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The first two years of «Clean air» Federal project in Omsk have been completed and preliminary results have been estimated. 
The present work deals with issues related to implementation of the Complex program aimed at reducing emissions, high-

lights the sanitary-epidemiologic situation related to air contamination in settlements, and describes activities aimed at optimiz-
ing a laboratory network used for monitoring over ambient air quality. It is essential to obtain maximum objective data on popu-
lation health risks caused by ambient air contamination at the initial stage of the Federal project implementation. 

 Our research goal was to estimate intermediate results in the Federal project implementation taking into account pre-
liminary analysis of sanitary epidemiologic welfare in Omsk related to ambient air contamination. 

Our research object was ambient air quality in Omsk, potential health risks and population health parameters associ-
ated with ambient air contamination over 2009–2019.  

The examination was performed in accordance with a procedure for health risk assessment under exposure to chemi-
cals (R 2.1.10.1920-04), as well as procedures, approaches, and algorithms stipulated in the normative and methodological 
documents MR  2.1.6.0158-19, MR 2.1.6.0156-19, with use of geoinformation technologies and statistical procedures. 

The research allowed substantiating a program for monitoring over ambient air quality taking into account all the ex-
isting monitoring systems basing on spatial distribution of total hazard quotient (S) in Omsk residential area and preliminary 
data obtained via aggregated calculations of ground contaminants concentrations. We suggested a list of control parameters 
and a procedure for their estimation in order to provide objective and timely monitoring over implementation of the Complex 
program aimed at reducing emissions into ambient air in Omsk. Implementation of the Complex program was estimated as 
per results of certain activities accomplished within it in 2019.  

Key words: «Clean air» Federal project, ambient air contamination, emissions, priority contaminants, monitoring, 
health risk, population health.  
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«Clean air» Federal project, just like 
every national project, was started in 2017 
when first activities within it were imple-
mented. In accordance with the goals set 
within the Federal project a primary task in 
monitoring is to accomplish control over re-
duction in aggregated volumes of contami-
nants emissions that should decrease by not 
less than 20 % by 2024; another task is growth 
in a share of citizens living in large industrial 
centers who are satisfied with ambient air 
quality and this share should reach 90 %. 

The Federal Service for Surveillance over 
Consumer Rights Protection and Human Well-
being is an active participant in the Federal pro-
ject responsible for its implementation; due to its 
declared mission and activity goals the Service 
can’t limit its contribution only to reduction in 
emissions; its tasks are wider and include im-
provement in population health associated with 
ambient air quality1. A reduction in aggregated 
emissions by a preset value does not necessarily 
result in favorable ambient air quality in case 
health risks are not taken into account; conse-
quently, it can’t lead to a substantial improve-
ment in population life quality [1, 2]. 

The project implementation should take 
place over quite a long period time, namely 5 
years; in spite of that population health as an 
ultimate result of such activities has long-term 
inertia. Not long ago, on July 21 2020, the RF 
President issued an Order No. 474 on national 
goals in the state development; the Order fixed 
new control «indicators» that should be 
reached by 2030 and among them there is «a 
2-time reduction in emissions of hazardous 
contaminants that exert the most negative in-
fluence on the environment and human 
health»2. New goals should substantially inten-
sify activities aimed at reducing emissions, 

first of all, when it comes to priority contami-
nants. And it is advisable to include exactly 
those technical and organizational activities 
into Complex programs aimed at emissions 
reduction within the Federal project that will 
allow required wide-scale reduction in emis-
sions of priority contaminants in future. In ac-
cordance with the Federal Law issued on July 
26, 2019 No. 195-FZ on accomplishing an ex-
periment on fixing quotas for emissions, prior-
ity contaminants are those substances which, 
when emitted, not only result in violated hygi-
enic standards but also create health risks3. 
Therefore it is vital to choose relevant activi-
ties exactly at early stages in project imple-
mentation that will make for a substantial de-
crease in medical and demographic losses. 

Our research goal was to assess prelimi-
nary results (2018–2019) achieved in the Fed-
eral project implementation taking into account 
preliminary analysis of sanitary-epidemiologic 
welfare of the population living in Omsk asso-
ciated with ambient air contamination. 

Data and methods. We assessed ambient 
air quality in Omsk, potential health risks and 
health indicators associated in ambient air con-
tamination in residential areas over 2018–2019. 
To do that, we took data from official statistic 
data sources provided by federal and regional 
executive authorities (Rosprirodnadzor, Rospot-
rebnadzor, the Federal Statistics Service, the RF 
Public Healthcare Ministry, the RF Ministry of 
Natural Resources and the Environment). 

Population health risks were assessed ac-
cording to health risk assessment methodology 
applied in case of exposure to chemicals 
(Guide R 2.1.10.1920-04)4. We applied methodi-
cal approaches, procedures, and algorithms 
suggested by Rospotrebnadzor’s scientific re-
search organizations to analyze a sanitary-

__________________________ 
 
1 On sanitary-epidemiologic welfare of the population in the Russian Federation in 2019: The State Report. Moscow, The 

Federal Service for Surveillance over Consumer Rights Protection and Human Well-being Publ., 2020, 299 p. (in Russian). 
2 On national goals in the RF development for a period up to 2030: The RF President Order issued on July 21, 2020 No. 474. 

KonsultantPlus. Available at: http://www.consultant.ru/document/cons_doc_LAW_357927/ (30.07.2020) (in Russian). 
3 On accomplishing an experiment on fixing quotas for emissions of contaminants and making alterations into certain RF 

legislative acts as regards reduction in ambient air contamination: The Federal Law issued on July 26, 2019 No. 195-FZ. Kon-
sultantPlus. Available at: http://www.consultant.ru/document/cons_doc_LAW_329955/ (30.07.2020) (in Russian). 

4 Guide R 2.1.10.1920-04 The Guide on assessing health risks under exposure to chemicals that pollute the environment. 
KODEKS: an electronic fund for legal and reference documentation. Available at: http://docs.cntd.ru/document/1200037399 
(30.07.2020) (in Russian). 
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epidemiologic situation that characterized am-
bient air quality and its influence on popula-
tion health, substantiation of activities aimed 
at reducing emissions, and creation of an up-
dated interdepartmental monitoring and labo-
ratory network. The approaches and proce-
dures included those developed as methodical 
support for «Clean air» Federal project (Metho-
dical Guidelines MR 2.1.6.0156-19 «Assessment 
of ambient air quality and health risk analysis 
aimed at making well-grounded managerial de-
cisions in providing proper ambient air quality 
and sanitary-epidemiologic welfare of the popu-
lation»; MR 2.1.6.0157-19 «Creation of pro-
grams for monitoring over ambient air quality 
and quantitative assessment of population expo-
sure for fulfilling tasks within social-hygienic 
monitoring activities»). 

We applied geoinformation technologies 
and statistic procedures in our research. 

Results and discussion. By 2017, a year 
when the first activities were implemented 
within the Federal project, Omsk occupied the 
9th rank place among cities and municipal dis-
tricts in the Russian Federation where «con-
taminants emissions into ambient air from sta-
tionary sources»5 were the highest. 

Developed petrochemical industry with its 
growing production outputs, coal-powered 
heat-generating industries, motor transport, 
and autonomous heat supply units created ag-
gregated ambient air contamination in the city 
that was higher than hygienic standards (maxi-
mum single concentrations) as per aromatic 
hydrocarbons (primarily xylene, toluene, and 
phenol), formaldehyde, benzpyrene, particu-
late matter, sulfur dioxide, nitrogen oxides, 
and carbon oxide. Up to 2017, practically 
every year formaldehyde and hydrogen chlo-
ride were registered in concentrations that 
were up to more than 10 times higher than sin-
gle maximum MPC. 

Ambient air in Omsk contains certain con-
taminants in concentrations that are higher than 
reference ones and create long-term chronic 
inhalation exposure; it is true for formaldehyde 
(concentration is 2.3 times higher than the ref-
erence level); copper (2.5 times higher); and 
manganese (1.4 times higher). In 2017 concen-
trations of PM2.5 were 1.3 times higher than its 
maximum permissible average annual and av-
erage daily ones; PM10, 1.4 times; formalde-
hyde, 1.07 times; benzpyrene, 1.9 times. 

Over the whole observation period poten-
tial and actual population health in the city as-
sociated with ambient air quality was charac-
terized with elevated carcinogenic and non-
carcinogenic health risks, elevated overall 
mortality and morbidity, as well as unfavor-
able dynamics being especially negative in 
years prior to 2015. 

Over the last 10 years individual carcino-
genic risk was higher than its permissible 
level; according to risk levels classification6 
this risk was estimated as «alerting» and in 
2017 it amounted to 2.45·10–4. 

Priority risk-creating carcinogens include 
formaldehyde, benzene, carbon black, 
benzpyrene, and some metals such as chro-
mium, nickel, cadmium, and lead. 

Population health risks in Omsk caused by 
non-carcinogenic effects produced by contami-
nants were also higher than their permissible 
levels over a long-term observation period; by 
2017 non-carcinogenic hazard index for the 
respiratory organs amounted to 9.8 (high risk). 

Risks related to non-carcinogenic nega-
tive effects produced on the respiratory organs 
to the greatest extent depend on aggregated 
volumes of contaminants emissions into ambi-
ent air. Their value is influenced by average 
daily (average annual) concentrations of most 
contaminants including formaldehyde (average 
long-term hazard quotient is equal to 2.7), par-

__________________________ 
 
5 On the ecological situation and environmental protection in the Russian Federation in 2018: The State Report. 

Moscow, the RF Ministry of National Resources and the Environment; NPP «Kadastr» Publ., 2019, 844 p. (in Russian). 
6 Risk levels here and so on estimated in accordance with a classification suggested in the Methodical Guidelines 

MR 2.1.6.0156-19. «Assessment of ambient air quality and health risk analysis aimed at making well-grounded manage-
rial decisions in providing proper ambient air quality and sanitary-epidemiologic welfare of the population»: methodical 
guidelines. Moscow, 2019 (in Russian). 
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ticulate matter, soot, hydrogen chloride, metals 
(copper, manganese, chromium, cadmium, 
nickel, and lead), nitrogen oxide, nitrogen diox-
ide, carbon oxide, ammonia, and some others. 

Data taken from multiple scientific research 
works confirm that the said contaminants exert 
their influence on development of respiratory 
diseases that have different gravity [3–8]. 

Average annual hazard indexes that show 
possibility of non-carcinogenic systemic ef-
fects produced on a body as well as on the 
immune system were long within «alerting risk 
level» range and went down to «acceptable 
risks» only by 2017. 

It was established that health risks were 
unacceptable in all 12 cities where the Federal 
project activities were implemented; predomi-
nantly, those risks were related to negative ef-
fects produced on the respiratory organs, blood 
system, development, immune system, cardio-
vascular system, central nervous system (CNS), 
and reproductive system7. 

Calculated health risks correlate well with 
data on actual population health. As per data 
provided by scientific research on territories 
where petrochemical industry is well developed 
overall morbidity among children tends to be 
1.7 times higher than on average in the country; 
and as for its structure, respiratory pathologies 
among children tend to be 1.4 times higher; 
gastrointestinal tract diseases, 1.2 times higher; 
skin and subcutaneous tissue diseases, 1.7 times 
higher [9]. 

Having comparatively analyzed average 
long-term health indicators in Omsk region, 
the Russian Federation, and the Siberian Fed-
eral District (SFD), we determined priority 
ones that were authentically higher in Omsk 
region than on average in the country and, 
which is especially important, higher than  
average health indicators in the SFD as in this 
case there are the most similar climatic and 
socioeconomic conditions. 

Thus, in 2017 priority health indicators 
included mortality caused by all reasons 
(1,292.0 deaths per 100 thousand people) in-

cluding deaths caused by respiratory diseases 
(57.7 deaths per 100 thousand people), malig-
nant neoplasms (490.6 deaths per 100 thou-
sand people), infant mortality (6.9 deaths per 
1,000 infants who were born alive), and peri-
natal mortality (8.01 per 1,000 infants born 
both dead and alive), as well as mortality 
among employable population. 

According to the WHO documents there 
is conclusive evidence proving a correlation 
between ambient air contamination and infant 
mortality. Besides, when infant children are 
exposed to ambient air contamination, it is 
highly likely to result in unfavorable outcomes 
as they grow and in their adult life as well [3]. 

In 2009–2015 overall primary morbidity 
among population in Omsk was higher than on 
average in the country and in the Siberian Fed-
eral District and tended to grow; the first de-
crease in morbidity was detected after 2015. In 
2017 priority diseases included diseases of the 
blood and blood-forming organs and certain 
disorders involving the immune mechanism 
(5.8 cases per 100 thousand people); diseases 
of the circulatory system (43.3); diseases of 
the digestive system (90.7); diseases of the 
skin and subcutaneous tissue (42.5): endo-
crine, nutritional, and metabolic diseases 
(26.7): and congenital malformations (2.6). 
Regional morbidity was the most apparently 
higher than on average in the country for en-
docrine diseases (90.7 %); diseases of the cir-
culatory system (34.9 %); congenital malfor-
mations (30.0 %), and diseases of the digestive 
system (166.8 %). 

In our opinion, these figures are not acci-
dental at all as the gastrointestinal tract, skin, 
and respiratory organs are natural barriers that 
should prevent chemicals from entering the 
internal environment of a human body. Living 
in a zone where anthropogenic loads on the 
environment are high is proven to result in 
78 % growth in risks of gastroenterological 
pathology [9]. 

We should note that respiratory diseases 
were not listed among priority ones during the 

__________________________ 
 
7 On sanitary-epidemiologic welfare of the population in the Russian Federation in 2019: The State Report. Moscow, 

The Federal Service for Surveillance over Consumer Rights Protection and Human Well-being, 2020, 299 p. (in Russian). 
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whole observation period (as opposed to mor-
tality caused by them) but morbidity with res-
piratory diseases among adults grew steadily 
up to 2017 including morbidity with chronic 
bronchitis. There was also a gradual increase 
in morbidity with asthma in all age groups, 
and in 2017 morbidity with asthma and status 
asthmaticus among adults and teenagers turned 
out to be the highest for the overall observation 
period (142.3 and 130.7 cases per 100 thousand 
people accordingly). 

Priority diseases among infants during 
their 1st year of life included diseases of the 
blood and blood-forming organs and certain 
disorders involving the immune mechanism 
(139.2 per 1,000 infants) including anemia 
(130.4) and certain diseases occurring in a 
perinatal period (331.3). 

We comparatively analyzed average long-
term morbidity among population in Omsk and 
rural areas in Omsk region; the analysis re-
vealed that morbidity among urban population 
was considerably higher than among rural one. 
Thus, for example, average long-term primary 
morbidity among children aged 0–14 who 
lived in urban areas was 1.8 times higher than 
among their counterparts living in rural areas; 
as for specific diseases, morbidity with malig-
nant neoplasms was 4.3 times higher; respira-
tory diseases, 1.9 times; digestive organs dis-
eases, 2.8 times; skin and subcutaneous disuse 
diseases, 2.2 times. 

Average long-term morbidity among in-
fants in urban areas was also significantly 
higher than among infants in rural ones; over-
all morbidity was by 1.6 times higher; diges-
tive organs diseases, 2.3 times; respiratory dis-
eases, 1.9 times; specific diseases occurring in 
perinatal period, 1.8 times; congenital malfor-
mations, 3.5 times. 

According to data obtained from research 
works there are certain health indicators that 
are associated with ambient air contamination; 
they are mortality caused by and morbidity 
with respiratory diseases, diseases of the di-

gestive organs, circulatory system, malignant 
neoplasms, diseases of the blood and blood-
forming organs, endocrine diseases, and neo-
plasms [2, 6, 9–12]. 

We calculated additional death cases and 
disease cases during 2017 caused by elevated 
average annual and average daily concentra-
tions of particulate matter (РМ2.5; РМ10) regis-
tered at some monitoring posts8. Many Russian 
and foreign researchers state that particulate 
matter (РМ2.5, РМ10) are an important indicator 
showing ambient air contamination and its in-
fluence on human health [4, 5, 8, 13–17]. 

A growth in average annual РМ2.5 concen-
tration equal to 0.0083 mg/m3 resulted in addi-
tional death cases among population in Omsk; 
there were 9 death cases caused by cardiovas-
cular diseases added to the background level 
(453.9 deaths per 100 thousand people); 
40 deaths caused by all reasons for people 
older than 30 added to the background number 
(957.3 per 100 thousand people). 

A growth in average annual РМ10 concen-
tration equal to 0.0155 mg/m3 resulted in 7 ad-
ditional deaths caused by cardiovascular dis-
eases among people living in Omsk; 47 addi-
tional chronic bronchitis cases among adults 
against the background level (248.0 disease 
cases per 100 thousand people). 

According to tasks fixed within the Fed-
eral project in Omsk a Complex program was 
created; the Program included activities aimed 
at reducing contaminant emissions into ambi-
ent air for a period up to 2024. 

The Program contains environmental pro-
tection activities performed by enterprises that 
exert the most adverse influence on population 
health in Omsk and create intolerable risks. 
These are petrochemical enterprises and heat-
and-power engineering enterprises. Hazards 
were identified for all industrial objects that 
contaminated ambient air and aggregated stan-
dardized hazard quotients were determined for 
each enterprise. All the enterprises were ranked 
as per this quotient and it allowed us to spot out 

__________________________ 
 
8 Calculations were accomplished according to the Methodical Guidelines MR 2.1.6.0156-19. Assessment of ambient air 

quality and health risk analysis aimed at making well-grounded managerial decisions in providing proper ambient air quality 
and sanitary-epidemiologic welfare of the population: methodical guidelines. Moscow, 2019 (in Russian). 
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35 priority ones; 7 out of them took leading 
places as per their effects on population 
health leaving all the rest far behind (they 
were structural units belonging to HGC-11 
heat generating company, Thermal power sta-
tions no. 4 and 5, Gazpromneft-Omskiy NPZ 
oil processing plant, Omskiy kauchuk JSC, 
Omsktechuglerod LLC, etc.). 

According to the Complex program ag-
gregated contaminants emissions should go 
down by 22.8 % in 2024 against 2017 and it 
amounts to 56.212 thousand tons. And this re-
duction is envisaged mostly for stationary 
sources (33.7 thousand tons) and the remain-
ing 22.56 thousand tons are from motor trans-
port. Therefore, emissions from stationary 
sources are to fall from 163.7 thousand tons in 
2017 to 130.0 thousand tons in 2024; emis-
sions from mobile sources should decrease 
from 87.1 thousand tons to 64.5 thousand tons 
mostly due to new gas-filling compressor sta-
tions built in the city and use of gas as a fuel 
instead of petrol in vehicles. 

We analyzed data on emissions from indus-
trial enterprises (368 objects) as per 341 sub-
stances over 2017–2018 and classified then ac-
cording to related hazards. As a result we ob-
tained an updated list of priority contaminants 
including those that were not examined at moni-
toring posts. 

As this updated list of priority contami-
nants was being created we primarily took into 
account indexes showing comparative car-
cinogenic and non-carcinogenic hazards, resi-
dential areas density, complaints from people 
about ambient air contamination and their ter-
ritorial distribution; any violations of hygienic 
standards, dynamics of average annual concen-
trations, and contributions made into carcino-
genic and non-carcinogenic risks. Besides, we 
paid serious attention to recommendations 
given by scientific experts on lists of priority 
contaminants for megacities [3, 18]. 

The list of priority contaminants obtained 
due to our research included the following 
chemicals: sulfur dioxide, nitrogen dioxide, 
hydrogen sulphide, carbon oxide, benzene, 
hydrocarbon black (soot), dimethylbenzene 
(xylene), hydroxybenzene (phenol), ammo-

nia, methylbenzene (toluene), ethylbenzene, 
3,4-benzpyrene, formaldehyde, chromium-VI, 
nickel oxide (recalculated as per nickel), and 
particulate matter РМ10, РМ2.5. We suggest 
systematic hygienic assessments and health 
risk assessments regarding these priority con-
taminants. 

Examinations performed in Chita allowed 
obtaining a similar list of priority contami-
nants. But in Omsk maximum comparative 
carcinogenic and non-carcinogenic hazard in-
dexes are by far lower than in Chita. Consider-
able volumes of contaminants emissions in 
both cities are due to heat-and-power generat-
ing enterprises and private households using 
coal as an energy source and climatic peculi-
arities of the regions [19]. 

Examinations accomplished in Krasnoyarsk 
indicate that autonomous sources also exert cer-
tain impacts on ambient air contamination that is 
above hygienic standards [20]. 

We determined priority contaminants in 
Omsk that should be subject to observation in 
order to detect violations of obligatory hygienic 
requirements when control and surveillance ac-
tivities are performed without any interaction 
with economic entities; these contaminants are 
manganese, acrolein, methanethiol (methyl 
mercaptan), kerosene, 1,2-dichloroethane, acry-
lonitrile, carbon disulphide, hydrogen chloride, 
tetrachloromethane, trichloroethylene, copper, 
and cadmium. 

Acrolein and 1.3-butadiene (divinyl) be-
long to priority contaminants but are not in-
cluded into control programs. These sub-
stances are contained both in emissions from 
enterprises and motor transport. Thus, as per 
data provided by leading experts in risk as-
sessment, 1,3-butadiene accounts for 26 % of 
overall carcinogenic risk caused by emissions 
from motor transport [18]. 

Recent research accomplished in cities in-
cluded as participants into «Clean air» Federal 
project allowed revealing that health risks are 
primarily created by the following contami-
nants: carbon, benzpyrene, benzene, sulfur di-
oxide, acrylonitrile, manganese, formaldehyde, 
nickel oxide, particulate matter including PM10 
and PM2.5, and nitrogen dioxide [21]. 
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The established list of priority contami-
nants should be used as a ground for an ex-
periment on fixing quotas as well as for as-
sessing results and efficiency (indulging eco-
nomic one) of «Clean air» Federal project 
implementation basing on reduction in popu-
lation health risks4. 

The Complex program envisages that 
there should be reductions in priority contami-
nants emissions over 2019–2024, by 14.9 % 
(24,220.8 tons) overall and carcinogens by 
3.3 % (24.9 tons). 

Thus, for example, formaldehyde emis-
sions should go down by 52.8 % due to activi-
ties aimed at eliminating solid communal 
wastes sites everywhere in Omsk and reducing 
emissions from stationary sources that are 
mostly hydrocarbons-producing enterprises; 
chromium-VI emissions are to go down by 
12.8 % due to installing additional dust and gas 
traps at large chemical enterprises; benzpyrene 
and carbon black (soot) emissions should go 
down by 10.0 % and 2.6 % accordingly due to 
installing hybrid filters and modernizing tech-
nologic equipment at heat generating enter-
prises and tyres manufacturers. 

At the same time, taking into account new 
goals on reducing emissions of priority con-
taminants by 2 times (that is, by 50 %) up to 
2030, it is necessary to set tasks on reducing 
emissions of risk-creating chemicals by not 
less than 20–25 % up to 2024. 

Enterprises operating in Omsk that emitted 
the largest volumes of carcinogens (54 economic 
entities) were given certain suggestions on ac-
tivities that should allow reducing emissions as 
per specific contaminants. 15 enterprises out of 
the list that made primary contributions into car-
cinogenic risks presented activity programs 
aimed at reducing emissions of nickel, chro-
mium, benzene, carbon black (soot), benzpy-
rene, and formaldehyde; it allowed preparing 
additional alterations that should be made into 
the Complex program. 

We, together with environmental protec-
tion authorities, assessed a system for monitor-
ing over ambient air quality and estimated 
whether it was relevant to an actual sanitary-
hygienic and ecologic situation in Omsk; the 
assessment was performed basing on spatial 
distribution of aggregated hazard quotient (S) 
over residential areas in Omsk taking into ac-
count potential effects produced by priority 
emission sources (industrial enterprises) on 
health of people living in the city9 (Figure). 
We created maps (layers) using a geoinforma-
tion system (ArcView GIS 3.2). Use of geo-
graphic information systems (GIS) allowed us 
to make our data more informative, and our 
analysis, more efficient [22]. 

In addition, we obtained preliminary data 
on aggregated calculated ground concentra-
tions of contaminants in Omsk that took into 
account aggregated contaminants emissions 
from mobile sources (motor transport) and 
autonomous heat supplying sources10. Average 
daily (average annual) concentrations that 
were above hygienic standards were detected 
for benzpyrene; maximum single concentra-
tions that were above hygienic standards were 
detected for 13 contaminants including those 
that were previously enlisted as priority con-
taminants, namely dimethyl benzene, hy-
droxybenzene, nitrogen dioxide, and sulfur 
dioxide; some substances were new such as 
dihydroperoxide, dihydrosulphide, and poly-
ethylene polyamine. Reference concentrations 
that were above hygienic standards were regis-
tered at certain monitoring posts in the city 
center (No. 2 and 27) as per sulfur dioxide (up 
to 35 % higher than the standard) and benz-
pyrene (up to 32 % higher). Calculated aver-
age annual chromium concentrations were on 
average by 2 times higher than average chro-
mium concentrations obtained via field obser-
vations and the situation was the same at all 
reference points that coincided with stationary 
posts for laboratory observations. 

_______________________ 
 
9 The examination was performed according to the Methodical Guidelines MR 2.1.6.0157-19. Creation of programs for 

monitoring over ambient air quality and quantitative assessment of population exposure for fulfilling tasks within social-
hygienic monitoring activities. Moscow, 2019 (in Russian). 

10 Calculations were performed by «NII ATMOSFERA» JSC in accordance with a state contract (in Russian). 
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Figure. Spatial distribution of aggregated comparative hazard quotient (S) on Omsk city territory taking 

 into account potential effects produced by industrial enterprises on residential areas in the city and  
predicted location of stationary posts for monitoring over ambient air quality for a period up to 2024 

                         Symbols on the mal:  
 Omsk city boundary 

 Aggregated hazard quotient (S) (maximum value, the 1st level in gradation)  
 Aggregated hazard quotient (S) (the 2nd level in gradation)  
 Aggregated hazard quotient (S) (the 3rd level in gradation)  

Predicted location of stationary posts for monitoring over ambient air quality  
for a period up to 2024 with their numbers 

 Posts belonging to the Omsk Regional Ministry of Natural Resources and the Environment  
 Posts belonging to Hydrometeorological Centre of Russia 
 Posts belonging to Rospotrebnadzor 

 
Therefore, we obtained certain arguments 

for preliminary substantiation of a program for 
monitoring over ambient air quality taking into 
account all monitoring systems belonging to 
different executive authorities responsible for 
environmental monitoring. 

In 2019 (before optimization started) a 
laboratory network for monitoring over ambi-
ent air quality in Omsk included 10 stationary 
posts (6 posts belonged to Hydrometeorologi-
cal Center of Russia and 4 posts, to the Omsk 
Regional Ministry of Natural Resources and 
the Environment), and a complete observation 
program was implemented at only 2 out of 
them. 25 chemicals were under surveillance at 
monitoring posts belonging to Hydrometeo-
rological Center of Russia and 22 chemicals, 
at posts belonging to the Omsk Regional Min-
istry of Natural Resources and the Environ-
ment. Rospotrebnadzor Regional office in 
Omsk and Center for Hygiene and Epidemi-

ology took air samples every month within a 
state program (laboratory examinations aimed 
at determining single concentrations) in zones 
influenced by the largest industrial objects. It 
was not sufficient bearing in mind proper 
health risk assessment as such samples could 
be used only for performing tentative hygi-
enic assessments. 

The existing monitoring network, despite 
minimal sufficient number of monitoring posts 
(10 for a city with million population) has cer-
tain drawbacks. They are as follows: 

– posts are located in places that are not 
relevant bearing in mind intensity detected for 
spatial distribution of aggregated hazard quo-
tients showing hazards caused by contami-
nants emitted from stationary sources taking 
wind rose into account: a situation in certain 
residential areas is not observed but these  
areas are influenced by petrochemical enter-
prises located in the northern part of the city; 
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– monitoring at stationary posts does not 
cover residential areas in scopes it should: a 
distance between 2 posts was longer than 5 km 
and monitoring covered not more than 65 % of 
total residential areas; 

– a monitoring program implemented at 
monitoring posts did not correspond to hygi-
enic tasks. On one hand, we should remember 
that average concentrations of certain metals 
such as cadmium, nickel, and chromium basi-
cally do not exceed maximum permissible 
ones; on the other hand, these substances have 
significant carcinogenic potential and when 
hazard are being identified thy usually take 
leading rank places in any lists of priority con-
taminants. We can’t ignore this fact; therefore, 
a monitoring program should be altered in or-
der to get as objective data on potential risks 
values as it is only possible. Thus, for exam-
ple, 59 enterprises located in different parts of 
the city emit chromium into ambient air. 
Chromium occupies the 13th rank place among 
all priority contaminants in the list obtained 
via hazard identification procedures but when 
it comes down to carcinogens it holds the 3rd 
rank place. And preliminary aggregated calcu-
lations of ground chromium concentrations 
yielded higher annual average values than 
those obtained via field observations at all ref-
erence points. Sampling regarding chromium 
and other metals was performed only at 2 out 
of 10 monitoring posts within the existing eco-
logical monitoring programs and examination 
programs were not comprehensive; single con-
centrations of those substances were averaged 
only once a month (for submitting data to Ro-
spotrebnadzor authorities). Such priority con-
taminants as benzene, xylene, toluene, ethyl-
benzene, carbon black (soot), РМ10, РМ2.5, and 
metals either weren’t examined in full scope or 
they were not monitored at all posts and it un-
doubtedly influenced health risk assessment 
making it less objective; 

– there is no exchange of primary data ob-
tained via laboratory examinations between 
Rospotrebnadzor Regional office in Omsk, the 
Omsk Regional Ministry of Natural Resources 
and the Environment, and Hydrometeorologi-
cal Center of Russia. 

Some researchers (V.N. Rakitskii, S.L. Ava-
liani, S.M. Novikov, T.A. Shashina) note that 
existing monitoring systems for control over 
quality of the environment have a specific 
drawback and it is their poor compatibility with 
requirements made by decision-makers and 
based on health risk analysis; it is due to exist-
ing monitoring systems not always being ori-
ented at determining actual quantitative charac-
teristics of population exposure and assessing 
related consequences for population health [23]. 

The performed examinations gave grounds 
for changes and the interdepartmental system 
for monitoring over ambient air quality has 
been substantially optimized; by 2024 it will 
include 19 stationary posts: 4 posts belonging 
to Rospotrebnadzor with 18 substances exam-
ined according to a complete observation pro-
gram; 9 posts belonging to Hydrometeorologi-
cal Center of Russia with 27 examined sub-
stances; 6 posts belonging to the Omsk Regional 
Ministry of Natural Resources and the Envi-
ronment with 22 examined substances (accord-
ing to the complete program at 5 posts, and 
according to a cut-down one at the remaining 
post). Location of most existing posts has been 
verified. We also substantiated placing addi-
tional posts in residential areas influenced by 
priority industrial objects, mostly in the north-
ern-western part of the city (petrochemical 
production) and southern-eastern one (large 
coal-powered heat-generating enterprises) bas-
ing on spatial distribution of aggregated hazard 
quotient (S). 

Taking into account preliminary data ob-
tained via aggregated calculations on sulfur 
dioxide and benzpyrene concentrations ex-
ceeding their maximum daily average and ref-
erence levels, we justified placing additional 
monitoring posts No. 2 and 4 belonging to Ro-
spotrebnadzor in zones influenced by main 
traffic highways and autonomous heating 
sources. When giving grounds for additional 
posts locations, we also took into account resi-
dential area density and absence of any posts 
belonging to either Hydrometeorological Cen-
ter of Russia or the Omsk Regional Ministry of 
Natural Resources and the Environment lo-
cated nearby. When this monitoring system is 
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introduced, it will cover 98.3 % residential ar-
eas in the city. 

Therefore, implemented optimization of 
the laboratory network for monitoring over 
ambient air quality will allow obtaining more 
objective data on ambient air quality, reveal-
ing and assessing potential health risks in-
cluding those caused by emissions from spe-
cific industrial enterprises, and implementing 
targeted and efficient activities aimed at 
health risk reduction. 

Another task we pursued to solve in our 
research was assessing results obtained via the 
Complex program implementation and deter-
mining a list of indicators to be monitored. 

If we want to fix reasonable target indica-
tors, we should perform comprehensive analy-
sis of available long-term monitoring data on 
environmental quality and these data should be 
supported by results obtained via modeling 
and/or health risk assessment. In accordance 
with recommendations given by leading ex-
perts on hygiene and sanitary a list of indica-
tors that are subject to monitoring should re-
flect sufficiency and efficiency of activities 
implemented within «Clean air» federal pro-
ject as per population health criteria [23, 24]. 

B.A. Revich, T.L. Khar’kova, and E.A. Kva-
sha suggest estimating population health in cit-
ies participating in «Clean air» federal project 
basing on such most precise and verified indica-
tor as mortality. This indicator can be used 
when assessing impacts exerted by contami-
nated ambient air on health together with as-
sessing prevalence of bronchial asthma and 
congenital malformations among children [25]. 

When we rely solely on aggregated emis-
sions, it is impossible to identify the most haz-
ardous substances and sources of their intro-
duction into ambient air. Contaminants con-
centrations should be taken as indicators which 
are subject to monitoring within the Federal 
project; otherwise, it will be impossible to as-
sess the project efficiency [1]. 

In our opinion, a list of indicators which 
are subject to monitoring (control) should in-
clude the following: 

а) ambient air quality indicators (volumes 
of aggregated emissions as per each substance; 

average annual, average daily, and single maxi-
mum concentrations of priority substances); 

b) indicators of individual lifelong car-
cinogenic risk and risks of non-carcinogenic 
effects produced on critical organs (systems) 
and as per specific substances; a share belong-
ing to each substance in the structure of poten-
tial risks; 

c) mortality and morbidity indicators asso-
ciated with exposure to contaminated ambient 
air (taking into account regional peculiarities 
and specific contaminants) as well as a rate at 
which these indicators go down in comparison 
with average rates in the country; 

d) number of additional unfavorable out-
comes (deaths or disease cases) related to expo-
sure to contaminants in concentrations that are 
above their levels fixed by hygienic standards; 

e) economic indicators that estimate medi-
cal and demographic losses in money terms; 

f) number of complaints and results ob-
tained via social questionings performed among 
population and aimed at determining whether 
people are satisfied with ambient air quality. 

Progress in achieving these target indica-
tors should be estimated as per their target val-
ues calculated for each indicator which is sub-
ject to monitoring. Hygienic standards and 
permissible/minimal values of potential risks 
taken according to conventional classifications 
are to be used as target indicators. 

We also suggest applying «acceptable risk 
level» concept for assessing risks levels. 
Maximum permissible value of acceptable 
health risk is established taking into account 
up-to-date available technical, technological, 
economic, and social instruments for providing 
safe and/or harmless environment. Acceptable 
health risk can be and should be fixed directly 
by a federal authority responsible for the state 
sanitary-epidemiologic surveillance or by the 
RF Government basing on reliable data sub-
mitted by such an authority [26, 27]. 

When it comes to mortality and morbidity 
indicators, we can be guided by average coun-
try levels; should there be epidemiologic models 
«ambient air contaminant – a nosology (noso-
logic group or category)», then we can obtain 
target indicators that reflect mortality and 
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morbidity levels under average annual con-
taminants concentrations that are not higher 
than their reference levels. It is reasonable to 
apply target indicators that are not lower than 
values stipulated by «Healthcare»11 National 
project for some health indicators such as in-
fant mortality, mortality caused by cardiovas-
cular diseases and malignant neoplasms, and 
mortality among employable population. 

Omsk experts performed scientific re-
search on population health in the city and es-
tablished population groups that were the most 
sensitive to effects produced by ambient air 
contamination; they were pregnant women and 
newborns; infant children younger than 1 year; 
children younger than 14. Priority health indi-
cators include overall and particular oncologic 
morbidity; indicators that show health of preg-
nant women and newborns; prevalence of res-
piratory and gastric diseases12. 

Absence of additional death cases, disease 
cases, and admissions to hospitals caused by 
exposure to contaminants in concentrations 
higher than hygienic standards should be used 
as a target value for additional unfavorable 
outcomes. 

In our opinion, target control indicators 
should include not only data collected for the 
whole city but also data on specific districts 
within it ranked as per an extent to which am-
bient air contamination influences exposed 
population’s health. 

The Table below contains an example of a 
report on target control indicators showing im-
plementation of activities enlisted within the 
Complex plan13 on emissions reduction and so-
cially significant consequences as well as their 
assessment in dynamics taken over 2017–2019. 

Year 2019 became the first one when en-
vironmental protection activities were imple-
mented in accordance with the Complex pro-
gram; preliminary results obtained in achiev-
ing target indicators were summed up. 

In 2019 there were no average annual 
concentrations of any contaminants that were 
higher than hygienic standards; maximum sin-
gle concentrations higher than hygienic stan-
dards were registered as per particulate matter 
(2 MPC), carbon oxide (1.7 MPC), nitrogen 
dioxide (1.4 MPC), nitrogen oxide (4.2 MPC), 
hydrogen sulphide (2.5 MPC), phenol (1.7 
MPC), hydrogen chloride (8.8 MPC), ammo-
nia (1.3 MPC), formaldehyde (6.3 MPC), 
ethylbenzene (6.5 MPC), and benzpyrene (3.6 
MPC). Also in 2019 there was a growth in av-
erage annual concentrations of substances that 
make a considerable contribution into health 
risks such as benzene, formaldehyde, chro-
mium, copper, and nickel. On the other hand, 
there was a decrease in annual average con-
centrations of such hazardous substances as 
benzpyrene, carbon black (soot), particulate 
matter, and nitrogen dioxide. A contribution 
made by those substances into carcinogenic 
and non-carcinogenic health risks went down 
substantially but it turned out not to be suffi-
cient not only for risk reduction but also for 
preventing their growth. 

Structure of carcinogenic risks determined 
as per substances changed with growing influ-
ence exerted by chromium and a decrease in 
contributions made by formaldehyde, benzene, 
and carbon black (soot), although aggregated 
specific weight of the three last contaminants 
still remained high (44.3 %). 

Mortality caused by all reasons went down 
by 2.5 % over the next two years (2018–2019) 
and was excluded from priority indicators with 
their values being higher than on average in the 
country and the Siberian Federal District. At the 
same time, mortality caused by respiratory dis-
eases in Omsk grew by 4.7 % against 2017. In-
fant mortality went down by 12.3 % but the tar-
get indicator value was not yet achieved. 

_______________________ 
 
11 Profile of «Healthcare» National project. Approved by the Presidium of the RF Presidential Council on strategic 

development and national projects (Meeting report No. 16 dated December 24, 2018). Garant. Available at: 
https://base.garant.ru/72185920/ (14.07.2020) (in Russian). 

12 V.A. Shirinskiy. Hygienic assessment of population health in a large administrative and industrial center during a socioeco-
nomic crisis: the thesis of the dissertation … for the Candidate of Medical Sciences degree. Saint Petersburg, 2003, 52 p. (in Russian). 

13 Data on «Clean air» Regional project implementation. Omsk Regional Government. Available at: https:// 
data.gov.ru/opendata/7703381225-transport (14.07.2020) (in Russian). 
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T a b l e  
An example structure of target control indicators showing implementation of activities  

enlisted within the Complex plan on emissions reduction and their assessment 
 in dynamics over 2017–2019, Omsk (a fragment of a report) 

Indicator taken as per years 
2017 2018 2019 

A group of indicators/ 
An indicator subject to 

monitoring* 

Average  
long-term value 

(2009–2017) actual actual actual Target value 

Assessment 
whether a target 
value achieved 

Volume f contaminants emissions into ambient air from stationary sources (tons per year) 

Overall, including: 181,070 163,700 186,500 
161,390** 

(went down by 
2,310 tons, 1.4 %)

159,800 (should go 
down by 3,928 tons 

or 2.4 %) 
Not achieved 

formaldehyde 12.5 10.52 10. 45 
Data will be avail-

able in the 4th 
quarter of 2020 

Should go down by 
8.8 % (9.6 tons)  

MPC exceeding hygienic standards 
A share of samples with 
contaminants in concen-

trations exceeding  
maximum single MPC 

0.73 % 0.40 % 0.40 % 0.49 % 0.0 % Not achieved; 
growth 

Average annual contaminants concentrations obtained via environmental and social and hygienic monitoring 

Benzene 0.006 0.005 0.006 0.007 <0.03 Achieved; 
growth 

Benzpyrene 8.3·10–7 8.0·10–7 8.8·10–7 7.8·10–7 <1.0·10–6 Achieved; 
growth 

Formaldehyde 0.0087 0.007 0.0093 0.0095 <0.003 Not achieved; 
growth 

Individual lifelong carcinogenic risk 

For overall population 5.16·10–4 2.45·10–4 4.58·10–4 4.69·10–4 <1.0·10–4 (acceptable 

level) 
Not achieved; 

growth 
Hazard index for non-carcinogenic effects for substances with similar impacts 

Respiratory organs 11.5 9.82 10.69 11.39 ≤3.0  
(acceptable level) 

Not achieved; 
growth 

Immune system 4.2 2.82 4.20 5.05 ≤3.0  
(acceptable level) 

Not achieved; 
growth 

Hazard index for non-carcinogenic effects for specific substances 

Formaldehyde 2.7 2.4 3.1 3.2 ≤1.0  
(acceptable level) 

Not achieved; 
growth 

Manganese 1.4 1.4 1.2 1.0 ≤1.0  
(acceptable level) 

Achieved;  
decrease 

Population mortality in Omsk 
Mortality caused by  

respiratory diseases per 
100 thousand people 

49.0 38.0 36.0 39.8 Average country 
level is 49.1 

Achieved; 
growth 

Infant mortality 5.1 5.7 5.58 5.0 4.5 Not achieved; 
decrease 

Primary morbidity among population (per 100 thousand people from a relevant group) in Omsk 
Morbidity among children 

younger than 14 with 
asthma and status  

asthmaticus 
143.46 134.4 98.2 205.3 Average country 

level** 
Drastic  
growth 

Additional unfavorable outcomes for population caused by exposure to specific contaminants 
Number of death cases 

caused by cardiovascular 
diseases under exposure 

to РМ2.5 
– 9 0 0 0 Achieved;  

decrease 

Note: 
* means that a list of indicators is given selectively to illustrate an example and is not complete; 
** means data are preliminary, they will be adjusted in the 4th quarter of 2020. 
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Primary morbidity went down as per most 
nosologies over 2018–2019; endocrine diseases 
and diseases of the skin and subcutaneous tissue 
were excluded from priority nosologies. Morbid-
ity with diseases of the blood and blood-forming 
organs, anemia included, went down considera-
bly among children and teenagers. Morbidity 
with gastric diseases, circulatory diseases, dis-
eases of the nervous system, and congenital mal-
formations was still included into priority noso-
logies lists. Besides, in 2019 morbidity with 
asthma and status asthmaticus tended to grow 
among children younger than 14 and adults aged 
18 and older. Morbidity among infants also grew 
including morbidity with respiratory and gastric 
diseases and congenital malformations. 

Conclusions. At initial stages in the Fed-
eral project implementation it is important to 
obtain the most objective data on population 
health risks caused by ambient air contamina-
tion including data on specific micro-territories; 
these data can be obtained due to creating a 
laboratory observation network for monitoring 
over ambient air quality that is relevant for hy-
gienic tasks, and aggregated calculations of 
ground concentrations based on objective re-
ports on emission sources. 

The first year when environmental protec-
tion activities were implemented in accordance 
with the Complex program (2019) didn’t bring 
about a «break-through» improvement in am-
bient air quality. Despite average annual con-
centrations of some contaminants truly went 
down, a lot of indicators didn’t achieve their 
target values. Obviously, a socially significant 
effect – real improvement in population 
health – can be achieved only provided there is 
substantial and long-term decrease in ambient 
air contamination in residential areas. Some 
researchers who focus on the first results ob-

tained via partially implemented activities 
within «Clean air» Federal project in partici-
pating cities mention that emissions reductions 
are not efficient enough when we consider 
their influence on population health [1]. 

Bearing in mind that new target figures 
envisage a 2-time reduction in priority con-
taminants emissions by 2030 (and it can truly 
lead to population health improvement), it is 
necessary to make changes into the Complex 
program in 2020 including new adjusting or-
ganizational and technical activities into it; 
these activities will allow providing a substan-
tial reduction in emissions of risk-creating sub-
stances that should be not less than by 20–25 % 
by 2024 against 2017. It will be also necessary 
to enhance control over implementation of ac-
tivities aimed at reducing emissions of the said 
substances. 

We believe that providing objective and 
timely control over implementation of activities 
within the Federal project will require making a 
list of indicators which are subject to monitor-
ing, collecting data in due time and controlling 
their quality, creating a system for target indica-
tors assessment in order to provide operative 
reacting and making necessary corrections. It is 
especially important to determine relevant lists 
of socioeconomic indicators (health indicators) 
and ways to assess them properly; these indica-
tors should be associated with ambient air qual-
ity and take into account regional peculiarities 
of ambient air contamination, climatic peculi-
arities in a specific region and socioeconomic 
conditions typical for it. 
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