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Risk assessment methodology is a promising trend in examining effects produced by environmental factors on popula-

tion health. However, at present little attention has been paid to issues related to comorbid pathologies occurrence under 
chronic exposure to toxicants. 

Our research goal was to improve methodic approaches to assessing risks of co-morbid pathology occurrence under 
exposure to multi-component chemical factors in the environment. 

Data and methods. To develop an algorithm for establishing a probability that comorbid pathology would occur, we analyzed 
scientific publications that focused on effects produced by technogenic chemicals on a body and health risk assessment methodol-
ogy. Methodic approaches were tested with epidemiologic hygienic analysis techniques and statistical processing of data obtained 
via profound medical and biological examination of children living in Perm region where chemical enterprises were located. 

Results. We suggested a systemic approach to assessing risks of co-morbid pathologies caused by complex exposure to 
chemical environmental factors; the approach includes reference groups creation; determining responses in critical organs 
and systems via stage-by-stage modeling within «chemical factor – exposure marker – marker parameter – disease» system; 
determining population and individual risks of environmentally induced comorbid diseases. The performed analysis allowed 
establishing marker parameters of bronchial asthma and comorbid pathologies occurrence in children living on a territory 
with multi-component contamination of ambient air predominantly with saturated spirits, aldehydes, and particulate matter. 
It was shown that a number of additional comorbid diseases that were probabilistically related to increased chemicals con-
tents in the examined children’s blood could amount up to 15 ‰, and a contribution made by the examined chemicals into 
comorbid pathology occurrence would reach 14.2–23.4 %.  

Implementation of mathematical analysis procedures outlined in the present work will make for higher efficiency of activities 
aimed at managing and minimizing health risks for people living under combined exposure to chemical environmental factors. 

Key words: chemical factors, risk assessment, exposure marker, biomarker of an effect, comorbid pathology, cause-
and-effect relations, medical and biological examinations. 
 

 
 Contemporary changes in the living envi-

ronment and negative trends detected in mor-
bidity among population in the Russian Fed-
eration require comprehensive research on fac-
tors that influence human health; it is 
especially vital for industrially developed re-
gions [1–4]. According to data obtained via 
clinical and epidemiological examinations per-
formed on territories where ecological situa-

tion is rather adverse, prevalence of morbidity 
with respiratory diseases, diseases of the car-
diovascular and nervous system, gastric and 
endocrine diseases is 1.2–2.6 times higher than 
on reference territories and functional devia-
tions in critical organs or systems are 1.2–1.4 
times more frequent. Poor quality of the envi-
ronment was shown to be a leading factor in 
making life expectancy shorter [2, 4–10]. Not 
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coincidentally, issues related to providing sani-
tary-epidemiologic welfare of population, rais-
ing life quality, and health protection are 
among key targets in the state social policy 
implemented in the country. 

Health risk assessment is a significant 
component in prevention medicine. Establish-
ing probability of undesirable effects related to 
impacts exerted by environmental factors un-
derlies environmental quality management and 
population health preservation [11–19]. We 
should note that studies on assessing risks of 
negative effects on health primarily focus on 
specific diseases and don’t always take into 
account complex impacts exerted by chemical 
factors [4, 6, 17]. Another problem is selecting 
relevant indicators for risk assessment. An in-
teresting and promising aspect here is getting 
an insight into pathogenetic mechanisms that 
cause functional disorders in several organs or 
systems under exposure to a set of chemical 
environmental factors that might be rather 
long-term [8, 16, 20–23]. 

Recently, a lot of attention has been paid 
to assessing risks of comorbid pathology. It 
was shown that comorbid pathology was a 
multifactor phenomenon developing due to 
several factors such as hereditary predisposi-
tion, metabolic disorders, chronic infections, 
social causes, and environmental factors as 
well. When several diseases develop in a com-
bination, it changes pathophysiological clinical 
course and clinical signs of each of them thus 
aggravating a patient’s state; it can result in 
death at more mature age1 [24–28]. Over the 
last decades different scales have been sug-
gested for detecting comorbid pathology pre-
dominantly among adult population; they are 
used in clinical practice for determining grav-
ity of a disease and predicting unfavorable out-
comes [25]. So far there have not been enough 
studies focusing on influence exerted by envi-
ronmental factors on comorbid states devel-
opment and assessing risks of comorbid pa-
thology associated with impacts exerted by 
toxicants. 

Our research goal was to develop me-
thodical approaches to assessing risks of co-
morbid pathology development under multi-
component exposure to a set of chemical envi-
ronmental factors. 

Data and methods. To develop an algo-
rithm for determining a probability that co-
morbid pathology might develop, we exam-
ined literature data on how technogenic 
chemicals influenced a human body and on 
methodology for assessing health risks under 
negative influences exerted by environmental 
factors. Methodical approaches were tested 
with epidemiologic and hygienic analysis pro-
cedures and statistical processing of data ob-
tained via profound medical and biological 
examination of children living in Perm region 
where chemical enterprises manufacturing 
products with organic synthesis technologies 
were located. A reference territory was a terri-
tory where there were no industrial enterprises. 

Results and discussion. In accordance 
with basic documents health risk assessment 
involved a systemic examination of all as-
pects in impacts exerted by an adverse factor 
on human health that included four stages; 
these stages allowed revealing probability of 
certain negative effects that might occur un-
der exposure to a chemical detected in envi-
ronmental objects. 

Hazard identification stage involved de-
termining a list of adverse chemicals that 
might produce effects resulting in health dis-
orders among population and detecting criti-
cal organs and systems that were susceptible 
to negative effects produced by established 
risk factors taking exposure scenarios into 
account. Contamination sources were re-
vealed and environmental objects quality was 
assessed as per data obtained via analyzing 
statistical reports (Form No. 2, TP-Air), re-
sults obtained via social and hygienic moni-
toring performed by Rosgidromet and Ro-
spotrebnadzor’s regional office, and data ob-
tained via field observations that allowed 
assessing quality of the environment. It was 

__________________________ 
 
1 Isaeva R.B. Peculiarities of comorbid chronic pathology in children in areas near the Aral sea where ecological situation 

is adverse: the thesis of the dissertation … for the Doctor of Medical Sciences degree. Moscow, 2007, 48 p. (in Russian). 
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established that over a 5-year observation pe-
riod hygienic standards for ambient air qual-
ity were violated on the test territory as per 
contents of formaldehyde (13.3 average daily 
MPC), benzene (up to 7.7 average daily 
MPC), phenol (up to 3.5 average daily MPC), 
and particulate matter (up to 4.2 single maxi-
mum MPC). Besides, one third of samples 
contained methanol (up to 0.06 single maxi-
mum MPC). 

The next stage, namely exposure assess-
ment, involved calculating and analyzing 
risks of negative effects occurring under 
multi-component and multi-environment ex-
posure to chemicals (hazard quotient and in-
dex) and it allowed identifying priority 
chemical factors that created unacceptable 
health risks for exposed population and estab-
lishing critical organs and systems that were 
damaged by them. Unacceptable risk levels 
were detected on the test territory for respira-
tory diseases (HI chronic is up to 13.3) asso-
ciated with long-term exposure to particulate 
matter (HQ chronic is up to 9.6); pathology of 
the central nervous system (HI chronic is up 
to 6.4) and cardiovascular system (HI chronic 
is up to 5.1) caused by chronic exposure to 
benzene (HQ chronic is up to 4.25) and phe-
nol (HQ chronic is up to 1.7); immune pa-
thology (HI chronic is up to 7.6) caused by 
long-term exposure to benzene and formalde-
hyde (HQ chronic is up to 3.3). 

We performed structural-dynamic analy-
sis of morbidity and mortality among popula-
tion basing on data obtained from official sta-
tistic reports (The Federal Statistic Observa-
tion report Form No. 12 «Data on a number 
of diseases registered among patients who 
live on a territory where a medical organiza-
tion renders its services») and data on people 
applying for medical aid obtained from the 
Territorial Fund for Obligatory Medical In-
surance. This analysis allowed us to reveal 
whether a health risk found its actual realiza-
tion as a specific disease. Relative risk is a 
qualitative parameter showing a correlation 
between morbidity and influencing chemical 

risk factors. Dynamic analysis of statistical 
data obtained over the observation period on 
the test territory revealed that a growth in 
primary morbidity as per «Diseases of the 
respiratory organs» nosologic category among 
children amounted to 30.5 %, and primary mor-
bidity with cardiovascular pathology increased 
by 6.4 times (up to 14.79 ‰). A number of 
children suffering from bronchial asthma and 
allergic rhinitis that were first diagnosed in 
them grew by 1.2–42.8 times. Performed epi-
demiologic analysis allowed establishing a 
cause-and-effect relation between impacts 
exerted by the examined chemical environ-
mental factors and respiratory diseases 
(OR = 1.97), gastric diseases (OR = 1.7), and 
pathology of the nervous system (OR = 3.6). 

We performed a profound examination of 
reference groups in order to establish and 
quantitatively assess a probability of comorbid 
pathology among population living in residen-
tial areas exposed to a set of chemical factors. 
At an initial stage in the research we substanti-
ated exposure markers via building non-linear 
logistic regression models2 taking into account 
obtained authentic correlations between con-
centration of a chemical on blood and inhala-
tion exposure to it in ambient air: 

 
0 1( )

1
1 b b ap

e 


,   (1) 

where p is a probability that contents of 
an examined chemical in blood deviate from 
the standard; 

a is a dose of a chemical introduced with 
ambient air, mg/(kg·day); 

e is an exponent, an exponential function 
with its base being equal to an irrational number; 

b0, b1
 are parameters applied in a mathe-

matical model. 
We revealed that contents of benzene, 

phenol, formaldehyde, and methanol in exam-
ined children’s blood had statistically signifi-
cant cause-and-effect relations with doses of 
the said chemicals introduced with ambi-
ent  air (R2 = 0.18–0.30; 31.97 ≤ F ≤ 99.71; 
р = 0.0001–0,0005); subsequently, it allowed 

__________________________ 
 
2 Chetyrkin E.M. Statistical forecasting methods. Moscow, Statistika Publ., 1977, 356 p. (in Russian). 
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us to consider elevated concentrations of 
these chemicals to be exposure markers. 

Medical and biological examination in-
volves obligatory assessment of critical or-
gans and systems susceptible to negative ef-
fects produced by established chemical risk 
factors. Diseases are diagnosed basing on re-
sults obtained via clinical-functional and 
laboratory research techniques. In case a cor-
relation between a nosology and exposure to a 
chemical is revealed, one should only take 
into account those diagnoses that occur much 
more frequently than among non-exposed 
people (р ≤ 0.05) and correspond to func-
tional disorders in damage organs or systems 
in a body. 

When substantiating biomarkers of an ef-
fect, we took into account laboratory and func-
tional parameters that reflected disorders in 
critical organs and systems and had significant 
deviations from physiological standards and 
from average parameters revealed in the refer-
ence group with frequency of occurrence ex-
ceeding 5 %. Subsequently, a correlation be-
tween a factor and a biomarker was estab-
lished with a logistic model: 

 
0 1( )

1
1 I

Z
J b b x

p
e 




,  (2) 

where Z
Jp  is a probability that j-th bio-

marker will deviate from physiological stan-
dards under impacts exerted by i-th factor; 

e is an exponent, an exponential function 
with its base being equal to an irrational number; 

b0, b1
 are parameters applied in a mathe-

matical model; 
ix  is a value of i-th chemical factor. 

Besides, we determined a correlation be-
tween a biomarker and a disease that is given 
with the following formula: 
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where Y
Jp  is a probability that k-th disease 

will occur depending on a value of j-th bio-
marker; 

e is an exponent, an exponential function 
with its base being equal to an irrational number; 

b0, b1
 are parameters applied in a mathe-

matical model; 
jz  is a value of j-th biomarker. 

Under exposure to a set of factors a prob-
ability that j-th biomarker will deviate from 
the standard is given as: 

 1 (1 )Z Z
j ij

i
p p   ,  (4) 

where Z
jp  is a probability that j-th bio-

marker will deviate from standard. 
Complex influence exerted by biomarkers 

on a probability that k-th disease might occur 
was given as: 

 1 (1 )Y Z Y
k j jk

j

p p p   ,  (5) 

where Y
kp  is a probability that k-th disease 

will occur. 
Overall, when relationships are modeled 

sequentially within «exposure marker – labo-
ratory / functional parameter of a response 
(biomarker) – disease» system, it allows re-
vealing regularities in occurrence of diseases 
in respiratory organs and comorbid pathology 
(Figure). 

Subsequently a probability Yp  that co-
morbid pathology would occur was determined 
as per the following formula: 

 Y Y
k

k
p p .  (6) 

At the final stage we used (4) and put (5) 
into (6) thus obtaining an overall formula for 
determining a probability that comorbid pa-
thologies might occur: 

(1 (1 (1 (1 )) )).Y Z Y
ij jk

k j i
p p p         (7) 

Regression analysis involved testing the 
obtained models in order to determine their 
relevancy and authenticity; to do that, we ap-
plied one-factor dispersion analysis and took 
into account Fischer’s test value with 95 % 
significance, determination coefficient (R2) 
and Student’s t-test for significance being 
р ≤ 0.05. 
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Figure. A graphic image showing results obtained via analyzing relations  
between comorbid pathology parameters 

To establish biomarkers of an effect that 
were responses to increased concentrations of 
technogenic chemicals and that created patho-
genetically justified relations, we compara-
tively analyzed internal relations within  
«exposure marker – laboratory / functional 
parameter of a response» system separately 
for exposed and non-exposed population. 

Data obtained for the examined territory 
via performed sequential modeling allowed 
establishing biomarkers and cause-and-effect 
relations that characterized dependence be-
tween comorbid pathology development and 
deviations in markers under exposure to ele-
vated concentrations of organic saturated al-
cohols, aldehydes, and particulate matter.  
We revealed several markers that predicted 
such negative effects as bronchial asthma 
(Py = 0.13–0.29) and comorbid asthenoneu-
rotic syndrome (Py = 0.38–0.47) on the test 
territory where ambient air was contami-
nated with multi-component mixture of 
chemicals predominantly containing satu-
rated alcohols, aldehydes, and particulate 
matter. Those markers included allergization 
index pathogenetically related to increased 
formaldehyde contents in blood (R2 = 0.52; 
F = 193.67; р = 0.0001); increased contents 
of ionized calcium that was caused by in-
creased phenol contents in blood (R2 = 0.52; 

F = 193.67; р = 0.0001), creatine phosphokinase 
activity related to increased phenol and formal-
dehyde concentrations in blood (R2 = 0.59–0.69; 
533.28 ≤ F ≤ 1,028.48; р = 0.0001); activity 
of С-reactive protein related to increased 
benzene contents in blood (R2 = 0.42; F = 233.0; 
р = 0.0001); lower superoxide dismutase activity 
caused by increased formaldehyde, benzene, 
and phenol contents in blood (R2 = 0.38–0.69; 
188.63 ≤ F ≤ 287.67; р = 0.0001) and average 
daily contents of particulate matter in ambi-
ent air (R2 = 0.53; F = 291.03; р = 0.0001); a 
decrease in lungs vital capacity detected via 
spirography and depending on elevated 
methanol concentration in blood (R2 = 0.41; 
F = 108.64; р = 0.0001), and a decrease in 
maximum volume velocity at FEF25 caused 
by increased benzene and phenol contents in 
blood (R2 = 0.48–0.65; 324.95 ≤ F ≤ 613.16; 
р = 0.0001); increased average systolic blood 
pressure in the lung artery related to increased 
phenol concentration in blood (R2 = 0.83; 
F = 793.33; р = 0.0001) and average daily 
contents of particulate matter in ambient air 
(R2 = 0.25; F = 42.13; р = 0.0001); and an 
increase in the range shown by heart rate 
study related to increased phenol concentration 
in blood (R2 = 0.58; F = 485.6; р = 0.0001). 
We established that additional cases of these 
comorbid pathologies that were probabilisti-
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cally related to increased methanol, formal-
dehyde, benzene, and phenol contents in 
blood and increased contents of particulate 
matter in ambient air could reach 14 %, and 
a contribution made by the examined chemi-
cals into comorbid pathology development 
might be as high as 23.4 %. 

So, markers predicting bronchial asthma 
(Py = 0.13–0.29) and functional pathology in 
the gastrointestinal tract (Py = 0.58–0.77) asso-
ciated with aerogenic contamination with or-
ganic saturated alcohols, aldehydes, and par-
ticulate matter include elevated allergization 
index, ionized calcium contents, creatine phos-
phokinase and C-reactive protein activity, sys-
tolic blood pressure in the lung artery, the 
range in heart rate, lower superoxide dismu-
tase activity, lower lung vital capacity and 
maximum volume velocity at FEF25. Apart 
from them, we should also mention an increase 
in total bilirubin contents related to elevated 
benzene, phenol, formaldehyde, and methanol 
concentrations in blood (R2 = 0.32–0.61; 
58.93 ≤ F ≤ 517.70; р = 0.0001). A number of 
additional bronchial asthma cases and comor-
bid functional pathology in the gastrointestinal 
tract that are probabilistically associated with 
increased methanol, formaldehyde, benzene, 
and phenol contents in blood and increased 
contents of particulate matter in ambient air 
can amount to 15 %, and a contribution made by 
the examined chemicals into comorbid pathol-
ogy development might be as high as 14.2 %. 

All the obtained data allow developing 
individual prevention programs based on es-
tablished common pathogenetic mechanisms 

explaining how bronchial asthma and comor-
bid asthenoneurotic syndrome and functional 
pathology in the gastrointestinal tract develop 
simultaneously. 

Conclusions. Suggested methodical ap-
proaches to assessing risks of comorbid pa-
thologies occurrence under multi-component 
exposure to environmental factors have great 
practical value as they allow establishing cor-
relation within «environment – population 
health» system, predicting population and in-
dividual risks of environmental diseases; all 
this is an obligatory component in giving evi-
dence that damage was done to health during 
sanitary-epidemiologic investigations, inspec-
tions, and examinations. 

When comorbid diseases formation un-
der exposure to adverse multi-component 
chemical factors is examined with the sug-
gested algorithm for risk assessment, it allows 
spotting out key components in pathogenesis 
of these diseases occurrence; it can give 
grounds for developing relevant medical and 
prevention programs. 

Overall, use of suggested mathematical 
analysis procedures is aimed at making health 
risk management more efficient and minimiz-
ing health risks existing on territories where 
people live under combined exposure to vari-
ous adverse chemicals that contaminate the 
environment. 
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