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INTRODUCTION

Required sanitary examinations of water rec-
reational activities concern the water itself, yet all 
sunbathers are in contact with sand rather than the 
water (Regulation of the Minister of Health from 
8 April 2011. On the supervision over the qual-
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ABSTRACT
Artificial beaches, i.e. places in the public sphere, are usually intended for recreation, 
located at water reservoirs, rivers, and their surface is naturally occurring or applied 
sand. The urban bathing beach located in Szczecin by the Deep lake has sand purchased 
and distributed on the beach by the Municipal Services Office in Szczecin (a few hun-
dred ton). The beach is divided into sectors, a volleyball court is in one part, in the next 
section catering and sanitary facilities are located, and the remaining area is a place in-
tended for sunbathing and playing games. The aim of the experiment was to assess the 
effects of different ways of using the beach on changes of microbiological properties 
of the sand. The tests were taken from the beach sand in May 2013 (first term exami-
nations), and in September, after several months of use (the second term of examina-
tions). The sand was collected near catering and sanitary sector (the first object) and 
from the area of the volleyball court (the second object), as well as the playground for 
children (the third object). The facilities were distanced from the shoreline of the lake 
by approx. 8 metres. The comparison included the number of heterotrophic bacteria, 
fungi and the detected presence of coliform bacteria, including Escherichia coli, bacte-
ria of the genus Salmonella and eggs of intestinal parasites. In any of the objects, or the 
periods of time, eggs of intestinal parasites and bacteria of the genus Salmonella were 
detected. The presence of coliform bacteria including E. coli was found in the sand col-
lected from a catering-sanitary zone, there was also the biggest number of bacteria and 
fungi. The number of heterotrophic bacteria and fungi was similar in samples of sand 
taken from the volleyball court and from the playground, in this sand there was no bac-
teria belonging to the E. coli species, although in several samples from the playground 
other bacteria belonging to the coliform genus were detected. To sum up, it is possible 
to state that the same sand used in various ways is gaining different microbiological 
characteristics. The values of the studied parameters differed significantly with regards 
to sand taken from the area of consumption, hygiene-sanitary activities and sand col-
lected from the area of active leisure (the court and playground). These results indicate 
the need for a deliberate selection of location for sunbathing (children playing in the 
sand) away from the sites for culinary and sanitary purposes.
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ity of bathing water and spots used for bathing). 
Beach sand is not subject to statutory sanitary in-
spections [Halliday and Gast 2011]. Monitoring 
of the sanitary quality of water includes the num-
ber of bacteria of the Enterococcus genus (e.g. 
Enterococcus faecalis), and the number of bac-
teria belonging to the species Escherichia coli. In 
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both cases the presence of these bacteria in water 
is acceptable, however to the level which is not 
tantamount to the probability of the contamina-
tion of water with intestinal parasites. Indicator 
bacteria serve as a warning against infections with 
pathogens. Water polluted with faeces (which is 
equivalent to the presence of coliform bacteria in 
it) does not always contain pathogenic organisms 
(e.g. the bacteria of the genus Salmonella, Shi-
gella) as not all people are the carriers of patho-
gens. There is a significant relationship between 
the number of coliform bacteria, and the amount 
of pathogenic microorganisms [Żakowska and 
Stobińska 2000; Delbeke et al. 2015]. The sand 
used in sandpits is not subject to sanitary control 
regardless of the degree of contamination, as it is 
not regulated by law. It is only the replacement of 
sand, at least twice a year (in practice the sand is 
replaced only once, at the beginning of the season) 
that is required. Sanitary Services are undertaking 
the studies of sand as a result of the conducted 
local actions of the cleanness or applications of 
alarmed citizens [Kukwa 2012; Młotkowska 
2014]. Since beach sand is not subject to control, 
to assess its microbiological purity sanitary pa-
rameters concerning gardening bases in terms of 
sanitary horticultural substrates are used. Plant 
conditioners, with which humans (as similarly as 
with beach sand) are in contact during the recrea-
tion, are inspected for the presence of Salmonella 
bacteria and in terms of the presence of eggs of 
intestinal parasites (Regulation of the Minister of 
Agriculture and Rural Development of 18 June 
2008. On the implementation of certain provi-
sions of the Act on fertilizers and fertilization). 

Yet in all cases of active recreation (recreation on 
the beach, playing in sandpits, gardening) humans 
are exposed to the risk of infection since a direct 
contact of material is taking place with the skin 
or the digestive system (especially in case of chil-
dren). The legislator introduced a requirement of 
the substrates horticultural examining and other 
plant conditioners in terms of the presence of Sal-
monella bacteria and for the presence of intestinal 
parasites eggs. The presence of these organisms 
in any amount disqualifies the product. However, 
the presence of the bacteria from the Enterobacte-
riaceae family to the level of 1 thousand CFU per 
gram of fertilizer are allowed [Earth et al. 2008]. 
The same microbiological analysis were carried 
out on the sand taken from the town beach as the 
ones conducted during horticultural substrates 
checks. The presence of Salmonella bacteria and 
intestinal parasites eggs was detected, as well as 
the presence of coliform bacteria including those 
belonging to the Escherichia coli species, which 
is a universal indicator of sanitary different en-
vironmental matrices and products [Halliday and 
Gast 2011; Cloutier at al. 2015; Pyz-Łukasik et al. 
2015]. Homogeneous material - sand purchased 
from a local producer of aggregates – was sprin-
kled on a beach and evenly distributed. This sand 
powered the area of the volleyball zone and the 
vicinity of catering and playground zones. Since 
the functions of sand were diversified through 
putting it in different zones of the beach, have its 
microbiological parameters also changed? The 
aim of the experiment was to assess the effects of 
different ways of using beach sand to microbio-
logical properties and its health assessment.

Photo 1. The municipal bathing beach by the Deep lake in Szczecin (27th May, 2015)
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MATERIAL AND METHODS

The investigations of beach sand were car-
ried out in 2013 from the area of the Szczecin 
by the Deep lake urban bathing beach (Photo 1). 
The composite samples of sand were taken from 3 
locations (3 objects): volleyball court, children’s 
playground, catering-sanitary zone (vicinity). 
In every object 3 sites of collecting the samples 
were selected, spaced approx. 5 meters from one 
another. 3 samples from every place were taken 
(repeatedly). As a result, 9 samples of sand from 
each object in each period of examinations were 
obtained. The sand samples of these objects were 
collected in the spring and autumn seasons. The 
objects were distanced from the shoreline of the 
lake by approx. 8 meters. In the Regional Chem-
ical-Agricultural Station in Szczecin the content 
of organic substances (measuring the loss on igni-
tion) and total nitrogen content in the sand were 
determined (with the Kjeldahl method) [Ostrows-
ka et al. 1991]. For chemical examinations the 
sand was taken from three objects in three repeti-
tions at the beginning and at the end of experi-
ence. Sand in terms of chemical parameters was 
not diversified, the content of the organic sub-
stance was ranged from 1.0–1.5 g ∙ kg-1 and total 
nitrogen of 0.2–0.4 g ∙ kg-1. The sand was taken 
up from the surface layer at a depth of 1–10 cm 
and placed in containers of polypropylene. After 
being transported to a laboratory the material was 
sieved through a sieve with an aperture of 2 mm, 
in order to remove pollutants, moisture was deter-
mined by weight of the sand for each sample and 
microbiological analyses were performed.

Microbiological analyses included:
 • Quantification of live heterotrophic bacteria 

and fungi. Seeding decimal dilutions were 
performed on soil (sand) by submerged micro-
biological plate on the ground. A norm PN-EN 
ISO 6222:2004 was exploited – determination 
of the total number of colonies by inoculation 
on nutrient agar (methodology was adapted to 
the requirements for soil bacteria through the 
use of Bunt-Roviry substrate[1955] and was 
adapted to the requirements for fungi by using 
Martin’s substrate [1950].

 • Detecting the presence of coliform bacteria. 
The used methodology is placed in the Polish 
standard BS-Z-19000-2 Quality of the soil – 
Evaluation of the sanitary state of the soil – 
Detection of the presence and quantification of 
the presence of coliform bacteria.

 • Detecting the presence of Salmonella bacteria. 
The methodology included in the Polish Norm 
PN-Z- 19000-1: 2001 Quality of the soil was 
used – Evaluation of the sanitary state of the 
soil – Detection of Salmonella bacteria.

 • Detection of intestinal parasites eggs of As-
caris lumbricoides and Trichuris trichuria. 
Methodology was used Polish Norm PN-Z-
19000-4: 2001 Quality of the soil – Evaluation 
of the sanitary state of the soil – Detection of 
intestinal parasites eggs of Ascaris lumbricoi-
des and Trichuris trichiura.

In order to determine statistically significant 
differences in the number of bacteria and fungi 
between the objects and the terms of measure-
ments, the analyses of variance and Tukey’s mul-
tiple comparison test, at a significance level α = 
0.05 were used. Before taking statistical analysis, 
the results were transformed using logarithmic 
function.

RESULTS AND DISCUSSION

Sand taken up at the beginning of the recre-
ation season did not differ significantly in rela-
tion to all checked parameters irrespective of 
the place of sampling. In terms of the number of 
microorganisms there were no statistically sig-
nificant differences between objects (volleyball 
court, playground, catering and sanitary zone), 
also within individual objects (each object taken 
after 9 samples of sand) in general important dif-
ferences were not stated (Figure 1). In the initial 
period of analyses, there was no presence of bac-
teria of the genus Salmonella, bacteria belonging 
to the species Escherichia coli, or the presence of 
parasites eggs. Coliform bacteria in the first term 
of measurements were present in several samples 
of each object (Table 1). In the initial period of 
analyses sand was homogeneous in terms of the 
studied parameters, since it lied on the beach only 
for a week. The presence of coliform in several 
samples of sand may indicate either its inciden-
tal contamination during storage and transport, or 
polluting it while several days’ use. One should 
keep in mind that the coliform bacteria is a wide 
group of bacteria included in different kinds 
(Escherichia, Enterobacter, Citrobacter, Klebsi-
ella), which mainly endophytes humans and ani-
mals, but are also able to grow in a medium soil 
bacteria [Doyle and Erickson 2006; Fiello et al. 
2014]. Therefore, the presence of coliform bacte-
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ria is indicating a potential faecal contamination, 
however, if amongst identified coliform bacteria 
there is no typical indicators of E. coli, namely 
means that contamination took place a long time 
ago - at least a few months ago – or bacteria are 
present there from a material rich in organic 
matter [Libudzisz and Kowal 2000; Olańczuk-
Neyman 2003; Drożdżyńska et al. 2013].

In the second period - autumn – the sand was 
diversified in terms of the studied parameters. It 
is evident that the samples taken from the area of 
catering zone contained more heterotrophic bac-
teria and fungi, compared to other objects, which 
indicates contamination sand remnants of food 
and packaging materials (substrates for microor-
ganisms) (Figure 1, 2).

Determining of a lot of samples, more than 
in the initial period, it was observed that the sand 
from this zone contained E. coli bacteria, which 
indicates a contact of sand in this zone with fae-
ces. Intestinal micro-organisms get on the sandy 

recreation area with the faeces of animals, mainly 
dogs, cats, rodents and people.

Theoretically, animals have access to the sand 
on the area of the Szczecin’s beach, or the fence 
is not an obstacle for rodents and cats, but secu-
rity forces guarding the facility report numerous 
repeated situations with animals entering the fa-
cility. The reason for sand contamination of E. 
coli could also be a neighborhood catering zone 
and changing rooms, so the source of contamina-
tion could be human. The major diseases evoked 
by the contact of people with polluted sand are 
caused not through bacteria indicator, and by bac-
teria of the genus Salmonella that cause salmo-
nellosis; dermatophytic fungus or yeast causing 
skin and nail fungal infection; intestinal parasites 
Toxocara canis, Toxocara cati (Toxocara canis 
and the cat) causing serious toxocariasis; proto-
zoan Toxoplasma gondii – causing toxoplasmo-
sis [Kasper and Fauci 2012]. Fortunately, in the 
studied material, there was no presence of these 

Figure 1. The number of bacteria (∙104 CFU ∙ g-1) in the sand collected from the beach. 
Symbols in bar graphs the mean averages and standard deviations

Figure 2. The number of fungi (∙102 CFU ∙ g-1) in the sand collected from the beach. 
Symbols in bar graphs the mean averages and standard deviations
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pathogenic organisms, although the presence of 
indicator E. coli bacteria indicates a contact of 
sand with the feces, so the presence of these or-
ganisms cannot be entirely ruled out (the whole 
mass of sand was not tested). In two remaining 
objects the quantitative and qualitative differenti-
ation of the examined microorganisms was lower. 
However, despite this significant difference was 
found between the number of bacteria in sand col-
lected from the area of the pitch and playground. 
Sand from the playground contained more mi-
croorganisms. Occasionally (in 2 to 9 samples of 
sand from the playground) the presence of E. coli 
bacteria was also found. The sand collected from 
the volleyball pitch did not contain any E. coli 
bacteria (Table 1).

CONCLUSIONS

In conclusion, we can say that the same sand 
used in various ways takes on different microbio-
logical properties. Several months of use of the 
sand in the area of catering, amusement area and 
court changed its microbiological parameters. 
The biggest number of heterotrophic bacteria and 
fungi and E. coli bacteria indicator occurred in 
the samples of sand collected from the catering 
zone. Although cleaning service effectively re-
moved garbage during the summer season, the re-
mains of tiny pieces of food and packaging in the 
ground could become a substrate for microorgan-
isms, hence a significant increase in their number. 
The presence of the indicator bacteria in the sand, 
in particular those belonging to the E. coli spe-

Table 1. The presence of coliform bacteria and E. coli in the sand taken from the area of the beach

The object’s location
Spring  Autumn

Coliform bacteria E. coli Coliform bacteria E. coli

Catering zone (vicinity)

Place 1 + + ‒ ‒ ‒ ‒ + + + + + +

Place 2 ‒ ‒ ‒ ‒ ‒ ‒ + + + + + +

Place 3 + ‒ ‒ ‒ ‒ ‒ + + + + ‒ ‒

Children’s playground

Place 1 ‒ ‒ ‒ ‒ ‒ ‒ + + + + + ‒

Place 2 + + ‒ ‒ ‒ ‒ + + ‒ ‒ ‒ ‒

Place 3 + ‒ ‒ ‒ ‒ ‒ + + ‒ ‒ ‒ ‒

Volleyball court

Place 1 ‒ ‒ ‒ ‒ ‒ ‒ + ‒ ‒ ‒ ‒ ‒

Place 2 + ‒ ‒ ‒ ‒ ‒ + + ‒ ‒ ‒ ‒

Place 3 + + + ‒ ‒ ‒ + ‒ ‒ ‒ ‒ ‒

cies is a cause for concern, as it is the obvious 
evidence of faecal contamination of the sand (and 
so is the probability of the presence of pathogenic 
organisms). These results indicate the need for a 
deliberate choice of the location for sunbathing 
(children’s play in the sand).
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