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The article analyzes the most common approaches to the risk assessment procedure and focuses on uncertainties at 

each stage of risk analysis. These uncertainties not only impede risk analysis but are also able to skew its results. The great-
est impact on reliability of final risk assessments is caused by uncertainties associated with assessment of exposure, in par-
ticular, with establishing toxicological parameters in experiments and their extrapolation onto assessed population groups. 
An effect of a selected toxicant on a test animal sample is identified with an expected negative effect produced by it on a real 
human population. In addition, in laboratory experiments, in contrast to natural conditions, a population is affected only by 
controlled factors in small amounts.  

Next, the article describes some uncertainties that arise at the stage of assessing the dose-effect relationship; in studies 
aimed at reducing uncertainties at this stage, it is almost impossible to detect a link between pollution and diseases not de-
clared for research purposes. The problem of toxicological assessment of mixtures is described; the article highlights that at 
the moment there are no data on effects produced by most known mixtures on human health or any data on possible interac-
tions between different chemicals either. The concept of exposome is described, which is an analysis of impacts of all envi-
ronmental factors on an individual throughout his lifetime. 

It is concluded that the existing concepts of risk assessment are applicable mainly for comparing hypothetical benefits 
and hypothetical damage at the population level. Given that, it seems quite relevant to develop such a concept of risk as-
sessment that can be additionally used in planning preventive measures aimed at reducing morbidity and mortality and in-
creasing life expectancy. At the same time, this concept should include a comprehensive assessment of mixtures affecting the 
body, considering the influence of natural and climatic conditions and non-specific reactions of the body. 

Keywords: risk analysis, risk assessment, uncertainty, exposure, “dose – effect", influence of natural conditions, mix-
tures of chemicals, the exposome concept. 
 

 
Research literature provides us with sev-

eral basic definitions of “public health risk”. 
Risk is described as a set of adverse outcomes 
for people’s life and health due to various ex-
posures or as likelihood of adverse effects on 
people’s life or health considering their sever-

ity, or as likelihood of outcomes caused by a 
certain hazardous event1 [1–3]. The WHO 
(World Health Organization) World Health 
Report 2002 defines a risk as “a probability of 
an adverse outcome, or a factor that raises 
this probability”. In the Russian Federation, 
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the legislation has the following definition of 
risk: “Risk is likelihood of harm to citizens’ 
lives or health, property of physical or juridi-
cal persons, state or municipal property, the 
environment, lives or health of animals and 
plants considering severity of this harm” (the 
Federal Law ‘On Technical Regulation’ is-
sued on December 27, 2002 No. 184-FZ2). 

Conventionally, the health risk assess-
ment methodology applied to assess risks 
caused by chemical exposures consists of four 
main stages1 [1, 2]: 1) hazard identification 
(screening investigation of all possible expo-
sure sources, identification of key pollutants), 
2) exposure assessment (establishing what 
quantities of a chemical entered the body by 
various introduction ways due to contacts 
with various environmental factors), 3) detec-
tion of a ‘dose-effect’ relationship (a relation-
ship between a dose and intensity of harm 
caused by exposure to a chemical), 4) risk 
characteristics (risk quantification, risk analy-
sis and description of uncertainties, and data 
generalization). The risk assessment proce-
dure has been repeatedly described in litera-
ture in a similar way [1, 2, 4]. 

The aim of this review was to analyze 
approaches to reducing uncertainties that occur 
in risk analysis as well as the existing concepts 
of health risk assessment. 

Many authors have noted that uncertain-
ties can occur at any stage in risk analysis. 
They not only impede risk analysis but are 
also able to skew research results [1, 5, 6]. 
Uncertainties associated with exposure as-
sessment have the greatest influence on va-
lidity of ultimate risk assessment [1]. There 
are several major sources of uncertainties 
that can occur at this stage in risk analysis. 
For example, some ways through which pol-
lutants affect the human body can be ex-
cluded from analysis; monitoring results 
might be incomplete; a selected mathemati-

cal model does not characterize an exposure 
comprehensively. One more source is mis-
takes made by researchers such as descrip-
tive mistakes, mistakes in choosing an ex-
pected exposure scenario, mistakes at any 
stage in quantitative analysis including sam-
pling and sample preparation. Reduction in 
some of these uncertainties can be achieved 
by using models of pollutants distribution 
and by estimating a structure of various so-
cial population groups.  

Mathematical methods, in particular, re-
gression models, cluster analysis, and fuzzy 
set theory, are actively employed in contem-
porary studies that concentrate on health risk 
assessment [5, 7–9]. For example, J.P. Fabi-
siak with colleagues [10] rely on land use re-
gression (LUR) to describe distribution of 
black carbon and nitrogen dioxides, their ma-
jor sources being diesel exhausts, point indus-
trial sources, as well as residential wood 
burning. The authors estimate increased mor-
tality and hospitalization from coronary heart 
disease as a specific health endpoint of inter-
est. They examine a linear dose-effect rela-
tionship over the range of pollutant concen-
trations expressed in the study, although they 
assume there may be significant departure 
from linearity at extremes of exposures. Still, 
the authors mention some limitations in em-
ploying LUR. It is noteworthy that these limi-
tations can be extrapolated onto use of any 
other model for health risk assessment. In 
particular, the exposure estimates reflect pro-
jections of long-term average exposure con-
centrations; hence they ignore short-term 
fluctuations in concentrations that may also 
play a role in initiating untoward cardiovascu-
lar events. Besides, the LUR model described 
by J.P. Fabisiak with colleagues [10] incorpo-
rates mobile source plume analysis but may 
underestimate the contribution from fixed 
point sources. 

__________________________ 
 

2 O tekhnicheskom regulirovanii: Federal'nyi zakon № 184-FZ ot 27.12.2002, prinyat Gosdumoi 15.12.2002 [On Technical 
Regulation: the Federal Law No 184-FZ issued on December 27, 2002, approved by the State Duma on December 15, 2002]. 
KonsultantPlus. Available at: https://www.consultant.ru/document/cons_doc_LAW_40241/ (April 02, 2023) (in Russian). 
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Also, when building any mathematical 
model for health risk analysis, we should con-
sider previously diagnosed diseases in research 
participants as well as a stage of a disease they 
have at the moment a research is conducted. It 
is necessary for identifying any possible im-
pacts exerted by these factors on an effect of 
environmental pollution. 

Many researchers point out that high 
uncertainty at the exposure assessment stage 
might be caused by toxicological parameters 
being established predominantly in experi-
ments [11–13]. In particular, a reference 
dose, which is considered safe, is calculated 
based on results of various animal experi-
ments performed on rats, mice, or rabbits 
[14–18] and then recalculated for the human 
body using some coefficients [19–22]. How-
ever, the US Food and Drug Administration 
(US FDA) conducted some studies to com-
pare results of experimental pre-clinical and 
clinical investigations. As a result, it was es-
tablished that approximately 90 % of ana-
lyzed chemicals, which had been declared 
safe in pre-clinical investigations, turned out 
to be highly toxic in clinical ones. Toxic ef-
fects on the human body were identified for 
20 % of these chemicals [11, 23, 24]. There 
are several basic reasons for this inefficiency 
in transferring experimental results onto ac-
tual conditions. First, an effect produced by 
an analyzed toxicant on an animal test sam-
ple is identified with an expected negative 
effect produced by it on a real human popu-
lation. Second, a test population is affected 
by a controlled factor in laboratory condi-
tions whereas several factors affect a popula-
tion simultaneously in natural ones and not 
all of them can be controlled. In addition, it 
is noteworthy that toxicological studies make 
it possible to derive a dose-effect relation-
ship primarily for determined effects (radia-
tion sickness, chemical burns, poisoning, 

etc.). The most reliable data for stochastic 
effects (cancer, cardiovascular diseases, etc.) 
can be derived by epidemiological studies3. 
At the same time, transferring results of epi-
demiological studies on an analyzed exposed 
population can be a considerable source of 
uncertainties at the stage when a dose-effect 
relationship is assessed. 

Epidemiological studies usually concen-
trate on finding a relationship between pollu-
tion and specific diseases, for example, car-
diovascular diseases [25], cancer [26], or 
non-communicable diseases in general [27]. 
However, it is almost impossible to detect a 
link between pollution and diseases not de-
clared for research purposes in such studies. 
For example, J.P. Fabisiak with colleagues 
[10] chose increased mortality and hospitali-
zation from coronary heart disease as a spe-
cific health endpoint of interest. In their 
study, the authors did not analyze any rela-
tionships with other diseases, for example, 
respiratory ones. 

In addition to that, uncertainties occur at 
the stage of assessing a dose-effect relation-
ship from such sources as identification of 
critical organs / systems; lack of knowledge on 
mechanisms of interactions between different 
components in chemical mixtures or peculiar 
kinetics and dynamics under different ways by 
which a chemical enters the body and under its 
simultaneous introduction by various ways; 
difference in the risk assessment methodology 
in Russian and foreign studies [1].  

Numerous studies focus on reducing un-
certainties at the stage of assessing a dose-
effect relationship. Their actual aim is to 
predict a number of new disease cases due to 
an analyzed exposure [5, 10, 28, 29]. In par-
ticular, we should mention The Global Bur-
den of Diseases, Injuries, and Risk Factors 
Study (GBD) as one of the most extensive 
studies aimed at systematizing and assessing 

__________________________ 
 

3 Demin V.F. Analiz riska v obespechenii bezopasnosti cheloveka v chrezvychainykh situatsiyakh [Risk analysis in pro-
viding safety for people in emergencies]: Dissertation … for the Doctor of Technical Sciences Degree. Moscow, 2016, 221 p. 
(in Russian). 
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health risks (including those caused by envi-
ronmental pollution). The authors make the 
following conclusion: ambient air pollution 
causes respiratory infections and tuberculo-
sis, neoplasms, maternal and neonatal disor-
ders, diabetes and kidney diseases, chronic 
respiratory diseases, and cardiovascular dis-
eases (which are prevalent) [30]. However, 
the GBD researchers face certain difficulties 
since some countries are often unable to pro-
vide them with sufficient necessary data for 
analysis [31]. It is due to this reason that the 
methodology developers tried to consider 
many factors to compare a burden of various 
diseases using mathematic modeling. These 
factors are prevalence of some diseases and 
their symptoms, age at death, etc. However, 
this modeling is still not optimal and this can 
be illustrated by such an example as assess-
ment of the DALY (disability-adjusted life 
year) parameter in Russia where it has the 
same value for the whole country [30]. But 
we should remember that Russia is the larg-
est country in the world located across three 
different climatic zones and with apparent 
differences both in living standards and 
healthcare availability. 

Conventionally employed health risk as-
sessment methodologies that deal with 
chemical exposures are predominantly based 
on assessing exposure to some specific 
chemicals (and their maximum permissible 
levels); however, at present, some existing 
rules in the European Union include re-
quirements that cover chemical mixtures as 
well [32]. The main problem of toxicological 
assessment of mixtures is absence of any 
data on effects produced by most known 
mixtures on human health [33–39]. Another 
serious issue is possible interactions between 
chemicals (that is, synergetic or antagonistic 
effects) and influence produced by these ef-
fects on hazards posed by a chemical mix-
ture. Separate chemicals in a mixture can 
interact with each other thereby influencing 
each other’s absorption, metabolism, excre-
tion, or toxic dynamics. This may change a 

scope or sometimes even essence of a toxic 
effect [40, 41]. Several authors developed 
the Adverse Outcome Pathway (AOP) model 
[42–45]. It is a conceptual construct that por-
trays existing knowledge concerning the 
linkage between a direct molecular initiating 
event and an adverse outcome at a biological 
level of organization relevant to risk assess-
ment. This model provides substantiation for 
mapping relevant data on toxicity of specific 
chemicals thus making it possible to identify 
which chemicals can produce combined ef-
fects. In case no data are available, the 
model demonstrates the necessity to conduct 
further research. Therefore, AOP helps inte-
grate data derived by different testing meth-
ods (in vitro, in silico and in vivo) at differ-
ent levels of biological organization and 
thereby facilitates elimination of gaps in data 
on toxicity [43]. 

The well-known phrase “genetics loads 
the gun environment pulls the trigger” illus-
trates a complex relationship between human 
diseases and the environment. This famous 
analogy by Dr. Judith Stern, Distinguished 
Professor of Nutrition and Internal Medicine 
at the University of California, Davis, con-
veys the message that disease phenotypes are 
not only a result of interaction between dif-
ferent genes within the host but also between 
genes and the environment [46]. An attempt 
to integrate environmental parameters when 
calculating an individual risk of diseases was 
made when the exposome concept was de-
veloped. According to the definition by 
C.P. Wild [47], the exposome encompasses 
life-course environmental exposures (includ-
ing lifestyle factors), from the prenatal pe-
riod onwards. The exposome concept is 
similar to the genome concept and was de-
veloped to quantify environmental expo-
sures. The exposome model includes three 
broad categories of environmental expo-
sures: internal, specific external and general 
external [48, 49]. The internal environment 
is considered an internal chemical environ-
ment of the body; that is, exposure partici-
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pants are biologically active substances in 
the body formed due to usual vital activities, 
physical activity, gut microflora activity, in-
flammation, and oxidative stress. Specific 
external exposures are caused by, in particu-
lar, infectious agents, smoking, and alcohol 
abuse. Finally, general external exposures in 
the exposome include a socioeconomic 
status, mental exposures, and climate [50]. 
However, despite some promising postulates, 
the exposome model has not yet brought 
about any specific methods for health risk 
assessment. Nevertheless, many researchers 
share the opinion that adverse effects are of-
ten produced by a whole variety of heteroge-
neous factors and by each separate factor [5]. 
Typically, many people are simultaneously 
under exposure and they tend to have differ-
ent responses to effects of negative factors 
[51–55]. 

To sum up all the aforementioned, we 
can conclude that all the existing studies 
strive not to create a new scheme for risk as-
sessment but rather to reduce uncertainties. 
A considerable part of uncertainties occurring 
within health risk assessment is not given 
enough attention in the available studies and 
even within research trends in general. It is 
noteworthy that the existing methodologies 
for assessing health risks caused by chemical 
exposures are predominantly based on assess-
ing exposure to specific chemicals. Any data 
on an exposure to the entire mixture are 
available for a limited number of them; any 
information on a dose-effect relationship and 
a mechanism of action typical for a specific 
component is often absent for many chemical 
classes. Conventional methods of health risk 
assessment practically never consider addi-
tional influence exerted by weather and cli-
mate (for example, cold temperatures). These 
methods are also unable to estimate non-
specific body reactions induced by pollutants 
(in particular, oxidative stress). All the above-
mentioned methods do not allow establishing 
clear relationships between pollution and 
morbidity / mortality. Approaches that are 

suggested for assessing effectiveness of popu-
lation health risk mitigation make it possible 
to estimate whether planned or implemented 
protection activities are sufficient or relevant. 
But these approaches do not involve develop-
ing methods of adaptation to living in a pol-
luted environment for population. 

In our opinion, as well as in some other 
authors’ opinion [11], at present, the risk as-
sessment methodology in Russia should be 
updated to guarantee relevant health risk as-
sessment; it is also necessary to perform a 
comprehensive analysis of foreign experi-
ence in the sphere including establishment of 
DNEL (Derived No-Effect Level and DMEL 
(Derived Minimal Effect Levels) in the 
REACH (Registration Evaluation Authoriza-
tion and Restriction of Chemicals) interna-
tional system [56], to revise maximum per-
missible levels (MPLs), and to revise identi-
fication of target organs and systems. It is 
worth noting that in Russia, just as in any 
other large country, it is necessary to con-
sider substantial differences in effects pro-
duced by natural factors on population living 
in different climatic conditions. Different 
annual mean temperatures, wind rose, pre-
cipitations and other meteorological condi-
tions have substantial influence on morbidity 
and mortality [57–60]. 

Most epidemiological criteria that have 
been developed so far and are actively used in 
health risk assessment reflect an expected 
growth in frequency of health disorders per a 
unit of influencing concentration. Although 
these criteria are, as a rule, based on results 
derived by several independent epidemiologi-
cal investigations, it is still wrong to use them 
to predict changes in mortality or morbidity 
rates of a specific population living in a spe-
cific area. Just as any other risk assessments, 
they are only relative values, which describe 
comparative priority of these or those pollut-
ants, their sources in the environment, etc. To 
sum up all the aforementioned, we can con-
clude that the existing risk assessment con-
cepts are applicable mostly for comparing 
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hypothetic benefits and hypothetic damage at 
the population level. Given that, it seems 
quite relevant to develop such a concept of 
risk assessment that can be additionally used 
in planning preventive measures aimed at re-
ducing morbidity and mortality and increas-
ing life expectancy. At the same time, this 
concept should include a comprehensive as-
sessment of chemical mixtures affecting the 
body, considering the influence of natural and 

climatic conditions and non-specific reactions 
of the body. 
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