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When industrial objects emitting substantial masses of dust and gas mixtures are located within a settlement or 

close to its borders, it often results in poorer quality of the environment and damages to population health. Such a situa-
tion is typical for many cities in the country; primarily, for those that are included into “Pure air” Federal project, a part 
of the “Ecology” National project. Negative effects are produced by a set of various substances emitted from various 
industries. And it is quite often that great numbers of people are exposed to such emissions and as a result multiple and 
variable responses from their health are registered. Assessment of share contributions made by different emissions 
sources and each particular substance into aggregated negative responses from human health is a fundamental stage in 
assessing damages to health that occurred due to them; it is significant for working out an action plan aimed at hazard-
ous impacts mitigation. 

Given that, we proposed an approach based on fuzzy sets theory as a relevant methodological basis for assessing effi-
ciency of risk mitigation and damage to health when planning and implementing activities aimed at ambient air protection. 
Application of this methodology allows assessing conditions of multi-component negative impacts producing multiple nega-
tive effects including direct damage done to human health. And here key parameters are assessed not as per point values but 
as per interval ones that are characterized with their belonging to a range of scaled parameters. Our research goal was to 
suggest methodical approaches to assessing efficiency of risk mitigation and damage to health when planning and imple-
menting activities aimed at ambient air protection; the approaches were based on fuzzy sets theory. Results obtained via 
hygienic (field or calculated examinations of ambient air quality in settlements under exposure and beyond it) and epidemi-
ologic (controlled medical and biological) research are taken as initial data for fuzzy modeling of multiple parameters ratios 
within “damage to health – mitigation efficiency” system. Principles applied for research design take into account key postu-
lates of exposure assessment, “dose – effect” relationship for an influencing substance, a concept of exposure risk accept-
ability, peculiarities related to body reactions under combined aerogenic burdens, and plans for ambient air protection ac-
tivities (including complex ones).  

Comparing a list of substances that do actual damage to exposed population’s health with a list of substances included 
into plans on aggregated emissions reduction allows assessing adequacy; determining to what extent damage to health is 
mitigated allows assessing whether activities aimed at ambient air protection are sufficient and effective. 

Key words: damage to health, exposed population, ambient air contamination, mitigation, adverse effects, fuzzy sets 
theory, ambient air protection, adequacy, sufficiency, effectiveness. 
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Issues related to preserving demographic 
potential of our country as the basis for struc-
tural modernization of its economy1  are truly 
vital; existing substantial negative impacts on 
ambient air call for more precise assessments 
of actual damage to population health caused 
by violation of obligatory requirements fixed 
in the sanitary legislation2. 

Industrial objects that emit huge amounts 
of dust and gas mixtures are often located 
within settlements or in close proximity to 
them; it often results in poorer living condi-
tions and damage to population health. Such a 
situation is typical for many cities in the coun-
try, especially for those that are included into 
“Pure air” Federal project, an integral part of 
“Ecology” National project. 

Several research works have revealed that 
negative impacts are often exerted by a set (an 
aggregate) of substances emitted by variable 
sources that differ in their power. A lot of peo-
ple frequently have to live in a zone exposed 
to such emissions and there are multiple and 
various responses in their health caused by 
such exposure [1–6]. In such a situation it is 
crucial to assess a share contribution made by 
each source and each substance in aggregated 
negative effects produced on health taking into 
account hazards related to them. It is a sub-
stantial stage in assessing potential health risks 
and damage to health that is necessary for sub-
stantiating efficient programs for ambient air 
protection and activities aimed at mitigating 
such risks and damage [7, 8]. 

When assessing actual damage to health, 
it is advisable to preliminary assign activities 
performed by juridical persons and private en-

trepreneurs into different categories; the focus 
should be on those economic entities that are 
located close to settlements and as their activi-
ties result in people living in such settlements 
being exposed to their emissions. This approach 
makes all the performed risk management activi-
ties more focused and targeted3 [9–11]. A lot of 
researchers consider assessment of health risks 
caused by exposure to chemicals that pollute 
the environment a vital and integral stage in 
assessing damage to health. Such preliminary 
assessments allow accomplishing targeted 
medical and biological studies taking into ac-
count expected scientifically proven effects on 
organs and systems that are critical in terms of 
specific exposure4 [12–14]. 

Overall, a lot of research works are concen-
trating on searching and testing new approaches 
to assessing hazardous effects produced by am-
bient air contamination on health in order to pro-
vide more efficient management decision-
making. Thus, Kliucininkas L., Velykiene D. 
(2009) examined abandoned industrial territories 
which had been previously exploited and sug-
gested a procedure for calculating “emdavector’, 
a complex index that comprised parameters of 
damage done to health and the environment due 
to economic activities [15]. 

Fabisiak et al. (2020) described a model 
based on risk assessment and clusterization of 
territories; the model showed how a burden of 
cardiovascular diseases occurred under expo-
sure to certain environmental factors [16]. The 
model incorporated regression analysis and 
assessment of spatially distributed data on 
morbidity among population, ambient air con-
tamination, and quantitative parameters of ex-

__________________________ 
 
1 The concept of the demographic policy in the Russian Federation up to 2025 / approved by the RF President Or-

der on October 9, 2007 No. 1351 with alterations and supplements made on April 14, 2016 No. 669-r. Garant: portal 
with reference and legal information. Available at: https://base.garant.ru/191961/ 53f89421bbdaf741eb2d1ecc4ddb4c33/ 
(03.03.2020). 

2 On sanitary-epidemiologic welfare of the population: The federal Law issued on March 30, 1999 No. 52-FZ (last edited 
on July 26, 2019). Clause 57. Civil responsibility for causing damage due to violation of sanitary legislation. KonsultantPlus. 
Available at: http://www.consultant.ru/document/cons_doc_LAW_22481/9fba0cf13c7f6e7ee38079c2317f39d2a09220d0/ 
(03.03.2020). 

3 MG 5.1.0116-17 Methodical guidelines. Risk-oriented model for control and surveillance activities for providing sani-
tary-epidemiologic welfare. Classification of economic entities, types of activities and object under surveillance as per potential 
health risks for organizing scheduled control and surveillance activities / approved by the Federal Service for Surveillance over 
Consumer Rights Protection and Human Well-being on August 11, 2017, 16 p. 

4 G 2.1.10.1920–04 Guide for assessing health risks under exposure to chemicals that pollute the environment. Мoscow, 
The Federal Center for Sanitary and Epidemiologic Surveillance of the RF Public Healthcare Ministry, 2004, 143 p. 
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posure available in literature. It was developed 
for making timely and well-substantiated po-
litical decisions. The authors stressed it was 
important to objectively assess burdens caused 
by specific contaminants and to determine 
population groups that were the most prone to 
risks; they also noted that analysis procedures 
required further development. 

Substantial uncertainties that occur in 
analyzing and, even more so, in quantitative 
assessment of relations within the “contamina-
tion sources – environmental factors – popula-
tion health – management” system are well-
known to practically all researchers in the 
sphere [17–19]. A lot of researchers state it is 
quite a complicated task to assess potential 
risks and actual damage given multiplicity and 
uncertainty of influencing factors and negative 
effects produced by them. Experts also under-
stand that obtained results are not always con-
sistent with an actual situation and they can 
lead to wrong managerial decisions and to ad-
ditional inefficient costs [20–25]. Therefore, it 
is still vital to try and increase adequacy of as-
sessments as an information base for decision-
making; to achieve that, we require new ap-
proaches and analysis techniques. 

Fuzzy sets theory (fuzzy logic) seems to 
have a capability to become a methodological 
basis for assessing efficiency of risks and dam-
age mitigation when planning and implementing 
activities aimed at ambient air protection. The 
theory in its contemporary interpretation was 
developed by L. Zadeh [26–28]. Its main advan-
tage, with relation to optimization and identifica-
tion, is a formalized mathematical apparatus that 
allows working in uncertainty when there are no 
available data for applying theoretical-pro-
babilistic techniques. The procedure allows [28]: 

– working with fuzzy initial data, for ex-
ample, values that constantly change over time 
(dynamic data series) as well as values which 
can’t be set unambiguously; 

– applying assessment criteria and compari-
sons that are not clearly formalized, such as “av-
erage”, “high”, “the greatest”, “probable” etc.; 

– performing qualitative assessments of 
initial data and output results and working with 
not only values but also reliability of data; 

– quickly modeling complicated dynamic 
processes and comparing them with preset 
precision; 

– assessing key parameters not with point 
values but with interval ones that are charac-
terized with membership function (member-
ship) within a range of scaled parameters. 

All the above-mentioned advantages of the 
procedure sufficiently correspond to complicated 
tasks related to analyzing existing sanitary-
epidemiologic situations in which damage is done 
to population health under exposure to multi-
component ambient air contamination [29, 30]. 

Given all that, we suggest an approach 
based on fuzzy sets theory as a relevant meth-
odological base for assessing efficiency of risks 
and damage mitigation when planning and im-
plementing activities aimed at ambient air pro-
tection. Application of the theory will allow 
assessing multi-component negative influences 
that produce multiple hazardous effects includ-
ing damage to health. And key parameters here 
are assessed not with point values but with in-
terval ones that are characterized with member-
ship function within a range of scaled parame-
ters. There isn’t sufficient experience in apply-
ing fuzzy sets procedures for solving such 
tasks. Given that, it seemed appropriate to de-
velop and test scientific-methodical approaches 
based on fuzzy sets; those approaches enabled 
assessing efficiency of preventing and eliminat-
ing actual damage when economic entities 
planned and implemented activities aimed at 
ambient air protection under multiplicity and 
uncertainty. 

Our research goal was to suggest me-
thodical approaches to assessing efficiency of 
health damage mitigation based on fuzzy sets 
theory when planning and implementing ac-
tivities aimed at ambient air protection. 

Data and methods. Our research object 
was a large industrial city with ambient air be-
ing heavily contaminated. To assess aerogenic 
exposure of the city population we took results 
of field observations over ambient air quality 
as our initial data. The observations were ac-
complished by certified laboratories belonging 
to Rosgidromet and Rospotrebnadzor’s Center 
for Hygiene and Epidemiology. 
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Instrumental data were supplemented with 
the results obtained via aggregated calcula-
tions of admixtures dispersion5

. We specified 
zones in the city via creating a regular grid 
with its pitch being equal to 200 x 200 m. The 
regular grid covered the whole examined terri-
tory. We calculated ground concentrations at 
each node in the grid with linear inter- and ex-
trapolation of data taken on the nearest posts 
for field observations. 

We spotted out zones with different expo-
sure as per criteria showing whether quality of 
ambient air in the city corresponded to the ex-
isting hygienic standards (average daily or av-
erage annual MPC) and/or reference concen-
trations (RfC chronic for chronic inhalation 
exposure)6. To perform comparative assess-
ments, we took a territory where chemicals 
contents in ambient air corresponded to the 
hygienic standards (or didn’t exceed reference 
concentrations); the zone was conditionally 
denominated as “a zone beyond exposure”. All 
the zones were comparable as per their socio-
economic, natural-geographic, and climatic 
parameters, as well as quality and availability 
of medical services rendered to population 
(types of medical services and procedures for 
rendering them in accordance with the existing 
standards for medical aid provision). 

We quantitatively assessed aerogenic ex-
posure of population taking into account 
ground concentrations of admixtures in each 
square of the regular grid. Exposure was given 
with average annual daily dose (ADDch,  
mg/(kg*day) calculated in accordance with the 
section 6.4.8 of the Guide 2.1.10.1920.04. 

To establish whether there was damage 
done to health of people living in an exposed 
zone, we selected a representative sampling of 

people who were to have an individual profound 
medical examination. There was a comparative 
plan created for each person from exposed and 
non-exposed groups according to approaches 
and criteria given in details in methodical guide-
lines7; we performed diagnostics for each person 
including chemical and analytical research on 
biological media in order to determine xenobito-
ics and/or other technogenic admixtures; there 
were also general, biochemical, immunologic, 
and other laboratory examinations, and func-
tional tests; people were examined by a medical 
expert, and a diagnosis was put in each particular 
case. We confirmed (or didn’t confirm) any rela-
tion between detected health disorders and aero-
genic exposure basing on the analysis of cause-
and-effect relations between exposure markers 
and markers of negative effects. 

The next stage was aimed at determining 
a number of people with established diseases 
caused by aerogenic exposure to contaminants 
and involved creating an information database 
containing consistent (including a period of 
observation) data as per a disease category ac-
cording to a chronic diseases that was revealed 
in a person for the 1st time. And data on each 
person were correlated with a chronic average 
daily dose of each substance. 

We analyzed our data array step by step 
applying fuzzy sets technique; the same ap-
proaches were applied to assess efficiency of 
activities aimed at ambient air protection (tar-
get reductions in emissions into the atmos-
phere from emission sources (tons per year), 
volumes and sources of funding, etc.) as per a 
criterion that described mitigation of actual 
damage to health of exposed population. 

Results and discussion. We assessed ef-
ficiency of health damage mitigation when 

__________________________ 
 
5 The Order by the RF Ministry of Natural Resources and The Environment issued on June 06, 2017 No. 273 “On Ap-

proving on the techniques for calculating dispersion of hazardous substances (contaminants) in ambient air”. Garant: portal 
with reference and legal information. Available at: https://www.garant.ru/products/ipo/prime/doc/71642906/ (03.03.2020); 
The Order by the RF Ministry of Natural Resources and The Environment issued on November 29, 2019 
No. 813 “On Approving on the rules for performing aggregated calculations of ambient air contamination including their actu-
alization” (registered in the RF Ministry of Justice on December 24, 2019 No. 56955). KonsultantPlus. Available at: 
http://www.consultant.ru/document/cons_doc_LAW_341489/ (03.03.2020). 

6 G 2.1.10.1920.04 Guide for assessing health risks under exposure to chemicals that pollute the environment. Moscow, 
The Federal Center for Sanitary and Epidemiologic Surveillance of the RF Public Healthcare Ministry, 2004, 143 p. 

7 MG 2.1.10.3165-14 The procedure for using results of medical and biological research in order to prove damage done to 
health due to negative impacts exerted by chemical environmental factors. Available at: https://files.stroyinf.ru/Data2/1/
4293766/4293766706 (04.03.2020). 
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planning ambient air protection and took it this 
assessment as an example to suggest and test 
an algorithm that included sequential phases. 

The 1st stage involves estimating a total 
number of people with the same chronic dis-
ease that was first diagnosed in them over a 
period of observation separately as per each 
category ( )ZN  and overall as per the whole 
aggregate of revealed diseases ( )КN  corre-
lated with chronic average daily dose of each 
substance that determined both each separate 
disease as per each revealed disease category 
( )ZADV  and the whole range of diseases over 

a 1-year observation period (ADV K

i
). And here 

we took into account negative responses not 
only in accordance with critical organs and 
systems but also with comorbid states revealed 
via profound medical examinations. 

The 2nd phase involved several steps. 
First of all, we ranked chronic average daily 
doses of contaminants under which, over a 
relevant observation period, experts revealed 
people with first diagnosed chronic diseases 
correlated with aerogenic exposure; then we 
determined a list of contaminants that were 
potentially hazardous in terms of damage to 
health. Doses were ranked as per potential 
hazards of damage to health according to a 
hazard scale that showed correlations between 
a chronic average daily dose of each substances 
(in fractions) and a number of people who could 
potentially suffer a damage to their health. 
There should be a permissibility creation for an 
actual chronic average daily dose of a substance 
(PDD, mg/(kg*day) and a number of people 
correlated with it who could suffer a damage to 
their health. It is advisable to apply a limit value 

of “significant exposure” corresponding to an 
average daily (annual) dose of a substance under 
aerogenic exposure calculated from 0.5MPC 
(0.5 0.5 0.5 ).a.a. a.a. a.d.MPC PDD PDD   Daily 
long-term exposure to such a dose is correlated 
with one additional case of damage to health in 
a form of diagnosed grave chronic disease per 
1 million of exposed people during any life-
span of the present and the following genera-
tions 6(1 10 )  (Table 1). 

A substance is considered to be potentially 
hazardous as per damage to health in case its 
potential hazard ranks 2 or higher; such sub-
stances are recommended to be included into 
plans for air protection activities. 

The 3rd phase involves applying fuzzy 
sets theory in order to prove there was damage 
to health of exposed people in a form of addi-
tional chronic diseases that were first diag-
nosed over the analyzed period and were de-
termined by long-term combined exposure to 
substances. Actual damage is scaled within a 
value range from 0 to 1. A basic instrument 
required for implementing the procedure is a 
membership function  х  of a trapezoidal 
fuzzy number  1 2 3 4, , ,x a a a a ; overall, the 
function is given as follows: 

  

1

1
1 2

2 1

2 3

4
3 4

3 4

4

0, if ,

, if ,

1, if ,

, if ,

0, if .

            x a
x a   a x a
a a

x              a x a  
x a    a x a  
a a

             x a


   


   
   


 

.  (2) 

T a b l e  1  
A hazard scale showing potential damage to health under aerogenic exposure to contaminants 

Potential hazard of damage to health: ranks 
1 2 3 4 5 

Potential hazard of damage to health Scale parameter 

Negligible Low Average High Extremely high
Fractions in PDDa.d. (or PDDa.a.) 
for a year averaging  (0; 0.25]  (0.25; 0,5]  (0,5; 1]  (1; 5],  (5; +∞)  

Number of people who can suffer 
a damage to health correlated with 
a certain number of population 

 (0; 1·10-8]  (1·10-8; 
1·10-6] 

 (1·10-6; 
1·10-4] 

 (1·10-4; 
1·10-3],  (1·10-3; +∞)  
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Actual damage that corresponds to a re-
vealed disease (disease category) for each per-
son from an exposed group determined by a 
combined aerogenic exposure to chemicals is 
taken as a variable r; its value corresponds to a 
variable х in the general formula (2) and a 
range of values а that corresponds to a value 
of the variable r. The value of the variable r is 
determined as per complex analysis performed 
on a system of parameters; these parameters 
are multiple chronic average daily doses of 
substances creating aggregated aerogenic ex-
posure that is potentially hazardous as regards 
damage to health in a form of the whole ag-
gregate of first diagnosed chronic diseases un-
der long-term combined exposure. 

To analyze a system of parameters, a 
chronic average daily dose of each substance 
included into the list is taken as a variable (bi) 
and its quantitative value given as iB , is taken 
as a range of values. We should determine a 
membership of a chronic average daily dose of 
each substance (the variable bi) within a cer-
tain range of values comprising chronic daily 
average doses ( ikB ). A value of membership 
function ( ki ) for a chronic average daily dose 
of each substance within a range of values for 
chronic average daily doses that create aero-
genic exposure and related damage to health of 
a certain number of people is determined as 
per the formula (2). Ranges of values for 
chronic average daily doses correspond to 
ranges on a hazard scale showing potential 
damage to health caused by aerogenic expo-
sure (Table 1) with their boundaries being 
“fuzzy” ( 20 % ) and probable overlapping 
between values belonging to neighboring 
ranges. Actual damage to health is differenti-
ated as per 5 categories (Table 2). 

It is obligatory to adjust plans for activi-
ties aimed at ambient air protection regarding 
contaminants that cause damage to health be-
longing to the 2nd category (“low”) and higher 
in order to provide efficient mitigation of 
damage to health of exposed population. 

To quantitatively assess actual damage to 
health of exposed people, we gave a rank to a 

negative response (a disease category from C00 
to R99 according to ICD10) (l) taking its grav-
ity into account; responses were ranked within a 
range from 0 to 1. A weight (frequency) of each 
disease category ranked as per its gravity in an 
aggregated negative response (Pl) is determined 
as per Fishburn’s rule (3) [27]: 

 2( 1)
( 1)l
n lP
n n
 




,   (3) 

where Pl is a weight of a ranked disease cate-
gory in an aggregated negative response; n is 
an overall number of disease categories deter-
mined in an aggregated negative response 
caused by aerogenic exposure to all the sub-
stances; l is a rank of a negative response 
(a disease category). 

An established weight of each disease 
category (Pl) applies to each substance that cre-
ates exposure and a related aggregated negative 
response (Pi). A weight of actual damage as per 
each disease category (an observed weight) is 
determined according to a rule for transition 
from values for a weight of a chronic average 
daily dose of a substance to weights of actual 
damage to health determined by aerogenic ex-
posure as per the following formula: 

 , 1,2,3,4,5,k i ki
i

P G k     (4) 

where kP  is actual damage as per each disease 
category determined in an aggregated negative 
response caused by aggregated aerogenic expo-
sure; iG  is a weight of each substance that cre-
ates aerogenic exposure and a related aggre-
gated negative response; ki  is a membership 
function for a chronic average daily dose of 
each substance within a relevant range on the 
scale showing values of chronic average daily 
doses of substances that do damage to health; 
k is a category of actual damage to health. 

Aggregated actual damage to health (r) is 
calculated basing on an established weight of 
actual damage as per each disease category 
revealed in an aggregated negative response 
and related to aggregated aerogenic exposure 
as per the following formula: 
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T a b l e  2  
The scale showing ranges of values for chronic average daily doses of substances that determine 

damage to health of a certain number of people 
Actual damage  

A range of values  
on the scale 

A value of membership function for chronic average daily doses  
of substances that cause damage to health (ADV Z

i ), within ranges  
of values on the scale, mg/(kg*day)  

degree  
(k)  

rank 
(Rg) 

 1 0;0.3PDDiB      

z
i

z
1 i z z

i i

1, if 0 ADV 0.2PDD
ADV 10 0.2PDD ADV , if 0.2 ADV 0.3

PDD

  
  

    
Negligible 1 

 
 

 2 0.2PDD;0.6PDDiB   
 

 

 

10 z z1 0.3PDD ADV , if 0.2 ADV 0.3i iPDD
z zADV 1, if 0.3 ADV 0.4i i2

10 z z0.6PDD ADV , if 0.4 ADV 0.6i iPDD

   

   

  









 Low 2 

 3 0.4PDD;1.2PDDiB    
 

 

10 z z1 0.67PDD ADV , if 0.4 ADV 0.67i iPDD
z zADV 1, if 0.67 ADV 0.943 i i

10 z z1.2PDD ADV , if 0.94 ADV 1.2i iPDD

   

   

  









 Average 3 

 4 0.8PDD;6PDDiB    
 

 

10 z z1 2.53PDD ADV , if 0.8PDD ADV 2.53PDDi iPDD
z zADV 1, if 2.53PDD ADV 4.26PDD4 i i

10 z z6PDD ADV , if 4.26PDD ADV 6PDDi iPDD

   

   

  









 High 4 

 5 4PDD;iB       10 z z6PDD ADV , if 4PDD ADV 6PDDz i iPDDADV5 i z1, if ADV 6PDDi

  
 









 Extremely 
high 5 

Note: PDD stands for permissible daily dose. 
 

 
5

1
k k

k
r r P



    (5) 

where r is aggregated actual damage con-
firmed by an actual disease (a disease) deter-
mined by aerogenic chemical exposure to a set 
of substances; kr  is the middle of each range 
on the scale showing values of actual damage; 

kP  is a weight of actual damage as per each 
disease category determined in an aggregated 
negative response related to aggregated aero-
genic exposure. 

The scale showing ranges of values for 
actual damage (R) is given in Table 3, and is 
graphically shown in Figure 2. 

T a b l e  3  

The scale showing ranges of values for actual 
damage to health 

Actual  
damage (k) 

A range of  
values for actual 

damage (R) 

The middle of a 
range of values 

for actual damage
Negligible  25.0;01R  0.125 

Low  45.0;15.02 R  0.3 

Average  65.0;35.03R  0.5 

High  85.0;55.04 R  0.7 
Extremely 
high 

 1;75.05R  0.875 
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Figure 2. Ranges on the scale showing values 

 of actual damage to health (r) 

Actual damage to health (R) is assessed 
basing on a determined value of membership 
function for actual damage ( ( ))k r  within 
ranges on the scale (Table 4). 

Damage is considered to be proven pro-
vided that an established value of actual dam-
age is within a range on the scale of values es-
timated as “low” and higher (rank 2 or higher). 
In order to achieve efficient mitigation of 
damage to population health in an exposed 
zone, it is necessary to draw up a list of con-
taminants that are subject to obligatory regula-

tion as their rank of potential damage to health 
is 2 or higher. 

A contribution made by each substance 
into actual damage to health is estimated as per 
the following formula: 

 100 %i k i kiQ r G      (6)  

where Qi is a contribution made by each sub-
stance into actual damage to health; kr  is the 
middle of each range on the scale showing ac-
tual damage; iG  is a weight of each substance 
creating aerogenic exposure and a related ag-
gregated negative response; ki  is a member-
ship function for a chronic average daily dose 
of each substance within a relevant range on the 
scale showing values of average daily doses of 
substance that cause damage to health. 

Actual damage as a negative effect as per 
a specific disease (Δr) is determined for an 
exposed age group against the analogue non-
exposed group. 

T a b l e  4  
The scale showing actual damage to health 

Actual damage A range of values 
on the scale 

Membership function for actual damage  
within ranges on the scale degree 

(k) 
rank 
(Rg) 

 1 0;0.25R      1

1, если 0 0.15
10 0.25 , если 0.15 0.25

r
r

r r
        

Negligible 1 

 2 0.15;0.45R    
 

 
2

1 10 0.25 , если 0.15 0.25
1, если 0.25 0.35
10 0.45 , если 0.35 0.45

r r
r r

r r

   


   
   

 Low 2 

 3 0.35;0.65R    
 

 
3

1 10 0.45 , если 0.35 0.45
1, если 0.45 0.55
10 0.65 , если 0.55 0.65

r r
r r

r r

   


   
   

 Average 3 

 4 0.55;0.85R    
 

 
4

1 10 0.65 , если 0.55 0.65
1, если 0.65 0.75
10 0.85 , если 0.75 0.85

r r
r r

r r

   


   
   

 High 4 

 5 0.75;1R      
5

1 10 0.85 , если 0.75 0.85
1, если 0.85 1

r r
r

r
      

 
 Extremely high 5 

Note: “если” = if. 
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T a b l e  5  
Criteria for assessing adequacy and sufficiency of air protection activities 

Criterion  
denomination Assessment criterion Assessment 

The planned list of substances fully coincides with the adjusted list of 
substances that are potentially hazardous in terms of damage to health and 
recommended to be included into programs for ambient air protection 

Adequate 
 

The planned list of substances partially (not sufficient or excessive) 
coincides with the adjusted list of substances that are potentially haz-
ardous in terms of damage to health and recommended to be included 
into programs for ambient air protection 

Partially  
adequate 

 

Activities are 
adequate as  

regards the list  
of contaminants 

 The planned list of substances doesn’t coincide at all with the adjusted list 
of substances that are potentially hazardous in terms of damage to health 
and recommended to be included into programs for ambient air protection 

Not adequate 

Hazard of damage to health has reached its target level  2Rg   after 
activities aimed at ambient air protection have been accomplished 

Sufficient 
 

Hazard of damage to health has decreased but hasn’t reached its target 
level  2Rg   after activities aimed at ambient air protection have 
been accomplished (they are not sufficient) 

Partially  
sufficient 

Activities aimed 
at achieving a 

planned reduction 
in contaminants 
emissions are  

sufficient 
 Hazard of damage to health hasn’t decreased after activities aimed at 

ambient air protection have been accomplished Not sufficient

 
An adjusted list of substances with their 

emissions being subject to obligatory regula-
tions is drawn up on the basis of proven ac-
tual damage to health (a diagnosed disease) of 
a certain number of exposed people and an 
estimated contribution made by each sub-
stance into actual damage to health. 

The 4th phase involves assessing ade-
quacy of air protection activities aimed at re-
ducing actual emissions of contaminants into 
ambient air. The assessment is based on com-
parative analysis of the list of substances in-
cluded into activity plans and a recommended 
list of substances that actually contribute into 
damage to health and are subject to obligatory 
regulation. Sufficiency of implemented ac-
tivities is assessed basing on criterion com-
parative analysis of actual damage prior to 
and after those activities have been imple-
mented (Table 5). 

The list and emission volumes are to be 
adjusted only for those contaminants in-
cluded into planned air protection activities 
for which efficiency of activities is estimated 
as being “partially adequate” and “not ade-

quate” and/or as “partially sufficient” and 
“not sufficient”. 

In order to eliminate potential hazard of 
damage to health and achieve “sufficient” effi-
ciency of planned ambient air protection, we 
should calculate a value of a recommended 
additional reduction in a chronic average daily 
dose for each substance included into the list 
of substances that are subject to obligatory 
regulation. The value is calculated as per the 
following formula (7): 

 0.5
100 %

K
iNK

iN K
iN

ADV PDD
ADD

ADD


   ,   (7) 

where K
iNADD  is an additional fraction of a 

chronic average daily dose of a substance that 
is recommended for eliminating potential haz-
ard of damage to population health, %; K

iNADV  
is a chronic average daily dose of a substance 
that doesn’t create any potential hazards of 
damage to health (as per any diseases out of 
the overall detected range) under combined 
exposure in unfavorable meteorological condi-
tions, mg/ (kg*day). 
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A necessary volume of emission into the 
atmosphere that provides an additional re-
duction in the aerogenic burden is calculated 
for each substance; such a reduction should 
be sufficient for mitigation of actual damage. 
This volume is calculated taking into ac-
count a contribution made by each economic 
entity into aggregated volume of contami-
nants emissions on the basis of finding a so-
lution to an inverse task or calculations of 
dispersion. 

Efficiency of damage mitigation is esti-
mated on the basis of the re-estimation of ac-
tual damage as a negative effect as pre a spe-
cific disease category  Nr  after activities 
aimed at ambient air protection have been im-
plemented. Average value of actual damage as 
a negative effect determined by aerogenic ex-
posure, as per aggregate of all the detected 
diseases, before  ср r  and after  Nср r  
activities aimed at ambient air protection have 
been implemented, is calculated as per the fol-
lowing formula: 

 
K

K
K

r
ср r


 


,  (8) 

where ср r  is an average value of actual 
damage as a negative effect determined by 
aerogenic exposure, as per aggregate of all the 
detected diseases prior to (or after) activities 
aimed at ambient air protection have been im-
plemented; Kr  – is a value of actual damage 
as a negative effect determined by aerogenic 
exposure as per aggregate of all the detected 
diseases prior to (or after) activities aimed at 
ambient air protection have been implemented; 
K is the total quantity of all the detected dis-
ease categories. 

Efficiency of activities aimed at reducing 
actual damage determined by aerogenic expo-
sure after they have been implemented is esti-
mated as per the following formula (9): 

 ср r - 100 %,
ср r

Nср rЭ   
   

  (9) 

where Э is efficiency of activities aimed at re-
ducing actual damage determined by aerogenic 
exposure after they have been implemented 
(prevented damage), %; ср r  is an average 
value of actual damage as a negative effect (as 
per aggregate of all the detected nosologies) 
determined by aerogenic exposure before ac-
tivities aimed at ambient air protection have 
been implemented; Nср r  is an average value 
of actual damage as a negative effect (as per 
aggregate of all the detected diseases) deter-
mined by aerogenic exposure after activities 
aimed at ambient air protection have been im-
plemented. 

Efficiency of activities aimed at prevent-
ing damage determined by aerogenic exposure 
after they have been implemented is assessed 
as per a scale given in Table 6. 

 T a b l e  6  

A scale for assessing efficiency of planned 
(implemented) activities aimed at ambient air 
protection as per prevented damage to health 

Efficiency (E), %  Degree of efficiency 
0–20 unacceptable  
20–40  low 
40–60 acceptable 
60–80  sufficient 

80–100 high 
 
Should the efficiency be absent or low, it 

is necessary to develop (plan) additional ac-
tivities aimed at ambient air protection; should 
such activities turn out to be excessive, it is 
advisable to adjust them on order to make their 
efficiency “sufficient”. 

Suggested methodic approaches were 
tested on a territory with susbtantial aerogenic 
burden; the tests included assessing adequacy, 
sufficiency, and efficiency of a set of activities 
aimed at ambient air protection and planned to 
be implemented by major economic entities 
operating on the given territory. 

All the above stated allowed us to come to 
the following conclusions: 

– suggested approaches to applying ele-
ments of fuzzy sets theory for solving tasks 
related to assessing whether mitigation of 
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damage to health is efficient allow assessing 
adequacy and sufficiency of planned or im-
plemented activities aimed at ambient air pro-
tection under existing uncertainty. They can be 
treated as techniques that supplement and ad-
just results obtained via other research works 
within the “environmental factors – population 
health” system; 

– it is vital to apply profound medical re-
search on health disorders in order to prove 
there has been damage to health caused by 
combined aerogenic exposure as such research 
allows obtaining more precise estimations both 
at an individual level and a group one; 

– when we compare a list of substances that 
actually contribute into damage to health of ex-
posed population with a list of contaminants in-
cluded into plans for reducing emissions into the 
atmosphere as per specific substances, it allows 
us to assess adequacy of ambient air protection; 
when we determine mitigation of damage to 
health when such activities are implemented, it 
helps assessing their efficiency and sufficiency. 
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