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This research work is topical since there are a lot of objects of accumulated environmental damage (AED) in the Russian 

Federation and the task to eliminate them is fixed in the country legislation. These objects are typically brownfields, abandoned 
industrial building or constructions, abandoned waste disposal landfills etc. In accordance with the “General cleaning” Fed-
eral project we have developed methodical approaches to assessing impacts exerted by AED objects on human health and life 
expectancy. The aim of the methodology is to spot out priority objects which are to be eliminated as soon as possible. 

Fuzzy set theory is chosen as a basic method. A unified set of indicators (40 and more) has been developed for each 
type of AED objects; this set allows assessing how hazardous an object is for population health. The indicators are combined 
into several conditional groups: overall profile; climatic and spatial characteristics; geological and hydrological properties 
of a territory; indicators related to quality of the environment in a zone influenced by a specific object. We have used scales 
to grade a health hazard taking into account weight contributions made by specific indicators and a group of them to the 
total risk of health disorders. Impacts are assessed allowing for types and severity of potential functional disorders of criti-
cal organs and systems in the human body under exposure to contamination. 

We suggest an algorithm and techniques for calculating risks of negative impacts. A scale with risk ranges (from 0 to 1) 
allows determining several risk rates including “low”, “moderate”, “average”, “high” and “extremely high” risk. An AED 
object is assigned into a risk category which corresponds to the maximum value of the membership function. 

Impacts exerted by objects assigned into “high” and “extremely high” risk categories are to be assessed more pro-
foundly and assessment should involve specific medical and biological examinations. 

The methodology was tested successfully. The results proved that the selected approaches were relevant and that it was 
extremely important to collect complete and actual initial data of environment quality in zones influenced by AED objects.  
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In 2022 approximately 192 objects are to be assessed; the express-evaluation is to be accomplished by experts of the 
Federal Service for Surveillance over Consumer Rights Protection and Human Wellbeing. As per the evaluation results, all 
AED objects are to be ranked and those creating the highest health risks are to be detected. The latter are to be eliminated 
immediately and complete profound assessment is to be performed at them.  

Key words: “General cleaning” Federal project, objects of accumulated environmental damage, population health, 
exposure assessment, algorithm and methodology. 
 

 
Long-term, variable and not always envi-

ronmentally friendly anthropogenic activities 
have created a lot of objects which are located 
both on natural and highly urbanized areas. 
Some of them are no longer used but they still 
pollute the environment. In Russia these ob-
jects are called “objects of accumulated envi-
ronmental damage” (AED objects) and are 
typically represented by brownfields; aban-
doned waste disposal landfills, industrial 
buildings or constructions; agricultural chemi-
cals which haven’t been utilized; semi-finished 
products or package which hasn’t been sal-
vaged etc. [1–3]. The problem exists practi-
cally in all developed countries and each of 
them creates its own system of legal and or-
ganizational solutions [4, 5]. There are some 
basic concepts accepted by states which have 
accumulated considerable experience in liqui-
dating environmental damage created by past 
activities (Denmark1, the Netherlands2, Great 
Britain3, etc. 4):  

– making those who are responsible for 
occurrence of AED objects provide finance 
for their elimination; making the state bear all 
the costs in case those at fault can’t be found, 
are not solvent, or the limitation period has 
expired;  

– making regional authorities bear the 
primary responsibility for discovering and 
eliminating such objects;  in this case regional 

authorities have the right to issue their own 
legal documents in the sphere which take pe-
culiarities of a given territory into account; 

– making rehabilitation of certain territo-
ries the top priority; usually, the top priority 
is assigned to territories with their influence 
on the environment and human health causing 
the greatest concern. Other objects can re-
main sealed (but not eliminated) for a long 
period of time; 

– mandatory examinations of a land spot 
aimed at detecting any hazardous chemicals 
when there are changes in its legal status or 
functional purpose; 

– creating and keeping publicly avail-
able information resources (web-sites, regis-
ters, etc.) with comprehensive data on envi-
ronmental conditions existing on a given ter-
ritory. 

In the Russian Federation, such legal con-
cepts as “accumulated environmental damage” 
and “an object of accumulated environmental 
damage” were first introduced by the Federal 
Law issued on July 3, 2016 No. 254-FZ5. Ac-
cording to it, objects of accumulated environ-
mental damage included “territories and wa-
ter areas where environmental damage has 
been detected which occurred as a result of 
past economic and other activities; obligations 
to eliminate this damage haven’t been fulfilled, 
partially or completely”. The Federal Law 

__________________________ 
 
1 Environmental Liability Directive Guidelines. Environmental Protection Agency, Agency for Spatial and Environmental 

Planning, 2012. Available at: https://ec.europa.eu/environment/legal/liability/pdf/eld_guidance/denmark.pdf (December 31, 2021). 
2 Guidelines for Part 17.2 of the Dutch Environmental Management Act: measures in the event of environmental dam-

age or its imminent threat. The Netherlands, 2008. Available at: https://ec.europa.eu/environment/legal/liability/pdf/eld_
guidance/netherlands.pdf (December 31, 2021). 

3 The Environmental Damage (Prevention and Remediation) Regulations 2009. Guidance for England and Wales. Depart-
ment for Environment, Food and Rural Affairs (Defra), 2009. Available at: https://webarchive.nationalarchives.gov.uk/ukgwa/
20130402151656/http://archive.defra.gov.uk/environment/policy/liability/pdf/indepth-guide-regs09.pdf (December 31, 2021). 

4 The Environmental Liability (Prevention and Remediation) Regulations (Northern Ireland) 2009. Department of Envi-
ronment for Northern Ireland (DOENI), 2009. Available at: https://www.legislation.gov.uk/nisr/2009/252/regulation/1/made 
(December 31, 2021). 

5 O vnesenii izmenenii v otdel'nye zakonodatel'nye akty Rossiiskoi Federatsii: Federal'nyi zakon ot 03.07.2016 № 254-FZ 
[On making alterations into certain legal acts of the Russian Federation: The Federal Law issued on July 3, 2016 No. 254-FZ]. 
KonsultantPlus. Available at: http://www.consultant.ru/document/cons_doc_LAW_200513/ (January 24, 2022) (in Russian). 
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“On environmental protection”6 was added a 
chapter (XIV.1) which regulated issues related 
to discovering, evaluating, accounting and 
eliminating accumulated environmental dam-
age (AED). 

The law stipulates that objects of accumu-
lated environmental damage should be as-
signed into certain categories and priority ones 
are to be spotted out, “the aim being to sub-
stantiate the order in which objects of accumu-
lated environmental damage are to be elimi-
nated and emergency measures are to be 
taken” (item 6 in Clause 80.1 of the Federal 
Law No. 7-FZ). There are seven specific indi-
cators which determine a category an object 
should be assigned into. Two of them should 
directly describe population exposure: “a 
number of people living on a territory where 
the environment is under negative influence 
due to an object of accumulated environmental 
damage” and ”a number of people living on a 
territory where there are environmental 
threats  due to an object of accumulated envi-
ronmental damage”. Unfortunately, at present 
there are no unambiguous criteria to clearly 
identify “territories under negative influence 
by AED objects” or “territories where there 
are threats of such influence”. We haven’t 
been able to find them in any regulatory or 
methodical document, including the Order by 
the RF Ministry of the Natural Resources and 
the Environment issued on August 04, 2017 
No. 435 “The criteria for determining a cate-
gory of objects of accumulated environmental 
damage elimination of which is the top prior-
ity”7. Accordingly, it is extremely difficult to 
estimate how many people are directly ex-
posed or threatened to be exposed by an AED 

object. It is also rather difficult to assess expo-
sure essence and intensity. 

But at the same time it is extremely vital 
to produce objective assessments regarding 
these issues. Most AED objects are located in 
close proximity to settlements (cities, urban 
settlements, or villages) since they were ini-
tially located either close to places where 
there were certain economic activities (indus-
trial wastes disposal landfills, abandoned in-
dustrial sites, buildings and constructions, 
etc.) or places where people lived (tips and 
landfills for communal wastes disposal). Such 
objects often create chemical, biological, or 
radiation hazards for human health and can 
cause medical and demographic losses which 
are not taken into account in environmental 
criteria [6–8].  

The “General cleaning” Federal project 
stipulates developing methodical guidelines 
on assessing risks of exposure to objects of 
accumulated environmental damage and their 
impacts on human health and life expec-
tancy8. The purpose of the document is to 
create instruments for spotting out objects 
which can potentially exert the most consid-
erable negative impacts on human health. The 
document doesn’t cancel any environmental 
criteria; instead, it gives an opportunity to 
take into account certain aspects related to 
exposure to objects of accumulated environ-
mental damage which have similar impor-
tance. These aspects are impacts on human 
health and life expectancy.  

Our research goal was to develop and 
test methodical approaches stipulated by the 
federal legislation which made it possible to 
assess influence exerted by objects of accumu-

__________________________ 
 
6 Ob okhrane okruzhayushchei sredy: Federal'nyi zakon ot 10.01.2002 № 7-FZ (poslednyaya redaktsiya) [On environ-

mental protection: The Federal Law issued on January 10, 2002 No. 7-FZ (the last edition)]. KonsultantPlus. Available at: 
http://www.consultant.ru/document/cons_doc_LAW_34823/ (January 24, 2022) (in Russian). 

7 Ob utverzhdenii kriteriev i sroka kategorirovaniya ob"ektov, nakoplennyi vred okruzhayushchei srede na kotorykh 
podlezhit likvidatsii v pervoocherednom poryadke: Prikaz Ministerstva prirodnykh resursov i ekologii Rossiiskoi Federatsii 
ot 04.08.2017 № 435 [On Approval of the criteria and the term categorizing objects of accumulated environmental damage 
elimination of which is the top priority: The Order by the RF Ministry of Natural Resources and the Environment issued on 
August 4, 2017 No. 435]. KODEKS: electronic fund for legal and reference documentation. Available at: 
https://docs.cntd.ru/document/456089663 (January 24, 2022) (in Russian). 

8 Pasport federal'nogo proekta «General'naya uborka» [The profile of the “General cleaning” Federal project]. The RF 
Government. Available at: http://static.government.ru/media/files/DoFhF6zbaji5mAKgkefAjTssLoyUOyS.pdf (February 08, 
2022) (in Russian). 
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lated environmental damage on human health 
and life expectancy.  

Materials and methods. When develop-
ing these approaches, we took into account sub-
stantial experience accumulated in examining 
polluted, cluttered and other territories and ob-
jects which are considered to be “AED ob-
jects”. We bore in mind that, when describing 
threats and hazards caused by objects of accu-
mulated environmental damage, many experts 
stressed out the necessity to take into account 
the whole range of chemical ambient air pollu-
tion [9, 10], chemical and microbial contamina-
tion of soils [11–14] and surface water objects 
[15–17]. Some research works focused on sig-
nificance of soil filtration parameters in soil 
profiles since they enabled correct predictive 
and analytical evaluation of pollution spread 
beyond landfills where liquid and semi-liquid 
wastes were accumulated and stored, including 
sludge accumulators [18, 19]. Recently, there 
have been a lot of discussions regarding threats 
and hazards imposed by objects of accumulated 
environmental damage in the Arctic zone  
[20–22]. It is also vital to give some attention to 
radiation safety of AED objects [23–25] etc. 

As a result, we developed our methodol-
ogy with an effort to create as a comprehen-
sive list of indicators as possible trying to take 
into account all relevant ones which could de-
scribe influence exerted by an AED object on 
the environmental quality and human health. 

We considered the fuzzy set theory (fuzzy 
logic theory) to be a relevant methodical basis 
for assessing impacts exerted by AED objects 
on human health and life expectancy [26]. 
Fuzzy logic methods are generally described in 
the standard9 which was developed taking into 
account international approaches to risk man-
agement and risk assessment technologies. The 
reason we selected this method was that fuzzy 
sets modeling makes it possible to include 

both quantitative and qualitative variables into 
analysis, operates with fuzzy initial data with 
an opportunity to rapidly create models (in-
cluding scenarios) of complicated dynamic 
situations and to perform comparative assess-
ments with preset precision [27, 28]. 

To assess impacts exerted by each indica-
tor on human health, we used scales to grade a 
health hazard taking into account weight con-
tributions made by specific indicators and a 
group of indicators as a whole (component 
risks of a specific indicator and a group as a 
whole) and the aggregated risk of health disor-
ders and shorter life expectancy for people 
who permanently live in a zone influenced by 
an AED object. 

Impacts were assessed allowing for types 
and severity of potential functional disorders of 
critical organs and systems in the body under 
exposure to pollution created by a specific AED 
object. Critical organs and systems were de-
fined in accordance with the methodical docu-
ments issued by the Federal Service for Surveil-
lance over Consumer Rights Protection and 
Human Wellbeing10. Severity of health disor-
ders was determined based on data provided by 
the WHO and other relevant sources [29]. 

When developing the methodology, we 
took into account that AED objects were di-
vided into several large groups (types) accord-
ing to the Federal Law:  

– territories where AED objects have been 
discovered; 

– water areas where AED objects have 
been discovered; 

– capital construction objects which are 
AED sources; 

– wastes disposal landfills.  
To assess exposure as correct as possible, 

we divided wastes disposal landfills into those 
where solid wastes were stored and those with 
liquid wastes. 

__________________________ 
 
9 State Standard GOST R 58771-2019. Risk management. Risk assessment technologies (approved and introduced by the 

Order of the Federal Agency on Technical Regulation and Metrology issued on December 17, 2019 No. 1405-st). KODEKS: 
electronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/document/1200170253 (February 08, 
2022) (in Russian). 

10 Rukovodstvo po otsenke riska dlya zdorov'ya naseleniya pri vozdeistvii khimicheskikh veshchestv, zagryaznya-
yushchikh okruzhayushchuyu sredu [Human Health Risk Assessment from Environmental Chemicals]. Moscow, The Federal 
Center for State Sanitary and Epidemiologic Surveillance of the RF Public Healthcare Ministry, 2004, 143 p. (in Russian). 
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Our methodical approaches involve two-
stage assessment of impacts exerted by objects 
of accumulated environmental damage on hu-
man health and life expectancy:  

– express evaluation that involves assess-
ing impacts exerted on population using docu-
ments, results produced by single and/or sam-
ple measurements of the environmental qual-
ity, or general medical statistics;  

– complete profound assessment that in-
volves targeted examinations of  population 
health under exposure to an AED object, pecu-
liarities of exerted impacts taken into account. 

Express evaluation was considered to be 
a procedure aimed at calculating comparative 
profiles for objects of different types, capac-
ity, duration of existence, and with different 
impacts exerted on the environment and hu-
man health. Another purpose was to rank 
AED objects as per their potential impacts on 
human health and life expectancy in order to 
spot out objects which should be eliminated 
immediately, their elimination being the top 
priority.  

Complete profound assessment involved 
verifying negative exposure levels calculated 
by express evaluation; accumulating evidence-
based data on the actual medical and demo-
graphic losses over the period of an AED exis-
tence; and assessing actual effects, including 
economic ones, achieved due to elimination of 
an AED object in a post-project period (after 
an AED objects has been eliminated). 

We suggested an algorithm to determine 
priorities as per population exposures which 
included the following steps: 

– collecting as many data on an AED ob-
ject as it is only possible;  

– express evaluation of impacts exerted 
by an AED object on human health and life 
expectancy and calculating a value to describe 
risks of negative health outcomes; 

– ranking objects as per risks of negative 
outcomes;  

– spotting out objects belonging to catego-
ries of “high” and “extremely high” health risks. 

Basic results. We developed a unified set 
of indicators (40 and more) to make a profile 
of each AED object highlighting peculiar in-

fluence exerted by it on environmental objects 
and how hazardous it was for human health. 

The indicators were combined into several 
conditional groups:  

– general profile of an AED object (dura-
tion of existence, a square of an AED object, 
volume/mass of accumulated wastes or a num-
ber of abandoned buildings and/or construc-
tions, availability of an owner, location of an 
object in a permafrost area, how cluttered an 
area is around an AED object, etc.); 

– climatic profile of a territory where an 
AED object is located (climate, frequency of 
winds blowing towards residential areas, pre-
cipitations, etc.);  

– spatial characteristics of an AED object 
with respect to residential areas and places 
used by population (a distance to the closest 
settlement; a number of people who perma-
nently live in a zone influenced by an AED 
object; existing sanitary protection zones; 
a distance to the closest water source; location 
of an AED objects regarding sanitary protec-
tion zones drinking water sources etc.); 

– geological and hydrological parameters 
of a territory (subsoil types; how deep under-
ground waters are located; existing waterproof-
ing screens, dikes, derivation canals, etc.); 

– quality of environmental objects in a 
zone influenced by an AED object (chemical, 
microbiological, and radiation indicators of 
ambient air quality, natural and drinking water 
quality, quality of soils and agricultural prod-
ucts grown in a zone influence by an AED ob-
ject). This group also includes people’s com-
plaints about quality of environmental objects 
in a zone influenced by an AED object. 

Negative effects produced by AED objects 
on human health are assessed as per the unified 
algorithm taking into account the whole set of 
potential threats and hazards which are typical 
for a given object. As a result, we obtain unified 
risk indicators which describe this negative in-
fluence on human health and life expectancy. 
These indicators make it possible to compare 
different AED objects and assign them into a 
specific risk category:  

– 1st category (negligibly low risk of ex-
posure); 
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– 2nd category (low risk); 
– 3rd category (average risk); 
– 4th category (high risk); 
– 5th category (extremely high risk). 
It is standard practice that if an object is 

assigned into high or extremely high risk cate-
gory as per results produced by express 
evaluation, then it is advisable to perform 
complete profound assessment together with 
analyzing exposed population’s health and 
creating an evidence base proving that health 
risks have actually been realized. 

Express evaluation of impacts exerted by 
an AED object on human health and life ex-
pectancy relies on general profiles of AED ob-
jects, data on quality of the environment in a 
zone influenced by an AED object, and medi-
cal statistics about health of people who per-
manently live in a zone influenced by an AED 
object. Each relevant indicator is evaluated 
with interval values (ranges) and then assigned 
into a specific range on the scale with preset 
risk rates (negligibly low, low, moderate, high, 
and extremely high). 

We suggest considering a zone influenced 
by an object of accumulated environmental 
damage as a territory (water area) described 
with a conditional boundary. This boundary is 
located at a distance equal to at least a twofold 
size of a sanitary protection zone of an object 
or up to 1 km downstream away from the 
boundary of a land spot an AED object is lo-
cated on. Capital buildings or constructions for 

which sanitary protection zones are not stipu-
lated in the sanitary classification are assigned 
into the 5th hazard category. The boundary of 
an influenced zone is considered to be located 
100 meters away from the boundaries of a land 
spot where such an object is located.  

Table 1 provides an example (a fragment) 
of an initial matrix applied to assess risks cre-
ated by an object of accumulated environ-
mental damage from the “solid wastes” group. 

As we can see in the Table 1, quantitative 
indicators are given with a range of values 
which is divided into ranges with fuzzy 
boundaries. A number of such ranges is equal 
to a number of hazard categories. Using fuzzy 
sets involves a 20 % intersection of two 
neighboring ranges.  

Each range of values for each quantitative 
indicator is a trapezoid fuzzy number with the 
membership function within a certain risk 
category which is given with four numbers (a1, 
a2, a3, a4). Generally the membership function 
for a value of an indicator is given as per the 
following formula (1): 

         

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


   


   
   


 

 (1) 

T a b l e  1  
The list of indicators describing hazards caused by waste disposal landfills (solid chemical wastes) 

which are a source of accumulated environmental damage, hazard ranges provided: a fragment 
An AED object hazard category 

Indicator 
Unit  

of measure-
ment 

Negligibly 
low Low Average High Extremely 

high 
General profile of an AED object  

Duration of existence years [0; 2);  
[40; +∞] (40; 30] (30; 20] (20; 10] (10; 2] 

Wastes mass / Wastes volume thousand tons [0; 50) (50; 250]  (250; 500]  (500; 1000]  (1000; +∞) 
Square of an object hectares [0; 0,1] (0,1; 1] (1; 100] (100; 500] (500; +∞) 
A share of wastes from the 1st–3rd 
hazard category % (0; 10] (10; 25] (25; 40] (40; 50] (50; +∞) 

A share of biologically degradable 
mass % [0; 10] (10; 30] (30; 60] (60; 80] (80; 100] 

Carcinogenic and/or embryotoxic 
chemicals  – no no yes yes yes 
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T a b l e  1  ( c o n t i n u e d )  
 

An AED object hazard category 
Indicator 

Unit  
of measure-

ment 
Negligibly 

low Low Average High Extremely 
high 

Untreated medical wastes – no no no no yes 
Wastes hazard category  – [5] [4; 5] [3; 5] [2; 5] [1; 5] 

Climatic profile of a territory where an AED object is located  
Permafrost – no no no yes yes 

Climatic zone zone moderate moderate moderate subtropical arctic, 
 subarctic 

Precipitations  mm/year [0; 800] (800; 1000] (1000; 1500] (1500; 2000] (2000; +∞)
Frequency of winds blowing towards 
at residential areas % [0; 5] (5; 10] (10; 20] (20; 40] (40; +∞) 

Probability and scales of emergencies – no no no yes yes 
Location in a zone where hazardous 
natural phenomena can occur – no no no yes yes 

Spatial characteristics of an AED object with respect to residential areas and places used by population 
A distance to the closest settlement m (2000; +∞) (1000; 2000] (500; 1000] [500; 0) 0 
A number of people living in the 
closets settlement 

thousand  
people [0; 1] (1; 5] (5; 50] (50; 100] (100; +∞) 

A distance to the closest water object  m (1000; +∞) [1000; 800] (800; 500] (500; 300] [0; 300] 
Location of an AED object regarding 
sanitary protection zones around 
water sources 

– Beyond 
SPZ 

Beyond 
SPZ 

In the 3rd 
subzone 
of SPZ 

In the 2nd 
subzone  
of SPZ 

In the 1st 
subzone 

of the SPZ 

A distance from an AED object to a 
recreation zone/resort m (1500; +∞) (1500; 1000] (1000; 700] (700; 300] 

(300; –∞) / 
(300;  within 
such a zone)

A distance to agricultural lands m (1000; +∞) (500; 1000] (300; 500] [300; 0) [0) 
Incidence rates among population in 
the closest settlement against re-
gional ones  

times [1] (1; 1.2] (1.2; 1.5] (1.5; 2] (2; +∞) 

A number of people living in a zone 
which can potentially be polluted in 
case of emergency 

Thousand  
people [0; 1] (1; 10] (10; 40] (40; 75] (75; +∞) 

Geological and hydrological parameters of a territory  
Subsoil filtration coefficient m/sec 1.0∙10–9 1.0∙10–8 1.0∙10–7 1.0∙10–6 1.0∙10–5 
Depth of underground water oc-
currence m [5; +∞) [4] [3] [1; 2] [0; 1) 

Quality of environmental objects  
Ambient air quality in a zone influ-
enced by an AED object *  
(as per certain indicators) 

shares of MPC 
or TSEL [0; 0.5MPC] (0.5MPC; 

1MPC] 
(1MPC; 
2MPC] 

(2MPC; 
5MPC] (5MPC; +∞)

People’s complaints about ambient 
air quality  quantity/year [0] [0] [1; 5) (5; 10) (10; +∞) 

Drinking water quality in the closest 
settlements 

measurement 
units 

[0; 
BOR1]** 

(BOR1; 
BOR2] 

(BOR2; 
BOR3] 

(BOR3; 
BOR4] (BOR4; +∞)

People’s complaints about drinking 
water quality quantity/year [0] [0] [1; 5) (5; 10) (10; +∞) 

Soil quality  measurement 
units 

[0; 
BOR1]** 

(BOR1; 
BOR2] 

(BOR2; 
BOR3] 

(BOR3; 
BOR4] (BOR4; +∞)

Quality of food products grown in a 
zone influenced by an AED object 

measurement 
units 

[0; 
BOR1]** 

(BOR1; 
BOR2] 

(BOR2; 
BOR3] 

(BOR3; 
BOR4] (BOR4; +∞)

N o t e : * The list of indicators is not ultimate and is determined only by specific features of an object and its 
influence on the environment; ** – BOR1, BOR2, BOR3, BOR4  are the upper limits of indicators describing qual-
ity of environmental objects in accordance with their belonging to 5 health risk categories accordingly. 
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For example, a value of an indicator is  
x = 0.23. If we consider the interval [0.2; 0.4], 
then a fuzzy number which corresponds to this 
section is equal to (0.16, 0.24, 0.32, 0.48), 
where а1 = 0.2∙0.80 = 0.16, а2 = 0.2∙1.2 = 0.24, 
а3 = 0.4∙0.8 = 0.32, а4 = 0.4∙1.2 = 0.48 (the in-
terval boundaries were “blurred” by 20 %). 
Since а1 < 0.23 < а2, then the membership 
function value for the value of an indicator be-
ing х = 0.23, according to the formula (1), is 
equal to 

μ(x) = (0.23 – 0.16) / (0.24 – 0.16) =  
= 0.07/0.08 = 0.875 

This means that the examined indicator 
belongs to the given section by 87.5 %. 

The value μ(x) describes belonging of a 
range for a value of an indicator within a cor-
responding hazard category. 

The membership function is given as (2) 
for quantitative indicators: 

 
 

/ ( )

1/ 1, 2 / 2, 3 / 3,...

x x

value value value

 

   
   (2) 

Weights are fixed for each indicator or a 
group of indicators; they are taken into ac-
count when an aggregated risk of negative im-
pacts is calculated. Weights fixed for groups of 
indicators are different for different types of 
AED objects and take into account their spe-
cific influence on the environment and human 
health. 

If critical organs and systems are deter-
mined regarding a chemical and, accordingly, 
there are established average levels of sever-
ity for a given nosology (within a range from 
0 to 1), then a weight is determined as per 
Fishburne’s Rule [30] taking into account the 
most severe health disorder (3): 

 G_l = (2 (n-l+1)) / ((n+1) n),  (3) 
where 

G_l is a weight of an indicator for which 
critical organs or systems are determined 
(a negative response) holding the l-th rank as 
per their severity; 

n is a total number of nosologies deter-
mined in the aggregated negative response; 

l is a rank of a negative response (a noso-
logy) as per its severity. 

Initial tables which create a profile of a 
specific AED object are filled in based on 
available documents (project documentation, 
documents in the AED objects register, data 
taken from publicly available cadastre maps, 
research reports, test reports, expert examina-
tion reports, and other relevant ones). 

Values of the membership function (μ(x)) 
of each indicator falling within a certain haz-
ard category are determined in accordance 
with preset scaling conditions as per the for-
mulas (1)–(2).  

A risk rate is calculated for each group of 
indicators as per the formula (4): 

 ,j k kj
k

R R w   (4) 

where 
jR is a health risk rate caused by the j-th 

group of indicators; 
kjw  is average weighted membership of 

the j-th group of parameters to the k-th hazard 
category;  

kR is the middle of a scale range corre-
sponding to the k-th hazard category.  

Average weighted membership of a group 
of indicators to hazard categories kjw  is deter-
mined as per the formula (5) 

 ( ),kj i k i
i j

w G x


    (5) 

where ( )k ix  is the membership function of 
the i-th indicator within the k-th hazard cate-
gory; iG is a weight of the i-th indicator.  

Risk scale ranges and their middles are 
given in Table 2.  

The aggregated risk (R) as per all the 
groups of indicators is calculated as per the 
following formula (6): 

 ,j j
j

R R v   (6) 

where jv  is a weight contribution by the j-th 
group of indicators into the aggregated risk. 
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A weight contribution made by a group of 
indicators into the aggregated health risk is 
determined according to the Table 3. 

A risk rate of harmful impacts on human 
health is used as a basis for AED objects rank-
ing. An object is assigned into a specific risk 
category as per its impacts on human health 
depending on the membership of the value R 
determined for this object within a range given 
in Table 1.  

Since a risk rate can be on a boundary be-
tween values and belong to two different ranges 
simultaneously (for example, R = 0.22 belongs 
simultaneously to the “moderate” range and 
“low” range), an AED object is ultimately as-
signed into a specific risk category in accor-
dance with the procedure outlined in Table 4. 

An AED object is assigned into a risk 
category which corresponds to the highest 
value of the membership function. 

T a b l e  2  
Ranges on the risk rates scale and their mean values  

Health risk categories Indicator Low Moderate Average High Extremely high 
Range ( kR ) (0; 0.25] (0.15; 0.45] (0.35; 0.65] (0.55; 0.85]  (0.75; 1.0] 
Mean value in range ( kR ) 0.125 0.3 0.5 0.7 0.875 

T a b l e  3  
Weights for groups of indicators describing different types of AED objects  

Groups of indicators Solid wastes Liquid chemical 
industrial wastes

Liquid organic 
wastes 

Capital build-
ings and con-

structions 
Territories Water areas

General profile  0.1 0.1 0.1 0.15 0.1 0.1 
Climatic profile 0.1 0.1 0.1 0.1 0.1 0.1 
Spatial characteristics 0.3 0.3 0.3 0.3 0.3 0.4 
Geological and hydro-
logical parameters 0.15 0.25 0.2 0.35 0.15 0 
Quality of environmental 
objects  0.35 0.25 0.3 0.1 0.35 0.4 

T a b l e  4  
A scale with ranges of rates and health risk categories  

A range of health 
risk rates 

The membership function for a risk rate falling within a specific  
range on the scale  

Health risk 
 category  

[0; 0.25]    1

1, if 0 0.15,
  

10 0.25 , if 0.15 0.25
R

R
R R

 
      

Low 

(0.15; 0.45]  
 

 
2

1 10 0.25 , if 0.15 0.25,
  1, if 0.25 0.35,

10 0.45 , if 0.35 0.45

R R
R R

R R

    
   
   

 Moderate 

(0.35; 0.65]  
 

 
3

1 10 0.45 , if 0.35 0.45,
  1, if 0.45 0.55,

10 0.65 , if 0.55 0.65

R R
R R

R R

    
   
   

 Average 

(0.55; 0.85]  
 

 
4

1 10 0.65 , if 0.55 0.65,
  1, if 0.65 0.75,

10 0.85 , if 0.75 0.85

R R
R R

R R

    
   
   

 High 

[0.75; 1]    
5

1 10 0.85 , if 0.75 0.85,
  

1, if 0.85 1
R R

R
R

    
 

 
 Extremely high 
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T a b l e  5  
Results produced by express evaluation of several objects of accumulated environmental 
damage; the evaluation was accomplished when methodical approaches were being tested   

An object of accumulated  
environmental damage G
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Ri
sk

  
ca

te
go

ry
 

Ra
nk

 o
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Sludge accumulator of a former 
chemical plant located within a 
settlement 

0.21 0.11 0.15 0.06 0.33 0.86 Extremely 
high 1 

Sludge landfill in a city 0.09 0.15 0.11 0.17 0.02 0.54 Average 2 
Solid communal wastes dump 
close to an urban settlement  0.08 0.14 0.08 0.02 0.19 0.51 Average 3 

Inert industrial wastes landfill at 
a boundary of a settlement  0.05 0.14 0.10 0.01 0.05 0.35 Average 4 

Solid communal wastes dump 
beyond a boundary of a rural 
settlement 

0.06 0.14 0.02 0.01 0.02 0.25 Moderate 5 

Abandoned building beyond a 
boundary of a rural settlement 0.00 0.09 0.01 0.01 0.01 0.12 Low 6 

 
We assessed probable effects such as 

changes in life expectancy of people who per-
manently lived in a zone influenced by a long 
existing AED object. The assessment was 
based on relationships determined by epidemi-
ological studies [31, 32].  

A probable change in life expectancy is 
assessed for a specific AED object with an es-
tablished risk rate of harmful impacts on 
health as per the following formula (7): 

 ,LE R K     (7) 

where 
LE  is a probable decrease in average 

life expectancy (LE) due to impacts exerted on 
health by an AED object; 

R is the aggregated health risk calculated 
taking all the groups of indicators into ac-
count; 

K is the coefficient showing actual risk 
realization as a change in life expectancy cal-
culated on the basis of analyzing relevant sci-
entific literature; K = 1.6. 

Assessment of impacts exerted by AED 
objects on human health and life expectancy 
gives grounds for ranking them in order to de-
termine priority ones which should be elimi-
nated immediately.  

Table 5 provides the results produced by 
tentative express evaluation of several AED 
objects with initial data on them being avail-
able to us at the moment we were developing 
our methodical approaches. 

These results, according to expert esti-
mates, provide relevant evaluation of the ex-
amined objects. But at the same time, when 
testing our methodical approaches, we re-
vealed that initial data had certain drawbacks. 
One of them was that there were very few or 
even almost no indicators which described 
quality of the environmental objects. Given 
that, we can set a priority task which has to be 
tackled by Rospotrebnadzor’s authorities and 
institutions which are responsible for per-
forming express evaluation of AED objects. 
This task is to accomplish comprehensive 
analysis of historical data on abandoned ob-
jects or to perform instrumental research of 
ambient air quality, quality of natural and 
drinking water, and quality of soils, primarily, 
agricultural ones, in a zone influenced by an 
AED object. 

If an AED object is assigned into high or 
extremely high risk category as per results pro-
duced by express evaluation, then complete 
profound assessment is to be performed at it 
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with the focus on its impacts on human health 
and life expectancy. 

By now substantial experience has been 
accumulated in Russia in performing specific 
studies with their focus on determining health 
risks caused by exposure to harmful environ-
mental sources and factors [33–35].  

An adverse impact which is a health dis-
order among people from risk groups living in 
a zone exposed to an AED object is proven by 
target studies focusing on human health. These 
studies can concentrate both on organs and 
systems determined as critical ones for certain 
exposure and on etiopathogenetic mechanisms 
of harmful effects developing under aggre-
gated exposure. 

Complete profound assessment gives a 
possibility to describe a degree and a scale of 
actual aggregated influence exerted by an 
AED object on human health and life expec-
tancy. Health studies provide the maximum 
objectivity in assessing health damage, reduce 
social tension and help develop and implement 
recommendations on medical and preventive 
activities aimed at protecting people’s health 
until an AED object is eliminated completely. 

The suggested mathematical apparatus is 
implemented as a software set of instruments 
for automated risk calculation after all the ini-
tial data have been input. 

These methodical approaches are to be 
tested in this year. As it is stated in the profile 
of the “General cleaning” Federal project (item 
1.4.)8, express evaluation is to be performed at 
approximately 192 AED objects by experts of 
the federal Service for Surveillance over Con-
sumer Rights Protection and Human Wellbe-
ing. The evaluation is to be based on data 
taken from external sources as well as results 
produced by studies, examinations, and in-
strumental measurements performed by the 
Service itself. 

All the examined objects of the accumu-
lated environmental damage are to be ranked 
according to the results produced by the ac-
complished express evaluation and those 
which create the highest risks for human 
health are to be spotted out. These objects 
should be eliminated immediately, their elimi-
nation being the top priority. Profound medical 
examinations will be recommended for people 
living in zones influenced by some AED ob-
jects which create high and extremely high 
health risks. 
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