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ABSTRACT

Introduction. The inherent limitations of conventional water quality and safety monitoring for public drinking water supplies underscore the urgent need for “in 
vitro” cellular models. Such models provide a robust framework for the rapid screening and identification of chemical contaminants in water samples.
The purpose of the work is to substantiate, based on the results of experimental modeling, the possibility of using the HuTu 80 human cell culture to detect chemical 
contamination of water sources for household and drinking water use by the population.
Materials and methods. The quality and safety of drinking water sources were assessed using an expanded set of forty five sanitary-chemical indicators, including 
the mandatory minimum (MR 2.1.4.0176–20), in compliance with the regulatory standards established in SanPiN 1.2.3685–21. The response of the HuTu 80 cell 
line to water samples was assessed by monitoring changes in mitochondrial dehydrogenase activity following a 48-hour exposure period.
Results. 5 out of 10 water samples exerted an adverse impact on the HuTu 80 cell line, although only two samples showed concentrations of chemical substances 
(magnesium, sodium, lithium ions, as well as chlorides and sulfates) exceeding established regulatory limits. Experimental modeling of the native water composition 
for the first time demonstrated that metabolic inhibition could be attributed to the presence of magnesium, sulfate, and lithium ions at concentrations both above and 
below their respective maximum permissible levels. Furthermore, the combined effect of these inorganic ions induced a more pronounced shift in metabolic activity 
compared to the influence of each individual component.
Limitations. The present study is limited by the requirement for specialized equipment and precision analytical instruments, a relatively small sample size, and the 
necessity to account for microbiological factors.
Conclusions. The results of the study on native water samples and experimental modeling of their composition demonstrated the potential of using the HuTu 80 cell 
culture to detect chemical pollution in drinking water sources when maximum permissible concentrations for individual sanitary-chemical indicators are exceeded.
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Introduction
The assessment of the quality and safety of water from 

sources used for household and drinking water supply (hereinafter 
referred to as ‘water sources’) in the Russian Federation involves 
carrying out laboratory tests, including those for the quantitative 
determination of chemical substances in accordance with the 
requirements of regulatory and methodological documents 
(SanPiN 1.2.3685–211, MR 2.1.4.0176–202, etc.). However, 
this approach does not fully account for the likelihood of 
adverse effects arising from the combined exposure to chemical 
substances and their transformation products, as well as the 
presence of chemical substances not included in the list of 
monitored parameters (MR 2.1.4.0176–202) [1]. Consequently, 
the potential risks to public health associated with exposure to 
chemical factors in the living environment may be considerably 

higher, necessitating the supplementation the existing approach 
to the hygienic assessment of the quality of the human living 
environment with new developments. One promising avenue 
for addressing this challenge is the use of alternative biological 
models, including in vitro cell-based test systems. A key advantage 
of these research methods is that testing is carried out directly on 
human cell cultures [2].

To detect chemical contamination in water sources used 
for household and drinking water supply, it may be advisable 
to supplement traditional chemical-analytical methods with 
approaches based on the use of biological systems, such as cell 
cultures of the human gastrointestinal tract [2–4]. The HuTu 80 
human duodenal adenocarcinoma cell line is frequently used to 
study the mechanisms underlying the development of toxic effects 
associated with exposure to chemical compounds [5–7]. HuTu 
80 cells are epithelial in nature and represent stable pathological 
clones of duodenal surface cells [5, 8, 9]. The HuTu 80 cell line is 
effective in assessing microbial contamination of water and could 
potentially be used to complement physicochemical analytical 
methods when evaluating water quality according to sanitary-
chemical parameters [10, 11].
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РЕЗЮМЕ
Введение. Существующие ограничения традиционных методов контроля качества и безопасности воды источников хозяйственно-питьевого водополь-
зования населения определяют актуальность применения клеточных моделей in vitro для оперативного выявления химического загрязнения проб воды.
Цель работы – обоснование применения культуры клеток человека HuTu 80 для выявления химического загрязнения воды источников хозяйственно-
питьевого водопользования населения по результатам экспериментального моделирования.
Материалы и методы. Оценку качества воды источников хозяйственно-питьевого водопользования населения осуществляли по расширенному пе-
речню показателей (45 санитарно-химических показателей), в том числе определяли обязательный минимум по МР 2.1.4.0176–20, в соответствии 
с нормативными значениями, установленными СанПиН 1.2.3685–21. Воздействие проб воды на культуру клеток HuTu 80 оценивали по изменению 
активности митохондриальных дегидрогеназ после 48-часовой экспозиции.
Результаты. Установлено, что 5 из 10 проб воды оказывали негативное воздействие на культуру клеток HuTu 80, при этом в двух из них регистри-
ровали превышения установленных гигиенических нормативов содержания химических веществ (ионы магния, натрия, лития, а также хлорид- и 
сульфат-ионы). Проведённое экспериментальное моделирование состава нативных проб воды показало, что негативное воздействие на метаболизм 
клеток может быть обусловлено присутствием ионов магния, сульфат-ионов и ионов лития в концентрациях как превышающих, так и находящих-
ся ниже предельно допустимых. Комбинированное воздействие ионов неорганических веществ вызывало более выраженное изменение метаболиче-
ской активности клеток по сравнению с влиянием каждого из них в отдельности.
Ограничения исследования. Исследование ограничено необходимостью наличия специального оборудования и приборов измерения, небольшим объёмом 
выборки и обязательным учётом микробиологического фактора.
Заключение. Результаты проведённого исследования нативных проб воды и экспериментального моделирования их состава продемонстрировали 
потенциал использования культуры клеток HuTu 80 для выявления химического загрязнения воды источников хозяйственно-питьевого водопользо-
вания населения при превышении ПДК по отдельным санитарно-химическим показателям.

Ключевые слова: культура клеток человека HuTu 80; химическое загрязнение воды; тест-система in vitro; источники хозяйственно-питьевого 
водопользования населения
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The aim of the study is to justify the use of the HuTu 80 human 
cell culture for detecting chemical contamination in water sources 
used for household and drinking water supply, based on the results 
of experimental modelling.

Materials and methods
The study utilised water samples from sources intended 

for household and drinking water supply (n = 10), collected 
in 2024–2025 in the Saratov and Astrakhan regions, and the 
Republic of Kalmykia. Sampling, transport and storage of the 
samples were carried out in accordance with the requirements of 
GOST 31861–20123. Sanitary and chemical analyses of the water 
samples were conducted at the Laboratory of Physicochemical

Analysis of the Saratov Regional Centre for Hygiene, part 
of the Federal State Budgetary Institution ‘Federal Research 
Centre for Medical and Preventive Technologies for Public Health 
Risk Management’ of Rospotrebnadzor, using titrimetric and 
spectrophotometric methods of analysis, as well as atomic absorption 
spectroscopy. Water quality was assessed against an extended list 
of parameters (45 physicochemical parameters), including the 
mandatory minimum (MR 2.1.4.0176–202), in accordance with the 
regulatory values established by SanPiN 1.2.3685–21.

To simulate the chemical composition of native water 
samples, aqueous salt solutions were used with calculated mass 
concentrations of chloride ions (NaCl and CaCl2), sulphate 
ions (Na2SO4), magnesium ions (MgSO4·5H2O) and lithium 
ions (Li2SO4). Pure analytical-grade reagents (Vekton JSC, 
St Petersburg) were used in this study.” The HuTu 80 human 
duodenal adenocarcinoma monolayer cell line, which can 
be passaged, was used as a test system to assess the effects of 
exposure to water samples and model solutions (the culture was 
obtained from the “Vertebrate Cell Culture Collection” shared-
use centre at the Institute of Cytology, Russian Academy of 
Sciences, St Petersburg). HuTu 80 cells were cultured in complete 
DMEM medium (PanEco, Russia) containing 1% essential 
amino acids, 2 mM glutamine, 1 mM sodium pyruvate, 1.5 g/L 
sodium bicarbonate, 4.5 g/L D-glucose, and 10% bovine foetal 
serum (Capricorn, Germany), with the addition of penicillin/
streptomycin (100 units/mL each, Capricorn, Germany). 
Cultivation conditions were as follows: temperature of 37 °C in an 
atmosphere of 5% CO2 in a culture flask (NEST Biotechnology 
Co., LTD., Wuxi, China), using a thermostat (Binder GmbH, 
Germany). Cells that had undergone no more than 10 passages 
were used in the experiments [12].

Water samples (2 ml) were concentrated by incubation 
for 1.5 hours in a water bath (LOIp, Russia) at 70 °C. This 
treatment method allowed the samples to be concentrated, 
whilst simultaneously inactivating the vegetative forms of 
microorganisms, which is necessary for working with cell cultures 
in vitro. The volume of the concentrated samples was 25% of 
the original (four-fold concentration). After cooling the sample, 
meant for analysis, to room temperature, its volume was restored 
to the original level using complete DMEM medium. To assess 
the effectiveness of water sample decontamination, a control 
plating of each sample under investigation was carried out on LB 
(Luria Bertani) [13] in Petri dishes in duplicate and incubated for 
five days in a thermostat at +37 °C.

The effects of the water samples on the HuTu 80 cell 
culture were assessed using a test based on the inhibition of 
cell proliferation, measured by the activity of mitochondrial 
dehydrogenases that reduce tetrazolium derivatives (MTT assay). 
Once 70–90% confluence was reached, intact cells were harvested 
from the culture flask using a trypsin-EDTA solution (0.25% 
trypsin and 0.2% EDTA, Capricorn, Germany) and seeded into 

96-well culture plates (NEST Biotechnology Co., LTD., Wuxi, 
China) at a seeding density of 1 ∙ 104 cells per well. The cells were 
incubated in the plates until a 70 per cent monolayer had formed 
over a period of 48 hours, after which the medium was removed 
and the wells were filled with water samples prepared according to 
the method described above (eight wells for the analysis of a single 
water sample). As control samples, the wells containing cells were 
filled with 200 µl of culture medium comprising 25% distilled 
water and 75% complete DMEM medium.

The model pollutants were dissolved in DMEM medium, 
sterilised by filtration through a syringe filter with a pore size of 
0.1 µm, and 50 µl of each was added to wells containing 150 µl of 
complete DMEM medium. 

Cells cultured in medium based on the prepared water 
samples or model pollutant solutions were incubated for 48 hours 
at 37 °C in an atmosphere a 5% СО2. At the end of the incubation 
period, the medium was removed and 100 µl of MTT solution 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, 
Sisco Research Laboratory Pvt. Ltd., India) to a concentration 
of 1 mg/ml, and the cells were incubated for three hours under 
the same conditions. The MTT solution was removed, and the 
formazan crystals formed in the viable cells were dissolved in 
200 µl of 99% dimethyl sulphoxide (DMSO, Molekula Ltd., UK) 
and incubated for 15 minutes under the same conditions.

The MTT assay values for both experimental and control 
replicates were determined as the difference between the mean 
optical density values of the eluate, measured at 530 and 620 nm 
using a microplate reader (Pikon, Russia).

Cell viability was calculated using the formula (1):

Viability = (ODo / ODc) ∙ 100%,                   (1)

where ODo – the difference in optical density of the eluate 
from the experimental group at wavelengths of 530 and 620 nm; 
ODc – the difference in optical density of the eluate from the 
control group at wavelengths of 530 and 620 nm.

The effects of water samples on the HuTu 80 cell culture were 
assessed based on a statistically significant (p < 0.05) change in 
their respiratory activity following a 48-hour incubation with 
the test water sample compared with the control (cell respiratory 
activity after a 48-hour incubation in complete medium was taken 
as 100%).

Statistical analysis of the data was performed using the 
Statistica for Windows v. 7.0 software package (StatSoft Inc) and 
Microsoft Excel 2010. Mean values and standard deviations were 
calculated; a two-tailed Student’s t-test was used, as well as one-
way analysis of variance (ANOVA) employing Fisher’s F-test, 
followed by Tukey’s multiple comparison test at a significance 
level of p < 0.05. The effective concentrations of inorganic ions 
(EC20) and their 95% confidence intervals were determined by 
probit analysis using the EPA Benchmark Dose Software (BMDS, 
version 3.3, US Environmental Protection Agency).

Results
Physicochemical analysis of water samples from water sources 

revealed that five samples exceeded regulatory limits for chemical 
content. The range of exceedances of public health standards for 
sanitary-chemical parameters in the samples studied ranged from 
1 to 2.7 times the maximum permissible concentration (MAC). In 
parallel with the Physicochemical analysis, the effects of the water 
samples on the HuTu 80 human duodenal adenocarcinoma cell 
culture were assessed. The results are presented in Table 1.

According to the results presented in Table 1, the six water 
samples under investigation had an effect on the metabolic activity 
of the HuTu 80 cell culture following 48-hour exposure. Water 
samples Nos. 1, 2 and 5 induced a cytotoxic effect, manifested 
as a statistically significant reduction in the metabolic activity 3 GOST 31861–2012 “Water. General requirements for sampling”.
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Т а б л и ц а  1  /  T a b l e  1
Results of physicochemical analysis and assessment of the effects of water source samples on the metabolic activity of the HuTu 80 cell line
Результаты физико-химического анализа и оценки эффектов воздействия проб воды водоисточников на метаболическую активность 
культуры клеток HuTu 80

Номер пробы 
Sample number

Превышение нормативных показателей в пробе воды –  
nПДК согласно СанПиН 1.2.3685–21 

Exceedance of regulatory limits in the water sample –  
nMAC in accordance with SanPiN 1.2.3685–21

Жизнеспособность культуры клеток, %  
(значение МТТ-теста опытной / контрольной групп, M ± m) 

Viability of the cell culture, %  
(MTT assay values for the experimental / control groups, M ± m)

1 Хлориды – 2.7 ПДК / Сhlorides – 2.7 MAC 
Магний – 2.3 ПДК / Magnesium – 2.3 MAC 
Сульфаты – 1.5 ПДК / Sulfates – 1.5 MAC 
Натрий – 2.4 ПДК / Sodium – 2.4 MAC

42.10* (0.264 ± 0.057 / 0.627 ± 0.016)

2 Хлориды – 1.5 ПДК / Chlorides – 1.5 MAC 
Магний – 1.8 ПДК / Magnesium – 1.8 MAC 
Сульфаты – 1.2 ПДК / Sulfates – 1.2 MAC 
Натрий – 2.2 ПДК / Sodium – 2.2 MAC

85.86* (0.674 ± 0.027 / 0.785 ± 0.014)

3 Хлориды – 1.0 ПДК / Сhlorides – 1.0 MAC 
Магний – 1.2 ПДК / Magnesium – 1.2 MAC

98.09 (0.770 ± 0.028 / 0.785 ± 0.014)

4 Хлориды – 1.4 ПДК / Chlorides – 1.4 MAC 
Магний – 1.1 ПДК / Magnesium – 1.1 MAC

104.63 (0.656 ± 0.071 / 0.627 ± 0.016)

5 Литий – 2.0 ПДК / Lithium – 2.0 MAC 58.4* (0.426 ± 0.010 / 0.731 ± 0.022)
6 Превышений не выявлено / No exceedances were detected 85.98* (0.675 ± 0.020 / 0.785 ± 0.014)
7 Превышений не выявлено / No exceedances were detected 119.78* (0.751 ± 0.031 / 0.627 ± 0.016)
8 Превышений не выявлено / No exceedances were detected 131.10* (0.822 ± 0.05 / 0.627 ± 0.016)
9 Превышений не выявлено / No exceedances were detected 101.66 (0.798 ± 0.025 / 0.785 ± 0.014)

10 Превышений не выявлено / No exceedances were detected 103.03 (0.646 ± 0.028 / 0.627 ± 0.016)
П р и м е ч а н и е. Значение МТТ-теста опытных и контрольных групп определяли как разницу средних значений оптической плотно-
сти элюата, измеренной при 530 и 620 нм. Жизнеспособность культуры клеток в контрольной группе составляла 100%; * – результаты 
МТТ-теста исследуемой пробы воды статистически значимо отличались от контрольной пробы (p < 0,05).
N o t e: The MTT assay values for the experimental and control groups were determined as the difference between the mean optical density of the 
eluate measured at 530 nm and 620 nm. The viability of the cell culture in the control group was considered to be of 100%; * – results of the MTT 
assay for the water sample studied were significantly different from the control (p < 0.05).

of the cells by 57.9 per cent, 14.1 per cent, and 36.2 per cent, 
respectively, compared with the control (100 per cent) at p < 0.05. 
The levels in these water samples exceeded the hygienic standards 
by a factor of between 1.5 and 2.7 times the maximum permissible 
concentration (MAC) for chlorides, between 1.8 and 2.3 times 
the MAC for magnesium, between 1.2 and 1.5 times the MAC for 
sulphates, and between 2.2 and 2.4 times the MAC for sodium, 
2 MAC for lithium.

Exceedances of the public health standards for certain 
chemical substances in water samples Nos. 3 and 4 (up to 1.4 
MAC for chloride and magnesium ions) were not accompanied 
by any adverse effects; however, water samples Nos. 6, 7 and 8 
caused a statistically significant change in the metabolic activity 
of the cells compared with the control (p < 0.05), despite the 
absence of any exceedances of the health standards for chemical 
content (see Table 1).

To establish a link between the presence of chemical 
substances at concentrations exceeding hygienic standards and 
changes in the metabolic activity of cell cultures upon exposure 
to them, the composition of the water samples under investigation 
was replicated in model experiments. The chemical composition 
of the model solutions included substances identified in this study 
as priority water pollutants in water sources (lithium, sodium 
and magnesium ions, as well as chloride and sulphate ions) at 
concentrations corresponding to the native water samples Nos. 1, 
2, 3, 4 and 5. The results are presented in

Exposure to the model solutions and their corresponding 
native samples resulted in a statistically significant reduction in 
the metabolic activity of the cells compared with the control  
(p < 0.01). Differences in the percentage change in the viability 

of the HuTu 80 cell culture following exposure to native water 
samples Nos. 2, 3, 4 and 5 and their corresponding model 
solutions were not statistically significant (p > 0.05). However, the 
metabolic activity of the cells following exposure to native sample 
No. 1 and its model solution differed statistically significantly (the 
difference in the effects of exposure was 42.7%) (Table 2).

Model salt solutions, whose ionic composition corresponded 
to water samples No. 3 and No. 4 (exceeding the MAC by up to 
1.4 times), did not cause a statistically significant reduction in 
cell metabolic activity (viability 98.1% and 104.6% respectively; 
p > 0.05) compared with the control, which is consistent with the 
data obtained when assessing the effects of the corresponding 
native samples (p < 0.05) (see Table 2).

To establish a relationship between the concentrations of 
magnesium, lithium and sodium ions, as well as chloride and 
sulphate ions in water, and their effect on the metabolic activity 
of the HuTu 80 cell line, the effective concentrations (EC20) of the 
ions were determined (Table 3).

It has been established that the calculated EC20 values for 
magnesium, sodium, chloride and sulphate ions exceed the 
established hygienic standards for their concentration in water 
(up to 5.5 MAC) (see Table 3). At the same time, the HuTu 80 
cell culture was found to be highly sensitive to lithium ions, the 
sensitivity manifesting at concentrations below the maximum 
permissible levels.

To assess the combined effect of chemical substances on 
the metabolic activity of the HuTu 80 cell culture, the effects 
of individual compounds were determined at concentrations 
corresponding to sample No. 1, characterised by the highest 
number of parameters exceeding the maximum permissible 



490 ГИГИЕНА И САНИТАРИЯ • Том 105 • № 5 • 2026

ГИГИЕНА ОКРУЖАЮЩЕЙ СРЕДЫ https://doi.org/10.47470/0016-9900-2026-105-5-486-492

Оригинальная статья 

Т а б л и ц а  2  /  T a b l e  2
Results of the HuTu 80 cell line viability assessment under the exposure to native water samples and model solutions
Результаты оценки жизнеспособности культуры клеток HuTu 80 при воздействии нативных проб воды и модельных растворов

Номер пробы 
Sample number

Жизнеспособность культуры клеток при воздействии нативной 
пробы воды, % (значение МТТ-теста опытной / контрольной 

групп, M ± m) 
Viability of the cell under the influence of the native water sample, % 

(MTT assay value in the experimental group / control group, M ± m)

Жизнеспособность культуры клеток при воздействии модельного 
раствора, % (значение МТТ-теста опытной / контрольной групп, 

M ± m) 
Viability of the cell culture under the influence of the model solution, % 

(MTT assay values for the experimental / control groups, M ± m)

1 42.1*# (0.264 ± 0.057 / 0.627 ± 0.016) 84.8*# (0.642 ± 0.016 / 0.775 ± 0.013)
2 85.9* (0.674 ± 0.027 / 0.785 ± 0.014) 84.6* (0.656 ± 0.015 / 0.775 ± 0.013)
3 98.1 (0.770 ± 0.028 / 0.785 ± 0.014) 98.0 (0.759 ± 0.024 / 0.775 ± 0.013)
4 104.6 (0.656 ± 0.071 / 0.627 ± 0.016) 95.8 (0.742 ± 0.014 / 0.775 ± 0.013)
5 58.4* (0.426 ± 0.010 / 0.731 ± 0.022) 61.1* (0.418 ± 0.030 / 0.684 ± 0.009)

П р и м е ч а н и е. Значение МТТ-теста опытных и контрольных групп определяли как разницу средних значений оптической плот-
ности элюата, измеренной при 530 и 620 нм. Жизнеспособность культуры клеток в контрольной группе составляла 100%; * – резуль-
таты МТТ-теста исследуемой пробы воды статистически значимо отличались от контрольной пробы (p < 0,05); # – статистически 
значимые различия между значениями нативной пробы и соответствующего модельного раствора (p < 0,05 по критерию Стьюдента).
N o t e: The MTT assay values for the experimental and control groups were determined as the difference between the mean optical density of the 
eluate measured at 530 nm and 620 nm. The viability of the cell culture in the control group was considered to be 100%; * – results of the MTT 
assay for the water sample studied were significantly different from the control (p < 0.05); # – statistically significant differences between the 
values of the native sample and the corresponding model solution (p < 0.05 according to the Student's criterion).

Т а б л и ц а  3  /  T a b l e  3
Effective concentrations of inorganic ions for the HuTu 80 cell line
Эффективные концентрации неорганических ионов для культуры 
клеток HuTu 80

Ион 
Ion

ПДК, мг/л 
MAC, mg/L

EC20 (95% ДИ), мг/л 
EC20 (95% CI), mg/L

nПДК 
nMAC

Li+ 0,03 0.02 (0.00585–0.0719) 0.67
SO4

2− 500 1005.6 (730.7–1376.3) 2.0
Mg2+ 50 115.4 (77.4–137.1) 2.3
Cl– 350 1259.7 (1033.1–1534.2) 3.6
Na+ 200 1100.9 (1001.7–1200.1) 5.5

Т а б л и ц а  4  /  T a b l e  4
The influence of a model water sample and its component composition on the metabolic activity of the HuTu 80 cell line
Влияние модельной пробы воды и её компонентного состава на метаболическую активность культуры клеток HuTu 80

Проба воды (жизнеспособность культуры 
клеток по результатам МТТ теста, %) 

Water sample (cell culture viability based on MTT 
assay results, %)

Токсикант (жизнеспособность культуры клеток по результатам МТТ теста, %) 
Toxicant (cell culture viability based on MTT assay results, %)

Модельный раствор 
пробы № 15 (84.8%) 

Model solution of sample  
№ 15 (84.8%)MgSO4 (89.0%) Na2SO4 (92.2%) CaCl2 (98.8%) NaCl (101.8%)

Модельный раствор пробы № 15 (84.8%) 
Model solution of sample № 15 (84.8%)

p = 0.0390 p = 0.0291 p = 0.0001 p = 0.0001 –

Контроль (100%) / Control (100%) p = 0.0002 p = 0.0003 p = 0.9985 p = 0.9864 p = 0.0001
П р и м е ч а н и е. В скобках указано значение жизнеспособности культуры клеток по результатам МТТ-теста (% от контроля). Зна-
чения p приведены для парных сравнений между соответствующими пробами воды и токсикантами. Жизнеспособность культуры 
клеток в контрольной группе (дистиллированная вода) составляла 100%.
N o t e: Values in parentheses indicate cell culture viability as determined by the MTT assay (% of control). p-values are provided for pairwise 
comparisons between corresponding water samples and toxicants. Cell culture viability in the control group (distilled water) was of 100%.

values. During the study, solutions of MgSO4, Na2SO4, CaCl2 
and NaCl were prepared with ion concentrations corresponding 
to those in sample No. 1. The effect of the salt solutions on the 
metabolic activity of the cells was assessed by comparing them 
with one another, as well as with a model solution and a control 
(without toxicants) (Table 4).

The results of a one-way analysis of variance (ANOVA) 
showed that the ions present in the salts of model solution No. 1 
(Mg2+, Ca2+, Na+, Cl−, SO4²−), affected the metabolic activity 
of the cells to varying degrees compared with the control.  

A statistically significant change in cell metabolism was observed 
following exposure to the sulphate-containing salts MgSO4  
(p = 0.039) and Na2SO4 (p = 0.0291). Furthermore, the combined 
effect of the components of model sample No. 1 caused the most 
pronounced reduction in culture viability (p = 0.0001).

Discussion
The presence of chemical substances in water, intended for 

household and drinking purposes, at concentrations exceeding 
regulatory limits poses a potential threat to public health and 
compromises the hygienic conditions of water use. Consequently, 
there is growing interest in the development and application of 
methods based on the use of biological models in an in vitro system 
as markers of water quality deterioration according to sanitary-
chemical indicators [14, 15]. With the aim of determining the 
potential for using the HuTu 80 human duodenal cell culture to 
detect chemical contamination in water samples from sources used 
for household and drinking water supply, we conducted, for the first 
time, a study of native water samples and carried out experimental 
modelling of the effects of the identified pollutants (magnesium, 
sodium and lithium ions, as well as chloride and sulphate ions).

A comparison of the results of the assessment of the effects 
of the native water samples on the HuTu 80 cell culture with their 
chemical composition made it possible to establish a link between 
changes in cellular metabolic activity and the concentration of 
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However, in the emergency circumstances of the arrival into 
the water source of chemical substances, including previously 
unidentified ones, resulting from anthropogenic pollution, the 
HuTu 80 cell culture could potentially be used as a screening 
test for the rapid detection of chemical contamination in water. 
Thus, the observed change in the metabolic activity of HuTu 80 
cells following exposure to water samples from water sources, in 
which no exceedances of regulatory limits were recorded, may 
potentially indicate the presence of chemicals not included in the 
list of regulated substances. Thus, the test may serve as a basis for 
conducting an extended chemical-analytical investigation of the 
water source with the aim of identifying specific compounds to 
which the cell cultures are known to be sensitive, based on the 
results of laboratory tests.

The absence of a specific reaction in human cell cultures to 
the chemical composition of the test water sample, and the lack 
of a well-founded mechanism for extrapolating the results to the 
human body, highlights the need for further research to identify 
pathogenetic markers characterising the development of general 
toxic processes in cell cultures (including the human duodenal 
adenocarcinoma HuTu 80) and in the human body.

Conclusion

The results of the study conducted on native water samples 
from sources used for household and drinking water supply, 
and the experimental modelling of their composition based 
on an approach applied by us for the first time, demonstrated 
the potential of using the HuTu 80 cell culture to detect 
chemical contamination. Experimental modelling of the 
effects of individual chemicals at concentrations exceeding 
maximum permissible limits showed that these substances 
can influence the metabolic activity of the HuTu 80 cell 
culture. The greatest sensitivity of HuTu 80 cells, observed at 
concentrations comparable to established hygienic standards 
(0.7 MAC), was noted for lithium ions. The cells’ response to 
exposure to individual priority pollutants in water from water 
sources correlated in most cases with the results of modelling 
the chemical composition of native samples Nos. 2, 3, 4, and 
5; sample No. 1 was the exception. In the latter case, the cell 
culture’s response may have been due to the presence of 
substances whose effects were not taken into account in the 
modelling of the chemical composition (or which were not 
included in the list of substances assessed on the basis of the 
results of physicochemical analysis). The results have identified 
the potential for further research aimed both at assessing the 
sensitivity of cell cultures to chemical substances not included 
in the minimum mandatory list of substances to be assessed 
(MR 2.1.4.0176–20), and at identifying pathogenetic markers 
characterizing the development of general toxic processes in cell 
cultures (including the HuTu 80 duodenal adenocarcinoma) and 
in the human body.

certain ions in the samples. Thus, a reduction in cellular metabolic 
activity was observed in response to exposure to water samples in 
which the levels of chlorides (up to 2.7 MAC), magnesium (up to 
2.3 MAC), sulphates (up to 1.5 MAC), sodium (up to 2.4 MAC) 
and lithium (up to 2 MAC). The results obtained are corroborated 
by data from experimental modelling of the effects of salt solutions 
(matching the composition of the native samples), according to 
which there were no statistically significant differences in changes 
in the metabolic activity of the cell culture between the native 
samples and the model variants (p > 0.05).

It is important to note that concentrations of magnesium 
ions and chloride ions exceeding regulatory limits by up to 1.4 
times the MAC did not lead to any change in metabolic activity 
at the cellular level. Thus, it has been confirmed that these 
chemical substances are low-toxic and are regulated on the basis 
of organoleptic indicators of harmfulness. The adverse effects of 
magnesium, sodium, lithium, chloride and sulphate ions in those 
samples, where they were observed, are most likely attributable 
to osmotic stress, disruption of ionic homeostasis and DNA 
fragmentation caused by their excessive concentration in the 
culture medium [16–19].

A water sample from a water source is a complex, multi-
component solution in which chemical substances are present in 
various concentrations and combinations. According to the results 
of modelling of the combined effect of priority water pollutants 
from water sources on the HuTu 80 cell culture, it was found 
that the effect of the mixture of substances (model sample) was 
statistically significantly greater than their individual effects. The 
most pronounced change in metabolic activity was recorded 
when the cell culture was exposed to native water sample No. 1 
(cell viability 42 per cent) compared with the model solution (cell 
viability 84.8 per cent); this is due to the combined action of all 
the chemicals contained in the water sample, as well as, probably, 
the presence of pollutants not included in the list of those assessed 
during the chemical-analytical study.

To determine the sensitivity of the cell culture to the 
concentration of priority pollutants in the water, an assessment 
of their effective concentrations was carried out. It was shown 
that the sensitivity of the cell culture to sodium, magnesium, 
sulphate and chloride ions, at a 20% change in metabolic activity, 
corresponds to concentrations of these substances ranging from 
2 to 5.5 times the maximum permissible concentration (MAC). 
Sensitivity to lithium ions was observed at concentrations below 
the maximum permissible level, demonstrating the potential for 
using this cell culture in monitoring studies and for detecting 
chemical contamination of water sources by these substances.

The process of identification of substances, not included in 
the mandatory list of parameters monitored in water from water 
sources within supervisory measures, requires the extended 
laboratory tests of water quality. According to MR 2.1.4.0176–202, 
a comprehensive assessment of water source using an extended list 
of parameters must be carried out at least once every five years.
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