
Introduction

An important aspect of the activities carried out by recreational 
and leisure centers with access to water bodies is the operation of 
swimming pools (Holman and Bennett.1973). Most natural and 
artificial bathing sites have beaches, and the shores are usually 
sandy (Stachowski et al. 2018). The Beach sands of recreational 
areas, specifically reservoirs used for recreational purposes, 
are sourced from quartzite mines. This specially selected 
material is fitted with a geotextile backing that is produced 
using modern technology. This prevents the overburden from 
mixing with the substrate and enables rainwater infiltration 
into the sand layer. Both natural and artificial beaches used for 
recreational purposes are subject to environmental degradation 
through the application of various types of pollutants (Li and 
Zhang 1987). This process can occur through unintentional 
factors like rains, watercourses, wave action, etc., as well as 
intentional factors such as dumping of garbage, waste, fecal 
matter, etc.) by humans or domestic animals. The act of 

littering on beaches results in irreversible chemical, biological, 
and mechanical hazards for beach users. Assessing the quality 
of beach sands and adjacent water bodies in terms of chemical 
or bacterial contamination is a commonly used method that 
shows possible health risks for users of leisure facilities 
(Claisse 1989). Microorganisms, such as bacteria, fungi, and 
parasites are a permanent component of beach sands. Through 
numerous studies conducted on sandy coastal recreation sites, 
it has been discovered that fecal bacterial populations and 
various strains of anerobic mesophilic microorganisms can 
endure in the sands (Halliday and Gast 2011). According to the 
latest WHO guidelines, the primary cause of contamination of 
beach sands with dermatophyte strains is animal feces, mainly 
from dogs and horses. The dermatophytes can contribute to the 
development of fungal diseases in humans that originate from 
animals (WHO 2021).

In particular, streptococci and Enterobacteriaceae may 
cause urinary and digestive disorders in immunocompromised 
patients (Şanlıtürk and Güran 2021). The expansion of fungi 
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Abstract: Determining the level of solid pollution in beach sands located near artificial inland water bodies in 
order to maintain high safety standards is a difficult and expensive task. The tests aimed at determining beach 
pollution caused by solid wastes through analysis of toxic and chemical concentrations, are time-consuming 
and usually require several days before the results are available. In addition, the maintenance of the beach area 
involving beach raking or grooming, and the seasonal replenishment of sand makes it difficult to realistically 
determine the chemical or bacterial contamination of the tested material. Solid pollutants, such as glass, caps, cans, 
thick foil, metal, and plastic fragments, pose a greater health risk to beachgoers. The above-mentioned pollutants, 
especially small ones, are hardly visible on the surface or they are buried at shallow depths. Beach garbage poses 
a serious threat that can lead to infections from cuts and scratches. These injuries can become infected, further 
jeopardizing the health and lives of beachgoers due to risks like tetanus, staphylococcus, etc. The authors presented 
a new petrographic method aimed at assessing the quality of sand by examining the content of solid pollutants. 
The obtained results allowed us to conclude that the mentioned procedure can be used for a quick quantitative 
estimation of the content of potentially dangerous and undesirable pollutants in beach sands. Consequently, the 
method implemented to determent the amount of solid pollutants in beach sands has proven to be a valuable tool 
for recreational facility administrators, helping them in taking necessary measures to ensure the safety of beach 
users. Petrographic analysis of beach sands revealed the presence of pollutants of plant origin (0.4–1.8%), plastic 
(0.1–0.4%), paper (0.1–0.6%), charcoal (0.1–0.5%), glass (0.1–0.4%), metals (0.1–0.4%), rust (0.1–0.3%), ash 
and slag (0.1–0.3%), and fossil coals (0.1–0.2%).
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Fig. 6 (a) – Solid waste revealed in beach sands using a cleaning machine; (b) – Biological material identifi  ed in beach sands
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by beachgoers during their activities in the bathing area. Other 
fairly common waste in the beach sands are cigarette ends, 
wrapping paper, and plastic packaging. Among the waste, 47 
fragments of glass and metal were found, primarily consisting 
of broken glass, along with 34 metal fragments, mainly caps. 
The analysis also identified 20 separate charcoal fragments 
(Table 3).

Both drone-based observation of the beach surface 
and quantification of individual solids components through 
screening (excluding mineral matter like sand) and 
petrographic (quantitative-qualitative analysis) techniques 
consistently reveal that plant fragments constitute the 
most abundant contaminant in beach sands. The method of 
mechanically sieving of sand exposes a significant presence 
of paper packaging fragments, cigarette butts, plastics, glass, 
metals, and charcoal. Notably, no rust, ash, slag, or fossil coal 
were observed (Fig. 12). The mechanical sieving test showed 
that particles smaller than 1 cm could pass through the sieve. 
This leads to the conclusion that small particles can only be 
detected by microscopic analysis (Suárez-Ruiz et al. 2023), 

which is necessary to get a comprehensive understanding of 
the undesirable components in beach sands.

Conclusion

The analysis was carried out in the coastal zone of a water 
reservoir that had been artificially created after the closure 
of the backfilling sand mine. Analysis of the mapping data 
from the drone survey of the study area showed that most 
solid contaminants are not visible during this type of surface 
scanning. The drone study also highlights the problem 
of estimating beach contamination solely through visual 
inspection of the surface, even when executed by staff 
overseeing such facilities. This is particularly important when 
the volume of visible beach sand waste is a small, while more 
hazardous elements such as glass, plastics, metals, charcoal, 
and substantial amounts of dead plant matter are present.

The comprehensive extent of the qualitative and 
quantitative contamination present in beach sands has only 
recently been illuminated through innovative microscopic 

Fig. 12. Quantitative distribution of waste in beach sands based on evaluation of extracted fragments 
from beach cleaning machine
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Table 3. Fragments of packaging, barbecue fuels, cigarettes, organic matter, etc. waste in beach sands retrieved 
from a beach cleaner

1st cleanup 
(15 m × 0.9 m)

2nd celanup 
(15 m × 0.9 m)

3rd cleanup 
(15 m × 0.9 m)

Total

Component Amount Amount Amount Amount

Glass 19 16 12 47

Plastic 28 31 22 81

Cellulose 38 22 24 84

Metals 16 10 8 34

Organic matter 68 52 46 166

Charcoal 4 9 7 20

Fossil coal 0 0 0 0

* cigarette ends, paper packaging
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