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ОО   журнале  
Международный научный периодический журнал "Almanahul SWorld" получил большое признание среди 
отечественных и зарубежных интеллектуалов. Сегодня в журнале публикуются авторы из России, Украины, 
Молдовы, Казахстана, Беларуси, Чехии, Болгарии, Литвы Польши и других государств.  
Учрежден в 2018 году. Периодичность выхода: два раза в год. 
Основными целями журнала являются: 
• cодействие обмену знаниями в научном сообществе; 
• помощь молодым ученым в информировании научной общественности об их научных достижениях; 
• cоздание основы для инноваций и новых научных подходов, а также открытий в неизвестных областях; 
• содействие объединению профессиональных научных сил и формирование нового поколения ученых-

специалистов в разных сферах. 
Журнал целенаправленно знакомит читателя с оригинальными исследованиями авторов в различных областях 
науки, лучшими образцами научной публицистики. 
Публикации журнала предназначены для широкой читательской аудитории – всех тех, кто любит науку. 
Материалы, публикуемые в журнале, отражают актуальные проблемы и затрагивают интересы всей 
общественности.  
Каждая статья журнала включает обобщающую информацию на английском языке.  
Журнал зарегистрирован в INDEXCOPERNICUS. 

 

ППрроо  жжууррннаалл   
Міжнародний науковий періодичний журнал "Almanahul SWorld" отримав велике визнання серед вітчизняних і 
зарубіжних інтелектуалів. Сьогодні в журналі публікуються автори з Росії, України, Молдови, Казахстану, 
Білорусі, Чехії, Болгарії, Литви, Польщі та інших держав. 
Дата заснування в 2018 році. Періодичність виходу: два рази на рік 
Основними цілями журналу є: 
• cприяння обміну знаннями в науковому співтоваристві; 
• допомога молодим вченим в інформуванні наукової громадськості про їх наукові досягнення; 
• створення основи для інновацій і нових наукових підходів, а також відкриттів в невідомих областях; 
• сприяння об'єднанню фахових наукових сил і формування нового покоління вчених-фахівців в різних 
сферах. 

Журнал цілеспрямовано знайомить читача з оригінальними дослідженнями авторів в різних областях науки, 
кращими зразками наукової публіцистики. 
Публікації журналу призначені для широкої читацької аудиторії - усіх тих, хто любить науку. Матеріали, що 
публікуються в журналі, відображають актуальні проблеми і зачіпають інтереси всієї громадськості. 
Кожна стаття журналу включає узагальнюючу інформацію англійською мовою. 
Журнал зареєстрований в INDEXCOPERNICUS. 

 

AAbboouutt   tthhee  jjoouurr nnaall  
The International Scientific Periodical Journal "Almanahul SWorld" has gained considerable recognition among 
domestic and foreign researchers and scholars. Today, the journal publishes authors from Russia, Ukraine, Moldova, 
Kazakhstan, Belarus, Czech Republic, Bulgaria, Lithuania, Poland and other countries. 
Journal Established in 2018. Рeriodicity of publication: twice a year 
The journal activity is driven by the following objectives: 
• Broadcasting young researchers and scholars outcomes to wide scientific audience 
• Fostering knowledge exchange in scientific community  
• Promotion of the unification  in scientific approach 
• Creation of basis for innovation and new scientific approaches as well as discoveries in unknown domains 

The journal purposefully acquaints the reader with the original research of authors in various fields of science, the best 
examples of scientific journalism. 
Publications of the journal are intended for a wide readership - all those who love science. The materials published in 
the journal reflect current problems and affect the interests of the entire public. 
Each article in the journal includes general information in English. 
The journal is registered in the INDEXCOPERNICUS. 
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ECOLOGICAL EVALUATION OF WAX PRODUCED IN CONDITIONS OF 

POLLUTION OF MEDIUM OILS BY RADIONUCLIDES AND HARD 
METALS 
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Abstract. The article defines the influence of 137Cs, 90Sr, Pb, and Cd on the quality of 
beeswax. It was established that their concentration in the wax obtained from bee families for the 
honey fields of the Northern Polissya contaminated by radionuclides and heavy metals as a result of 
the Chernobyl disaster was lower than the Maximum permissible concentration (MPC) that make 
up 137Cs – 200 Bq/kg, 90Sr – 50 Bq/kg, Pb – 1 mg/kg and Cd – 0.05 mg/kg. 

It is proved that due to the washing of not wax components from the wax raw material before 
suspension of their transition to the solvent there is a decrease in the concentration of 137Cs, 90Sr, 
Pb and Cd in the wax produced, respectively, by 34.2%, 48.6%, 58.8% and 83.4 % At a water 
temperature of 60oC, which was used as a solvent for non-volatile components of wax raw 
materials, during the process of washing, a decrease in the transition of 137Cs, 90Sr, Pb and Cd in 
the resulting wax is observed, respectively, at 0.9%, 0.5%, 13.4%, and 1.05%. 

The article analyzes that dry processing of wax raw materials compared to wet contributes to 
a lower transition of non-volatile components contaminated by radionuclides into produced waxes. 
In particular, there was a decrease in the produced wax 137Cs by 28.3%, Cd by 23.1%, Pb by 
23.7%. 

Key words: cesium – 137, strontium – 90, lead, cadmium, wax, wax raw materials. 
Introduction. Bee wax is widely used in more than 40 branches of the national 

economy: in the foundry, radio engineering, textile, leather, aviation, metallurgy, 
automotive, printing, paper, woodworking, and other industries. It is also an 
important raw material for medicine. Practice shows that demand for beekeeping 
products, including wax, is increasing every year. Along with this, the requirements 
for its quality and safety are increasing. 

The composition of beeswax contains more than 300 different substances, the 
main of which are: esters, free fatty acids, hydrocarbons, mineral coloring, and 
aromatic substances. It contains ethers of ceric acid – 76.0%, cholesterol esters – 
1.0%, colorants – 0.3%, lactones – 0.6%, free alcohol – 1.25%, free cerium acids – 
13.5% , hydrocarbons – 10,5-13,5% and mineral impurities 1-2% [1]. 
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It is known that the quality and safety of wax depends to a certain extent on the 
ecological state of honey fields, which has deteriorated significantly in the territories 
contaminated by radionuclides as a result of the Chernobyl accident [8, 11, 17]. This 
is especially true for the territory of Northern Polissya Ukraine, in particular, 
Zhytomyr region [4, 9, 10, 16]. Studies have shown that in these areas there is a 
certain accumulation of 137Cs, 90Sr, Pb and Cd in bee feed products and in a bee nest, 
in particular in the waxy source of wax [2, 3, 12, 14]. Detected radionuclides and 
heavy metals are dangerous to live organisms, including humans. Thus, accumulating 
in living organisms, they cause a number of physiological disorders on the cellular, 
organ and organism levels. The use of such products in the food industry enhances 
the ionizing effect on the health of the population [5-7, 13, 15]. Therefore, under such 
conditions and in separate territories, there is a need to control the level of 
concentration of the above-mentioned pollutants and to improve the technology of 
wax production. 

Material and methods of the study. Experimental investigations were carried 
out on the territory of Northern Polissya of Ukraine in the conditions of 
contamination of honey-bearing lands with radionuclides as a result of the Chernobyl 
accident in the zone of voluntary resettlement of inhabitants. 

Materials for research were bee families of the Ukrainian steppe breed, which 
were kept in the hives of sunbeds. 

To study the intensity of contamination of 137Cs, 90Sr, Pb, and Cd wax, we used 
wax derived from wax raw materials in which 5, 10 and 15 generations of bees were 
grown. The processing of wax raw materials was carried out according to the 
generally accepted method, which was described by V.P. Polishchuk [1]. 

The study of the effect of washing of non-volatile components from wax raw 
materials on the quality of wax produced was carried out according to the following 
scheme. From the wax raw material, in which the same number of generations of 
bees were grown (10 generations), four parts of it were selected. The first part of the 
wax raw material was kept for 48 hours in water without replacing it during this 
period. The second part of the wax raw material was kept in water for 48 hours at 
three times its replacement. In the third part of the wax raw material was repeated 
water replacement until the transition to this solution of non-wax soluble components 
was suspended. Wax raw materials of the fourth group continued to wash up for 45 
hours after the suspension of the transition of non-volatile components to the solvent. 
After processing, the wax raw material was reheated on a steam kettle. 

The influence of temperature (to) of the solvent (water) of not wax components 
of the wax raw material was carried out at + 20oC, + 40oC and + 60oC. 

The influence of the external environment on the concentration of radionuclides 
and heavy metals in waxes was carried out by defending it from liquid density to 
solid at + 20oC and + 45oC. 

The influence of the processing of wax raw materials on the quality of wax was 
carried out using a solar and paper wax. In this case, wax raw materials were used in 
which 15 generations of bees were grown. 

The specific activity of 137Cs in wax raw material and wax was determined by 
the spectrometric method, and 90Sr is chemical. The concentration of Pb and Cd in 
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wax and wax was determined by the atomic absorption method. 
Results of research and their discussion. The analysis of the intensity of 

contamination by radionuclides and heavy metals of beer wax, produced in the 
conditions of Northern Polissya, indicates a low concentration of 137Cs, 90Sr, Pb and 
Cd in it (Table 1). 

Table 1 
Contamination of wax with radionuclides (Bq/kg) and heavy metals (mg/kg) 

Products Radionuclides Heavy metals 
137Cs 90Sr Pb Cd 

Wax is made from wax raw materials in 
which up to 5 generations of bees are grown 

4,0 
± 0,004 

0,52 
± 0,0001 0,003 0,0003 

Wax is made from wax raw materials in 
which up to 10 generations of bees are grown 

7,0 
± 0,007 

0,61 
± 0,0003 

0,058 
± 0,0004 

0,009 
± 0,0003 

Wax is made from wax raw materials, in 
which up to 15 generations of bees are grown 

9,6 
±0,006 

1,24 
± 0,00004 0,0002 0,014 

± 0,0003 
Author’s development 

 
Based on the performed studies, it was found that the specific activity of 137Cs 

and 90Sr and Pb and Cd was lower than the MPC, which is equal to 200 Bq/kg and 
50 Bq/kg for radionuclides and 1.0 mg/kg and 0.05 mg/kg At the same time, it was 
found that the specific activity and concentration of heavy metals in wax depended on 
the number of bee generations in the cells, the wax raw materials of which were used 
for the production of these products. Thus, for the elimination of the ten generations 
of bees in the cells, the concentration of 137Cs and 90Sr and Pb and Cd in the wax 
increased respectively by 2,4 and 2,3 and 1,9 and 2,0 times in comparison with the 
similar products obtained from the wax raw materials of honeycombs, in which have 
been raised to five generations. 

The widespread use of beeswax, especially in medicine, requires its high quality 
and safety. Therefore, our further research was aimed at improving its quality. So, it 
is known that wax contains soluble and insoluble components. The main ones include 
cocoons, non-permeable remains of the stern feed, residual honey, propolis, pergia, 
and others. It is proved that some of these substances can be removed from the wax 
raw material by dissolving them in a solvent (water). Taking into account that part of 
radionuclides and heavy metals concentrates in non-volcanic components, with their 
preliminary removal it is possible to expect a reduction of the substances in the 
produced wax. In view of this, we studied the effect of the previous partial removal of 
not wax components from the wax raw material by washing them up to the 
termination of their transition to the solvent and on the activity of radionuclides and 
the concentration of heavy metals in the wax produced from this raw material 
(Table 2).  

As a result of the conducted investigations, it was found that when the wax raw 
material was soaked with multiple substitutions of water before the termination of the 
transition of non-volatile components to the solvent, compared to a one-time solvent 
replacement, the activity of 137Cs and 90Sr and the concentration of lead and cadmium 
in the wax produced decreased by 34, 2 and 48.6% and 58.8 and 83.4% respectively. 
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At three-time water change, the specific activity of cesium-137 and strontium-90 
decreased by 21.3% and 40%, respectively, compared to a one-time replacement of 
the solvent in the washing of not wax components from the wax raw material.  

Table 2 
Accumulation of radionuclides and heavy metals in wax depending on the 
intensity of washing of non-volatile components from wax raw materials 

Explored material 
Radionuclides, 

Bq/kg 
Heavy metals,  

mg/kg 
137Cs 90Sr Pb Cd 

Wax raw materials 1991 ± 
4,38 

43,3 ± 
0,46 

0,728 ± 
0,007 

0,152 ± 
0,003 

Wax from wax raw materials: 
with a one-time replacement of water for 48 
hours (control) 

 
23,1 ± 
0,45 

 
0,35 ± 
0,01 

 
0,177 ± 
0,012 

 
0,03 ± 
0,0009 

at three-time water change for 48 hours 18,2 ± 
0,23 

0,21 ± 
0,012 − − 

at repeated water replacement before the 
termination of the transition of non-volatile 
components to the solvent for 48 hours 
(experiment) 

15,2 ± 
0,52** 

0,18 ± 
0,001*** 

0,074 ± 
0,001*** 

0,005 ± 
0*** 

Wax obtained from wax raw materials with 
the continuation of the replacement of water 
after the termination of the transition of non-
volatile components to the solvent (test) 

14,8 ± 
0,34*** 

0,172 ± 
0,014*** − − 

Author’s development 
 

The result of a decrease in the activity level of radionuclides and the 
concentration of heavy metals in the wax is the washout of soluble non-volatile 
components from the wax raw material such as perg, honey, non-pereduratic 
remnants of larval food, some of which contain a certain amount of these harmful 
substances. Further washing of non-volatile components from wax raw materials led 
to a slight decrease in the activity of radionuclides and the concentration of heavy 
metals in the wax produced. Thus, the most effective was the washing of non-volatile 
components from the wax raw material before the suspension of their transition into 
the solvent. 

When washing out not wax components from wax raw materials it is 
recommended to use cold or warm water. Taking into account the temperature effect 
of dissolution of substances, we assumed that the temperature of water in the 
maturation of not wax components from the wax raw material may to some extent 
influence the intensity of removal of these components from it, as well as the amount 
of transition to the wax of radionuclides and heavy metals. On this basis, relevant 
studies were carried out, the results of which are given in Table. 3 

The analysis of the data showed that at the temperature of water + 20oС, which 
was used for dipping the wax raw material, from the latter was converted into wax 
cesium-137 and strontium-90, lead and cadmium, respectively (%): 1.16 and 0.8; 
24.3 and 1.97; at water temperature + 40oС – 1,08 and 0,6; 18.1 and 1.3, and at the 
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temperature of water + 60oС the transition was 0.9 and 0.5; 13.4 and 1.05. 
When treating wax raw materials at + 40oC, the activity of cesium-137 and 

strontium-90 and the concentration of lead and cadmium in wax were 7.0% and 
17.2% respectively, and 25.5% and 33.4% lower, respectively. and as the water 
temperature rises to + 60oС, the harmful substances in the wax decreased – by 18.7 
and 31.5%; 44,7 and 46,7% in comparison with similar indicators of wax, the raw 
material of which was treated with water at a temperature of + 20oС. 

Table 3 
Influence of temperature of the water during sucking of wax raw material on the 

accumulation of radionuclides and heavy metals in wax (n = 3, M ± m) 

Explored material 
Radionuclides, 

Bq/kg Heavy metals,mg/kg 

137Cs 90Sr Рb Cd 

Wax raw material (control) 1991± 
4,38 

43,30± 
0,46 

0,728± 
0,007 

0,152± 
0,003  

Wax obtained from wax raw materials for 
a one-time replacement of water: 

за t° +20 °С (experiment) 

 
23,1± 
0,45*** 

 
0,35±  
0,01*** 

 
0,177±  
0,012*** 

 
0,030±  

0,0009*** 

за t° +40 °С (experiment) 21,5± 
0,43*** 

0,29± 
0,005*** 

0,132± 
0,006 

0,020± 
0*** 

за t° +60 °С (experiment) 18,8± 
0,35*** 

0,24±  
0,005*** 

0,098±  
0,008** 

0,016± 
0,001*** 

Author’s development 
 
Taking into account the results of the research, we found that the air temperature 

during waxing also somewhat influenced the activity of radionuclides and the 
concentration of heavy metals in it (Table 4). 

Table 4 
Influence of air temperature during wax resistance on cesium-137 activity 

(Bq/kg) and concentration of lead and cadmium (mg/kg) (n = 3, M ± m) 
The temperature of the 
air when defending, °С 

To stand up After defending 
Рb Cd 137Cs Рb Cd 137Cs 

+20 0,078± 
0,0008 

0,011± 
0,0008 

0,82± 
0,01 

0,071± 
0,02* 

0,0093± 
0,0003 

0,74± 
0,01 

+45 0,078± 
0,0008 

0,011± 
0,0008 

0,82± 
0,01 

0,062± 
0,001*** 

0,0083± 
0,0003* 

0,66± 
0,01* * * 

Author’s development 
 

Thus, at an air temperature of + 20oС, the concentration of lead and cadmium 
and cesium-137 after wax defending decreased by 9.0 (P <0.5) and 15.5% (P <0.1) 
and 9.8% (P <0,01), whereas at the temperature of + 45oС these indicators were 
significantly higher – by 20,6 (P <0,001) and 24,6% (P <0,5) and 19,6% (P <0.001). 
Consequently, when defending wax at a temperature of + 45oС, the content of 
harmful substances in it (lead, cadmium, and cesium-137) was lower (by 11.6 pp, 9.1 
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and 9.8 pp) compared with that which defended at temperature + 20oС. That is, an 
increase in the temperature of air while defending wax contributed to a decrease in 
the concentration of heavy metals and radionuclides in it.  

As a result of studies on the effectiveness of the use of processing methods of 
wax raw materials, a positive result was obtained from its dry processing. Thus, in 
dry wax, the concentration of cesium-137 decreased by 28.3% (P <0.001), lead by 
23.7% (P <0.05) and cadmium by 23.1% (P < 0.01) compared to wet (Table 5). 

 

Table 5 
Influence of various methods of processing wax raw materials on the activity of 

cesium-137 and the concentration of heavy metals in wax (n = 3, M ± m) 

Investigating material, place of sampling 137Cs, Бк/кг Heavy metals, mg/kg 
Рb Cd 

Wax raw material harvested on the 
territory of Northern Polissya 2867,0±13,7 1,390±0,026 0,093±0,0017 

Wax produced by a wet process of 
processing of wax raw materials – North 

Polissya (control) 
25,80±0,69 0,190±0,005 0,013±0,0005 

Wax produced by a dry process of 
processing of wax raw materials – North 

Polissya (experiment) 
18,50±0,32*** 0,145±0,003** 0,010±0,0005* 

Author’s development 
 
Conclusions. As a result of the conducted researches, optimal technologies of 

processing wax raw materials contaminated with radionuclides and heavy metals 
have been discovered, which makes it possible to obtain wax with the lowest 
concentration of 137Cs, 90Sr, Pb and Cd: 

- washings from wax raw materials of non-volatile components before the 
suspension of their transition into a solvent; 

- washings from the wax raw material of non-volatile components per solvent t 
60oC; 

- defending wax for t 40oC; 
- processing of wax raw materials in a dry manner. 
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