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Abstract: The physicochemical composition and antibacterial effect of aqueous zeolite infusion (spring
zeolite water Sevtopolis with zeolite from deposit Beli plast, Bulgaria), obtained for 12 and 36 hours, were
tested. Ordinance No. 9/2001, Official State Gazette, issue 30, and Decree No0.178/23.07.2004 regarding
the quality of water intended for drinking and household purposes were applied to study the
physicochemical composition. Staphylococcus aureus-ATCC and TSA-MRSA, and Escherichia coli ATCC were
used in the studies. Both tested zeolite waters reduced the amounts of viable E. coli and S. aureus cells
even when they were in high concentrations (10° cells/mL). The effect of the 36-hour infusion was better,
under the influence of which, after 60 minutes, the number of live bacteria of both tested species
decreased by almost half compared to the initial amounts. Slightly higher sensitivity to two zeolite waters
was shown by E. coli, whose cells were reduced to about 35% after two hours of exposure to both zeolite
waters tested. However, about 20% of the cells of the tested bacteria survived even after 96 hours of
exposure to these waters. Only in E. coli no growth was found after 96 hours of exposure to 12 hours of
zeolite water. These results show the effectiveness of zeolite for water purification from Gram-positive and
Gram-negative bacteria, as well as prospects for using zeolite water as a prophylactic and auxiliary
treatment for bacterial infections.
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INTRODUCTION

Scientific research shows that in areas where there
is zeolite, the mineral, with its antimicrobial
properties and physicochemical composition of
zeolite water, can benefit public health and
longevity (1-5). Zeolite is used in filtration systems
for water purification (6,7). In Southern Bulgaria,
there are six zeolite deposits in the Rhodope
Mountains. They are located in the northeastern
Rhodopes. These are Beli Plast, Most, Gorna
Krepost, Golobradovo, Lyaskovets and Beliat Bair.

Clinoptilolite and modernite are the primary zeolite
materials in them. In this area, the water passes
through zeolite layers.

Zeolites are aluminosilicate members of the family
of microporous solids, known as "molecular sieves"
and consist mainly of silicon, aluminum, and others.
They have a porous structure that can hold a wide
variety of cations, such as Na*, K*, Ca2*, MnZ* and
others. These positive ions are relatively weakly
bound and can be easily replaced by others in
contact solution. Some of the most common mineral
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zeolites are analzyme, chabazite, stilbit,
clinoptilolite, hyulandite, natrolite and phillipsite.
These cations exchanged zeolites have different
acidity and catalyze several acids catalyzes (8, 9).
Because zeolites are microporous aluminosilicate
minerals, they are often used as adsorbents and
catalysts. Zeolite is a non-toxic, three-dimensionally
porous, crystalline, hydrated aluminosilicate with
natural adsorbent and ion exchange properties,
which removes harmful microbes as well as
dispersed insoluble and soluble toxins from drinking
water. Zeolite has been used since the Maya
civilization for water purification and
decontamination (10, 11). Nowadays, creating a
simple flow filter made of zeolite-cotton packing in a
tube (ZCT) provides a solution as an inexpensive
device for removing heavy metal ions from
contaminated water with high adsorption efficiency.
After flowing through the setup packed with 10g of
zeolite-cotton, 65mL 1000 ppm Cu?* solution is
purified down to its safety limit (<1 ppm) (12). ZCT
can be used for disinfection by introducing Ag-
exchanging zeolite-cotton for silver ion exchanging
by incorporating them into a commercial dental
adhesive and investigating the inhibition of biofilm
formation at the tooth-restoration margin (13).

Zeolites for industrial use are also produced
synthetically. This is done by heating aqueous
alumina and silica solutions with sodium hydroxide.
Equivalent reagents include sodium aluminate and
sodium silicate. Synthetic zeolites have some key
advantages over their natural counterparts.
Synthetic materials are produced in a
homogeneous, phase pure state. It is also possible
to obtain zeolite structures that do not occur in
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nature. As the main raw materials used for
producing zeolites are silicon and aluminum, one of
the most common mineral components on earth,
the potential for supplying zeolites is practically
unlimited (14). This allows their widespread use as
ion exchanger means for domestic and commercial
water purification, softening, and more. In
chemistry, zeolites are used to separate molecules
(only molecules of certain sizes and shapes can be
omitted) and as molecule traps so that they can be
analyzed. Zeolites are also widely used as catalysts
and sorbents. Their well-defined pore structure and
regulated acidity make them highly active in a wide
variety of reactions (15). Their application as filter
additives in aquariums for the adsorption of
ammonia and other nitrogen compounds is also very
useful. Due to the adsorption properties of zeolites
for calcium, they may effectively reduce calcium in
hard water (1). Recently, studies have been
presented on a new type of zeolite, finding that it
helps increase eggplant vyields by supplying
potassium, calcium, and iron ions to the soil (16).
This zeolite has a good content of nutrients
necessary for plants and physical properties for
water retention, making it an important clay mineral
for agricultural and industrial purposes.

The research and development of many biochemical
and biomedical applications of zeolites, particularly

the naturally occurring species heulandite,
clinoptilolite, and chabazite, continues. (18). In the
present work, the authors performed

physicochemically and in vitro studies to test the
antibacterial properties of zeolite waters with zeolite
from deposit Beli Plast (Figure 1) (17-20).

Figure 1: Zeolite, Beli plast, Bulgaria. Natural deposit,"Zeolitni gabi*.
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The water used for the research was spring water
“Sevtopolis” (21). It was obtained via filtration with
zeolite from Beli plast, Bulgaria. The
physicochemical parameters of that zeolite and the
water that filtered through it, as well as their
antimicrobial effects, have not yet been studied.
We have selected some of the most important
conditionally pathogenic Gram-positive (S. aureus)
and Gram-negative (E. coli) bacteria of great
importance in the infectious pathology of animals
and humans. The effects on them would be
indicative of other similar microorganisms.

The study aims to show with microbiological and
physicochemical parameters that zeolite has the
potential for important positive effects on public
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health and environmental cleanliness in the areas
where it is used.

MATERIALS AND METHODS

Zeolite

The effect of aqueous infusions of zeolite water was
obtained by soaking 50 g of zeolite from Beli plast
(Bulgaria) in the form of granules (0.5 cm in
diameter) in 500 mL of zeolite water for 12 and 36
hours at room temperature 20 £ 0.5 °C.

Chemical composition of Zeolite from Beli plast
(Bulgaria)

Table 1 illustrates the chemical composition of the
tested zeolite in % (w/w).

Table 1. The chemical composition of zeolite from Beli plast (Bulgaria) in % (w/w)

No. Chemical component Content, % (w/w)

1 SiO2 66.6
2 Al203 11.41
3 Fe203 0.8

4 MgO 0.06
5 TiO2 0.15
5 Ca0 2.80
6 Na20 0.22
7 K20 2.9

Physical indicators. The physical and chemical
indicators are pH, oxidation-reduction potential
(ORP), and temperature of zeolite waters were
measured using Manual multi-parameter analyzer
Consort C1010 (Consort bvba, Belgium) for pH, mV,
and temperature measurement).

Microorganisms. Suspensions with a concentration
of 107 cells.mL? of two strains of Staphylococcus
aureus - ATCC-6538 and TSA-MRSA, as well as
Escherichia coli ATCC-8739 were used in the
studies. The suspensions were prepared in sterile
saline by the Mc Ferland standard optical method.

Nutrient media.

Mueller Hinton agar (BUL BIO NCIPD - Sofia) was
used to obtain 24-hour cultures of the tested
strains, as well as solid selective media (Antisel -
Sharlau Chemie SA, Spain) to determine the effect
of the tested =zeolite waters for antimicrobial
activity: Eosin Methylene Blue agar for E. coli and
Chapman Stone agar for S. aureus.

Methods for determination of microbiological
indicators from Bulgarian State Standard

1. Methods for evaluating microbiological indicators
according to Ordinance No. 9/2001, Official State
Gazette, issue 30, and decree No. 178/23.07.2004
about the quality of water intended for drinking
purposes.

2. Method for determination of Escherichia coli and
coliform bacteria - BDSEN ISO 9308-1: 2004;

3. Method for determination of enterococci — BDS
EN ISO 7899-2;

4. Method for determination of sulfite reducing
spore anaerobes - BDS EN 26461-2: 2004;

5. Method for determination of the total number of
aerobic and facultative anaerobic bacteria - BDS EN
I1SO 6222: 2002;

6. Method for determination of Pseudomonas
aeruginosa — BDS EN ISO 16266: 2008.

7. Determination of coli - titre by fermentation
method - Ginchev’s method

Determination of coli — bacteria over Endo’s medium
- membrane method.

8. Determination of sulfite reducing anaerobic
bacteria (Clostridium perfringens) - membrane
method.

The number of the isolated bacteria was presented
in colony-forming units per mL (CFU.mL™) of the
tested waters (22).

Methods for physicochemical analysis.

The physicochemical analysis was performed
according to Ordinance No. 9/2001, Official State
Gazette, issue 30, and Decree No. 178/23.07.2004
regarding the quality of water intended for drinking
and household purposes. The following methods are
applied (Ordinance No. 9/2001) (22):

The determination of color was according to
Rublyovska Scale - the method by Bulgarian State
Standard (BDS) 8451: 1977;
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Method for determining smell at 20°C — method
BDS 8451: 1977 technical device - glass mercury
thermometer, conditions No. 21;

Method for determination of turbidity - EN ISO
7027, with technical device turbidimeter type TURB
355 IR ID No 200807088;

Method for determination of pH - BDS 3424: 1981,
technical device pH meter type UB10 1ID
NoUB10128148;

Method for determination of oxidisability - BDS
3413: 1981;

Method for determination of chlorides - BDS 3414:
1980;

Method for determination of nitrates - Validated
Laboratory Method (VLM) - NOsz - No. 2, technical
device photometer "NOVA 60 A" ID No. 08450505;

Method for determination of nitrites - VLM NO; -
No. 3, technical device photometer "NOVA 60 A" ID
No. 08450505;

Method for determination of ammonium ions - VLM
- NH4 - No. 1, technical device photometer "NOVA
60 A" ID No. 08450505;

Method for determination of general hardness - BDS
ISO 6058;

Method for determination of sulfates - VLM - SO4 -
No. 4, technical device photometer "NOVA 60 A" ID
No. 08450505;

Method for determination of calcium - BDS ISO
6058;

Method for determination of magnesium - BDS
7211: 1982;

Method for determination of phosphates - VLM - PO4
- No. 5, technical device photometer "NOVA 60 A"
ID No 08450505;

Method for determination of manganese - VLM - Mn
- No. 7, technical device photometer "NOVA 60 A"
ID N2 08450505;

Method for determination of iron - VLM - Fe - No.
6, technical device photometer "NOVA 60 A" ID No.
08450505;
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Method for determination of fluorides - VLM - F -
No. 8, technical device photometer "NOVA 60 A" ID
No. 08450505;

Method for determining electrical conductivity - BDS
EN 27888, technical device - conductivity meter
inoLab cond 720 ID No 11081137.

Experimental staging

To 4.5 mL of a 12-hour as well as 36-hour zeolite
water, 0.5 mL of a suspension of the corresponding
bacterial strain was added at a concentration of 107
cells. mL?, reaching a final concentration of 106
cells/ymL for each species and strain of
microorganisms used. The following controls were
placed - 12 and 36-hour zeolite water without
microorganisms, as well as bacteria without zeolite
water. After different time intervals for exposure to
zeolite waters (15 min, 30 min, 60 min, 120 min, 24
h, and 96 h), cultures were made from each of the
samples on Eosin Methylene Blue selective agar
medium for the Gram-negative bacteria and
Chapman Stone agar for S. aureus in order to
determine the antimicrobial activity of the tested
waters against E. coli and S. aureus. After culturing
at 37 °C for 18-24, the growth of the tested
bacteria was reported, as well as that of the set
controls. Colonies formed were counted, and the
results were calculated in colony-forming units/mL
(CFU.mL?') as a percentage of the growth of
untreated controls of the strains, which were
considered 100 %.

Statistical analysis. The results were processed
mathematically, and the arithmetic mean (AV) and
standard deviation (SD) were found. Student's t-
test analysis for independent samples was applied
to test the statistical dependence and reliability of
the results. The significance of the results was
defined at a significance level of P<0.05.
Microsoft®Office Professional Plus Excel 2013
(15.0.4569.15060) was used for the calculations.

RESULTS AND DISCUSSION

Physicochemical analysis of spring water with
zeolite filtration “Sevtopolis”

Table 2 illustrates physicochemical parameters of
spring water with zeolite filtration "“Sevtopolis”
according to Ordinance No. 9/2001. The research is
with the document (Laboratory Alimenti Omnilab,
Plovdiv, Bulgaria, No. 10838, 22.02.2021)
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Table 2. Physicochemical parameters of spring water with zeolite filtration “Sevtopolis”

Controlled parameter Measuring Maximum Spring water with
unit Limit Value zeolite filtration

“Sevtopolis”

1. pH pH values > 6,5and < 6.91+0.1

9,5
2. Electrical conductivity pS.L? 2000 278 +8.3
3. Color Chromaticity Acceptable Acceptable
Values

4. Turbidity FNU Acceptable Acceptable

5. Odor force Acceptable Acceptable

6. Calcium (Ca?*) mg. L 150 34.8+3.5

7. Magnesium (Mg?*) mg. L1 80 8.26%+0.83

8. Zinc (Zn?*) mg. L 4.0 <2.0

9. Manganese (Mn?*) pg. L1 50 <10.0

10. Sodium (Na*) mg. L 200 13.85+1.4

11. Potassium (K*) mg. L? - 3.57+0.36

12. Nitrites (NO2") mg. L? 0.5 <0.05

13. Nitrates (NO3°) mg. L 50 11.80+0.12

14. Sulfates (S042°) mg. L 250 41.40+0.41

15. Ammonium (NH4%) mg. L 0.5 <0.013

16. Chlorine (CI-) mg. L1 0.3-0.4 0.018

17. Iron (Fe) pg. L1 200 <5.0

18. Selenium (Se) Mg. Lt 10 <2.0

19. Antimony (Sb) mg. L? 5 <2.7

20. Aluminum (Al) Mg. L1 200 <40.00

21. Lead (Pb) ug. L1 10 <2.0

22. Boron (B) mg. L* 1 <0.02

23. Arsenic (As) pg. Lt 10 <2.0

24. Chromium (Cr) Mg. Lt 50 <10.0

25. Cadmium (Cd) pg. L1 5 <1.0

26. Copper (Cu) mg. L 2 <0.08

27. Nickel (Ni) Mg. L? 20 <4.0

28. Mercury (Hg) pg. L 1 <0.5

The physical parameters of pH and ORP of the
studied zeolite waters at room temperature 20° C
are presented in Table 3.

Table 3. Physical indicators of the tested zeolite

water
Zeolite pH ORP (mV)
water
12 h 6.76 £ 0,1 0.7 £ 2.52
36 h 6.5+ 0,04 32.3 +£0.58

As can be seen from the data in the table, the
zeolite water obtained for 12 and 36 hours have a
slightly acid reaction and a neutral to slightly high
ORP. A lower pH and a higher ORP indicated the
water obtained for a longer time (36 h) compared to
that obtained for 12 h. The differences between
both waters for pH were statistically significant (P
<0.05), as well as for ORP (P <0.01).

The results of the studies performed to determine
the sensitivity of the used strains of E. coli and S.
aureus to zeolite waters, tested at a final
concentration of 108 cells.mL! by the suspension
method, are presented in Table 4. Bacterial growth

was defined as the percentage compared to growth
of zeolite-free bacterial controls, which were
considered 100%.

The data indicated that the two tested aqueous
infusions of zeolite exhibited an antimicrobial effect,
although it was not strongly pronounced. After 30
minutes of exposure, they reduced the amount of
viable E. coli and S. aureus cells even when they
were in high concentrations (10® cells.mL?). The
effect of the 36-hour infusion was better, under the
influence of which, after 60 minutes, the number of
live bacteria of the two tested species decreased by
almost half compared to the initial amounts. Slightly
higher sensitivity to the zeolite waters was shown
by E. coli, whose cells were reduced to about 35%
after two hours of exposure to both zeolite waters
tested. S. aureus cells were reduced to a lesser
extent under the action of 12 h zeolite water.
However, about 20% of the cells of the tested
bacteria survived even after 96 hours of exposure to
these waters. Only in E. coli no growth was found
after 96 hours of exposure to 12 h zeolite water.

Table 4 and figures 3 and 4 illustrate the
antimicrobial effect of 12 h zeolite water and 36 h
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zeolite water against S. aureus, and E. coli strains in  suspensions with a density 10° cells. mL*

Table 4. Antimicrobial effect of 12 h zeolite water and 36 h zeolite water against S. aureus and E. coli
strains in suspensions with a density 108 cells. mL?

Growth of the strains (% of CFU.mL™!) after different

Time of action intervals of exposure to zeolite waters
S. aureus E. coli
12 h 36 h 12 h 36 h
15 min 100.0 +10.0 100.0 +10.0 100.0 +10.0 100.0 +10.0
30 min 77.5 +4.3 80.0 +0.0 82.5 +3.5 87.5 +2.5
60 min 62.5 +8.3 55.0 +5.0 55.0 +5.0 52.5+2.5
120 min 50.0 +10.0 35.0 +5.0 35.0 +5.0 32.5+2.5
24 h 50.0 +10.0 35.0 +5.0 32.5+42.5 30.0 +0.0
96 h 22.0 +0.0 20.0 +10.0 0 18.0 +10.0
Untreated controls 100.0 +10.0 100.0 +10.0 100.0 +10.0 100.0 +10.0
Control without bacteria 0 0 0 0
80
20
/]
15min 30min B0 min 120min 24h 96h Untreated Control
Time of action contols \t;v:chltél:\ta
B '2h [ 36h

Figure 2: Antimicrobial effect of 12 h zeolite water and 36 h zeolite water against S. aureus and strains in
suspensions with a density 10° cells. mL™?

E. coli

100

Growth ofthe slrains

15 min 30min 60 min 120min 24h 96h Untreated Contral
controls without
Time of action bacteria

B 12h [ 36h

Figure 3: Antimicrobial effect of 12 h zeolite water and 36 h zeolite water against E. coli strains in
suspensions with a density 106 cells. mL™!
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Microbiological research of this standard was
performed by Bulgarian authors (23-26). Data from
many of them show that silver ions enhance the
antimicrobial properties of zeolite (27, 28). The
research was performed with in vitro antimicrobial
effect of fabric softeners containing silver zeolite on
S. aureus, Pseudomonas aeruginosa, and Candida
albicans (29). The studies demonstrated the
inhibitory action of silver-zeolite-containing samples
on S. aureus, including MRSA, as well as on C.
albicans (30). In studies of the Mexican silver zeolite
mineral clinoptilolite - heulandite demonstrated that
it eliminated pathogenic microorganisms E. coli and
Streptococcus faecalis from the water after 2 hours
of contact (31). Silver ZCT exhibits antibacterial
properties by completely purifying E. coli-
contaminated water from the bacterial cells as it
flows through the device (7). The zeolite water filter
is a sustainable, natural solution for purifying
drinking water and wastewater (32). Zeolite filters
have many pores, so they not only trap particles
between the grains but absorb them into their
pores. This is partly done by zeolite minerals' ability
to cation exchange, whereby they absorb positive
ions from water (i.e., dissolved metals, sodium,
ammonia, etc.). Also, due to its high pore density,
zeolite has a highly effective surface and can trap
high concentrations of contaminants before the filter
needs to be cleaned. For these reasons, it can be
used successfully to treat drinking water,
wastewater, radioactive water, freshwater
aquaculture, and others (33). The zeolite formulas
can be combined with various materials used to
manufacture medical devices, surfaces, textiles, or
household items where antimicrobial properties are
required.

Our research also shows that zeolite can be used to
reduce the bacterial water content even when it is
significant.

CONCLUSIONS

By examining the physicochemical and antimicrobial
properties of zeolite, the study shows that it
positively affects public health and environmental
cleanliness in the areas where it is distributed.

The tested zeolite water, obtained for 12 and 36
hours, reduced the amount of viable E. coli and S.
aureus cells even when they were in high
concentration (10% cells/mL). E. coli showed a
higher sensitivity to these waters' action than S.
aureus.
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