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INTRODUCTION

Since the mid-nineteenth century, children’s 
playgrounds have been present in human histo-
ry. In the meantime they have undergone many 
transformations (Czałczyńska-Podolska 2014). 
Empty open spaces were quickly filled up with 
various types of play elements. In Poland, sand-
boxes are one of the integral elements of play-
grounds (Kasprzak and Raszka 2008). Sandboxes 
allow children to shape their imagination and 
experience cooperative learning (Czałczyńska-

Podolska 2016). It is very important that sand-
boxes for children should be safe. 

Children consitute a population group often 
referred to as group of special risk because they 
often put dirty hands or toys in their mouths, pos-
ing the risk of swallowing many toxic substances 
(Oliver 1997). In addition, children playing in 
sandboxes remain exposed to the inhalation of 
dust particles that contain a number of contami-
nants (Nieć et al. 2013).

Fluoride is one of the most controversial ele-
ments because of its extremely diverse effects on 
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ABSTRACT
The aim of the study was to determine the fluoride content in the sand from sandboxes 
in Police town (West Pomerania, Poland). This area is exposed to excessive emissions 
of fluoride compounds because of the proximity of chemical plants. The sand samples 
were collected five times in the period from March to November in 2016. The fluoride 
content was determined using the potentiometric method with an ion-selective fluo-
ride electrode. The obtained results showed that the fluoride content ranged from 0.09 
to 1.48 mg·kg-1 dm. The lowest fluoride content was recorded in the sand collected 
in the place, which was the closest to the emitter, and the highest one in the samples 
from sandbox, which was the furthest from the emitter. Analyzing the changes in 
the content of this element over time, the largest fluoride concentration of sand 
occurred in July or September depending on the location. Pearson correlation co-
efficient at p < 0.05 (r = 0.925) showed a significant positive correlation between the 
fluoride content and the distance from fluoride emitter.
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Table 1. Distance of sandboxes from the fluoride emitter

Number of location Distance from F emitter (km) Number of location Distance from F emitter (km)
# 1 3.61 # 8 4.22
# 2 3.80 # 9 4.30
# 3 3.82 # 10 4.31
# 4 3.91 # 11 4.32
# 5 4.11 # 12 4.47
# 6 4.15 # 13 4.49
# 7 4.19 # 14 4.55

organisms. For some organisms, it is classified in 
the group of essential micronutrients and for oth-
ers only as a highly toxic xenobiotic (Telesiński 
and Śnioszek 2009). Fluoride affects humans 
in both positive and, more commonly, negative 
ways, due to the small margin between a safe and 
toxic dose of this anion (Palczewska-Komsa et al. 
2016). According to Ekstrand et al. (1994), 80% 
of the fluoride consumed is necessary for growing 
bones and teeth in children. However, the mecha-
nisms through which fluorides cause toxic effects 
are numerous and varied. These mechanisms in-
clude the primary effect on the activity of many 
enzymes, and thus the functioning of the entire 
metabolic pathway (glycolysis, Krebs cycle, and 
cellular respiration), gene expression, secretion, 
and transport processes. Many reports have fo-
cused on the study of disorders related to the cell 
cycle, cell proliferation and migration, as well as 
the processes of apoptosis and necrosis (Sun et al. 
2016). One of the best known and most widely 
discussed mechanisms of fluoride toxicity is their 
participation in the generation of reactive oxygen 
species and the impairment of the functioning of 
the antioxidant barrier (Chlubek 2003).

Police, located in the West Pomeranian Dis-
trict in Poland, is exposed to excessive emissions 
of fluoride compounds because of the proxim-
ity of chemical plants. Therefore, the aim of the 
study was to assess the changes of fluoride con-
tents in the sand from sandboxes located in Po-
lice, according to the distance from the emitter 
and term of samples collection.

MATERIALS AND METHODS

Approximately 14 sandboxes located in the 
Police town were covered in this study. The sand 
samples were collected five times at two-month 
intervals from March to November in 2016. The 
distance of the sandboxes from the emitter of 

fluoride compounds ranged from 3.61 to 4.55 
km. Table 1 shows detailed information about the 
distance from the emitter. All sandboxes or play-
grounds were fenced, except for point 4.

The sand samples were in dried to air-dried 
state. Fluoride was extracted from samples with 
2 M HClO4 at the temperature of 70°C. Determi-
nations of fluoride were made by means of the 
potentiometric method with an ion-selective fluo-
ride electrode made by ORION 920A (Thermo 
Scientific). The determinations followed the pro-
tocol devised by Nowak and Kuran (2000), with 
the buffering solution TISAB III.

The fluoride content determination was per-
formed in three replicates for each term, and 
the significance of the observed differences was 
verified using a one-way analysis of variance fol-
lowed by the post-hoc Tukey’s HSD test. The dif-
ferences with a p value of < 0.05 were considered 
as significant. The correlation coefficient between 
the fluoride content and distance from fluoride 
emitter were interpreted as ordinary correlation 
coefficients. All statistical analyses were carried 
out using the Statistica 12.5 software.

RESULTS AND DISCUSSION

The fluoride content in the sand, taken from 
the sandboxes located in Police town, ranged 
from 0.09 to 1.48 mg·kg-1 dm. The lowest fluo-
ride content was recorded in the sand collected 
in the place which is closest to the emitter (# 1) 
in May and the largest in the sample sandbox 
furthest from the emitter (# 14) in July. The ob-
tained amounts, compared to similar studies with 
soil samples, are relatively low (Telesiński et al. 
2010, Krzywy et al. 2013, Hong et al. 2016). This 
is mainly due to the presence of organic matter 
in the soil as well as the formation of aluminum 
and calcium complexes (Turner et al. 2005, Ro-
mar et al. 2009). Saeki (2008) reported that fluo-
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ride and other ions in the soil solution are usu-
ally hydrated. Since the electrostatic forces must 
act through this water coating, these ions are 
often weak. Equally charged ions can therefore 
compete for the charged sites, which are conse-
quently called exchange sites. The fluorine con-
tent depends on the direction of distance from 
the emitter. Krzywy et al. (2013) showed that the 
highest fluoride content in the soil was northwest  
from the emitter. However, all sandboxes stud-
ied in this research are located in the southwest. 
Moreover, such low fluoride content may result 
from the fact that within the last twenty years, 
the emission level of this anion from the emit-
ter at Police has clearly decreased (Stogiera and 
Buczkowska-Radlińska 2014).

While analyzing the changes in the content 
of this element over time, the largest fluoride 
concentration of sand occurred in July or Sep-
tember depending on the location (Table 2). The 
comparison of the mean fluoride content in the 
sand collected from all sandbox locations at the 
sampling dates indicated that it was the largest in 
July (Figure 1). However, Krzywy et al. (2013) 
reported that the fluoride content in the soil sam-
ples taken around this anion emitter contained on 
average more of fluoride during the spring than in 
autumn, whereas Telesiński et al. (2010) showed 
that in the forest soils around the chemical plants 
the highest fluoride content was found in the sam-
ples collected in June. This discrepancy may have 
resulted from both the wind direction (General 
et al. 2013) and a likely replacement of sand in 
sandboxes (Nieć et al. 2013).

Pearson correlation coefficient at p < 0.05 
(r = 0.925) showed a significant positive correla-
tion between the fluoride content and the distance 
from the fluoride emitter (Figure 2). This shows 
the increase in the fluoride content occurring 
along with the distance from the emitter. This is 
a proof obtained in the research on soil and plant 
samples carried out by many authors (Franzar-
ing et al. 2006, Jha et al. 2008, Telesiński et al. 
2010, Koblar et al. 2011, Krzywy et al. 2013). 
The obtained results still indicate on a slight 
fluoride contamination of the sand, despite the 
proximity of the sandboxes to this anion emit-
ter. However, due to the frequent children pres-
ence, continuous exposure to fluoride can lead to 
fluorosis of the teeth and the skeleton (Vierra et 
al. 2005). Fluorides can also inhibit the activity 
of certain enzymes as well as affect the bioener-
getic processes and tissue respiration (Stogiera 
and Buczkowska-Radlińska 2014). Moreover, 
the sand in sandboxes and soils in playground 
areas may be contaminated with heavy metals 
(Nieć et al. 2013), pathogenic microorganisms 
(Błaszak and Zatoń 2015), and parasite eggs 
(Błaszkowska et al. 2013, Brochocka et al. 2014, 
Moskvina et al. 2016).

CONCLUSION

The fluoride content in the sand from the 
sandboxes located in Police town ranged from 
0.09 to 1.48 mg·kg-1 dm. First, the lowest fluo-
ride content was recorded in the sand collected 

Table 2. Fluoride contents (mg·kg-1 dm) in sand from sandboxes located on playgrounds in Police (data are 
expressed as a mean ± SD of three replicates)

Number of 
sandbox location March May July September November

1 0.11 ± 0.04 g 0.09 ± 0.02 h 0.26 ± 0.04 h 0.33 ± 0.06 e 0.18 ± 0.06 g

2 0.23 ± 0.06 fg 0.29 ± 0.07 g 0.38 ± 0.05 g 0.28 ± 0.01 e 0.25 ± 0.04 fg

3 0.24 ± 0.07 fg 0.27 ± 0.03 g 0.41 ± 0.08 g 0.35 ± 0.05 e 0.33 ± 0.07 f

4 0.34 ± 0,03 f 0.38 ± 0.06 g 0.45 ± 0.10 g 0.29 ± 0.05 e 0.28 ± 0.03 fg

5 0.72 ± 0.11 cd 0.71 ± 0.06 ef 0.80 ± 0.06 e 0.55 ± 0.08 d 0.63 ± 0.09 d

6 0.84 ± 0.12 c 0.82 ± 0.02 e 0.99 ± 0.11 d 0.73 ± 0.09 c 0.69 ± 0.06 d

7 0.64 ± 0.10 de 0.69 ± 0.11 f 0.83 ± 0.13 e 0.62 ± 0.04 cd 0.59 ± 0.05 de

8 0.51 ± 0.14 e 0.62 ± 0.08 f 0.69 ± 0.05 f 0.68 ± 0.10 cd 0.49 ± 0.09 e

9 0.98 ± 0.15 b 0.95 ± 0.09 d 1.21 ± 0.09 c 1.23 ± 0.11 b 0.94 ± 0.07 c

10 1.04 ± 0.07 b 1.21 ± 0.11 b 1.22 ± 0.08 c 1.32 ± 0.02 ab 0.94 ± 0.04 c

11 0.95 ± 0.07 bc 1.33 ± 0.12 a 1.28 ± 0.08 bc 1.22 ± 0.06 b 1.03 ± 0.09 c

12 1.21 ± 0.11 a 1.32 ± 0.09 ab 1.33 ± 0.12 b 1.45 ± 0.09 a 1.19 ± 0.11 b

13 1.04 ± 0.09 b 1.20 ± 0.11 bc 1.42 ± 0.21 ab 1.34 ± 0.12 ab 1.33 ± 0.12 a

14 1.33 ± 0.13 a 1.12 ± 0.22 c 1.48 ± 0.17 a 1.38 ± 0.13 ab 1.21 ± 0.09 b

Different letters in each column correspond to significant differences (Tukey-HSD test, p<0.05).
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in the place, which was the closest to the emit-
ter, and the largest in the samples from sand-
box, which was the furthest from the emitter. 
Second, the largest fluoride concentration of 
sand occurred in July or September, depend-
ing on the location. Third, Pearson correla-
tion coefficient at p < 0.05 (r = 0.925) showed 

a significant positive correlation between the 
fluoride content and the distance from fthe luo-
ride emitter. However, the obtained results still 
indicate a slight fluoride contamination of the 
sand, despite the proximity of the sandboxes to 
this anion emitter.

Figure 1. Mean fluoride content in the sand from the sandboxes according to the term of samples collection

Figure 2. Pearson linear correlation between fluoride content in the sand and the sandbox distance from the 
fluoride emitter
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