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INTRODUCTION
In the conditions of increasing endogenous and exogenous 
pollution of the environment, which is a consequence of 
the Chornobyl disaster, hostilities, inundations caused by 
floods and other disasters, special processing of the terrain, 
defense structures, weapons, equipment, uniforms, shoes, 
personal protective equipment become important, medical 
and sanitary property, personnel and places of temporary 
residence and mass stay of the population[1-4].A com-
ponent of special processing is degassing, detoxification 
and disinfection. Special processing consists in removing 
radioactive substances, chemical and biological agents 
from the uniforms and skin of personnel of military units 
[5].An element of special processing is sanitary processing.

The analysis of scientific research in the field of special 
treatment products has shown that promising products 
for the sanitary treatment of skin and hair are deactivating 
shampoos for hair and body and personal hygiene with 
deactivating, degassing and antibacterial action, which, 

thanks to their balanced composition, are detoxifiers for 
external use and have deactivating, degassing and antibac-
terial properties and can be used as intended in hazardous 
conditions in the CBRN.

THE AIM
Study of suitability for use in CBRN contamination zones 
and combat conditions of personal hygiene products with 
deactivating, degassing, detoxification properties by eval-
uating their formulation composition, emulsifying and 
complexing ability in relation to heavy metal ions, and 
ability to remove radionuclides from skin and hair surfaces.

MATERIALS AND METHODS
The complex-forming ability of pectin (raw material), sham-
poo and hygiene products (Liana, Bastion, Bastion-M) in rela-
tion to heavy metal ions was found in vitro. The effectiveness 
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ABSTRACT
The aim: Research of personal hygiene products with detoxification properties by evaluating their formulation composition, emulsifying and complexing ability to heavy metal 
ions and radionuclides.
Materials and methods: The complex-forming ability of raw materials with heavy metal ions was determined in vitro, the content of heavy metals was determined by the 
method of atomic emission spectrometry with inductively coupled plasma (BS EN 13805:2014); determined the content of 137Cs, 232Th, 40K, 226Ra, 90Sr in washings from the surface 
of the skin of hands treated with personal hygiene products. The means were tested for compliance with the standard on scintillation spectrometers of gamma radiation energy 
«SEG-001» «AKP-S» and beta radiation (SEB-01-70); methods used: MI 12-04-099 and MI 12-05-099.
 Results: A high complexing ability of the pectin-containing «Liana» shampoo was found in relation to heavy metal ions (Co2+, Cu2+, Zn2+, Cd2+, Pb2+), as well as in their 
combined presence. It was established that the effectiveness of removing fatty impurities from the surface of the skin of the «Liana» product was 10.1 times higher than that 
of liquid soap (р<0.001). A high level of deactivating, degassing and antibacterialproperties of the personal care products «Bastion» and «Bastion-M» was revealed.
Conclusions: Today, there is significant potential in the creation of formulations for special (sanitary) skin and hair surface treatment, containing natural complexing agents as 
detoxicants, and can be used in special professional activities associated with the risk of exposure to CBRN factors.
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of removing heavy metal ions from the surface of the skin was 
determined in washings from the hands of employees of JSC 
«State Joint-Stock Company «Automobile Roads of Ukraine» 
of the subsidiary «KhmelnytskyiOblavtodor» branch of «Ru-
sanivnisky Special Quarry». Determination of the content of 
heavy metals was carried out by the method of atomic emis-
sion spectrometry with inductively coupled plasma (sample 
preparation according to BS EN 13805:2014) [6]. Washes from 
the surface of the skin of hands treated with hygiene products 
were examined for the content of 137Cs, 232Th, 40K, 226Ra, 90Sr 
(Basic sanitary rules for ensuring radiation safety of Ukraine, 
2005, DSP 6.177-2005-09-02.). Determination of radionuclide 
content was performed on scintillation energy spectrometers 
of gamma radiation (SEG-001 «AKP-S») and beta radiation 
(SEB-01-70) [7, 8]. Measurements were carried out according 
to the MI 12-04-099 method using the SEG-002 «AKP-P» 
semiconductor type gamma radiation energy spectropho-
tometer and the MI 12-05-099 method using the SEB-01 
scintillation type beta radiation energy spectrophotometer. 
The relative measurement error ranges from ±10% to ±50% 
at p < 0.05. Pectin was used (brand SWEJ-1 manufactured 
by PEKTOWIN Sp.zo.o.), obtained from apple pomace by 
acid-thermal hydrolysis of raw materials.

RESULTS 
It is known that products containing pectins are effective 
detoxification, as studies have shown. Pectins, due to their 
gel- and structure-forming properties and the ability to 

bind heavy metal ions, have shown themselves well as 
hygienic preventive means for removing heavy metal salts 
and radionuclides from skin and hair surfaces. Salts of 
heavy metals, primarily lead, zinc and oil, are quite widely 
available in the metalworking, glass, textile, porcelain and 
earthenware and other industries, as well as as a result 
of hostilities, where there is catastrophic damage to the 
environment by factors of various origins, harmful effects 
on which. human health largely depends on solubility in 
water and fats, duration and ways of entering the body. It 
is indisputable that the creation of external detoxification 
agents, which creates natural complexing agents of plant 
origin, is an actual direction in the field of cosmetics, food 
industry, and medicine and should have a scientific basis.

As part of the research work, some characteristics of 
the deactivating shampoo for hair and body «Liana» were 
studied. «Liana» was manufactured in accordance with 
technical requirements: U 24.5-2859920992-001:2006 
«Shampoos for hair and body with deactivating proper-
ties. Technical conditions» for use as a personal hygiene 
product for workers in heavy metallurgy, nuclear power 
plants, mining and chemical industry; everyday life (in-
cluding for use in emergency situations). Manufacturer: 
Ukrainian-Bulgarian LLC «Pirana» (Kharkov), by order 
and according to the technology of IE“Shokur A.A.” and 
packaged by «BARA» LLC.

On the basis of the L.I. Medved’s Research center of preven-
tive toxicology, food and chemical safety of the Ministry of 
Health of Ukraine studies were conducted on the complexing 

Table I. Complexing ability of pectin solution in relation to heavy metal ions

Object of study
Complexing ability of pectin, mg met/g pectin

Co2+ Cu2+ Zn2+ Cd2+ Рb2+

Apple pectin 260 203 200 195 254

*The presence of globules is observed.

Table II. Complexing ability of pectin-containing shampoo «Liana» in relation to heavy metal ions in their combined presence

Object of study
Complexing ability, %

Co2+ Cu2+ Zn2+ Cd2+ Рb2+

Pectin-containing deactivating 
shampoo «Liana» 25 20 18 15 22

*The presence of globules was observed. The presence of sediment in the form of globules indicates pectin/metal complexation.

Table III. Complexing ability of shampoo – control No. 1 in relation to heavy metal ions in their combined presence

Object of study
Complexing ability, %

Co2+ Cu2+ Zn2+ Cd2+ Рb2+

Shampoo – control * 0,9 1,1 0,2 0,02 4,2

* Absence of globules was observed, there is a small sediment. 

Table IV. Complexing ability of shampoo – control No. 2 in relation to heavy metal ions in their combined presence

Object of study
Complexing ability, %

Co2+ Cu2+ Zn2+ Cd2+ Рb2+

Shampoo – control * 0,8 0,2 0,02 0,01 0,5

* Absence of globules was observed, there is a small sediment. 
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ability of apple pectin, pectin-containing shampoo «Liana», 
control shampoos No.1 and No.2 (which contained all 
components of the pectin-containing deactivating shampoo 
formulation, except for pectin), with heavy metal ions. Heavy 
metal ions were determined in washings by atomic absorption 
method (tables I-IV).

A test of the emulsifying ability of a pectin-containing 
shampoo in relation to fatty impurities was carried out. The 
pectin-containing deactivating shampoo «Liana» was 10.1 
times (p<0.001) higher than this indicator for liquid soap in 
terms of its effectiveness in removing fatty impurities from 
the surface of the skin.

The product was checked for microbiological safety indica-
tors, the mass fraction of surfactant (according to the stated 
method for determining – Standard SEB 2542), kinematic 
viscosity at a temperature of 200C (table 5), as well as washes 
from the surface of hands treated with pectin-containing 
deactivating shampoo for hair and body «Liana», and washed 
from the surface of hands treated with liquid soap, according 
to radiological indicators (Table V).

The obtained data indicate that with the available mass 
fraction of surfactant and given kinematic viscosity, uniform 
application of the product to the skin and its subsequent 
washing off are ensured. Radiological studies have shown that 
deactivating shampoo for hair and body “Liana” has the ability 
to remove radionuclides from the surface of the skin, namely: 
137Cs 1.06 times, 232Th by 1.12 times, 40K by 26.19 times and 
90Sr by 2.52 times more effective than liquid soap (p<0.001).

In cooperation with «Shokur A.A.» LLC additional studies 
were carried out at the Institute of Geochemistry, Mineralogy 
and Ore Formation them. M.P. Semenenko, National Acad-
emy of Sciences of Ukraine (an act of research on the com-
plex-forming ability of pectin with respect to heavy metals, 
the pectin-containing deactivating shampoo «Liana», control 

shampoos No.1 and No.2, which contained all components 
of the pectin-containing deactivating shampoo recipe, except 
for pectin, and the effectiveness of the pectin-containing de-
activating shampoo «Liana». The obtained results confirmed 
the effectiveness of the «Liana» shampoo in removing heavy 
metal ions.

Therefore, according to the results of review of accompa-
nying documents (test reports of shampoo for hair and body 
with deactivating properties “Liana”, issued by SE “Khmel-
nytskyiRegional Center for Standardization, Metrology 
and Certification” and protocol of radiological control of 
products issued by DU “Khmelnytskyi Regional Laboratory 
Center of the Ministry of Health of Ukraine”), risk assess-
ments for public health, namely (no more, in points): skin 
irritation index – 0; acute toxicity index when applied to the 
skin – 0; index of chronic toxicity when applied to the skin 
– 0; index of irritating action on the mucous membrane of 
the eyes – 2; acute toxicity index when administered into the 
stomach – 1; index of sensitizing effect – 0; bacteria genus 
Enterobacteriaceae, in 1 cubic cm – are not allowed; S. au-
reus, in 1 cm3- are not allowed; Pseudomonas aeruginosa in 
1 cubic cm – are not allowed; yeast and mold fungi, CFU/g – 
no more than 100; the total number of MAFAM, CFU/g – no 
more than 1000; hydrogen index – within 3.5-8.5 units. pH, 
mass fraction of surface-active substances – no more than 
15.0% and the efficiency tests of the product, deactivating 
shampoo for hair and body “Liana” meets the requirements 
of “State sanitary rules and safety standards of products of 
the perfumery and cosmetics industry – standards: DSanPiN 
2.2.9.027-99 and TU 24.5-2859920992-001:2006, and can 
also be used in the declared field: “Personal hygiene prod-
uct for workers in heavy metallurgy, nuclear power plants, 
mining and chemical industry; daily life (including for use 
in emergency situations)”.

Table V. Test results of deactivating shampoo for hair and body «Liana» according to physical and chemical indicators

Indicator name Requirements for 
documentation Actual value The unit of 

measurement
Regulatory requirements

for research methods
The relative 

error of the tests

Kinematic viscosity at a 
temperature of 200C - 698 мм2 State Standard GOST 33 0,35 %**

**The permissible relative difference between two consecutive determinations should not exceed the given value. 

Table VI. Results of studies of model environments No.1 (combined sample)

Indicator Actual value, mg/dm3 Regulatory requirements 
for research methods

Lead 0,602
State Standard 
GOST 30178-96Cadmium not revealed

Copper 2,806

Table VII. Results of studies of model environments No. 2 (combined sample)

Indicator Actual value, mg/dm3 Regulatory requirements 
for research methods

Lead 0,010
State Standard 
GOST 30178-96Cadmium not revealed

Copper 0,050
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A study of the effectiveness of removing heavy metal 
ions from the skin of employees of OJSC “State Joint Stock 
Company “Automobile Dorogy of Ukraine” of the subsidiary 
“Khmelnytskyi Oblavtodor” of the branch “Rusanivniskyi 
Special Quarry” showed that “Liana” shampoo was able 
to remove lead from the surface of the skin in 60, 2 times, 
copper is 56.12 times more effective than liquid soap. In ad-
dition, washings of dirt from the surface of the skin treated 
with liquid soap contained more non-emulsified fatty phase 
than washings of dirt from the surface of skin treated with 
pectin-containing deactivating shampoo for hair and body 
“Liana”, while, according to the observations of the doctor of 
the sanitary department of the branch, the condition of the 
skin was determined as unsatisfactory, as the presence of fuel 
oil residues and other organic and inorganic contaminants 
was visually recorded in the pores of the skin.

The washes of dirt from the surface of the skin treated with 
pectin-containing deactivating shampoo “Liana” (model en-
vironment No.1) and the washes of dirt from the surface of 
the skin treated with liquid soap (model environment No.2) 
are presented in the tablesVI-VII.

Personal hygiene product «Bastion» produced by «Ener-
gochem Scientific and Production Association» LLC was 
tested for compliance with domestic legislation and technical 
conditions of U 20.4-31454306-014:2014 «Bastion personal 
hygiene products (deactivating, degassing, antibacterial, 
detoxifying). Studies on determining the complex-forming 
ability in relation to heavy metal ions and radionuclides of 
the personal care product «Bastion» revealed that the prod-
uct not only has a high complex-forming ability in relation 
to heavy metals, but also prevents contamination of the skin 
by microorganisms from the yeast family (Malassezia furfur 
and Pityrosporum oval).

DISCUSSION
The obtained data demonstrate that the means «Bastion» 
and «Bastion M» are expedient to use not only in production 
conditions associated with the use of salts of heavy metals 
and radioactive metals, but also as a dermatological protec-
tive agent for daily cleaning and protection of the skin and its 
appendages from exogenous pollution. The experimentally 
established effective amount of the products for the body 
and its appendages is calculated from 15 cm3 to 20 cm3: 
contact time with the surface of the skin (exposure) of the 
body and its appendages is 2 minutes, taking into account 
the application and uniform distribution of the means on 
the treated body surface. 

Previous studies of personal hygiene products contain-
ing pectin allow us to conclude that pectin improves the 
functional state of the epidermis in vitro and the physical 
state of hair, neutralizes the harmful effects of surface-active 
substances, prevents the disorganization of lipids in the 
stratum corneum of the skin and the loss of transepidermal 
moisture. The studies of low- and high-esterified pectins 
mainly relate to various aspects of their use in the production 
of food products [9, 10], however, data on the effectiveness of 
pectins in the composition of hygiene products (shampoos) 

are practically absent. Based on the results of our research, 
we received a Ukrainian patent for the invention [11].

Given that an important and rather complex aspect of 
special treatment is the sanitary treatment of skin and hair, 
it is advisable to increase the availability of the above means 
for use by rescue and military units, as well as their use along 
with skin disinfection means, which can be solved, for ex-
ample, by developing kits from disinfectants and personal 
hygiene products with deactivating, degassing, detoxifying 
and/or antibacterial properties (according to State classifier 
of products and services: code 20.2 and code 20.4).

CONCLUSIONS
In conditions of high risk of radioactive, chemical and 
biological contamination of the human environment, there 
is a high need for sanitary treatment products that have 
deactivating, degassing and detoxifying properties due to 
the content of safe and effective detoxification-complexing 
agents of plant and/or chemical origin in the formulation. 
In peacetime or outside the combat zone, individual sets 
of such tools together with disinfectants were useful for 
use by the population in everyday life and agriculture(on 
farms, vineyards, etc.), in the Chornobyl zone and other 
areas of potential CBRN contamination.

REFERENCES
 1.  Zvit pro osnovni rezul'taty diyal'nosti Derzhavnoyi sluzhby Ukrayiny z 

nadzvychaynykh sytuatsiy u 2018 rotsi. [Report on the main results of 
the State Emergency Service of Ukraine in 2018]. http://www.dsns.
gov.ua/files/2018/1/26/Zvit%202018. [date access 14.05.2022] (In 
Ukrainian).

 2.  Verkhovna Rada Ukrayiny. Sytuatsiya na atomnykh ob"yektakh Ukrayiny 
stanom na 23.03.2022. [Verkhovna Rada of Ukraine.The situation 
at nuclear facilities in Ukraine as of March 23, 2022]. https://www.
rada.gov.ua/news/razom/220801.html. [date access 14.05.2022] (In 
Ukrainian).

 3.  Ukaz Prezydenta Ukrayiny vid 24.02.2022 № 64/2022 «Pro vvedennya 
voyennoho stanu v Ukrayini». [Decree of the President of Ukraine dated 
February 24, 2022 No. 64/2022 “On the introduction of martial law in 
Ukraine”]. https://www.president.gov.ua/documents/642022-41397. 
[date access 14.05.2022] (In Ukrainian).

 4.  Ministerstvo zakhystu dovkillya ta pryrodnykh resursiv Ukrayiny. 
Informatsiya pro naslidkydlyadovkillya vid rosiys'koyiahresiyi v Ukrayini 
24 lyutoho – 9 bereznya 2022 roku. [Ministry of Environmental 
Protection and Natural Resources of Ukraine.Information on the 
environmental consequences of Russian aggression in Ukraine from 
February 24 to March 9, 2022.]. https://mepr.gov.ua/news/39028.html. 
[date access 14.05.2022] (In Ukrainian).

 5.  Nakaz Ministerstva okhorony zdorov’ya Ukrayiny vid 27.05.2011 
r. № 322 «Pro zatverdzhennya Metodychnykh rekomendatsiy z 
provedennya dekontaminatsiyi postrazhdalykh vnaslidok diyi 
khimichnykh, radiatsiynykh chynnykiv ta biolohichnykh ahentiv». 
[Order of the Ministry of Health of Ukraine dated May 27, 2011 No. 
322 “On the approval of Methodological recommendations for the 
detoxification of victims as a result of the action of chemical, radiation 
factors and biological agents”]. http://www.moz.gov.ua/ua/portal/
dn_20110527_322.html. [date access 14.05.2022] (In Ukrainian).



Natalia V. Kurdil et al. 

2608

 6.  European Standarts. BS EN 13805:2014 Foodstuffs. Determination 
of trace elements. Pressure digestion. https://www.en-standard.eu/
bs-en-13805-2014-foodstuffs-determination-of-trace-elements-
pressure-digestion. [date access 14.05.2022]

 7.  Osnovni sanitarni pravyla zabezpechennya radiatsiynoyi bezpeky 
Ukrayiny, 2005 r., zatverdzheni MOZ Ukrayinyizareyestrovani v 
MinisterstviyustytsiyiUkrayiny DSP 6.177-2005-09-02. [Basic sanitary 
rules for ensuring radiation safety of Ukraine, 2005, approved by the 
Ministry of Health of Ukraine and registered in the Ministry of Justice 
of Ukraine DSP 6.177-2005-09-02]. https://zakon.rada.gov.ua/laws/
show/z0552-05#Text. [date access 14.05.2022]  (in Ukrainian).

 8.  Hryn' H. I., Mokhon'ko V. I., Suvorin O. V. ta in. Metody vymiryuvannya 
parametriv navkolyshn'oho seredovyshcha: pidruch [Methods of 
measuring environmental parameters: tutorial]. Severodonetsk: branch 
of SNU named afterV. Dalya; 2019. p. 420. (in Ukrainian).

 9.  Khudaykulova O. Pektyny u myyuchykhzasobakh. [Pectins in 
detergents.]. Food and processing industry. 2000; 5-6:23–24. (in 
Ukrainian).

 10.  Olabodi O.V., Kalens'ka V.S. Vyrobnytstvo ta vykorystannya pektyniv 
u kharchoviy promyslovosti: nauk.-dopom. bibliohr. pokazhch. 
[Production and use of pectins in the food industry: research assistant. 
bibliography show.]. National University of Food technology, science 
and technology library. Kyiv. 2018, 172 p. (in Ukrainian).

 11.  Khudaykulova O.O., Krapyvnyts'ka I.O., Bobrivnyk L.D. et al. vynakhidnyky; 
patentovlasnyky. Sposib vyznachennya kompleksoutvoryuyuchoyi 
zdatnosti pektynovykh rechovyn. [The method of determining the 
complexing ability of pectin substances.]. Patent of Ukraine No. 31512. 
2000 March 29. https://iprop-ua.com/inv/lhggirg8/. [date access 
14.05.2022] (In Ukrainian).

 
The study is a fragment of the scientific research work of 
the State Enterprise « L.I. Medved’s Research Center of 
Preventive Toxicology, Food and Chemical Safety of the 
Ministry of Health of Ukraine» on the topic: «Scientific 
substantiation of the safety for human health of pesticides 
and agrochemicals, new technologies, substances, materials, 
products, environmental objects, food products and food 
raw materials; development of relevant medical criteria and 
indicators (sanitary and epidemiological); sanitary-chemical, 
toxicological-hygienic assessment, regulation, rationing» 

(state registration number – 0112U001133).
The research was conducted without the participation of 
humans and animals. The Research Program considers the 
requirements of the European Convention on European Con-
vention for the Protection of Vertebrate Animals used for Ex-
perimental and other Scientific Purposes (1986, Strasbourg) 
and the legislation of Ukraine in this area; the Research 
Program was approved by the Bioethics Committee of L.I. 
Medved’s Research Center of Preventive Toxicology, Food and 
Chemical Safety of the Ministry of Health of Ukraine» (SE).

ORCID and contributionship:
Natalia V. Kurdil: 0000-0001-7726-503XA,B,D

Olga O. Khudaikulova: 0000-0003-3156-8208A,B,D

Borys I. Palamar: 0000-0003-2510-0713A,B,E

Oleksandr V. Yushchenko: 0000-0003-0563-2819A,D,F

Lyudmila A. Ustinova: 0000-0002-6582-7231E,F

Artur O. Zulfigarov: 0000-0003-2840-0607A,C,D

Yevhen V. Gavrylko:0000-0001-9437-3964E,F

Conflict of interest: 
The Authors declare no conflict of interest. 

CORRESPONDING AUTHOR
Borys I. Palamar 
Bogomolets National Medical University
13 Taras Shevchenko Blvd, 01601 Kyiv, Ukraine
tel: +380672387654
e-mail: palamar.bi@ukr.net.

Received: 19.06.2022
Accepted: 09.10.2022

A - Work concept and design, B – Data collection and analysis, C – Responsibility for statistical analysis, 

D – Writing the article, E – Critical review, F – Final approval of the article

Article published on-line and available in open access are published under Creative Com mon  
Attribution-Non Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0)


