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The methodology for health risk assessment and hygienic standardization of chemicals often neglects such a vulner-

able population group as people with chronic non-communicable diseases. According to the data provided by the WHO, the 
prevalence of such pathologies is high in many European countries; therefore, when a disease burden in a certain popula-
tion is unaccounted for, this may result in lower accuracy of accomplished assessments. On the other hand, introduction of 
too conservative safe factors when hygienic standards are being developed for chemicals in various media leads to high un-
certainty and excessive limitations. 

Our research goal was to provide scientific substantiation for a methodology for using experimental pathology 
models to improve reliability of hygienic standardization and accuracy of health risk assessments for sensitive population 
groups (people suffering from non-chronic communicable diseases) under exposure to naturally occurring chemicals. 
Another goal was to test this methodology by performing a case study on drinking water. The testing results indicate that 
a chronic 6-month exposure to model substances produced more apparent toxic effects on experimental animals with 
model pathologies (spontaneous hypertension and experimental gentamicin-induced nephropathy) in comparison with 
“healthy” animals. 

This allowed us to recommend using experimental models of congenital and induced animal pathology bearing in 
mind target organs for toxic effects produced by the analyzed chemicals to substantiate hygienic standards, health 
risks taken into account. This should be done at the stage when dose-dependent reactions are identified (determination 
of no-effect and / or threshold levels) in addition to studies performed on “healthy” animals. It is most appropriate to 
use this approach when the following conditions are met: 1) a research object is naturally occurring chemicals that 
are widely spread in the environment due to its natural formation; 2) pathologies of organs (systems) that are targets 
for biological effects produced by the tested chemicals are widely spread in a population (circulatory diseases, dis-
eases of the excretory system, etc.). 

Keywords: experimental pathology models, nephropathy, spontaneously hypertensive rats, risk assessment, hygienic 
standardization, sensitive population groups, methodological approaches, barium, total mineralization. 
 

 
It is a common practice to use an uncer-

tainty factor when developing hygienic stan-
dards for chemicals in environmental ob-
jects. This factor is used to achieve proper 
transfer to standardized values from thresh-
old or no-effect doses (concentrations) de-
termined through experiments on laboratory 
animals, mathematical modeling, or epide-

miological studies. Uncertainty factor is as-
sumed to consider all basic uncertainties in-
cluding intraspecies and interspecies varia-
tion as well as database deficiencies 
(availability or absence of data on chronic 
and specific toxicity, reproductive toxicity or 
other remote effects; scales of an experiment 
or an epidemiological study are also impor-
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tant). This approach is widely used in na-
tional, regional (the EAEU countries) and 
the best international practices [1, 2]. 

According to several researchers, when 
a conservative uncertainty factor equal to 10 
is applied for intraspecific variation, this 
may guarantee covering only 80–95 % of 
variability inherent to human population if 
we remember about differences in metabo-
lism of xenobiotics [3]. Later it was noted, 
that this analysis did not include certain 
population sub-groups (age-related effects or 
those produced by genetic polymorphism 
were neglected etc.). In addition, a large 
group of potentially vulnerable people was 
neglected although these people are much 
more sensitive than “an average healthy 
adult person” is, for example, due to pa-
thologies or functional disorders of an organ 
or a system of organs participating in toxi-
cant metabolism [4–9]. If we allow for all 
the aforementioned indicators, then uncer-
tainty factor with its established value equal 
to 10 can “protect” only 60 % of population 
[10, 11]. Besides, if people have certain 
chronic pathologies, they tend to take drugs 
for a long-term period. These drugs can 
make substantial alterations into a direct or 
indirect response given by the body to 
chemical exposure1 [12, 13]. Preexisting 
kidney diseases undoubtedly play a signifi-
cant role in occurring nephrotoxic disorders. 
Experiments involving laboratory animals 
provided convincing evidence that common 
human diseases (hypertension, kidney failure 
and kidney ischemia) enhanced renal toxic 
effects produced by cyclosporine and bacte-
rial endotoxins. However, there are rather 
scarce scientific data on actual predictive 
value of clinical observations and results 
produced by experiments involving labora-
tory animals. Chemical toxicity is usually 
examined in experiments on healthy labora-
tory animals. This does not allow extrapolat-
ing their results on such vulnerable popula-

tion groups as people suffering from chronic 
non-communicable diseases and / or taking 
drugs constantly. 

Recently, multiple research works have 
been accomplished with their focus on pro-
viding substantiation for methodical ap-
proaches to selecting the most optimal fac-
tors of intraspecific and interspecific uncer-
tainty together with establishing the most 
relevant values of uncertainty factors. For 
example, so called chemical-specific adjust-
ment factors (CSAFs) have been developed; 
they consider data on toxicokinetics and 
toxicodynamics of a chemical and its me-
tabolites in the body [14, 15]. Use of CSAFs 
has already been formalized in international 
recommendations and implemented into risk 
assessment practices2 [16]; however, this ap-
proach also covers only optimal conditions 
when all the organs are healthy and function 
properly. 

Therefore, such a vulnerable population 
group as people with chronic diseases is ne-
glected completely in assessing health risks 
caused by exposure to chemical factors and in 
hygienic standardizing. We should note that 
there are certain global trends in population 
health that are also typical for the Republic of 
Belarus and most countries in the WHO-Euro 
region. These trends include excessive preva-
lence of chronic non-communicable diseases 
that account for 86 % in mortality and 77 % 
in the overall disease burden. Diseases of the 
circulatory system and oncological diseases 
are priority ones; their etiology may be poten-
tially associated with exposure to chemical 
factors [17]. 

When the disease burden in a given 
population is neglected, this undermines ac-
curacy of health risk assessment and hygienic 
standardization based on the conventional ap-
proach. At the same time, introduction of too 
high uncertainty factors when establishing 
maximum permissible concentrations in vari-
ous media leads to high uncertainty and  

__________________________ 
 
1 Myasnikov А.L. Patogenez gipertonii [Pathogenesis of hypertension]. Gipertoniya voennogo vremeni. Leningrad, MSU 

VMF Publ., 1945, pp. 4–16 (in Russian). 
2 Chemical-specific adjustment factors for interspecies differences and human variability: guidance document for use of 

data in dose/concentration–response assessment. Geneva, World Health Organization, 2005, 96 p. 
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excessive limitations. A good example here 
can be impossibility to use water from certain 
sources in drinking water supply since it con-
tains natural chemicals in concentrations 
higher than established in “strict” standards 
and its treatment requires significant costs 
(barium).  

Given all the above-stated, we can con-
clude that it is vital to develop more reliable 
hygienic standards and to accomplish more 
accurate health risk assessment under expo-
sure to chemicals allowing for sensitive 
population groups. The issue is especially 
interesting when it comes down to substanti-
ating hygienic standards for natural chemi-
cals that occur in environmental objects in 
elevated concentrations due to regional pecu-
liarities.  

In the present study, we suggest a new 
methodical approach to reduce uncertainties 
associated with neglected potentially higher 
sensitivity of a vulnerable population group 
(people suffering from chronic non-commu-
nicable diseases or taking certain drugs con-
stantly) in assessing health risks caused by ex-
posure to naturally occurring chemicals and in 
their hygienic standardization. 

Obviously, experimental pathology mod-
els, including spontaneously hypertensive rats 
(SHR), have been used for quite a long time 
to assess pharmacological properties of drugs 
[18–24] and to examine influence exerted on 
a developing pathology by certain food prod-
ucts [25, 26]. Such models are also applied in 
some toxicological studies, for example, a 
hypertension model to assess small doses of 
pollutants in ambient air or acute exposure to 
ethanol in small doses [27, 28]. However, 
there is no available methodology for sys-
temic use of pathology models in assessing 
health risks and substantiating hygienic stan-
dards for naturally occurring chemicals in the 
environment.   

Our research goal was to provide sci-
entific substantiation for a methodology for 
using experimental pathology models con-
sidering the most common target organs and 
biological effects produced by the analyzed 
chemicals and to test this methodology. Its 

main purpose is to improve reliability of hy-
gienic standardization and accuracy of health 
risk assessments for sensitive population 
groups under exposure to naturally occurring 
chemicals. 

To achieve the goal, the following tasks 
were set: 

1) to examine the existing experimental 
pathology models (exemplified by hyperten-
sion models and nephropathy models) and to 
substantiate their selection for further ex-
perimental testing of their use in hygienic 
standardization and health risk assessment 
(on the example of drinking water and its 
model chemical indicators typical for hydro-
chemical conditions in the republic); 

2) to analyze and comparatively assess 
biological effects produced by model chemical 
indicators under different levels of exposure 
on healthy animals (average or standardized 
models) and experimental pathology models 
(risk group models); 

3) to substantiate methodical approaches 
to applying experimental pathology models in 
hygienic standardization of naturally occurring 
chemicals based on health risk assessment 
considering sensitive population groups. 

Materials and methods. Within the pre-
sent study, we selected two experimental pa-
thology models, namely, hypertension (spon-
taneous) and nephropathy (experimental  
gentamicin-induced) to test the suggested me-
thodical approaches. Our choice is well 
grounded by performed analysis considering a 
whole set of relevant criteria. 

A model chemical (barium) and a gen-
eralized indicator (total mineralization) were 
selected based on the following criteria:  
1) relevance for regional hygienic standardi-
zation is confirmed by their prevalence in 
drinking water in the republic due to natural 
peculiarities of underground water-bearing 
horizons; 2) the cardiovascular and excretory 
system are exposure targets for model 
chemicals; their biological effects have been 
proven by multiple experiments and their 
threshold effects were considered in provid-
ing substantiation for national and foreign 
safety standards and levels recommended by 
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the WHO3; 3) non-communicable diseases of 
organs (systems) that are target ones for bio-
logical effects produced by the analyzed 
chemicals  are widely spread in population. 

The suggested models were tested in a  
6-month chronic experiment on laboratory ani-
mals. The animals drank water containing the 
analyzed chemicals in different concentrations; 
they had free access to water during the whole 
experiment and no limitations were imposed on 
drinking. Chemical concentrations were sub-
stantiated allowing for toxicometric parameters 
used in establishing standards for the analyzed 
chemicals at the national and international lev-
els. These parameters were non-effective con-
centrations and concentrations that would cer-
tainly produce biological effects on healthy 
laboratory animals: water with barium concen-
tration 1.3 mg/l and 70 mg/l and total minerali-
zation being 1500 and 10,000 mg/l accordingly. 

To test experimental pathology models, we 
created five groups, 10 randomly bred white 
male rats in each. The control group had free 
access to drinking water without any limitations 
on its consumed amount and the remaining four 
test groups drank water with the relevant con-
centrations of analyzed model chemicals  
(“control”, “Ba 1.3”, “Ba 70”, “M 1500” and  
“M 10,000” groups in the classical model). 

To model nephropathy, we created five 
groups of rats, 10 animals in each. Prior to the 
experiment, gentamicin was administered in-
traperitoneally in a dose 70 mg/kg/day for 
10 days. After nephropathy developed, one 
group (“control”) had free access to water in 
unlimited quantities and the remaining four 
test groups drank water with the analyzed sub-
stances in relevant concentrations (“EINP 
control”, “EINP Ba 1.3”, “EINP Ba 70”, 
“EINP М 1500”, “EINP М 10,000”  groups in 

the experimentally induced nephropathy 
(EINP) model). 

To test the hypertension model, we cre-
ated three groups, 10 male SHR (spontane-
ously hypertensive rats) in each. The animals 
had persistent elevated blood pressure. The 
control group and two test groups had free ac-
cess to the initial water and water with barium 
concentrations being 1.3 and 70 mg/l accord-
ingly (“SHR control”, “SHR Ba 1.3”, “SHR 
Ba 70” in the hypertension model). 

All our experiments were performed on 
randomly bred male white rats from the 
vivarium of the Scientific and Practical Center 
for Hygiene and SHR from the vivarium of the 
Institute for Bioorganic Chemistry of the Bela-
rus National Academy of Sciences. Prior to the 
experiments, animals underwent a two-week 
quarantine period. Experimental animals had 
to be active, with good appetite, smooth and 
shiny fur and proper coloring of visible mu-
cosa. They also had to be accustomed to stan-
dard nutrition provided in the vivariums. 

Water with relevant barium (Ba) concen-
tration and mineralization (M) was prepared 
by dissolving powder 2-water barium chloride 
(“VEKTON” LLC, Russia, State Standard 
GOST 4108-72) and a powder mineral addi-
tive called “Severyanka” (“Eko-proekt” LLC, 
Russia) in required proportions accordingly. 

The experimental animals were weighed 
daily during the whole 6-month experiment; 
we also assessed their daily water consumption 
and noted any clinical signs of intoxication or 
deaths. To determine whether hypertension as 
an analyzed critical effect was developing, we 
took systolic blood pressure (SBP), diastolic 
blood pressure (DBP) and heart rate (HR) in 
all the rates prior to the experiment and after it 
was over. The indicators were measured by 

__________________________ 
 
3 Guidelines for Drinking-water Quality (4th ed. with adds). Geneva, WHO, 2017, 631 p.; Barium in Drinking Water: 

Guideline Technical Document for Public Consultation. Health Canada, 2018, 52 p. Available at: https://www.canada.ca/
content/dam/hc-sc/documents/programs/consultation-barium-drinking-water/document-eng.pdf (November 20, 2021); Barium in 
Drinking-water: Background document for development of WHO Guidelines for Drinking-water Quality. WHO, 2016, 21 р. 
Available at: https://cdn.who.int/media/docs/default-source/wash-documents/wash-chemicals/barium-background-jan17.pdf? 
sfvrsn=9a2355a1_4 (November 20, 2021); Toxicological profile for barium and barium compounds. US Department of Health and 
Human Services, Public Health Service, Agency for Toxic Substances and Disease Registry, 2007, 231 р. Available at: 
http://www.atsdr.cdc.gov/toxprofiles/tp24.pdf (November 20, 2021); Barium and Compounds. CASRN 7440-39-3. US Environ-
mental Protection Agency, National Center for Environmental Assessment, 2005, 34 р. Available at: https://cfpub.epa.gov/
ncea/iris/iris_documents/documents/subst/0010_summary.pdf (November 20, 2021). 
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using “Systola” system for non-invasive blood 
pressure measurement in rats and “Flogiston” 
platform manufactured by “Nuerobotiks” 
LLC, Russia. 

White rats were taken from the experi-
ment by decapitation followed by autopsy 
that involved determining relative mass coef-
ficients (RMC) of internal organs. To exam-
ine morphofucntional state of experimental 
animals’ bodies, we applied various analysis 
techniques. We assessed relevant biochemical 
indicators of blood serum including urea, lac-
tate dehydrogenase (LDG), cholesterol, gam-
ma-glutamyl transpeptidase (GGT), aspartate 
aminotransferase (AST), alanine aminotrans-
ferase (ALT), albumin, creatinine, total biliru-
bin and total protein, α-amylase, glucose, uric 
acid, high and low density lipoproteins (HDLP 
and LDLP), phosphor, iron and magnesium. 
These indicators as well as functional indicators 
of the urinary excretion system were examined 
with Accent 200 automated biochemical ana-
lyzer (Poland). We examined morphofucntional 
composition of peripheral blood by flow cy-
tometry performed with Mythic 18 hematology 
analyzer (Switzerland); morphological structure 
of animals’ internal organs was examined using 
conventional procedures.  

Experimental animals were cared for in 
conformity with the ethical principles of good 
laboratory practice4. 

All the experimental data were statisti-
cally analyzed with parametric and non-
parametric procedures that are conventionally 
applied in medical and biological research. 
The analysis was performed in Statistica 10 
and MS Excel software packages. The critical 
significance level for testing statistical hy-
potheses was taken at р < 0.05. 

Results and discussion. Functional 
changes detected in the rats from “EINP con-
trol” indicated that the model pathology 
(chronic nephropathy) was developing in them 
in contrast to white rates that were not given 
any gentamicin (“control”). We detected a sta-
tistically significant decrease in phosphor concen-
tration in blood, by 13.5 %; LDLP, by 1.9 times; 

urea, by 2.3 times (р < 0.001); total protein, by 
16.9 % (р < 0.01); albumin, by 18.1 %  
(р < 0.003). There was a growth in concentra-
tions of uric acid (by 29.8 %) (р < 0.04); crea-
tinine (by 25.4 %); glucose (by 22.9 %); AST 
(by 13.6 %) (р < 0.001); ALT, by 43.9 %  
(р < 0.007). We also detected a decline in daily 
diuresis by 19.1 % (р < 0.004) and multi-
directional shifts in protein and mineral me-
tabolism. Thus, we established that secretion of 
total protein was by 1.2 times higher (р < 0.008); 
phosphor concentration was by 2.3 times lower; 
magnesium concentration, by 2.6 times lower; 
urea and creatinine concentration in urine were 
by 1.4 and 1.3 times lower accordingly (at 
р < 0.001). We also detected that leukocyte levels 
were by 12.1 % higher in the animals with in-
duced nephropathy in comparison with healthy 
animals, including neutrophils (by 20.0 %), 
monocytes (by 2.2 times), eosinophils (by 
29.3 %) and basophils (by 1.4 times) (р < 0.01). 

Research results under exposure to the 
model chemicals indicated absence of any sig-
nificant changes in overall health of animals 
from all 13 experimental groups throughout 
the chronic experiment. Water consumption 
remained at reference levels. A daily dose for 
laboratory animals that were given barium so-
lutions in concentrations equal to 1.3 and 
70 mg/l amounted to 0.05 and 2.7–2.9 mg/kg 
accordingly (Table 1). 

We examined functional indicators of 
laboratory animals after the experiment was 
over and established statistically significant 
disorders occurring in some organs and sys-
tems. Thus, chronic consumption of water 
with barium concentration being 70 mg/l 
made for a statistically significant rise in 
blood pressure (both systolic and diastolic) in 
all experimental groups. White rats had SBP by 
5.5 % (р < 0.003) and DBP by 9.4 % (р < 0.009) 
higher; animals with induced neuropathy, 
SBP by 9.7 % (р < 0.001) and DBP by 9.3 % 
(р < 0.005) higher; hypertensive rats, SBP  
by 14.8 % (р < 0.003) and DBP by 18.6 % 
(р < 0.02) higher (Table 2). Hypertension de-
veloped most apparently under exposure to

__________________________ 
 
4 Guide for the care and use of laboratory animals. Washington, D.C., National Academies Press, 1996, 154 p. 
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T a b l e  1  
A consumed dose and water consumption by rats under exposure to solutions with different 

barium concentrations and mineralization levels in the chronic experiment, Мe (P25–P75) 
Experiment groups Indicators, measuring units 

Animals Group Water consumption, ml Dose, mg/kg a day  
“control” 84.6 (71.4–97.8) – 
“Ba1.3” 84.8 (71.6–98.0) 0.05 (0.05–0.05) 
“Ba 70” 84.7 (71.5–97.9) 2.70(2.68–2.72) 

“M 1500” 84.6 (71.4–97.8) – 
White rats 

“M 10,000” 85.0 (71.8–98.2) – 
“EINP control” 85.2 (71.9–98.3) – 
“EINP Ba 1.3” 85.0 (71.7–98.0) 0.05 (0.05–0.05) 
“EINP Ba 70” 85.3 (72.0–98.3) 2.71 (2.57–2.75) 

“EINP М 1500” 91.6 (72.8–103.5) – 

White rats with  
neuropathy (EINP) 

“EINP М 10,000” 84.5 (78.1–97.1) – 
“SHR control” 105.0 (91.7–120.7) – 
“SHR Ba 1.3” 106.3 (93.0–119.3) 0.05(0.05–0.06) SHR (spontaneously 

hypertensive rats) “SHR Ba 70” 107.4 (94.1–120.4) 2.91(2.68–3.17) 

T a b l e  2  
Blood pressure and heart rate of SHR under exposure to solutions with different barium 

concentrations in the chronic experiment, Мe (P25–P75) 
Blood pressure, measuring units 

Initial After 6 months Experimental  
groups SDP,  

mm Hg 
DBP,  

mm Hg 
Heart rate,  

str./min 
SDP,  

mm Hg 
DBP,  

mm Hg 
Heart rate,  

str./min 

“SHR control” 140  
(138–144) 

123  
(118–125) 

484  
(471–490) 

189  
(177–201) 

167  
(160–190) 

534  
(520–556) 

“SHR Ba 1.3” 142  
(133–147) 

122  
(113–123) 

483  
(473–491) 

189  
(184–202) 

175  
(163–186) 

544  
(532–555) 

“SHR Ba 70” 145  
(139–148) 

123  
(111–129) 

486  
(479–491) 

217  
(210–226)* 

198  
(193–206)* 

534  
(528–545) 

N o t e : * means statistically significant differences at р < 0.02. 
 

barium in a concentration equal to 70 mg/l in 
SHR since their blood pressure on average 
grew by 30 mm Hg with DBP growth being 
the most apparent. Heart rate did not change in 
any experimental group. 

We detected a statistically significant 
growth in rats’ body mass in the experiment 
that involved chronic exposure to barium in 
drinking water in a concentration equal to 
70 mg/l.  Body mass of white rats grew by 
2.8 % (р < 0.003); rats with nephropathy, by 
6.1 % (р < 0.02); and hypertensive rats, by 
5.1 % (р < 0.01) whereas there was no growth 
in body mass of rats from all the other test 
groups against the control ones. 

When animals with kidney failure and 
without any renal pathology were exposed to 

barium in a concentration equal to 70 mg/l, 
this made for developing leukocytosis. It be-
came apparent via growing levels of leuko-
cytes and neutrophils, by 19.9 and 32.0 %  
(р < 0.003) against the control groups and by 
14.6 and 16.7 % (р < 0.01) accordingly against 
the control group with nephropathy (EINP 
control). We also detected a 10.9 % decrease 
in thrombocytes (р < 0.006) and lower hemo-
globin contents in erythrocytes (by 7.2 %)  
(р < 0.001), which determined its level in the 
test animal being by 4.2 % (р < 0.001) lower 
than in the control animals with nephropathy. 

Toxic effects produced by barium on 
animals with nephropathy became obvious due 
to a more apparent decline by 12.5 % in total 
protein contents in blood (р < 0.006), and a 
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5.0 % growth in creatinine concentration  
(р < 0.001). Changes detected in blood serum 
of experimental animals with model pathology 
that were exposed to solutions with minerali-
zation equal to 10,000 mg/l became obvious 
since mineral metabolism was apparently im-
paired. It was confirmed by statistically sig-
nificantly lower phosphor and magnesium 
concentrations, by 19.7 and 12.5 % accord-
ingly, as well as a 2.2 time decrease in uric 
acid concentration against the control group of 
white rats that were given gentamicin. 

Exposure to barium in a concentration 
equal to 70 mg/l initiated weak leukocytosis in 
SHR as well but there were no other statisti-
cally significant changes in morphofucntional 
indicators of SHR blood (Table 3). 

We compared biochemical blood indica-
tors under exposure to barium in a concentra-
tion equal to 70 mg/l in the white rats control 
and SHR. The comparison revealed lower con-
tents of total protein, by 20.7 % (р < 0.004) 
and 16.2 % (р < 0.001); and a higher AST 
concentration, by 21.4 % (р < 0.001) and 
10.6 % (р < 0.003) accordingly. We should 
note that there were multi-directional shifts in 
mineral metabolism of hypertensive rats ex-
posed to barium in a concentration equal to 

70 mg/l such as an increase in phosphor con-
centration in blood serum by 25.7 % (р < 0.001) 
and a decline in magnesium concentration by 
7.8 % (р < 0.02). 

Chronic exposure to barium in a concen-
tration equal to 70 mg/l induced proteinuria and 
its signs were more apparent in animals with 
nephropathy. Spontaneously hypertensive rats, 
in contrast to other animals, had statistically 
significant disorders of mineral metabolism and 
nitrogen-containing products of protein metabo-
lism in their urine under exposure to barium in 
a concentration equal to 70 mg/l (Table 4).  

We did not detect any changes in func-
tional state of white rats’ kidneys after they 
were exposed to drinking water with minerali-
zation being 1500 mg/l. Still, drinking water 
with mineralization being 10,000 mg/l induced 
functional disorders of the urinary excretion 
system. We detected a statistically significant 
decrease in phosphor and magnesium contents 
in urine, by 42.4 and 35.7 % accordingly to-
gether with elevated urea excretion; these 
signs were even more apparent in animals with 
chronic nephropathy. We should also note that 
α-amylase excretion with urine fell by 19.4 % 
(р < 0.01) in comparison with the control 
white rats with kidney pathology. 

T a b l e  3  
Morphofunctional indicators of SHR blood under exposure to solutions with different barium 

concentrations in the chronic experiment, Мe (P25–P75) 
Experimental groups, exposure levels, mg/l Indicators,  

measuring units Control Ba 1.3 Ba 70 
Leukocytes, ×109 cells/l 14.2 (13.6–14.9) 14.5 (12.9–15.5) 16.7 (15.9–17.2)* 
Neutrophils, ×109 cells/l 2.7 (2.5–2.9) 2.6 (2.4–2.8) 3.2 (2.9–3.5)* 
Lymphocytes, ×109 cells/l 9.4 (8.5–10.2) 9.1 (8.4–9.9) 9.3 (8.3–9.9) 
Monocytes, ×109 cells/l 1.2 (0.9–1.6) 1.0 (0.7–1.5) 1.1 (0.9–1.3) 
Eosinophils, ×109 cells/l 0.87 (0.80–0.91) 0.87 (0.81–0.91) 0.89 (0.83–0.95) 
Basophils, ×109 cells/l 0.18 (0.11–0.19) 0.17 (0.16–0.20) 0.18 (0.15–0.21) 
Erythrocytes, ×1012 cells/l 8.2 (8.0–8.4) 8.1 (8.0–8.3) 8.1 (7.9–8.6) 
Hemoglobin concentration, g/l 142 (139–143) 140 (139–141) 143 (142–143) 
Hematocrit, l/l 0.39 (0.37–0.41) 0.38 (0.37–0.39) 0.39 (0.39–0.40) 
Average erythrocyte volume, fl 51.4 (51.0–51.8) 51.1 (50.2–51.7) 51.5 (49.8–52.1) 
Average hemoglobin contents in 
erythrocytes, pg 18.3 (18.1–18.7) 18.3 (18.1–18.7) 18.5 (17.8–18.7) 

Average hemoglobin concentration 
in erythrocyte, g/l 363 (362–364) 363 (362–364) 364 (362–368) 

Thrombocytes, ×109 cells/l 849 (823–935) 853 (729–1015) 863 (844–900) 
Average thrombocyte volume, fl 6.2 (6.1–6.3) 6.2 (6.1–6.3) 6.3 (6.1–6.3) 

N o t e : * means statistically significant differences at р < 0.001. 
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T a b l e  4  
Functional state of SH rats’ kidneys under exposure to solutions with different barium 

concentrations in the chronic experiment, Мe (P25–P75) 
Experimental groups, exposure levels, mg/l Indicators,  

measuring units Control Ba 1.3 Ba 70 
Total protein, g/l 5.4 (5.2–6.0) 5.6 (5.4–5.8) 6.6 (6.1–7.0)* 
Phosphor, mmol/l 33.9 (22.5–43.0) 33.3 (28.7–38.3) 17.9 (14.8–20.0)* 
Iron, µmol/l 17.4 (17.1–17.5) 17.3 (16.4–17.5) 17.3 (16.4–18.7) 
Magnesium, mmol/l 0.87 (0.54–0.98) 0.92 (0.81–1.00) 0.51 (0.46–0.54)* 
Urea, mmol/l 251 (230–329) 232 (213–258) 192 (177–224)* 
Uric acid, µmol/l 3700 (3303–3706) 3568 (3310–3689) 2916 (2791–3048)* 
α-amylase, units/l 1185 (986–1234) 1197 (1074–1293) 1134 (1026–1247) 
Creatinine, µmol/l 5244 (3480–6476) 5305 (4848–5935) 2753 (2359–3073)* 
Glucose, mmol/l 0.99 (0.83–1.05) 1.02 (0.97–1.07) 0.92 (0.82–0.98) 
Diuresis, l-3/days 13.8 (13.0–14.1) 14.4 (14.0–15.2) 13.6 (13.1–13.9) 
pH, pH units 7.1 (7.0–7.2) 6.9 (6.7–7.0) 7.0 (6.7–7.2) 

N o t e : * means statistically significant differences at р < 0.01. 
 
We analyzed relative mass coefficients 

(RMC) of internal organs taken from the ex-
perimental animals 6 months after gentamicin 
was administered in them. The analysis  
revealed that the liver mass grew by 5.3 %  
(р < 0.02) and the stomach mass grew by 
16.4 % (р < 0.001) whereas kidney RMC went 
down by 6.8 % (р < 0.03). The heart mass 
grew statistically significantly in all animal 
groups (SHR, rats with nephropathy, white rats 
without kidney pathology) under exposure to 
water solutions with mineralization being 
10,000 mg/l and barium in a concentration 
equal to 70 mg/l.  Barium in this concentration 
also made for a decrease in liver and stomach 
RMC by 6.8 % (р < 0.04) and 21.2 % (р < 0.001) 
accordingly in animals with nephropathy and 
mineralization equal to 10,000 mg/l induced a 
decrease in the stomach mass by 20.0 % at  
р < 0.001. 

The aforementioned changes in relative 
mass components as well as functional disor-
ders detected in internal organs of experimen-
tal animals are confirmed by morphological 
examinations. Thus, after white rates were 
chronically exposed to barium in a concentra-
tion equal to 70 mg/l, we detected slight focal 
diffuse dystrophic changes in their cardiac 
muscle, signs of myocarditis, focal chronic 
hepatitis with slight hepatocytes dystrophy 
(1/3 parts of the lobule periphery), pyelitis and 
moderate dystrophic and necrobiotic changes 

in the epithelium of the proximal renal tubules. 
Chronic exposure to water solutions with min-
eralization being 10,000 mg/l resulted in kid-
ney, heart and liver lesions in experimental 
animals. We detected focal diffuse dystrophic 
changes in the cardiac muscle and myocarditis, 
focal chronic hepatitis with hepatocytes dys-
trophy (2/3 parts of the lobule periphery), pye-
litis and focal dystrophic changes in the epi-
thelium of the proximal renal tubules, chronic 
slight active atrophic-hyperplastic gastritis.  

After gentamicin was administered into 
experimental animals from “EINP control” 
group, we detected the following changes in 
their internal organs: slight liver and kidney 
dystrophy, signs of pyelitis together with 
glomerule lesions and signs of hepatitis. We 
did not detect any pathological changes in the 
heart and stomach. However, after white rats 
were exposed to barium in a concentration 
equal to 1.3 mg/l, we detected slight disorders, 
such as changes in the kidneys together with 
pyelitis but there were no toxic effects pro-
duced on the heart or stomach. After exposure 
to barium in a concentration equal to 70 mg/l, 
the animals had apparent changes in the kid-
neys, cardiac muscle lesions with developing 
myocarditis, and slight hepatocytes dystrophy. 
There was also chronic active gastritis with 
signs of hyperplasia and gland epithelium at-
rophy. Mineralization equal to 1500 mg/l in-
duced slight hepatocytes dystrophy, signs of 
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hepatitis, and slight changes in the kidneys of 
the experimental animals with nephropathy 
without any toxic effects produced on the heart 
or stomach. However, after these animals were 
exposed to water solutions with mineralization 
being 10,000 mg/l, we established moderate 
lesions of the cardiac muscle and kidneys, 
signs of developing pyelitis and myocarditis, 
moderate hepatocytes dystrophy as well as 
chronic active gastritis with hyperplasia and 
gland atrophy together with epithelium hyper-
secretion. 

After SH rats underwent chronic exposure 
to barium in water in a concentration being 
equal to 1.3 mg/l, we did not detect any signs 
of toxic effects produced on the heart, liver or 
stomach of the experimental animals. There 
were slight changes in the epithelium of 
proximal renal tubules typical for such labora-
tory animals. After hypertensive rats were ex-
posed to barium in a concentration equal to 
70 mg/l, they had apparent changes in the epi-
thelium of the proximal renal tubules, develop-
ing glomerulonephritis and pyelitis; there were 
also moderate lesions of the liver and heart. 
We detected chronic active gastritis with signs 
of both hyperplasia and gland atrophy and epi-
thelium hypersecretion and desquamation. 

Therefore, our test results indicate that 
toxic effects produced by the model chemicals 
under chronic 6-month experimental exposure 
were more apparent in the animals with mod-
eled experimental pathologies (spontaneous 
hypertension and experimentally gentamicin-
induced nephropathy) than in the classical 
(healthy) animals. Morphofucntional disorders 
detected in the urinary excretion system, car-
diovascular system and hepatobiliary system 
proved that pathologies were developing in the 
experimental animals under chronic exposure 
to the analyzed chemicals in certainly effective 
concentrations. Toxic effects produced by bar-
ium in a concentration equal to 70 mg/l be-
came apparent through developing leukocyto-
sis, impaired protein metabolism, elevated 
blood pressure, morphofucntional changes in 
the heart with its mass growing obviously, as 
well as signs of chronic hepatitis, pyelitis, and 
dystrophic changes in the epithelium of the 

proximal renal tubules. After white rats were 
exposed to water with mineralization being 
10,000 mg/l, this led to impaired mineral and 
protein metabolism as well as developing 
slight lesions of the kidneys, heart and liver. 
Barium in a concentration equal to 1.3 mg/l 
and mineralization being 1500 mg/l can be 
considered no-effect doses in this chronic ex-
periment on rats. 

Conclusions. We have suggested me-
thodical approaches to applying experimental 
pathology models to assess health risks and to 
establish hygienic standards for chemicals. 
The approaches consider sensitive population 
groups (people suffering from chronic non-
communicable diseases or taking certain drugs 
constantly). The methodology was tested on 
drinking water in the chronic experiment on 
model animals with spontaneous hypertension 
and experimentally induced chronic nephropa-
thy. The model chemical indicators (barium 
and total mineralization) were selected for the 
experiment since they are typical for water-
bearing horizons in the Republic of Belarus. 
The results confirmed our assumption that pa-
thology models were authentically more sensi-
tive and susceptible to toxic effects produced 
by the analyzed chemicals than classical mod-
els (“healthy” animals). 

This allowed us to recommend using ex-
perimental models of congenital and induced 
animal pathology bearing in mind target or-
gans for toxic effects produced by the ana-
lyzed chemicals to substantiate hygienic stan-
dards, health risks taken into account. This 
should be done at the stage when dose-
dependent reactions are identified (determina-
tion of no-effect and/or threshold exposure 
levels) in addition to conventional studies per-
formed on “healthy” animals. It is most appro-
priate to use this approach when the following 
conditions are met: 1) a research object is 
naturally occurring chemicals that are widely 
spread in the environment due to its natural 
formation; 2) pathologies of organs (systems) 
that are targets for biological effects produced 
by the tested chemicals are widely spread in a 
population (circulatory diseases, diseases of 
the excretory system, etc.). 
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It is also quite appropriate to examine bio-
logical effects produced by chemicals to de-
termine their no-effect concentrations (doses) 
for reference effects in a chronic experiment 
on animals with model pathologies. Model pa-
thologies should be selected bearing in mind 
organs that are targets for toxic effects pro-
duced by analyzed chemicals. When such ex-
periments are performed in addition to conven-
tional ones on “healthy” animals, this allows 
achieving more precise health risk assessment 
and creating more reliable hygienic standards 
for chemical concentrations in the environ-
mental objects. This gives an opportunity to 
consider sensitive population groups and can 
also “enhance” an evidence base when hygi-
enic standards for chemicals in various media 

are being revised, regional peculiarities taken 
into account, to make them less “strict” (risk-
based standardization).  

The suggested methodical approaches 
have been formalized in the instructions 
“The procedure for hygienic standardization 
of chemicals in drinking water as per health 
risk”. 
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