gada siltakaja
perioda (skat. 23. att.).

Analizgjot benzola diennakts ciklu, redzams, ka tas ir loti mainigs, - lielas koncentraciju
variacijas nov€rojamas gan dazados diennakts periodos, gan nedélas dienas; stabili
nemainigaka koncentracija konstatéta pirmdienas (skat. 24. Att€lu zemak).
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24. att. Benzola diennakts variaciju uzkrato liknu diagrammas

Koncentracija
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gada aukstaja (kreisaja

pusg) un siltaja (labaja pus€) perioda stacija Valdemara

Meteorologisko raditaju sakaribu analize ar benzola koncentracijam neparadija batisku
sakaribu starp tiem. Diflizo m&rTjjumu rezultatu izp&te Brivibas iela paradija, ka pils€tas centra
benzola koncentracijam ir tendence samazinaties, tas redzams 25. attela.
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TO0TOTTC 200016

25. att. Diflizo mérfjumu rezultati stacija Brivibas iela.

Itati 2015. gada

erijjumu rezu

itoringa punktos,

kirigos moni

$

Indikativie m&rfjumi 2015. gada Rigas teritorija veikti 5 at

to izvietojums dots 26. att€la, raksturojums — 3. tabula.
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26. att. Indikativo mé&rjjumu punkti Riga 2015. gada.

Merjjumu punkti izveleti ar mérki uzzinat benzola piesarnojuma limeni atSkirigas
teritorijas Rigas pilséta; tie veikti gada siltaja perioda — augusta un aukstaja perioda —
decembrT.

3. tabula
Mertjumu MerTjumu punkta nosaukums Piesarnojuma avoti
punkts karte

1 Elizabetes icla Transports

2 Teika, Lielvardes iela Transports, DUS

3 Mezaparks, Meza prospekts Transports

4 Osta, Tvaika icla Transports, ostas aktivitates

5 Imanta, Kurzemes prospekts Transports

Merjjumiem izmantota metode — aprobéta indikatorcauruliSu metode, izmantotas
benzola 0,25/a (8103691) caurulites, kuras esoSais pildijums benzola klatbiitné iekrasojas
tumsi peléka vai melna krasa. Rezultati apkopoti 4. tabula zemak.
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4. tabula

Nr. Vieta, laiks Siltais periods Aukstais periods
Datums, laiks | Koncentracija, | Datums, laiks | Koncentracija,
pg/m’ pg/m’
1 Elizabetes icla 31.08.2015., 3,7+1,1 4.12.2015.,
2,2+0,7
8:00-9:00 14:00-15:00
2 Teika,  Lielvardes | 31.08.2015., 5,4+1,6 8.12.2015., 6.541.9
icla 9:00-10:00 14:20-15:35 B
3 Mezaparks, = Meza | 31.08.2015., 4,3+1,3 10.12.2015., 54416
prospekts 10:00-11:00 19:00-20:15 Y
4 Osta, Tvaika iela 31.08.2015., 3,8+1,1 09.12.2015., 7 6423
11:00-12:00 18:05-19:05 T
5 Imanta, Kurzemes | 31.08.2015., 2,240,7 6.12.2015., 59416
prospekts 12:00-13:00 17:05-18:05 Y

Piezime: tabula uzraditi mérijumi nemot véra mérijumu kluda
Indikatormetodes raksturojums

Drager benzola indikatorcaurulites tiek izmantotas benzola koncentraciju noteikSanai ka
ekspresmetode; katru cauruliti iesp&jams izmatot tikai 1 reizi, taja iepildita kimiska viela
reag€ iekrasojot cauruliti noteikta krasa. Gaisa parauga nemsanai (stikné$anai) tika izmantots
Accuro manualais stiknis, cauruliSu paraugi un stiknis redzami 27. attéla.

Pirms gaisa parauga nemsSanas caurulitei tiek nogriezti abi gali, lai gaisa paraugu varétu
izsiiknét cauri pildijumam.

27. attels. Benzola indikatorcaurulites (A) un Accuro manualais stiknis (B)
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Pirms mérijumu veikSanas nepiecieSamas zinaSanas par merjjumu vietu, pilséta vertejot
artelpu gaisa kvalitati rekomend€ izmantot indikatorcaurulites, ar kuram iesp&€jams noteikt
salidzinoSi zemas benzola koncentracijas (< 1 ppm), darba vid€ un ipasi piesarnota vide gaisa
kvalitates merjjumiem jaizvelas indikatorcaurulites augstam benzola koncentracijam (> 15
ppm). Saja gadijuma izmantotas benzola indikatorcaurulites zemo benzola koncentraciju
noteikSanai. Uz caurulitém ir 2 paral€las benzola novérojumu skalas, - ja koncentracija ir
mazaka par 1 ppm, - nepiecieSams lielaks gaisa parauga tilpums ($adi iesp&jams izvairities no
priekSkoncentratora izmantoSanas), ja benzola koncentracija apkartéja vidé parsniedz 1 ppm,
analizei izmantojamais gaisa paraugs tilpums var neparsniegt (200 ml).

Reakecijas princips:
CsHs + Au’" — tumsi peleki/melni reakcijas produkti

Optimala temperatiira paraugu nemsanai ir no 0 °C lidz 40 °C, rezultatu korekcija
veicama atbilstoSi faktiskajam atmosferas spiedienam, izmantojot $adu formulu korekcijas
faktora (F) aprekiniem:

1013hPa
F =———kur

Fact
Fact — faktiskais atmosferas spiediens meérjjumu veikSanas vieta un laika, hPa.

Atmosferas spiediena mérijumi iegiti no Latvijas Vides geologijas un meteorologijas
centra meteorologiskas stacijas, kura novietota Rigas centra (Raina bulvari 19). 2015.gada 31.
augusta laika no 8:00-13:00 faktiskais atmosferas spiediens svarstijas robezas no 1015,8 lidz
1016 hPa, kas nozimé, ka korekcijas faktors, kas jagem véra koncentraciju aprékinos, ir
robezas no 0,99705 Iidz 0,99724.

Parrékina koeficienti auksta perioda m&rfjumiem:

04.12.2015 | 06.12.2015 08.12.2015 09.12.2015 10.12.2015
14:00 1,00516 - 0,98235 - -
15:00 1,00726 - 0,98264 - -
16:00 - - 0,98283 - -
17:00 - 1,0127 - - -
18:00 - 1,01341 - - -
19:00 - - - 0,99528 0,99656
20:00 - - - 0,99519 0,99695

Koncentraciju noteik$anu var ietekmét citu gaistoSo savienojumu klatbiitne, ta iesp&jama $ados
apstaklos:
- jabenzola koncentracijas ir loti augstas (40 ppm);
- toluola, ksilola un etilbenzola klatbiitn€ augsgjais slanis iekrasojas brina krasa.

Nolasot koncentracijas no indikatorcaurulites, nepiecieSams ieverot:
- nepietickama apgaismojuma klatbiitn€ nolastjums var bt kliidains;
- nolasiSanai jaizvélas gais§s fons;
- nolasot m&rjjumu, izlietota indikatorcaurulite jasalidzina ar neizlietotu.
Skala uz indikatorcaurulites ir skaidri izteikta, un salidzinot ar “tukSo paraugu”, kludains
nolastjums ir mazvarbitigs, metodes nenoteiktiba tiek vertéta 30 % robezas.
Paraleli merjumi, izmantojot references metodi, netika veikti.
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Benzola izkliedes aprékinu rezultati

Modeleésana veikta divam situacijam: limit€tam operatoru emisijam un atbilstosi
faktiskam emisijam. ModeléSanas programma ievaditie emisiju apjomi iegiiti valsts statistiska
parskata par gaisa aizsardzibu ,,Nr.2-Gaiss” uzn€émumu sniegtam atskait€m par 2014. gadu un
datiem par autotransporta vienibu skaitu pils€tas ielas (Rigas Domes Majoklu un vides
departamenta sniegta informacija). Izkliedes aprékini veikti regulara rezga punktos, visiem
avotiem izmantots vienads aprékinu solis — 50 m.

Veikta limitéto emisiju izkliezu aprékina analize rada, ka pastav potencials risks, ka
Riga atseviskas vietas iesp€jama bitiska normativa parsniegsana, ja uznémumi darbotos uz
pilnu jaudu un atmosféra emit€tu visas atlaujas ieklautas benzola emisijas (28. attéls). No
kartes redzams, ka biitisku ietekmi rada Rigas Brivosta izvietotie piesarnojuma avoti, véra
nemama ir ari transporta radita ietekme.

Limitétam benzola emisijam izstradatas $adas benzola piesarnojuma zonas:

I zona — benzola gada vidéja koncentracija bitiski parsniedz pielaujamo normativu un
ir lielaka par 10 pg/m3;

II zona — benzola gada vidéja koncentracija parsniedz pielaujamo normativu, gada
vidgja koncentracija ir robezas no 5 lidz 10 pg/m?;

III zona — benzola gada vid€ja koncentracija parsniedz augséjo noverteSanas slieksni,
bet gada normativs netiek parsniegts; gada vid€ja koncentracija ir robezas no 3,5 lidz 5 pg/m?;

IV zona — benzola gada vid€ja koncentracija ir mazaka augsejo novertéSanas slieksni —
3,5 pg/m?.
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ilddirekcija

Apziméjumi

Bl ' zona - benzola koncentricija lieldka par 10 pg/m?

[ 11 z0na - benzola koncentracija ir 5-10 g/m? robezas

I 111 zona - benzola koncentricija ir 3,5-5 pg/m? robezs

[ ] v zona (neiekrasota) - benzola k 3cija mazaka par 3.5 pg/m?

28. attels. Benzola piesarnojuma teritorialais zongjums Riga saskana ar limit€tajam emisijam

Faktiskam benzola emisijam izstradatas $adas benzola piesarnojuma zonas:

I zona — benzola gada vidéja koncentracija parsniedz normativu, ta ir virs 5,0 pg/m’;
II zona — benzola gada vid€ja koncentracija ir robezas no 3,5 Iidz 5,0 pg/m?3;

III zona — benzola gada vidgja koncentracija ir robezas no 2,0 Iidz 3,5 pg/m?;

IV zona — benzola gada vidéja koncentracija ir mazaka par 2,0 pg/m?.
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Apziméjumi

Il | zon= - benzola koncentracija ir lielaka par § pg/m® [ ] Administrativo rajonu robeza
[ 1 zona - benzola koncentracija ir 3.5-5 pg/m® robezas lelas

[ 111 zona - benzola koncentracija ir 2-3,5 ug/m?® robezas [ Odenstilpnes

[ ] v zona (neiekrasota) - benzola koncentricija mazika par 2 pg/im? Rigas pilsétas teritorija

29.attels. Benzola piesarnojuma teritorialais zongjums Riga saskana ar faktiskajam emisijam

Veikta faktisko emisiju izkliezu aprékina analize rada, ka transports, jo pasi
sastrégumi, ir butisks benzola piesarpojuma avots; atseviskas augstaka piesarnojuma zonas
Brivostas tuvuma saistitas ar saimnieciskam aktivitat€m tas teritorija (29.attels).
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Pirms izkliedes aprékinu veikSanas, piesarnojuma avoti iedaliti grupas, lai izvertétu
atsevisku avotu ietekmes Ipatsvaru. Izkliedes aprékinu programma ievadito emisijas avotu
raksturojums (Excel faila forma) dots G. Pielikuma, emisiju avotu ietekmes ipatsvars kopeja
piesarnojuma ltmeni redzams 30. att€la zemak, izkliedes aprékinu programma ievadito
emisiju daudzumi avotu grupas — 5. tabula.

B [CATEGORY B [CATEGORY
NAME] NAME]
[VALUE] [VALUE]
pg/m? pg/m?

[PERCENTAG

- E] [PERCENTAG
[VALUE]
ug/m? [CATEGORY

[PERCENTAG NAME]
E] 1,94 pg/m3

[PERCENTAG

E]

30. attls. Benzola gada vidgjo koncentraciju attélojums emisijas avotu grupas

S5.tabula
Nr. Avotu grupa Izkliedes aprékinu programma ievaditie emisiju daudzumi, t/gada
1 Transports 30,746
2 Riipnieciba 36,904
DUS 55,725

Viens no veidiem ka parbaudit modeleéSanas cela iegiitos rezultatus, ir tos salidzinat ar
monitoringa staciju sniegto informaciju (6.tabula). Salidzinajums veikts izmantojot 2014.
gada vidéjas benzola koncentracijas un iegitos model€Sanas rezultatus péc 2014. gada
faktiskajam benzola emisijam gaisa.

6.tabula
Stacija Merjumu ApNS, pg/m’ AuNS, pg/m’ Model&sanas
rezultati, pg/m’ rezultati, pg/m’
Tvaika 3,9 1,95 5,85 2,35
Brivibas 3,48 1,74 5,22 3,79
Kengarags 3,31 1,66 4,97 1,96

ApNS — apaksgja novertejuma robeza, noteikta izmantojot 50 % nenoteiktibas kriteriju;
AuNS — augsgja novertgjuma robeza, noteikta izmantojot 50 % nenoteiktibas kriteriju.

Ka redzams no 5.tabula sniegtas informacijas, izkliedes modela veiktie aprékini atbilst
normativajos aktos noteiktajam 50 % nenoteiktibas krit€rijam.
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Abstract

Almost in all European countries air quality models are used for regulatory purposes - issuing
emission permits, case studies for environmental impact assessment, analysis of future development and
planning. Directive 2008/50/EC (into force from 11 June 2008) regulate that air quality status should be
maintained where it is good and improved if necessary. Riga municipality has monitored air pollution in
Riga and nearby areas for more than 10 years, and results showed necessity to regulate pollution,
particular nitrogen dioxide (NO2) and particulate matter (PM10) because of too high concentration.
Besides air pollution of NO2 and PM10 there are another substance of high concern - benzene (C6H6);
while at background and traffic monitoring stations pollution levels are satisfactory (under the limit
value), at industrial levels detected pollution exceeds limit values even for 2 times. This paper describes
elaboration of benzene pollution zones in Riga agglomeration.

Keywords: air quality management; urban air pollution control; modelling; benzene; monitoring

1. Introduction

There are a group of agents (e.g. asbestos, benzene and ionizing radiation) according to IARC
(International Agency for Research on Cancer) classified as highly carcinogens (included in Group 1:
"Carcinogenic to humans" - there is enough evidence to conclude that it can cause cancer in humans).
Cancer risk estimation for benzene for lifetime exposure to a concentration of 1 ug/m3 is estimated to
6x10¢ for leukaemia, more over benzene is so called “no-threshold compound” (World Health
Organization (WHO), 2000). Health risks of benzene could be estimated from carcinogenic and non-
carcinogenic point of view. Non-cancerous health effects are associated with: (1) haematological effects -
aplastic anaemia, leukaemia (Bahadar et al, 2014); (2) immunological effects - chromosomal damage,
oxidative stress and DNA strand break (Smith, 2010); (3) reproductive and development effects - male
fertility problems, spermatic DNA damage, menstrual disorder, adverse effect on the intrauterine foetal
growth (Huang, 1991; Katukam et al., 2012; Parker et al., 2005; Song et al., 2005; Yin et al., 1987; Xing eta
al,, 2010); (4) central nervous system effects - neurological abnormalities in the form of atrophy of lower
extremities, neuropathy of upper extremities (Baslo and Aksoy, 1982), Alzheimer's disease (Kanada et al.,
1994; Moulton and Yang, 2012), cognitive effects, motor and behavioral changes (Lo Pumo et al., 2006);
(5) respiratory effects from damage of respiratory organs to fatal outcome (Avis and Hutton, 1993;
Weaver et al.,, 2007); (6) endocrine effects e.g. decreasing of thyroid stimulating hormone TSH (Uzma et
al, 2008; Verma and Rana, 2009); (7) effect on glucose homeostasis (Khan and Yusufi, 2009); (8)
cardiovascular effects causing chronic diseases e.g. hypertension (Wiwanitkit, 2007); (9) effects on liver
functionality, e.g. on liver enzymes (Perez et al., 2006); (10) renal effects - oliguria, azotaemia (Roy et al,,
2008).Dietary, inhalation and dermal contact of benzene may cause incidences of human lung, skin and
bladder cancers (Bostrém et al., 2002).

Benzene in air exists mainly in vapour phase, with residence times varying between a few hours and a few
days, depending on environment, the climate and the concentrations of other pollutants. Reaction with
hydroxyl radicals is the most important means of degradation. It can also be removed from air by rain.
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Benzene is a natural component of crude oil, and petrol contains 1-5% by volume. Benzene is
produced in large quantities from petroleum sources and is used for the chemical synthesis of ethyl
benzene, phenol, cyclohexane and other substituted aromatic hydrocarbons (European Commission,
1993). Benzene is a chemical that is both anthropogenically produced (exhaust from motor vehicles;
handling of gasoline, tobacco smoke, wood smoke; and from industrial emissions) and naturally occurring
(e.g., in forest fires and volcanic emissions). The major source is exhaust emissions and evaporation losses
from motor vehicles, and evaporation losses during the handling, distribution and storage of petrol.

2. Material and methods

2.1. Description of study site

The Riga city (capital of Latvia) is located in Northeast Europe close to Baltic Sea Gulf. This is mostly
economically developed centre in Latvia. About 31-76 % of total country benzene emissions comes from
sources located in Riga, and for last 5 years Riga became more and more substantial pollution source (see
Figure 1). Benzene long-term measurements were taken at three typologically different sites in order to
identify pollution at industrial, traffic and background level. Totally data from seven monitoring stations
were analysed for long term assessment; more detailed description of these sites were given in section 3.1.
Additionally in 2015 Drager indicator tubes were used for indicative measurements, 10 measurements at
5 sites were taken in total.

100% el B B B B B BN B B B
80%
60%
40%
20%
0%

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

B Riga [DLlatvia

Figure 1. Variability of benzene pollution sources in Riga at national background

Riga is located in a temperate climate zone and weather conditions are determined by the Atlantic
air masses, the Baltic Sea and the Riga Sea Gulf stretching deep into the country. The temperature during
the year typically varies from -7°C to 24°C, occurrence of precipitation closely correlate to season - most
likely precipitations is observed in January nor in May. The most common forms of precipitation are light
rain, moderate snow, light snow, and thunderstorms. The relative humidity typically ranges from 45%
(comfortable) to 97% (very humid), rarely dropping below 28% (dry). Typical wind speeds vary from 0
m/s to 6 m/s (calm to moderate breeze), rarely exceeding 9 m/s (fresh breeze). The wind is most often out
of the south (24% of the time), south west (13% of the time), north (12% of the time), and south east
(11% of the time).

2.2. Emission estimation

Data of industrial point and area source were obtained from emission inventory data base what is
the official data repository, which is used for environment tax payment for 2014. Totally 328 stationary
sources were included in emission data base.
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Benzene source structure analysis show very strong increasing tendency of volatile organic
compound sources during the last three years (see Figure 2) what is mainly connected to Riga Sea Port

development.
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Figure 2. Benzene source structure in Riga

Additionally to stationary sources estimation of benzene emissions from vehicles were calculated
based on traffic flow intensity and description (age distribution according to technological classification).
Emissions were calculated according to EMEP/Corinair methodology (EMEP, 2013), following emission
factors were used to calculate non-methane volatile organic compounds (NMVOC):

a) for gasoline passenger cars - 0.530 g/km (PC Euro 1 - 91/441 EEC), 0.251 g/km (PC Euro 2 -
94/12/EEC), 0.119 g/km (PC Euro 3 - 98/69/EC I), 0.065 g/km (PC Euro 4 - 98/69/EC Il and PC

Euro 5 - EC715/2007);
b) for diesel passenger cars - 0.047 g/km (PC Euro 1 - 91/441 EEC), 0.035 g/km (PC Euro 2 -

94/12/EEC), 0.02 g/km (PC Euro 3 - 98/69/EC 1), 0.014 g/km (PC Euro 4 - 98/69/EC II), 0,008
g/km (PC Euro 5 - EC715/2007);
c) for diesel heavy duty vehicles - 0.207 g/km.
According to methodology (EMEP, 2013) emissions of benzene should be calculated as a fraction of
NMVOC, for gasoline vehicles 5.61 %, but for diesel vehicles - 1.98 % of benzene fraction is suggested.
Distribution of vehicles across Euro classes were done according to Road Traffic Safety Directorate
annual statistics - heavy vehicles: light vehicles - 10% : 90%. Distribution of light vehicles depending of
using fuel - gasoline: diesel - 57% : 43%. Distribution in classes is given in Figure 3.
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Figure 3. Distribution of gasoline (left side) and diesel passenger cars

Totally 180 street segments were estimated covering 387 km.

2.3. Meteorological data pre-processing

All necessary ground level meteorological data (air temperature at 2 m height, wind speed and
wind direction at 10 m height, global radiation at 2 m height) from Riga meteorological station (N
56.9506; E 24.1161) was obtained for meteorological inputs for AERMET data pre-processor what was
used to calculate boundary layer parameters, such as the Monin-Obukhov length, convective velocity scale,
temperature scale, mixing height, and surface heat flux.

3. Monitoring results
3.1. Monitoring network

Monitoring of benzene at background, industrial and traffic sites started already at 2004. Benzene
has been measured by an automated differential optical absorption spectroscopy (DOAS). Unlike the other
methods, which are point measurements, DOAS measures over a distance and detects the mean
concentration in the air. Description of monitoring sites is given in Table 1, location - Figure 4.

Table 1.
Description of monitoring sites
Number on Site Name Coordinates Mor.ntorlng Measurement Momtormg
the map period method site type
E 507645.5766
1 Brivibas 2004-2014 DOAS Traffic
N 312820.4334
E 509740.0543
2 Kengarags 2009-2014 DOAS Background

N 310018.6311

N 507923.1880
5 BLB 2005-2012 DOAS Industrial
E 320513.2752

N 507229.6380

4 ManTess 2004-2012 DOAS Industrial
E 317869.6997
N 506995.0426

5 Tvaika 2004-2013 DOAS Industrial
E 317864.0945
N 502206.6394

6 Imanta 2015 Indicator tubes Traffic
E 312688.9616
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N 507132.1754

7 Centre 2015 Indicator tubes Traffic
E 312384.5175
N 511270.1600
8 Teika 2015 Indicator tubes Traffic
E 314953.5606
N 509429.6920
9 700 2015 Indicator tubes Background
E 317879.3192

N 507282.7401
10 Brivosta 2015 Indicator tubes Industrial
E 318061.0000

DOAS devices measuring benzene continuously, hourly and 30-minutes measurements were used for trend
analysis. Indicative measurements with Drager indicator tubes (0,25/a, 8103691) were approved for low
benzene concentration detection, measurements were done for 1 hour in different meteorological
conditions - during warm season (August 31, 2015; air temperature above 20° C, calm, clear sky, sunny)
and during cold season (December 4-10, 2015; air temperature about 0° C, windy 5-8 m/s, light
precipitation).

Principle of reaction for benzene determination is following:

CeHe + Au3+ — dark grey to black reaction product

Recommended temperature for measurements varies from 0° C to 400 C; additionally pressure
correction factor (F) was calculated according to manufacturer suggestions by following equation:

1013hPa
F =

, where
Fact

Fact — actual atmospheric pressure, hPa.
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Figure 4. Location of monitoring sites

3.2. Long term monitoring results

Trend analysis of long term monitoring results show different tendencies: (1) in industrial sites
tendency is growing (in 2 cases) and also decreasing (in 1 case); (2) at background level sites benzene
concentrations show very strong tendency to decrease; (3) at traffic sites tendency is decreasing (1 site)
and stays at the same level (1 site). While at background and traffic sites benzene pollution level could be
assumed as satisfactory (under limit value - 5 ug/m3), at industrial sites pollution is exceptionally high
and limit value is exceeded more than twice. Some of monitoring results are given in Figure 5.
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Figure 5. Long-term monitoring results in monitoring stations.

Depending on monitoring site benzene concentration distribution varies very much. While at
background level concentrations over 10 ug/m3 didn't recognized at all, then some cases of high
concentrations were met in traffic site, but in industrial stations occurrence of high pollution episodes
show growing tendency. Some of monitoring results are given in Figure 6.
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Figure 6. Benzene concentration distribution in different monitoring sites

3.3. Indicative monitoring results

Indicative measurements show lowest benzene concentrations in city centre what is mainly
explained by very low traffic flow during warm season and strong wind conditions during cold
measurement campaign. The highest pollution episode recognized close to Riga Sea Port, reaching 7.6
ug/m3. All results are given in Table 2.
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Table 2.

Indicative monitoring results

No. Site Warm period Cold period
Date, time Concentratio Date, time Concentration,
n, ug/m3 ug/ms3

1 Centre 31.08.2015, 8:00-9:00 3,7 4.12.2015, 14:00-15:00 2,2
2 Teika 31.08.2015, 9:00-10:00 5,4 8.12.2015, 14:20-15:35 6,5
3 700 31.08.2015, 10:00-11:00 4,3 10.12.2015, 19:00-20:15 5,4
4 Brivosta 31.08.2015, 11:00-12:00 3,8 09.12.2015, 18:05-19:05 7,6
5 Imanta 31.08.2015, 12:00-13:00 2,2 6.12.2015,17:05-18:05 5,2

4. Simulation results

Benzene spatial distribution was modelled for strictly defined pollution zones which are associated
with limit values, lower and upper assessment levels. Maps of benzene pollution were elaborated for
following pollution zones:

- I zone - benzene annual concentration exceeds limit value 5.0 ug/m3,

- Il zone - benzene annual concentration varies between 3.5 and 5,0 ug/m3,
- 11l zone - benzene annual concentration varies between 2.0 and 3.5 ug/m?,
- 1V zone - benzene annual concentration is less than 2.0 pg/m?>.

According to EK regulations and local legislation rules particular zones could be associated with
further development plans, while in high pollution zone any additional pollution sources are prohibited, in
less polluted zones (e.g. 2,0 - 3,5 pg/m?) there is strong need for further monitoring in order to inform
habitats and air quality managers about air pollution condition. Map of benzene pollution zones were
given in Figure 7.
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Figure 7. Benzene pollution zones.

According to modelling results, benzene pollution zones are very closely connected to city traffic,
traffic jams and Riga Sea Port activities. Source-receptor modelling of benzene shows how important is
source geometry and working regime; while in 2014 69 % of benzene emissions come from industry
including volatile organic compound sources only 29 % of benzene concentrations at receptor level gives

this type of source. As most significant source in case of benzene pollution within all city is traffic (see
Figure 8).
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In addition, in order to evaluate modelling results, these results were checked according to data

quality objective criteria what is set to 50 %. This quality procedure were successfully performed for 3

points, results are given in Table 3.

Table 3
Check Point Monitoring results, Lower assessment Upper assessment Modelling results,
ug/ms3 level, ug/ms3 level, ug/ms3 ug/ms3
Tvaika iela 39 1,95 5,85 2,35
Brivibas iela 3,48 1,74 5,22 3,79
Kengarags 3,31 1,66 4,97 1,96

5. Final comments

(1) Main benzene pollution sources in Riga are traffic and volatile organic compound sources located
in Riga Freeport territory.
(2) Growing tendency of volatile organic sources could rise benzene pollution level in Riga central
and North part, but connection between number of sources, emissions and ground level
concentrations is quite complex. While in 2014 69 % of benzene emissions come from industry
including volatile organic compound sources only 29 % of benzene concentrations at receptor

level give this type of source.

(3) Modelling results of benzene shows evidences of further monitoring necessity in city centre and
other territories where benzene pollution levels varies between 3,5 ug/m3 - 5 ug/m3;

(4) Analysis of long term benzene measurements shows growing presence of very high pollution
episodes in industrial sites, what is determined by source activity.
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Zemak minétie 4 pielikumi saskana ar Liguma noteikumiem, iesniegti un pieejami
elektroniska formata. Kopskatu kartes abiem zongjumiem (M1:60000) iesniegtas gan drukata
forma (A2) un elektroniska forma (CD).

D. PIELIKUMS - Gaisa piesarnojuma ar benzolu zon€juma karte (limit€tam un
faktiskam emisijam) Rigas pils€tai ar pilsétas teritoriju robeZzam un ielu nosaukumiem.
Kopskats — 2 kartes A2 formata (M1:60000).

E. PIELIKUMS - Gaisa piesarpojuma zon&juma ar benzolu karte Rigas pils€tai
faktiskam emisijam. Dalijuma kopskats — 1 karte A2 formata (M1:60000).

F. PIELIKUMS - Gaisa piesarnojuma ar benzolu zon€juma karte Rigas pilsétai (pec
faktiskam emisijam) ar ielu nosaukumiem un maju numuriem. Fragmenti 1 — 13 Al formata
(M1:5000).

G. PIELIKUMS - Faktisko benzola emisiju fails, dati no programmas AERMOD.
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