D2.8 — Military-generated
pollution and cancer

February 2025

:‘ necessarily reflect those of the European Union or European Health and Digital Executive Agency (HADEA). Neither the

Funded by the European Union. Views and opinions expressed are however those of the author (s) only and do not
- European Union nor the granting authority can be held responsible for them!



:‘ necessarily reflect those of the European Union or European Health and Digital Executive Agency (HADEA). Neither the

Funded by the European Union. Views and opinions expressed are however those of the author (s) only and do not
- European Union nor the granting authority can be held responsible for them!



AN

Project number: 101104432

Project name: Personalized CANcer Primary Prevention research through Citizen
Participation and digitally enabled social innovation

Project acronym: 4P-CAN

Call: HORIZON-MISS-2022-CANCER-01-0!

Version number

Status Final document

Dissemination level Public

Due date of deliverable 20/02/2025

Actual submission date 20/02/2025

Project officer Marianne Ines Da Silva

e pmelaas WP2 Mglti-levgl A§sessment of Cancer Risk Factors
Preventive Legislation

Lead partner DNIPRO&CUMO

Partner (s) contributing FEMINA M

Authors

Main author name Viktor Semenov

Lilila Kriachkova
Nikola Milalevi
Milica Kuzmanoska
Contributing authors Mirjana Babamova
Serhii Zakharov

Nataliia Onul

Deliverable 2.8 — 4PCAN

Page 3



Liubov Krotova

Kyrylo Simon

lvana Vojvodi''

Gordana Djukanovic

Nevenka Lukovac - Janji"'
Reviewers

EUROPEAN NETWORK FOR SMOKING PREVENTION
(ENSP)

Reviewer name

Statement of originality This deliverable contains original unpublished work except where clearly indicated otherwise.
Acknowledgement of previously published material and of the work of others has been made through appropriate citation,
quotation or both.

Deliverable 2.8 — 4PCAN

Page 4



Version Tracker

Version
Date Change

number*
30/04/2024 1 Final version
18/02/2025 2 Revised final version

Deliverable 2.8 — 4PCAN

Page 5




Table of Contents

VEISION THACKET ...ttt s s8R 5
TaDIE OF CONTENTS ...t s e s s 6
LIST OF FIQUIES ..ottt 9
LIST OF TADIES ... 14
LISt Of ADDIEVIATIONS ...t s s s 17
EXECUTIVE SUMIMIAIY ...t ses s s s s 20
L INEPOAUCTION. ...t 22
Deliverable 0bJeCtiVe and SCOPE ... sssssesss 22
Relation to other WPs and deliverables ..., 22
Content of the deliVerable.......... 22

2. Montenegro Perspective (CUMO)........ciisss s sssssssessssssssssssssssans 24
INEFOAUCTION. ...ttt 24

Air POIULION IN MONTENEQIO ... 25
Effect of air pollution on health in MONTENEQIO.........ccoirrirrreese 26

Air pollution and human health: the case of the Western Balkans (5)................ 27
WHO/UNEP data iN 2019.........coiiiiiiiesisssesssssssssssisssssssssssssssssssssssssssssssssssssssssssssanes 28
The Global BUrden Of DISEASE ........ccriiiisissssessssssssssssesssssssssssssssssssssssssssesns 32
Analysis of the legal framework for air quality monitoring...........n. 33

AIr QUANTEY LEGISIATION. ... st 34
Analysis of the results of air quality monitoring 1996-20009............con. 37
Analysis of the results of air quality monitoring 2009-2022..........cnrirnn. 39
SUIPNUE (IV) OXIAE SOz ...t sss s sssens 39
NItrogen (IV) OXIdE NO ... sssssss s sessssssssssssssssssssssss 42

PMio and P IV I o5 ettt ettt ettt et et et et et ettt et At A A e At e tet e et et et atntetet et et et nees 43
PartiCulate MAatLEr PIVIo ... sssssss s sss s s ssssnns 43
PartiCulate MAatLer PMos ... sssssssssssssssessssssssssssssssons 45
Carbon (I1) OXIAE CO ... s s 46
BENZO(Q)PYIENE ..ot 46
Content of heavy metals (Pb, Cd, As and Ni) in suspended PMy particles...47
GASEOUS IMEICUIY ....oouiiimiesieieseeessseesssesss s s 47
ONCOIOGICAl STALISTICS ...t 48

Deliverable 2.8 — 4PCAN

Page 6



Registries for malignancies in MONTENEQIO.........ccorrerssisssssssesseees 49

LUNG CBINCET ...t 50
BIEAST CANCEY ... 51
GASTIIC CANCEY ...t ees s 52
LIV CANCEN ...ttt s 54
Data from Registry for malignant neoplasm from 2013 ... 54
GlODOCAN UALA........oooe s e 57
CONCIUSIONS ...ttt 58
RETEIEINCES ... 60
3. Republic of North Macedonia Perspective (FEMINA M)......mmn, 62
Introduction. North Macedonia's iInVOIVEMENT ... 62
Impact on air quality in NOrth Macedonia. ... 64
Air pollution in NOrth MacCeaONI@........ccc..iiii s 66
Legislation and enfOrCEMENT ... 72
COVIA=19 IMPACT ... s 73
Consequences Of air POIULION ... 73
Cancer related to MIlItAary aCtiONS.........ci s 75
From the health map of North Macedonia ..., 78
Kosovo example: Incidence of haematological malignancies in Kosovo—A post
"UFANTUM WATE" CONCERIT ..ooccviviiisseiissessisssssssssss st ses s 87
SEALISTICAl ANAIYSIS ... 89
CONCIUSION.....or et 97
RETEIEINCES: ..o 99
4. Ukrainian Perspective (DNIPRO)........coiisisssssssssssssssssssssssssssssssssssssessssess 108
Literature review of evidence from military conflicts' impact on pollution and
CaNCEr EPIAEMUOIOGY ... e 108
INEFOAUCTION ..ot s 108
The impact of war on air pollution in Ukraine and its consequences for public
health, including its effect on oncological diSeases.........rcrrn. 121
Study of the impact of war on air pollution in Ukraine and its influence on the
ONCOIOGICAl SITUATION. ... s 127

Assessment of the current levels of pollution and prognosis on the long-term
based on air monitoring and other pollution sensors in place in Ukraine

(epidemiological ecologiCal STUAY) ... 153
Data and METNOAS..........co s 153
Impact of war 0N air POIHUTION ... sssessans 164

Deliverable 2.8 — 4PCAN

Page 7



UKTBUNC ..ottt ettt ettt ettt ettt a b et et et et et et et et ne s aeeaeeantaneaneanseseansanens 164

DNIPropetroVsK ODIAST............cooi s ssssssans 168
Prognosis Of @ir POIUTION ... sssssenns 202
UKFINE ... 202
DNIPropetroVsK OBIAST.........cccooiii s 203
Cancer risk and hazard COEffICIENTS ... 207
UKFINE ..o 207
DNIPropetroVsK OBIAST...........ccooii s sssssssssss 208
Association between air pollution and cancer epidemiology ... 210
Impact of war on cancer epidemiolOgy ..., 216
LIMUTATIONS ... 228
CONCIUSIONS: ...ttt 229
RETEIEINCES ... 232
AAPPENAIX .vvvviivsiieiesieeessseesssssesssssss st s s8££ 888888 269
Tables with prediction of air pollutants levels in the days of missile attacks
uSiNg ARIMAX MOAEIING. ... sssss 269
COMIMON CONCIUSIONS ...t ses s ses s e 271

Deliverable 2.8 — 4PCAN

Page 8



List of Figures

Figure 2.1. The number of premature deaths attributable to the impact of PM.s —
=T [0 o OO OO OO OSSOSO 29
Figure 2.2. Proportion of certain causes of death in mortality attributable to
exposure to concentrations of suspended particulate matter PM,s exceeding

levels recommended by WHO gUIAEIINES ... sesssssessssssesss 30
Figure 2.3. Death rate (per 100,000) attributable to PM.s exposures by registered
CAUSE OF AEATN DY CILY ... bbb 31
Figure 24 Air quality zones and network of measuring points; Source:
Environmental Prot@CtION AQENCY ... ssssssssssssssssssssssssssssssssssssans 35
Figure 2.5. Annual mean concentration of SO -PljeVvlja..........nn. 37
Figure 2.6. Annual mean concentration of SO, -Bijelo POlje ..., 37
Figure 2.7. Annual mean concentration Of SO; ..., 38
Figure 2.8. Annual mean concentration of SO, -Bar POAQOriCa.........cccuuivimnrriinnnns 38
Figure 2.9. Annual mean concentration of smoke and soot - Pljevlja..........o. 38
Figure 2.10. Annual mean concentration of smoke and soot -Bijelo Polje................. 38
Figure 2.11. Annual mean concentration of smoke and soot -Podgorica.........c......... 39
Figure 2.12. Annual mean concentration of smoke and soot -Bar ..., 39
Figure 2.13. Mean annual concentrations of sulphur(lV)-oxide (Yg/m3) in the period
2009-2022; Source: Environmental Protection AgENCY.........resenn: 40
Figure 2.14. Mean annual concentrations of sulphur(lV)-oxide (1g/m3) in the period
2009-2022; Source: Environmental Protection AQENCY ..., 41
Figure 2.15 Temperature inversion with the appearance of thick fog in the Pljevlja
basin during the winter MONTNS. ... 41
Figure 2.16. Mean annual concentrations of nitrogen(lV)-oxide (1g/m?3) in the period
2009-2022; Source: Environmental Protection AQENCY ... 42
Figure 2.17. Mean annual concentrations of particulate matter PM;, (1g/m3) in the
period 2009-2022; Source: Environmental Protection AgenCy ... 44

Figure 2.18. Number of days with exceedances of the limit value for the average
daily concentration of PMy, particles; Source: Environmental Protection Agency45
Figure 2.19. Mean annual concentrations of particulate matter PM.s (1g/m?3) in the

period 2012-2022; Source: Environmental Protection AgenCy ... 46
Figure 2.20. Mean annual concentrations of benzo(a)pyrene (ng/m?3) in the period
2009-2022; Source: Environmental Protection AQENCY ... 47
Figure 2.21 Most commonly diagnosed cancers in Europe among females, 2018.
Source: The CanCer AIAS (23) ... sssssssssss s ssssssssssssseses 49
Figure 2.22 Most commonly diagnosed cancers in Europe among males, 2018.
Source: The CanCer AIAS (23) ... sssssssssssssssssssssssssssssssssseses 49

Figure 2.23 Jointpoint regression analyses of overall lung cancer mortality in
Montenegro from 1990 - 2015. Source: Nedovi''-Vukovi'’, Mirjana et al. (2019) (16)

Deliverable 2.8 — 4PCAN

Page 9



Figure 2.24 Jointpoint regression analyses of overall woman breast cancer
mortality in Montenegro from 1990 - 2018. Source: Nedovi''-Vukovi'', Mirjana et al.
(2022) (L17) covvveresereveesiessssseessssssssssssssssssssss s ssssss s 5588888 52
Figure 2.25 Jointpoint regression analyses of overall gastric cancer mortality in
Montenegro from 1990 - 2018. Source: Nedovi''-Vukovi'', Mirjana et al. (2019) (15)

Figure 2.26. Distribution of the gastric cancer mortality by age groups in
Montenegro, 1990-2018, Source: M.M.N. Vukovi'* et al (2019) (15)....ccorrmrrrrmnmrrernnn 54
Figure 2.27. Cancer burden, Source: Data from Registry for malignant neoplasm
from 2013, updated 2018. (19) ... 55
Figure 2.28. Percentage distribution of all cancer by age group by sex, Source: Data
from Registry for malignant neoplasm from 2013, updated 2018. (19).....ccccconmmurrerns 56
Figure 2.29. The leading cancer sites with percentage distribution by sex. Source:
Data from Registry for malignant neoplasm from 2013, updated 2018. (19) ............. 56
Figure 2.30. The leading cancer sites with percentage distribution, Source: Data
from Registry for malignant neoplasm from 2013, updated 2018. (19)........ccccouuvrrnne. 57
Figure 2.31. Top leading cancer (ranked by deaths). Source: Globocan, (22).......... 58
Figure 3.1 2021 World country/region ranking (top 20) arranged by annual average
PM.s concentration (!g/m#), weighted by population based on the available data

Figure 3.2 Trend in annual mean concentration across all stations (North
Macedonia) against the EU standard PM2.5 (1g/m3 for the years 2012-2017).

Source: EEA, 2021 reproduced under CC BY 2.5 DK....cccirrssess 69
Figure 3.3 New cancer cases in North Macedonia 2010-2019.........ccmrnnrrerinn 82
Figure 3.4 Cancer mortality in North Macedonia 2010-2019.........crnn. 83
Figure 3.5 Estimated number of new cancer cases in 2018 worldwide compared to
average number of new cancer cases in North Macedonia ..., 85
Figure 3.6 New cancer Cases 2012-2021 ... 85
Figure 3.7 Cancer mortality 2012-2021.........ccoiissss s 86
Figure 3.8 Average annual age-specific rates for HM in Kosovo for the period 2011-
205 R 90
Figure 3.9 Difference in incidence of HM between pre-war period and the two
post-war periods and DU eXposure DY regions ... 91

Figure 4.1 Air pollution is a significant cause of death and DALYs worldwide among
the entire population of both genders for 2019, according to IHME data (7) ........ 109
Figure 4.2 DALYs of the trachea, bronchus, and lung cancer worldwide in the total

population of both sexes in 2019 according to IHME (7) ... 110
Figure 4.3 Concentrations of fine particulate matter (PM.s), 2019 (WHO 2024) (17)
.......................................................................................................................................................................................... 112
Figure 4.4 Standardized age-specific death rate per 100,000 population
associated with PM.sin Ukraine and specific European countries (7). 113

Deliverable 2.8 — 4PCAN

Page 10



Figure 4.5 Environmental institutions in UKraing (30) ... 117
Figure 4.6 Environmental air risks of the fighting in Ukraine (35).......cccmnnnnns 138
Figure 4.7 Population weighted, 2023 average PM.s concentration (!g/m#) for
European countries and dynamics in individual cities of Ukraine (200)................. 143
Figure 4.8 Dnipropetrovsk oblast map with rank of danger of the areas in the
ANAIY SIS, 1ot es s 154
Figure 4.9 Total amount of atmospheric emissions from stationary sources in
Ukraine in 2008-2021. UKISTAt data........cccciririiriiessisssssssssssssssssssssssssssssssssnns 164
Figure 4.10 Dynamics of average levels of undifferentiated dust in Dnipro and
Kryvyi Rih from 2009 till 2022. RCGM data..........ccourivimivinriirissesessesssssssssssssseseens 169
Figure 4.11 Dynamics of daily average levels of PM,s in Dnipropetrovsk oblast in
March 2019 - December 2023. ECOCItY data. ........ccooriririsesiiesssssssssneseens 170
Figure 4.12 Dynamics of monthly average levels of PMzs in Dnipropetrovsk oblast
in March 2019 - December 2023. ECOCItY data.........cccomiimiriisssesssssesss 171
Figure 4.13 Dynamics of daily average levels of PMy, in Dnipropetrovsk oblast in
March 2019 -December 2023. ECOCItY data. .........ccouriinriniisissessessssssssessons 173
Figure 4.14 Dynamics of monthly average levels of PMy in Dnipropetrovsk oblast in
March 2019 - December 2023. ECOCItY data. ........ccoouriimrinnrissessssessssesessons 173
Figure 4.15 Dynamics of monthly average levels of NowCast AQI in Dnipropetrovsk
oblast in February 2019 - December 2023. ECOCity data. ........cinreinneeeiinnen 175
Figure 4.16 Dynamics of daily average levels of PMs and PMy in Dnipro and Kryvyi
Rih in February-May 2022. ECOCItY data.......cc.ccoiimrissisesssssssssssssssssssssessens 176
Figure 4.17 Dynamics of daily average levels of PM.s and PMo in Dnipro and Kryvyi
Rih in September 2022 - January 2023. ECOCity data. ... 177
Figure 4.18 Dynamics of average levels of 20-minutes intervals of PM.s and PMy in
Dnipro and Kryvyi Rih on 24 February 2022. ECOCity data. .........cnminreinnnerinns 177
Figure 4.19 Dynamics of average levels of 20-minutes intervals of PM.s and PMy in
Dnipro in 28 March = O8 APFil 2022........oissesss s ssssens 178
Figure 4.20 Dynamics of average levels of NO; in Dnipro and Kryvyi Rih in 2009-
2022, RCGM ALA. ... ssssssssssssssssssssssssssssssssss s sssss s sssss s sssssssssssssssssnnas 180
Figure 4.21 Dynamics of average levels of NO, in Dnipropetrovsk oblast in February
2020 - AugUuSTE 2023. ECOCILY AAta. ..o sssssss s sssssssssssssssessans 181
Figure 4.22 Dynamics of monthly average levels of NO; in Dnipropetrovsk oblast in
February, 2020-August, 2023. ECOCItY data. ......cccoomriimniiieisississessssssesessons 182
Figure 4.23 Dynamics of average daily levels of NO, in Dnipro and Kryvyi Rih in
February-May, 2022. ECOCILY AaAta. .....cc.ccoomirimiiiinisnssisssssesssssesssssssssssssssssssssssessses 184
Figure 4.24 Dynamics of average daily levels of NO, in Dnipro and Kryvyi Rih in
September 2022 - January 2023. ECOCItY data........ccouimrimiinerseisessesessnes 184
Figure 4.25 Dynamics of average levels of 20-minutes intervals of NO; in Dnipro
and Kryvyi Rih on 24 February 2022, and in 28 March - 08 April 2022. EcoCity data.

Figure 4.26 Dynamics of average annual levels of CO in Dnipro and Kryvyi Rih in

Deliverable 2.8 — 4PCAN

Page 1l



AN

2009-2022. RCGM ALA. ......ooomrrrvvirsrrsisinssssssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns 186
Figure 4.27 Dynamics of daily average levels of CO in Dnipropetrovsk oblast in
February 2020 - December 2023. ECOCity data. ... 186
Figure 4.28 Dynamics of monthly average levels of CO in Dnipropetrovsk oblast in
February 2020 - December 2023. ECOCItY data. ... 187
Figure 4.29 Dynamics of daily average levels of CO in Dnipro and Kryvyi Rih in
February-May 2022. ECOCITY daAta. ......ccnmiiiiisisisssssesssssesssssssssssssssssssssssessses 189
Figure 4.30 Dynamics of daily average levels of CO in Dnipro and Kryvyi Rih in
September 2022 - January 2023. ECOCItY data........ccourimriiineressissessesessnes 189

Figure 4.31 Dynamics of average levels of 20-minutes intervals of CO in Dnipro and
Kryvyi Rih on 24 February 2022 and in 28 March - 08 April 2022. EcoCity data.

Figure 4.32 Dynamics of annual average levels of formaldehyde in Dnipro and
Kryvyi Rin in 2009-2022. RCGM data. ... ssssssssesssssssssons 191
Figure 4.33 Dynamics of daily average levels of formaldehyde in Dnipropetrovsk
oblast in October 2019 - December 2023. ECoCity data. ... 192
Figure 4.34 Dynamics of monthly average levels of formaldehyde in
Dnipropetrovsk oblast and cities/towns from October 2019 till December 2023.
ECOCILY TATA. ...t s 193
Figure 4.35 Dynamics of daily average levels of formaldehyde in Dnipro and Kryvyi
Rih in February-May 2022. ECOCItY data. .......c.ccorriisisssisssssessssssessssssessnns 195
Figure 4.36 Dynamics of daily average levels of formaldehyde in Dnipro and Kryvyi
Rih in September 2022-January 2023. ECOCItY data. ... 195
Figure 4.37 Dynamics of average levels of 20-minutes intervals of formaldehyde in
Dnipro and Kryvyi Rih on 24 February, 2022 and in 28 March - 08 April 2022.

ECOCILY TATA. ..ot 196
Figure 4.38 Dynamics of daily average levels of NHs in Dnipropetrovsk oblast in
September 2019 - December 2023. ECOCItY data. ... 197
Figure 4.39 Dynamics of monthly average levels of NHs in Dnipropetrovsk oblast in
September 2019 -December 2023. ECOCItY data..........ooiiieseesess 198
Figure 4.40 Dynamics of daily average levels of NHs; in Dnipro and Kryvyi Rih in
February-May 2022. ECOCITY aAta. ......cccomiriiinsississsssesssssessssssssssssssssssssssesssns 199
Figure 4.41 Dynamics of daily average levels of NHs in Dnipro and Kryvyi Rih in
September 2022 - January 2023. ECOCItY data..........ccoovirrrieriesisssisessenns 200

Figure 4.42 Dynamics of average levels of 20-minutes intervals of NHs in Dnipro
and Kryvyi Rih on 24 February, 2022 and in 28 March - 08 April 2022. EcoCity data.

...................................................................................................................................................................................... 200
Figure 4.43 Dynamics of annual average levels of phenol in Dnipro and Kryvyi Rih
IN 2009-2022. RCGM ALA........coommrriririrnriiissiesssiss s sssssss s sssssssssssssssssssssssssssssssssesssss 201

Figure 4.44 Dynamics of percentage of values above MPC for air pollution with
salts of heavy metals in Dnipropetrovsk oblast in 2016-2022. State institution
"Dnipropetrovsk Regional Center for Disease Control and Prevention of the

Deliverable 2.8 — 4PCAN

Page 12



AN

Ministry of Health of UKFraine" data. ..........ccrriiissessssssssssssssssssssssssessssssenss 202
Figure 4.45 Relation between all malignant neoplasms of all localisations (COO-
C96) incidence and NO! emissions per km? with 5-year lag (split by region).
UKrstat and NCRU ata. ... sssssssssssssssss s sssssssssssssssssssssssssssssssssssnns 210
Figure 4.46 Relation between all malignant neoplasms of all localisations (COO-
C96) incidence and NO! emissions per km? with 5-year lag (split by region). X and
Y axes are shared between nested plots. Ukrstat and NCRU data.............ccuevvrnnneninnns 211
Figure 4.47 Relation between all malignant neoplasms of all localisations (COO-
C96) incidence and NO! emissions per km? with 5-year lag (split by region). X and
Y axes are not shared between nested plots. Ukrstat and NCRU data............cccco...... 212
Figure 4.48 Relation between all malignant neoplasms of all localisations (COO-
C96) ranked incidence and ranked NO! emissions per km? with 5-year lag (split
by region). Ukrstat and NCRU data...........cociriiiiiissssssssssssssssssssssssssssssssss 213
Figure 449 Heatmap for relation between all malignant neoplasms of all
localisations (CO0O-C96) ranked incidence and ranked NO! emissions per km? with

5-year lag (split by region). Ukrstat and NCRU data.........ccorrinrierisee, 214
Figure 4.50 Incidence of cancer of all localisations (CO0O-C97) in Dnipropetrovsk
oblast and Ukraine in 2009-2022. MOHU data. ... 217
Figure 4.51 Incidence of respiratory (C32-C34) cancer in Dnipropetrovsk oblast
and Ukraine in 2009-2022. MOHU dAta. ..........cesssesssssesssssesssssssses 217
Figure 4.52 Relative increase in total cancer incidence in Ukraine in 2014-2019.
NCRU GAEA. ...ttt 219
Figure 4.53 Relative difference 2021 and 2022 number of newly registered cancer
cases in Ukraine. Adaptation of NCRU data. ... 220
Figure 4.54 Acute and chronic viral viral hepatitis incidence in Ukraine in 2019-
2023. Data from the Public Health Centre of Ukraine (344)........nn 221
Figure 4.55 Mortality from cancer of all localisations in Dnipropetrovsk oblast and
Ukraine in 2009-2022. MOHU ATA. ... sssssssssssssssssssssssssssssesss 222
Figure 4.56 Mortality from respiratory (C32-C34) cancer in Dnipropetrovsk oblast
and Ukraine in 2009-2022. MOHU data. .........c.ciisssssssssssssssssssssssssns 222

Figure 4.57 Oncologists’ services utilisation in Dnipropetrovsk oblast in 2009-
2023. Vertical red solid lines - beginnings of military offensives (2014, 2022). DCR

ATAL ..o 223
Figure 4.58 Relative difference 2021 and 2022 number of newly registered cancer
cases in Dnipropetrovsk oblast. DCR data........cssssssssssessssns 224

Figure 4.59 The percent of patients who died within 1 year after the disease onset
by location in Dnipropetrovsk oblast in 2019-2023 by sex and location. DCR data.

Figure 4.60 Kaplan-Meier curves for survival of the patients with cancer in
Dnipropetrovsk oblast in 2013-2023 by rank of war-related damage in 2013-2023,
2019-2023 and 2022-2023 time intervals. DCR data. ... 226
Figure 4.61 Kaplan-Meier curves for survival of the patients with cancer in

Deliverable 2.8 — 4PCAN

Page 13



AN

Dnipropetrovsk oblast in 2019-2023 by the time of cancer diagnosis. DCR data.

Deliverable 2.8 — 4PCAN

Page 14



List of Tables

Table 2.1. Cause-specific mortality rate (all ages) attributable to PM,s exposures:

comparison with estimates for EU Member States..........nn, 32
Table 2.2. Risk factors for health, Montenegro 2009-2019. Source: GBD 2019 —
state profile of Montenegro https.//www.healthdata.org/montenegro................... 33
Table 2.3. Air quality zones. Source: Environmental Protection Agency ... 35
Table 2.4. Measuring points within the National Air Quality Monitoring Network until
May 2019. Source: Environmental ProteCtion AQENCY ... 35
Table 2.5. Measuring points within the National Air Quality Monitoring Network,
active since October 2019. Source: Environmental Protection Agency................ 36
Table 2.6. List of polluting substances - ISO code (ISO 7168-2:1998). Source:
Environmental Prot@CtION AQENCY ... ssssssssssss s sssssssssssssssssses 37
Table 3.1 Air quality limit values in North Macedonia compared to the WHO
guidelines and EU standards. Source: Authors own collation............ciniiinnnnnn, 67
Table 3.2 Key facts most common cancers (average for ten years) ... 80
Table 3.3 Key facts most common cancers in female (average for ten years) 2010-
2019 R 8l
Table 3.4 Key facts most common cancers in male (average for ten years) 2010-
2019 R 82

Table 3.5 Characteristics of HM in Kosovo for 20 year period (1995-2015)............ 90
Table 3.6 Regional variations of rounds/km? and incidence in the pre-war period
(1995-1998) and the two post-war periods (2000-2003 and 2012-2015)............. 92
Table 4.1 The frequency of deaths and GBD from tracheal, bronchial, and lung
cancer associated with air pollution in 2019 in Eastern European countries per
100,000 POPUIALION (7)) ovvvorerviieiesiseeesinsssessssssesssssssssssssssssssssssssssss s ssssssssssssssssssssssssssssssssssssssssssessess 11
Table 4.2 The distribution of sources emitting pollutants into the atmosphere in
Ukraine excluding greenhouse gas emissions for 2021 (own calculations based on

AALA (26))) ..rrurverieeriiseeiiisessiss st es s8R 116
Table 4.3 Analysis of selected literary sources regarding the impact of war on air
pollution in Ukraine and its health CONSEQUENCES........rriinreieseeseens 136

Table 4.4 Incidents of disruptions or accidents at industrial and critical
infrastructure facilities From February 2022 to January 2024 in Ukraine (7)........ 138
Table 4.5 Ranking of risk factors that lead to the greatest loss of life years due to

chronic non-communicable diseases, iInCluding CanCer ..., 149
Table 4.6 The frequency of the intensity of exposure during hostilities to risk
factors for the development of cardiovascular and oncological diseases............ 150
Table 4.7 Thresholds for the hazard index interpretation. ... 161
Table 4.8 Annual average levels of pollutants in Ukraine in 2017-2023. CGO and
MEPNRU GATA. ... ssisisss s sssssssssssssss s sssss s sssssssssssssssssssssssssssssssssssssns 165

Table 4.9 Comparison of 2017-2021 and 2022-2023 annual average levels of
Deliverable 2.8 — 4PCAN

Page 15



pollutants in Ukraine. CGO and MEPNRU data...........c.cirssesnenns 166
Table 4.10 Maximum single measurement levels of pollutants in Ukraine in 2017-

2023. CGO and MEPNRU ALA. ... sessssssssssssssssssssssssssssssssssssssssssssssssssssnns 166
Table 4.11 Percentage of cities with annual average air pollution levels above
MPCd.a. in Ukraine in 2021-2023. CGO and MEPNRU data. ... 167
Table 4.12 Percentage of cities with maximum single measurement air pollution
levels above MPCs.m. in Ukraine in 2021-2023. CGO and MEPNRU data.................. 167
Table 4.13 Number of undifferentiated dust levels above MPCs.m. in Dnipro and
Kryvyi Rih in 2021-2022. RCGM aAta. .....cccoovvvvirriirriinssisssssssssssssssssssssssssssssssssssssssnes 169
Table 4.14 Number of days with PM;s levels above 15 'g/m?3in Dnipropetrovsk
oblast in 2019-2023. ECOCILY TATA........cccrirrinessssssssssssssssssssssssssssssssssssssssnes 172
Table 4.15 Dynamics of annual average levels of PM.s in Dnipropetrovsk oblast in
2019-2023. ECOCILY QATA. ...t ssss s ssss s ssss st sssssssssssens 172
Table 4.16 Number of days with PMy levels above 45 g/m3in Dnipropetrovsk
oblast in 2019-2023. ECOCILY TATA........ccccrieirissssssssssssssssssssssssssssssssssssssssnes 174
Table 4.17 Dynamics of annual average levels of PMy, in Dnipropetrovsk oblast in
2019-2023. ECOCILY QATA. ...t sss s sssssss s ssss s sssssss st sssssssssssens 175
Table 4.18 The impact of missiles attacks on daily average PM.s and PMo levels in
DNIPro. ECOCILY ATA. ..o ssss s st 179
Table 4.19 Number of days with NO; levels above 40 'g/m? in Dnipropetrovsk
oblast in 2020-2023. ECOCILY AtA. ... sesssssesssssssssssssssssssssssssssssses 183
Table 4.20 Dynamics of annual average levels of NO- in Dnipropetrovsk oblast in
2020-2023. ECOCILY AATAL.....oovrrvririririsiinrsiesisnsssssssisssssssssisssssssssssssssssssssssssssssssssssssssssssssssssssssnns 183
Table 4.21 Number of days with NO, levels above 40 'g/m3 in Dnipropetrovsk
oblast in 2020-2023. ECOCILY AtA. ... sesssssessssssssssssssssssssssssssssses 188
Table 4.22 Dynamics of annual average levels (95% CI) of CO in Dnipropetrovsk
oblast in 2020-2023. ECOCILY AtA. ... sesssssesssssssssssssssssssssssssssssses 188
Table 4.23 Number of days with formaldehyde levels above 3 !g/m? in
Dnipropetrovsk oblast in 2020-2023. ECOCItY data. ... 194
Table 4.24 Dynamics of annual average levels of formaldehyde in Dnipropetrovsk
oblast in 2020-2023. ECOCILY AtA. ... sesssssesssssssssssssssssssssssssssssses 194
Table 4.25 Number of days with NH; levels above 40 !g/m?3in Dnipropetrovsk
oblast in 2020-2023. ECOCILY AtA. ... sesssssssssssssssssssssssesssssses 198
Table 4.26 Dynamics of annual average levels of NHs in Dnipropetrovsk oblast in
2020-2023. ECOCILY AATAL.....oovrrrvirriririnnsssssnsssssssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns 199
Table 4.27 Prognosis of air pollution level in UKraine. ..., 203
Table 4.28 Prognosis of dust pollution level in Dnipropetrovsk oblast.................. 203
Table 4.29 Prognosis of NO; pollution level in Dnipropetrovsk oblast. .................... 204
Table 4.30 Prognosis of CO pollution level in Dnipropetrovsk oblast. ................... 204
Table 4.31 Prognosis of formaldehyde pollution level in Dnipropetrovsk oblast.205
Table 4.32 Prognosis of NHs pollution level in Dnipropetrovsk oblast.................... 205
Table 4.33 Prognosis of phenol pollution level in Dnipropetrovsk oblast. ............ 206

Deliverable 2.8 — 4PCAN

Page 16



AN

Table 4.34 Expectations of the air pollution dynamics in Dnipropetrovsk oblast

depending on the progression Of the WA . ... 207
Table 4.35 Hazard coefficients and cancer risk for the population of Ukraine due
1O The AIF POIUTION. ..o s 208
Table 4.36 Hazard coefficients and cancer risk for the population of Dnipro and
Kryvyi Rih due to the air pollution. RCGM data.........orrineeessee 209
Table 4.37 Hazard coefficients and cancer risk for the population of
Dnipropetrovsk oblast due to the air pollution. EcoCity data............innnen 209

Table 4.38 Spearman’s rank correlation coefficients of different air pollutant
emissions per km? with incidence and mortality rates of cancer with different
localisations (marked by ICD-10 codes) with different lags (in years). Ukrstat and
NCRU GAEA. .....ooiviiiiiiciiie s ses st 888811 216
Table 4.39 Median survival (95% CI) of the patients with cancer in Dnipropetrovsk
oblast in 2013-2023 by rank of war related damage in 2013-2023, 2019-2023 and
2022-2023 time intervalS. DCR data. ........ccciisssissssssssssssssssssssssssessssssenss 226
Table 4.40 The impact of missiles attacks on daily average levels of air pollutants
IN DNIPFO. ECOCITY TATAL .......oovrrviciieeisssisssisss s sss s s ssssnns 269
Table 4.41 The impact of missiles attacks on daily average levels of air pollutants in

KryVYi RiN. ECOCITY QATA. ......cooviiviriiiiiississssisns s sess s ssssss s sesssssenns 270
!

Deliverable 2.8 — 4PCAN

Page 17



List of Abbreviations

AAPC
AirQ+
AQG
AQI
ARIMAX
As

BaP
BMI
CGHG
Cd
CEOBS
CETI
CGO

Cl

CO
DALY
DCR
DU
EAPC
EBRD
EMEP
EIONET
EPA

EU
FCDO
GBD
GBD MAPS
GC
Globocan
HCRI

HI

HL

HM

Average annual percentage change

Software tool for health risk assessment of air pollution
Air quality guidelines

Air Quality Index

AutoRegressive Integrated Moving Average eXtended
Arsenic

Benzo(a)pyrene

Body mass index

Benzol

Cadmium

Conflict and Environment Observatory

Center for Ecotoxicological Testing of Montenegro
Central Geophysical Observatory

Confidence interval

Carbon oxide

Disabilty-adjusted life years

Dnipro Cancer Registry

Depleted uranium

Estimated annual percentage changes

The European Bank for Reconstruction and Development
European Monitoring and Evaluation Program
European Environment Information and Observation Network
Environmental Protection Agency

European Union

Foreign Commonwealth &amp; Development Office
Global Burden of Diseases

Global Burden of Disease from Major Air Pollution Sources
Gastric cancer

Global Cancer Observatory

Humanitarian and Conflict Response Institute

Hazard index

Hodgkin Lymphoma

Hematological malignances

Deliverable 2.8 — 4PCAN

Page 18



HQ

HR

IDD
IDPS
IDS

IEA
IHME
IPH
IPHRNM
IQAIr
K4D
KIIS

LDL
LSTM
MEPNRU

MoEPP
MPC
NATO
NCD
NCRU
NHs
NHL

Ni
NMVOC
NO
NO-

Os
OECD
OSCE
Pb

PM
RCGM
RR
SDG
SO;

Hazard quotient

Hazard ratio

International Development Department

Internally Displaced Persons

Institute Development Studies

International Energy Agency

Institute for Health Metrics and Evaluation

Institute for Public Health

Institute for Public Health of the Republic of North Macedonia
Swiss Air technology company

Knowledge Evidence and Learning for Development
Kyiv International Institute of Sociology
Low-density lipoprotein

Liverpool School of Tropical Medicine

Ministry of Environmental Protection and Natural Resources of
Ukraine

Ministry of Environmental and Physical Planning
Maximum permissible concentrations

North Atlantic Treaty Organization
Non-communicable diseases

National Cancer Registry of Ukraine

Ammonia

Non-Hodgkin Lymphoma

Nickel

Non-methane volatile organic compounds

Nitrogen oxide

Nitrogen dioxide

Ozone

The Organization for Economic Cooperation and Development
Organization for Security and Co-operation in Europe
Lead

Particulate matter

Dnipro Regional Centre of Hydrometeorology
Relative risk

Sustainable Development Goals

Sulphur dioxide

Deliverable 2.8 — 4PCAN

Page 19



TROPOMI
UB station
UCCK

Ul

Ukrstat
UN

UNDP
UNEP

UT station
VOCs
WHO

YLL

Tropospheric Monitoring Instrument
Urban background station

University Clinical Centre of Kosovo
Uncertanity interval

State Statistics Service of Ukraine
United Nations

United Nations Development Programme
United Nations Environment Programme
Urban traffic station

Volatile Organic Compounds

World Health Organization

Years of lost life

Deliverable 2.8 — 4PCAN

Page 20




Executive Summary

Military actions impose serious short and long-term environmental impact on the
territories where they unfold. War influences the environment in multiple direct
and indirect ways, leading to contamination of air, water and soil. Air pollution is
among top-five main causes of death and it remains one of the leading threats to
public health worldwide, with certain regional peculiarities. In the presented report
the authors aimed to shed light on possible consequences of military actions for
air pollution and cancer epidemiology, based on the current and historical data on
cancer epidemiology and air pollution in European countries who went through the
war in the last decades.

The investigation implied literature review of scientific and grey literature
dedicated to the impact of wars on air pollution and cancer epidemiology, with
attention to Yugoslavian wars and Russian-Ukrainian war. The consequences of
Yugoslavian wars were investigated using literature review and analysis of air
pollution and cancer epidemiology data in 1990-2022. Investigation of the
consequences of Russian-Ukrainian war was performed using literature review and
ecological study. Systematic review and analysis, bibliosemantic, epidemiological,
expert assessment, and statistical methods were applied.

The results of the deliverable highlight the complex influence of war on air pollution
and cancer epidemiology in the involved countries. Twenty-five years after the
Yugoslavian wars, discussions regarding the long-term impact of war pollution on
public health are ongoing. Despite it is not possible to draw definitive conclusions
about the effect of wars on air pollution and population health (including cancer
epidemiology), signs of negative short- and mid-term consequences of war-
generated pollution on cancer epidemiology were observed. The signs of short-
term negative impact of war on air pollution were identified. Reduction in survival
median of patients diagnosed with cancer during the full-scale Russian military
invasion to Ukraine, when compared to pre-invasion times, was revealed.

The question of military-generated pollution effect on cancer incidence requires
further investigation. There is the need of longitudinal cohort studies of the
involved populations during and immediately after the conflict. The impact of air
pollution as an environmental risk factor intensified by war cannot be viewed in
isolation from the influence of other ecological, behavioural, and socio-economic
determinants. It warrants the need in development and improvement of European
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policies targeted on the complex preventive influence on behavioural, ecological
and socio-economic drivers of cancer.
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1.Introduction

Deliverable objective and scope

Military actions impose serious short and long-term environmental impact on the
territories where they unfold (1). War influences the environment in multiple direct
and indirect ways, leading to contamination of air, water and soil. Since wars are
frequently associated with products of burning (usage of explosives, fuel
consumption, fires in industrial objects and living areas, forest fires etc), air quality
decrease may be considered as an environmental consequence of the utmost
importance. Air pollution is the second most important factor of non-
communicable diseases, including lung cancer (2). Despite air pollution being an
important risk factor of respiratory system neoplasms (3), it is also responsible for
other, non-respiratory types of cancer (4).

War can influence cancer epidemiology not only via biospheric pollution.
Destruction of healthcare infrastructure, problems with drug supply, termination
of clinical trials, prioritizing of healthcare services provision to patients in
emergency conditions, demographic shifts, behavioural changes of population,
and many other factors may significantly hamper all spheres of public health of
countries in war, including cancer care.

The 4P-CAN Project aims to understand and to tackle challenges of primary
cancer prevention on multiple levels. In the presented report the authors aim to
shed light on possible consequences of military actions for air pollution and cancer
epidemiology, based on the current and historical data on cancer epidemiology
and air pollution in European countries who went through the war in the last
decades.

Relation to other WPs and deliverables

The present deliverable is the part of the task T2.4 Environmental and workplace
pollution exposure. The deliverable is linked to the Work package WP6 — Multi-
stakeholders’ co-creation of CPP policy recommendations, as the conclusions
made in the document will be used for policy recommendations designing.

Content of the deliverable

The presented report includes the investigation of influence of war on air pollution
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and cancer epidemiology based on currently available information and historical
data. The document is structured into three parts for the representation of
perspective of countries who were involved directly or indirectly into wars in past
decades: Montenegro (by CUMO), Republic of North Macedonia (by FEMINA-M)
and Ukraine (by DNIPRO). Each part comprises the literature review, description of
methodology, main results and discussion, conclusion and references list.
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2. Montenegro Perspective (CUMO)

Introduction

The war in the former Yugoslavia, often referred to as the Yugoslav Wars, was a
series of conflicts that occurred in the 1990s following the breakup of the Socialist
Federal Republic of Yugoslavia. These wars were marked by ethnic, religious, and
political tensions, resulting in displacement of populations, and widespread human
suffering. Twenty five years after the ending of the wars we still discuss about late
consequences, caused by war pollution and its impact on the health of the
population of the countries that participated in the war.

The dissolution of the Socialist Federal Republic of Yugoslavia began in the late
1980s and early 1990s amid rising nationalist sentiments and political upheaval.
The republic's constituent republics, including Bosnia and Herzegovina, Croatia,
Macedonia, Montenegro, Serbia, and Slovenia, sought independence from federal
control, leading to the fragmentation of Yugoslavia. This breakup consisted of
different wars: Croatian and Slovenian Wars of Independence (1991), which was the
first conflicts erupted in 1991 with the declarations of independence by Croatia
and Slovenia. The wars resulted in significant casualties, displacement of
populations, and the establishment of independent states. From 1992-1995 the
most devastating conflict of the Yugoslav Wars, the Bosnian War, was
characterized by large scale civil war. The Kosovo War erupted in 1998, and after
that NATO intervened with airstrikes against Serbia and Montenegro (at that time
SR Yugoslavia) in 1999, leading to the withdrawal of Serbian forces and the
establishment of Kosovo as a United Nations protectorate.

The Yugoslav Wars resulted in a profound humanitarian crisis, with millions of
people displaced, killed, or injured.

On the territory of Montenegro the most of the direct military events took place
during the period of NATO bombing in 1999. However, throughout the rest of the
period of the wars in the former Yugoslavia, especially when the Economic
Sanctions against Serbia and Montenegro were established (1992-1995), there was
a devastating impact of the wars on the demographic and economic situation in
Montenegro.

In addition to the direct impact on the health of the population, there was also an
indirect impact in terms of the collapse of the health system in Montenegro with
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acute and delayed consequences on the health of the nation, including the
potential increase in the incidence of malignant neoplasms, through the non-
implementation of primary and secondary prevention measures, lack of
medicines, inadequate health care registers, outdated infrastructure and lack of
digitization.

The war pollution resulting from the conflicts in the former Yugoslavia raised many
questions concerning increase in cancer incidence and mortality among
populations affected by the wars, due to the pollution from bombings, industrial
destruction, and other military activities which released various carcinogens into
the environment, which could have long-term health consequences, including
cancer development.

This topic has been very poorly studied scientifically, and there are no examples
from the literature that have proven the direct impact of wartime pollution and the
long term increase in the incidence of malignancy.

The environmental pollution resulting from the wars in the former Yugoslavia
significantly impacted air, water, and soil quality, exacerbating broader
environmental deterioration. However, specific tracking of these types of pollution
directly attributable to the 1990s wars in the Western Balkans was not identified.
The data available for analysis originate from existing monitoring stations for air,
water, and soil control, covering the period from 1990 to 2022. Our focus was on
air pollution data for Montenegro.

Additionally, we have examined the accessible data concerning malignancy in
Montenegro spanning from 1990 to 2018. In this analysis, we have assessed the
quality of data and encountered challenges within the registries. Presently,
Montenegro has only fully finalized data collection, cleaning and analyses on
malignant neoplasms for the year 2013.

Air pollution in Montenegro

Monitoring and control of air quality in Montenegro is a legal obligation of the
Environmental Protection Agency, and it is carried out for the purpose of
assessment, planning and management of air quality. The analysis of the obtained
results serves as a basis for proposing measures to improve air quality, as well as
for numerous other analyses and the adoption of policies from other areas.

The Environmental Protection Agency was founded in 2008 and in accordance
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with its responsibilities, took care of the implementation of legislation in the area
of air quality. During 2010, Montenegro established the National Air Quality
Monitoring Network with measurements at automatic stationary stations, with
improved data quality that enables better reporting on air quality, and during all
the following years, with the adoption and implementation of EU standards and
legislation, as well as the implementation significant projects, achieved the level of
reporting and coverage with measurements that the most modern European
countries have.

Monitoring of cross-border air pollution is the responsibility of the Institute for
Hydrometeorology and Seismology, but the EMEP station is included in the
national network, that is, it is part of the State Network for Air Quality Monitoring.

The oldest data on air quality in Montenegro that could be found for the purposes
of this analysis date from the end of the 1970s, that is, the beginning of the 1980s,
and were presented in the publication "Air Pollution in the SR of Montenegro".
which was published in 1986 by the then Republic Hydrometeorological Institute
of Montenegro (1). The publication contains data on the methods of physico-
chemical analysis of air and precipitation, chemical aspects of air pollution that
contain the results of SO, and smoke measurements, radioactivity of precipitation,
measurements of the amount of sediment particles. Also, meteorological aspects
of air pollution are described and an assessment of the general state of air
pollution in urban-city, urban-industrial environments as well as recreational-
tourist areas of Montenegro is given.

The conclusions of this study speak in favour of relatively well preserved air quality
in Montenegro. "In the coastal zone, the air belongs to the category of clean air,
while in the central and northern part it ranges from moderately polluted air. Air
pollution in the cold part of the year in the Pljevlja area, as well as air quality in
strictly industrial zones, are excluded (4).

Effect of air pollution on health in Montenegro

The first analysis of the impact of air pollution on health in Montenegro (2) was
made in 2016 in cooperation with the World Health Organization (WHO). In the
same year, the WHO publishes a very important publication - "Air pollution: global
assessment of exposure and burden of disease" (3) in which an assessment is also
given for Montenegro. According to this publication, the average concentration of
suspended particles PM;s was estimated at 22 1g/m?3 and the crude mortality rate
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at 62/100,000 inhabitants. The years of lost life (YLLs) caused by air pollution were
estimated at 755/100,000 inhabitants and the number of premature deaths at
61/100,000 inhabitants.

As part of the cooperation between Montenegro and the WHO, an analysis of
existing national data on air quality and health was carried out in order to evaluate
and quantify the impact of air pollution on health in Montenegro. The analysis
included Podgorica, Nik$i** and Pljevlja, and the methods for checking health risks
recommended by the WHO were used. The analysis showed that over 250
premature deaths and 140 hospital admissions per year, as well as several other
health outcomes, are associated with exposure to concentrations of suspended
particles that exceed the value recommended by the WHO Air Quality Guidelines.
More than half of the mentioned impacts are related to the increased level of
pollution during the winter months, mainly due to the burning of solid fuels for
heating. The impact of air pollution on health is more common in Pljevlja than in
the other two cities, but due to the larger number of inhabitants in Podgorica and
Nik$i*', the absolute burden of pollution on health in these cities is similar to that
in Pljevlja. In order to reduce the impact of air pollution on health in cities in
Montenegro, it is necessary to significantly reduce the burning of solid fuels for
heating and cooking purposes in households.

Air pollution and human health: the case of the Western Balkans (5)

The report on the assessment of the impact of air pollution on human health for
the area of the Western Balkans was prepared in cooperation with the WHO and
the United Nations Environment Program (UNEP) with the support of the
Government of Norway, whereby the previously prepared analysis for Montenegro
served as a model for the region. The report provides an overview of air quality in
the Western Balkans, as well as an assessment of the impact of air pollution on
health in the region, with a framework of appropriate instruments to alleviate
energy poverty, the key cause of air pollution in the region. The report covers
Albania, Bosnia and Herzegovina, North Macedonia, Montenegro and Serbia.

The assessments of the health impacts of air pollution in the Western Balkans
presented in this report focus on the population in cities for which data were
available from national air quality and health monitoring systems. For Montenegro,
these are: Bar, Nik$i", Pljevlja, Podgorica and Tivat. In addition, estimates for the
Western Balkans at the level of the entire country are presented based on global

Deliverable 2.8 — 4PCAN

Page 28



AN

analyses conducted by the WHO.

The results showed that air pollution causes approximately 5000 premature
deaths in certain cities of the region. On average, the inhabitants of the Western
Balkan countries live 1.3 years shorter due to polluted air.

Air pollution can be attributed between 4% and 19% of total premature mortality
in selected cities and shortens life expectancy by between 0.4 and 1.3 years. On
average, 20% of the lost years of life due to exposure to polluted air lead to the
premature death of people under the age of 65. Exposure to fine particulate
matter (PM.s) is estimated to be responsible for 75% of all exposure-related
deaths. The percentage of total mortality from natural causes that can be
attributed to all considered air pollutants in cities varied from 4% in Bar and Tivat
to 19% in Tetovo. For the 18 cities for which baseline mortality data were available,
the attributable proportion was used to calculate the annual number of deaths
attributable to air pollution. The sum of all deaths directly attributable to air
pollution in the cities of the Western Balkans included in this study is almost 5,000
per year, with the largest number of deaths registered in the largest city in the
region, Belgrade (1,004 deaths per year can be attributed to air pollution).
Estimates of mortality attributable to PM.s exposure exceeding WHO Guidelines
in Bosnia and Herzegovina, Montenegro, North Macedonia and Serbia are higher
than in most EU member states.

WHO/UNEP data in 2019

In support of health protection policies and measures, the WHO has developed a
software tool that contains functions for assessing the health effects of exposure
to air pollutants. AirQ+ can be used, with some restrictions, for cities, countries or
regions worldwide. Data obtained in this way can answer the following questions:

1.l How much of a certain impact on health can be attributed to certain
pollutants?

2. What would be the change in health effects if air pollution levels were to
change in the future?

The test results are shown in the following figures.
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Figure 2.1. The number of premature deaths attributable to the impact of PM2s — region

Legend: blue - PM2s concentrations below recommended values, orange - PMzs concentrations above
recommended values

For all five countries considered in this study, estimates attribute approximately
13,640 deaths to PM;s exposures, of which 4,733 (35%) are attributable to PM:s
concentrations exceeding WHO guideline levels.
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Figure 2.2. Proportion of certain causes of death in mortality attributable to exposure to concentrations of
suspended particulate matter PMzs exceeding levels recommended by WHO guidelines

Notes: light orange — heart attack; orange — ischemic heart diseases; gray — chronic obstructive pulmonary
diseases; yellow — lung cancer; blue — all natural causes

Cause-specific mortality rates due to exposure to increased concentrations of
suspended particulate matter PM.s were calculated using the integrated exposure
response functions available in the AirQ+ software. Estimates of the share
attributable to air pollution for chronic obstructive pulmonary disease and lung
cancer range between 15 and 20% in several cities. Estimates for cerebrovascular
disease and ischaemic heart disease are 5 to 10 percent lower. Estimated
proportions for both groups of circulatory diseases are lower than those for all-
cause mortality in all cities. For cities with cause-specific mortality data, the
absolute number of cause-specific deaths as well as calculated cause-specific
mortality rates attributable to PM;s exposures are given.
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Figure 2.3. Death rate (per 100,000) attributable to PMzs exposures by registered cause of death by city
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Latvia 1668 210 832 105
Lithuania 2428 191 821 6.4
Luxembourg 133 1 22.6 0.1
Malta 190 31 435 72
Montenegro 494 143 7.4 22.3
North Macedonia 1474 580 69.7 275
Netherlands 5412 625 313 36
Poland 29583 9232 76.3 238
Portugal 3003 396 283 37
Romania 16920 2905 84.2 14,5
Serbia 6690 2423 747 27.1
Slovakia 3019 772 54.6 14.0
Slovenia 1009 233 47.8 11
Spain 12815 3020 27.1 6.4
Sweden 1859 19 185 0.2
Great Britain 21530 465 321 0.7

Table 2.1. Cause-specific mortality rate (all ages) attributable to PM2s exposures: comparison with estimates
for EU Member States

Estimates of mortality rates attributable to exposure to increased concentrations
of PM,s compared to WHO guidelines in Bosnia and Herzegovina, Montenegro,
North Macedonia and Serbia are higher than in most EU member states. In some
EU countries, only a small part of the population is exposed to PM,s concentrations
that exceed the WHO AQG level, and the impacts of such exposure are marginal.
The table shows that the total mortality rate attributable to air pollution in
Montenegro is 77.4/100,000 inhabitants. The situation is similar in Poland, while
higher mortality rates than the EU member states were estimated for Bulgaria,
Hungary, Lithuania, Latvia and Romania.

The Global Burden of Disease

The Global Burden of Disease (GBD) (6) is a survey that was first initiated by the
World Bank in 1990, for the purpose of preparing the World Development Report
for 1993. Then, in 1998, the WHO created a database and generated estimates for
the period 2000-2002. which are published in the WHO global annual health
reports. The GBD for 2010 was created with the help of the Bill Gates Foundation
and included over five hundred experts, with the scope of the study being
significantly expanded. The Institute for Health Metrics (IHME) (7) was established
and a methodology was established for 300 diseases and 79 risk factors. The
results of the GBD research for 2013 showed that air pollution represents the fifth
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(out of a total of 79) risk factor that contributes to the burden of disease, as well
as the most important environmental risk factor at the global level. GBD 2016 is
linked to the Sustainable Development Goals for the first time and includes 333
diseases, 84 risk factors and 23 age groups, and the assessment was carried out
for 774 locations around the world with the participation of over two and a half
thousand collaborators from 133 countries. The last global survey was conducted
in 2019 and covered 990 locations in 204 countries (including state territories),
369 diseases and injuries, as well as an increased number of risk factors.

The national profile for Montenegro (8) singles out the 10 most significant risk
factors that cause the most premature deaths and disabilities, where air pollution
is in sixth place.

Factor ranking Factor ranking % changes 2009

2009 2019 -2019
Use of tobacco products 1 1 11
High blood pressure 2 2 - 11
Risks related to nutrition S 51 - 11
High body mass index 4 SE 6.9
High plasma glucose level (on an 5 4" 144
empty stomach)
Air pollution 6 6 -12.9
High cholesterol (LDL) 7 7 -24
Use of alcohol 8 8 -13
Kidney dysfunction 9 9 3.8
Suboptimal air temperature 10 10 1.6

Table 2.2. Risk factors for health, Montenegro 2009-2019. Source: GBD 2019 — state profile of Montenegro
https:.//www.healthdata.org/montenegro

Table 2.2 shows that in the period 2009-2019, air pollution as a risk factor for
health was consistently ranked sixth, and that the impact of this risk on the number
of premature deaths and endangering health was reduced by 12.9%. The total
estimated number of premature deaths in Montenegro that can be attributed to
air pollution in 2019 is 118.95/100,000 inhabitants.

Analysis of the legal framework for air quality monitoring

The Ministry of Tourism, Ecology, Sustainable Development and Development of
the North is the primary state institution responsible for drafting legislation,
monitoring its implementation and developing the national air quality policy.

A key role in the implementation of legislation is played by the Environmental
Protection Agency (EPA), which is responsible for managing the network of air
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quality monitoring stations, creating lists of air emissions, creating reports on air
quality, informing the public about air quality, and creating and submitting reports
on air quality in accordance with the prescribed methodology to the European
Environmental Agency through the EIONET network.

Center for ecotoxicological research - CETI implements the annual air quality
monitoring program by working in the field and in the laboratory. The laboratory
has accreditation for reference methods for monitoring air quality in accordance
with EU directives, participates in interlaboratory tests, performs measurements,
laboratory analyses, verification and confirmation of data, and conducts data
quality assurance/control procedures.

The Institute for Hydrometeorology and Seismology is involved in the
implementation of legislation in the area of air quality by the obligation to calculate
the natural contribution to air pollution and monitor air quality at the EMEP cross-
border pollution monitoring station.

Local authorities are responsible for the development and implementation of air
quality plans in zones where the permitted values of polluting substances have
been exceeded, in cooperation with the Ministry and the Environmental Protection
Agency.

The Directorate for Inspection Affairs is the body responsible for inspection
supervision over the application of legislation in the field of environmental
protection, including air quality.

Air Quality Legislation

The Law on Air Protection ("Official Gazette of Montenegro", No. 25/2010, 43/15)
and a large package of by-laws regulating various aspects of air protection are
fully harmonized with the acquis of the EU on the environment.

Limit values and other air quality protection standards for pollutants in the air are
prescribed by the Decree on determination of types of pollutants, limit values and
other air quality standards ("Official Gazette of Montenegro", no. 45/08, 25/2012)
and are fully harmonized with EU legislation.

The territory of Montenegro is divided into three air quality zones, as shown in
table 2.3.

Air quality zone Municipalities in the zone
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Northern air quality zone Andrijevica, Berane, Bijelo Polje, Gusinje,
Plievlja, Kolalin, Mojkovac, Petnjica, Plav,
Plu"ine, Ro"aje, #avnik and $abljak

Central air quality zone Podgorica, Nik!i%, Danilovgrad and Cetinje
Southern air quality zone Bar, Budva, Kotor, Tivat, Ulcinj and Herceg
Novi

Table 2.3. Air quality zones. Source: Environmental Protection Agency

Figure 2.4 Air quality zones and network of measuring points; Source: Environmental Protection Agency

Until May 2019, the State Network for continuous monitoring of air quality
consisted of seven stationary stations (table 2.4), namely:

No Name of the Type of Pollutants that are measured
Station measuring point
1 Podgorica ! uT NO, NO,, NOx, CO, PM;o and Pb, BaP in PMio
2 Bar 2 uB NO, NO2, NOx, CO, SO,, Oz, PM.5, PMyg i Pb, As, Cd,
Ni and BaP in PMyo
S Nik!i% 2 uB NO, NO,, NOx, CO, SO, O3, PM2s, PMyo i Pb, As, Cd,
Ni and BaP in PMyo
4 Plievlja 2- UB NO, NO,, NOx, SO,, PM;5, PMyg i Pb, As, Cd, Ni and
Gagovi%a BaP in PMio
imanje
5 Tivat UB PM;s
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NO, NO,, NOX, SO, O3
NO, NOg2, NOx, SO,, O3

Table 2.4. Measuring points within the National Air Quality Monitoring Network until May 2019. Source:

Environmental Protection Agency

After the expansion of the network (2019), in addition to the number of locations
where air quality is monitored, the number of parameters also increased, which is
shown in table 2.5.

No

),

10

Name of the Type

Station

Plievlja

D=

Gagovi%a imanje

Gradina
Bijelo Polje

Podgorica 2
Podgorica 3

Podgorica
Gornje Mrke
Nik!i% 2

Bar 3

Kotor

Velimlje

measuring
point
uB

RB
uB

uB
uT

RB
uB
uB
uT

EMEP

of Pollutants that are measured

NO, NO,, NOx, SO,, CO, PMz5, PMio

(Pb, As, Cd, Ni and BaP in PM)

NO, NO, NOX, SOz, O3, CHa, THC i Hg

NO, NO,, NOx, CO, PM,s, PMyo, (Pb, As, Cd, Ni and
BaP in PMo)

SO,, PMzs, PMyg, (Pb, As, Cd, Ni and BaP in PMo)
NO, NO,, NOx, CO, C¢Hs, PMyo, (Pb, As, Cd, Ni and
BaP in PMo)

NO, NO,, NOx, O3, CH4s and THC

NO, NO,, NOx, CO, Os, SO,, PM,s, PMio

(Pb, As, Cd, Ni and BaP in PM)

NO, NOz, NOX, PM2_5, PM10

(Pb, As, Cd, Ni and BaP in PM)

NO, NO,, NOx, CO, SO,, CgHg, PMyo, (Pb, As, Cd, Ni
and BaP in PMyo)

PMio, PMzs, SO2, NOx, O3, CO

Table 2.5. Measuring points within the National Air Quality Monitoring Network, active since October 2019.
Source: Environmental Protection Agency

In accordance with the Law on Air Protection, Center for Ecotoxicological Testing
of Montenegro (CETI) LLC implements the Air Quality Monitoring Program of
Montenegro. The program includes the systematic measurement of the emission

of polluting substances in the air at automatic measuring stations. The list of
polluting substances-ISO-code (ISO 7168-2:1998) is given in table 2.6.

No ISO- Formula
code

1. 1 SO,

2 3 NO.,

3 8 O3

4 24 PM:o
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Sulphur dioxide Tg/m3 1 hour

24 hours
Nitrogen dioxide 1g/m3 1 hour
Ozone Tg/m3 8 hours
Particulate matter Tg/m3 24 hours
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5 CO Carbon monoxide mg/m? 8 hours

6 19 Pb Lead ng/m? Seven days
7 82 Cd Cadmium ng/m3 Seven days
8 80 As Arsenic ng/m3 Seven days
9 87 Ni Nickel ng/m3 Seven days
10 P6 BaP Benzo(a)pyrene ng/m3 Seven days
1 BbF Benzo(b)fluoranthene ng/m3 Seven days
12 BjF Benzo(j)fluoranthene ng/m3 Seven days
13 BkF Benzo(k)fluoranthene ng/m3 Seven days
14 Ind Ideno (1,2,3-d)pyrene ng/m3 Seven days
15 DahA Dibenzo(ah)anthracene ng/m? Seven days

Table 2.6. List of polluting substances - ISO code (ISO 7168-2:1998). Source: Environmental Protection Agency

Analysis of the results of air quality monitoring 1996-2009

Until the establishment of the Environmental Protection Agency (2009), air quality
monitoring was carried out by the Institute for Hydrometeorology of Montenegro.
Sampling was done by so-called semi-automatic methods, while the
concentration of pollutants was determined by the spectrophotometric method
in the laboratory. For the period from 1996 to 2009, data are available on the
average annual concentrations of sulphur(lV) oxide SO, and smoke and soot. This
analysis presents data from 4 representative measuring stations: Pljevlja, Bijelo
Polje, Podgorica and Bar.

Annual mean concentration of SO2 pg/m3 Annual mean concentration of SO2 pg/m3

|
2 pg-m3

Figure 2.5. Annual mean concentration of SOz -Pljevlja Figure 2.6. Annual mean concentration of SO. -Bijelo
Polje
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Annual mean concentration of SO2 ug/m3 Annual mean concentration of SO2 pg/m3
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Figure 2.7. Annual mean concentration of SO: Figure 2.8. Annual mean concentration of SO: -Bar
Podgorica

Source: Institute for Hydrometeorology.

The conclusion is that sulphur(lV) oxide SO, concentrations during the period
1996-2009 were very low. Data are missing for 1999 and 2000 at the
measurement sites in Bijelo Polje and Bar due to restrictions in the implementation
of air quality monitoring during the period of NATO bombing (1999) and as a
consequence of the lack of measurement resources (2000).

Annual mean concentration of smoke and soot Annual mean concentration of smoke and soot
pg/m3 pHg/m3

25
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20
20
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199619971998 199920002001 20022003 2004 20052006 20072008 2009 1996 1997 1998 19992000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Figure 2.9. Annual mean concentration of smoke andFigure 2.10. Annual mean concentration of smoke and
soot - Pljevlja soot -Bijelo Polje

Deliverable 2.8 — 4PCAN

Page 39



Annual mean concentration of smoke and soot

pg/m3 Hg/m3
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Figure 2.11. Annual mean concentration of smoke andFigure 2.12. Annual mean concentration of smoke and
soot -Podgorica soot -Bar

Source: Institute for Hydrometeorology

The conclusion is that smoke and soot concentrations during the period 1996-
2009 were very low, as was also stated for the concentration of sulphur(lV)oxide
SO,. Data are missing for 1999 and 2000 at the measurement sites in Bijelo Polje
and Bar due to restrictions in the implementation of monitoring during the period
of NATO bombing (1999) and as a consequence of the lack of measurement
resources (2000).

The general conclusion is that during the presented period there was no exceeding
of the then valid limit values. One of the reasons is the closing of factories and
large number of facilities, as a result of the economic crisis that occurred after the
war (1992-1995), as well as a result of the NATO bombing in 1998.

The air quality monitoring system was significantly improved with the
establishment of the Environmental Protection Agency (2009). A modern State
network for air quality monitoring at automatic stationary stations has been
established and the entire legislation governing the area of air quality management
Is harmonized with EU legislation.

Analysis of the results of air quality monitoring 2009-2022

Sulphur (IV) oxide SO-

Anthropogenic sulphur(lV)-oxide emissions mainly originate from the burning of
sulphur-containing fossil fuels (e.g. coal and fuel oil). Sulphur(lV)-oxide is a by-
product of numerous industrial and traffic processes.

Natural sources of sulphur(lV)-oxide emissions are volcanoes and oceans,
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although they contribute only about 2% to total global emissions.

Sulphur(lV) oxide (SO2) causes irritation when inhaled, and very high
concentrations can cause breathing problems. Asthmatics and chronic lung
patients can be extremely sensitive to the negative effects of very high
concentrations, which in extreme cases can cause asthma attacks (Report on the
state of the environment in Montenegro based on indicators, Agency for Nature
and Environmental Protection, 2017).

More than 67% of sulphur(lV)-oxide emissions in Montenegro originate from the
burning of fossil fuels — coal and fuel oil in the energy sector. The second most
significant source is combustion in non-industrial furnaces, as well as the railway,
maritime, air traffic and the use of non-road machinery (construction and mining
machinery), which each contribute 10% to the total emissions. The rest is due to
emissions from the combustion sector in industrial furnaces and production
processes. Only about 0.3% of sulphur(lV)-oxide is emitted from road traffic
(National Air Quality Management Strategy with Action Plan for the period 2013-
2016, 2013).

For the assessment of air quality based on the results of measurements of
concentrations of sulphur (IV) oxide SO, the results of measurements at
measuring points within the National Air Quality Monitoring Network were
analysed.

Annual mean concentration of SO2 ug/m3
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Bar UB Niksi¢c UB Pljevlja UB
Podgorica ub Kotor

Figure 2.13. Mean annual concentrations of sulphur(lV)-oxide ('g/m®) in the period 2009-2022; Source;
Environmental Protection Agency
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Except at the measuring points in the municipality of Pljevlja, at other locations
during the entire measurement period there was no exceeding of the limit values,
neither for the average hourly nor the average daily concentration. The number of
overruns registered at the UB station in Pljevlja is shown in figure 2.14.
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Figure 2.14. Mean annual concentrations of sulphur(lV)-oxide ('g/m?®) in the period 2009-2022; Source;
Environmental Protection Agency

By analysing the results of the measurements and the factors that influenced the
air quality in the period when exceedances were registered, the conclusion is that
the dominant factors that caused poor air quality based on the concentration of
SO, were emissions from small and medium-sized furnaces in which coal was used
for combustion, as well as emissions from the Pljevlja Thermal Power Plant, during
a period of very unfavourable meteorological conditions from the aspect of air
quality, during the heating season. These factors are high atmospheric pressure,
the absence of wind and precipitation and the dominant presence of temperature
inversions, which, in the case when the top of the stack of the Pljevlja Thermal
Power Plant is above the inversion layer, indicate the greatest influence of local
small and medium-sized furnaces where coal is burned.
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Figure 2.15 Temperature inversion with the appearance of thick fog in the Pljevlja basin during the winter
months

Nitrogen (V) oxide NO-

Nitrogen compounds that are present in the atmosphere are found in oxidized and
reduced form. Reduced compounds include ammonia and ammonium ion, and
oxidized compounds include nitrogen(l)-oxide, nitrogen(ll)-oxide, nitric acid, nitric
acid, peroxyacetyl-nitrate, nitrate ion. NOx in the air is a generic term for nitrogen
oxides - nitrogen (ll)-oxide and nitrogen(lV)-oxide (NO+NO.).

Short-term exposure to higher concentrations of nitrogen(lV)-oxide can cause
lung damage. Exposure of people with chronic lung diseases, such as asthma and
chronic obstructive pulmonary disease, may cause changes in lung and airway
function. Based on the results of research conducted on animals, it is well-founded
that nitrous oxide and ozone in combination worsen the allergic reaction to inhaled
allergens.

The main sources of nitrogen oxide emissions in Montenegro are road traffic and
combustion in the production and transformation of energy. Nitrogen oxide
emissions from road traffic account for about 50% of total emissions in
Montenegro, while the energy production and transformation sector accounts for
about 25% (National Air Quality Management Strategy with Action Plan for the
period 2013-2016, 2013).

Figure 16 shows the average annual concentrations of nitrogen(IV)-oxide in the
period 2009-2022 at measuring points within the State Network for Air Quality
Monitoring.

Deliverable 2.8 — 4PCAN

Page 43



AN

Annual mean concentration of NO2 ug/m3
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Figure 2.16. Mean annual concentrations of nitrogen(IV)-oxide (1g/m®) in the period 2009-2022; Source;
Environmental Protection Agency

During the entire measurement period, limit values were not exceeded at any
measuring point within the National Air Quality Monitoring Network. Based on this
parameter, the air quality is satisfactory at all measuring points.

PMo and PM:s

The origin of PM substances is diverse. They appear in both urban and rural
environments. Among the main sources are: household heating, emissions from
motor vehicles, dust from construction sites, landfills and landfills, dust from
agricultural areas, fires, industrial plants. Combustion of fossil fuels in the energy
sector and in households represent the most significant sources of particulate
matter in Montenegro, with a total of 70-80% of emissions, while road traffic
contributes with around 8% of total emissions. Production processes in the
aluminium and iron industry account for 3.5% of the total emissions of suspended
particles.

Particulate matter PMo

Particulate matter with a diameter of less than 10 !'m are among the most
dangerous pollutants in the air. When inhaled, they affect the resistance of the
respiratory system and are deposited in the deepest parts of the lungs. Health
problems start when the body starts to defend itself against these foreign bodies
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(particles). Particles with a larger diameter, PM,o, can cause or worsen asthma,
bronchitis and other lung diseases, thereby reducing the body's overall resistance.
Although PMy dust has a negative effect on the entire population, children,
pregnant women, the elderly and the sick are particularly vulnerable. Although
studies supported by the World Health Organization cannot show a clear cause-
and-effect relationship between certain health problems and increased
concentrations of particulate matter (primarily due to different chemical
composition and particle diameter), they agree that there is no concentration that
can be declared safe for health People.

In addition to having a negative impact on health, dusty substances also reduce
visibility during the day, because they create the effects of reduced visibility
characteristic of haze, which is often recognized as smog (National air quality
management strategy with Action Plan for the period 2013-2016, 2013).

Figure 2.17 shows the average annual concentrations of PM;o particulate matter in
the period 2009-2022 year at measuring points within the National Air Quality
Monitoring Network.

Annual mean concentrations of PM10 pug/m3
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Figure 2.17. Mean annual concentrations of particulate matter PMio (1g/m?) in the period 2009-2022; Source:
Environmental Protection Agency

In addition to concentration values, the number of days with exceedances of the
limit value for the average daily concentration is important for air quality
assessment (the limit value for the average daily concentration must not be
exceeded more than 35 days during the calendar year). Except in the Southern Air
Quality Zone, at all measuring points in the Northern and Central Air Quality Zones
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during the entire measurement period, every year the number of days with
exceedances of the limit value for the average daily concentration was over 35.
This problem is more pronounced in Pljevlja. Figure 2.18 show the number of days
with exceedances by measurement locations.

Number of days with exceeding the daily limit
value of PM10
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Figure 2.18. Number of days with exceedances of the limit value for the average daily concentration of PMio
particles; Source: Environmental Protection Agency

Particulate matter PMys

During 2012, with the acquisition of new equipment for sampling PM;s particles,
monitoring of this pollutant was established at 4 measuring points in the urban
zone: Bar, Tivat, Nik$i'* and Pljevlja. The results of the measurements indicate that
the air is heavily loaded with this pollutant, especially during the winter months,
when solid fuels are mostly used for house heating. The problem of the presence
of high concentrations of PM;s particles is particularly pronounced in Pljevlje,
where in the period from 2012-2022 year, the limit value for the mean annual
concentration was exceeded every year. Nik$i"" and Podgorica face increased
concentrations of PM.s, but not to the same extent as Pljevlja. In Bar and Tivat, the
state of air quality based on this pollutant is satisfactory.

More than 250 premature deaths and 140 hospital admissions per year, as well as
a number of other health outcomes, are associated with exposure to particulate
matter concentrations above the recommended concentration in the WHO air
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quality guidelines. More than half of these impacts are related to an increase in the
level of pollution during the winter, caused mainly by the burning of solid fuel for
heating. Further studies are needed to assess the exposure of the urban
population to air pollution related to traffic emissions and their impact on health.
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Figure 2.19. Mean annual concentrations of particulate matter PMzs (1g/m?) in the period 2012-2022; Source:
Environmental Protection Agency

Carbon (ll) oxide CO

The concentration of carbon(ll) oxide CO after the improvement of the air quality
monitoring network is monitored at locations in Podgorica (UT), Pljevlja, Bijelo Polje,
Nik$i"" and Kotor. Maximum eight-hour average annual carbon(ll) oxide
concentrations, in the period 2009-2022 year at all measurement points during
the entire measurement period were below the prescribed limit value of 10 mg/m?,

Benzo(a)pyrene

The concentration of benzo (a) pyrene (and PAHS) is continuously monitored at all
measuring points where the concentration of PMy, particles is also measured using
the reference method. The average annual content of benzo (a) pyrene in PMy
particles indicates a significant impact of burning solid fuels (mainly wood) on air
quality in Montenegro, as a high content of this pollutant was recorded only during
the winter heating season. European and domestic regulations have not
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established a limit value for this pollutant. The average annual concentration of
benzo(a)pyrene is above the prescribed target value at all measurement locations
in the Northern and Central air quality zones during the entire measurement
period. Figure 220 shows the average annual concentrations of terrestrial
benzo(a)pyrene in the period 2012-2022.
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Figure 2.20. Mean annual concentrations of benzo(a)pyrene (ng/m?3) in the period 2009-2022; Source;
Environmental Protection Agency

The highest average annual concentrations of benzo(a)pyrene were registered in
parallel with the highest average annual concentrations of PMio particles, during
the winter months in the Northern and Central air quality zones.

Content of heavy metals (Pb, Cd, As and Ni) in suspended PMi
particles

The average annual values of the content of lead, cadmium, arsenic and nickel in
suspended PMo particles at the measuring points where the concentration of PMyo
particles in the air was monitored using the reference method during the
measurement period (2009-2022) were below the prescribed limit and target
values.

Gaseous mercury

For gaseous mercury that has been monitored at the Gradina station (Pljevlja
municipality) since October 2019, no limit values have been prescribed, but only
Deliverable 2.8 — 4PCAN

Page 48



AN

control measures. Monitoring of this pollutant was established for the first time
with the aim of monitoring the impact of emissions from the Pljevlja Thermal Power
Plant on the air quality of suburban and rural areas, because the location of the
Gradina measuring station meets the meteorological and other criteria for
detecting the direct impact of pollutants emitted from the Pljevlja Thermal Power
Plant. In addition, by establishing monitoring of gaseous mercury, Montenegro
fulfilled one of the obligations stipulated by the EU Mercury Regulation 2017/852
and the obligation stipulated by the Minamata Convention.

Oncological statistics

The studies reveal alarming statistics regarding cancer burden in Europe. In 2020,
over 4 million new cancer cases (excluding non-melanoma skin cancers) and close
to 2 million deaths from cancer were estimated (20). The incidence and mortality
rates vary considerably among European countries, reflecting differences in risk
factors, national cancer control plans, and screening programs. Notably, breast,
colorectal, prostate, and lung cancers account for half of the overall cancer
burden, both in terms of incidence and mortality.(23)

Prostate cancer ranked as the most commonly diagnosed cancer among men in
nearly all northern and western European nations, while lung cancer predominated
in the majority of Eastern European countries. (23) Conversely, breast cancer
emerged as the primary diagnosis for women across all European regions. (23)
These specific cancers also stood as the foremost causes of cancer-related
deaths on the continent: lung (resulting in 388,000 deaths, accounting for 20%),
colorectal (242,000 deaths, 13%), female breast (138,000 deaths, 7%), and
pancreatic cancer (128,000 deaths, 7%). (23)

Significant disparities in both incidence and mortality rates are evident at the
national level, showcasing the varying landscape of cancer burden across Europe.
Incidence rates among males range from 430 per 100,000 in Ireland to 239 in
Montenegro, reflecting a notable contrast in the likelihood of cancer
diagnosis. .(23) Similarly, the lifetime risk of receiving a cancer diagnosis spans
from 35% in Ireland to 25% in Montenegro, highlighting the divergent experiences
across these nations. (23)

Breast cancer stands out as the most prevalent cancer among women across all
European countries, with estimates indicating its status as the primary cause of
female cancer mortality in most European countries (20). The cumulative risk of
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being diagnosed with breast cancer before the age of 75 is 8%, translating to
approximately 1 in 12 women, while the risk of death from breast cancer before the
age of 75is 1.6%, or L in 61 women, across Europe. Breast cancer reigns as the most
commonly diagnosed malignant neoplasm, comprising 27.8% of all cases of cancer
among female in Europe. It is followed by colorectal cancer, with 12.4% of cases,
lung cancer with 8.5%, and corpus uteri cancer with 6.8%. (20)

Most commonly diagnosed cancers in Europe among females, 2018

Breast

Figure 2.21 Most commonly diagnosed cancers in Europe among females, 2018. Source: The Cancer Atlas (23)
The leading cancers among males include prostate cancer, constituting 22.2% of
all cases, followed by lung cancer with 14.8%, colorectal cancer with 13.2%, and
bladder cancer with 7.3%. (20)

Most commonly diagnosed cancers in Europe among males, 2018

Lung

I Prostate -

Colorectum

Figure 2.22 Most commonly diagnosed cancers in Europe among males, 2018. Source: The Cancer Atlas (23)
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Registries for malignancies in Montenegro

The Registry of Malignant Neoplasms in Montenegro was established in 2013
following the adoption of the Law on Health Data Collections in 2008, which laid
the groundwork for disease registers. (19) The aim was to provide quality data on
cancer incidence and mortality. Registration is a legal requirement for all
healthcare providers, and the registry collects data on malignant neoplasms as
well as a certain number of benign or undefined neoplasms. The annual report of
the registry provides information on the burden of cancer across the country and
in individual regions, which is crucial for planning prevention, diagnosis, treatment,
and rehabilitation efforts. Data from the registry are vital for comparing with the
situation in other countries, tracking trends over time, and conducting research in
oncology. By the end of the first quarter of the year 2024, only data for 2013 are
publicly available. However, setting up this registry necessitates adequately
trained personnel, appropriate facilities, and equipment. Moreover, the
development of a national data system for monitoring program implementation
and reporting is indispensable. (19)

In addition to the data from the National registry, there are four malignant diseases
whose mortality data were analysed in Montenegro in the period from 1990 to
2015 and from 1990 to 2018. These are: Lung cancer, breast cancer, stomach
cancer and liver cancer.

Lung cancer

Research done by Mirjana Nedovi**-Vukovi''l, Dragan Lau$evi' et al (2019) revealed
that in 2015, lung cancer accounted for 5.44% of all deaths and 22.92% of all cancer
deaths in Montenegro. It was the leading cause of all cancer deaths and the third-
leading cause of all deaths (16). Research has pointed out that a join point was
observed in 2004 in women and in the entire population, and in 2005 in men (16).
The overall mortality rates increased from 1990 to 2004 by an average of 3.91%
per year and decreased from 2004 to 2015 by an average of 1.95%; which in the
entire observed period resulted in an average increase of 1.3% per year (16). A
particularly strong growth rate was observed in women, even 7.14% in the period
from 1990 to 2004. (16)
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FIGURE 1. Joinpoint regression analysis of overall lung cancer mortality in Montenegro from 1990 to 2015. ASR - rate per 100000
age-standardized to World Standard Population. Red square - observed; blue line — 1990-2004 annual percent change (APC)=3.91%;
green line — 2004-2015 APC=-1.95*. Asterisk indicates APC that is significantly different from zero at alpha=0.05.

Figure 2.23 Jointpoint regression analyses of overall lung cancer mortality in Montenegro from 1990 - 2015.
Source: Nedovi''-Vukovi", Mirjana et al. (2019) (16)

Breast cancer

According to the M.M.N. Vukovi' et al (2022) in 2018 in Montenegro, breast cancer
accounted for 4.64% of all deaths in women and for 19.78% of all cancer deaths in
women (17). In terms of total cancer mortality, it ranked first among women (17).
Age-standardized rates ranged from 11.41/100,000 in 1990 to 20.46/100,000 in
2016 (17). In the observed period, breast cancer mortality rates significantly
increased in the women in Montenegro (average annual percentage change
(AAPC) =1.44%) (17). The most affected age group was 55-64 years (17). There is a
growing breast cancer mortality trend in Montenegro. (17)

Deliverable 2.8 — 4PCAN

Page 52



Figure 2.24 Jointpoint regression analyses of overall woman breast cancer mortality in Montenegro from 1990
- 2018. Source: Nedovi"'-Vukovi'', Mirjana et al. (2022) (17)
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Figure 2.25 Jointpoint regression analyses of overall gastric cancer mortality in Montenegro from 1990 - 2018.
Source: Nedovi''-Vukovi", Mirjana et al. (2019) (15)

The highest average annual percentage decrease was registered in the age group
55—-64 for both men and the overall level. In contrast, a drop in mortality rates is
registered in both genders and all age groups at the global level for a similar period
(1990-2019). At the global level, the average annual decline in men aged between
50 and 69 is about 2.2% (15) Additionally, in Montenegro, the death rates are
significantly higher in men, with the highest death rates registered in the age
groups 55—-64 and 65—74. (15)
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Figure 2.26. Distribution of the gastric cancer mortality by age groups in Montenegro, 1990-2018, Source:
M.M.N. Vukovi' et al (2019) (15)

Liver cancer

Liver cancer mortality data in Montenegro from 1990 to 2018 were collected and
analysed by Mirjana Nedovi''-Vukovi'* (2024), Within this study mortality rates
were age standardized to the World Standard Population. Study (18) indicated that
the mortality trend was constant, with no significant increase or decrease in
mortality rates both at the overall level and by gender. Further analysis has shown
that the number of cases, however, increases significantly at the overall level by
an average of 1.4% per year (average annual percentage change (AAPC) and in
women by 1.9% per year. (18) In men, there was no change in the number of cases.
The three age groups most burdened by mortality from liver cancer were 65—74
(34.9%), 75—84 (26.6%) and 55—64 (25.8%) (18). The consistent implementation of
prevention measures and hepatitis virus infection treatment has played a role in
partially favourable liver cancer mortality trends in Montenegro. (18)

Data from Registry for malignant neoplasm from 2013

Montenegro has finalized the compilation, analysis, and publication of data solely
for the Registry of Malignant Neoplasms for the year 2013. Meanwhile, publications
for subsequent years are anticipated. According to the data from 2013, in different
age groups, the leading locations of malignant diseases vary. In the youngest group
(0-19 years), leukaemia is most common in boys, while in girls, leukaemia and brain
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neoplasms prevail (19). Young adults (20-34 years) are more likely to develop
testicular neoplasms (males) and breast/cervical neoplasms (females) (19). In the
35-49 age group, men are most likely to develop lung neoplasms, while breast and
cervical neoplasms are more common in women. (19) In the 50-64 age group, both
genders are most affected by malignant neoplasms, with lung neoplasms being
most common in men and breast neoplasms in women (19). A similar situation
occurs in the 65-74 age group. In individuals over 75 years old, the highest number
of cases is of neoplasms of unknown primary localization, with lung and prostate
neoplasms being common in men, and breast, colorectal, and lung neoplasms in
women (19). Nearly half of all cases of malignant neoplasms are registered in
individuals over 65 years old (19). The cumulative risk of developing malignant
neoplasms before the age of 75 is approximately 1 in 3 for men and 1 in 4 for women
(19). In 2013, malignant neoplasms accounted for a quarter of deaths in
Montenegro, with over half of deaths from them occurring due to neoplasms of
the five leading locations, including the lungs, colorectum, breast, pancreas, and
prostate. (19) Nearly a quarter of deaths from malignant neoplasms were due to
lung cancer. (19)

Figure 2.27: Cancer burden, Source: Data from Registry for malignant neoplasm from 2013, updated 2018. (19)

Deliverable 2.8 — 4PCAN

Page 56



Figure 2.28. Percentage distribution of all cancer by age group by sex, Source: Data from Registry for malignant
neoplasm from 2013, updated 2018. (19)

Figure 2.29. The leading cancer sites with percentage distribution by sex. Source: Data from Registry for
malignant neoplasm from 2013, updated 2018. (19)
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Figure 2.30. The leading cancer sites with percentage distribution, Source: Data from Registry for malignant
neoplasm from 2013, updated 2018. (19)

Globocan data

Another source of data is Globocan. According to new data from Globocan, the
number of new cases in Montenegro in 2022 was 2739, number of deaths was
1535, number of prevalent cases (5-year) was 7847. (22)

Top leading cancer by incidence in males were lung, prostate and colorectum, and
in females: breast, lung colorectum. (22)

Top leading cancer (ranked by deaths) in males were lung, colorectum and
prostate, and in females breast lung colorectum, which makes lung cancer the first
cause of death in both sexes, on the second place colorectum, and on the third
place breast. (22)
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Figure 2.31 Top leading cancer (ranked by deaths). Source: Globocan, (22)

Conclusions

Studies analysing national mortality registries from 1990 to 2018 reveal complex
changes in cancer mortality. However, due to limited data availability, particularly
with only the 2013 National Data Registry completed, there is a need for updated
epidemiological national registries. These would provide more precise data with
standardized methodologies for case entry and follow-up.

The Yugoslav Wars of the 1990s, characterized by ethnic and political tensions
following Yugoslavia's breakup, led to widespread suffering and displacement.
Twenty-five years later, discussions continue regarding the long-term impact of
war pollution on public health. Despite millions being displaced, killed, or injured
during the wars, the direct impact on cancer incidence remains uncertain.

Montenegro, heavily affected during the NATO bombing in 1999 and economic
sanctions from 1992 to 1995, suffered demographic and economic repercussions.
The collapse of the health system likely contributed to potential increases in
malignant neoplasm incidence due to inadequate prevention measures and
healthcare infrastructure.

Although war pollution from bombings and military activities released carcinogens
into the environment, causing concerns about long-term health effects like cancer
development, scientific evidence on this remains limited. Environmental pollution
did impact air, water, and soil quality, but more specific data on pollution during
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the 1990s Balkan wars is lacking.

Available data on air pollution during the Balkan wars suggest that monitoring
stations detected less pollution due to industrial collapse, resulting in improved
overall air quality. However, with the current limitations, a direct connection
between war pollution in Montenegro and increased malignant neoplasm
incidence cannot be conclusively proven for the specified period.
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3. Republic of North Macedonia
Perspective (FEMINA M)

Introduction. North Macedonia's involvement

The Republic of North Macedonia (here after North Macedonia), formerly part of
the Socialist Federal Republic of Yugoslavia, notably remained uninvolved in direct
military conflict during the Yugoslav Wars and NATO's bombardment campaign in
the 1990s. Despite the regional turmoil and ethnic tensions that characterized the
era, North Macedonia pursued a policy of non-alignment, opting to prioritize
diplomatic efforts and maintain neutrality, thereby avoiding entanglement in the
violent conflicts that plagued neighbouring regions.

Our country, North Macedonia itself did not directly participated in the armed
conflict, as it was mentioned before (except for the civil conflict in 200! in some
parts of the country) it was situated in close proximity to the conflict zones and
was affected by the broader regional instability. The influx of refugees,
displacement of populations, and disruptions to trade and transportation routes
had profound socio-economic and environmental implications for North
Macedonia.

North Macedonia, experienced significant upheaval during the Yugoslav Wars of
the 1990s. The conflicts, particularly the Kosovo War in 1999, and subsequent
NATO bombardment had profound effects on the region, including complete
degradation on the environment and air quality and presumed enlarged cancer
cases in the population living on this area, consequently on the population in North
Macedonia. Also, the civil war in North Macedonia which was fought in certain parts
of the country, had a significant impact in the overall picture. The country,
underwent substantial turmoil during the Yugoslav Wars of the 1990s. The
conflicts, notably the Kosovo War in 1999, and the subsequent NATO
bombardment, left enduring imprints on the region's socio-political landscape,
infrastructure, and environment. Among the various repercussions, the impact on
air quality stands out as critical concern. The Kosovo War, marked by ethnic
tensions and armed conflict, unfolded in close proximity to North Macedonia,
affecting its environment profoundly. The subsequent NATO intervention, aimed
at halting the conflict and mitigating humanitarian crises, further altered the
dynamics of the region. However, the consequences of military actions extended
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beyond immediate combat zones, permeating neighbouring territories like North
Macedonia.

This report endeavours to delve into the intricate relationship between air
pollution in North Macedonia from longer period of time and the confluence of
factors arising from the Yugoslav War and NATO bombardment. By scrutinizing
historical events, analysing environmental data, and exploring socio-economic
contexts, it seeks to unravel the complex interplay between conflict dynamics and
environmental degradation, air pollution and incidence of enlarged number of
cancer cases. Through this analysis, the report aims to offer insights into the long-
term ramifications of armed conflicts on air quality and environmental and overall
health of the population, with North Macedonia as a focal point of examination.

This report will be divided on two parts as a review, at the same time aims to
analyse the connection between air pollution in North Macedonia from the years
of military action until now and as an equally important part of the report is
incidence of cancer cases on which an effort will be put in investigation,
explanation and in some way to try to find connection on increased cases of
cancer in the Macedonian population. The incidence of cancer cases in North
Macedonia is not straightforward and direct. However, there are potential indirect
links that can be considered. It's important to note that while these are plausible
connections, they are speculative, and any direct correlation between the
Yugoslav Wars/NATO bombing and cancer incidence in North Macedonia would
require thorough epidemiological studies and data analysis to establish causality.
Cancer is a complex disease with multifactorial causes, including genetic
predisposition, lifestyle factors, environmental exposures, and healthcare access,
among others. Therefore, attributing cancer cases solely to specific historical
events or interventions would be challenging without comprehensive research and
evidence. There hasn't been a specific studies or comprehensive documentation
directly linking the Yugoslav Wars and cancer incidence in North Macedonia.
However, we can provide insights into potential ways, generally based on gray
literature documentation and states in which the military actions and their
aftermath could indirectly influence cancer rates in the region, particularly in North
Macedonia as a neighbouring country in the region where the military actions were
taken.

Based on our competitivity as a Patients Organization, as much as possible, we will
put a strong effort to provide a link between military actions taken in the region

Deliverable 2.8 — 4PCAN

Page 64



AN

and environmental degradation presented by air pollution and enlarged incidence
of cancer cases through years after military operations which had have been
overflowed in North Macedonia.

Impact on air quality in North Macedonia

In North Macedonia, air quality in the last decade has been a significant concern,
particularly in urban areas. The country faces challenges related to industrial
emissions, traffic pollution, and reliance on coal for energy production. These
factors contribute to high levels of particulate matter and other pollutants,
impacting public health and the environment. Efforts to address air quality issues
include regulatory measures, technological advancements, and international
cooperation aimed at improving monitoring and reducing pollution levels. Some of
the factors which have significant impact and consequences on air quality are as
follows:

¥ Industrial disruption: The Yugoslav Wars disrupted industrial activities and
infrastructure in North Macedonia. Factories and power plants suffered
from lack of maintenance, leading to increased emissions of pollutants.
Industrial facilities such as factories, power plants, and refineries suffered
from damage, reduced maintenance, and interrupted operations. This
disruption likely led to increased emissions of air pollutants such as sulphur
dioxide (SO2), nitrogen oxides (NOx), and particulate matter (PM),
contributing to air pollution.

¥ Energy sector: The conflicts disrupted energy production and distribution
systems, leading to shortages and inefficiencies in power generation. In
North Macedonia, the energy sector relied heavily on coal-fired power
plants, which can be significant sources of air pollution. Disruptions in coal
supply chains and maintenance of power plants may have exacerbated
emissions of pollutants, further deteriorating air quality.

¥ Transportation and mobility: The conflicts disrupted transportation
networks and infrastructure, impacting road, rail, and maritime routes. In
North Macedonia, increased military convoys, refugee movements, and
disruptions in trade routes could have led to higher vehicular traffic and
emissions of air pollutants from diesel and gasoline engines. Additionally,
damaged infrastructure may have contributed to dust emissions from
unpaved roads and construction activities.
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¥ Agricultural burning and deforestation: The Yugoslav Wars led to
widespread displacement of populations and economic disruptions,
including in agriculture. Displaced populations may have resorted to
traditional agricultural practices such as slash-and-burn farming, leading to
increased emissions of air pollutants from biomass burning. Deforestation,
driven by resource scarcity and population displacement, could have also
contributed to higher levels of air pollution due to reduced carbon
sequestration and increased soil erosion.

¥ Urbanization and population displacement: The conflicts led to significant
population movements, including internally displaced persons (IDPs) and
refugees. In North Macedonia, influxes of refugees from neighbouring
conflict zones placed additional pressure on urban infrastructure and
services. Overcrowding, inadequate housing, and limited access to
sanitation facilities in refugee camps may have contributed to localized air
pollution, including indoor air pollution from biomass fuel use for cooking
and heating

¥ Health impacts: The combination of increased air pollution and population
displacement during the Yugoslav Wars likely had adverse health effects on
the population of North Macedonia and the broader region. Exposure to air
pollutants such as PM, NOx, and volatile organic compounds (VOCs) can
exacerbate respiratory diseases, cardiovascular disorders, and other health
conditions. Vulnerable populations, including children, the elderly, and
individuals with pre-existing health conditions, may have been particularly
susceptible to these health impacts.

¥ Post-War recovery challenges: The environmental consequences of the
Yugoslav Wars persisted beyond the cessation of hostilities, posing
challenges to post-war reconstruction and sustainable development
efforts. North Macedonia, like other countries in the region, faced the
daunting task of rebuilding infrastructure, restoring ecosystems, and
addressing environmental pollution while simultaneously addressing socio-
economic challenges and political transitions.

¥ Refugee crisis: The influx of refugees during the Kosovo War strained North
Macedonia's resources, including energy and transportation. Increased
vehicular traffic and makeshift settlements likely contributed to air
pollution.
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¥ Military activity and bombardment: Although North Macedonia was not
directly targeted by NATO airstrikes, the regional conflict and military
activities likely led to heightened air pollution due to fuel combustion,
explosions, and industrial damage.

This rapid literature review collates available evidence on the causes and
consequences of air pollution in North Macedonia. It draws on a diverse range of
sources from multiple academic disciplines and grey literature. The literature
highlights that North Macedonia is considered to have some of the worst air
quality in the West Balkans, and consequently some of the worst globally. Air
pollution is a significant problem in North Macedonian cities and urban centres
with exposure to high levels of particulate matter (PM) a particular issue. The PM.s
size fraction is the focus of many air pollution studies because it is associated with
a range of adverse health outcomes, it is also the focus of this review. This review
identifies a limited but expanding evidence base discussing air pollution in North
Macedonia. Studies are principally focused on the capital city Skopje and ambient
(outdoor)air pollution. There is a limited literature that discusses air quality issues
outside of the capital and a dearth of evidence on household (indoor) air pollution.

Air pollution in North Macedonia

Due to lack of sufficient evidence based on scientific and professional studies,
links between air pollution and cancer incidence, will be request in reports created
by other sources.

According to K4D, Knowledge, evidence and learning for development the Western
Balkans is considered to be Europe's most polluted area in terms of a range of air
pollutants with levels of air pollution influenced by a complex mix of anthropogenic
and meteorological factors. The K4D research helpdesk provides rapid syntheses
of a selection of recent relevant literature and international expert thinking in
response to specific questions relating to international development
(helpdesk@k4d.info).

K4D services are provided by a consortium of leading organizations working in
international development, led by the Institute of Development Studies (IDS), with
the Education Development Trust, Itad, University of Leeds Nuffield Centre for
International Health and Development, Liverpool School of Tropical Medicine
(LSTM), University of Birmingham International Development Department (IDD)
and the University of Manchester Humanitarian and Conflict Response Institute
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(HCRI). This report was prepared for the UK Government’s Foreign, Commonwealth
& Development Office (FCDO) and its partners in support of pro-poor programs.

For example, estimates suggest that the region’s sixteen power plants produce
more air pollution than the 250 power plants of the EU combined. Further to this,
during winter months, the region's larger cities report air pollution levels that are
the highest in Europe and some of the highest globally (Civil Society Forum, 2021).
More broadly, efforts to manage air quality issues (and indeed environmental
governance) in the region are challenged by corruption, ineffective law
enforcement mechanisms, and the lack of reliable data on the state of the
environment (Civil Society Forum, 2021).

More specifically, North Macedonia is considered to have some of the worst air
quality in the region, and consequently some of the worst globally (see, for
example Table 3.1).

In particular, air pollution is a significant problem in North Macedonian cities and
urban centres (World Bank, 2019). In the context of North Macedonia, exposure to
high levels of particulate matter (PM) is a particular concern. PM or atmospheric
aerosols is the term used to indicate any solid or liquid particle suspended in the
atmosphere. Atmospheric particles vary widely in their physical parameters such
as size and chemical composition. PM of small size fractions are considered to be
particularly detrimental to public health as they can enter the respiratory system
and lead to respiratory disease, asthma, strokes, cancer and heart disease
(Thurston et al,, 2016). Other health-effects of exposure to PM air pollution include
dermal absorption and ocular exposure which may result in eye or skin irritation.
The smaller the size of PM particle and the specific nature of its composition, the
more impact they are considered to have on health. PM;s and PMy, are particulate
matter with aerodynamic diameters less than 2.5 and 10 'm, respectively (Seinfeld
& Pandis, 2016). The PM;s size fraction is the focus of many air pollution studies
because it is associated with adverse health outcomes, it is also the focus of this
review.

: North
WHO air : I
: EU air quality Macedonia
Pollutant quality . : :
L guidelines air quality
guidelines e

limits

PMs (&g/m®) Annual mean 10 25 25

24-hour mean 25

Table 3.7 Air quality limit values in North Macedonia compared to the WHO guidelines and EU standards.
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Source: Authors own collation

Figure 3.1 provides an overview of annual average PM,s concentration (!g/m#),
weighted by population in the twenty countries with the worst air quality globally.
According to 1Q Air (2021: 11), North Macedonia ranked seventeenth internationally
for air quality in 202L.

Figure 3.32 2021 World country/region ranking (top 20) arranged by annual average PM2s concentration
(Yg/m#), weighted by population based on the available data

Exposure to high levels of air pollution is considered to be a major cause of
premature death and disease and is the single largest environmental health risk in
Europe, causing around 400,000 premature deaths per year (UNDP Website).
According to a report produced by the UN Environment Programme (UNEP) and
World Health Organization (WHO), three North Macedonian cities — Skopje, Bitola,
and Tetovo — were ranked in 2017 as among the top ten most-polluted in Europe
with conditions worsening tangibly and measurably over the past five years (UNEP
& WHO, 2019). In North Macedonia, average annual population weighted PM:s
concentration is estimated to be 37 'g/m? in highly polluted areas and 14 'g/m?3in
cleaner, rural areas (World Bank, 2019: 34).

Antilla et al. (2016: 134) reported that PM,s concentration levels are particular high
in the nation’s capital, Skopje. Annual means for PM.s were 56 1g/m? at Centar and
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55 1g/m?® at Karposh monitoring stations in Skopje. Antilla et al. (2016) highlighted
that the extremely high concentrations in early winter are the main reason that air
pollutant concentrations did not comply with European air quality standards in
Skopje during their study period. Continuous monitoring in selected North
Macedonian cities found PM,s hourly concentrations of up to 800 'g/m3 more
than 30 times higher than the 24-hour mean set by the WHO guidelines (at 25
Ig/m?3) to protect human health (Anttila et al. 2016). In 2016, annual average PM:s
concentration in Tetovo reached six times the WHO health-based guidelines. In
the capital city Skopje, annual average concentrations of ambient PM.s were four
times higher than the WHO air quality guideline values (World Bank, 2019: 18). Air
pollution has thus reached levels considered health threatening in most urban
locations across North Macedonia, particularly during winter months (FMI &
MOEPP, 2017).

¥ North Macedonia ranked seventeenth internationally in 202! in terms of
annual average PM,s concentration (!g/m3), weighted by population
according to IQ Air (202L: 11)

¥ Three North Macedonian cities — Skopje, Bitola, and Tetovo — were ranked in
2017 as among the top ten most-polluted in Europe with conditions worsening
tangibly and measurably over the past five years (UNEP & WHO, 2019). Other
studies suggest that air quality in North Macedonia is improving slowly.

¥ According to Balkan barometer data, reported by the OECD (2022), in 2019 in
response to the question “Do you consider pollution to be a problem in your
place of living?”, 45% of respondents in North Macedonia considered it a “very
serious problem”.

Various commentators have reflected that PM concentrations have remained at a
broadly similar level during periods of analysis, exceeding limit values significantly
in urban locations (see, for Example Figure 3.2). These high PM concentrations are
considered to pose a serious risk to the health of the population.
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Figure 3.33 Trend in annual mean concentration across all stations (North Macedonia) against the EU standard
PM:s (! g/m? for the years 2012-2017). Source: EEA, 2021 reproduced under CC BY 2.5 DK

More recent studies have reported that North Macedonia’s annual exposure to
PM_s air pollution decreased from 39.1 'g/m3 in 2005 to 33 'g/m? in 2017 (OECD,
2022). Despite this decline, it remains the highest level in the Western Balkans
(average for the West Balkans 25.77 1g/m3), more than double the EU and OECD
averages (131 !g/m3® and 125 !g/m3 respectively) and far above the WHO
recommended maximum (annually) of 10 g/m?3. In terms of public perception, air
pollution issues have assumed increased prominence as a social and political
issue in recent years. According to Balkan barometer data in 2019, reported in
OECD (2022), in response to the question “Do you consider pollution to be a
problem in your place of living?”, respondents in North Macedonia reported the
following:

¥ Very serious problem 45%

¥ Somewhat serious problem 37%
¥ Not too serious problem 11

¥ Not a problem at all 5%

¥ | don’t know/I refuse to answer 2%

PM.s emissions are not expected to decline markedly under existing policies due
to the combustion of fuelwood in household stoves and boilers with current
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energy projections do not foresee major shifts away from fuelwood burning in
households (World Bank, 2019). To make effective emission reduction measures,
not only the pollution levels but also the relationship between emissions,
atmospheric conditions and local source contributions needs to be understood.
In North Macedonia there is an expanding, though limited, systematic and reliable
data on air pollutant emissions as well as their formation and concentrations
(Antilla et al., 2016).

Causes of air pollution
Whilst the causes or sources of poor air quality can be identified, these causes

and underlying processes may vary within and between cities (MoEPP, 2017).
Natural sources of PM include dust storms, ocean/sea spray (sea salt), dust
erosion due to wind, forest fires, volcanic eruptions, and the release of biogenic
PM (e.g., pollen and spores). Man-made sources include traffic, non-combustion
and combustion industrial processes, power plants, construction activities,
agricultural activities (including agricultural waste burning) (Haq & Schwela, 2008:
6). A key contributor to heightened levels of PM in urban settings is the
combustion of solid and liquid fuels for power generation, domestic heating,
cooking or lighting and in vehicle engines. PM can also be formed in the
atmosphere through chemical processing of its gaseous precursors. Source
Apportionment is an approach used for the identification of ambient air pollution
sources and the quantification of their contribution to pollution levels. This task
can be accomplished using different methods: emission inventories, source-
oriented models and receptor-oriented models. A number of source
apportionment studies have been undertaken in North Macedonia, at both
national and local levels. At the national level, the dominant share of PM.s pollution
originates within the geographical boundaries of North Macedonia. The
contribution of transboundary sources (about 30%) to ambient air pollution in the
country is considerably less than domestic sources (World Bank, 2019). The main
sources of ambient PM air pollution in North Macedonia in 2014 were identified as:
residential heating (36% of total primary emissions), industrial processes (33%)
and energy production (20%). Traffic contributed 2% of the total emissions of PM
particles (World Bank, 2019). A PM source apportionment study for the City of
Skopje conducted in 2015/16 identified similar sources originating from household
heating (32-36%), traffic (16-19%), road dust (19-20%), and industry (18% of the
total particulate matter concentrations) (Dimovska & Gjorjev, 2018). According to
a 2017 report from North Macedonia’s MoEPP, the main emission sources for PM;s
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in 2016 in North Macedonia were residential heating with a share of 58%, industrial
processes and product use (mainly ferroalloys production) with 20%, and energy
industries with 6%. Fugitive emissions, agriculture, and waste are reported to be
minor sources of PM.s emissions in 2016 (World Bank, 2019: 40).

¥

¥

¥

¥

¥

At the national level, the dominant share of PM;s pollution originates within
the geographical boundaries of North Macedonia. The contribution of
transboundary sources (about 30%) to ambient air pollution in the country is
considerably less than domestic sources (World Bank, 2019).

The main sources of ambient PM air pollution in North Macedonia in 2014 were
identified as; residential heating (36% of total primary emissions), industrial
processes (33%) and energy production (20%). Traffic contributed with 2% of
the total emissions of PM particles (World Bank, 2019).

A PM source apportionment study for the City of Skopje conducted in
2015/16 similarly identified sources as originating from household heating (32-
36%), traffic (16-19%), road dust 19-20%, and industry (18% of the total PM
concentrations) (Dimovska &, Gjorgjev, 2018).

Household fuel use: Household fuel use is consistently identified as the
predominant source of PM emissions in North Macedonia. In particular, the
use of polluting fuels (e.g., firewood) for heating of households in the winter
period causes serious problems with air quality in densely populated
residential areas.

Energy: According to the International Energy Agency (IEA), North Macedonia
remains reliant on fossil fuels. The majority of its total energy mix, both on
supply and demand side, falls under the category of fossil fuels mostly due to
the usage of coal and oil.

Industry: In North Macedonia, industrial activities can have a detrimental
effect on air quality at the local level due to the prevalence of old industrial
plants that lack modern emission reduction systems (MoEPP 2017). According
to information provided by the Ministry of Environment and Physical Planning
(MoEPP), major sources of pollution include ferroalloy production facilities
and power plants.

Transport: Vehicular emissions are a significant source of pollution in many
urban areas. The MoEPP (2017) report that at the national level, circa half of
the nation’s passenger cars and buses are old, belonging to the high-emission

Deliverable 2.8 — 4PCAN

Page 73



AN

vehicle categories. Although transport may not appear to be a significant
source of emission at the national level, its impact on air quality and
population exposure to PM.s may be more important at the local level.

Legislation and enforcement

The Government of North Macedonia has made significant efforts to develop a
comprehensive legal framework for ambient air quality management that is
harmonized with European legislation (World Bank, 2019). Achieving sustained
reductions in air pollution, however, requires further government commitment,
dedicating significantly higher resources, and building capacity at different levels
to both monitor air quality and to enforce that legislation that exists. In particular,
World Bank (2019) highlight that agencies responsible for air quality management
tasks need to be adequately staffed with people having the requisite technical
skills and adequate budgets allocated not only for sustained operation and
maintenance of the air quality monitoring network but other critical aspects
including data analysis, reporting and management, chemical analyses,
atmospheric modelling, and health impact assessment (World Bank, 2019).
Strengthening institutional capacity to enforce existing air pollution limits is
another pressing priority. As of 2015, a total of nineteen inspectors were
responsible for enforcing all environmental laws at the national level. Resource
constraints are also evident at the municipal level, leading to individuals being
responsible for inspections, issuance of permits, and other documentation.
Sustained, higher resource allocation for enforcement and strong political will are
key to improve enforcement of existing air quality laws and regulations (World
Bank, 2019).

Covid-19 impact

The impact of the COVID-19 pandemic on air pollution was multifaceted. Studies
in North Macedonia have highlighted a decrease in the levels of all pollutants
measured during the COVID-19 period in 2020 compared to those reported
between 2017 and 2019 (Dimovska & Gjorgjev, 2020: 355). The first movement
restrictions in the country were introduced in March 2020, followed by stricter
movement restrictions in April 2020. Dimovska and Gjorgjev (2020: 357) identified
a substantial decrease in PM concentrations in all cities observed in the study (15—
48% for PM;s during the strictest COVID restrictions). They assert that this was
likely attributable to the significant reduction of vehicular traffic and transport, and
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to the reduction or complete stop of industrial activities given restrictions
imposed by the authorities (Dimovska & Gjorgjev, 2020: 357).

Consequences of air pollution

A significant proportion of Europe's urban population lives in cities where EU air
quality standards for the protection of human health are regularly exceeded, with
North Macedonian cities ranking as some of the worst for air quality. Air pollution
continues to have significant impacts on the health of Europeans, particularly in
urban areas. These health impacts have economic costs, cutting short lives,
increasing medical costs and reducing productivity through lost working days. The
pollutants with the most serious impacts on human health are PM, nitrogen dioxide
and ground-level ozone (EBRD, 2019). Alongside these health costs, air quality
exerts a significant economic impact (associated with health-related costs) and
is an issue of political concern. Whilst various estimates exist, the EBRD estimate
that approximately 1,350 lives are lost annually due exposure to PM, costing the
North Macedonian economy EUR 253 million, or 3.2% of GDP (EBRD, 2019: 17).

When examining the relationship between cancer and air pollution, researchers
typically conduct epidemiological studies to analyse patterns and trends. These
studies often involve large populations over extended periods. They assess
various factors, including exposure to different pollutants, geographical locations,
demographic information, and health outcomes such as cancer incidence rates.

If there is no established connection between cancer and air pollution in
North Macedonia, it might mean that:

1.l Existing Studies: Existing epidemiological studies in North Macedonia
might not have found a significant correlation between cancer rates and
air pollution
levels. This could be due to various reasons such as limited data,
methodological constraints, or other confounding factors.

2.! Data Quality: The available data on cancer incidence and air pollution
levels might not be comprehensive or reliable enough to establish a clear
link.

3. Other Factors: Other factors such as lifestyle choices, genetic
predispositions, occupational exposures, and access to healthcare
services could be more
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significant contributors to cancer incidence rates in North Macedonia
than air pollution.

4.! Local Context. The specific composition and sources of air pollution in
North Macedonia might not be strongly associated with cancer
development
compared to other regions.

It's essential to note that the absence of evidence does not necessarily imply
evidence of absence. In other words, just because a connection between cancer
and air pollution hasn't been firmly established in North Macedonia doesn't mean
that it doesn't exist.

Further research, including more comprehensive studies and data collection
efforts, may be necessary to fully understand the relationship between air quality
and cancer in the region. The most extreme estimates suggest that in selected
North Macedonian cities 1,903 human lives (excess deaths) are lost annually due
to PM.s exposures (22.3% of total all-cause mortality). The mortality rate
attributable to PM.s exposures (per 100,000 populations) is highest in the city of
Tetovo (301l); Bitola (234); and Skopje (208) (Dimovska & Gjorgjev, 2018). The
World Bank (2019) estimated the economic cost associated with mortality from
exposure to air pollution in North Macedonia is in the range of US$500—900 million
annually, equivalent to 5.2—8.5% of GDP in 2016 (World Bank, 2019: iv-v). This
valuation only quantifies economic impacts from premature mortality associated
with specific diseases. Whilst the political consequences of air pollution are
multifaceted and can be difficult to identify, it is important to acknowledge the
potential impact of poor air quality. For example, North Macedonia’s accession to
the European Union is dependent on it meeting obligations, including those around
air

quality.

The incidence of cancer in North Macedonia has been linked to various factors,
including air pollution. Air pollution refers to the presence of harmful substances
in the air, such as particulate matter, nitrogen dioxide, sulphur dioxide, and volatile
organic compounds, emitted from sources like industrial activities, vehicle
emissions, and household heating, also emphasizing the pollution as the
consequence of military actions due to Yugoslav war and NATO bombardment
which caused long-term damage to the entire environment. Prolonged exposure
to these pollutants has been associated with respiratory problems, cardiovascular
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diseases, and an increased risk of cancer. In North Macedonia, where urban areas
often experience high levels of air pollution due to industrial activities and heavy
traffic, the correlation between air pollution and cancer incidence is a growing
concern. Studies have shown associations between certain air pollutants and
cancers such as lung cancer, bladder cancer, and leukaemia. Additionally,
pollutants can exacerbate existing health conditions, potentially leading to a
higher cancer risk over time.
Efforts to mitigate air pollution in North Macedonia include implementing stricter
regulations on emissions, promoting cleaner technologies, improving public
transportation systems, and increasing public awareness about the health risks
associated with poor air quality. By addressing air pollution comprehensively,
North Macedonia aims to reduce the incidence of cancer and improve overall
public health.

Cancer related to military actions

While the Yugoslav Wars and NATO bombing campaigns did not directly cause
cancer in North Macedonia, the conflict and associated environmental damage
may have indirectly contributed to health issues, including cancer, in the region.
During the conflicts of the 1990s, industrial facilities, infrastructure, and hazardous
materials were targeted, leading to environmental contamination and pollution.
Additionally, the use of depleted uranium ammunition by NATO forces in
neighbouring regions raised concerns about potential environmental and health
Impacts due to radioactive contamination. The long-term effects of environmental
damage and exposure to pollutants from the conflicts have been a subject of
ongoing research and debate. While there is no direct evidence linking cancer
cases in North Macedonia solely to the Yugoslav Wars and NATO bombing, the
disruption caused by the conflicts and their environmental aftermath may have
contributed to health challenges faced by the population, including an increased
risk of certain cancers. It's essential for authorities to continue monitoring and
addressing environmental health concerns to safeguard the well-being of the
population.

The connection between the Yugoslav Wars and NATO's intervention, particularly
the bombing campaign in 1999, and the incidence of cancer cases in North
Macedonia is not straightforward and direct. However, there are potential indirect
links that can be considered:
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1.I' Environmental impact: During the NATO bombing campaign in 1999, North
Macedonia, then part of the Federal Republic of Yugoslavia, was not directly
targeted but still experienced some environmental consequences due to
fallout and pollution from nearby areas that were bombed. Although North
Macedonia wasn't directly targeted, there could have been fallout affecting
air, water, and soil quality due to the proximity to bombed areas. Depending
on factors such as wind patterns and geographic proximity, there could
have been contamination of air, water, and soil in parts of North Macedonia,
potentially affecting public health in the long term. Contaminants such as
heavy metals, particulate matter, and toxins from destroyed infrastructure
and military activities can pose long-term health risks, potentially
contributing to cancer development.

2.! Disruption of healthcare services: The Yugoslav Wars and subsequent
political instability in the region could have disrupted healthcare systems
and infrastructure in North Macedonia. This disruption might have affected
healthcare access, including cancer screening, diagnosis, and treatment,
potentially leading to underreporting or inadequate management of cancer
cases. Armed conflicts can disrupt healthcare services and infrastructure,
including cancer screening, diagnosis, and treatment. Displacement of
populations, damage to healthcare facilities, shortages of medical supplies,
and disruptions in transportation networks can hinder access to essential
healthcare services. Delayed diagnosis and treatment of cancer can lead
to advanced disease stages and poorer outcomes.

w

I Stress and psychological impact: Wars and armed conflicts can have
profound psychological effects on populations, leading to increased stress,
anxiety, and mental health issues. Chronic stress and trauma have been
linked to negative health outcomes, including a potential impact on the
immune system and
increased susceptibility to diseases like cancer. The Yugoslav Wars
subjected populations in the region, including North Macedonia, to
significant psychosocial stress and trauma. Displacement, violence, loss of
loved ones, and economic hardship can have profound psychological
impacts on individuals and communities. Chronic stress and trauma have
been associated with adverse health outcomes, including immune system
dysregulation and increased
vulnerability to diseases such as cancer. However, direct causality between
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psychological stress and cancer remains a subject of ongoing research.

4.! Economic consequences. The economic consequences of the Yugoslav
Wars and subsequent political instability could have indirect effects on
cancer incidence in North Macedonia. Economic downturns, poverty, and
unemployment can influence lifestyle factors such as diet, physical activity,
and access to healthcare, which are known determinants of cancer risk.

It's important to note that while these are plausible connections, they are
speculative, and any direct correlation between the Yugoslav Wars/NATO
bombing and cancer incidence in North Macedonia would require thorough
epidemiological studies and data analysis to establish causality. There is poor data
on this topic in North Macedonia, mostly based on data from the Institute for
Public Health of the Republic of North Macedonia (IPHRNM) in collaboration with
Centers of Public Health in The Republic of North Macedonia, which integrates all
data from the University Clinics in North Macedonia as University Clinic for
Radiotherapy and Oncology; University Clinic for Haematology; University Clinic
for Gynaecology and Obstetrics and others and gray literature- presented as
materials and research produced by organizations outside of the traditional
commercial or academic publishing and distribution channels (reports, working
papers, government documents, newsletters, and evaluations. Cancer is a complex
disease with multifactorial causes, including genetic predisposition, lifestyle
factors, environmental exposures, and healthcare access, among others.
Therefore, attributing cancer cases solely to specific historical events or
interventions would be challenging without comprehensive research and
evidence.

From the health map of North Macedonia

The Health map of the Republic of North Macedonia represents the status of the
health protection and health condition in the Republic in general and separately
for each health region in 202l in terms of the organizational structure, health
services, health personnel, morbidity and mortality. The aim of this publication is
to provide contribution in preparation of the health development strategy in our
Republic, as well as the use of information by the health workers and coworkers
and all the interested subjects. The preparation of the health map is based on
official data, collected and processed by the Department for health statistics and
informatics of the Center for statistical processing health data, publication and
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education provided by the Institute for public health in
Republic of North Macedonia and the State Statistical Office. The Health map of
the Republic of North Macedonia for 2021 is the twenty-third publication in a row
that as a form of continuous annual publishing of actual data, will go on in the
future.!

The Cancer Registry of the Republic of Northern Macedonia is managed by the
Institute of Public Health of the Republic of North Macedonia (IPH). Since 1995, the
Register has been kept in electronic form. It registers more than 165000
individuals by 31 December 202L

Cancer in North Macedonia 2010-2019 and Cancer in The Republic of North
Macedonia 2012-2021 documents are created by the Health Data Department
which is a part of The Institute of Public Health of The Republic of North Macedonia.
Those two documents from the IPH will be compared in terms of incidence of
cancer cases in these years. The main point is to establish if there is real number
of enlarged incidence of cancers.

The aim of this reports is to provide information on new cases of cancer at the
level of diagnoses, gender and adult groups of patients for ten years. The report
also provides information on the distribution of cases by geographically defined
health regions. Statistically processed data for ten years presented in the report
provide more accurate information on the condition, trends and other relevant
parameters of the disease.

The ten-year report on cancer in the Republic of North Macedonia for 2010-2019
was prepared in the Department of Health Data, part of the IPH, based on data
from the Cancer Registry of the Republic of Northern Macedonia. The analyses in
the Report were made from data contained in the application form 3-35-86
according the Law on Records of the Republic of North Macedonia. In the period
from 2010 to 2019, the Register included 66,941 patients. On average in the
Republic of Northern Macedonia in the period 2010-2019 there are 6694 new
cases per year, there are 323 cases per 100,000 population, 55% of the cases are
males while 45% are females. Up to the age of 50, females are represented by 59%,
and males by 41%. Above the age of 50, males are represented by 57%, unlike
females are covered by 43%. The data show that about 87% of cancer cases are
among the population over the age of 50, , of which 20% are between the ages of
50 and 60. About 0.4% of cancer cases occur in children and adolescents under
the age of 15.
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The most common diagnoses in the ten years on the entire population are
malignant neoplasms of the bronchi and lungs with 12.16% of the total reported
cases, followed by malignant neoplasms of the breast, other malignant neoplasms
of the skin, stomach, etc. The most common diagnoses in the ten years on the
male population are malignant
neoplasms of the bronchi and lungs with 18.6% of the total reported cases,
followed by malignant neoplasms of the prostate, other malignant neoplasms of
the skin, stomach, etc. The most common diagnoses in the ten years on the female
population are malignant neoplasms of the Breast with 23.21% of the total reported
cases, followed by malignant neoplasms of corpus uteri, other malignant
neoplasms of the skin, bronchi and lung, etc.

Analysed according to the health regions of the malignant neoplasm bronchi and
lung are most common in Skopje, with an average of 288 cases per year in 10 years,
46 cases per 100,000 population. Demir Hisar and Sveti Nikole have the highest
rate per 100 000 population with 60 cases followed by Gevgelija with 59 cases.

Breast cancer is the most common in Skopje, with an average of 271 cases per year
in 10 years, 85 cases per 100,000 population. The highest rate per 100,000
inhabitants has Sveti Nikola with 93 and Kratovo and Berovo with 91 cases.

On average for 10 years, at the level of one year, the number of patients with
malignant diseases treated in the hospital-inpatient health care system is 30923,
which represents 11.43% of the average number of all patients treated annually.

In the processed ten-year period, the length of stay of patients with malignant
diseases at the annual level in average is 299,858 days, which represents 14.44%
of the length of stay of all patients.

The analysis shows an increase in patients with malignant neoplasms who are
treated in the hospital-stationary part of the health system. In 2019, 12.98% of the
total treated patients had malignant diseases, while the length of stay was 20.53%
of the total length of stay of all patients. The previously given analyses do not show
the health services that are provided in the day hospitals. The processing of data
from the Cancer Registry can significantly contribute to the development of
appropriate policies with which health systems deal with this disease.

In the tables bellow new cancer cases average value distribution among male and
female are presented between 2010-2019:
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Key facts most common cancers (average for ten years) 2010-2019

ALL

All
Bronchus and lung
Breast

Other of skin
Stomach
Colon
Prostate

Liver and intrahepatic bile

ducts

Rectum

Bladder

Corpus uteri
Pancreas

Larynx

Brain

Cervix uteri
Ovary

Melanoma of skin

Diffuse
lymphoma

Kidney except renal pelvis

Myeloid leukaemia
Trachea
Other

non-Hodgkin

MKB
ICD10

C34
C50

C44
Cl6
C18
coel

C22

C20
ce7
C54
C25
C32
C71

C53
C56
C43

C83

coe4
C92
C33

10 Cases per
year

6694
863
752

504
425
390
347

300

264
255
21
204
169
158
151
112
110

90

8l
80
78
1150

Incidence

Z/oan(?érsall rate  — per
100 00
100 322,6
12,9 416
11,2 72,6
75 243
64 20,5
58 18,8
52 334
45 144
819 12,7
38 12,3
32 204
31 98
25 81
24 7,6
1,3 14,6
17 10,8
1,6 53
1.3 44
12 S19
12 S19
12 38
17,2 554

Table 3.8 Key facts most common cancers (average for ten years)

Death
per year

3720
801
296

61
307
208
176

184

172
15
56
189
85
147
50
76
55

24

44
44

7
628

Notes: (*) CR per 100 000 for female population; (*) CR per 100 000 for male population

Mortality
rate per
year

179,3
38,6
28,6
30
14,8
10,0
17,0

89

83
55
54
9.
41
7.
49
73
27

11
21
21

0,3
30,3

Key facts most common cancers in female (average for ten years) 2010-2019

Female

All

Breast

Corpus uteri
Other of skin
Bronchus ang lung
Colon
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ICD10

C50
C54
C44
C34
C18

Cases per

year

3009
738
21
204
178
161

% of al Incidence
cancers Egg 000
100 290.33
2452 7119
7,02 20,38
6,77 19,65
590 1713
536 15,57

rate

Death per
year

1499
290
56
23
162
86



Cervix uteri C53 151 502 14,59 50

Stomach Cl6 136 452 1311 101
Ovary C56 12 371 10,78 76
Rectum C20 106 353 10,25 72
Liver and intrahepatic bile  C22 97 3,23 9,37 70
Pancreas C25 89 2,96 8,61 8l
Brain C71 67 222 6,45 62
Bladder C67 52 172 500 22
Thyroid gland C73 48 1,60 4,65 7
Melanoma of skin C43 47 155 451 20
B'::Shima non-Hodgkin g 42 140 4,06 1
Uterus part unspecified C55 37 1,22 SIS 88
Myeloid leukaemia C92 36 1.20 348 0
Lymphoid leuk. Coal 30 099 2,89 12
Kidney except renal pelvis C64 29 0,96 2,79 15
Other 439 1459 4237 250

Table 3.9 Key facts most common cancers in female (average for ten years) 2010-2019

Key facts most common cancer in male (average for ten years) 2010-2019

Male MKB10 Cases per % of all Incidence rate Death per
ICD10 year cancers per 100 000 year
All 3685 100 354.7 2221
Breast C"# 685 18,6 659 639
Corpus uteri C%% 347 94 334 176
Other of skin C44 30! 82 289 39
Bronchus ang lung C%$ 290 7.9 27.9 206
Colon C18 228 6.2 220 123
Cervix uteri C$& 203 5,5 19.6 93
tliY::juirld intrahepatic cre 203 55 195 14
Rectum C20 158 4.3 15.2 100
Larynx C32 151 41 14.6 77
Pancreas C25 115 31 111 107
Brain C71 91 25 8.8 84
Melanoma of skin C43 63 17 6,1 35
Trachea G2 60 1,6 58 7
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Kidney except renal

pelvis co64 52 14 50 29
B';::Shimanon‘mdgk'” c83 48 13 46 0
Lymphoid leukemia Ccoal 46 13 44 21
Myeloid leukemia C92 44 1.2 4.2 21
Testis C62 36 e} 85 (0]
Rectosigmoid junction  CI19 36 1O 815 19
Other 496 134 477 303

Table 3.10 Key facts most common cancers in male (average for ten years) 2010-2019

Figure 3.34 New cancer cases in North Macedonia 2010-2019
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Figure 3.35 Cancer mortality in North Macedonia 2010-2019

The ten-year report on cancer in the Republic of North Macedonia for 2012-2021
was prepared in the Department of Health Data, part of the IPH, based on data
from the Cancer Registry of the Republic of North Macedonia. The analyses in the
Report were made from data contained in the application form 3-35-86 according
the Law on medical Records - North Macedonia. In the period from 2012 to 2021,
the Register included 69.088 patients.

On average in the North Macedonia in the period 2012-2021 there are 6908 new
cases per year, |l.e. there are 333 cases per 100,000 population, 54.2% of the cases
are males while 45.8% are females. Up to the age of 50, females are represented
by 60.80%, and males by 39.20%. Above the age of 50, males are represented by
56.24%, unlike females are covered

by 43.76%. The data show that about 87.92% of cancer cases are among the
population over the age of 50, of which 18.64% are between the ages of 50 and
60. About 0.35% of cancer cases occur in children and adolescents under the age
of 15.The most common diagnoses in the ten years on the entire population are
malignant neoplasms of the bronchi and lungs with 12.56% of the total reported
cases, followed by malignant neoplasms of the breast, other malignant neoplasms
of the skin, stomach, etc.

The most common diagnoses in the ten years on the male population are
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malignant neoplasms of the bronchi and lungs with 18.90% of the total reported
cases, followed by malignant neoplasms of the prostate, other malignant
neoplasms of the skin, stomach, etc.

The most common diagnoses in the ten years on the female population are
malignant neoplasms of the Breast with 24.87% of the total reported cases,
followed by malignant neoplasms of corpus uteri, other malignant neoplasms of
the skin, bronchi and lung etc.

Analysed according to the health regions of the malignant neoplasm bronchi and
lung are most common in Skopje, with an average of 273 cases per year in 10 years,
45 cases per 100,000 population. Demir Hisar have the highest rate per 100 000
population with 57 cases.

Breast cancer is the most common in Skopje, with an average of 303 cases per
year in 10 years, 98 cases per 100,000 population. The highest rate per 100,000
inhabitants has Kratovo with 128 and Sveti Nikole with 117 cases.

On average for ten years, at the level of the year, the number of patients with
malignant diseases treated in the hospital-inpatient health care system is 29,648
which represents 11.91% of the average number of all patients treated annually. In
the analysed ten-year period, the length of stay of patients with malignant
diseases at the annual level in
average is 339,323 days, which represents 17.06% of the length of stay of all
patients.

The analysis shows an increase number of patients with malignant neoplasms who
are treated in the hospital-stationary part of the health system. In 2021, 13.34% of
the total number of patients were treated for malignant diseases, while their length
of stay in hospital was 21.07% of the length of stay of all patients.
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Figure 3.36 Estimated number of new cancer cases in 2018 worldwide compared to average number of new
cancer cases in North Macedonia

Figure 3.37 New cancer cases 2012-202!
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Figure 3.38 "#$%&'()*'+#,-+.(/01/ 20/1

Comparing new cancer cases for period of these two ten-year reports 2010-2019
to 2011-202, there are 6694 new cases per year, on average 55% of the cases
were male, while 45% female population. Up to the age of 50, females are
represented by 59% and males by 41%. Above the age of 50, males are
represented by 57% and females are covered by 43%. The Register included
66,941 patients.

For the period of 2011-2021, there are 69,088 new cases per year, on average
542 % are males while, 458% are females. Up to the age of 50, females are
represented by 60,80% and males by 39,20% Above the age of 50, males are
represented 56,24% unlike females are covered by 43,76%.

Taking into account these statistics data, we can conclude that there is not much
difference in both two-year reports created by the Institute of Public Health in
North Macedonia.

To make comparison for cancer incidence with neighbouring countries which were
directly involved in military conflicts, the following is summary of retrospective-
registered study in Kosovo published on National Library of Medicine (PubMed
Central).
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Kosovo example: Incidence of haematological malignancies in
Kosovo—A post "uranium war" concern

During the Kosovo War (1998—-99) approximately 31,000 rounds with Depleted
Uranium (DU) were fired on 85 targets in Kosovo. The number of haematological
malignancies (HM) increased after the war and the concern was the use of DU
during the war. The aim of this study was to analyse the incidence rates of HM in
Kosovo throughout a 20-year that includes pre- and post- war period (1995—
2015); and to examine if there is any association between the use of DU rounds
and incidence rates of HM in different regions of Kosovo.

In this retrospective register-based study, 1,798 new patients diagnosed with
leukaemia, Hodgkin lymphoma, non-Hodgkin lymphoma and Multiple myeloma
were analysed over a 20-year period. Incidence rates were calculated focusing on
specific time periods, regions and age-groups. In addition, the correlation between
the use of DU in different regions and their incidence of HM was analysed.

The average annual crude rate of all HM in Kosovo was 5.02 cases per 100,000
persons. Incidence rates of HM in first post-war period (2000—-2003) increased
by 0.37 cases/100,000 persons (9.51%) compared to the pre-war period (1995—
1998) whereas in the last post-war period (2012—2015), incidence of HM increased
by 3.19/100,000 persons (82%). Gjakova and Peja, the first and third most exposed
regions to DU ordnance ranked first and second in difference in HM. Prishtina,
Gjilan and Ferizaj, regions with the least number of rounds/km2, were
characterized by a decline of incidence rates.

After the war, the increase in incidence rate of HM was higher in two regions with
most DU rounds/km? expended Despite these findings, this study warrants further
investigation and does not lead us to a conclusive finding on the existence of a
causal relationship between the use of DU during the war and the rise in incidence
of HM in Kosovo.

The use of depleted uranium in military actions raised concern after reported
increases in incidence of leukaemia and lymphoma and other cancers among
soldiers involved in the Balkan and the Gulf war (24,25). In a cancer surveillance
study in Italian soldiers deployed in Bosnia and Kosovo, increased incidence of
Hodgkin’s lymphoma (HL) was reported, although this was considered as a
sporadic event, unlikely related to DU
exposure(26). In contrast, a study carried out in three Iragi provinces exposed to
intensive military activities during the 1991 and 2003 wars, found higher uranium
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serum levels in leukaemia patients compared to control group (27). However,
epidemiological studies which compared the risk of all cancers including
leukaemia between Balkan veterans and general population in Norway, Sweden,
Netherlands and Denmark, failed to demonstrate a higher incidence among Balkan
veterans (28—32).

There have been indications that the numbers of HM cases in Kosovo post-war
have increased and the concern was it was due to the use of DU during the war
(33). The purpose of this study was twofold: 1) to analyse the incidence rates of
HM in Kosovo throughout a 20-year pre- and post- war period (1995-2015); and
2) to examine if there is any association between the use of DU rounds and
incidence rates of HM in different regions of Kosovo.

In this retrospective register-based study, were identified all HM newly diagnosed
patients in two haematology departments (Clinic of Internal Medicine; January
1995-2015 and the Pediatric Clinic; January 2000—-2015) at University Clinical
Centre of Kosovo (UCCK)—the only healthcare institution in the country that
diagnoses and treats malignancies. In some cases, patients may have sought
treatment in institutions outside
Kosovo, bypassing the UCCK. This particularly applies to four municipalities
located in the northern part of the country: Mitrovica North, Leposavic, Zubin Potok
and Zvechan.

Nevertheless, we estimate that UCCK covered the vast majority of newly
diagnosed patients with haematopoietic and lymphoid malignancies; therefore,
the data collected are representative for Kosovo. Due to deficiencies in the Kosovo
Health Reporting System, patients’ data were collected from the primary
sources—patient registries and records from the two abovementioned clinics.
Patient data (age, sex, residence and diagnosis) were cross-checked several times
for duplication and inaccurate entries and in dozens of cases were verified via
phone calls.

In this study were identified 1989 new patients diagnosed with HM over 20 years
in UCCK, of them 1696 adult patients and 293 pediatric patients. Patients
diagnosed with leukaemia, HL, NHL and Multiple Myeloma (MM) were the subject
of the study. As a result, from the total of 1,989 HM we excluded 129 cases of
Myelodysplastic syndrome, 23 cases of Myeloproliferative neoplasms, 12 cases of
non-Kosovar patients, 22 cases with largely incomplete data, as well as five cases
from two municipalities in the northern part of Kosovo, yielding a total of 1,798
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Statistical analysis

Descriptive findings are presented for 1,798 patients diagnosed with leukaemia, HL,
NHL and MM during the period 1995-2015. Annual incidence crude rates per
100,000 persons/year were calculated for each disease separately, as well as for
HM combined. For the sake of accuracy, annual incidence rates at Kosovo level
were calculated by using population data estimates for respective years, whereas
calculation of annual incidence rates for the 7 Kosovo regions is based on the 2011
census data. ‘Age Specific Incidence Rate’ was calculated only for the period 2011—
2015 using population projections (38) based on the 20!l census, because of
missing age-specific data for the period 1995-2010. In this study the age
distribution of the population is given in five-year age groups
extending to 75 years and over. For the same reason (missing age-specific data
for the period 1995—-2010), ‘Age-Standardized Rates’ (ASR) according to European
Standard Population are presented only for the period 2011—-2015, for the sake of
comparison of incidence rates with different countries.

In order to compare different findings over time, we defined five time periods:
1995-1998, 2000—-2003, 2004—-2007, 2008-201l, 2012—2015. The year 1999,
when the ll-weeks NATO air-campaign effectively ended the war in Kosovo, was
excluded from those time periods due to huge displacements of population and
considerable disruption in provision of health care services in Kosovo.

The distribution of 1,798 patients diagnosed with leukaemia, HL, NHL and MM in
Kosovo for the period 1995-2015 is presented in (Table 3.4) along with median age
at the time of diagnosis, sex-rate ratio (male rate/female rate), average annual
incidence CR/100,000 and annual average ASR only for the period 2011-2015. The
most frequent type of HM was leukaemia with 49.5%. HM were more frequent in
males than in females (sex-rate ratio 1.32) with difference being more evident for
HL (sex-rate ratio 1.54). The median age at diagnosis of HM combined was 50
years. The average annual CR of all HM in Kosovo was 5.02 cases per 100,000
persons, whereas the average annual ASR for period 2011-2015 for HM combined
was 8.33.
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Characteristics of HM in Kosovo for a 20 year period (1995-2015)

Median age at Sex-rate

Frequency, Average Annual CR rate Average Annual ASR

Diagnosis 4 ClEhls ratio per 100 000, 1995-2015  2011-2015
(years) (m/f)
M F T M F T

Leukemia 520 43 (16-62) 130 281 216 249 452 271 357

(49,5 %) ' ' ' ' ' ' '
HL 251 (140 %) 44 (27-60) 154 08 055 070 132 08 106
NHL 468 (26%) 54 (41-65) 127 145 115 130 294 223 256
MM 189 (105%) 6l (51-67) 132 060 045 052 155 076 113

1,798
Total HM 000 50 (25-64) 132 571 432 52 1033 650 833

Table 3.11 Characteristics of HM in Kosovo for 20 year period (1995-2015)

Leukaemia was the most common malignancy among children and adults till the
age of 30, but the majority of cases occurred in older people (Fig 3.7). NHL
exceeded leukaemia at ages 30—34, 50-54 and 65—69. The decline in incidence
of NHL and MM occurred at ages 65—69 whereas the decline in incidence of
leukaemia and HL occurred at ages 70—74.
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Figure 3.39 Average annual age-specific rates for HM in Kosovo for the period 2011-2015

Regional variations in incidence of HM during five four-year periods: In the pre-war
period, the incidence rates of HM malignancies combined were higher in Prishtina,
Mitrovica and Ferizaj with increased prevalence of leukaemia (3.23) and HL (0.92)
in Prishtina, MM (0.65) in Mitrovica and NHL (L.12) in Ferizaj. In this period the lowest
incidence of HM combined was in Gjakova and Peja. In the last post-war period
(2012—2015), Mitrovica was still the region with the highest incidence of HM (9.34),
followed by Ferizaj (8.11), Peja (8.06) and Prishtina (7.87). Incidences for each
malignancy for the same time periods were also calculated.

After the war, incidence rates of HM combined increased continuously throughout
the five-year time periods. The post-war changes can be summarized as follows;
the first post-war period and third post-war period (2000—2003 and 2008—-2011)
were characterized by sharp increases in leukaemia and NHL in the majority of
regions of Kosovo, the second post-war period (2004—2007) with increases in HL
and MM in the majority of regions, whereas the fourth post-war period (2012—
2015) with increases of all malignancies in the majority of regions of Kosovo (Fig
3.8).

Figure 3.40 Difference in incidence of HM between pre-war period and the two post-war periods and DU
exposure by regions
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Table 3.5. presents incidence rates by seven Kosovo regions in the pre-war (1995—
1998), as well as the first and the last post-war period (2000—-2003 and 2012—
2015). In the pre-war period the lowest incidence rates of HM combined were in
the two regions most exposed to DU ordnance (Gjakova and Peja), whereas the
highest incidence rates were encountered in the regions with lower exposure to
DU ordnance (Prishtina and Mitrovica). Whereas, in the first post-war period
(2000—2003) Gjakova and Peja, the first and the third most exposed regions to
DU ordnance show proportionally higher increase in incidence compared to the
pre-war period (1995-1998) than it is the case with the regions least exposed to
DU ordnance—Prishtina, Gjilan and Ferizaj which were characterized by declining
in incidence compared to the pre-war situation. The increase in incidence of HM
combined also was shown in Prizren region which ranked second by exposure to
DU and Mitrovica which ranked fourth. Similar trends can be observed in increase
of incidence rates of Leukaemia in the respective regions.

Regional variations of rounds/km? and incidence in the pre-war period (1995-1998) and
two post-war periods (2000-2003 and 2012-2015)

. Rounds/ . . Non- Hodgkin Myeloma
Region Kkm? Leukemia Hodgkin Lymphoma Lymphoma Multiplex
1995 2000 2012 1995 2000 2012 1995 2000 2012 1995 2000 2012
1998 2003 2015 1998 2003 2015 1998 2003 2015 1998 2003 2015
Ferizai 1.58 1.72 1.01 3.55 0.51 0.61 1.62 1.12 0.71 1.93 0.41 0.20 1.01
Gjakova 7.73 0.49 2.80 3.53 0.49 0.12 0.85 0.24 0.97 1.46 0.24 0.49 0.97
Gjilan 0.73 1.46 1.46 2.92 0.40 0.27 0.27 1.06 0.93 1.99 0.40 0.13 0.40
Mitrovica 1.85 1.43 2.98 3.63 0.52 0.38 0.78 1.04 1.56 2.47 0.65 0.26 2.47
Peja 4.78 0.68 1.82 3.74 0.57 1.02 1.13 0.68 2.04 2.50 0.23 0.34 0.68
Prishtina 1.17 3.23 2.07 3.78 0.92 0.67 0.85 0.79 1.22 2.38 0.49 0.37 0.85
Prizren 5.42 1.44 2.17 1.90 0.27 0.45 1.26 0.99 0.99 1.26 0.09 0.18 0.81

Table 3.12 Regional variations of rounds/km? and incidence in the pre-war period (1995-1998) and the two
post-war periods (2000-2003 and 2012-2015)

Increase in HM continued over the 15 post-war years. This was reflected in big
differences seen in incidence rates between the pre-war (1995—1998) and the last
post-war period (2012—2015). Throughout the Kosovo region, HM combined
increased by 3.19 cases/!00,00 persons (82%). When analysed by regions, we
found that the largest increase of incidence of HM combined occurred in Gjakova
and Peja, with the largest difference seen in leukaemia and NHL. Prizren was the
region with the largest increased incidence of HL and MM. The smallest increase

of incidence of HM combined was found in Prishtina and Gjilan.
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To date, this is the first study which analyses incidence of four broad categories
of HM—leukaemia, NHL, HL and MM in Kosovo for a period of twenty years (1995—
2015). In Kosovo the most frequent type of HM was leukaemia, which was similar
to that seen in most other SEE countries—Albania, Greece, BiH, Macedonia, Serbia
and Montenegro,
excluding Slovenia and Croatia where the most frequent type of HM was NHL (39).

Similar to other SEE countries and estimates for Albania, Greece, Macedonia and
Montenegro(39), incidence of all HM in Kosovo were higher in males than in
females. Age of diagnosis of HM varies across different world regions. In western
countries HM usually affects older people, whereas in Asia it is diagnosed at
younger ages (40—42). The decline in incidence rates of HM in Kosovo occurred
earlier than in other SEE countries, presumably as a result of shorter longevity (life
expectancy 7165 years) (43).

Incidence rates of HM vary widely by geographic location suggesting different
etiological factors, and, in general, are higher in more developed countries (39,44).
Compared to other SEE countries (39), Kosovo had the lowest ASR of all HM,
except for NHL and MM which were higher only compared to Albania. It is known
that higher national income and healthcare budgets are associated with the higher
cancer incidences (45). From that perspective, low incidence rates of HM in
Kosovo may be explained by the fact that it is lower-middle-income country (46)
with a poor healthcare system and variations in malignancy detection. Whereas, a
possible explanation for the low incidence of lymphomas can be the low incidence
of HIV infection in this country (47) which is known as a risk factor for lymphomas
(48-5)).

Although the results of the present study demonstrate that the incidence of all
HM in Kosovo was lower than in other countries, in the 20-year period, the
incidence rate increased more compared to other countries. Also, in general, in
Western countries the overall incidence of HM appears to be rising (52). In SEE
countries some HM showed increase in incidence rates and others decrease in
incidence. For example, in Slovenia, the CR of leukaemia increased by 28.1% in 2012
compared to annual average CR in period 1995—-1998, NHL by 78.2%, MM by 94.5%
whereas HL decreased by 19.5%. In Croatia, the annual crude rate of NHL increased
by 29.3% in 2012 relative to average annual CR in period 2001-2004, MM by 5.9%
whereas leukaemia and HL decreased by 8.1% and 11.5% respectively (44). The
larger increase in incidence of HM in Kosovo may partly be due to improvements
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in diagnostic procedures and the increase in longevity, but also may reflect a true
increase in disease occurrence. Due to the fact that Kosovo is the most heavily
afflicted region by DU pollution in the Balkans (15), possibility of DU toxicity and
radiation effects on inhabitants cannot be ruled out, although it is far from being
proven.

Analysis of pre-war incidence rates show that the lowest incidence rates of HM
combined were in the two regions most exposed to DU ordnance (Gjakova and
Peja), whereas highest incidence rates were encountered in the regions with low
exposure to DU ordnance (Prishtina and Mitrovica). Prishtina and Mitrovica are
considered to be the most polluted regions in Kosovo, due to the presence of
polluting industries which is one of the factors explaining the pre-war difference
in incidence of HM between regions. The Mitrovica region is known as one of the
most polluted areas in Europe by several toxic heavy elements such as Pb, Zn, As
and Cd, as a consequence of a lead processing industry which operated until the
year 2000 (53-55). Also, a study by Di Lella et al. in 2001 showed that levels of
uranium analysed in lichens from Mitrovica were higher than in other regions of
Kosovo, suggesting contamination of thalli by terrigenous material and not by DU
contamination of the environment (55). On the other hand, in the region of
Prishtina there are coal power plants which are the largest point source of air
pollution in Europe (56). In a study by Kittner et al. significant trace metal content—
Ni, Cr, Hg, As was found in lignite coal from Obilig municipality (12 km far from
Prishtina) (56). Knowing that high exposure to methylmercury is associated with
leukaemia (57,58) and that there were suggestions that Ni would be an etiological
factor for leukaemia (59), it is possible that higher incidence rates of leukaemia in
pre-war and post-war period in Prishtina, could be partially attributed to
environmental pollution by these heavy metals. Despite the fact that before and
after the war Mitrovica and Prishtina were regions with the highest incidence of
HM, the differences in incidence between the pre-war period and the first and last
post-war period, were highest in the two least polluted regions of Kosovo, but with
most DU
ordnance expended per km?—in Gjakova and Peja. On the other hand, two regions
with the least number of rounds/km2, Prishtina and Gjilan, in the first and last post-
war period had a decrease in incidence of HM.

If we take into account that DU can enter the body by ingestion (food and water),
increased levels of uranium into the water could pose risk for population. After the
war in Kosovo, several research groups analysed uranium water concentration. In
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a study done in the Region of Gjakova in 200! by Mellini and Riccobono, uranium
levels analysed in 247 wells showed normal values(60). On the other hand, in a
study done in 2014 by
Berisha et al. which analysed 95! water samples, mainly in central and eastern part
of Kosovo, only 2.6% of samples exceeded the World Health Organization
maximum acceptable concentration of 30 !gL/l, and 44.2% of the samples
exceeded the 2 IgL/l. German maximum acceptable concentrations
recommended for infant food preparations (61). Whereas immediately after the
war levels of uranium in water were within normal values, high contamination of soil
samples taken in battlefield areas in southwest Kosovo(6,7,13,62) was found, which
could enter the food chain. However, it is not possible to conclusively attribute
this findings because we have assessed the exposure to DU at the municipality
level and not individual level, and due to the fact that DU is not considered as a
human carcinogen(63). Namely, uranium is not very radioactive (having such along
half-life of billions of years, 238U decays very slowly), and its chemical properties
are often such that any inhaled or ingested uranium is excreted rather quickly from
the body(64).

Nonetheless, there are several contradictory studies about DU effect on the risk
of occurrence of cancers among them leukaemia and lymphomas. A small number
of studies show the increased risk (25,26), whereas a huge number of
epidemiological studies provide no consistent evidence that uranium causes
leukaemia or lymphoma such are occupational studies of workers exposed to
uranium for many years, studies of cancer mortality and cancer incidence among
people who have lived near uranium mills, mines and processing facilities and
studies of military participants and peacekeepers (64,65—68).

Whilst this study is the first of its kind in Kosovo, there are several limitations.
Firstly, there were no cancer registry data in Kosovo for the period analysed, so
data were collected from patient registries and records. Secondly, deficiencies in
demographic data required us to resort to estimates of resident populations for
the period 1995—2010 which may not always be accurate. Since it was not possible
to estimate data by age groups for this period, the crude rates were used instead
of age-standardized rates. Thirdly, four Kosovo municipalities constituting around
9% of the territory were excluded from this study due to the fact that populations
living in those areas do not seek medical treatment at UCCK.

Taking into account information from another source (Kosovo-Online.com), every
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year, the number of cancer patients in Kosovo increases by 10 to 15 percent. The
director of the Oncology Clinic at the University Clinical Center of Kosovo in
Pristina llir Kurtishi, said for Kosovo Online (6 November, 2023, source: Kosovo
online), warning that the number of cancer patients this year could reach up to
2,500. Dr. Kurtishi also says that the Oncology Clinic in Pristina sees around 450
to 500 patients per day, with about 300 people currently receiving chemotherapy
and over 170 individuals undergoing radiotherapy.
Citation: "In Kosovo, breast cancer is the most dominant cancer among women.
More than 400 women are diagnosed annually, and there are four to five cases in
men. In men, lung cancer is the most prevalent. In the second position, we have
colon cancer in both men and women, followed by tumours in the genital organs -
uterus, ovaries, and cervix", Kurtishi explains. When asked whether the number of
cancer patients had increased after the 1999 bombing, Kurtishi emphasized that
the Oncology Clinic had been opened in 2010, and they did not have data from
before that time. Head of the Department of Radiotherapy at the Clinical Hospital
Center's Oncology Clinic in Pristina, points out that over 20 years have passed
since the bombing, and no direct impact on the occurrence of malignant diseases
has been proven.

Citation: "It is certain that the bombing had an impact on the increased incidence,
but it has been more than 20 years since 1999. There are many other external
factors that affect us and our health, such as pollution, water, soil, and the use of
chemicals in agriculture. | think those are more significant reasons for the
occurrence of malignant diseases than the bombing, which has never been proven.
It is certainly not good, but it has not been proven whether it directly causes a
higher number of malignant diseases now, many years have passed, so | would not
connect it with that, we attribute all of this to the time of COVID. We had two years
when patients did not come for check-ups, so | think there are a few more now
accordingly", Blakaj said and claims, that the number of cancer
patients has been increasing in the last two years.

The director of the "Donja Gusterica" Health Center, confirms that the number of
cancer patients in Serbian communities in Kosovo is also on the rise and simply
by working in primary healthcare, the doctors communicate with the Republic
Health Insurance Fund, and based on the number of patients they refer to
institutions in central Serbia where they receive treatment, notice that this number
Is increasing, larger than before. not want to speculate whether the increase in the
number of cancer patients in Kosovo is related to the 1999 bombing, explaining
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that this is a matter for experts.

Citation: "There are studies that suggest the increase in cancer patients occurred
after the bombing, i.e., after the high concentration of uranium in the air. We know
that radiation is one of the risk factors for cancer development. So, there may be
some correlation regarding the increase in the number of patients”, Dr. Mladenovic
points out and provides similar data as the Albanian experts.

The incidence of cancer in Kosovo following the Yugoslav Wars and NATO
bombing campaigns has been a subject of concern and ongoing study. While
direct causality between the conflicts and cancer rates is difficult to establish
conclusively, there are several notable observations and conclusions:

1.l Environmental contamination: The use of depleted uranium ammunition by
NATO forces during the bombing campaigns raised significant concerns
about environmental contamination in Kosovo. Depleted uranium is
radioactive and has the potential to cause long-term health effects,
including cancer, through exposure to radioactive particles.

2.! Health impacts: Studies have indicated a potential correlation between the
use of depleted uranium and an increase in cancer rates and other health
problems among populations exposed to the aftermath of the conflict.
However, establishing a direct causal link remains challenging due to various
confounding factors and limitations in data collection and analysis.

3.! Complexity of factors: Cancer incidence is influenced by multiple factors,
including genetics, lifestyle, environmental exposure, and healthcare
infrastructure. While the conflicts and bombing campaigns may have
contributed to environmental
contamination and stressors on healthcare systems, other factors also play
significant roles in cancer development and prevalence.

»

I Public health concerns: Regardless of direct causality, the potential health
impacts of environmental contamination and exposure to hazardous
materials in post-conflict regions like Kosovo underscore the importance of
ongoing monitoring, research, and public health interventions to mitigate
risks and support affected populations.

To date, the pioneering study of HM incidence analysis in Kosovo showed an
increase by 3.19 cases/100,000 persons (82%) between the 20 years period of
1995—-2015. The differences of HM incidence between pre and post war periods
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were higher in two regions with most DU rounds/km? expended. Despite these
findings, this does not lead us to conclusive findings on the existence of causal
relationship between the use of DU during the war and the rise in incidence of HM
in Kosovo. So, further studies need to take place in specific regions of Kosovo to
come to conclusive findings.

Conclusion

While the exact relationship between pre and post-war period and cancer
incidence in Kosovo as directly involved and North Macedonia as neighbouring
country, remains complex and multifaceted, there are legitimate concerns
regarding environmental contamination and potential health effects. Continued
research, monitoring, and support for affected communities are essential to
address these challenges and safeguard public health in post-conflict regions. By
prioritizing research, monitoring, and support for affected communities,
policymakers, healthcare professionals, and international organizations can work
together to address the complex health challenges faced by populations in post-
conflict regions like Kosovo and neighbouring country North Macedonia, including
concerns about cancer incidence following conflicts and bombing campaigns.

The purported link between the Yugoslav Wars and NATO bombings and cancer
rates in North Macedonia and Kosovo is a complex and contentious issue. While
some individuals and groups have suggested a correlation between the use of
depleted uranium munitions during the NATO bombings in 1999 and subsequent
health issues, including cancer, there is no definitive scientific consensus
confirming a causal relationship. Factors such as limited data availability,
methodological challenges, and confounding variables make it challenging to
establish a direct link between the bombings and increased cancer rates.
Furthermore, cancer is a multifactorial disease influenced by various genetic,
environmental, and lifestyle factors. Therefore, attributing cancer cases solely to
military actions or environmental contamination is often difficult without rigorous
epidemiological evidence. In conclusion, while concerns about the health impact
of the Yugoslav Wars and NATO bombings on the populations of North Macedonia
and Kosovo are understandable, conclusive evidence establishing a causal link
between these events and increased cancer rates remains lacking. Further
research and comprehensive studies are necessary to fully understand the
potential health consequences of past conflicts in the region. !
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4. Ukrainian Perspective (DNIPRO)

Literature review of evidence from military conflicts' impact on
pollution and cancer epidemiology

Introduction

The relevance of the problem of air pollution's negative impact on health in
Ukraine compared to other countries before the onset of full - scale invasion
Even though over almost 30 years (from 1990 to 2019), air pollution has shifted
from the second to the fourth position in the ranking of risk factors - the main
causes of death, it remains one of the leading threats to public health worldwide,
with certain regional peculiarities. The regions most affected by air pollution are
South Asia, Africa, and the Middle East, while the European region experiences a

more favorable situation (5).

According to The State of Global Air report 2020 (6), prepared by the Health
Effects Institute and the IHME's GBD project, the mortality rate from air pollution
decreased by 29% from 1990 to 2019. However, mortality caused by ambient
particulate matter increased by 40%.

PM.s accounted for 4.14 million deaths (118 million years of healthy life lost);
household air pollution accounted for 2.3 million deaths (915 million years of
healthy life lost), and ozone accounted for about 365,000 early deaths (6.21 million
years of healthy life lost).

The total GBD from air pollution in Ukraine in 2019 amounted to 2,322.66 disabilty-
adjusted life years (DALYs) per 100,000 population (95% Ul 14517 - 3,279.68),
which was higher compared to Figure 4.1. In comparison with neighbouring
Moldova, the GBD from air pollution in Ukraine was higher by 52.9% (p > 0.05),
compared to Romania, it was higher by 22.8% (p > 0.05). However, the GBD
indicator from air pollution did not exceed global average values and did not fall
into the zone of special attention, unlike the mortality rate from all causes
associated with this risk factor, which in 2019 amounted to 104.74 (95% Ul 65.99 -
148.56) per 100,000 population, exceeding the values in Moldova and Romania by
59.7% and 17.6%, respectively (N>0.05).
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Figure 4.41 Air pollution is a significant cause of death and DALYs worldwide among the entire population of
both genders for 2019, according to IHME data (7)

The health conditions most commonly affected by poor air quality are
cardiovascular diseases (ischemic heart disease, stroke), respiratory diseases
(lower respiratory infections, chronic obstructive pulmonary disorder), tracheal,
bronchus and lung cancer, and type 2 diabetes mellitus (8).

The impact of polluted air is associated with the recurrence of many diseases,
including cardiovascular, respiratory, digestive, musculoskeletal, and genitourinary
disorders, as well as cancer (9).

The proportion of deaths from tracheal, bronchial, and lung cancer associated with
outdoor air pollution by fine particles in 2019 worldwide was 15%, trailing behind
chronic obstructive pulmonary disease (21%) and strokes (17%) (10). In Ukraine,
neoplasms were the second leading cause of death, and despite overall downward
trends, they accounted for 14.1% of the total number of deaths in 2019 (Figure 4.2).

In the structure of causes of death from tracheal, bronchial, and lung cancer,
among men, it ranked first, and among women, it ranked fourth. Approximately
one-third of cancer deaths were attributed to five main risk factors: body mass
index, low consumption of fruits and vegetables, lack of physical activity, tobacco
use, and alcohol consumption. Polluted air ranked eighth in the rating (11). The main
source of pollution leading to increased mortality was indoor air pollution from
coal combustion in stoves (10).
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Figure 4.42 DALYs of the trachea, bronchus, and lung cancer worldwide in the total population of both sexes
in 2019 according to IHME (7)

The highest mortality rates and GBD from tracheal, bronchial, and lung cancer
associated with air pollution in 2019 were observed in Eastern Europe, particularly
in Bosnia and Herzegovina, Serbia, and Montenegro (tab. 1). In Ukraine, the mortality
rates and GBD were lower than global values by 18.0% and 5.8% respectively (p >
0.05), but exceeded the average values for Eastern Europe by 26.9% and 33.2%
respectively (p > 0.05).

The Global Burden of Disease from Major Air Pollution Sources (GBD MAPS) project
determined that 27.3% of the total mortality associated with PM,s could be
avoided by discontinuing the burning of fossil fuels, primarily coal (8,12).

The project State of Global Air, 2020 (https://www.stateofglobalair.org/)
acknowledges the severity of the air pollution problem in Southeastern Europe due
to high concentrations of PM.s, which significantly exceed regulations by the WHO
limits (5 'g/m3) (Figure 4.3), the mortality rate due to air pollution. The mortality
rate due to air pollution in Southeastern Europe is nearly four times higher than in
Western Europe, primarily due to energy poverty and the burning of fossil fuels
(13—15). Air pollution was the 7" leading cause of death in Serbia in 2019; 10,500
deaths were linked to exposure to ambient PM.s. Of these, 27% or 2,841 deaths
were linked to fossil fuel combustion (13).
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Deaths DALYs (Disability-Adjusted Life

(Tracheal, bronchus, and Years)
Location lung cancer)

Rate 95% ClI Rate 95% ClI
Albania 732 4.66 - 10.62 162.77 10312 - 236.46
Belarus 44 273 - 656 11116 68.29 - 165.89
Bosnia  and 5 0g 11.09 - 2181 380.64 2585 - 520.25
Herzegovina
Bulgaria 10.41 7.09 - 14.42 262581 178.44 - 36365
Croatia 9.25 6.5 - 132 208.77 136.67 - 298.23
Czechia 71 4.85 - 9.96 151.91 103.24 - 213.72
Estonia 183 056 - 365 385 1176 - 78.2
Hungary 1272 8.59 - 17.71 30094 20234 - 418,31
Latvia 4.4 266 - 6.79 98.35 58.62 - 152.28
Lithuania 333 192 - 523 7481 4307 - 118.95
Montenegro  15.38 1052-2134 37826 258,64 - 52359
North 12.86 8.84 - 1781 33163 225.92 - 462.09
Macedonia
Poland 1357 9.56 - 18.37 308.12 217.02 - 41912
Republic of -5 o7 159 - 455 7871 42,01 - 120.04
Moldova
Romania 725 476 -10.3 179.48 11755 - 257.43
Russian. 291 151 - 452 72.1 37.08 - 11253
Federation
Serbia 15.96 1098 - 2183 38822 264.96 - 539.2
Slovakia 6.2 412 - 889 145.4 9596 - 208.35
Slovenia 7.95 5.17 - 1151 17318 11134 - 25319
Ukraine 41 232-635 108.94 60.97 - 167.89
Eastern Europe 324 187 - 4.83 81.78 4718 - 122.67
Global 501 372-633 115.7 86.34 - 146,59

Table 4.13 The frequency of deaths and GBD from tracheal, bronchial, and lung cancer associated with air
pollution in 2019 in Eastern European countries per 100,000 population (7)

Despite a slow and decade-long decline in use, as of 2020, some 70.5% of
Ukraine’s energy needs were still met by fossil fuels. The war had a major negative
impact on the production, processing, storage, and transit of fossil fuels (16).

It should be noted that the issue of active use of fossil fuels, particularly coal
burning, is also acute in Ukraine. However, at present, it is difficult to trace it
precisely because it is primarily characteristic of the occupied Donetsk and
Luhansk regions, where there is extraction of these natural resources.

Deliverable 2.8 — 4PCAN

Page 113



Figure 4.43 Concentrations of fine particulate matter (PMzs), 2019 (WHO 2024) (17)

The highest annual average of PM,s exposures in 2019 was observed in North
Macedonia at 30.3 (95 % 0Ol 27.4 — 33.1) g/m3 while Romania had the lowest
exposure at 15.7 (95 % 0l 12.7 — 16.9) 1g/m3. In Ukraine, the indicator was lower, at
14.5 (95% CI110.8 - 19.4) 1g/m3, but still exceeded the recommended values by the
WHO (6).

The standardized age-specific death rate per 100,000 population associated with
PM.s (Figure 4.4) In 2019, in Ukraine, the standardized age-specific death rate per
100,000 population associated with [the specific cause] was 56.7 (95% CI 34.9 -
82.4), which practically matched the global average. It was lower by 42.4%
compared to North Macedonia and higher by 53.2% compared to Romania
(N>0.05).
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Figure 4.44 Standardized age-specific death rate per 100,000 population associated with PMzsin Ukraine
and specific European countries (7)

According to data from the Swiss technology company IQAIr, which aggregates air
quality data, Ukraine did not belong to the countries with high levels of air pollution
(based on the indicator PPM). In 2022, however, there was an observed
exceedance of 1 to 3 times the WHO recommended level of PM,s at stations
installed by the project in a limited number of cities (18).

According to the World Air Quality Index (AQI) Ranking, among the most polluted
cities in Ukraine based on AQI, Kyiv ranks number 104, followed by Lutsk - 80,
Ternopil - 74, lvano-Frankivsk - 67, Khmelnytskyi - 67, Lviv - 64, Uzhgorod - 64,
Chernivtsi - 60, Vinnytsia - 56, and Odesa - 46 (19). It should be noted that the
ranking does not include large industrial cities in the eastern region, which may be
explained by the small number of stations in these areas and the active burning of
coal and wood for household purposes in the western regions of the country.
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According to the Ambient Air Quality Database (WHO, April 2022), based on data
from the O.M. Marzeiev Institute for Public Health of the National Academy of
Medical Science of Ukraine, the annual average indicators in Kyiv were in 2018 -
PM.s 22.82 Ig/m3 PMyp 37.84 'g/m3 and in 2019 - 2336 and 3119 lg/m?
respectively (20).

The reasons for air pollution in Ukraine before active military actions

Residential (19.2%), industrial (11.7%), and energy production (10.2%) sectors are
among the dominant global sources of emissions worldwide (8). Residential,
agricultural, and ground transport emissions are calculated to be the largest three
sectoral sources of PM;s"related health risks, accounting for 23.5%, 23.0%, and
19.4%, respectively, of total anthropogenic contributions within Europe (21).

In Ukraine, sources of air pollution and emissions of greenhouse gases include
transportation, heat and power generation plants, mining, and processing
industries, as well as coke chemical plants (22).

Electricity generation and industry, including coal mining, metallurgy, engineering,
and chemical processing, have historically been the leading sources of emissions
in Ukraine. In large cities, pre-war sources of pollutants included transportation,
construction, and industrial activities (23). The occupied eastern region of Ukraine
Is @ mining hub of the country. Before the war, eastern cities such as Donetsk and
Mariupol were the most polluted in the country due to coal usage, power plants,
mining, and metallurgical activities (24).

Emissions from Ukrainian coal power plants were associated with an estimated
5,000 (95% confidence interval: 3,200—6,700) deaths in 2019. In 2019, 2,700
(1,700-3,600) of the associated deaths occurred in Ukraine, 1,300 (850—1,700) in
the EU, and 1,000 (660-1400) in other countries. The most affected regions in
Ukraine were Donetsk, Kyiv, Dnipropetrovsk, and Lviv. Coal-fired power plants in
Ukraine are responsible for 80% of the total emissions of sulphur dioxide in Ukraine
and 25% of nitrogen oxide (25).

In the available literature, there are certain discrepancies regarding the
identification of the leading sources of pollution in Ukraine, which are associated
with different approaches in the existing statistical reporting on the environmental
situation. Taking this into account, we conducted independent calculations based
on the data from the State Statistics Service of Ukraine (Table 4.2).

In 2021, transportation accounted for almost all emissions into the atmosphere
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due to household activities (93.7%). In the breakdown of "Total air emissions
account (economic activity plus households)," the share of transportation was
68.9%. When analysing economic activity excluding households and considering
greenhouse gas emissions, Manufacturing (42.2%) and Electricity, gas, steam, and
air conditioning supply (32.2%) ranked first and second in the structure of
polluters, together contributing to almost three-quarters of emissions. The share
of Transport, warehousing, postal, and courier activities was 6.9%, Mining, and
quarrying - 4.9%, Agriculture, forestry, and fishing - 4.9%, while the rest of
economic activities accounted for less than 3%.

Electricity, gas, steam, and air conditioning supply ranked first among other types
of economic activities in terms of air pollution with NO,, SO,, PM,,, and PM;s;
Manufacturing ranked first in pollution with NH3, NMVOC, and CO. Regarding
pollutants, the most significant issue for households, excluding greenhouse gas
emissions, was CO (constituting 77.7% in the household pollutant structure) and
NO: (9.0%). In the emissions structure due to economic activity, CO (48.1%), SO,
(29.1%), and NO: (12.5%) predominated.
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Other service activities 5377 (0] 1,703 (0] 0,044 (0] 1,329 (0] 46,858 (0] 115 (0] 19 (0]
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Table 4.14 The distribution of sources emitting pollutants into the atmosphere in Ukraine excluding greenhouse gas emissions for 2021 (own calculations based on data (26)))

Notes: t — tonnes; NMVOC — non-methane volatile organic compounds.
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The air quality monitoring system in Ukraine

Since Ukraine gained independence, there has been legislative regulation
regarding air quality control. Currently, the main regulatory document in this
regard is the Law of Ukraine "On the Protection of Atmospheric Air" (Official Bulletin
of the Verkhovna Rada of Ukraine, 1992, No. 50, p. 678; revised as of 01.10.2023,
based on 2573-1X) (27); the Law of Ukraine "On Environmental Protection" (Official
Bulletin of the Verkhovna Rada of Ukraine, 1991, No. 41, p. 546; revised as of
08.10.2023, based on 2614-IX) is another important legislative document related
to environmental conservation in Ukraine) (28) and the Law of Ukraine "On the
Public Health System" (As amended by Laws No. 3039-I1X of 11.04.2023 and No.
3302-IX of 09.08.2023) (29). Ukraine has a fairly extensive system of
environmental monitoring (Figure 4.5).

Figure 4.45 Environmental institutions in Ukraine (30)

The Ministry of Environmental Protection and Natural Resources of Ukraine (31)
shapes and implements state policy in the sphere of environmental protection,
including the protection of ambient air. Under the ministry's guidance, platforms
such as EcoSystem operate - a national online platform providing up-to-date
information on the environment (32), incorporating the e-Air network (33), which
offers current registries and administrative services, and the EcoThreat platform
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(34), which provides real-time information on air quality. Additionally, there is a
corresponding mobile application available for smartphones.

The Ecodozor platform was developed by the Zoi Environment Network in
collaboration with the United Nations Environment Programme, the Organization
for Security and Co-operation in Europe, and the REACH Humanitarian
Initiative,(35) it provides timely mapping of the consequences of warfare against
populated areas, industrial sites, and infrastructure, as well as fires, floods, and
locations threatened by air, water, and soil pollution (36).

Observing the levels of pollutants in the air of Ukrainian cities is the responsibility
of the Ukrainian Hydrometeorological Center, which is a subdivision of the State
Emergency Service under the Ministry of Internal Affairs (37). Reports on emissions
of pollutants and greenhouse gases into the atmosphere from stationary and
mobile sources can be obtained from the State Statistics Service of Ukraine (38).
At present, Ukraine has a wide network of civil society organizations dedicated to
monitoring air quality. Civil society platforms include EcoCity (39), LUN City AIR
(40), SaveEcoBot (41), Ecoaction (42), Environment People Law (43), and others.

Comparing data obtained from various sources of statistical information regarding
air pollution unfortunately shows discrepancies in the available data (44). The air
quality monitoring system in Ukraine faces certain problems related to the
outdated norms for assessing pollution and air quality (45), a large number of
information sources that often lack integration (36,46), and the complexity of the
data collection and monitoring system (30).

Data collection on air pollution is overloaded with a large amount of information
from civil society and non-governmental organizations (EcoCity (39), LUN City AIR
(40) and others) on one hand, and on the other hand, it is complicated by certain
discrepancies with international standards. International comparisons of air
pollution in global systems such as the WHO Global Health Observatory Air
Pollution Data Portal (47), and Environment and Health Information System (ENHIS)
(48), which use data from the AirBase of the European Environment Agency (44),
European Environmental Agency (EEA) (49) are challenging because they operate
with limited information, such as data from the O.M. Marzeiev Institute for Public
Health of the National Academy of Medical Science of Ukraine for 2018 (20).

The country is continually undergoing a process of aligning Ukraine's
environmental legislation with the legal framework regulating this issue in EU
countries (50). State control in the field of air quality protection is carried out by
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the specially authorized central executive body responsible for ecology and
natural resources, its territorial bodies, as well as other specially authorized
executive bodies. Public oversight in the field of air quality protection is conducted
by public environmental inspectors by the Law of Ukraine "On Environmental
Protection" (51,52).

Since 2014, Ukraine's environmental policy has been significantly influenced by the
Association Agreement between Ukraine and the EU. Despite progress in some
areas, gaps remain in the environmental sector due to expanded obligations under
the European Green Deal. Problems with collecting environmental data arose after
the events in Crimea and Donbas in 2014 when significant challenges emerged
regarding data collection in these territories. With the onset of full-scale invasion
in February 2022, the data collection ecosystem faced new challenges due to the
need to respond to the war's impacts. In many parts of the country, elements of
previously existing monitoring systems were disrupted or altered due to access
denials, equipment loss, internal or international displacements, and other factors
(30,53,54).

Among the 17 United Nations Sustainable Development Goals (SDGs), ensuring
clean air is addressed in several goals related to the environment and health. In
SDG 3 "Good Health and Well-being," is presented as a risk factor for population
health and is represented by specific targets and indicators. Target 3.9 aims to
reduce illnesses and deaths from hazardous chemicals and pollution, with
Indicator 3.9.1 focusing on the mortality rate attributed to household (indoor) and
ambient (outdoor) air pollution (55). Within the framework of achieving the SDG,
the objective is to substantially reduce, by 2030, the number of deaths and
illnesses caused by hazardous chemicals and air, water, and soil pollution and
contamination (56).

In Ukraine, out of the 183 national SDG indicators approved by the Cabinet of
Ministers of Ukraine under Resolution No. 686-r dated August 21, 2019, "Issues of
data collection for monitoring the implementation of sustainable development
goals," data collection was conducted for 116 indicators as of 2021 (57).

Indicators related to air pollution were calculated within the framework of
achieving Goal 1l "Sustainable cities and communities," specifically analyzing
indicators 11.5.1: "Volume of emissions of air pollutants from stationary sources
(percentage change from the 2015 level)" and 11.5.2: "Number of cities where the
annual mean concentrations of air pollutants exceed the WHO guidelines for air
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quality (units by pollutant: suspended particles (dust), sulphur dioxide, carbon
monoxide, nitrogen dioxide, nitrogen oxides, phenol, soot, hydrogen fluoride,
ammonia, formaldehyde)." Indicator 11.5.1, according to comparative estimates by
the State Statistics Service for 2020-2021, shows positive dynamics, while 11.5.2
demonstrates negative trends (58).

The Voluntary National Review on Sustainable Development Goals in Ukraine
conducted in 2021 showed that the reduction of emissions of air pollutants from
stationary sources to 86.1% in 2019 compared to the 2015 level was, in part, a result
of the implementation of the Association Agreement between Ukraine and the EU.
However, the number of cities where the annual mean concentrations of key air
pollutants (including carbon monoxide, nitrogen dioxide, phenol, and
formaldehyde) exceeded the daily permissible concentrations increased from 34
in 2015 to 36 in 2019 (according to the Ministry of Environmental Protection and
Natural Resources) (59).

Despite the ongoing military actions in the country, the process of optimizing the
legislative framework and regulating the control of air quality continues. In March
2023, the Cabinet of Ministers of Ukraine adopted Resolution No. 272 dated March
28, 2023, "On the Approval of the Procedure for the Introduction of Mandatory
Automated Systems for Monitoring Emissions of Polluting Substances" (60). Even
though the country's industry is currently operating at a quarter of its pre-war level
(61), the resolution requires enterprises to install automated monitoring and
control systems for emissions of pollutants within 5 years after the cessation or
cancellation of the state of war in Ukraine. Enterprises are required to conduct
relevant measurements and transmit the data on emissions from their equipment
to the Ministry of Ecology (60,61).

According to the recommendations of international experts such as the Conflict
and Environment Observatory and Zoi Environment Network, with contributions
from the OSCE'’s expert network (39), as well as national experts expressed in an
analytical note on the state and prospects of development of the state
environmental monitoring system by the Ministry of Ecology and Natural
Resources of Ukraine (31), and reports from civil society organizations like
SaveDnipro (46) measures are being taken to standardize the air quality
monitoring system.

The recently adopted Law of Ukraine "On Amendments to Certain Legislative Acts
of Ukraine Regarding the State Environmental Monitoring System, Environmental
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Information (Ecological Information), and Information Support for Environmental
Management" (Official Bulletin of the Verkhovna Rada of Ukraine, 2023, No. 63, p.
208) (62), which will come into effect soon, aims to improve the State
Environmental Monitoring System, including the subsystem for monitoring air
quality. The law provides for the standardization of pollution information through
the automation of information systems and the informational interaction of
automated information systems in the field of air quality protection with the
nationwide ecological automated information and analytical system for decision-
making and access to environmental information and its network (62).

The impact of war on air pollution in Ukraine and its consequences for
public health, including its effect on oncological diseases

Review of studies analysing the consequences of armed conflicts (air pollution

and health) in other countries
War impacts health through physical violence and wider socioeconomic
consequences. Health effects of military conflict include direct trauma, mental
health issues, non-communicable diseases (NCDs), child health, sexual,
reproductive, and maternal health, infectious diseases, etc. Direct health effects
involve trauma-related morbidity and mortality. Indirect effects are excess
morbidity and mortality due to conflict, beyond what would occur without it.
Estimating indirect mortality is challenging and often under-reported. The
commonly cited 9:1 ratio of indirect to direct deaths lacks strong evidence and
varies between conflicts. Indirect health effects are influenced by population
health, nutrition, public health system resilience, and healthcare access. Mental
health issues can be direct from traumatic events or indirect from displacement
and loss of livelihoods (63).

In addition to the direct impact of war on the health of the population, there is also
an indirect impact on various risk factors - environmental, social, etc (64,65). One
of the leading risk factors affected by war which in turn affects the health of the
population is atmospheric air pollution (66,67).

The issue of the impact of war on air pollution, which in turn poses a risk factor for
human health, was not actively researched before the onset of large-scale warfare
in Europe. Studies were typically divided into two categories: those dedicated to
the impact of military actions and disasters on air pollution (68-74) and a
separate, more substantially researched segment, which found its reflection in the
WHO report and corresponding recommendations (75—77), about the impact of
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air pollution on the health of the population in general, including oncological
diseases and mortality in particular (66,78—89).

There are studies available on the impact of pollution on air quality and
environmental damage resulting from wars in Vietnam (90), Afghanistan (91),
Serbia, Kosovo (70-73,92), the Middle East (74,93), and North Africa (94).
Additionally, there are works on the indirect impact of industrial armament
production on air pollution in the United Kingdom and the United States (95). There
are studies available on the impact of air pollution following the war in the Persian
Gulf on premature mortality in the population (96), and the development of
asthma as a result of olil fires (97).

Very few studies investigate air quality changes during a war according to
Zalakeviciute R. et al. (thirteen at the beginning of 2022), in addition, they focus on
a single pollutant, mostly PM (98). The research often addresses specific links in
the chain of the "war - air pollution - oncological diseases" impact, particularly
focusing on the influence of pollution on the development of oncological and other
illnesses due to the necessity of regulating pollutant concentrations in the air.

An interesting approach involves the aggregation of available information from
conducted studies into a graphical analytical tool of the probable causal impact
of air pollution on public health using the Swiss literature database (99). The
interactive tool involves predicting both short-term and long-term consequences
of various pollutants, highlighting potential problem areas on a schematic
representation of the human body.

WHO global air quality guidelines (75) for determining recommended
concentrations of air pollutants and the consequences of their exceedance on
health relied on several qualitative systematic reviews and meta-analyses (100—
105), from which we obtained information regarding the impact on oncological
diseases, mortality, and other health indicators in the population.

We obtained compelling evidence that PM.s and PM, are associated with
increased mortality from all causes, cardiovascular diseases, respiratory diseases,
and lung cancer. The pooled relative risks (RR) for lung cancer mortality are 112
(95% CI 1.07 - 1.16) for a 10 'g/m?3 increase in PM,s and 1.08 (95% CI 1.04 - 1.13) for
a corresponding increase in PMo (100).

Huangfu P. & Atkinson R. (2020) did not investigate the impact of NO, and O3
pollution on the incidence and mortality of oncological diseases. However, they
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obtained evidence of increased risk of all-cause mortality associated with NO, and
information about weak associations with Oz (101). Other researchers have also
gathered evidence regarding the associations between elevated levels of PMi,
PMzs, NO,, O3, and SO, and mortality from all causes (102,103,106—109).

The connection between long-term exposure to PM;s, PMio, NO,, and SO, and lung
cancer has been established, with the relative risk being relatively small (109-114).

Lipfert FW &. Wyzga R.E. (2019), who investigated the longitudinal associations
between lung cancer mortality, smoking, and air quality, found risks for lung cancer
development associated with PM.s, PMio, EC, NO,, SO, SO.-., and O3 exposure, as
well as minimal risks for benzo(alpha)pyrene and traces of metals. The authors
note that the combined effects of air pollution and smoking remain insufficiently
defined, and a reduction in risk estimates can be expected when assessing the
cumulative impact of common air pollutants (111).

In China, a study was conducted to investigate the impact of short-term air
pollution exposure to various pollutants on indicators of sudden mortality from
different causes, including oncological diseases, based on the analysis of
emergency department visits. Research on the short-term impact of PM,s, PMio,
SO, NO,, O3 and CO on non-accidental mortality showed that the short-term
effects of NO,, SO, and Os; increased the risk of mortality from cardiovascular
diseases. Regarding mortality from neoplasms, researchers found an impact from
PM.sand CO only when using a model with a 3-day lag (115).

The short-term impact of polluted air on public health has been studied using
indicators such as hospitalization of young children due to acute lower respiratory
infections (116,117), clinic visits by youth for upper respiratory infections (118), and
outpatient visits for acute exacerbations of chronic obstructive pulmonary
disease (119). Additionally, short-term effects of air pollution on days of restricted
activity (measured as work-loss days, school-loss days, or both) have been
investigated, as such limitations often occur due to the influence of specific
pollutants (120).

The long-term consequences vary significantly. Even in countries with relatively
low levels of air pollutants compared to others, such as Canada, air pollution
continues to affect public health and cause a wide range of adverse health
outcomes, from respiratory symptoms to the development of diseases and
premature death (121).

Deliverable 2.8 — 4PCAN

Page 125



AN

For assessing the impact of pollution on cancer development, researchers
typically rely on long-term cohort studies, which can last for 12 years as in the case
of China (122), where the independent influence of PM;; and SO, levels on lung
cancer mortality was demonstrated, or even 19-22 years as in Australia, where lung
cancer was associated with elevated levels of PM.sand black carbon in cities with
low air pollution levels (123).

Short-term health effects of air pollution are often assessed through daily
analyses of mortality, outpatient visits, or hospitalizations (80,116—119).
Researchers often focus on respiratory and cardiovascular diseases (124—126),
which are associated with the short-term effects of air pollution.

Air pollutants have a lag effect on the incidence and mortality of lung cancer for
2-3 years (110). The latency period of the disease is also significant, ranging from
10 to 30 years for lung cancer. Additionally, the duration of exposure to pollutants
Is crucial, as they exhibit accumulative and cumulative effects (111).

There are studies available on the impact of military conflicts on the development
of oncological diseases, primarily in the long term following armed conflicts such
as World War 1l (127,128), Siege of Leningrad (1941-1944) (129,130), Vietham War
(1955 — 1975) (131,132), Sri Lankan Civil War (1983 — 2009) (133), Gulf War (1990" -
1991) (134), Croatian War of Independence (1991 — 1995) (135-139), Bosnian War
(1992 —1995) (140,141), NATO bombing of Yugoslavia (1999) (142,143), non-specific
conflicts following the breakup up Yugoslavia (144). Studies have investigated
various types of cancer, including cervical cancer, cancers of the central nervous
system, colon cancer, hematological cancers, lung cancer, prostate cancer, liver
cancer, oropharyngeal cancer, ovarian cancer, pancreatic cancer, stomach cancer,
and testicular cancer. It should be noted that many authors have highlighted the
significant role of stress during the war in the development of oncopathology. It is
noted that the long-term impact of armed conflicts on cancer incidence may
result from toxic contamination of the entire environment, not just the air (145).

In the systematic review by Jawad M. et al. (2020) titled "The impact of armed
conflict on cancer among civilian populations in low- and middle-income
countries," out of 1543 selected sources, only 20 studies were included in the
analysis, assessing 8 armed conflicts and 13 oncological diseases, two-thirds of
which had low methodological quality and conflicting conclusions. Evidence was
obtained that armed conflict was associated with increased incidence and
mortality from nonspecific types of cancer, breast cancer, and cervical cancer,
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with some information about a certain link between war and stomach and
testicular cancer incidence. However, there were also publications reporting
studies with conflicting results (145). It's interesting to note the average time
interval between wartime activities and observation (recording changes in cancer
epidemiology), ranging from 3 to 64 years, with an average of 16.8 years (145).

It should be noted that the majority of evidence regarding the impact of air
pollutants on health outcomes over different timeframes (short-term, medium-
term, and long-term) is derived from large cohort studies. Most systematic
reviews and meta-analyses focus on studying the effects of mortality indicators
as the ultimate outcomes.

Therefore, only after 3 years from the onset of the conflict can we obtain some
evidence of the impact of wartime activities on oncopathology. Such a significant
time lag complicates the search for associations with air pollution during wartime
in the current stage of the ongoing conflict in Ukraine.

Early effects of air pollution on health are measured by researchers primarily
through daily analysis of deaths, outpatient visits, or hospitalizations, which
requires the implementation of a study with the appropriate design.

Research conducted in Ukraine before the full -scale invasion

Research conducted in Ukraine before the full-scale invasion largely focused on
the epidemiology of various types of cancer at both the national and regional
levels, as well as identifying factors influencing the situation (146—157).

According to the National Cancer Registry of Ukraine (NCRU), there was a stable
situation regarding cancer incidence over the decade leading up to 2020.
However, following the onset of the pandemic, like in the rest of the world, cancer
incidence rates began to decrease (158) Ukraine. Despite the trend of decreasing
incidence and mortality rates, neoplasms continue to hold the second most
significant position in the structure of mortality among the population (except for
2021, when they were surpassed by COVID-19, and in recent years, shifting to the
third position) (158,159).

The study by Ryngach N. (Ptoukha Institute for Demography and Social Studies of
the National Academy of Sciences of Ukraine, 2022) (159) highlights several factors
associated with the pandemic that can lead to an increase in cancer-related
mortality over time. These factors include delays in seeking help due to fear of
infection, reduced population mobility and access to medical care (including
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specialized and screening programs and diagnostics), postponement of necessary
treatment, the concentration of healthcare resources on combating the pandemic
leading to the overload of medical personnel, and a lack of funds for high-cost
specific examinations and treatments. These challenges may contribute to delays
in cancer diagnosis and treatment, ultimately resulting in higher mortality rates
associated with neoplasms (159).

According to data from the National Cancer Registry of Ukraine, the sharp drop in
the cancer incidence rates registered in Ukraine in 2020 is the result of the limited
access to healthcare facilities as well as the reduced oncological alertness of the
population due to the predominant focus on COVID-19 during the pandemic.
However, it is not a manifestation of a decrease in cancer incidence as such. In the
following years, this may increase the proportion of advanced-stage diagnoses,
the load on the cancer care system, and cancer mortality in the Ukrainian
population (158,160).

A Significant factor «beyond the COVID-19 pandemic» that determines the
probable increase in the mortality rate and the share in the structure of neoplasms
is the progressive ageing of the population of Ukraine. Factors that lead to a
decrease in the level of neoplasm-caused mortality and its share in mortality
structure may include the death from COVID-19, which «precedes» the existing
oncological disease; a deterioration in the quality of determining the cause of
death, especially for the elderly and the rural population; as well as the practice of
assigning all those who died from COVID-19 to Class XXIl according to ICD-10 (159).

Most researchers worldwide agree that the COVID-19 pandemic has significantly
impacted the epidemiology of cancer due to various factors, ranging from
biological to healthcare organization and reporting (161—163).

Most studies on air pollution in Ukraine before the war period were focused on the
impact of chemical carcinogens on the development of oncological diseases and
mainly concentrated on pollution in large cities (23,164—170).

The existence of a latent period of exposure to airborne carcinogens in the
development of oncopathology has indeed been established. The maximum
period for the manifestation of the influence of atmospheric carcinogens on the
incidence of thyroid cancer was estimated to be approximately 10 years (164).

There have been scientific studies of the atmosphere that have taken into account
the environmental risks to public health (23). The analysis showed that the
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majority of Kyiv territory (Popov O. et al, 2020) is characterized by 15 - 17% Risk
of chronic intoxication values, 30 - 50% Risk of immediate toxic effects values, a
hazard index value of 4 - 6, a hazard coefficient value (for nitrogen dioxide) from
2-2.5, and a carcinogenic risk (for formaldehyde) from 2*10'°> — 5710'° (23).

The analysis of field and analytical studies over the past 20-25 years reveals a
significant increase in the use of plant protection products and agricultural
chemicals. This has led to a notable rise in the rates of cancer affecting endocrine
organs (such as breast, thyroid, and prostate glands), as well as the uterus and
ovaries. Examining risk indicators for various carcinogenic substances within
domestic regulatory frameworks, it was found that only 26% of substances in
atmospheric air and 45% in workplace air meet acceptable risk levels according
to international standards (1"10%) (169).

The total carcinogenic risk from exposure to carcinogenic substances in the
atmospheric air for the population of Dnipro during the period from 2000 to 2018
ranges from 2.5 to 3.9 cases of cancer per 1000 population. This is considered
high according to international classification standards, necessitating the
development and implementation of precautionary measures (168).

In the large industrial cities of the Dnipro region, such as Dnipro, Kamyanske, and
Kryvyi Rih, significant pollution of the atmosphere with formaldehyde and phenol
has been observed over the past decade, before the pandemic-related
quarantine restrictions (170).

COVID-19 pandemic policies triggered a decrease in emissions from human
activities, which led to lower levels of nitrogen dioxide in industrialized regions.
However, the increase in the use of fossil fuels for heating during the lockdown
period resulted in a rise in sulphur dioxide levels in densely populated areas of
Ukraine (171).

Study of the impact of war on air pollution in Ukraine and its influence
on the oncological situation
Search strategy, selection criteria, and data analysis

A literature review was conducted, aiming to adhere to the fundamental principles
of systematic reviews and meta-analyses (172), albeit with certain modifications
in reporting to address the specific objectives. In the reporting, we included
references not only to experimental studies but also to reports from international
and environmental organizations, analyses of available statistical data, and review
Deliverable 2.8 — 4PCAN
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publications.

We conducted searches in electronic databases including PubMed, Scopus, Web
of Science, ResearchGate, Embase, Global Health, Ludok, and Google Scholar,
seeking relevant publications in both English and Ukrainian languages. We utilized
synonyms for armed conflicts, air pollution, and oncological diseases. Additionally,
we performed manual searches in the reference lists of included studies to
identify additional relevant articles.

The publication search covered 10 years from 2014 - the year the military conflict
with Russia began. If relevant publications from earlier periods were available, they
were also included in the analysis. Regarding recent information related to the full-
scale invasion, sources published primarily after 2022 were utilized for up-to-date
data.

The inclusion criteria encompassed the civilian population, including children,
internally displaced persons, and refugees diagnosed with any type of cancer
residing anywhere in Ukraine. We excluded studies focusing on military veterans,
combatants, or research related to weapon testing. For example, a study by
Sasmoko, et al. (173), which examined the impact of arms export on the ecosystem,
was excluded from the analysis.

We did not exclude studies based on design. Meta-analysis was not feasible due
to the degree of heterogeneity among studies in terms of design. Given these
limitations, a quantitative analysis of study quality was not conducted; instead, a
qualitative characterization of publications was provided based on the consensus
of two researchers. In cases where consensus was lacking, a third expert was
consulted to formulate a consolidated final judgment.

The literature review took into account that publications may be politically biased,
which could lead to the risk of bias in individual studies. Therefore, information
about the country (organization) of origin of the study was included in the table
and analysis.

The results of the literature review regarding the impact of the war in Ukraine
on the oncological situation due to air pollution were obtained

Overall, for detailed analysis, 14 publications were selected (the rest of the
literature sources were used to refine existing information, conduct additional
analysis, etc.), placed in Table 4.3 in chronological order of data analysis. This
selection includes 2 review articles that include an analysis of available statistical
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official information, 5 reports on research projects from various organizations, and
5 articles with original scientific research, 2 of which were authored by Ukrainian
researchers (Table 4.3).

Part of the studies (4 publications) compare data obtained after the full-scale
invasion with the pre-war situation, one focuses on the consequences after the
start of hostilities in 2014, and 2 includes in the comparative analysis a separate
period, the time of quarantine measures during the COVID-19 pandemic.
Researchers used open data sources for the analysis of air pollution, including air
quality indices (3 studies), satellite image results (4 studies), and others. The
studies primarily focused on pollutants such as PM;5, SO,, and NO..

Regarding health indicators, data from the Global Burden of Diseases were applied,
as well as indicators from national or international reporting.

Currently, there are no international standards for measuring the impact on the
environment during wartime. However, several countries and international
organizations, including Ukraine, the European Union, the United States, and the UN
Development Programme, have developed monitoring and documentation
strategies to assess the impact of armed conflicts on the environment. A
comprehensive assessment of the environmental impact will only be possible
after the war ends (36).

Many authors note that our current knowledge about the impact of war on air
quality is limited. Further research is necessary to understand the long-term
implications of these events on air pollution and their impact on human health and
the environment (174).
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doi:
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Original
research
article

Department
Geography
Geolnformation
Science, George
Mason University,
Fairfax, VA, USA

Jet Propulsion
Laboratory, California
Institute of
Technology, under a
contract with the
National Aeronautics
and Space
Administration

and

2010 b
2022

The data
collected
on the
progressi
on of the
war in
Ukraine
from 18
February
to &
Novembe
r 2022

Analyzing NOz, SQ;, and
O3 data from Ozone
Monitoring  Instrument
(OMI) and
TROPOspheric
Monitoring  Instrument
(TROPOMI) sensors
European Space Agency
(ESA).

The air quality data is
processed using up -
scaling and aggregation
techniqgues to remove
cloud contamination
and subsequently
ingested into a Science
Data Analytics Platform
(SDAP)  platform  to
visualize trends.

During the COVID- 19 pandemic,
strict quarantine policies in
Ukraine led to a 2 % reduction in
tropospheric NO 2
concentration  before  the
lockdown and 4% during the
lockdown period. Cities like
Kyiv, Donetsk, and Dnipro

exhibited reductions of 5%, 11%,

and 16%, respectively. Total SO2
column concentration
decreased by 6% before the
lockdown and 2.5% during the
lockdown period, except in high
population density areas. Kyiv
showed the highest reduction
of 17% in SQ concentration,
while Donetsk and Dnipro
exhibited an 11% reduction.
During the Russian invasion, the
tropospheric NO 2
concentration  between 25
February and 17 March is
considerably reduced, with
most of the eastern regions of
the  country showing a
reductio n in NO2 concentration
because of reduced human
activities. Kharkiv, a major
target for the Russian invasion
and a heavily destroyed region
had a considerably increased
NO:2 concentration becaus e of
the war activities.

The total SO 2 column before the
war is 48% higher than the
historical mean. However, after
the war, the total SO 2 column
was reduced throughout the

Ukrame also
impacted air
quality, as there
was a decrease
in both nitrogen
dioxide and
sulphur dioxide
levels.

In the analysis
of the results, it
is indicated that
lower levels of

NO2 and SO:
can result in
better air
quality and
fewer

respiratory
issues, while
elevated levels
of these
pollutants can
have the
opposite

impact.

The authors' conclusions
are  well-founded, but
comparing the long -term
dynamics pre -war (since
2010 for some pollutants)
to the short period post -
active war phase reduces
the value of the scientific
findings obtained.
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Abrupt exacerbation in
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after the outbreak of
the Russia- Ukraine war.
Environment
International. 2023 Aug
1;178:108120. doi:
10.1016/j.envint.2023.10
8120 (176)

Zalakeviciute R, Mejia D,
Alvarez H, Bermeo X,
Bonilla- Bedoya S8
Rybarczyk Y, et al. War
Impact on Air Quality in
Ukraine. Sustainability.
2022 Jan;14(21):13832.
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Review
article

with data
synthesis

Original
research
article

Original
research
article

The results of the 2014
research of the
International

Charitable

Organization "Ecology

- Law - Man" and the

East Ukrainian
Ecological Institute

are analyzed

Department of 2016
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University, Shanghai,
China.

Leibniz- Institut ~ fYr
TroposphSrenforsch

ung (IfT), Leipzig,
Germany

Grupo CATOx, CEA 2019B
de la Universidad de 2021

Cuenca, Ecuador;
Faculty of Data and
Information Sciences,

Sweden;

Laboratory for
Atmospheric
Research,
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University, USA

b

Literature review and

statistical analysis

From the World Air
Quality Index project
(https://agicn.org/map/
europe/cn/ )

Thirty European
countries, 176 cities
Extended unweathered -
detrended model,
meteorological
normalization model

Satellite images of NO 2,
CO, O3, SG, and PM:s
over Ukrainian territory

and PM2s land
monitoring data for Kyiv

were analyzed.

The Google Engine
(GGE) platform  was
used.

Some additional
analyses were
performed using
Empirical Bayesian
kriging.

A t-test and one -way
ANOVA was performed.

country except for Kyiv and a
few central regions of Ukraine.
Exceeding the permissible
levels of SOz, NOz, and CO in the
air immediately after shelling
was observed. The
concentration of SO 2 exceeded
the permissible limit by 5 times
after the first shelling and by 8
times after the second shelling.

The war led to an average
increase of 9.78% in PMzs, an
average increase of 10.07% in
NO2, and an average decrease
of 7.93% in Oz in areas less than
1000 km from the center of
Ukraine.
Regional air
exacerbated by
activities has  offset the
improvements in air quality
observed during the COVID -19
pandemic

Statistical analyses showed a
significant difference (p<0.05)
between all the studied periods
for all criteria pollutants.

An overall reduction of 24.1% in
NO2 concentrations can be
seen for Ukraine and 40.42% for
Kyiv.

The same high reduction was
registered for PM 25 of 38.33%
(Ukraine) and 30.82% (Kyiv),
and a much lower reduction for
CO: 13.83% (Ukraine) and 2.73
(Kyiv).

The analysis of the evolution of
war shows a continuous
reduction in peak NO 2
concentrations; however, the

pollution
the war

Military actions
in the east of
Ukraine have
damaged all the
objects of the
environment

without any
exception.
Warfare
activities offset
lockdown -
caused air
quality
improvements
in Europe

The results
showed that
NO. and PMoas
correlated the
most with war
activities. CcO
and Os levels
increased, while
SOz
concentrations
reduced four -
fold as the war
intensified.

An empirical
conclusion is
drawn about the
increased risk of
developing
respiratory
organ diseases
in the conflict
zone.

It was not held

Drastic
increases in
pollution
(especially
PMz5s) from
bombing  and
structural fires
raise additional
health
concerns.

The article lacks convincing
evidence regarding the
impact of military
operations on air pollution
in the occupied region.
However, it offers insight

into the environmental
consequences of the initial
stage of the Russian
invasion

The use of average data
across Europe (AQIl average
without  analyzing the
reliability of differences)
without indicators of air
pollution in Ukraine makes
the conclusions of this
study questionable.

The authors' conclusions
regarding the
environmental impact look
reasonable, but they only
concern the first 2 weeks of
the war.

The authors' conclusions
regarding changes in the
health of the population are

empirical and not
supported by statistical
analysis
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State University of Life
Safety. 2023;27:6-5. (In
Ukrainian).
https://doi.org/10.3244
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Skok A, Khrutba V, Rak Research
project

O. Air Quality in Ukraine
Before and During Full-
Scale Invasion. Report
on the study.
SaveDnipro; 2023. 67 ! .
(In Ukrainian) (46)

report

Lviv State University 2020 -
of Life Safety, Lviv, 2022
Ukraine

SaveDnipro; 2021-
International 2022
Renaissance

Foundation, Ukraine

Atmospheric air quality
indices (AQI) for PM 2.5
were used in the study,
calculated based on
measurements of solid
microparticles by public

air monitoring posts in
cities of Ukraine.

Analysis of data from the
Ukrainian
Hydrometeorological
Center, SaveEcoBot, and
other open data sources
on cites with a
population  of  over
25,000 and stations that
operated more than
50% of the time

average levels slightly increase
on the 3 B4th week of war (9 D22
March 2022).

Overall higher Os (2.45% for
Ukraine and 3.38% for Kyiv) and
SO (38.06% for Ukraine and
10% for Kyiv) levels were
reported during the first two
weeks.

The quarantine had a positive
impact on air quality during the
summer of 2020 in large cities
such as Kamianske, Dnipro,
Kryvyi Rih, Odesa, and Kyiv, with
a reduction in the air quality
index for PM2s observed.
Rocket shelling of cities did not
have a significant impact on
increasing the levels of the air
quality index for PM 2s.

A significant reduction in
emissions of polluting
substances is observed in the
South and East of Ukraine due
to the suspension or closure of
a large number of industrial
enterprises, which were the
main sources of atmospheric

pollution. Irregularity of
pollutant concentration
measurements  creates  a

methodological problem in the
interpretation of the obtained
results. Local air pollution after
bombing lasts for 48 hours
before dissipating.

Air pollution by
small PM 25
microparticles

in the cities of

Ukraine has
seasonal

dynamics. The
highest values

of air pollution
indices for PM
2.5 are
observed in the
cold season due
to emissions
from the
burning of fossil
fuels for space

heating.
Russia's
invasion of
Ukraine notably
affected air

quality, with
pollution levels
recorded by
monitoring
stations during
the
environmental
crime showing
significant local
pollution  from
decay and
burning
products,
directly

An empirical
conclusion is
that air quality
on certain days
during the cold
period poses a
danger to
human health.

It was not held

The article
insufficient

provides
evidence to
support the relationship
between military
operations and air pollution.
Nevertheless, it presents
various impacts of war on
atmospheric air  quality,
including PM 25 content.

A significant portion of the
report compares data from
various sources.

The methodology  for
determining the impact of
explosions based on the
exceedance of the
standard  deviation  of
annual average indicators in
2021 and the root mean

square value raises
questions, therefore, the
authors' conclusions
appear insufficiently
subst antiated.
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doi:
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Turos Ol, Petrosian AA,
Maremukha TP,
Morhulova VV, Brezitska
NV, Kobzarenko 1V, et al.
Assessment of ambient
air pollution by
particulate matter
(PM1o, PMs) and risk for
human health caused
by war actions. Wiad
Lek. 2023;76(4):738D
44, doi:
10.36740/WLek202304
106 (174)

Original
research
article

Original
research
article

Department of
Precision Machinery
and Precision
Instrumentation,
University of Science
and Technology of
China, Hefei, China

institution
CO.M. Marzieiev
Institute for Public
HealthE NAMSU, Kyiv,
Ukraine

State

From
February
24 to July
31, 2022

From
February
to August
2022

Observing atmospheric
nitrogen dioxide (NO »)
using high- resolution
satellite spectroscopy

Instrumental
measurements of PM 10
and PMzs concentration
levels were made using
gas analyzers APDA-371
and APDA-372  (Air
Pollution Dust Analyzer,
Horiba) in the surface
layer of the atmosphere
were  conducted  in
mode (round the clock,
continuously) at three
air quality monitoring
stations in Kyiv c ity.

At the same time, an
analysis of mass
concentrations of
particulate matter was
carried out, obtained
during the entire study
period, and averaged
over Kyiv city (according
to three AQMS)
Calculations  of  risk
levels (individual risks of
mortality D IR' ) for the
health of the exposed
population were carried
out using the general
procedure of the human
health risk assessment
methodology  (HHRA),

Tropospheric NO 2 decreased
by 10.7D27.3% in  most
Ukrainian cities at the beginning

of the war.

Machine learning indicates that

war-induced changes in
anthropogenic emissions
account for " 40% of NO:2

declines in Kyiv.

Dramatic changes in NO > were
found in Russian border cities
and transportation hubs.

It was determined that the
average daily mass
concentrations (according to
three AQMS data) in 2022 vary
in the range for #" 10 (from 1.3
"g/ m?3 to 125.5 "g/m %) and
#' 2.5 (from 1.7 "g/m? to 108.2
"g/m 3).

Uncharacteristically high
average daily levels of ambient
air pollution with particulate
matter were revealed: #" 10 B
March (125.5 "g/m %) and August
(99.3 "g/m 3); #' 2.5 B March
(108.2 "g/m %), May (23.3

"g/m %), June (24.6 "g/m °), and
August (27.1 "g/m ®), which were
primarily caused by the
conduct of active war actions
and their consequences (fires,
rocket attacks), intensified in
the spring - summer period by
unfavorable meteorological
conditions.

impacting
people.
Changes in
trace gas
concentrations
over cities and
transportation
hubs showed a
strong
correlation with
the course of
the war.

Exceeding the
average  daily
concentrations,
according to
the
recommended
air quality
standards, was
established for
PM 10 in March
and August
2022, by WHO
recommendatio
ns (2.8 and 2.3)
times and
Directive
2008/50/EC
(2,5-2,1) times;
PM 25 (147.2)
times during
almost the
entire
observation
period (except
of July),
according to
WHO
recommendatio
ns.

It was not held

Levels of
individual risk of
mortality (IRM)
during the
studied period
can vary for
PMzo within

IR' =7.9#10°
O7.7#10. At the
same time, in
March and
August, the risk
values were
observed at the
level (ICR total $
10%), which is
unacceptable
for the
population
according to
WHO
recommendatio
ns, and possible
social losses of
the population
in the form of
additional
deaths, can be
up to eight
cases per
10,000 people.
As for #" 2.5,

The authors' conclusions
based on satellite imagery
appear convincing.

The use of data from only 3
stations of one large city for
7 months does not give

reason to consider the
authors' generalizations
convincing.

When comparing the data
with the pre -war period, no
information was provided

about the existence of
statistically significant
differences.

The approach used by the
authors with the
assessment of population
risks from air pollution

during the war is successful
and makes it possible to
obtain convincing results
by increasing the scope and
coverage of the study.
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Environmental
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Russian war in Ukraine.

Ukraine: NGO CGreen

World D Friends of the

EarthE; 2023. 80 ! . (1)

Bohovic R, Hrn&iar M, Research

Muro' M, Chytr( J,
Skalsk( M, %ernochovi
", et al. OOCampo P,
Bo&kovt S, editors. Air
Pollution in Ukraine as
seen from Space: The
Effects of the War.
World from  Space:
Arnika; 2023. 28 ! . (179)

project
report

NGO CGreen World B
Friends of the EarthE,
Ukraine;
Arnika,
Republic;
Clean air for Ukraine,
Ukraine

Czech

Clean air for Ukraine,
Ukraine
(cleanair.org.ua);
Arnika, Czech
Republic
(https://arnika.org/ );
World from Space,
Czech

between
February
and
Novembe
r 2022

2022

developed and
recommended by the US
Environmental
Protection Agency and
WHO.

Descriptive research

Study based on the
Copernicus Sentinel 5p
satellite imagery.

The measurement of
NO2 using the TROPOMI
sensor of the Sentinel -
5P satellite

Direct mass exposure to toxic

chemicals released to the

environment by the use of

military equipment, ammunition
components, explosives, and

rocket fuel.

Environmental devastation is

caused by the physical impact

of fires, explosions, soil damage,
etc. Destruction of the

environment by man -made
disasters caused by the shelling

of industrial enterprises (mass

emissions of ammonia, chlorine,
nitric acid, etc. ).

Overall, there was a 9.4%
reduction in NO 2 levels across
Ukraine  during the war
compared to the pre -war
period. The most significant

decreases, exceeding 30%,
occurred in major urban and

industrial areas like Kyiv, Kryvyi
Rih, and Zaporizhzhia, as well as
in areas where cities were

destroyed and p opulations
relocated. There were no
sustained increases in NO 2

concentrations observed at
sites affected by explosions or
military activities.

RussiaOs

invasion of
Ukraine vividly
showed the

significant risks
of large-scale
man- made
disasters for the
environment.

This study
confirms  that
the key
influence on air
pollution in
Ukraine is, or
was, caused

primarily by the
outdated heavy
industry based

on coal
combustion.

The effect of

war on NO:2

pollution should,
however, not be
underestimated

the risk levels
ranged from D
IR' =1.2#1C
O7.3#10> and in
March, June,
and August
could lead from
1 to 7 additional
deaths per 100
people.

It was not held

It was not held

Descriptive research.
Historical examples of how
the environment has been
affected by the wars

The report
meaningful

provides
substantiated
information regarding air
pollution without
considering its impact on
public health.
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Savenets M, Osadchyi
V, Komisar K, Zhemera
N, Oreshchenko A.
Remotely visible
impacts on air quality

after a year - round full -
scale Russian invasion
of Ukraine.
Atmospheric  Pollution

Research. 2023 Nov

1;14(11):101912. d

10.1016/j.apr.2023.10191
2 (24)

Estill J. Health impacts
and social costs
associated with  air
pollution in larger urban
areas of Ukraine. Final
report. Switzerland:
United Nations
Development
Programme; 2022. 32 !.
(180)

Hryhorczuk D, Levy BS,
Prodanchuk M,
Kravchuk O, Bubalo N,
Hryhorczuk A, Erickson

Original
research

article

Research

project
report

Review
article

From
January

Ukrainian

Hydrometeorological

Institute, Kyiv, Ukraine
January
2023:
pre-war
(January
2019D
Decembe

r 2021)
and war

(February
2022D
January
2023)
periods

United Nations 2022
Development

Programme

2022 -
2023

Divisions of
Environmental and
Occupational Health

Sciences and

2019 to

The study is based on
NO2 tropospheric and
CO total column number
density derived from the

TROPOMI onboard
Sentinel- 5P satellite
(downloaded from the

Sentinel- 5P Pre-

Operations Data Hub:
https://s5phub.copernic
us.eu/dhus/#/home

The analysis was
conducted based on
open data sources: The
Global Burden of
Disease (GBD) database
of the Institute for Health
Metrics and Evaluation
(IHME); air quality data
from SaveEcoBot and
other open sources;
population data
accessed through the
Spectrum/DemProj
software interface.

Linear and logistic
regression models were
used for forecasting.

User conducted an
integrative review of
academic, institutional,

and media information

NO2 drop in big cities (up to
135%) as a result of industry
damages and a decrease in
mobile source emissions; NO 2
increase (up to 25%) in the
eastern and northeastern parts
of Ukraine (including the
adjacent neighboring
territories) at the beginning of
the war, indicating the possible
impact of emissions from
military equipment; CO
elevated content and releases
(increase up to 8%) as a result
of wildfires near the front -line
after artillery shelling.
Consequences differ in cities
depending on their distanc e to
the front line, Ooccupied B non-

occupiedO status, and the
number of objects that can be

considered critical
infrastructure.

Reducing the PM2s level to less
than 12.0 "g/ m % in large cities of
Ukraine can be expected to
reduce the incidence of
trachea, bronchus, and Ilung
cancer by 1.6% to 2.6%.
Constant gradual improvement
in the air quality, aiming at the
WHO recommended level by
2030, would bring about
100,000 additional person -
years of the labor force by
2035. This would correspond
with an almost 3.5 billion USD
increase in the economic
output in one year by 2035/

In Kyiv, the concentration of fine
particulate matter on March 19,
2022 D less than 1 month after
the start of RussiaOs invasion B

The impact of
war in Ukraine
on air quality is
multidirectional:
relatively short -

term (day -to-
week) events
(such as missile
hits, wildfires
near the
borderline, etc.)
provoke
elevated
pollution
episodes, while
a general
picture over
relatively  long
periods and
specific
campaigns
showed air
pollution
reduction.

It was not held

There has been
widespread
chemical
contamination

It was not held

In the large
cities of Ukraine
where the air
quality is
suboptimal,

improving the
quality of air to

a level
considered
CgoodE  could

prevent up to a
third of all
strokes and
cases of
chronic
obstructive
pulmonary
disorder
Empirical
judgments out
of the indirect
health effects of

Using the TROPOMI
approach for remote
sensing of NO2 and CO
content, conducting a
comparative analysis of
pre-war and post -war
periods during different
stages of military actions
and in cities at varying
distances from the front
line, allows us to consider
the authors' conclusions
convincing.

The author's conclusions
are convincing and
sufficiently justified.

In  developed predictive

models of disease
progression, including
oncological ones, the

impact of other behavioral
risk factors is taken into
account under the
influence of air pollution;
however, the impact of a
variable such as war has not
been considered in them.

Generalizing the available
information did not show
that an unequivocal answer
was received regarding



TB. The environmental
health  impacts  of
Russia's war on Ukraine.
J Occup Med Toxicol.

2024 Jan 5;19(1):1. doi:

10.1186/s12995023 -
00398 -y (36)

14 Review of the state of
environmental pollution
in Ukraine for the first
half of 2023. The state
emergency service of

Ukraine: Boris
Sresnevsky Central
Geophysical

Observatory; 2023.19 ! .
(In Ukrainian) (181)

Table 4.15 Analysis of selected literary sources regarding the impact of war on air pollution in Ukraine and its health consequences

Research
project
report

Epidemiology,
University of lllinois
School of  Public
Health, Chicago, USA
L.I.MedvedOs

Research Center of
Preventive
Toxicology, Food and
Chemical Safety,
Ministry of Health,
Kyiv, Ukraine

Boris Sresnevsky
Central Geophysical
Observatory;

The State Emergency
Service of Ukraine,
Ukraine

The
half
2023

first
of

resources on the
environmental health
impacts of RussiaOs war
in Ukraine in English and
Ukrainian.

Analysis of data from the
network of observations
of the National
Hydrometeorological
Service of Ukraine

was 27.8 times the World Health
Organization recommended
guideline.

During the first 2 weeks of the
war, satellite images
demonstrated reductions in
atmospheric concentrations of
nitrogen dioxide, fine
particulate matter, and carbon
monoxide.

Average concentrations  of
harmful substances exceeded
the daily maximum permissible
concentrations  (MPCs) for
formaldehyde by 2.0 times and
for nitrogen dioxide by 1.4
times. Exceedances of the
MPCs were recorded for
nitrogen dioxide in 20 cities,
formalde hyde in 16 cities,
suspended particles in 9 cities,

phenol in 5 cities, carbon
monoxide, soot, hydrogen
fluoride in 2 cities, sulphur
dioxide, nitrogen oxide,
ammonia in one city.

The comprehensive air
pollution index (CAPI) in

Ukrainian cities in the first half
of 2023 was 6.0, slightly lower
than the same period last year
(which was 6.3). In 10 cities,
there was a decrease in CAPI,
while in 8 cities, it increased,
with  the highest increase
observed in Vinnytsia and
Zaporizhzhia.

of air, water, and
soil, and 30% of
Ukraine has
been
contaminated
with landmines
and unexploded
ordnance.

No
generalization
was made since
the report only
covers the first
half of 2023.

the layer have
likely accounted
for an even
greater amount
of civilian
morbidity and
mortality.

It was not held

atmospheric air pollution
during the war.
The analysis was

conducted by comparing

the level of air pollutants

with the maximum
permissible concentrations

(MPCs) and by analyzing
the Comprehensive Air
Pollution Index (CAPI).

The analysis was
conducted over a relatively

short period, no other types

of analysis were performed,
no conclusions were drawn,
and the digital analysis
appears convincing.
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One of the studies assessing the impact of military actions on public health
through air pollution is the work by Turos O., et al. (2023). In this study, an
increased risk of mortality was identified due to the influence of elevated levels of
PMio and PM.s, which escalated during bombings. The researchers relied on gas
analyzers for particulate matter as their source of information, enabling them to
identify high daily average levels of PMyp and PMa,s air pollution during
bombardments (174).

Half of the studies included in the analysis did not assess the impact of polluted
air during wartime on public health, and one report did not consider the
environmental consequences.

International experts note that as of February 2022, the three main environmental
problems in Ukraine were water pollution and scarcity, management of industrial
and household waste, and poor air quality. These issues worsened after the full-
scale invasion (30,53).

Military actions in Ukraine had a significant negative impact on the environmental
situation, including air pollution, as emphasized by many researchers worldwide
(9,178,182—189) and in Ukraine (36,46,190,191).

According to Ecodozor (35) from February 2022 to January 2024, various sources
reported 2599 threats and environmental incidents at 1384 facilities all over
Ukraine, including 68 incidents at 58 sites only in January 2024. The majority of
incidents occurred in heavy industry (23.8%), followed by the food industry and
agriculture (20.5%), and transportation (18.5%) (Table 4.4).

The ratio of facilities to incidents overall is 1:1.9, with the highest intensity of
incidents recorded in the energy sector at 1.7.3, predominantly in nuclear energy
at 1:20.3. The highest number of reports of destruction or damage during the
specified period came from Donetsk Oblast.

There is a geographical unevenness in the distribution of pollution risks, including
risks of air pollution, which are mainly localized near areas of active combat or
shelling (Figure 4.6).
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Number of facilities Number of incidents
Sector

n % n %
Heavy industry 329 238 920 354
Power generation 49 85 360 13.9
Food and Agriculture 283 205 326 125
Resource supply 217 15.7 251 9.7
Transport 256 18.5 477 184
Other 250 18.1 265 10.2
Total 1384 100 2599 100

Table 4.16 Incidents of disruptions or accidents at industrial and critical infrastructure facilities From February
2022 to January 2024 in Ukraine (7)

Short-term exposure to polluted air is associated with an increased risk of
hospitalization and death. Studies conducted in Poland have demonstrated
statistically significant relative risks of hospitalization due to cardiovascular and
respiratory diseases with increasing levels of PM.sand PMy, by 10 'g/m?3 (192).

Figure 4.46 Environmental air risks of the fighting in Ukraine (35)

Taking into account environmental damage, organizations of medical care, in
particular cancer treatment, allocate different zones. For example: 1) zone active
hostilities (humanitarian disaster); 2) zone probability of missile/bomb damage
(humanitarian problems); 3) zone average probability of missile/bomb damage
(humanitarian alertness); 4) zone low probability of missile/bomb damage
(humanitarian stability) (193).

The estimated environmental damages caused by the full-scale war, as of
November 2023, amount to $59.7 billion. Among them, the largest share, 46.4%, is
attributed to air pollution, totaling $27.7 billion (194). The destruction of Russian
military equipment has led to the release of 72.7 thousand tons of harmful
substances into the atmosphere (194).

Deliverable 2.8 — 4PCAN

Page 140



AN

Air emissions due to the full-scale war, as of November 2023: 5.9 min tons total air
emissions; 721.8 thou. tons the amount of oil, oil products, and gas burned; 66.9
thou. ha, the area of burned forests and other forest plantations (194).

Ukrainian government institutions, civil society organizations, and international
partners have gathered an unprecedented amount of data on the impact of the
war on the environment (36). Reports on the environmental situation and air
pollution from civil initiatives, supported by foreign donors, typically do not include
information on the impact of pollution on public health. They generally only
mention potential negative consequences for health (190,191). The analyzed
chemical composition and characteristics of certain types of munitions (190) have
shown that they can be a source of environmental pollution through emissions of
CO, HCN, NO, NO,, and other complex chemical compounds.

In Estill J.'s study for UNDP (2022), which focused on analyzing the pre-war period,
it was shown that air pollution is just one of numerous factors in the network of
determinants associated with various diseases and disorders. Furthermore,
promoting resource conservation and environmental preservation measures, while
simultaneously investing in new pollution-reducing technologies, could effectively
improve the health and quality of life of the Ukrainian population (180).

The initial studies on the consequences of the 2014 anti-terrorist operation
showed the potential for increased levels of SO, NO, and CO in the air after
bombings (175).

Ukrainian researchers investigated changes in PM,s in the air after the onset of
active military operations; however, conclusive evidence regarding negative
trends was not obtained (177).

Researchers from SaveDnipro identified a significant decrease in emissions in the
South and East of Ukraine during the war, which they attribute to reduced
industrial activity. They point out the localized nature of pollution after explosions
when a lot of fine particulate matter and other pollutants are released, followed by
their gradual decrease over the next 48 hours (46).

The study by Meng X, et al. (176), which appears quite convincing and
comprehensive, relied on data from the Global Air Quality Index project (195), it
covered the period from 2016 to 2022 and analyzed cities within a radius of less
than 1000 km from the center of Ukraine, including cities in the aggressor country.
However, it did not include an examination of the situation within Ukraine itself due
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to the lack of official information from the country's environmental protection
agency. It should be noted that Ukrainian cities are represented in the World Air
Quality Index project, with data available from 55! stations (196), including
information from organizations like SaveDnipro, which is involved in national air
monitoring, and the organizer of the largest environmental chatbot in Ukraine,
SaveEcoBot (197). Additionally, data is provided by the Ukrainian real-time air
quality monitoring system "LUN City AIR," which has over 100 air quality stations in
major cities of Ukraine, including Kyiv (40).

The authors point out (176), that a simple comparison of air pollutant levels before
and after the onset of war is a crude and inaccurate indicator in any attempt to
quantitatively assess the impact of war on changes in air quality. However, based
on their own developed models, they concluded the positive impact of the
COVID-19 quarantine on air quality in Europe. They also highlight the negative
impact of war on air quality in cities located near battlefields, including Moscow,
Krakow (one explanation being the influence of wind), and others, which, in our
view, do not seem very appropriate.

While this study emphasizes the urgent need to cease fire from an environmental
standpoint, it, in our view, aims to downplay the consequences of losses in
European countries due to COVID-19 and does not take into account the real
situation in Ukraine, which was not included in the model calculations. As for the
positive aspects of this study, they lie in the fact that the results obtained suggest
that air pollution during wartime affects not only the countries under attack but
also the aggressors.

Paying attention to the environmental problems of the aggressor country and
defining them in the border regions and not defining them in Ukraine can be traced
in the article by other Chinese scientists Zhang C. et al. (178), which is devoted to
atmospheric nitrogen dioxide (NO.). The results obtained using high-resolution
satellite spectroscopy showed that significant decreases in NO, concentrations
occurred in most Ukrainian cities at the beginning of the war, in contrast to
dramatic increases in NO, concentrations in Russian cities outside the northern
border.

The multidisciplinary team study by Zalakeviciute R, et al. (98), based on satellite
imagery of NO,, CO, O3, SO, and PM;s over the territory of Ukraine, along with
ground monitoring data of PM.s for Kyiv, showed that NO, and PM;s correlated
most strongly with military actions. Levels of CO and O; increased, while the
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concentration of SO, and PM;s decreased (by 38.3% across Ukraine), which the
authors attribute to reduced anthropogenic activities during the war.

Malarvizhi AS, et al. (I71) employed a complex research design utilizing various
datasets, satellite imagery, results from aerospace laboratories, mathematical
models, dynamic series, and others. They concluded that the quarantine measures
during the COVID-19 pandemic led to a decrease in NO, and SO, concentrations
in the troposphere of Ukraine. Noticeable reductions in air pollutant emissions
were observed in cities such as Kyiv, Donetsk, and Dnipro. During the Russian
invasion, there was a significant decrease in NO, concentration in most eastern
regions due to reduced anthropogenic activities, while NO; levels increased in the
areas around Kharkiv, which were heavily affected by the war. During the war, SO,
exhibited fluctuations with a tendency to decrease across Ukraine, except in Kyiv
and some central regions.

Satellite imagery analysis regarding NO, levels compared to the pre-war period
showed a general decrease in pollution levels in the eastern part of Ukraine. The
most significant reduction (over 30%) was observed in large cities such as Kyiv,
Kryvyi Rih, and Zaporizhzhia, but to a lesser extent in smaller towns, including those
in Donetsk Oblast. The authors attribute this phenomenon to the decrease in
economic activity due to the war and the reduction in population density as a
result of the wartime conditions. Additionally, no association was found between
explosions and NO, concentration in the air, which, according to the authors,
indicates that this pollutant is not among the most significant pollutants released
during explosions (191).

The research utilizing satellite imagery was conducted by Ukrainian scientists from
the Ukrainian Hydrometeorological Institute (24). Savenets M, et al, assessed the
impact of the war on cities based on their distance from the front line, the
presence of critical infrastructure, and the status of "occupied - not occupied".
The results obtained by them show that the most crucial changes were observed
during the first months of the war, indicating a decrease in NO. levels in major
cities, an increase in NO; close to the borders, including eastern and northeastern
Ukraine, and elevated CO content over wildfires near the front line. Short-term
dangerous pollution cases are well detected for industrial damages and wildfires
near the front line (24).

The authors note that with the onset of the war, the role of remote sensing has
increased, allowing scientists and decision-makers to track environmental
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changes in Ukraine. The Tropospheric Monitoring Instrument (TROPOMI) onboard
the Sentinel-5 Precursor (Sentinel-5P) can be among the best solutions for
analysis due to its spatial resolution (24).

Comparison of TROPOMI data with other data sources in Ukraine has shown
mostly good correlation; however, remote sensing is limited in heavily polluted
areas. There are discrepancies between remotely sensed data and conventional
methods for various pollutants, with results strongly influenced by seasonality,
weather conditions, and cloud cover (198).

Researchers emphasize that at the current stage of scientific development, the
use of remote sensing data is an effective tool for monitoring the impact of military
conflicts on the environment (24,199).

A comprehensive review of the available literature conducted by American and
Ukrainian scientists revealed that the impacts of the war on air quality in Ukraine
have been complex and dynamic. These impacts have included both increases
and decreases in air pollution levels. The emissions of several priority pollutants,
such as nitrogen dioxide and sulphur dioxide, have decreased due to the negative
impacts of the war on Ukraine’'s economy. This reduction is a result of closed
factories and construction sites, as well as decreased civilian use of vehicles (36).

According to the Ukraine Ministry of Environmental Protection and Natural
Resources given in the report «Ukraine war: environmental impact» (2023), causes
of improving air quality due to the war: closure of industrial enterprises, reducing
emissions from cars due to population migration, closure of construction sites,
decrease in electricity consumption, reduced energy capacity as a result of
massive shelling of energy facilities. Due to Russia's armed aggression, emissions
have decreased, as missile strikes have often targeted energy infrastructure —
50% of generation capacities were destroyed, Emissions from thermal power
plants and large boiler houses decreased by 40.4% (194).

The reduction in the first weeks of the war can be attributed to diminished
anthropogenic activity, as many parts of Ukraine received a huge quantity of
Russian airstrikes or shelling, forcing people to emigrate or hide in underground
shelters (98).

The assessment of air pollution in Ukrainian cities during the first half of 2023,
based on observations in 33 cities at 113 stationary posts of hydrometeorological
monitoring organizations, revealed that when comparing the data with the average
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daily maximum permissible concentrations (MPCs), exceedances of MPCs of
pollutants, including heavy metals, were observed in most monitored cities.
However, there was a slight decrease in the level of air pollution (181).

In the latest World Air Quality Report (2023) Ukraine ranked 107th out of 134
countries in terms of population-weighted, 2023 average PM.s concentration
('g/m#), among 43 European countries, Ukraine ranked 3ist. (Figure 4.7), Kyiv
ranked 93rd out of 114 cities (200).

The authors of the report emphasized that despite the ongoing war, the number
of air quality monitoring stations increased from 22 in 2022 to 28. PMzs levels
continued to decline in most parts of the country (by 11% over the year) due to
deindustrialisation resulting from the war (200).

In the spring of 2024, the ranking of the most polluted areas in Ukraine (196) still
includes cities in the Kyiv region. Therefore, we do not observe a change in
locations regarding the most polluted areas in Ukraine due to the impact of the
war.

Figure 4.47 Population weighted, 2023 average PM.s concentration (! g/m#) for European countries and
dynamics in individual cities of Ukraine (200)
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During the wartime period, the air quality improved on the scale of large cities and
the country as a whole due to reduced economic activity of enterprises. However,
wartime actions led to local events characterized by heavy air pollution and
negative impacts on public health. These events included bombings, emissions
into the air from chemical facilities, and dust from weapon debris; fires caused by
combat actions; explosions and destruction of buildings; accidents at industrial
and infrastructure facilities across various industries; consequences of attacks on
fuel depots, storage sites for fuel, raw materials, ammunition, or industrial waste;
forest fires; digging of tunnels and trenches; intensive movement of military
equipment, and so on (9,30,35).

The use of weapons, bombings, and other consequences of military actions result
in high levels of air pollutants in the form of particulate matter, toxic gases, and
heavy metals, collectively harming public health (9,177).

The increase in PM.s levels was observed during the winter season of 2022-2023
due to attacks and damage to Ukraine's energy infrastructure, which required the
use of solid fuel sources for heating buildings (201). The monthly levels of PMzs
peaked in January 2023, increasing by an average of 65% compared to 2022 in
the cities of the Kyiv region (200).

According to the data from the civic organization "LUN City AIR" (40) during the
year of full-scale war, over 90% of the time the air in Kyiv was clean. A very high
air quality index was recorded for 194 hours (2.2% of total observation time), which
was associated with fires caused by active combat actions around Kyiv (60% of
the time when the air quality index was high or very high). Among other reasons
were transboundary dust storms and meteorological conditions (202).

Ecological factors for the development of diseases during the war include polluted
water or its lack due to shelling, polluted air due to fires, shelling of oil depots, and
other industrial facilities, soil contaminated as a result of hostilities, unburied
bodies that decompose and pollute the soil and groundwater. Other factors:
stress, anxiety, mental exhaustion, unsanitary conditions, lack of food, lack of
medicine and medical personnel, damaged and destroyed medical infrastructure,
and low level of population vaccination. The main diseases caused by war: are
infectious (hepatitis A, diphtheria, measles, poliomyelitis, cholera), non-infectious
diseases (diabetes, arthritis, cardiovascular and respiratory diseases), oncology,
weakening of the immune system, alcohol and drug addiction, injuries,
amputations, contusions, mental, post-traumatic and stress disorders, behavioral
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disorders (194).

During the Russian-Ukrainian war, there has been increased pressure on the
healthcare sector due to a rise in medical problems among the population, this
includes issues related to mental health (203—207), substance abuse (208-212),
COVID-19 (213), HIV/AIDS (214), oncological diseases (193,215—-218), cessation of
patients' participation in clinical trials (219—222), and other (223), and direct
attacks on healthcare facilities (224—227).

The World Health Organization notes that despite the challenges facing healthcare
facilities due to the war, including damage, security issues, lack of utilities (water,
electricity, heating), internet connectivity, and staffing shortages, the availability
of medical services for the population remains wide but with reduced functional
and financial accessibility, especially in frontline regions (228).

A survey conducted by Gradus Research in 2023 showed that overall, 40% of the
population of Ukraine (with a sample size of 109! individuals) are dissatisfied with
the current state of the healthcare system, while 55% are dissatisfied with the
environmental situation (229).

The war significantly impacts the process of medical care, leading to increased
risks and delays in diagnosis and treatment. Experts predict that even a slight
delay in treating five common types of cancer for 4 months could result in over
3,600 deaths from cancer in the coming years (215).

According to a survey conducted in April 2024 among 289 Ukrainian cancer
patients, it was determined that the quality of oncological medical care has not
undergone significant changes. The problem lies in the timeliness of its provision
— the waiting time for treatment has increased the most in the eastern and
southern regions of Ukraine, leading to 21% of respondents leaving their region
precisely because of this issue. There is also a decrease in the accessibility of
oncological services — 79% of respondents indicated that they fully pay for
treatment out of their own pockets (230).

The impact of the war on the ability to treat cancer patients in Ukraine has also
been felt by European countries. Ukrainian patients and doctors have sought
assistance from countries such as Romania, Poland, the Czech Republic, Slovakia,
Hungary, Finland, Sweden, and others in Europe (231,232).

However, some countries are experiencing significant pressure on their healthcare
systems due to the large number of refugees with chronic non-communicable
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diseases, including cancer. Moldova (233); has reported such challenges.
Additionally, there has been a decrease in the quality of life, particularly in the
psychological sphere, for populations living close to the border with Ukraine.
Romania (234) is one of the countries that has reported this issue. The largest
number of reports on healthcare issues related to providing medical assistance to
refugees in general (235) and cancer patients specifically (236—240) has been
observed in Poland. It's reported that there's a difference between countries
regarding a preventive approach, where early diagnosis and timely initiation of
appropriate therapy for neoplasms play a key role in treatment outcomes.

The influence of other risk factors on cancer incidence during the war (research

data and expert assessment)
Before the full-scale invasion in 2019, according to the results of the STEPS survey,
a stepwise approach by the World Health Organization (STEPwise approach to
noncommunicable disease risk factor surveillance) in the population aged 18-69
in Ukraine, there were widely prevalent behavioral and biological risk factors
(241,242): one-third (33.9%) were active smokers; half (55.6%) consumed alcohol
in the last 30 days; two-thirds (66.4%) of the population did not consume enough
fruits and vegetables (five servings daily); almost half of the population (44.9%)
always or often added salt or salty sauce to their food; almost three-fifths (59.1%)
were overweight (BMI ( 25 kg/m2), including a quarter of the population (24.8%)
suffering from obesity (BMI ( 30 kg/m2); one-third of the population (34.8%) had
elevated blood pressure or hypertension (SBP (140 mmHg and/or DBP ( 90 mmHg
or they were taking antihypertensive medications at the time); 40.7% of the
population had a total cholesterol level of (5.0 mmol/L; and 7.1% had elevated
fasting plasma glucose ((7.0 mmol/L).

The level of physical activity in Ukraine was high and ranked among the highest in
the WHO European Region. Only 10% of the population did not meet the WHO
recommendation for at least 150 minutes of moderate-intensity physical activity
per week, or equivalent. Regarding mental health, every eighth adult (12.4%) in
Ukraine reported symptoms corresponding to a clinical diagnosis of depression.

More than half of all women (53.1%) underwent cervical cancer screening at least
once in their lifetime. Among women who received abnormal/positive results,
suspicion of cancer, or an undetermined result, a significant proportion (91.4%)
received treatment for cervical cancer (241,242).
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The World Health Organization's study on alcohol consumption in Ukraine,
conducted in December 2023, showed that after the start of the full-scale
invasion, the proportion of those who reduced alcohol consumption significantly
exceeded the proportion of those who increased it since the beginning of the full-
scale war: 21.5% of those who had ever consumed alcohol reported a decrease in
alcohol consumption, with 6.8% completely abstaining; 5.5% started drinking more,
and 2.9% resumed alcohol consumption after a period of abstention (243).

These data correspond to the results of a survey conducted among residents of
the Dnipropetrovsk, Lviv, Poltava, and Rivne regions (975 individuals aged 18 and
older) regarding awareness, attitudes, and behavior regarding noncommunicable
diseases in 2022, as part of the Ukraine-Switzerland project "Acting for Health".
The data obtained show a multifaceted impact of the war on the behavioral risk
factors of the population: the percentage of respondents who reported
consuming alcohol in the last 30 days decreased from 37% to 32% over the year,
the percentage of regular cigarette smokers remained unchanged at 21%. However,
among them, 45% reported smoking more after the start of the war, compared to
12% who reported smoking less; 30% of respondents stated that they started
walking more due to the war, while 28% reported sitting or lying down more;
consumption of processed meat products decreased by 40%, and consumption
of high-sugar products decreased by 32%, at the same time, consumption of fruits
and vegetables decreased by 22% (244).

According to a study conducted by the Ukrainian Institute of the Future in May
2023 with a sample of 1205 respondents: the proportion of individuals consuming
alcoholic beverages overall is 82%; 18% of respondents consume alcohol regularly
or quite often; 28% of those surveyed reported an increase in alcohol consumption
since the start of the full-scale war; for 16% of respondents, alcohol consumption
Is an important way to relax and unwind (245).

According to a study conducted by the Kyiv International Institute of Sociology
(KIIS) with the support of the WHO and the Ministry of Health of Ukraine among
2020 adult residents of Ukraine aged 18 and older in April 2023, it was determined
that the prevalence of smoking and the use of new tobacco products among the
adult population has not undergone significant changes during the war.
Approximately 27.4% of respondents indicated that they use any tobacco and
nicotine products, with 23.0% using them daily. 42.3% of respondents indicated
that the full-scale war did not affect the intensity of their tobacco or nicotine
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consumption; 40.2% mentioned that they started using a little more or
significantly more tobacco or nicotine; 12.6% reported that they started
consuming less or significantly less (246).

According to the special project titled "Experience of war. Food and culinary
practices in Ukraine", there has been a certain shift in Ukrainians' eating habits
towards the poorer frequency of meals and their nutritional composition during
the war period (247).

The results of the third wave of research conducted by the sociological company
Gradus Research within the All-Ukrainian Mental Health Program showed an
increase in the proportion of respondents who perceive their mental health as
unsatisfactory (from 9% in 2022 to 13% in 2024) (248).

Against the backdrop of negative emotions, chronic illnesses have worsened, as
evidenced by an increased demand for tranquilizers, antihypertensive, and
antidiabetic medications (249).

We conducted our research aimed at studying changes in the prioritization of
factors influencing chronic NCDs, including oncological diseases, during wartime
(250).

As of 2019, the top ten risk factors contributing to the loss of years of life due to
chronic NCDs were as follows: high systolic blood pressure, unhealthy diet,
smoking, high levels of low-density lipoprotein (LDL) cholesterol, high body mass
index (BMI), alcohol abuse, high fasting plasma glucose levels, air pollution, kidney
dysfunction, and suboptimal temperature (11).

The priority of individual risk factors was measured based on expert assessment
using a 10-point scale. The panel of experts consisted of 17 individuals, of whom 11
(64.7%) were clinicians (general practice, family medicine, therapy, epidemiology,
etc.) with experience in healthcare management; 13 (76.5%) held advanced
medical qualifications, and 6 (35.3%) held academic degrees. The number of
experts was deemed sufficient, and their competency coefficients were high
(above 0.85). The level of agreement among the experts on the researched
question, assessed by Kendall's coefficient of concordance, was sufficiently high,
measuring 0.69 (N<0.001).

During the war, the priorities of influencing factors changed (Table 4.5). According
to experts, the factor contributing to the greatest loss of life years due to chronic
non-communicable diseases in 2019 was high systolic blood pressure. However,
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irrational diet dropped to the third position, while smoking rose by two places.
Alcohol consumption moved up to the second position, while high levels of LDL
cholesterol dropped by two positions. It's worth noting that the priority, as in
previous years, predominantly belongs to behavioral risk factors, while
environmental factors occupy the last position. Moreover, the impact rank of air
pollution decreased according to the opinions of surveyed experts, yielding to
metabolic risk factors.

This hierarchy reflects problematic aspects with behavioural risk factors, which
were primarily affected by wartime conditions.

Risk 2019 rank (11) Rank  according Change of rank
to experts

High blood pressure* 1 1 -
Dietary risks 2 S #1
Tobacco 3 2 $1
High LDL* 4 6 #2
High body-mass index* 5 5 -
Alcohol use 6 4 $2
High fasting plasma glucose* 7 7 -
Air pollution** 8 9 #1
Kidney dysfunction* 9 8 $1
Non-optimal temperature** 10 10 -

Table 4.17 Ranking of risk factors that lead to the greatest loss of life years due to chronic non-communicable
diseases, including cancer

Notes: No mark — behavioural risks; * — metabolic risks; ** — environmental/occupational risks

According to experts, high systolic blood pressure has the greatest impact on the
development of cardiovascular diseases during wartime, with an intensity of 76.5%
(95% CI 63.8 - 89.2), and it also affects the development of oncological diseases
by 31.8% (95% CI 15.2 - 38.8). Air pollution is considered to have the greatest
impact on the development of oncological diseases during wartime by 68.2% (95%
Cl 43.1 - 75.0), followed by dietary risks at 63.5% (95% Cl 36.8 - 68.5), smoking at
51.2% (95% CI 30.9 - 60.3), and alcohol consumption at 37.1% (95% CI 30.9 - 46.7)
(Table 4.6).

In addition to the mentioned influencing factors, 14 out of 17 experts (82.4%) noted
a significant increase in the impact of psycho-emotional stress on health during
wartime.
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Full-scale war remains the biggest source of stress - 77% of Ukrainians surveyed
by Gradus Research recently experienced stress or high nervousness. This figure
has remained unchanged since the fall of 2023 (248). Psychological exhaustion,
emotional anxiety, and sleep disturbances are observed in 15-17% of the
population (245).

Risk Cardiovascular diseases Oncological diseases
" (95% CI), %
High blood pressure* 76.5 (63.8 —89.2) 318 (15.2 — 38.8)
Dietary risks 447 (335 — 60.6) 63.5 (36.8 — 68.5)
Tobacco 571(50.2 — 79.3) 51.2 (30.9 — 60.3)
High LDL* 62.9 (5.6 — 75.4) 24.7 (181—53.)
High body-mass index* 59.4 (48.1— 69.6) 30.6 (26.5 — 38.3)
Alcohol use 412 (385 - 62.7) 37.1(30.9 —46.7)
High fasting plasma glucose* 50.6 (46.8 —68.5) 29.4 (36.8 — 58.5)
Air pollution** 318 (21.8 - 50) 68.2 (431—75.0)
Kidney dysfunction* 482 (41.3 — 67) 15.9 (10.4 — 38.4)
Non-optimal temperature** 14.7 (1L5—-33.2) 19.4 (9.9 — 28.9)

Table 4.18 The frequency of the intensity of exposure during hostilities to risk factors for the development of
cardiovascular and oncological diseases

Notes: No mark — behavioural risks; * — metabolic risks; ** — environmental/occupational risks

According to Ukrainian researchers, the ranking of stressors among Ukrainians
during a full-scale invasion is as follows (from most severe to least severe):
traumatic experiences such as heavy memories, stressors related to social
interactions (conflicts, lack of support, discrimination), deterioration of living
conditions, health problems, and the threat to life as a possibility due to the war
(251).

Legislative regulation of the fight against oncological diseases during the war in

Ukraine
The Ukrainian government acknowledges the issue of increased oncological
diseases following the full-scale invasion and has taken corresponding legislative
initiatives, including the Decision of the National Security and Defense Council of
Ukraine "On Prevention, Early Diagnosis, and Treatment of Malignant Neoplasms,"
which was put into effect by the Decree of the President of Ukraine dated
December 22,2023, No. 842/2023. The document includes the implementation of
a multi-level system of measures for the prevention of malignant neoplasms,
taking into account available and updated information on the distribution and
intensity of factors influencing their occurrence, including behavioral risk factors
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(252).

The National Strategy for Cancer Control for the period up to 2030 and the Action
Plan for the Implementation of the National Strategy for Cancer Control have been
developed and published for public discussion. These documents aim to prioritize
and ensure the implementation of state policies on cancer control to gradually
reduce the incidence and mortality caused by cancer, improve the quality of life
of patients, ensure the creation of a system for providing accessible high-quality
medical services in Ukraine, and address systemic issues in the field (253).

Additionally, a draft resolution of the Cabinet of Ministers of Ukraine "On Approval
of the Strategy for the Development of the Healthcare System until 2030 and
Approval of the Operational Plan for its Implementation in 2024-2026" has been
developed and published for public discussion. It aims to reduce premature
mortality from prevalent conditions and diseases, namely cardiovascular diseases,
neoplasms, diabetes mellitus, chronic obstructive pulmonary diseases, as well and
road traffic injuries by one-third (254).

This suggests that the system of prevention and control of oncological diseases
will continue to be actively addressed during wartime and will further develop in
post-war times.

Summarizing the conducted literature review, the following can be noted

At present, based on the analysis of the literature, it is not possible to make
definitive conclusions regarding the nature of air pollution resulting from war and
its impact on public health, including oncological diseases. Most researchers agree
on the deterioration of the ecological situation due to wartime activities, although
there is currently no compelling evidence regarding atmospheric air pollution.

The different data obtained regarding air pollution are due to various observation
periods, the use of diverse information from different sensors, stations, and
organizations, different meteorological conditions, and the analysis of its impact.

Research studies are primarily focused on the ecological consequences of military
actions, with some addressing the impact of war on health, albeit more often
addressing the urgent tasks of organizing medical assistance. There is mention of
the potential negative impact of environmental issues in general and air pollution
in particular on the population's health, but investigating this chain of causality at
the current time is often not feasible.

For a more accurate assessment of overall risk, it is necessary to consider all
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sources of air pollution and all associated diseases. There is a complex negative
Impact on the environment, as air pollutants from smoke and chemical trails settle
on vegetation, soil, and water (30). It is also necessary to consider psychosocial
modifiers of stress response. People suffering from post-traumatic stress disorder
experience chronic systemic inflammation and respond poorly to environmental
disasters, such as the impact of air pollutants (9).

The level of pollutants in the environment can also vary depending on weather
conditions, even if the emissions of pollutants into the air remain constant.
Meteorological factors account for approximately 31.21% of fluctuations in air
pollutant levels (176).

The connection between air pollution levels and wartime factors can be relatively
weak in areas located far from the battlefields (176).

In addition to changes in emissions, another possible explanation for the pollution
of large areas of Europe is related to its flat terrain, which provides favorable
conditions for the spread of these pollution emissions through the wind (176).

Recommendations for ensuring air quality from the Conflict and Environment
Observatory (CEOBS) include optimizing research efforts, which involve detailed
analysis of currently available air quality data, including satellite and ground-based
data, studying relevant hospitalization records, restoring and expanding air quality
monitoring with measurements of a wider range of pollutants and with greater
temporal and spatial coverage (30).

Increased monitoring of pollution and a focus on sustainable practices in industrial
and energy production should play an important role in the post-war
reconstruction period (200).

Our findings justify the need for more rigorous longitudinal cohort studies of the
Ukrainian population during and immediately after the conflict, aligning with the
views of other researchers (145).

The impact of air pollution as an environmental risk factor intensified by war
cannot be viewed in isolation from the influence of other behavioural and socio-
economic determinants. It requires consideration of the influence of stress as a
triggering mechanism for health-preserving behaviours among the population and
as an independent determinant that significantly affects the population's health
status.!
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Assessment of the current levels of pollution and prognosis on the
long-term based on air monitoring and other pollution sensors in
place in Ukraine (epidemiological ecological study)

Data and Methods
Regions

The data about cancer epidemiology and air pollution was presented for Ukraine
and Dnipropetrovsk oblast. When possible, the data about air pollution and cancer
epidemiology were stratified by the area of data collection. The information about
the military actions intensity and consequences of missile attacks was collected
from publicly available sources of information (Institute for the study of War, social
media, websites with the statistics of missile attacks, etc.), similarly as in the study
by Malarvizhi et al. (171). Further, according to the information about the intensity
of military actions, several locations for in-depth analysis were selected and
ranked according to the damage caused by the war. The locations are depicted
on the Figure 4.8 and were the following:

1.I' Dnipropetrovsk oblast - in order to assess the overall trends in pollution
levels in the region.

2.1 Nikopol and Marhanets (severely damaged, rank 1) - two towns, near which
there are several industrial objects that may significantly influence the level
of pollution, from the first weeks of the Zaporizhzhia region occupation
remain a target for a regular artillery fire from the opposite bank of the river
Dnipro.

3. Kryvyi Rih (significantly damaged, rank 2) - the second after Dnipro city in
the region by the number of population. It is an area of concentrated
powerful industrial objects that may influence significantly the level of
pollution, it has a large number of sensors of air quality, it has been attacked
multiple times from air (especially in the first half of 2022, while Kherson
region was occupied by russian troops), it is being regularly attacked from
air by the Russian troops.

I Dnipro city (moderately damaged, rank 3) - the main administrative centre
of the region, which has the largest number of population, has powerful
industrial objects that may significantly influence the level of pollution and
a large number of sensors of air quality, it is being regularly attacked from
air by the Russian troops.

»
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5.1 Other - towns and villages in Dnipro (excluding Dnipro city), Kamianske, and
Novomoskovsk raions (moderately damaged, rank 4) - areas with relatively
few reports of missile/artillery strikes, were included for the comparison
with the more damaged areas.

Figure 4.48 Dnipropetrovsk oblast map with rank of danger of the areas in the analysis.

Notes: DN - Dnipro (city), KR - Kryvyi Rih, N. & M. - Nikopol and Marhanets.

Air pollution data

The analysis of the pollution data was designed to describe, first of all, standard
pollutants (particulate matter (PMy); fine particulate matter (PM.s); ozone (Os3);
nitrogen dioxide (NO.); sulphur dioxide (SO,)) (255). However, due to the limited
availability of the data some of the pollutants were not described. Whenever
possible, information about additional available pollutants was provided.

Pollutants in the study:

'l Dust - one of the most important and omnipresent pollutants in the
atmospheric air, is included in the calculation of European Air Quality Index
(255). According to Global Burden of Diseases Study 2019, particulate air
pollution is one of the most influential risk factors of premature death and
morbidity worldwide (256). Fine particles (PM.s) and particulate matter
(PM,o) are monitored according to the EU and Ukrainian standards
(257,258). Mostly, dust comes from regular human activities, i.e. power
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plants, industries and automobiles (259). However, in conditions of war an
increase in ambient air dust concentration may be expected. Together with
warfare emissions and fuel burning, other sources of dust may contribute
significantly: bomb explosions, destruction of buildings, forest fires, etc
(176). The upper recommended limits for undifferentiated dust were 0.15
mg/m?3 @9 for PM,s (annual and 24-hour) — 5 g/m?® and 15 1g/mé, for PMo
(annual and 24-hour) — 15 g/m?3 and 45 1g/m?3 @),

I I Sulphur dioxide (SO;) — is a product of fossil fuels burning. In high
concentrations may cause environmental and health problems (mostly for
respiratory system) (262). The upper recommended daily average limits
were set as 0.05 mg/m?3 (181).

' Hydrogen sulphide (H.S) — possible sources are petroleum, natural gas, soil,
sewer gas. Exposure to H,S might cause cardiovascular, pulmonary and
ocular symptoms (263).

'l Soot — is a product of incomplete combustion of hydrocarbons (264). Is a
group 1 cancerogenic substance according to International Agency for
Research on Cancer (265). The upper recommended daily average limits
were set as 0.05 mg/m?3 (260).

I'I Hydrogen fluoride (HF) —is used in various industries, mostly for refrigerants
manufacturing. Contact with HF in high concentrations may lead to body
surface irritation or damage (266). The upper recommended daily average
limits were set as 0.005 mg/m?3 (260).

I' I Hydrogen chloride (HCI) - is used in various industries, and may be present
in domestic cleaning products. Contact with HCI in high concentrations
may lead to body surface irritation or damage (267). The upper
recommended daily average limits were set as 0.2 mg/m? (260).

I I Nitrogen dioxide (NO.) - is used as an indicator of other nitrogen oxides in
the atmosphere and is included in the calculation of the European Air
Quality Index (255,268). High concentrations of NO. can irritate the human
respiratory system and lead to deterioration of respiratory diseases (268).
NO. is not currently recognised as cancerogenic substance (269).
Nevertheless, it may be considered as a proxy for traffic-related air
pollution (270). Several recent studies found an association between NO-
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pollution and both respiratory and non-respiratory cancers (4,270,271). Fuel
consumption by military equipment and massive destruction of fuel
reservoirs are likely to contribute to the war-related NO- pollution in Ukraine
(176). The upper recommended daily average limits were set as 0.04 mg/m?
(260).

I I Carbon monoxide (CO) - is among the most common air pollutants found
worldwide, it is a product of burning, its main sources are devices that
require fossil fuel for their functioning, is not recognised as a cancerogen
(272). High levels of CO may lead to poisoning, but it is unlikely for ambient
air (272). Increase of CO atmospheric pollution may be expected during a
war time due to engagement of military vehicles and explosives that may
cause CO emission (176,272). The upper recommended limits were set as 3
mg/m?3 (260).

'l Formaldehyde - it is recognised as a human cancerogen (273,274). Group
2A cancerogenic substance according to International Agency for Research
on Cancer (265). It is a common substance that is widely used in industry
and is present in various objects that are needed in daily life (275). Due to
its widespread formaldehyde is considered as the most abundant carbonyl
compound released from anthropogenic activities (275). One of the
sources of formaldehyde is traffic emissions (274). Although it is not
directly related to the military actions, its level may depend on the industrial
activity and density of population in the areas of interest. The upper
recommended limits were set as 0.003 mg/m? (260).

I'1 Ammonia (NHs) - is a very important industrial chemical, as a crucial alkaline
compound in the troposphere, can deteriorate air quality by favouring
secondary aerosol formation (276,277). It is normally present in air, water
and soil. Typical exposure doesn’t lead to health effects, high levels of NH3
may lead to body surface irritation or damage (278,279). It is not recognised
as a cancerogen (279) and is not a part of military equipment. However,
during military actions intended or not-intended damage to ammonia
reservoirs is possible, which happened several times during Russian full-
scale military invasion to Ukraine in Donetsk and Luhansk oblasts (1). The
upper recommended limits were set as 0.04 mg/m? (260).
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Phenol - is highly irritative to human body surfaces, phenol poisoning can
occur in humans after skin absorption, inhalation of vapours or ingestion. It
Is not recognised as a cancerogen (280). Phenol exhibits the properties of
a protoplasmic poison and is dangerous for any tissues in the body. It is
being used in polymers production and can be found in several medical
products. The upper recommended limits were set as 0.003 mg/m?3 (260).

Heavy metals - are naturally occurring chemical elements in the
environment with an atomic mass greater than 63.5 and a specific gravity
greater than 5.0 g/cm3, usually composed of metals and metalloids, which
are generally required for the better functioning of biological cells in low
concentrations (trace elements) or are potentially toxic elements,
especially in high concentrations (28l). Heavy metals do not undergo
decomposition processes, but can only be redistributed between natural
environments. They are a serious environmental problem worldwide due to
their toxicity, stability in environmental objects, wide distribution and higher
potential toxicity and bioaccumulation in living organisms, causing various
pathological processes (282—285). Military activities (burning of rocket fuel,
gunshot discharge, etc.) may result in heavy metal environmental pollution
(1,286).

Data about ambient air pollution were taken from:

1!

N

w

»

Ministry of Environmental Protection and Natural Resources of Ukraine
(MEPNRU) (22) and Central Geophysical Observatory (CGO) named after
Borys Sreznevsky (181) — public reports about the condition of the
environment in Ukraine in 2017-2023.

I State Statistics Service of Ukraine (Ukrstat) — data about overall and

pollutant-wise (PM, NO,, SO,, CO) atmospheric emissions by different types
of sources in 2008-2021 for Ukraine in general and region-wise (287).

I Dnipro Regional Centre of Hydrometeorology (RCGM) - monthly average

values and number of single measurements above MPCsm. of
undifferentiated dust, NO,, CO, phenol and formaldehyde. Used for the
analysis of air pollution in Dnipro and Kryvyi Rih for the period 2009-2022.
In total, data about 64,466 measurements were enrolled into analysis.

I State institution "Dnipropetrovsk Regional Center for Disease Control and

Prevention of the Ministry of Health of Ukraine" - data about excess
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concentration of salts of heavy metals (manganese, mercury, lead,
chromium) above MPC in the air, 36,483 measurements.

o1

' Ukrainian citizen air quality monitoring network EcoCity - average values of
pollutants for 20-minutes intervals in different locations of Dnipropetrovsk
oblast from February 2019 till September 2023 (288). Daily and monthly
average levels were analysed. The amount of data enrolled into analysis for
each pollutant was the following: PM,s - 74,243,321 measurements, February
2019-December 2023; PMyp - 73,755,321 measurements, February 2019-
December 2023; NO, - 17,229516 measurements, February 2020-
December 2023; CO - 16,053565 measurements, February 2020-
December 2023; NH; - 32,986,706 measurements, September 2019-
December 2023; formaldehyde - 7,558,301 measurements, October 2019-
December 2023.

o

I Public organisation SaveDnipro - hourly average values of NowCast PM;s Air
Quality (289) index from February 2019 till September 2023 in different
locations of Dnipropetrovsk oblast (290). Data about 511,784 hourly
measurements was enrolled into analysis.

In order to ensure the reliability of the data received, before enrolling to the
analysis raw data from citizen air monitoring networks were cleaned. Unrealistically
low values and values above three-fold maximum permissible concentration limits
according to Ukrainian legislation (260) were considered as outliers (or values
caused by extreme meteorological conditions) and were omitted. Although this
approach could introduce a bias to the results of observations, the bias was
systematic and should have equally influenced the whole data massive. Since the
goal of the presented study was to detect changes related to the beginning of the
full-scale military invasion, the measurements with a systematic bias still should
make possible detection of a rapid change in the pollution level in a given time
point. Moreover, the values after the cleaning were close to the values obtained
from governmental services dealing with air quality monitoring during the
corresponding time intervals. Therefore, they were considered to be reliable and
applicable for the analysis.

To assess the quality of atmospheric air, such indicators as average daily, average
monthly and average annual concentrations of pollutants were assessed. Air
pollution measurements were compared with thresholds for daily average
maximum permissible concentrations (MPCd.a) and single measurement
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maximum permissible concentrations (MPCs.m.) from national guidelines (260).
The thresholds for of PM25 and PMIO in atmospheric air are regulated by
Resolution of the Cabinet of Ministers of Ukraine dated August 14, 2019 No. 827 in
accordance with Directive 2008/50/EC (291). However, in 2021 WHO updated air
quality guidelines for several pollutants, including PM.s and PMo, which were used
for the air pollution assessment (261).

The data that were available in particles per million or per billion (ppm or ppb)
were converted to mg/m?3in order to assess them according to national guidelines
(260). Conversion to mg/m® was performed using average seasonal values of
temperature and atmospheric pressure . For the conversion the following
equations were used (292):
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To assess the influence of war on the air pollution levels the following approaches
were applied:

1.I' Evaluation of association between annual levels of air pollution from 2009
till 2022 with Russian military offensives in 2014 and 2022 and air pollution.
This part of the analysis was limited to Dnipro (city) and Kryvyi Rih, due to
the data availability only for these locations.

2.! Evaluation of association between daily, monthly and annual average levels
of air pollution during February 2019-December 2023, with the Russian
military offensive in 2022. In this part of the analysis data were analysed for
the whole Dnipropetrovsk oblast, Dnipro (city), Kryvyi Rih, Nikopol and
Marhanets and Other locations.

3.! Daily average levels of air pollutants in Dnipro and Kryvyi Rih were assessed
in timepoints of missile attacks during the beginning of the invasion
(February-May 2022) and during autumn-winter 2022/2023 when multiple
massive missile attacks took place (293—327). These locations were
selected because of a high number of sensors and frequent missile attacks.
For the study were selected either attacks that were described as massive
in media or that resulted in significant destruction, even despite a small
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number of missiles involved (severe damage/destruction of industrial
objects, oil reservoirs or multi storey living buildings). Change in air pollution
levels in Dnipro and Kryvyi Rih was analysed separately with the account for
the location of the missile attack. If the daily average level of a pollutant
increased within 48 hours from the attack, this elevation was considered as
related to the attack.

»

I Additionally, average values of 20-minutes intervals for two time intervals
were investigated. These were the 22-26 February 2022 (for Dnipro and
Kryvyi Rih) as the beginning of the full-scale Russian military invasion; and
28 March - 08 April 2022, (for Dnipro only) as during this time three missile
attacks with oil reservoirs/fuel storage destruction and one massive missile
attack took place (297,299—-301).

Additionally, air pollution related cancer risk and non-cancerogenic risk for
population was assessed, as well as their change after the beginning of the full-
scale Russian military invasion.

Cancer risks for populations exposed to cancerogenic substances (formaldehyde,
soot) was calculated according to the National recommendations on
cancerogenic and non-carcinogenic risk for the population health, provided by the
Ministry of Health of Ukraine (265).

"#'$HY&HY'
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where C is an average concentration of a cancerogen, CR — speed of air income to
a body (was set as 20 m3/day), EF — frequency of exposure, per year (was set as
365 days), ED — duration of exposure (was set as 70 years), BW — body weight
(was set as 70 kg), AT — duration of exposure averaging (was set as 70 years), SF
— cancerogen potential of the substance.

Thresholds for the cancer risk interpretation: <10-°— minimal (optimal), 10* — 10®
— low (acceptable), 10®* — 10* — average (acceptable for industries, but
unacceptable for population; requires additional control). >103 — high
(unacceptable neither for industries, nor for population, measures for the pollution
reduction are needed) (265).

Hazard quotient (HQ) for population exposed to non-cancerogenic substances
was calculated as following (265):
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HQs for different pollutants were summarised to get the value of hazard index (HI),
in order to assess the overall influence of air pollutants on the population health.

5L1M51

Thresholds for the hazard index interpretation:

Hazard quotient Hazard index Risk level

>3 >6 high

11-3.0 31-6.0 alarming

0.11-10 11-3.0 acceptable

%0.1 %L.0 minimal (optimal)

Table 4.19 Thresholds for the hazard index interpretation.
Cancer epidemiology data

Data about cancer epidemiology was taken from the reports of the National
Cancer Registry of Ukraine (NCRU) (158), the statistical reports of the Ministry of
Health of Ukraine (MoHU) (328) and Dnipro Cancer Registry (DCR).

The following information was analysed:
1.I' Total and respiratory (C32-C34) cancer incidence and mortality;

2.1 Oncologists’ services utilisation was calculated as (number of visits to
oncologists / population of a given area) * 100,000 (for Dnipropetrovsk
oblast only);

3.! Percent of deaths within one year after the disease onset was calculated as
(number of deaths that occurred within 1 year from the diagnosis onset in a
given year / total number registered patients in a given year) * 100% (for
Dnipropetrovsk oblast only);

4.1 Survival analysis of patients with cancer depending on the area of residence
and depending on the time of cancer diagnosis (for Dnipropetrovsk oblast

only).
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Additionally, the data about incidence and mortality from the following types of
cancers was analysed in correlation analysis with air pollutants emissions: COO-
C96 - Malignant neoplasms of all localisations; Cl6 - Malignant neoplasm of
stomach; C32 - Malignant neoplasm of larynx; C33-C34 - Malignant neoplasm of
trachea, bronchus and lung; C50 - Malignant neoplasm of breast; C53 - Malignant
neoplasm of cervix uteri. The information was collected by the country region,
from publicly available NCRU reports.

Information about new cancer cases, deaths from cancer for Ukraine and
Dnipropetrovsk oblast in 2009-2021 were extracted from the reports by the
Ministry of Health of Ukraine. The data about population of Ukraine and
Dnipropetrovsk oblast was taken from State Statistics Service of Ukraine (287). For
the calculation of the epidemiological indicators for Ukraine in 2014-2022, the
population of Donetsk, Luhansk oblasts and Crimea was not accounted, using the
same approach as in the NCRU (158).

Periodisation

Where it was possible data were compared in the following time intervals: 2009-
2013 (time before Russian invasion in 2014), 2014-2019 (time after Russian invasion
and before COVID-19 pandemic), 2020-2023 (time of COVID-19 pandemic and
full-scale Russian invasion in 2022, for in-depth analysis of influence of the war on
the air pollution).

Statistical analysis

Data processing and statistical analysis were conducted using LibreOffice, Google
Docs, Jupyter Notebook (329) and R (version 4.3.1) (330) environments. Standard
methods of descriptive and analytical statistics were employed for data analysis.
95% confidence intervals (95% CI) were computed for both summary averages
and relative indicators. The analysis of dynamic series, with calculation of visibility
index, annual average growth rate using the method of least squares, and linear
regression models were used for the assessment of trends in air pollution and
cancer epidemiology over the time of observation. Prognosis of air pollution level
was made based on linear regression models, as in the study by Ferlay et al. (331).
Prognosis of air pollution in Ukraine was made for 2024-2025 time interval.
Prognosis of air pollution in Dnipropetrovsk oblast was made for 2023-2025 time
interval when using the RCGM data (14 years of observation), and for 2024 when
using the EcoCity data (5 years of observation).
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The direction of linear trends (increase/decrease) was assessed using the method
used by Qin et al. (332). An estimated annual percentage changes (EAPCs) and
limits of 95% CI of a regression coefficient were calculated. The EAPCs were
estimated using a linear regression model:y =! + "x + P, where y is an outcome
variable, x is the calendar year, and P is the error term. The EAPCs were calculated
as 100 * (exp (") ) ). If the EAPC and the lower limit of the 95% CI were both >0,
the trend was considered to be increasing. If the EAPC and the upper limit of the
95% CIl were both <0, the trend was considered to be decreasing.

Assessment of correlations between air pollutant emissions and cancer
epidemiology. Region-wise crude and age-standardized (for the world and
Ukraine) incidence and mortality rates in 2014-2019 years were collected from the
publicly available NCRU reports. Observations for 2020 and 202! were severely
affected by the COVID-19 pandemic and demonstrated a steep fall in incidence
and tremendous distortions in mortality rates that did not fit the previous years,
and therefore were excluded from the analysis. Per square kilometre (km?) air
pollutants emission rates were enrolled to the analysis. It was apriori assumed that
pollutant levels per km? could be a proxy for the concentration of air pollutants.
This assumption was proved empirically since after performing all the correlations,
emissions per km? levels had on average stronger correlations than crude values.
Therefore they were selected for the reporting. Calculation of air pollutant
emissions per km? was performed using the information about the total square of
each region of Ukraine (Ukrstat data). The analysis was based on the assumption
that levels of air pollutants affect incidence/mortality rates with some delay (lag).
Thus, Yy may correlate with X..,, where Y; is an incidence/mortality rates at some
point in time "t', and X, is an air pollutant levels "n" years before the time "t". The
actual lag "n" could be different for different X's and Y's so all possible X and Y
combinations and numerous lags (from 1 to 6) were tested to get the full picture.
Spearman’s rank correlation coefficient was calculated for association between
air pollutants emissions and cancer incidence/mortality. The values of air
pollutants emissions and cancer incidence/mortality were ranked separately
within each region before enrolling into the analysis.

The impact of missile attacks on air quality was calculated with the help of
mathematical predictive modelling. The AutoRegressive Integrated Moving
Average eXtended (ARIMAX) model is a time series analysis technique used to
forecast future values based on past observations (333). It extends the traditional
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ARIMA model by incorporating exogenous variables. It allows for more accurate
predictions by considering additional factors (e.g., a fact of a missile attack during
the day or weather conditions) that may influence the analysed time series (e.g.,
pollutant levels). Obtained coefficients of ARIMAX models for exogenous variables
show the absolute increase (if positive) or decrease (if negative) of the studied
parameter (pollutant levels) given the presence of external factors (missile attack)
during the day. Two types of models were used. The first one used only preceding
levels of pollutants and information about missile attacks for prediction. In the
second one additional parameters such as temperature, atmospheric pressure on
the sea level, humidity, wind speed and cloudiness were also incorporated into the
model to account for the possible impact of weather conditions.

Survival analysis was conducted for patients in Dnipropetrovsk oblast using
building Kaplan-Meier curves and calculation of Cox proportional hazards
regression models. Stratification by the area of residence and time of cancer
diagnosis was applied in order to assess the influence of war intensity and time of
cancer diagnosis on the survival of the patients. The starting time point was the
date of cancer diagnosis. The end time point was the date of last observation.
Difference between survival curves was assessed using log-rank test. Median
survival and hazard risk (HR) with 95% CI were calculated. Critical value of p for
evaluation of statistical hypotheses was set as <0.05.

Impact of war on air pollution

Ukraine

Total amount of atmospheric emissions from stationary sources in Ukraine had an
overall decreasing non-linear trend (Figure 4.9). It was stable in 2008-2013. In
2014, with the beginning of Russian-Ukrainian war and occupation of territories of
Donetsk and Luhansk oblasts the amount of emissions abruptly decreased. In 2017
the trend of atmospheric emissions stabilised and remained above 2000
thousands of tons per year till 2021, with a gradual decrease. The presented data
do not account for the emissions coming from occupied territories after 2014
(334), which means that the actual degree of air pollution might be higher.

Deliverable 2.8 — 4PCAN

Page 166



Figure 4.49 Total amount of atmospheric emissions from stationary sources in Ukraine in 2008-2021. Ukrstat
data.

The air pollution index in Ukraine fluctuated between 6.0 and 8.2 (Table 4.8), and
was mostly characterised as high (22). Air pollution in Ukraine before the full-scale
Russian military invasion of Ukraine in 2022 was characterised as high, according
to the air pollution level. The highest levels of air pollution were registered mostly
in the Eastern regions of Ukraine, where is the highest concentration of industries
that produce emissions. The average values of air pollutants in Ukraine are in the
table below. Despite the gradual decrease of atmospheric emissions amount from
stationary sources (which are considered to be the most significant contributor
to air pollution) in 2017-202], the air pollution index had not decreased and
remained above 7.0. The main contributors to the air pollution were formaldehyde,
phenol, HF, NHs, NO,, dust, CO (22).
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Substance

Undifferentiated
dust

SO,

CcO

NO;

NO

H.S

Soot

Phenol

HF

HCI

NH3
Formaldehyde

Air pollution index

Year , mg/m?3

2017

0.14

0.016
1.8
0.06
0.03
0.002
0.003
0.004
0.06
0.02
0.007
7.2

2018

0.3

0.015
17
0.06
0.03
0.002
0.004
0.004
0.05
0.02
0.007
7.6

2019

0.3

0.018
1.6
0.06
0.03
0.002
0.004
0.004
0.04
0.02
0.008
82

2020

0.3

0.019
14
0.06
0.03
0.002
0.03
0.003
0.003
0.05
0.02
0.007
7.0

AN

2021

0.2

0.017
14
0.06
0.03
0.002
0.03
0.003
0.004
0.05
0.02
0.007
71

2022

0.1

0.018
1.3
0.06
0.03
0.002
0.03
0.003
0.003
0.04
0.02
0.007
6.5

Table 4.20 Annual average levels of pollutants in Ukraine in 2017-2023. CGO and MEPNRU data.

2023 (It

half)
0.12

0.019
1.2
0.06
0.03
0.002
0.02
0.003
0.003
0.05
0.01
0.006
6.0

Linear trend equations: undifferentiated dust: y = 8.06 — 0.0039x (p=0.01); SOz y =-0.99 + 0.0005x (p=0.07);
CO:y = 20348 — 0.1000x (p<0.01); NO2: NA; NO: NA; H2S: NA; soot: y = 6.09 — 0.0030x (p=0.22); phenol: y =
0.22 — 0.000Ix (p=0.28); HF: y = - 0.36 -0.0002x (p=0.07); HCI: y = 2.93 — 0.0014x (p=0.31); NHz: y = 2.18 —
0.001Ix (p=0.14); formaldehyde: y = 0.29 — 0.0001x (p=0.21); air pollution index: y = 504.87 — 0.2464x (p=0.05).

CGO and MEPNRU data.

In 2022-2023 the air pollution index has declined to 6.3 (5.8-6.7), as compared to
71 (6.0-7.2) in 2020-202! (Table 4.9). The 2022-2023 average levels of
undifferentiated dust, CO, soot, HF, HCI, NH3, and formaldehyde were lower than in
2020-2021, but this difference was not statistically significant. The average level

of one pollutant — sulphur dioxide — increased in 2022-2023 (ns).

Substance
(mg/m?)

Undifferentiated
dust

SOz
CO
NO2
NO
H2S
Soot
Phenol

HF

HCI
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0.0037
0.0044)

0.0040
0.0040)

0.050 (0.039-0.061)

Average level (95% CI)
2017-2019

0.33 (0.126-0.14)

0.016 (0.014-0.018)
1.700 (1587-1813)
0.060 (0.060-0.060)
0.030 (0.030-0.030)
0.002 (0.002-0.002)

2020-2021

0.125 (0.115-0.135)

0.018 (0.016-0.020)
1400 (1400-1400)
0.060 (0.060-0.060) 0.060 (0.060-0.060) 100
0.030 (0.030-0.030) 0.030 (0.030-0.030) 100
0.002 (0.002-0.002) 0.002 (0.002-0.002) 100
0.030 (0.030-0.030) 0.025 (0.015-0.035)

(0.0030- 0.0030 (0.0030- 0.0030

0.0030)

(0.0040- 0.0035
0.0045)

0.050 (0.050-0.050) 0.045 (0.035-0.055)

2022-2023

0.115 (0.105-0.125)

0.018 (0.017-0.019)
1250 (L152-1.348)

p value

(2020-2021
2022-2023)

0.29

0.71
0.20

0.50

(0.0030- 1.00

0.0030)

(0.0025- 0.0030

(0.0030- 0.50

0.0030)

0.50

VS



AN

NHs 0.020 (0.020-0.020) 0.020 (0.020-0.020) 0.015 (0.005-0.025) 0.50
Formaldehyde 0.0073 (0.0066- 0.0070 (0.0070- 0.0065 (0.0055- 0.50
0.0080) 0.0070) 0.0075)

Air pollution index 7.7 (7.1-8.2) 71(6.0-7.2) 6.3 (5.8-6.7) 0.8

Table 4.21 Comparison of 2017-2021 and 2022-2023 annual average levels of pollutants in Ukraine. CGO and
MEPNRU data.

There was an increase of the maximum single measurement levels of air pollutant
concentrations in 2022-2023, when compared to the pre-invasion years,
especially 2020-2021 (Table 4.10). Maximum single measurement concentrations
increased for sulphur dioxide (0.437 mg/m?3 in 2023), CO (30.4 mg/m?3 in 2022),
NO; (2.33 mg/m?3in 2022), soot (0.25 mg/m?3 in 2022), HF (0.066 mg/m?3 in 2022),
NH; (0.33 mg/m?3in 2022). At the same time, maximum single measurement levels
of phenol and formaldehyde were decreasing in 2022-2023.

Year, mg/m?

Substance
2017 2018 2019 2020 2021 2022 202 (1
halfy
gzgt'ffere”t'ated 22 20 24 21 21 21 21
S0, 0271 0236 0573 0.409 0289 00285 0437
co 210 44.0 318 220 26.3 304 10.0
NO, 114 0.066 0.8l 09 08 233 05
NO 023 061 101 045 0.44 0.026 016
H.S 0.025 0.039 0.039 0.037 0.039 0.039 0.069
Soot - - - 0.26 022 025 020
Phenol 0.043 0.041 0003 0041 0.037 0.029 0.024
HF 0.055 00048 0005 005! 0.055 0066 0029
HCI 063 054 020 098 0.80 0.60 0.60
NHs 057 043 0.04 056 023 033 020
Formaldehyde 0134 017 0003 0107 018 0.077 0.063

Table 4.22 Maximum single measurement levels of pollutants in Ukraine in 2017-2023. CGO and MEPNRU data.

In 2022-2023 the percentage of locations with the average levels of
undifferentiated dust, phenol, and hydrogen fluoride above MPCd.a. was higher
than in 2020-2021 (Table 4.11). In 2022 there was the highest percentage of
locations with the average level of CO, soot, phenol and formaldehyde above
MPCd.a., when compared to the neighbouring years.
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Substance

Undifferentiated
dust

SO,

CcO

NO;

NO

H.S

Soot

Phenol

HF

HCI

NH3
Formaldehyde

Year, %

2017

80

2018

83

2019

2020

7

2021

80

2022

83

2023 (It
half)

73

Table 4.23 Percentage of cities with annual average air pollution levels above MPCd.a. in Ukraine in 2021-2023.

CGO and MEPNRU data.

In 2022-2023 the percentage of locations with maximum levels of pollutants
above MPCs.m. was generally lower than in 2017-2021 (Table 4.12). However, in
2022 the percentage of locations with soot and NH; above MPCs.m. was the
highest, when compared to the neighbouring years.

Substance

Undifferentiated
dust

SO,

CcO

NO;

NO

H.S

Soot

Phenol

HF

HCI

NH3
Formaldehyde

Year, %
2017

44

0]
54
51
0]
36
100
55
40
6
43

2018

49

0
51
51
4
36
82
55
30
6
59

2019

41

3
49
59
4
55
82
45
30
13
59

2020

51

0
53
49
4
36
33
94
45
30
13
53

2021

43

0
47
51
4
45
33
88
45
20
6
59

2022

38

0
34
44
0

36
50
88
45
30
12

43

2023 (It
half)

28

0]
19
34
0]
30
17
69
22
29
0]
36

Table 4.24 Percentage of cities with maximum single measurement air pollution levels above MPCs.m. in

Ukraine in 2021-2023. CGO and MEPNRU data.

The air pollution in Ukraine in 2017-2023 was characterised by mostly high level.
After the full-scale Russian military invasion of Ukraine in 2022 the air pollution
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index, as well as the average levels of several pollutants, in Ukraine has decreased,
when compared to 2020-2021. However, this decrease was not statistically
significant. The average level of SO; has increased in 2022-2023, when compared
to previous years, but this increase was statistically non-significant. In all
probability, the overall decrease of air pollution in Ukraine in 2022-2023 was
related to the rapid decline in industrial activity and emigration from the country.
Also, the energy sector in Ukraine is the most significant contributor to the
atmospheric emissions (22). Russian attacks led to the destruction of around 50%
of Ukrainian energy infrastructure (194), which, in all probability, substantially
contributed to the decrease in air pollution.

Despite that, there was an increase in maximum single measurement
concentrations of sulphur dioxide, CO, NO;, soot, hydrogen fluoride, and NHs in
2022-2023, which were higher than in the pre-invasion years. In 2022 there was
the highest, when compared to the neighbouring years, percentage of locations
with the elevated average levels of CO, soot, phenol, and elevated maximum levels
of soot and NHs.

Also, in 2022-2023 for several air pollutants there was an increase in percentage
of locations with the average level of pollutants above MPCd.a. and MPCs.m. The
pollutants involved were products of burning (CO, NO,, soot), short-term increase
in concentration of which is expectable during air strikes, fuel burning (including
damage of fuel reservoirs), forest fires etc. But there was also an increase of
sulphur dioxide, hydrogen fluoride, phenol, NH;, and formaldehyde, which are not
directly related to the military equipment, but which may release due to the
damage of industrial objects.

Dnipropetrovsk oblast
Undifferentiated dust

In Dnipro, over the period 2009-2022 the annual average levels of undifferentiated
dust remained relatively stable with a fluctuation between 225.0 'g/m?3in 202! and
366.7 'g/m3in 2013 (Figure 4.10). The annual average dust levels were 1.6-2.5 times
above the MPC,. throughout the period of observation. There was a slight decline
in the annual average dust levels in 2018-2021. With the beginning of the full-scale
Russian military invasion in 2022 there was a 9% increase in the annual average
dust level, as compared to the previous year (from 225 (199.4-250.6) 'g/m3 to
2417 (212.6-270.8) 'g/m3 p<0.05). In Kryvyi Rih the annual average levels of
undifferentiated dust fluctuated between 308.3 'g/m?3 in 2009 (2.1 times above
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MPCgq.) and 7917 1g/m?3 in 2015 (5.3 times above MPCg,). In contrast with Dnipro,
in 2022 it was lower than in 2021

Figure 4.50 Dynamics of average levels of undifferentiated dust in Dnipro and Kryvyi Rih from 2009 till 2022.
RCGM data.

Notes: red dashed line - MPCd.a,; dashed lines of corresponding colours - linear trend lines; vertical red solid
lines - beginnings of military offensives (2014, 2022). Linear trend equations (per year): Dnipro: y = 4246.81 —
1.9597x (p=0.54); Kryvyi Rih: y = 18058.53 -8.7363x (p=0.39). RCGM data.

The frequency of undifferentiated dust values above MPCs.m. in Dnipro in 2022
was 12 times higher than in 2021 — 24 vs 2 (Table 4.13). The highest frequencies
were observed in February-April, July-September and November-December,
which coincides with the time periods of active missile attacks. The same analysis
in Kryvyi Rih did not reveal similar findings. However, the frequency of values above
MPCs.m. in February, 2022, was 4.5 times higher than in February, 2021 (Chi-square
test p-value <0.01).

Number of measurements above MPCs.m., n (%)

City Year
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Dnipro 2021 0 0 0 0 1(06) O 0 0 0 1 0 0
(0) (0) (0) (0) (0) (0) (0) (0) (0.5) (0) (0)
2022 0 2 5(25) 2 0 0 2 4 2 0 422 3
(0) ® ® (0) (0) ® (L9) ® (0) 7
Kryvyi 2021 8(34) 8(33) 28 44 63 44 131 27 37 55 21 13
Rih 1L.2) 17.6) (28) (191 (504) (1L3) (15.3) (234) (84) (5.6)
2022 10 37 19(12) 42 6(24) 6l 48 0@4) 4 0 0 0

42) (15.8) (16.8) (235)  (185) “7) (0) (0) (0)

Table 4.25 Number of undifferentiated dust levels above MPCs.m. in Dnipro and Kryvyi Rih in 2021-2022.
RCGM data.

PM.s, PMy and NowCast AQI
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There was a clear seasonal fluctuation (increase during cold months and decrease
during warm months) of PM.s and PM;c ambient air levels in all observed locations
(Figures 4.11, 4.12). In general, the EcoCity data correspond to 2019-2022 RCGM
data. There was a general downward trend of PM;s levels in all studied locations in
2019-2023 (p<0.01). There was a small elevation of PM.s in all studied areas in
February 2022, which could be attributed to the massive rocket attack on 24
February 2022.

Figure 4.51 Dynamics of daily average levels of PMzs in Dnipropetrovsk oblast in March 2019 - December
2023. EcoCity data.

Notes: red dashed line - threshold for poor air quality (WHO); blue dashed lines -
linear trends; vertical red solid line - time of active military offensive (February,
2022). EcoCity data.
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Figure 4.52 Dynamics of monthly average levels of PM2s in Dnipropetrovsk oblast in March 2019 - December
2023. EcoCity data.

Notes: red dashed line - threshold for poor air quality (WHO); green dashed lines - linear trends; vertical red
solid line - time of active military offencive (February, 2022). Linear trend equations (per year): Dnipropetrovsk
oblast: y = 3407.46 - 1.6799x (p<0.0}, decreasing), Dnipro: y = 3806.56 - 1.8768x (p<0.0}, decreasing), Kryvyi
Rih: y = 485729 - 2.3962x (p<0.0l, decreasing), Nikopol and Marhanets: y = 3666.78 - 1.8089x (p<0.0},
decreasing), Other: 3820.57 - 1.8846x (p<0.0l, decreasing). EcoCity data.

The number of days with daily average PM.s level above 15 !g/m3 in
Dnipropetrovsk oblast was 107-126 per year in 2019-2021, and 19-34 per year in
2022-2023 (Table 4.14).The number of days with daily average PMs level above
15 Ig/m?3 was the lowest in 2023 in all locations, being the lowest in the Nikopol
and Marhanets area. The minimum daily average PM;s value was 0.06 'g/m3 in the
Nikopol and Marhanets area in 2020, the maximum daily average PM.s value was
62.8 1g/m? in the Nikopol and Marhanets area in 2019.

Year, n (%) Chi-
Locatich 2019 2020 2021 2022 2023 square
p-value

Dnipropetrovsk 107/287 116/366 126/365 34/362 19/365 10.001
oblast (37.28%) (3L69%)  (3452%)  (9.39%)  (5.21%)

Nikopol and 36/109 46/261 78/365 26/362 16/365 10.001
Marhanets rank 1 (33.03%) (17.62%)  (21.37%)  (7.8%) (4.38%)

Kryvyi Rih, rank 2 116/287 211/366 130/365 67/361 32/365 10.001

(40.42%) (57.65%) (35.62%) (I1856%)  (8.77%)
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Dnipro, rank 3

Other, rank 4

72/122
(59.02%)

91/152
(59.87%)

115/366
(31.42%)

70/366
(19.13%)

159/365
(43.56%)

71/364
(19.51%)

45/362
(12.43%)

32/362
(8.84%)

AN

40/365
(10.96%)

19/363
(5.23%)

10.001

10.001

Table 4.26 Number of days with PMzs levels above 15 ! g/m2in Dnipropetrovsk oblast in 2019-2023. EcoCity

data.

The dynamics of annual average PM.s in Dnipropetrovsk oblast was decreasing
(Table 4.15), but exceeded the annual threshold for poor air quality (WHO ) of 5
Ig/m3throughout the period of observation. The difference between the values of
2021 and 2022 in all areas was statistically significant (p<0.05). The difference
between the values of 2022 and 2023 was non-significant for Dnipro and Other
areas. The relative decrease in annual average level of PM,s was the lowest in more
damaged by the war areas.

Location

Dnipropetrovsk

oblast, 1g/m?3

Nikopol

and

Marhanets, 1g/m?3

Kryvyi Rih, 1g/m?

Dnipro, 1g/m?

Other, 1g/m?3

Year, average (95%Cl)

2019 2020

19.1
19.4)

(18.9- 121
12.2)

1.8 (9.7-14) 86

17.0
17.9)

20.2

20.6)

19.8

20.3)

9.3)

(161- 193
20.0)

(19.8- 121
12.3)

(12.0-

(7.8-

(18.7-

(12.0-

(19.2- 11 (10.7-11.2)

2021
137 (135-
14.0)
114 (10.9-
1.8)
139 (134-
14.4)
155 (I5.1-
15.8)
1l (104-
11.9)

2022
9.1(9.0-9.3)
80 (76-
8.3)
12  (10.7-
1.6)
90 (88-
9.2)
90 (87-
9.3)

2023

7.8 (7.7-7.9)
65 (63-
6.7)

7.7 (1.5-7.9)
8.8 (8.5-9.0)
8.3 (8-87)

Annual
average
growth
rate

-41.2%

-24.1%

-38.7%
-39.5%

-41.2%

Table 4.27 Dynamics of annual average levels of PMzs in Dnipropetrovsk oblast in 2019-2023. EcoCity data.

There was a general downward trend of PM levels in all studied locations in 2019-
2023 (Figures 4.13, 4.14). There was a small elevation of PMy level in all studied
areas in February 2022, which could be attributed to the massive rocket attack on
24 February 2022.
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Figure 4.53 Dynamics of daily average levels of PMio in Dnipropetrovsk oblast in March 2019 -December 2023.
EcoCity data.

Notes: red dashed line - threshold for poor air quality (WHO); blue dashed lines - linear trends; vertical red
solid line - time of the full-scale military invasion (February, 2022).

Figure 4.54 Dynamics of monthly average levels of PMio in Dnipropetrovsk oblast in March 2019 - December
2023. EcoCity data.
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Notes: red dashed line - threshold for moderate air quality (5); green dashed lines - linear trends; vertical red
solid line - time of active military offencive (February, 2022). EcoCity data. Linear trend equations (per year):
Dnipropetrovsk oblast: y = 5765.66 - 2.8416x (p<0.0l, decreasing), Nikopol and Marhanets; y = 5599.34 -
2.7602x (p<0.0}, decreasing), Kryvyi Rih: y = 6961.06 - 3.4317x (p<0.0}, decreasing), Dnipro: y = 5738.28 -
2.8275x (p<0.0}, decreasing), Other: 7795.80 - 3.8467x (p<0.0l, decreasing).

The number of days per year with daily average PM level above 45 1'g/m?3 in
Dnipropetrovsk oblast was 33-39 per year in 2019-2021, and 1-3 per year in 2022-
2023 (Table 4.16).The number of days per year with daily average PMy level above
45 1g/m?3 was the lowest in 2023 in all locations, except the Other area. The
minimum daily average PMy, value was 0.16 'g/m3 in the Nikopol and Marhanets
area in 2020, the maximum daily average PMo value was 135.0 'g/m?in the Nikopol
and Marhanets area in 2019.

Year Chi-
Location 2019 2020 2021 2022 2023 square
p-value
Dnipropetrovsk 39/287 38/366 33/365 3/362 1/365 10.001
oblast (1359%) (10.38%)  (9.04%)  (0.83%)  (0.27%)
Nikopol and 15/107 18/261 26/365 7/362 3/365 10.001
Marhanets, rank 1 (14.02%)  (6.9%) (7.12%) (1.93%) (0.82%)
Kryvyi Rih, rank 2 33/287 70/366 51/365 12/361 1/365 10.001
(1L5%) (19.13%) (13.97%)  (3.32%) (0.27%)
Dnipro, rank 3 36/122 46/366 49/365 10/362 8/365 10.001
(2951%)  (1257%)  (13.42%)  (2.76%) (2.19%)
Other, rank 4 44/152 34/366 13/364 2/362 6/363 10.001

(28.95%)  (9.29%) (3.57%) (055%)  (165%)

Table 4.28 Number of days with PMyo levels above 45 ! g/m?in Dnipropetrovsk oblast in 2019-2023. EcoCity
data.

The dynamics of annual average PMy in Dnipropetrovsk oblast was mostly
decreasing (Table 4.17), but exceeded the annua threshold for poor air quality
(WHO) of 15 g/m? throughout the period of observation, except Nikopol and
Marhanets in 2023. The difference between the values of 2021 and 2022 in all areas
was statistically significant (p<0.05). The difference between the values of 2022
and 2023 was non-significant for Dnipro, Nikopol and Marhanets, and Other areas.
In Dnipro 2023 values were higher than in 2022 (ns). The relative decrease in
annual average level of PM;, was lower in more damaged by the war areas.

Year, average (95%Cl) Annual
Locatich 2019 2020 2021 2022 2023 average
growth
rate
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Dnipropetrovsk 337 (33l1- 221 (219- 248 (244- 163 (160- 156 (154- -37.3%

oblast, 1g/m? 34.2) 22.4) 25.3) 16.6) 15.9)

Nikopol and 212 (172- 180 (166- 226 (2L7- 156 (149- 144 (138- -17.4%

Marhanets, 1g/m® 25.2) 19.5) 23.5) 16.3) 15.0)

Krywyi Rih, 1g/m® 27.9 (264- 315 (304- 270 (262- 194 (188- 151 (148 -312%
29.3) 325) 27.9) 201) 15.5)

Dnipro, 1g/m® 350 (343- 216 (213- 27.0 (264- 163 (159- 172 (16.6- -34.9%
35.8) 21.9) 277) 16.7) 17.9)

Other, 1g/m? 379 (36.8- 231 (226- 175 (163- 155 (148- 154 (146- -481%
39) 237) 18.7) 16.1) 16.1)

Table 4.29 Dynamics of annual average levels of PMio in Dnipropetrovsk oblast in 2019-2023. EcoCity data.

The NowCast AQI trend (Figure 4.15) was similar to those for PM.s and PMo, except
in Kryvyi Rih, where a very modest and non-significant decline over time was
observed, and Nikopol and Marhanets, where NowCast increased over time of
observation. There was a small elevation of NowCast AQI in all studied areas in
February 2022, which could be attributed to the massive rocket attack on 24
February 2022.

Figure 4.55 Dynamics of monthly average levels of NowCast AQI in Dnipropetrovsk oblast in February 2019 -
December 2023. EcoCity data.

Notes: red dashed line - threshold between ‘good’ and ‘moderate’ air quality categories; green dashed lines -
linear trends; vertical red solid line - time of active military offencive (February, 2022). SaveEcoBot data. Linear
trend equations (per year): Dnipropetrovsk oblast. y = 7567.80 - 3.72x (p<0.0l, decreasing), Nikopol and
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Marhanets: y = -4123.74 + 2.05x (p=0.30), Kryvyi Rih: y =1938.64 - 0.93x (p=0.64), Dnipro: y = 9580.15 - 4.71x
(p<0.04, decreasing), Other: y = 10205.53 - 5.03x (p<0.0l, decreasing). *data from July 2022 till June 2023 in
Nikopol and Marhanets were missing.

During the missile attacks in February-May 2022 the daily average level of PM
increased in 7 of 10 cases in Dnipro, and in 3 of 5 cases in Kryvyi Rih, when
compared to the days preceding the attacks (Figure 4.16). However, there were
increases of PM levels in both locations that were of the same or larger magnitude
that could be related to other factors.

Figure 4.56 Dynamics of daily average levels of PMzs and PMo in Dnipro and Kryvyi Rih in February-May 2022.
EcoCity data

Notes: vertical dashed lines represent missile attacks. Colours correspond to the location of the attack, black
colour marks simultaneous attacks of both locations.

During September 2022-January 2023, the average levels of PM increased in 7 of
12 cases in Dnipro, and in 13 of 14 cases in Kryvyi Rih, when compared to the days
preceding the attacks (Figure 4.17). As in for the previous period, there were
increases of PM levels in both locations that were of the same or larger magnitude
that could be related to other factors.
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Figure 4.57 Dynamics of daily average levels of PMzs and PMio in Dnipro and Kryvyi Rih in September 2022 -
January 2023. EcoCity data.

Notes: vertical dashed lines represent missile attacks. Colours correspond to the location of the attack, black
colour marks simultaneous attacks on both locations.

Shortly after the beginning of the full-scale military invasion at 05.00 on 24
February 2022, there were increases in PM levels in Dnipro and Kryvyi Rih, followed
by the decline of dust levels till the evening of the same day (Figure 4.18). Despite
the Russian military invasion began in the morning of the 24th February, the rise of
dust levels was observed from the second half of the 23rd February.

Figure 4.58 Dynamics of average levels of 20-minutes intervals of PMzs and PMyo in Dnipro and Kryvyi Rih on
24 February 2022. EcoCity data.

Notes: sertical dashed black line - time of rocket strikes (24 February, 2022, ~0O5h O0m).

Missile attacks that led to the destruction of oil reservoirs in Dnipro on 30 March
2022, and 06 April 2022, were coincided with the increase in PM.s and PMy levels
(Figure 4.19). The attack on 31 March 2022 and the massive missile attack on
Dnipro on 01 April 2022, with around 10 explosions heard in the city (299,300), did
not coincide with a notable increase in PM levels. Also, the attack on 31 March,
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during which a fuel storage was damaged (299), was preceded by an increase in
PM pollution. Since the exact information about the timing of the attack is not
available, this increase could be potentially related to the attack.

Figure 4.59 Dynamics of average levels of 20-minutes intervals of PM2s and PMyo in Dnipro in 28 March - 08
April 2022.

Notes: vertical dashed lines - times of missile attacks.

According to the conducted ARIMAX modelling, the daily average level of PM.s in
the days of missile attacks was 1.67-1.89 g/m? higher than predicted values (Table
4.18). The relative increase of PM.s in the days of attacks was 7.12%-15.20%,
depending on the model. The daily average level of PMy in the days of missile
attacks was 4.79-4.85 g/m?3 higher than predicted values. The relative increase of
PMo in the days of attacks was 14.77%-21.05%, depending on the model.

Although the impact of missile attacks on daily average levels of some air
pollutants was statistically significant, it is worth mentioning that the actual local
impact is supposedly higher than it was calculated. The analysis was carried out
using both daily and geographical average levels of pollutants for particular
location. It was not possible to accurately determine exact time or place of missile
attack and its destructive impact due to confidential nature of such information
during the wartime. The absence of statistically significant association between
the missile attacks and daily average PM levels could be additionally explained by
its geographical configuration. The large length of Kryvyi Rih might create
additional obstacles to registration of explosion-related shifts, due to increased
distance between sensors in different city areas.

Pollutant Model Coefficient (95% CI) p value Relative change

PM2s Attacks 1.89 (0.133-3.639) 0.035 7.12% (-7.92%; 31.38%)
Attacks + 15.20% (2.54%;
weather 167 (-0.081-3.412) 0.062 31.78%)
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PMio Attacks 14.77% (-1.60%;
4.79 (1.948-7.637) 0.00! 37.72%)

Attacks i 21.05% (6.44%;
weather 4.85 (2.226-7.468) <0.001 39.10%)

Table 4.30 The impact of missiles attacks on daily average PM2s and PMyo levels in Dnipro. EcoCity data.

In 2009-2022 years in Dnipro and Kryvyi Rih were characterised by a stable or
slowly decreasing levels of undifferentiated dust, which remained above
recommended thresholds throughout the period of observation. The levels of
undifferentiated dust decreased in both locations in 2019-2022, which could be
related to the decrease in the amount of industrial emissions (335). In Dnipro
annual average 2022 level of undifferentiated dust was higher than in 2021, which
could be attributed to the beginning of the full-scale Russian military invasion of
Ukraine.

Trends in daily average and annual average levels of PM.s and PMy in 2019-2023
were decreasing in all studied locations. The number of days with PM,s and PMio
during the invasion (2022-2023) was lower, than in the pre-invasion years (2019-
2021). However, the more damaged by the war the area was, the lower relative
decrease in PM;s and PM,o was observed. Annual average levels of PM.s and PMjo
in 2019-2023 exceeded the threshold for poor air quality (WHO) throughout the
period of observation. Interestingly that the rise of PM,s and PMy levels was
observed from the second half of 23 February. It is confirmed by the study by
Zalakeviciute et al., according to which the days before the invasion cannot be
considered as “normal” conditions, but more likely the early days of war (98). Also,
the obtained results correspond to the study by SaveDnipro, where the increase
in PM within 48 hours after missile attacks was demonstrated (46).

Massive missile attacks or the attacks that resulted in damaging civil/industrial
infrastructure in Dnipro and Kryvyi Rih, frequently coincided with the increase of
daily average PM.s and PMo levels. The data from Dnipro has shown that 7.12%-
15.20% increase in PMs level and 14.77%-21.05% increase in PMy levels may be
expected in the days of missile attacks.

It is important to highlight the fact that chemical composition of dust that comes
from explosion of missiles and from fires in industrial objects might be difficult to
assess. The same could be applied to the implications for health after the contact
of such products of burning, even if it was a short-term exposure. The modern
warfare (drones, missile electronics, etc) contains numerous substances, except
gunpowder or rocket fuel, products of burning of which may have an unpredictable
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Nitrogen dioxide (NO »)

Dnipro over the period 2009-2022 was characterised by significant NO, pollution
(Figure 4.20), 2-3 times above MPCd.a. from the national standards and is largely
above WHO annual AQG levels. In Dnipro annual average NO. levels fluctuated
between 66.7 'g/m3in 2009 (L5 times above MPCd.a.) and 125.8 Ig/m?3 in 2017-
2018 (3 times above MPCd.a.). There was a slight decline in annual average NO;
levels in 2018-2021 despite a general increasing trend (ns). In Kryvyi Rih annual
average NO; levels were slightly above MPCd.a. from the national standards, and
unlike Dnipro there was a general decreasing trend (p=0.03). In Kryvyi Rih annual
average NO; fluctuated between 35 g/m?in 2022 and 60 'g/m?3in 2013 (L5 times
above MPC,.). It should be noted that annual average levels of NO in 2020-2022
were notably lower than during the preceding time intervals. In both locations
2022 annual levels were lower than in 2021

Figure 4.60 Dynamics of average levels of NO: in Dnipro and Kryvyi Rih in 2009-2022. RCGM data.

Notes: red dashed line - MPCq.; dashed lines of corresponding colours - linear trends; vertical red solid lines
- beginnings of military offensives (2014, 2022). Linear trend equations (per year): Dnipro: y = -3162.24 +
1.6154x (p=0.21); Kryvyi Rih: y = 2407.67 -11703x (p=0.03, decreasing).

In 2019-2023 there was a seasonal fluctuation of NO; levels: increase during colder
months and decrease during warm months, which was also observed in other
studies (336) (Figures 4.21, 4.22). The EcoCity and 2019-2022 RCGM data for
Kryvyi Rih correspond well. In Dnipro, despite both the EcoCity and 2019-2022
RCGM data showing a declining trend, the values from 2019-2022 RCGM data were
approximately twice as high as the EcoCity values. Notably, in March 2022 there
was an increase of NO, pollution in all studied locations, being the highest in Kryvyi
Rih and Nikopol and Marhanets areas.
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Figure 4.61 Dynamics of average levels of NOz in Dnipropetrovsk oblast in February 2020 - August 2023.
EcoCity data.

Notes: red dashed line - MPCu.; dashed lines of corresponding colours - linear trends; vertical red solid line -
time of active military offencive (February 2022).
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Figure 4.62 Dynamics of monthly average levels of NO: in Dnipropetrovsk oblast in February, 2020-August,
2023. EcoCity data.

Notes: red dashed line - MPCu.; dashed lines of corresponding colours - linear trends; vertical red solid line -
time of active military offencive (February, 2022). Linear trend equations (per year): Dnipropetrovsk oblast: y
=163.99 - 0.0634x (p=0.96), Nikopol and Marhanets: y = -3886.85 + 1.9392x (p=0.17), Kryvyi Rih: y = -3329.31
+1.6630x (p=0.24), Dnipro: y = 3888.48 — 1.9043x (p=0.15), Other: 2995.98 — 1.4689x (p=0.28).

The number of days per year with daily average NO, level above 40 'g/m?3 in
Dnipropetrovsk oblast was 43-120 in 2019-2021, and 80-107 in 2022-2023 (Table
4.19). There was no marked difference in the number of days with daily average
NO. between years in all locations except for Kryvyi Rih, where with each next year
the number of days with daily average NO, level above 40 'g/m? increased. The
minimum daily average NO, level was 10.2 'g/m? in the Other area in 2020, the
maximum daily average NO, level was 110 g/m? in the Other area in 2021

Year, n (%) Chi-
Location 2020 2021 2022 2023 square
p-value
Dnipropetrovsk oblast 43/224 120/365 107/362 80/365 <0.001
(19.2%) (32.88%) (29.56%) (21.92%)
Nikopol and Marhanets, 42/189 105/364 86/358 95/365 0.30
rank 1 (22.22%) (28.85%) (24.02%) (26.03%)
Kryvyi Rih, rank 2 9/89 (10.11%) 54/365 103/361 117/365 <0.001
(14.79%) (28.53%) (32.05%)
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Dnipro, rank 3 45/202 184/365 141/362 80/365 <0.001
(22.28%) (50.41%) (38.95%) (21.92%)

Other, rank 4 9/109 43/353 30/362 5/289 (1.73%) <0.001
(8.26%) (12.18%) (8.29%)

Table 4.31 Number of days with NO: levels above 40 ! g/m?® in Dnipropetrovsk oblast in 2020-2023. EcoCity
data.

The annual average NO:level in Dnipropetrovsk oblast was stable with statistically
non-significant 2.8% reduction from 2020 to 2023 (Table 4.20). When compared
to 2021, in 2022 NO: level decreased in Dnipro and Other areas, but increased in
Kryvyi Rih, and Nikopol and Marhanets (p<0.05). In 2023 NO. level decreased in
Dnipropetrovsk oblast, Dnipro, and Other areas, when compared to 2022 (p<0.05).
Also, in the areas with a higher rank of war-related damage there was an increase
of annual average NO, level in 2020-2023, while in less damaged areas annual
average NO; level in 2020-2023 decreased.

Year, average (95%Cl) Annual
Location 2020 2021 2022 2023 average
growth
rate
Dnipropetrovsk 354 (346- 380 (374- 379 (37.3- 344 (34.0- -0.9%
oblast, 1g/m? 36.2) 38.6) 385) 34.9)
Nikopol and 326  (315- 326  (3L5- 394 (37.8-41) 378 (36.8- +6.3%
Marhanets, 'g/m?® 33.8) 33.7) 38.7)
Krywyi Rih, 1g/m? 302 (275- 310 (30.0- 358 (347- 358 (352- +65%
32.9) 31.9) 36.8) 36.5)
Dnipro, 1g/m? 351  (341- 432 (422- 399 (390- 324  (3.6- -3.0%
36.2) 44.2) 40.7) 33.)
Other, 1g/m3 269 (249- 287  (271- 258  (247- 231  (22.3- -55%
28.9) 30.3) 26.8) 23.9)

Table 4.32 Dynamics of annual average levels of NO: in Dnipropetrovsk oblast in 2020-2023. EcoCity data.
During February-May, 2022, the daily average NO, levels increased in 10 of 10
cases in Dnipro, and in 4 of 5 cases in Kryvyi Rih, when compared to the days
preceding the attacks (Figure 4.23). As in the case with PM.s and PMo, there were
increases of NO; levels in both locations that were of the same or larger magnitude
that could be related to other factors.
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Figure 4.63 Dynamics of average daily levels of NOz in Dnipro and Kryvyi Rih in February-May, 2022. EcoCity
data.

Notes: vertical dashed lines represent missile attacks. Colours correspond to the location of the attack, black
colour marks simultaneous attacks of both locations.

During September, 2022-January, 2023, the daily average levels of NO; increased
in 10 of 12 cases in Dnipro, and in 8 of 14 cases in Kryvyi Rih, when compared to the
days preceding the attacks (Figure 4.24). As for the previous period, there were
increases of NO; levels in both locations that were of the same or larger magnitude
that could be related to other factors.

Figure 4.64 Dynamics of average daily levels of NO2 in Dnipro and Kryvyi Rih in September 2022 - January
2023. EcoCity data.

Notes: vertical dashed lines represent missile attacks. Colours correspond to the location of the attack, black
colour marks simultaneous attacks on both locations.

Shortly after the beginning of the full-scale military invasion at 05.00 on 24th
February, 2022, there was an increase of NO; level in Dnipro, but not in Kryvyi Rih,
followed by the decline of NO; levels till the evening of the same day (Figure 4.25).
Similar pattern of NO, dynamics was observed the day before, on 23, February, but
not during the consequent days. In the days of all four attacks between 30 March
and 06 April there was an increase of NO; level in the end of the day. Possibly, that
could be related to the missile attacks, but the information about the exact timing
of the attacks is not available.
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Figure 4.65 Dynamics of average levels of 20-minutes intervals of NO2 in Dnipro and Kryvyi Rih on 24 February
2022, and in 28 March - 08 April 2022. EcoCity data.

Notes: vertical dashed lines - times of missile attacks.

Dnipro over the period 2009-2022 was characterised by significant NO- pollution,
2-3 times above MPCd.a. from the national standards and is largely above WHO
annual AQG levels. In Kryvyi Rih annual average NO; levels were slightly above
MPCd.a. from the national standards. Analysis of NO, dynamics fits well with the
earlier reports by other researchers, indicating the general reduction of NO;
pollution in Ukraine after the beginning of the full-scale Russian military invasion
(98,179). At the same time, the presented study shows that NO; level increased in
the areas that were more damaged by the war. This finding correspond to the data
from Central Geophysical Observatory, where the increase in maximum NO;
concentrations in 2022 was observed (18l). Also, missile attacks frequently
coincided with increases in NO; air pollution, which could be an additional
argument of the negative short-term effect of missile attacks on air pollution.

Carbon monoxide (CO)

Dnipro over the period 2009-2022 was characterised by a weak, but non-
significant increasing trend of annual average CO levels, which remained within
recommended ranges (Figure 4.26). As in case with undifferentiated dust and NO.,
there was a slight decline in annual average CO level in 2019-2022. In Dnipro annual
average CO levels fluctuated between 2.0 mg/m3 in 2014 and 2022, and 2.75
mg/m?3in 2012. In Kryvyi Rih annual average CO levels were slightly above MPCd.a.
in 2010-2011, and unlike Dnipro there was a decreasing trend (p<0.01l). In Kryvyi Rih
annual average CO levels fluctuated between 117 mg/m?3 in 2022 and 3.33 mg/m?3
in 201L In both locations 2022 annual average levels were lower than in 2021
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Figure 4.66 Dynamics of average annual levels of CO in Dnipro and Kryvyi Rih in 2009-2022. RCGM data.

Notes: red dashed line - MPCq.; dashed lines of corresponding colours - linear trends; vertical red solid lines
- beginnings of military offensives (2014, 2022). Linear trend equations (per year): Dnipro: y = -10.97 +
0.00659x (p=0.46); Kryvyi Rih: y = 225.22 - 0.11062x (p<0.0l, decreasing).

In contrast to the dust and NO,, there was no seasonal fluctuation of CO levels in
2020-2023 (Figures 4.27, 4.28). The EcoCity data showed a gradual and
statistically significant increase of CO level in almost all locations, unlike 2020-
2022 RCGM data. The steepest increase of CO levels were observed in the Nikopol
and Marhanets area. Also, the RCGM data from Dnipro were approximately twice
as high as the EcoCity values. Unlike dust and NO,, there was no increase of CO
levels shortly after the beginning of full-scale Russian military invasion.

Figure 4.67 Dynamics of daily average levels of CO in Dnipropetrovsk oblast in February 2020 - December
2023. EcoCity data.

Notes: red dashed line - MPCu.; blue dashed lines - linear trends; vertical red solid line - time of active military

Deliverable 2.8 — 4PCAN

Page 189



offensive (February, 2022).

Figure 4.68 Dynamics of monthly average levels of CO in Dnipropetrovsk oblast in February 2020 - December
2023. EcoCity data.

Notes: red dashed line - MPCqa; green dashed lines - linear trends; vertical red solid line - time of active
military offencive (February, 2022). Linear trend equations (per year): Dnipropetrovsk oblast: y = -416.52 +
0.206x (p<0.0}, increasing), Nikopol and Marhanets: y = -669.78 + 0.332x (p<0.0}, increasing), Kryvyi Rih: y = -
27752 + 0.138x (p=0.04, increasing), Dnipro: y = -425.20 +0.21lx (p<0.0}, increasing), Other: y = -123.92 +
0.0615x (p<0.0}, increasing).

The daily average CO level in Dnipropetrovsk oblast in 2019-2023 was mostly
below 3 mg/m?3, except Kryvyi Rih in 2021 for 5 days (Table 4.21). The minimum daily
average CO level was 0.10 mg/m?3 in Dnipro in 2020, the maximum daily average
CO level was 3.42 mg/m?3 in Kryvyi Rih in 2021

Year, n (%) Chi-
Locatich 2020 2021 2022 2023 square
p-value

Dnipropetrovsk oblast ~ 0/220 (O%) 0/365 (0%) 0/362 (0%) 0/365 (0%) NA

Nikopol and Marhanets, 0/165 (0%) 0/365 (0%) 0/362 (0%) 0/365 (0%) NA
rank 1

Kryvyi Rih, rank 2 0/94 (0%)  5/364 (1.37%) 0/361(0%) 0/365 (0%) 0.0l
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Dnipro, rank 3 0/200 (0%) 0/365 (0%) 0/362(0%) 0/365(0%) NA
Other, rank 4 0/103 (0%) 0/353 (0%) 0/362 (0%) 0/331(0%) NA

Table 4.33 Number of days with NO: levels above 40 ! g/m? in Dnipropetrovsk oblast in 2020-2023. EcoCity
data.

The dynamics of annual average CO in Dnipropetrovsk oblast was increasing
(Table 4.22). The maximum annual average CO levels in were observed in 2023 in
all locations. In the most damaged by the war area (Nikopol and Marhanets) there
was the largest increase in annual average CO level (+191.2%) in 2020-2023, in the
least damaged (Other) it was the lowest (+43.6%). Important caveat here is that
the EcoCity data showed 2-3 times lower CO levels, than RCGM data, and the
opposite direction of CO dynamics in 2020-2023 (Figure 4.26). Therefore it
should be interpreted with caution.

Year, average (95%Cl) Annual
Location 2020 2021 2022 2023 average
growth
rate
Dnipropetrovsk 034 (0.34- 063 (0.62- 069 (0.68- 099 (0.97- +30.3%
oblast, mg/m?® 0.35) 0.65) 0.71) 100)
Nikopol and 029 (028- 062 (0.60- 0.87 (0.85- 125 (124-126) +41.3%
Marhanets, mg/m?® 0.29) 0.64) 0.90)
Kryvyi Rih, mg/m?® 041 (039- 084 (0.77- 056 (0.55- 1.03 (LOI-L05) +22.3%
0.43) 0.91) 0.57)
Dnipro, mg/m?® 034 (0.33- 058 (057- 0.76 (0.74- 097 (0.94- +312%
0.35) 0.60) 0.77) 0.99)
Other, mg/m?® 039 (0.38- 047 (046- 051 (05l- 056 (0.55- +1.4%
0.39) 0.48) 0.52) 0.56)

Table 4.34 Dynamics of annual average levels (95% CI) of CO in Dnipropetrovsk oblast in 2020-2023. EcoCity
data.

During February-May 2022, the average daily levels of CO increased in 6 of 10
cases in Dnipro, and in 3 of 5 cases in Kryvyi Rih, when compared to the days
preceding the attacks (Figure 4.29). As in the case with previously analysed
pollutants, there were increases of CO levels in both locations that were of the
same or larger magnitude that could be related to other factors.
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Figure 4.69 Dynamics of daily average levels of CO in Dnipro and Kryvyi Rih in February-May 2022. EcoCity
data.

Notes: vertical dashed lines represent missile attacks. Colours correspond to the location of the attack, black
colour marks simultaneous attacks of both locations.

During September 2022-January 2023, the daily average levels of CO increased
in 8 of 12 cases in Dnipro, and in 10 of 14 cases in Kryvyi Rih, when compared to the
days preceding the attacks (Figure 4.30). As for the previous pollutants, there were
increases of CO levels in both locations that were of the same or larger magnitude
that could be related to other factors.

Figure 4.70 Dynamics of daily average levels of CO in Dnipro and Kryvyi Rih in September 2022 - January
2023. EcoCity data.

Notes: vertical dashed lines represent missile attacks. Colours correspond to the location of the attack, black
colour marks simultaneous attacks on both locations.

Shortly after the beginning of the full-scale military invasion at 05.00 on 24th
February, 2022, there was an increase of CO level in Dnipro, but not in Kryvyi Rih.
Similar pattern of CO dynamics was observed on 22-23 February, but not during
the consequent days (Figure 4.31). The attacks on 30 March, 31 March, and 06 April
coincided with spikes of CO level that could be attributed to the oil reservoir
damage. The massive missile attack on Dnipro on Ol April was not associated with
an increase in CO levels.
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Figure 4.71 Dynamics of average levels of 20-minutes intervals of CO in Dnipro and Kryvyi Rih on 24 February
2022 and in 28 March - 08 April 2022. EcoCity data.

Notes: vertical dashed lines - times of missile attacks.

Average daily and annual CO levels in the Dnipropetrovsk region were within the
recommended ranges. On one hand, the data from RCGM and EcoCity show
different levels of CO pollution, which demands caution during making
conclusions. On the other hand, the increase in CO air pollution in 2022, as was
shown by the EcoCity data, corresponds with the CGO data (181) (increase of
maximum concentrations in 2022) and with the study by the study by
Zalakeviciute et al. (98), where CO level was attributed to the war intensity. In the
presented study missile attacks coincided with increases in CO levels. Important
finding of the presented study is larger increase in CO concentrations in the areas
that more damaged by the war.

Formaldehyde

Dnipro and Kryvyi Rih in 2009-2022 exhibited similar and substantial (3-4 times
above the threshold from national standard) formaldehyde air pollution (Figure
4.32). In both locations there was a statistically significant increasing overall trend
with a decline in 2019-2022. In Dnipro formaldehyde level fluctuated between 6.9
Ig/m?3in 2009 to 18.1 Ig/m3 in 2019. In Kryvyi Rih it fluctuated between 6.5 1g/m?
in 2009 to 16.1 'g/m3in 2020. In both locations 2022 annual levels were lower than
in 202L
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Figure 4.72 Dynamics of annual average levels. of formaldehyde in Dnipro and Kryvyi Rih in 2009-2022. RCGM
data.

Notes: red dashed line - MPCq.; dashed lines of corresponding colours - linear trends; vertical red solid lines
- beginnings of military offensives (2014, 2022). Linear trend equations (per year): Dnipro: y = -1084.86 +
0.5443x (p<0.0}, increasing); Kryvyi Rih: y = -865.49 + 0.4346x (p<0.0}, increasing).

There were no seasonal fluctuations of formaldehyde levels in 2019-2023 (Figures
4.33,4.34). There was a statistically significant decrease of formaldehyde levels in
Dnipropetrovsk oblast, Dnipro and Nikopol and Marhanets (p<0.05), and non-
significant increase in Kryvyi Rih. It is worth mentioning that spikes of
formaldehyde level in different locations of the oblast before the full-scale
invasion were almost absent after February, 2022.
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Figure 4.73 Dynamics of daily average levels of formaldehyde in Dnipropetrovsk oblast in October 2019 -
December 2023. EcoCity data.

Notes: red dashed line - MPCu.; blue dashed lines - linear trends; vertical red solid line - time of active military
offencive (February, 2022). *data from Kryvyi Rih during May-September, 2022, were missing.
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Figure 4.74 Dynamics of monthly average levels of formaldehyde in Dnipropetrovsk oblast and cities/towns

from October 2019 till December 2023. EcoCity data.

Notes: red dashed line - MPCu.; blue dashed lines - linear trends; vertical red solid line - time of active military
offencive (February, 2022). *data from Kryvyi Rih during May-September, 2022, were missing. EcoCity data.
Linear trend equation (per year): Dnipropetrovsk oblast: y = 3386.48 — 1.6659x (p<0.01, decreasing), Dnipro: y
=8653.63 — 4.2716x (p<0.01, decreasing), Kryvyi Rih: y = -1677.17 + 0.8366x (p=0.18), Nikopol and Marhanets: y
=1234.74 — 0.6026x (p=0.02, decreasing), Other: 1240.02 — 0.6034x (p=0.09).

Daily average formaldehyde level in Dnipropetrovsk oblast remained above 3
Ig/m?3 almost every day in 2020-2023 (Table 4.23). The minimum daily average
formaldehyde level was 0.2 'g/m?3 in Dnipro in 2020, the maximum daily average
formaldehyde level was 104.0 'g/m?3in Dnipro in 2020.

Year, n (%)

Location 2020 2021
Dnipropetrovsk oblast 334/335 365/365
(99.7%) (100%)
Nikopol and Marhanets, 216/216 365/365
rank 1 (100%) (100%)
Kryvyi Rih, rank 2 41/41 (100%) 322/322
(100%)
Dnipro, rank 3 271/275 222/222

(98.55%) (100%)
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2022 2023
362/362 365/365
(100%) (100%)
362/362 365/365
(100%) (100%)
121/121 (100%) 350/350
(100%)

296/296 71/71 (100%)
(100%)

Chi-
square
p-value
0.35

NA

NA

0.04
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Other, rank 4 118/118 (100%) 353/353 362/362 286/286 NA
(100%) (100%) (100%)

Table 4.35 Number of days with formaldehyde levels above 3 ! g/m?® in Dnipropetrovsk oblast in 2020-2023.
EcoCity data.

The overall decreasing dynamics of annual average formaldehyde level in
Dnipropetrovsk oblast, it was not the same in different areas (Table 4.24). In 2022
it decreased in Dnipropetrovsk oblast, the Nikopol and Marhanets area, Kryvyi Rih,
and the Other areas (p<0.05), when compared to 202! In 2023 it decreased in
Kryvyi Rih and Other areas, but increased in the Nikopol and Marhanets, and Dnipro

areas (p<0.05). The EcoCity data from Dnipro and Kryvyi Rih corresponded well to
2019-2022 RCGM data.

Year, average (95%Cl) Annual
Location 2020 2021 2022 2023 average
growth
rate
Dnipropetrovsk 190  (18.2- 181(17.8-18.3) 168 (166-17) 164  (163- -52%
oblast, 1g/m?® 19.8) 16.6)
Nikopol and 237  (218- 16.6 (16.0-17.) 142 (141-14.4) 155 (15.2-15.8) -154%
Marhanets, 'g/m?® 25.5)
Krywyi Rih, 1g/m? 201(19-21.3) 214 (210-218) 202  (19.9- 181(17.8-185) -3.6%
20.5)
Dnipro, 1g/m? 12.9 (1L5-14.3) 14.7 (14.0-15.4) 150 (142-157) 162  (16.0- +6.9%
16.5)
Other, 1g/m3 154 (151-15.8) 185 (18.2-189) 162  (159- 15.0 (14.9-151) -2.2%
16.6)

Table 4.36 Dynamics of annual average levels of formaldehyde in Dnipropetrovsk oblast in 2020-2023.
EcoCity data.

During February-May, 2022, the average daily levels of formaldehyde increased in
9 of 10 cases in Dnipro, and in 1 of 1 cases in Kryvyi Rih, when compared to the days
preceding the attacks (Figure 4.35). As in the case with previously analysed
pollutants, there were increases in formaldehyde levels in both locations that were
of the same or larger magnitude that could be related to other factors.
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Figure 4.75 Dynamics of daily average levels of formaldehyde in Dnipro and Kryvyi Rih in February-May 2022.
EcoCity data.

Notes: vertical dashed lines represent missile attacks. Colours correspond to the location of the attack, black
colour marks simultaneous attacks of both locations.

During September 2022-January 2023 the daily average levels of formaldehyde
increased in 5 of 6 cases in Dnipro, and in 6 of 9 cases in Kryvyi Rih, when
compared to the days preceding the attacks (Figure 4.36). As for the previous
analysis, there were increases of formaldehyde levels in both locations that were
of the same or larger magnitude that could be related to other factors.

Figure 4.76 Dynamics of daily average levels of formaldehyde in Dnipro and Kryvyi Rih in September 2022-
January 2023. EcoCity data.

Notes: vertical dashed lines represent missile attacks. Colours correspond to the location of the attack, black
colour marks simultaneous attacks on both locations.

Shortly after the beginning of the full-scale military invasion at 05.00 on 24
February 2022 there was an increase of formaldehyde level in Dnipro, in Kryvyi Rih
it increased after a ~6 hour delay (Figure 4.37). The missile attacks on 30 March,
31 March, O1 April, and 06 April did not coincide with increases of formaldehyde
level.
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Figure 4.77 Dynamics of average levels of 20-minutes intervals of formaldehyde in Dnipro and Kryvyi Rih on
24 February, 2022 and in 28 March - 08 April 2022. EcoCity data.

Notes: vertical dashed lines - times of missile attacks.

Daily average formaldehyde level in Dnipropetrovsk oblast remained above 3
Ig/m?3 almost every day in 2020-2023. The overall formaldehyde air pollution in
Dnipropetrovsk oblast in 2020-2023 has reduced, which corresponds to the CGO
data. Since formaldehyde is a substance which is released by industries, it is an
expected change in conditions of industrial shut-down. In the presented study,
more damaged areas of Dnipropetrovsk oblast demonstrated larger decrease in
formaldehyde air pollution. However, in the presented study the dynamics of
formaldehyde air pollution was not linear and deserves several comments.

The annual average formaldehyde level in Dnipro has increased in 2020-2023,
despite a visible decrease of formaldehyde levels early 2022. It might be related
to the war-related damage of industrial objects, with a subsequent leak of
formaldehyde. The former is additionally confirmed by the report by SaveDnipro,
where in big cities that underwent severe bombing (Mykolaiv, Odesa) there was
an increase of formaldehyde levels (46).

Also, despite the decrease of annual average formaldehyde levels in Ukraine, there
was an increase in maximum concentrations of formaldehyde, and in number of
locations with daily average formaldehyde levels above recommended (18l). In the
presented study the missile attacks frequently coincided with the increases in
formaldehyde level. Altogether, it warrants the need of further investigation of
impact of the war on formaldehyde air pollution.

Ammonia (NH5)

In 2020-2023 there was a seasonal fluctuation of NHs levels: increase during warm
months and decrease during cold months (Figures 4.38, 4.39). All studied locations
were characterised by low NHs air pollution that remained within recommended
ranges, but with sporadic spikes. While in the Nikopol and Marhanets and the Other
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areas NHs level was increasing (p<0.0l), in Dnipropetrovsk oblast and Dnipro it was
decreasing (p<0.01).

Figure 4.78 Dynamics of daily average levels of NHz in Dnipropetrovsk oblast in September 2019 - December
2023. EcoCity data.

Notes: red dashed line - MPCu.; blue dashed lines - linear trends; vertical red solid line - time of active military
offencive (February, 2022).
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Figure 4.79 Dynamics of monthly average levels of NHs in Dnipropetrovsk oblast in September 2019 -
December 2023. EcoCity data.

Notes: red dashed line - MPCu.; blue dashed lines - linear trends; vertical red solid line - time of active military
offensive (February, 2022). Linear trend equation (per year): Dnipropetrovsk oblast: y = 5021.76 — 2.480x
(p=0.03, decreasing), Nikopol and Marhanets: y = -3452.02 + 1.7104x (p<0.0}, increasing), Kryvyi Rih: y = -664.31
+ 0.3307x (p=0.27), Dnipro: y = 8048.12 — 3.9761x (p<0.0}, decreasing), Other: y = -6060.67 + 3.0029x (p<0.0},
increasing).

The daily average NHs level in Dnipropetrovsk oblast remained mostly below 40
1g/m32020-2023 (Table 4.25). The minimum daily average NH; level was 2.8 1g/m?
in Kryvyi Rih in 2020, the maximum daily average NHs level was 105 g/m?in Dnipro
in 2020.

Year, n (%) Chi-
Locatich 2020 2021 2022 2023 square
p-value

Dnipropetrovsk oblast 2 /236 (0.85%) O /365 (0%) O /362 (0%) O /365 (0%) 0.03

Nikopol and Marhanets, 1/191 (0.52%) 0/ 365 (0%) O/362 (0%) O/365 (0%) 0.3
rank 1

Kryvyi Rih, rank 2 1/94 (106%) 0/365(0%) O/361(0%) O/364(0%) 0.0l
Dnipro, rank 3 1/214 (0.47%) 0O/365(0%) O/362(0%) O/365(0%) 0.6
Other, rank 4 0/102(0%) 0/353(0%) O/362(0%) O/289 (0%) NA

Table 4.37 Number of days with NHz levels above 40 ! g/m?3n Dnipropetrovsk oblast in 2020-2023. EcoCity
data.
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The annual average NH; level in Dnipropetrovsk oblast relatively stable, but in
different areas dynamics of annual average NH; level was different (Table 4.26).
There was a marked increase in annual average NHs level in the Nikopol and
Marhanets (+295.7%) and the Other (+78.2%) areas in 2023 when compared to
2020. In 2022 and 2023 it has been increasing, as compared to preceding years,
in all areas, except Dnipro (p<0.05).

Year, average (95%Cl) Annual

Location 2020 2021 2022 2023 average
growth
rate

Dnipropetrovsk 53(50-56) 6.0(59-62) 6.4 (63-66) 63(6.2-64) +5.6%

oblast, 1g/m?3

Nikopol and 23 (19-27) 52(51-54) 60(58-62) 91(89-93) +375

Marhanets, 1g/m?3

Kryvyi Rih, 1g/m? 58 (46-70) 35(33-36) 39(37-41) 53(53-54) -24%

Dnipro, 1g/m3 63 (5.8-6.7) 7.3(7.0-75) 6.9(67-70) 46 (44-47) -88%

Other, 1g/m? 78(75-82) 99 (9.7-10.2) 116 (114-119) 139 (13.6-14.2) +185%

Table 4.38 Dynamics of annual average levels of NHz in Dnipropetrovsk oblast in 2020-2023. EcoCity data.
During February-May 2022, the average daily levels of NHs; increased in 9 of 10
cases in Dnipro, and in 5 of 5 cases in Kryvyi Rih, when compared to the days
preceding the attacks (Figure 4.40). As in the case with previously analysed
pollutants, there were increases in NHs levels in both locations that were of the
same or larger magnitude that could be related to other factors.

Figure 4.80 Dynamics of daily average levels of NHz in Dnipro and Kryvyi Rih in February-May 2022. EcoCity
data.

Notes: vertical dashed lines represent missile attacks. Colours correspond to the location of the attack, black
colour marks simultaneous attacks of both locations.

During September 2022-January 2023, the daily average levels of NH; increased
in 7 of 12 cases in Dnipro, and in 12 of 14 cases in Kryvyi Rih, when compared to the
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days preceding the attacks (Figure 4.41). As for the previous analysis, there were
increases of NHs; levels in both locations that were of the same or larger magnitude
that could be related to other factors.

Figure 4.81 Dynamics of daily average levels of NHz in Dnipro and Kryvyi Rih in September 2022 - January
2023. EcoCity data.

Notes: vertical dashed lines represent missile attacks. Colours correspond to the location of the attack, black
colour marks simultaneous attacks on both locations.

Shortly after the beginning of the full-scale military invasion at 05.00 on 24
February 2022, there was no increase of NHs level neither in Dnipro, nor in Kryvyi
Rih (Figure 4.42). There were increases in NH; levels on 30 March, 31 March, Ol April,
and 06 April, that could be related to the missile attacks those days.

Figure 4.82 Dynamics of average levels of 20-minutes intervals of NHz in Dnipro and Kryvyi Rih on 24 February,
2022 and in 28 March - 08 April 2022. EcoCity data.

Notes: vertical dashed lines - times of missile attacks.

Dynamics of NHs levels in Dnipropetrovsk oblast was similar to the trend in Ukraine
(181). Local trends within the oblast, like 3-fold increase in the Nikopol and
Marhanets area in 2023 when compared to 2020, is challenging to explain. In
Dnipropetrovsk oblast missile attacks frequently coincided with increases in NHs
levels. It may be speculated that leak of NH; due to explosions took place.
Importantly, that in all locations, except Dnipro, annual average NHs level increased
in 2022-2023. In Ukraine there was an increase in maximum NHs; levels in 2022, as
well as the percentage of locations with average and maximum NH;s levels above
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recommended in 2022-2023. Altogether, it may be a sign of the negative short-
term impact of missile attacks on NHs air pollution.

Phenol

In Dnipro, over the period 2009-2022 the annual levels of phenol were
characterised by a statistically significant downward trend (p<0.01) (Figure 4.43).
It was slightly above the threshold from national standard in 2010-2014, and
fluctuated between 2.2 1g/m3in 2022 and 4.0 g/m?3in 201L In Kryvyi Rih over the
same period phenol level was statistically non-significantly increasing and within
recommended ranges. It fluctuated between 1.0 'g/m?3 in 2009 to 2.3 'g/m?3 in
2021. In both locations 2022 annual levels were lower than in 202L.

Figure 4.83 Dynamics of annual average levels of phenol in Dnipro and Kryvyi Rih in 2009-2022. RCGM data.

Notes: red dashed line - MPCq.; dashed lines of corresponding colours - linear trends; vertical red solid lines
- beginnings of military offensives (2014, 2022). Linear trend equations (per year): Dnipro: y =188.96 - 0.0923x
(p<0.0}, decreasing), Kryvyi Rih: y = -75.90 + 0.0385 (p=0.12).

Salts of heavy metals (manganese, mercury, lead, chromium)

In recent years, environmental and global public health concerns related to
environmental pollution with heavy metals have been growing (282-284).
Considering the limitations of monitoring data on the level of heavy metals in
atmospheric air, it was concluded only that the percentage of air pollution above
MPC with heavy metals in 2016-2022 in Dnipro oblast was low and did not exceed
4% in any given year (Figure 4.44). The percentage of values above MPC in later
years was mostly lower than in earlier years. No values above MPC were registered
in 2022.
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Figure 4.84 Dynamics of percentage of values above MPC for air pollution with salts of heavy metals in
Dnipropetrovsk oblast in 2016-2022. State institution "Dnipropetrovsk Regional Center for Disease Control
and Prevention of the Ministry of Health of Ukraine" data.

Notes: for Dnipropetrovsk oblast in 2017-2018 data were not available

Heavy metals pose a serious environmental problem worldwide due to their
toxicity, stability in environmental objects, wide distribution and higher potential
toxicity and bioaccumulation in living organisms, causing various pathological
processes (282—284).

Prognosis of air pollution

Ukraine

According to linear models statistically significant decrease in average levels of
undifferentiated dust, CO and air pollution index in the whole country may be
expected (Table 4.27). Among all air pollutants, only SO2 had an increasing, but
statistically non-significant trend. Current and predicted values of NO, and
formaldehyde are above recommended values.

Year, mg/m?

Substance

2024 2025
Undifferentiated dust 0.10 0.106
SO, 0.019 0.019
(6{0) 1.085 0.986
NO- 0.060 0.060
NO 0.030 0.030
H>S 0.002 0.002
Soot 0.020 0.017
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Phenol 0.0029 0.0028

HF 0.0029 0.0027
HCI 0.043 0.041
NHs 0.014 0.013
Formaldehyde 0.0064 0.0063
Air pollution index 6.1 59

Table 4.39 Prognosis of air pollution level in Ukraine.

Dnipropetrovsk oblast

Despite a statistically significant declining trend for undifferentiated dust, PM;s,
PMo, their predicted annual concentrations (except PMio in Kryvyi Rih and Dnipro)
will remain above MPCd.a. (undifferentiated dust) and annual threshold for poor
air quality (WHO) in all studied cities of the Dnipropetrovsk oblast in 2023-2025
(Table 4.28).

Year
Location

2024 2025
Undifferentiated dust, !g/m?3
Kryvyi Rih, rank 2 368.8 360.0
Dnipro, rank 3 279.8 2778
PM,s/PMiyo, 1g/m?
Dnipropetrovsk oblast 7.3/14.3* NA
Nikopol and Marhanets, rank 1 5.6/12.7* NA
Kryvyi Rih, rank 2 7.4/15.3* NA
Dnipro, rank 3 7.9/15.4* NA
Other, rank 4 6.1/10.1* NA

Table 4.40 Prognosis of dust pollution level in Dnipropetrovsk oblast.

Notes: *prognosis made using EcoCity data

Prognosis made using the EcoCity data suggests that NO: pollution in
Dnipropetrovsk oblast in 2024 will be mostly within recommended values (Table
4.29). The prognosis for Dnipro using the RCGM data suggests annual average NO-
levels 2-3 times above recommended values. It may be a result of mostly
increasing 2009-2018 NO, levels in the city, which outweighed NO. reduction
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during shorter period of time in 2019-2022.

Year, #9/m3
Location

2024 2025
Dnipropetrovsk oblast, 1g/m? 32.7* NA
Nikopol and Marhanets, rank 1, 1g/m? 38.1* NA
Kryvyi Rih, rank 2, 1g/m? 39.6 (36.6%) 384
Dnipro, rank 3, 1g/m?3 116.6 (34.2*) 18.3
Other, rank 4, 1g/m?3 22.9* NA

Table 4.41 Prognosis of NO: pollution level in Dnipropetrovsk oblast.

Notes: *prognosis made using EcoCity data

Prognosis of CO pollution in Dnipro and Kryvyi Rih, made using the RCGM data,
suggests the decrease in annual average CO levels in 2023-2025 (Table 4.30).
Prediction based on the EcoCity data suggests an increase in annual average CO
level in all studied locations. However, it should not exceed the recommended
limits.

Year, #9/m3
Location

2024 2025
Dnipropetrovsk oblast, 1g/m? 0.4* NA
Nikopol and Marhanets, rank 1, 1g/m? 2.2% NA
Kryvyi Rih, rank 2, 1g/m?® 14 (1.8%) L3
Dnipro, rank 3, 1g/m?3 2.4 (1.9%) 2.4
Other, rank 4, 1g/m?3 0.6* NA

Table 4.42 Prognosis of CO pollution level in Dnipropetrovsk oblast.

Notes: *prognosis made using EcoCity data

Formaldehyde pollution in the oblast is predicted to increase in 2023-2025,
according to the RCGM data (Table 4.31). The prognosis using the EcoCity data
suggests the decrease of formaldehyde levels in 2024. In both cases
formaldehyde levels would remain significantly above the recommended limits.
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Location

Dnipropetrovsk oblast, 1g/m?
Nikopol and Marhanets, rank 1, 1g/m?
Kryvyi Rih, rank 2, 1g/m?

Dnipro, rank 3, 1g/m?3

Other, rank 4, 1g/m?

Table 4.43 Prognosis of formaldehyde pollution level in Dnipropetrovsk oblast.

Notes: *prognosis made using EcoCity data

Year, #9/m3
2024

14.7%
15.1*
14.2 (16.1%)
16.8 (7.9%)

18.7*

2025

NA

NA

14.6

17.4

NA

In Dnipropetrovsk oblast and Dnipro a modest decrease of NHs levels is expected
(Table 4.32). In Nikopol and Marhanets and Other locations a modest decrease of
NH; levels is expected. The values of NHs in the region are expected to remain

within the recommended limits.

Location

Dnipropetrovsk oblast, 1g/m?
Nikopol and Marhanets, rank 1, 1g/m?
Kryvyi Rih, rank 2, 1g/m?

Dnipro, rank 3, 1g/m?3

Other, rank 4, 1g/m?

Year, #9/m3
2024

2.2*
9.8*
5.0*
0.5*

17.2*

Table 4.44 Prognosis of NHz pollution level in Dnipropetrovsk oblast.

Notes: *prognosis made using EcoCity data

Phenol levels are expected to decrease in Dnipro and increase in Kryvyi Rih in
2023-2025 (Table 4.33). In both cases they are expected to remain within

recommended limits.
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Year, #9/m3

Location

2024 2025
Kryvyi Rih, rank 2, 1g/m?3 20 21
Dnipro, rank 3, 1g/m3 22 21

Table 4.45 Prognosis of phenol pollution level in Dnipropetrovsk oblast.

According to the linear trends the decrease in dust, CO and air pollution index, no
change in NO;, NO and H2S levels to be expected in Ukraine in 2024-2025. The
decrease in dust, no change/slight increase in NO,, and increase in formaldehyde
air pollution to be expected in Dnipropetrovsk oblast in 2024-2025. However, the
linear prognosis does not take into account possible variants of the war in Ukraine
development.

In Dnipropetrovsk oblast, despite a decreasing trend, the differences in PM.s and
PMo pollution in 2022 and 2023 were minimal, when compared to previous years.
It could imply a modest change in dust air pollution in the upcoming years, unless
the situation in the region changes dramatically (e.g. intensification of the shelling,
approaching of the frontline to the borders of the region/military actions in the
region, changes in industrial activity, etc.). It is difficult to draw a solid prognosis of
CO levels, since the direction of the predicted change using the RCGM and
EcoCity data are discordant. Nevertheless, given the ongoing missile and artillery
attacks and recovery of social life in the region, the increase of CO pollution may
be expected.

The trends for the formaldehyde air pollution in Dnipropetrovsk oblast based on
the RCGM and EcoCity data are also discordant. But there was a notable increase
in formaldehyde air pollution starting from the second half of 2022 and in 2023.
Trends in air pollution in Kryvyi Rih also may imply the increase in formaldehyde
air pollution in the near future. Taking into account the overall increasing trend in
2009-2022, it could be reasonable to assume that air formaldehyde level in the
region is going to increase. The opportunity of shelling to impact formaldehyde
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level requires close investigation, as in several places, that suffered severe
bombing its level increased (46).

The linear trends for NHs in Dnipropetrovsk oblast, despite being statistically
significant, were modest in magnitude. Therefore, significant changes of NH; levels
in the region in the upcoming years are unlikely. Notably, that the slope of NH;
increase was the steepest in the Nikopol and Marhanets area and Other area,
which will require further investigation. Phenol levels in Dnipro and Kryvyi Rih are
expected to become equal, and remain within recommended ranges in the
upcoming two years. Given the dynamics of heavy metals air pollution, it is unlikely
to expectitsincrease in the nearest years. However, its increase is possible in case
of intensification of the war in the region (e.g. combat over the territories of the
oblast) or rise of industrial activity.

In summary, it is likely that air pollution in Ukraine will depend on various factors:
war intensity, industrial activity, approaches to emission control in industries, type
and scale of damage to industrial objects or chemicals reservoirs, intensity of
forest fires, anthropogenic activity and many more. It is already visible, that in the
areas that became logistic hubs the air quality has worsen in 2022, when
compared to 2021 (Odesa, Izmail) (46,181). Authors’ expectations of the change in
air pollution during within upcoming years are summarised in the Table 4.34.

Substance Prognosis
Suspended substances =/#*
Sulphur dioxide $
Carbon monoxide =*
Nitrogen dioxide =*
Nitrogen oxide #
Hydrogen sulfide =/$
Soot #*
Phenol #*
Hydrogen fluoride #*
Hydrogen chloride =*
NHs #*
Formaldehyde #*
Air pollution index #*

Table 4.46 Expectations of the air pollution dynamics in Dnipropetrovsk oblast depending on the progression
of the war.
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Notes:! - likely to increase, " - likely to decrease, = - no change, * - increase in case of severe damage of area
(e.g. bombing) is possible.

Cancer risk and hazard coefficients

Ukraine

For the whole period of observation (2017-2023) formaldehyde-related cancer
risk was at acceptable level (9.2x10°), but it was close to the moderate level
threshold (Table 4.35). Soot-related cancer risk was at average level (3.6x10%),
acceptable for industries, but unacceptable for the population, and requiring
additional control. Given the impact on the entire population, dynamic control and
an in-depth study of the sources and possible consequences of harmful effects
are necessary to resolve the issue of risk management measures. Hazard index for
all presented pollutants in the table was 6.19, which corresponds to the high level,
which indicates a high risk for public health. According to the recommendation of
the US EPA (337), such a situation requires urgent health and other measures to
reduce it. Both cancer risks and hazard indexes were lower in 2022-2023, when
compared to 2017-202L.

Year, HQ/CR
Substance 2017-2019 2020-2021 2022-2023 2017-2023
Undifferentiated dust 0.89 0.83 0.77 0.84
SO, 0.33 0.36 0.37 0.35
(6{0) 0.57 047 042 0.50
NO- 150 150 150 150
NO 0.50 0.50 0.50 0.50
H>S - - - -
Soot - 3.9x104 3.3x10* 3.6x104
Phenol 1.22 100 100 0.92
HF 0.80 0.70 0.60 0.71
HCI 0.25 0.25 0.23 0.24
NHs 0.50 0.50 0.38 0.46
Formaldehyde 9.6x10°° 9.2x10°° 8.5x10°° 9.2x10°°
Hazard index 6.55 6.11 575 6.19

Table 4.47 Hazard coefficients and cancer risk for the population of Ukraine due to the air pollution.

Notes: HQ — hazard quotient; CR — cancer risk.
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Dnipropetrovsk oblast

According to the estimations made using the 2009-2022 RCGM data, the
population of Dnipro and Kryvyi Rih are at increased risk of cancer due to the
formaldehyde air pollution (Table 4.36). The cancer risk was acceptable for
acceptable for industries, but unacceptable for the population. It required
additional control and in-depth study of sources of emission and possible
consequences of harmful action to resolve the issue of measures to reduce it. The
population of Dnipro and Kryvyi Rih is also at the high or alarming risk of non-
cancerogenic effects of air pollution, mostly due to the dust and NO; air pollution
in Dnipro and dust air pollution in Kryvyi Rih.

Location HQ Cancer
risk
Undif. dust NO, CO Phenol HI Formaldeh
yde
Dnipro 3.96 2.34 0.77 0.49 522 1.6x10°4
Kryvyi Rih 6.01 1.22 0.76 0.27 7.04 1.4x10°*

Table 4.48 Hazard coefficients and cancer risk for the population of Dnipro and Kryvyi Rih due to the air
pollution. RCGM data

Notes: HQ — hazard quotient; HI — hazard index.

According to the 2019-2023 EcoCity data, cancer risk and non-cancerogenic Hl
were at acceptable levels (Table 4.37). The possible reason for the difference in
risk estimations using the RCGM and EcoCity data is the period of measurement.
The EcoCity data included recent years, which were characterised by on average
lower levels of air pollution.

Location HQ Cancer risk
PM_s PMio NO, (6{0) NH3 HI Formaldehyde

Dnipropetrovsk 0.76 043 0.90 0.23 0.01 233 2.4x10°°

oblast

Dnipro 0.8L 0.25 0.94 0.24 0.01 225 25x10°°

Kryvyi Rih 0.89 0.27 0.85 0.26 0.01 2.28 1.9x10-°

Nikopol and 0.59 0.18 0.88 0.28 0.01 194 21x10°®

Marhanets

Other 0.67 0.21 0.65 0.17 0.02 172 2.6x10°°

Table 4.49 Hazard coefficients and cancer risk for the population of Dnipropetrovsk oblast due to the air
pollution. EcoCity data

Notes: HQ — hazard quotient; HIl — hazard index.

The values of HI for Dnipro was similar to the one for Ukraine and in Kryvyi Rih it
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was even higher, despite the fact that the calculation was carried out on a smaller
number of pollutants. It indicates higher non-cancerogenic risks for the citizens of
industrialised areas with significant air pollution and, therefore, such a situation
requires urgent health and other measures to reduce it. In contrast to all-Ukrainian
data, the risk of cancer caused by formaldehyde in the cities of Dnipro and Kryvyi
Rih corresponds to average level (1.6x10%) - acceptable for industries, but
unacceptable for the population, and requiring additional control. Given the
impact on the entire population, dynamic control and an in-depth study of the
sources and possible consequences of harmful effects are necessary to resolve
the issue of risk management measures.

Association between air pollution and cancer epidemiology

After conducting an exploratory data analysis it was clear that the regression or
correlation between levels of X and Y for all regions without any adjustment would
not be a valid estimate due to a unique situation in every region. An example of
association between NO2 emissions per km? and malignant neoplasms of all
localisations (CO0-C96) with 5-year lag is presented on the Figure 4.45.

Figure 4.85 Relation between all malignant neoplasms of all localisations (COO-C96) incidence and NO!
emissions per km? with 5-year lag (split by region). Ukrstat and NCRU data.
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As can be shown on the scatterplot, multiple years of the same oblast are very
close to each other. Such clusterisation of the data could indicate that air pollutant
emissions were not the only factor that affected cancer epidemiology. Therefore,
the information about the region must be taken into account (Figure 4.46).

Figure 4.86 Relation between all malignant neoplasms of all localisations (COO-C96) incidence and NO!
emissions per km? with 5-year lag (split by region). X and Y axes are shared between nested plots. Ukrstat
and NCRU data.

Sharing X and Y scale (Figure 4.46) makes it difficult to recognise any pattern, but
If the same data is plotted in a way when the X and Y scales are not shared and
the field of view is magnified to its limit, some patterns can be identified (Figure
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4.47),

Figure 4.87 Relation between all malignant neoplasms of all localisations (COO-C96) incidence and NO!

emissions per km?2 with 5-year lag (split by region). X and Y axes are not shared between nested plots. Ukrstat
and NCRU data.

The number of data points available for each oblast was not enough to get any
statistically significant results using correlation for each region separately,
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therefore it was decided to rank both X and Y in ascending order and then combine
those values in a single dataset (Figure 4.48). Adding this step into the calculation
allowed to isolate the impact of the unknown variables for each region and
increased the chances of getting statistically significant results. This
transformation is somewhat similar to how hierarchical linear models try to adjust
for nested data by introducing multilevel intercepts. But since the correlation was
applied instead of regression, it was not an option in this case.

Figure 4.88 Relation between all malignant neoplasms of all localisations (COO-C96) ranked incidence and
ranked NO! emissions per km? with 5-year lag (split by region). Ukrstat and NCRU data.

In cases like on the Figure 4.48, where data points are closely ranked, scatterplots
with all observations may become cluttered and difficult to read. Overlapping
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points in a scatterplot can obscure details and hamper the identification of the
data density. Heatmaps handle this more efficiently by providing a clear visual
representation where the density of points (or ranking) is indicated by colour,
avoiding issues of overlap. Therefore a heatmap chart was chosen to perform a
final visualisation step in this process (Figure 4.49).

Figure 4.89 Heatmap for relation between all malignant neoplasms of all localisations (COO-C96) ranked
incidence and ranked NO! emissions per km? with 5-year lag (split by region). Ukrstat and NCRU data.

The same steps were performed for the investigation of association between
emissions of all air pollutants in the study per km? with incidence and mortality of
cancers of all studied localisations with lags from 1 to 6 years. For each association
Spearman’s rank correlation coefficient was calculated (Table 4.38). Of course,
using a regression model would be a better option. However, given the limitations
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of the data, the authors assumed that the incorporation of regional differences
adjustment into rank correlation analysis was a valid approach in this particular
case.

The results show that emissions of some pollutants (all registered pollutants, PM
and NO!) correlated most with incidence and/or mortality of cancers of particular
localisations (CO0O-C96, C16, C32, C33-C34, C50) with 3-5 years lag. It means that
air-pollution triggered oncological disease and/or disease-related death takes on
average 3-5 years to manifest. Emissions of SO! and CO didn't show any
statistically significant correlation pattern for any year-lag tested. Malignant
neoplasm of cervix uteri rates also didn't show any statistically significant
correlation pattern across pollutants, just a couple of sporadic values that could
happen purely by chance.

ICD-10 . Lag (years)
Pollutant Indicator
code 1 2 3 4 5 6
CO0O- Incidence 0.29
C96 Mortality 0.26 0.36 0.44 0.42
cl6 Incidence 0.32 0.35 0.39 0.37
Mortality 0.32 0.36 0.35 0.45
Incidence 0.25 0.25
C32 1aer
Al Mortality 0.3 0.29 0.28
Incidence
C33-c34 cieer
Mortality 0.4 0.37
Incidence
C50 .
Mortality 0.31 0.35
Incidence
C53 .
Mortality
CO0O0- Incidence 0.39
C96 Mortality 0.49 0.48
Incidence 0.36 0.32
Cl6 .
Mortality 0.4 0.42 0.41
Incidence
c32 Mortalit 0.22
i )
PM riaity
Incidence
C33-C34 -
Mortality 0.47 0.43
Incidence
C50 .
Mortality
Incidence 0.34
C53 .
Mortality
CO0O- Incidence 0.27
NO! C96 Mortality 0.31 0.55 0.26
Cl6 Incidence 0.34 0.29 0.25
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Mortality 0.27 0.39 0.25

Incidence 0.29 0.33
C32 -
Mortality 0.32
Incidence 0.28
C33-C34 .
Mortality 0.44
Incidence
C50 -
Mortality 0.34 0.36
Incidence
C53 -
Mortality
f+(203+(36 0 0 0 0 0 0
CrJCTQS
V&'<)-2<06 0 0 0 0 0 0
f+(203+(36 0 0 0 0 0 0
C#Qb
V&'<)-2<06 0 0 0 0 0 0
f+(203+(36 0 0 0 0 0 0
CH$; e+ (103+(
DS V&"<)-2<06 0 0 0 0 0 0
f+(203+(36 0 0 NI 6 0 0 0
CHHICHIG
V&"<)-2<06 0 0 0 0 0 0
o f+(203+(36 0 0 0 0 0 0
i V&'<)-2<06 0 0 0 0 0 0
o f+(203+(36 0 0 0 0 6 6
V&'<)-2<06 0 0 0 0 0 0
f+(203+(36 0 0 0 0 0 0
CrJCTQS
V&'<)-2<06 0 0 0 0 0 0
f+(203+(36 0 0 0 0 0 0
C#Qb
V&'<)-2<06 0 0 0 0 0 0
f+(203+(36 0 0 0 0 0 0
CH$; F+(103+(
DL V&'<)-2<06 0 0 0 0 0 0
f+(203+(36 0 0 0 0 0 0
CHHICHIG
V&'<)-2<06 0 0 0 0 0 0
o f+(203+(36 0 0 0 0 0 0
i V&'<)-2<06 0 0 0 0 0 0
C"'Hy HEOEHEE G 5 5 ; ; NISQ;
V&'<)-2<06 0 0 0 0 0 0

Table 4.50 Spearman’s rank correlation coefficients of different air pollutant emissions per km? with incidence
and mortality rates of cancer with different localisations (marked by ICD-10 codes) with different lags (in
years). Ukrstat and NCRU data.

Notes: Correlation coefficients that are statistically insignificant, negative or less than 0.25 (considered a weak
correlation) were filtered out for a more concise visual representation.

In summary, it may be concluded that there is indeed a relation between some air
pollutant emission levels per km? and incidence and/or mortality rates of some
cancers with a 3-5 years lag. Although the data on which the analysis is based is
not as precise as desired, it still shows that air pollutants should be considered as
an important risk factor for cancerogenesis. Further research in this direction with
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larger amount of information is required.

Impact of war on cancer epidemiology

Overall trend in cancer incidence was stable in Ukraine and decreasing in
Dnipropetrovsk oblast (p=0.02), however, the trends were not linear (Figure 4.50).
There was a decrease in cancer incidence in 2014 in Dnipropetrovsk oblast; in
2020 and 2022 in both areas. In 2014-2019 total cancer incidence was increasing
in both areas.

Figure 4.90 Incidence of cancer of all localisations (COO-C97) in Dnipropetrovsk oblast and Ukraine in 2009-
2022. MoHU data.

Notes: vertical red solid lines - beginnings of military offensives (2014, 2022); vertical green solid line —
beginning of COVID-19 pandemic.

Overall trends in respiratory cancer incidence in Ukraine and Dnipropetrovsk
oblast were decreasing (p<0.01) (Figure 4.51). There was a decrease in respiratory
cancer incidence in 2014 in Dnipropetrovsk oblast; in 2020 and 2022 in both areas.
Respiratory cancer incidence in Dnipropetrovsk oblast was higher than in Ukraine.
In both areas respiratory cancer incidence remained relatively stable in 2014-2019,
with an increase in Dnipropetrovsk oblast.
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Figure 4.91 Incidence of respiratory (C32-C34) cancer in Dnipropetrovsk oblast and Ukraine in 2009-2022.
MoHU data.

Notes: vertical red solid lines - beginnings of military offensives (2014, 2022); vertical green solid line —
beginning of COVID-19 pandemic.

Respiratory cancer incidence in Dnipropetrovsk oblast was notably higher, than in
Ukraine. Dnipropetrovsk oblast is among the most industrialised regions of Ukraine
with one of the highest number of industrial atmospheric emissions (338). Since
air pollution is a risk factor of respiratory and non-respiratory cancers (339—-341),
these findings are not unexpected. Importantly, the amount of atmospheric
emissions in Ukraine and Dnipropetrovsk oblast has been decreasing since 2010
(338,342). Nevertheless, total and respiratory cancer incidence in 2014-2019 was
stable or even increasing. The rise in cancer incidence could stem from more
active detection by oncologists. But, at the same time, it may be an example of
cumulative effect of air pollution on cancer incidence, when effects of change in
air pollution are not immediately visible. After the Russian occupation of Donetsk
and Luhansk regions the emissions from industries on the occupied territories
were notincluded to the Ukrainian statistical reports (334). However, it is probable,
that the functioning of those industries was not stopped and they continued to
produce atmospheric emissions. At the same time, it may be assumed that the
emission control has worsened due to the economical and political isolation of
Russian proxy republics created on the occupied territories of Ukraine. Therefore,
the rise of respiratory cancer incidence in Dnipropetrovsk oblast may also stem
from the air pollution from highly industrialised Ukrainian territories under Russian
occupation.

Total cancer incidence increased by 4.2% from 2014 to 2019 in Ukraine, the
average one-year increase was 0.8%. One of important drivers of increase in total
cancer incidence could be the beginning of the Russian-Ukrainian war, which was
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localised in the East of Ukraine and Crimea till 2022. The map with the relative
increase in total cancer incidence in 2014-2019 is on the Figure 4.52. There is no
clear dependency between location of oblasts and relative difference in cancer
incidence. However, the only oblasts without increase were in the South or the
West of the country.

Figure 4.92 Relative increase in total cancer incidence in Ukraine in 2014-2019. NCRU data.

When compared to precise 202! data, “in Ukraine during 2022 there was 22.3%
smaller preliminary number of newly registered diseases (by 26,800 cases), total
number of cancer-related deaths was 26.3% smaller (by 13,900 cases). In 2022,
due to large-scale military operations on the territory of Ukraine, both the
functioning of oncology centers and the receipt of information on cancer patients,
both newly discovered and those who were already registered by their divisions
(regional cancer registries) were hampered or partially interrupted. The largest
difference between 2022 preliminary number and precise 2021 number of new
cancer cases was in Zaporizhzhia (-44.5%), Luhansk (-89.0%), Mykolaiv (-55.9%),
Kharkiv (-82.1%), Kherson (-54.5%) and Kyiv city (-30.9%) - the regions, where
incidence has been among the highest in Ukraine” (158). The map with relative
difference between 202! and 2022 number of total new cancer cases is below
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(Figure 4.53). This finding reveals the need of careful interpretation of the latest
information on cancer epidemiology, as after the collection of the complete data
it might be different.

Figure 4.93 Relative difference 2021 and 2022 number of newly registered cancer cases in Ukraine.
Adaptation of NCRU data.

Importantly, that the percentage of cancer cases registered in advanced stages in
Ukraine in 2022 was 1.4% higher than in 202L In 2022 the highest percentage of
patients with cancer diagnosed in advanced stages was in Kherson and Kharkiv
oblasts (32.4%-34.8%) — in the zone of active military actions (158). The higher
percentage of cancer cases in advanced stages may reflect the change in
priorities for population and decrease in cancer vigilance. As states the 2022
NCRU report, in the frontline-bordering regions patients mostly sought medical
care, when symptoms demanded urgent help, i.e. in advanced stages (158).
Unfortunately, if the situation does not stabilise in the nearest time, there is a
probability that patients, who have asymptomatic and potentially curable forms
of cancer today, will seek medical care due to advanced cancer in the future.

The decrease in total cancer incidence in Ukraine in 2024 may stem from the same
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reasons that in 2014 in Dnipropetrovsk oblast (Figure 4.50), due to the proximity
to the battlefield. The abrupt decrease in total incidence in 2020 was related to
the lock-down due to COVID-19 pandemic (343). On one hand, the slight gradual
increase in cancer incidence in 2014-2019 may be attributed to the improvement
of oncological medical services, which will be further confirmed by the increase of
oncologists’ service utilisation over time. On the other hand, it might be the
influence of other factors, like alcohol/smoking, dietary factors, importance of
which for the population health was discussed in the literature review. The
prevalence of the mentioned risk factors might be in a close relation to the war in
the East of Ukraine. Also, according to the Centre of Public Health of Ukraine, there
was an increase in prevalence of acute and chronic hepatitis B and C in 2022-
2023 (Figure 4.54). Being a risk factor of liver cancer, increase in viral hepatitis
incidence is likely to negatively contribute to the total cancer incidence.

Figure 4.94 Acute and chronic viral viral hepatitis incidence in Ukraine in 2019-2023. Data from the Public
Health Centre of Ukraine (344).

Mortality trends from cancer of all localisations in Ukraine and Dnipropetrovsk
oblast were decreasing (p=0.01) (Figure 4.55). Annual average decrease in the
mortality from 2009 to 2022 was 3.2% in Ukraine and 0.5% in Dnipropetrovsk
oblast. In Ukraine mortality trend was relatively stable and decreased in 2021-
2022. In Dnipropetrovsk oblast the mortality trend was relatively stable in 2009-
2019, with modest increases in 2011-2013 and 2016-2017. In Dnipropetrovsk oblast
the mortality was 17.7% higher than in Ukraine (p<0.0l), it decreased abruptly by
32.2% in 2020 and rapidly increased by 27.2% in 2021-2022. When analysing the
2021-2022 difference in the number of registered deaths due to cancer, the
pattern was the same as for the new cancer cases, but larger in its magnitude
(158).
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Figure 4.95 Mortality from cancer of all localisations in Dnipropetrovsk oblast and Ukraine in 2009-2022.
MoHU data.

Notes: vertical red solid lines - beginnings of military offensives (2014, 2022); vertical green solid line —
beginning of COVID-19 pandemic.

Linear trends for mortality from respiratory cancer in Ukraine and Dnipropetrovsk
oblast were decreasing (p<0.01) (Figure 4.56). In Ukraine mortality from respiratory
cancer was stable over time, and decreased in 2020-2022. In Dnipropetrovsk
oblast mortality from respiratory cancer was relatively stable in 2009-2019. There
was an increase by 3.2% in Dnipropetrovsk oblast in 2017-2019, when compared
to 2015-2016, followed by an abrupt decrease in 2020-202! by 36.8%. The
possible reasons for increase in respiratory cancer mortality in 2017-2019 are the
same as for the respiratory cancer incidence and were discussed above. Unlike
Ukraine, mortality in Dnipropetrovsk oblast increased in 2022. Mortality from
respiratory cancer in Dnipropetrovsk oblast was 10.1% higher than in Ukraine, but
the difference was statistically non-significant (p=0.10).

Figure 4.96 Mortality from respiratory (C32-C34) cancer in Dnipropetrovsk oblast and Ukraine in 2009-2022.
MoHU data.
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Notes: vertical red solid lines - beginnings of military offensives (2014, 2022); vertical green solid line —
beginning of COVID-19 pandemic.

Oncologists’ service utilisation in Dnipropetrovsk oblast was increasing in 2009-
2023 (Figure 4.57). There was a 82.8% increase in the number of visits to
oncologists in 2017-2018, when compared to 2016, followed by 13.5% decrease in
2019. Importantly, that the oncologists’ service utilisation has not decreased after
the beginning of the full-scale Russian miliary invasion in 2022. Given the decrease
in the total number of cancer cases in Ukraine and oblast, the increase in the
oncologists’ service utilisation may be related to the follow-up visits from
previously registered patient. The absence of decrease of in the oncologists’
service utilisation might be a sign of resilience of Ukrainian medical services that
continued their work even in such difficult circumstances.

Figure 4.97 Oncologists’ services utilisation in Dnipropetrovsk oblast in 2009-2023. Vertical red solid lines -
beginnings of military offensives (2014, 2022). DCR data.

In Kryvyi Rih, rank 2, in 2022 cancer incidence was 15.0% than in 2021 Similar
situation was in Kryvyi Rih raion (-7.9%) and Kamianske raion (-8.2%, when
compared to 2021) (Figure 4.58). In Novomoskovsk raion, rank 4, cancer incidence
in 2022 was larger than in 2021 (+27.5%).
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Figure 4.98 Relative difference 2021 and 2022 number of newly registered cancer cases in Dnipropetrovsk
oblast. DCR data.

Notes: DN - Dnipro (city), Dnip — Dnipro raion, KR - Kryvyi Rih, Kryv — Kryvyi Rih raion, Nik — Nikopol raion, Nov
— Novomoskovsk raion, Pan — Pavlohrad raion, Syn — Synelnykove raion.

The percentage of patients who died within 1 year after the disease onset in 2022
was the largest in the Nikopol and Marhanets area (35.5% (Figure 4.59). At the
same time, in 2022 the percentage of patients who died within 1 year after the
disease onset was the lowest in Kryvyi Rih (25.9%).
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Figure 4.99 The percent of patients who died within | year after the disease onset by location in
Dnipropetrovsk oblast in 2019-2023 by sex and location. DCR data.

Median survival of patients with cancer in Kryvyi Rih was the highest in the oblast
both before and after the full-scale Russian military invasion (Figure 4.60, Table
4.39). Median survival of patients with cancer in Dnipro was the next highest after
Kryvyi Rih. In the analysis including the pre-invasion period (2013-2023 and 2019-
2023) there was a statistically significant difference in median survival of patients
in Dnipro and the rest of locations (Table 4.39). In 2022-2023 the difference in
median survival between Dnipro, the Nikopol and Marhanets area and the Other
area disappeared. Also, there was a notable decrease in median survival of
patients in 2022-2023 in all areas, when compared to other time intervals (Table
4.39). Those changes in patients survival are likely to be related to the negative
impact of military actions. HR of death for patients living in more damaged areas
was 0.86 (0.83-0.88). However, there was no linear association between degree
of area damage and survival in the presented study.
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Figure 4.100 Kaplan-Meier curves for survival of the patients with cancer in Dnipropetrovsk oblast in 2013-
2023 by rank of war-related damage in 2013-2023, 2019-2023 and 2022-2023 time intervals. DCR data.

Location 2013-2023 2019-2023 2022-2023
Nikopol and Marhanets, rank 1.7 (L5-18) yrs 14 (1.2-18) yrs 0.8 (0.5-1.0) yrs
1

Kryvyi Rih, rank 2 3.9 (3.7-4.1) yrs 3.4 (3.1-3.6) yrs 15 (14-1.8) yrs
Dnipro, rank 3 21(2.0-2.2) yrs 1.8 (L.7-1.9) yrs 0.9 (0.8-10) yrs
Other, rank 4 15 (15-1.6) yrs 1.3 (L2-14) yrs 0.9 (0.8-10) yrs

Table 4.51 Median survival (95% CI) of the patients with cancer in Dnipropetrovsk oblast in 2013-2023 by rank
of war related damage in 2013-2023, 2019-2023 and 2022-2023 time intervals. DCR data.

Patients who were diagnosed with cancer after the beginning of the full-scale
Russian military invasion in 2022-2023 had 1.4 years lower median survival (1.0
(1.0-11) years), when compared to the patients diagnosed with cancer in 2019-
2021 (2.4 (2.3-2.5) years, p<0.0l) (Figure 4.61). HR of death for the patients
diagnosed with cancer in 2022-2023, when compared to the patients diagnosed
with cancer in 2019-2021 was 1.54 (1.48-1.60).
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Figure 4.101 Kaplan-Meier curves for survival of the patients with cancer in Dnipropetrovsk oblast in 2019-
2023 by the time of cancer diagnosis. DCR data.

Due to the possible bias of the information about the number of population,
epidemiological indicators should be interpreted with caution. There were around
7.5 million refugees from Ukraine in Europe in September 2022 (345), part of which
were definitely coming from Dnipropetrovsk region. At the same time, Dnipro
region has hosted IDPs from neighbouring regions that are now occupied or
suffered from the war more heavily. At the moment authors have no access to the
information about the number of IDPs and their places of residence, which could
shed light on the observed phenomenons.
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Limitations

Several limitations should be stated.

1!

N

w

»

o1

The full-scale Russian invasion had a serious and devastating impact on
multiple spheres of life in Ukraine, including the air monitoring sector. Due
to the closure of individual monitoring programs, shortage of personnel (due
to migration, mobilisation, occupation, etc), and other reasons, there was a
limited availability of data from state air monitoring services. In order to
perform the study in the best possible way, the data from citizen air
monitoring networks - EcoCity and SaveEcoBot - were used (288,290).

I Investigation of air pollution in Nikopol and Marhanets after artillery attacks

was not performed due to technical complexity of their temporal mapping.
They were numerous and their exact timing was impossible to obtain from
open sources of information. Moreover, the effect on air pollution of an
artillery strike could have been smaller and more difficult to detect than the
effect of a missile attack.

I'lt is challenging to exclude the effect of random factors (weather

conditions, which are accountable for 31.2% of fluctuations in air pollution
level (176), direct impact of explosion, etc) on the values coming from citizen
air monitoring sensors.

I The epidemiological indicators which have total number of population

should be interpreted with caution due to the limited access to the relevant
information about the number of population in Ukraine (287) and
Dnipropetrovsk oblast (346) in 2022-2023. Therefore, the data about
population of Ukraine and Dnipropetrovsk oblast in 2022-2023 were filled
with the 202! data at end of the year.

. To analyse the association between air pollution and cancer epidemiology

only information about air pollutant emissions by stationary sources was
used, because the data on air pollutant emissions by road transport in
region-wise representation was available only for a few years. Observations
for 2020 and 202! were severely affected by the COVID-19 pandemic and
demonstrated a steep fall in incidence and tremendous distortions in
mortality rates that did not fit the previous years, and therefore were
excluded from the analysis.
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Conclusions:

'l At present, based on the analysis of the literature, it is not possible to make
definitive conclusions regarding the nature of air pollution resulting from war
and its impact on public health, including oncological diseases. Most
researchers agree on the deterioration of the ecological situation due to
wartime activities, although there is currently no compelling evidence
regarding atmospheric air pollution.

'l The difference of data regarding air pollution is due to various observation
periods, the use of diverse information from different sensors, stations, and
organizations, different meteorological conditions, and the analysis of its
impact.

I'1 Research studies are primarily focused on the ecological consequences of
military actions, with some addressing the impact of war on health, albeit
more often addressing the urgent tasks of organizing medical assistance. The
potential negative impact of environmental issues in general and air pollution
in particular on the population's health is mentioned, but investigating this
chain of causality at the current time is often not feasible.

'l The impact of air pollution as an environmental risk factor intensified by war
cannot be viewed in isolation from the influence of other behavioral and
socio-economic determinants. It requires consideration of the influence of
stress as a triggering mechanism for health-preserving behaviors among the
population and as an independent determinant that significantly affects the
population's health status.

' Air pollution in Ukraine before the full-scale Russian military invasion of
Ukraine in 2022 was characterised as high, according to the air pollution level.
The highest levels of air pollution were registered mostly in the Eastern
regions of Ukraine, where is the highest concentration of industries that
produce emissions. The main contributors to the air pollution were
formaldehyde, phenol, HF, NH3;, NO,, dust, CO.

'l The overall effect of the full-scale Russian military invasion of Ukraine on air
pollution is difficult to assess because of different directions of change in
levels of different air pollutants. A general not statistically significant
downward trend was revealed in the average levels of air pollutants in Ukraine
in 2022-2023, which probably was related to the rapid decline in industrial
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activity. Russian attacks led to the destruction of around 50% of Ukrainian
energy infrastructure and emigration from the country. Despite such
tendency to decrease in the average levels of air pollutants in the country,
the increase of maximum concentrations of a significant part of pollutants
was observed (including cancerogenic substances — soot and formaldehyde)
and increase in percentage of locations with the average level of pollutants
above MPCd.a. and MPCs.m.

' Atmospheric air of Dnipropetrovsk oblast was characterized by systematic
and constant pollution, especially with undifferentiated dust, NO,,
formaldehyde, PM.s and PM,o. The areas of Dnipropetrovsk oblast that were
more damaged by the full-scale Russian military invasion in 2022
experienced the smallest degree of PM.s and PMy levels reduction, and the
highest degree of increase in CO and NO; levels in 2022-2023, when
compared to the pre-invasion time. The observed findings could be
attributed to the consequences of the war.

'l The signs of the short-term negative impact of military actions on air
pollution in Ukraine were identified. A 20% increase in the daily average PMio
level in the day of the missile attack may be expected. Missile attacks may
potentially lead to the short-term exposure by cancerogenic substances
(soot, formaldehyde) of the population.

'l The prognosis of air pollution in Ukraine and Dnipropetrovsk oblast is likely to
depend on the war intensity, the type and magnitude of the war-related
damage, and industrial activity in Ukraine.

I After the beginning of Russian military invasion of Ukraine in 2014, total cancer
incidence in Ukraine had increased by 4.2% from 2014 to 2019.

'l In 2022, after the beginning of the full-scale Russian military invasion in 2022,
the total number of new cancer cases and cancer related deaths in Ukraine
was 22.3% and 26.3% lower than in 2021. The percentage of cancer cases
diagnosed in advanced stages in 2022 was 14% higher than in 202.. The
mentioned phenomenons were the most visible in the severely damaged by
the war regions of Ukraine, where patients mostly referred to doctors in cases
of emergency.

'l Median survival of patients in Dnipropetrovsk oblast who were diagnosed
with cancer in 2022-2023 was 14 years lower than of those, who were
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diagnosed with cancer in 2019-2021. HR of death for the patients diagnosed
with cancer in 2022-2023, when compared to the patients diagnosed with
cancer in 2019-2021 was 1.54 (1.48-1.60).

'l Probably, an increase in cancer incidence and mortality in Ukraine in -3-5
years perspective can be expected, especially in frontline-bordering regions
of Ukraine.

I'1 Our findings justify the need for more rigorous longitudinal cohort studies of
the Ukrainian population during and immediately after the conflict, aligning
with the views of other researchers.

'l Thorough monitoring of pollution and a focus on sustainable practices in
industrial and energy production should play an important role in the post-
war reconstruction period.
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Tables with prediction of air pollutants levels in the days of missile
attacks using ARIMAX modelling.

Model
Attacks

Pollutant
PMzs

Attacks
weather

PMio Attacks

Attacks
weather

NO, Attacks

Attacks
weather

(6{0) Attacks

Attacks
weather

Formaldehyde Attacks

Attacks
weather

NHs Attacks

Attacks
weather

Coefficient (95% CI)
1.89 (0.133-3.639)
167 (-0.081-3.412)
4.79 (L948-7.637)
4.85 (2.226-7.468)

0 (-0.003-0.001)

0 (-0.002-0.001)
0.0! (-0.012-0.032)
0.02 (-0.004-0.036)
0 (-0.066-0.065)

0 (-0.019-0.019)

0 (-0.003-0.003)

0 (-0.004-0.004)

p value
0.035
0.062
0.00!
<0.00!
0.215
0.655
0.366
0.124

0.994

0.843

0.907

Relative change

7.12%
(-7.92%; 31.38%)
15.20%

(2.54%; 31.78%)
14.77%

(-1.60%; 37.72%)
21.05%

(6.44%; 39.10%)
-1.67%

(-6.51%; 3.47%)
-0.54%

(-4.14%; 2.89%)
2.25%

(-1.01%; 7.00%)
3.26%

(0.19%; 7.84%)

~115%
(-2.28%; 0.36%)
1.26%

(~2.61%; 8.06%)
8.38%

(-2.45%; 29.24%)

5.49%
(-0.10%; 13.70%)

Table 4.52 The impact of missiles attacks on daily average levels of air pollutants in Dnipro. EcoCity data.

Model
Attacks

Pollutant
PMys

Attacks
weather

PMio Attacks

Attacks
weather
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+

+

Coefficient (95% CI)
0.74 (-2.319-3.797)
0.57 (-3.855-4.988)
245 (-2.830-7.724)

2 (-3.477-7.468)

p value
0.636
0.802
0.364

0.475

Relative change

8.41%
(-6.15%; 22.90%)
11.00%

(-6.93%; 39.39%)
1114%

(-4.87%; 25.91%)

10.83%
(-4.59%; 28.26%)



NO, Attacks

Attacks
weather

(6{0) Attacks

Attacks
weather

Formaldehyde Attacks

Attacks
weather

NHs Attacks

Attacks
weather

0 (-0.002-0.002)

0 (-0.002-0.000)

0.03 (-0.269-0.324)

0.01 (-0.339-0.368)

0 (-0.005-0.005)

0 (-0.004-0.004)

0 (-0.005-0.004)

0 (-0.007-0.007)

0.892

0.091

0.856

0.936

0.98

0.912

0.928

0.971

AN

-4.02%
(-12.66%; 0.26%)
0.03%

(-7.32%; 5.64%)
5.34%

(-0.96%; 14.83%)
6.16%

(1.90%; 16.60%)
-2.21%

(-6.39%; 0.56%)
-0.80%

(-5.15%; 2.82%)
2.20%

(-2.23%; 7.37%)
-0.93%

(-6.73%; 2.11%)

Table 4.53 The impact of missiles attacks on daily average levels of air pollutants in Kryvyi Rih. EcoCity data.
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Common conclusions

The presented report summarised current body of evidence of influence of
military conflicts on air pollution and cancer epidemiology. The presented study
concentrated on findings from Montenegro, North Macedonia and Ukraine where
military conflicts took place recently or are ongoing.

Similar consequences of military conflicts were revealed in all three studied
countries. In all cases a massive ecological impact was described. Immediate
worsening of air quality due to explosions, fires and destruction of civil and
industrial infrastructure was found. It is reasonable to suggest that war had
contributed significantly to the long-term contamination of water and soil. Lacking
of historical data and technical limitations of data collection are among the main
obstacles for the conclusive research on the subject.

In each country there were short- and long-term negative consequences in
cancer epidemiology due to military actions. A steady increase in cancer
epidemiology after 2010 was observed, which could be related to the past or
ongoing military conflicts. The increase in cancer incidence and mortality
correlated with the deterioration of ecological situation. However, the isolated
impact of war on cancer epidemiology requires further clarification, since other
influential factors were present: destruction of medical infrastructure, massive
displacements, decreased access to healthcare, stress, behavioural factors.
Another challenge for drawing solid conclusions about impact of war on cancer
epidemiology is lacking of either historical data on cancer incidence and mortality
from Montenegro and North Macedonia, or current data from Ukraine.

The results of the conducted study allow to define the following priorities in
dealing with the war-related consequences for cancer epidemiology:

I'I Development of ecological monitoring programs, including air, water and
soil condition surveillance. The emphasis should be made on accessibility
of ecological monitoring data to ensure the timely analysis and adequate
relation depending on the obtained results.

I'I Conducting more rigorous longitudinal cohort studies of the affected by
war population during and immediately after the conflicts is needed. Unique
situation in each military conflict requires extensive data for designing
proper mitigation strategies.
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I'I Development of policy recommendations at the European level. The aim of
such recommendation is to reduce the negative impact of the military
conflicts both at national and international levels. Policy recommendations
designing is foreseen in the upcoming work packages of the current project.

I I Reducing influence of cancer risk factors on the population via
intensification of preventive campaigns. Cooperation of healthcare
specialists with relevant stakeholders should ensure adequate accessibility
of healthcare services along with promotion of healthy behaviours in the
populations affected by war.
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