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Abstract: Children spend most of their time in playgrounds and, in parallel, constitute the social
group most sensitive to contaminants. Here, we present the results of a comparative study of heavy-
metal contents between soils and sand from sandboxes obtained from playgrounds of Çanakkale
city. Average contents of soils followed the order of iron (Fe) (12,901 mg kg−1) > manganese (Mn)
(475 mg kg−1) > zinc (Zn) (58 mg kg−1) > copper (Cu) (28 mg kg−1) > nickel (Ni), chromium (Cr)
(21 mg kg−1) > lead (Pb) (18 mg kg−1). Sand had lower contents, however, due to the reduction of
particles size through prolonged use, and accumulation of Fe/Mn (oxyhydr)oxides on sand grains
tended to diminish the differences between soils and sand. Through chemometric analysis, Cr and
Ni were found to have a lithogenic origin, while the rest of metals were related to anthropogenic
activities. Spatially, heavy-metal contents followed the pattern of the city’s sprawl. Risk estimates on
children’s health showed that ingestion was the most important exposure route, followed by dermal
contact and inhalation. Exposure of children to sand was of similar importance to that of soils. These
findings are significant, as the contamination of sand has not yet received much attention compared
to the soil of playgrounds.

Keywords: trace elements; urban soil; playgrounds; sandboxes; risk assessment; exposure pathways;
health hazard

1. Introduction

Urban soils become enriched with heavy metals, either by geological or anthropogenic
factors. However, the contribution of anthropogenic factors is often reported to be dom-
inant, due to rapid urbanization [1–4]. Common anthropogenic sources include traffic
emissions, industrial activities, such as power generation and waste management practices,
and domestic fuel combustions [5–9]. Heavy metals may have acute and chronic effects on
human health, including gastrointestinal and kidney dysfunction, nervous system disor-
ders, vascular and immune system damage, infertility and birth defects, and cancer [10–12].
Thus, contaminated urban soils are a cause of concern with respect to human health, upon
exposure of city residents through ingestion, inhalation, and dermal contact.

Children’s playgrounds are open spaces where children spend their free time in a
way that contributes to their physical and psychological development. Although the
benefits of playing in open playgrounds and parks are many, children can be exposed
to pollutants present in soil and sand from sandboxes. The soil in playgrounds could be
natural and undisturbed, or a mixture of native soil and remnants of anthropogenic activity,
such as demolition wastes. Sandbox sand is transported to playgrounds to be used as a
filling material [13,14]. Exposure of children to pollutants may occur through ingestion,
inhalation, and dermal contact, although the ingestion route has been recognized as the
most important one [15–17]. Children can inadvertently ingest soil and sand. They pick up

Sustainability 2022, 14, 1145. https://doi.org/10.3390/su14031145 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su14031145
https://doi.org/10.3390/su14031145
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-4813-1152
https://orcid.org/0000-0001-5398-5497
https://orcid.org/0000-0003-3322-8821
https://doi.org/10.3390/su14031145
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su14031145?type=check_update&version=1


Sustainability 2022, 14, 1145 2 of 16

toys and food that fall on the ground. They bring their dirty hands to their mouths. They
may even consume the soil deliberately [18–22]. Average daily soil ingestion rates within
the range of 10 to 1000 mg d−1 have been reported, depending on geographic location,
climate and season, the soil’s grain size, and socioeconomic factors [23]. Thus, in view of
risk assessment, it is essential to know the heavy metal contents of both the soil and the
sand of sandboxes in children’s playgrounds.

A great number of studies have dealt with the levels of heavy metals and related
risks to children’s health when exposed to them through contact with the soil of play-
grounds [5–7,15,18,19,22,24–29]. Contrarily, relevant studies on the sand of sandboxes are
rather limited [8,17,27–29]; even fewer have compared the levels of heavy metals in soil and
sand [9,14,30]. The primary reason for this discrepancy is that sand is considered rather
an inert matrix for the accumulation of heavy metals. However, because of the frequent
contact of children with both soil and sand in playgrounds, more studies are needed to
elucidate the differences in the heavy metal contents of these two matrices, as well as the
potential hazards posed to children upon contact with them.

In this study, we examine for the first time the heavy metal contents in children’s
playgrounds in Çanakkale city (NW Turkey). The objectives of our research are: (1) to
determine and compare the physicochemical properties and heavy metal contents of the
soil and the sand from sandboxes in children’s playgrounds in the central district of the
city, (2) to determine the sources and spatial distribution patterns of heavy metals, and
(3) to assess the potential, non-carcinogenic hazards caused to children when exposed to
contaminated soil and sand through ingestion, inhalation, and dermal contact.

2. Materials and Methods
2.1. The Study Area

Çanakkale Province is located in NW Turkey and is surrounded by Balıkesir in the east
and southeast, the Aegean Sea in the west, Edirne Province in the northwest, and Tekirdag
Province and the Marmara Sea in the north. The homonymous city is located between
26◦10′9038”–26◦50′15,531” E and 39◦54′28,858”–40◦14′15,771” N. Playgrounds in the parks
of the central district of Çanakkale were the focus of the study (Figure 1). According to the
2019 census, the population in the central district of Çanakkale is 184,631 [31]. Children in
the central district number 20,595, of which 9993 are between the age of one and four years,
and the rest of them (10,972) are between five and nine years [32]. The geology of the study
area consists of Quaternary alluvium and the Çanakkale formation of the middle and upper
Miocene age. The Çanakkale formation consists of conglomerate sandstone, mudstone,
siltstone, marl, calcarenite, and oolitic limestones [33]. The basement is a complex rock
assemblage of Cretaceous age, consisting of graywacke, phyllite, schist, serpentinite, spilitic
basalt, radiolarite, limestone, and marbles, in the form of tectonic slices and olistolites.
Serpentinite rocks include serpentinized harzburgite, dunite, and gabbro, diabase, and
spilitic basalt [34,35].
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Figure 1. Location map of Çanakkale city in the homonymous province and the sampling site network
(in a Sentinel 2-A multispectral image obtained on 10 August 2021 with a 10 m spatial resolution).

2.2. Field and Laboratory Work
2.2.1. Sampling

Fourteen playgrounds were selected for this study from various areas in the city center
(Table S1), including five playgrounds from the northeastern (S1, S2, S3, S4, S5), one from
the northern (S6), two from the northwestern (S7 and S8), four from the southern (S9, S10,
S13, S14), and two (S11, S12) from the southwestern parts of the city (Figure 1). Sampling
took place in July 2020. From each playground, both soil and sand from sandboxes were
sampled during a single sampling event from three different locations. In total, 42 samples
of soil and 42 sand samples (equaling 84 samples) were collected. Each soil or sand sample
was a composite of five surface (0–5 cm depth) sub-samples, obtained from an area of 4 m2.
Approximately 1 kg of soil and sand was collected. The soil and sand samples were air
dried in the laboratory and then sieved through a 2 mm sieve and kept in plastic bags
for analyses.

2.2.2. Soil and Sand Characteristics

Grain-size analysis of the sand samples was conducted using, in sequence, five sieves
of 63 µm, 125 µm, 250 µm, 500 µm, and 1000 µm sizes, representing silt, very fine sand, fine
sand, medium sand, coarse sand, and very coarse sand, respectively, after the US standard.
Soil texture analysis was conducted using the hydrometer method [36]. The pH and EC of
soils were measured with a pH (Jenway 3510 model) and EC meter (Jenway 4520 model)
in 1:2.5 solid to deionized water suspensions [37,38]. Soil organic matter (SOM) contents
were determined by the modified wet oxidation method [39]. Carbonate contents were
determined by measuring the CO2(g) released after the addition of HCl in soil samples in a
Scheibler calcimeter [40].
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2.2.3. Heavy Metal Contents

Soil and sand samples were digested with a mixture of nitric and perchloric acid [41].
The concentrations of Fe, Cu, Mn, Zn, Cr, Ni, and Pb in the digests were determined using
ICP-OES (Varian 710-ES model). The method’s accuracy was tested by analysing a certified
reference material (NIM-GBW07425, soil) and the determined recoveries ranged from 97%
to 107% (Table S2).

2.2.4. Potential Health-Risk Assessment Model

The non-carcinogenic risks of exposure to metals through the ingestion pathway were as-
sessed using the health risk assessment model, developed by the United States Environmental
Protection Agency [42], and applied in several previous studies [15,18,20,43].

The average daily dose (ADD) was calculated using Equations (1)–(3) [42,44–46]:

ADDingestion = C× IngR× EF× F× ED
BW×AT

×CF (1)

ADDinhalation = C× InhR× EF× F× ED
PEF× BW×AT

(2)

ADDdermal = C× SA×AF×ABS× EF× F× ED
BW×AT

×CF (3)

where C is the concentration of heavy metals in the soil and sand samples (in mg kg−1),
IngR is the ingestion rate (in mg d−1); InhR is the inhalation rate (in m3 day −1); SA is
the skin surface (in cm2), AF is the skin adherence factor (in mg cm−2); ABS is the dermal
absorption factor (unitless); EF is the exposure frequency (days year −1), F is the fraction
of time spent in a playground; ED is the exposure duration; CF is the conversion factor
(10−6 kg mg−1); BW is the average body weight; AT is the averaging time, PEF is the
soil-to-air particle emission factor (in m3 kg−1). The values of all parameters are given in
the Supplementary Materials.

The potential health risks of children exposed to contaminated soils was evaluated by
calculating the hazard quotients HQ by Equation (4):

Hazard Quotient (HQ) =
ADD
RfD

(4)

where RfD is the reference dose of metals (in mg kg−1 d−1), given in Table S3.
Then, the Hazard Index (HI) was calculated by adding HQs for all studied elements.

By adding all the element risks and exposure pathways, the total hazard index (HIT) was
calculated. Values of HI or HIT < 1.0 suggest that significant additive or toxic interactions
are unlikely. Values of HI or HIT > 1.0 suggest that undesirable, non-carcinogenic health
effects are probable [47].

2.2.5. Statistical Analysis and Data Presentation

Descriptive statistics (mean, standard deviation, median, minimum, and maximum
values) were used to explore the distribution of the determined parameters in the soil
and sand sample sets. Normality and homogeneity of the data sets were tested by the
Shapiro–Wilk and Levene’s tests, respectively. Data transformation was applied when
departures from normality were encountered. Factor analysis (FA) was applied to explore
the relationships between the physicochemical properties and heavy metal contents. Kaiser–
Meyer–Olkin (KMO) and Bartlett’s tests were applied to determine the suitability of the
data set. Principal component analysis was the applied method after Varimax rotation.
Factors with eigenvalues equal to or greater than one were retained in FA. Factor loadings
>0.70 were considered as high [3,28]. Hierarchical cluster analysis (HCA) with the Ward’s
method was employed to cluster together playgrounds based on the differences in heavy
metal contents between soil and sand samples. Statistical differences in the variables
between soil and sand data sets were evaluated by running the t-test (normally distributed
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parameters) or the Mann–Whitney U test (non-normal distributions). All analyses were
performed using the IMB SPSS statistics software, v. 17 [48].

The geochemical mapping of heavy metals in the analysed samples was conducted
using the ArcGIS 10.1 software [49].

3. Results and Discussion
3.1. Physicochemical Properties of Soil and Sand

The physicochemical properties of soil and sand samples obtained from the studied
playgrounds are given in Table 1 and graphically illustrated in Figure S1. Most soil samples
(65%) were sandy loams, followed by clay loam (14%) and loam (14%), and sandy clay
loam (7%). The pH values were near-neutral, whereas electrical conductivity (EC) had a
mean value of 0.8 dS m−1, indicating salt-free soils [50]. Soil carbonate contents were in the
range from 2.9 to 19.8%, while soil organic matter contents ranged from 1.6 to 9.1%.

Table 1. Physicochemical properties of soil and sand in playgrounds.

Samples Parameters Mean Std. Deviation Minimum Maximum Median

Soil

Clay (%) 18.6 5.3 8.3 31.9 17.7
Silt (%) 27.3 4.6 18.4 39.2 27.4

Fine sand (%) 46.3 9.0 28.3 67.6 44.8
Coarse sand (%) 8.1 3.6 1.8 16.5 7.7

pH 7.2 0.2 6.9 7.6 7.2
EC (dS m−1) 0.8 0.2 0.5 1.3 0.8
CaCO3 (%) 8.3 3.9 2.9 19.8 7.5
SOM (%) 3.9 1.6 1.6 9.1 3.8

Sand

Very coarse (%) 17.4 8.5 3.9 36 17.4
Coarse (%) 24.2 8.2 12.8 45 22.8

Medium (%) 37.8 8.4 17 53 35.1
Fine (%) 14.9 7.8 3.8 30 12.9

Very fine (%) 2.8 1.9 0.1 6.9 2.4
Silt and clay (%) 2.9 1.2 0.8 6.6 2.8

The sand from the sandboxes consisted mainly of medium sand (250–500 µm), ac-
counting on average for 38%, followed by coarse sand (0.5–1 mm) (24%), very coarse sand
(1–2 mm) (17%), and fine sand (125–250 µm) (15%). Very fine sand (63–125 µm) and the silt
and clay fraction (<63 µm) were low, accounting for less than 3% (Table 1). Prolonged use of
sand, i.e., the time elapsed since sand renewal or replenishment, results in the grinding of
sand, consequently in the reduction of particles size [13,51]. For example, Valido et al. [51]
found that the <10 µm fraction increases at a rate of 18% per year of sand use. In our
study, detailed registers on the frequency of sand replenishment were not available from
the responsible city authorities. However, a high variability of grain-size distribution was
detected among the sandboxes of the different parks. “Fine” particles (calculated here by
adding the silt, very fine and fine sand fractions, i.e., of <250 µm grain-size) accounted for
6–41% (Figure 2) and had an overall variance equaling 104%. These results are suggestive
of the different ages of sand in the various playgrounds. In turn, this may have serious
implications for the attenuation of heavy metals [18], as well as for health risks posed
to children, as the finer the grain-size of sand, the higher the susceptibility to intake by
ingestion and inhalation [51].
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in the studied playgrounds.

3.2. Levels of Heavy Metals

A summary statistics of heavy metals contents of soil and sand samples is given in
Table 2. Based on the intervention values proposed by the Dutch regulation [52] and the
limits set by Turkish law on Soil Pollution Control [53] (Table 3), in none of the playgrounds
were the levels of heavy metals alarming, either in soil, or in sand. However, a few
exceedances of the Dutch target values were observed, when considering the sampling
sites, instead of the average values of playgrounds. Copper contents of soils exceeded the
target value in three sites (out of 42), and Ni and Pb in one site. In the case of sand, Cu
exceeded the target value in one site (out of 42), whereas Zn exceeded the respective target
value in two sites. In all other sites, heavy metal contents were below the target values.

Table 2. Heavy metals contents (in mg kg−1) of soil and sand in children’s playgrounds.

Samples Metals Mean Std. Deviation Minimum Maximum Median

Soil

Cr 21 7 8 34 21
Cu 28 13 19 92 25
Fe 12,901 4040 5755 19,990 13,403
Mn 475 152 232 753 47
Ni 21 8 6 36 20
Pb 18 16 3 102 14
Zn 58 21 22 102 56

Sand

Cr 17 5 9 29 16
Cu 18 5 10 47 18
Fe 11,998 2280 6288 16,770 12,205
Mn 258 90 149 613 245
Ni 14 4 9 27 13
Pb 11 10 5 59 8
Zn 35 35 13 181 26
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Table 3. Literature data on soil quality criteria and heavy metal contents (in mg kg−1) of soil and
sand in playgrounds.

Type Location Cr Cu Fe Mn Ni Pb Zn Refs

Soil Quality
Criteria

The Netherlands 1 100–380 36–190 35–210 85–530 140–720 [52]
Turkey 100 140 75 300 300 [53]

Playground soil

Hong Kong (China) - 201 - - - 302 1517 [54]
Istanbul (Turkey) 45.8 59.8 - 11.6 7.1 53 [24]
Athens (Greece) 79.9 43.4 17,000 311.6 81.5 110.3 174.3 [19]

Sarajevo (Bosnia and
Herzegovina) 40.3 24.2 - - 26.2 33.6 73.2 [5]

Biobio Region (Chile) 21.1 39 - - 20.9 17.1 82.5 [6]
Beijing (China) 54.7 43.4 18,640 600 33.7 36.6 - [26]
Ordu (Turkey) 35.9 43.8 - - 21.1 25.4 167.2 [29]
Khagra (India) - 999.4 18,988 343.1 19.02 180.8 1229 [16]

Katowice (Poland) 8343 247 166 [30]

Playground
sand

Trondheim (Norway) 40 21 - - 42 32 37 [14]
Lublin (Poland) 177.8 11.4 - - 13.6 32 52.6 [9]

Thessaloniki (Greece) 145 17.4 28,843 724 36.4 30.2 74.5 [13]
Katowice (Poland) 499 32 103 [30]

1 Target—Intervention values.

Table 3 summarizes the results from previous studies on metallic contaminations in
soil and sand with which children may have regular contact during recreational activities.
A wide variation on the levels of heavy metals levels is observed, which could be ascribed
to the diversity of the sampling analytical protocols employed. Furthermore, specific
characteristics of the surveyed cities (size, age, and population of city, traffic density,
industrial activities), together with site-specific soil properties, may also affect the levels
and distribution of trace elements [5–7]. Copper, Pb, and Zn contents found in Çanakkale’s
soil samples were much lower than those found in mega and large cities, such as Hong
Kong [54], Beijing [26], Istanbul [24], and Athens [19], which are influenced by heavy traffic
loads, and atmospheric deposition has been reported to be the primer source of these metals.
Soil influenced by local industrial activities also had higher Cu, Pb, and Zn contents, as for
example in Khagra city, India [16] and the industrial complex of Biobio Region, Chile [6].
Higher Cr, Fe, and Ni values than the ones of our study were reported in soils with a
strong geogenic signal and following a more aggressive digestion procedure, such as from
Athens [19] and Beijing [26]. Elevated Cr values found in soil from Sarajevo, Bosnia and
Herjegovina [5], and the Biobio Region [6] were ascribed to Cu-Cr-As (CCA)-treated wood
in playground equipment.

The CCA treatment of wood used in sandboxes has been recognized as a source of
sand pollution also in Norway [14] (Table 3). Higher Cr and Zn contents in sand than those
in our study were reported in Lublin, Poland [9] and Thessaloniki, Greece [13], and were
ascribed to anthropogenic sources.

3.3. Source Apportionment and Controlling Factors

The sources of trace elements and the factors that control their distribution were
investigated by factor analysis (FA). Prior to FA, and to include meaningful variables in
the analysis, the correlation matrix (Pearson correlation coefficient on transformed data) of
trace elements and physicochemical was inspected (Table S4). SOM exhibited a negative
correlation with pH (r = −0.536; p < 0.01) and a positive correlation with EC (r = 0.359;
p < 0.05). No correlation was found between heavy metals and pH and EC. Carbonate
contents correlated positively with fine sand (r = 0.313; p < 0.05) and negatively with Mn
and Zn (r = −0.344 and −0.321, respectively; p < 0.05). The negative correlation coefficient
implies a dilution effect of carbonates to Mn and Zn contents. Based on these results, the
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physicochemical parameters introduced to FA were fine sand (as a means of soil grain-size
distribution) and SOM.

The KMO statistic in the soil was determined as 0.704. The results of FA are presented
in Table 4 and graphically illustrated in Figure S2. Three factors explained 85.3% of the
variability of soils dataset. Factor 1 (41.3% of variance) included Pb, Zn, Cu, and Mn
with high positive loadings. These metals are commonly associated with traffic-related
emissions and fuel combustion processes [43,55,56]. For example, Cu and Zn derive from
brake linings and brake-wear particles [56–58]. Manganese is added as an antiknock
agent in fuels [2]. Lead is a legacy contaminant from the leaded-petrol era, while current
traffic-related sources include brake wear and wheel weights [2,56,57]. Thus, F1 represents
the anthropogenic factor. High loadings of Fe with this factor implies its origin from
anthropogenic sources (e.g., combustion processes and non-combustion traffic-related
emissions) [57], and/or that Fe oxy(hydr)oxides act as significant carriers for Pb, Cu, and
Zn [58].

Table 4. Factor analysis in soil and sand samples.

Variables
Soil Sand

Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3

Fe 0.767 0.498 −0.214 0.152 0.031 0.896
Cr 0.290 0.911 −0.083 0.083 0.880 0.147
Cu 0.829 −0.071 0.149 −0.021 0.040 0.913
Mn 0.816 0.240 −0.411 0.617 0.229 0.220
Ni 0.204 0.935 0.006 0.092 0.925 −0.075
Pb 0.899 0.203 −0.146 0.849 0.007 0.043
Zn 0.873 0.325 0.086 0.824 0.291 0.120

Fine sand 1 −0.268 0.435 0.725 0.836 −0.134 −0.123
SOM 0.098 −0.273 0.856 - - -

Eigenvalues 4.632 1.679 1.363 2.841 1.684 1.524
% of variance 41.303 26.952 17.013 31.463 22.364 21.785

% cumulative variance 41.303 68.254 85.267 31.463 53.827 75.612
1 Soil: 125–250 µm; Sand: <250 µm. High loadings are marked in bold.

The second factor (F2; 26.9% of the variance) included Cr and Ni, and represents the
lithogenic factor. This is due to the widespread occurrence of ultramafic rocks in the study
area [59], which are naturally enriched in Cr and Ni. Total Cr and Ni contents of serpentine
soils, developed from igneous ultramafic rocks, could be as high as 2000 mg kg−1, or even
greater [60]. By contrast, Cr and Ni contents of the upper continental crust are 92 mg kg−1

and 47 mg kg−1, respectively [61]. Finally, F3 (17.0% of variance) was closely related to
SOM and fine sand and represented the physicochemical parameters.

The KMO statistics for the sand samples was 0.573. Three major components with
eigenvalues greater than one explained 75.6% of the variance of the data set. The first factor
explained 31.5% of the total variance and was related to “fine” sand (i.e., the sum of silt,
very fine and fine sand fractions), Mn, Pb, and Zn. F1 was considered to represent the
anthropogenic factor. The second factor, ascribed to lithogenic sources, explained 22.4% of
the variance, and showed high positive loadings with Cr and Ni. The third factor explained
21.8% of the variance and was related to Fe and Cu. This factor could be associated with
iron Fe (oxyhydr)oxides that are well-known scavengers for Cu [58]. The association of
Cu to Fe (oxyhydr)oxides has been reported also in agricultural soils surrounding the city
centre of Çanakkale [59]. Furthermore, the sand of playgrounds of Thessaloniki (Greece)
was found to contain Fe-spherules, which are typical of combustion sources [13].
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3.4. Comparison of HM Levels between Soil and Sand

The non-parametric independent Mann–Whitney U test was applied to test if there
were differences on the levels of heavy metals between soil and sand. When all playgrounds
are considered together, the Cr, Cu, Mn, Ni, Pb, and Zn contents of soil were found to be
higher than those of sand (p < 0.05). Similar findings have been reported previously, and
were ascribed to the coarser texture and lower organic matter contents of sand compared
to soil, as well as the shorter time period that sand is exposed to pollution sources due to
its regular replacement [14,30]. Contrarily to other metals, Fe did not show statistically
significant differences (p > 0.05) between the two matrices.

Figure 3 shows the detailed distribution of heavy metal contents of soil and sand in
the sampled playgrounds. In several playgrounds, the metal contents of sand were found
to be equal to (e.g., Cr, Ni, Pb in playgrounds S1, S2, S11, and S14; Zn in playgrounds S5,
S6, S7) or even higher than those of soil (Fe in playgrounds S2, S3, S5, and S6; Pb in S5) at
the 0.05 level of confidence. To understand the reasons for such patterns, we first inspected
the spatial variation of the mean values of heavy metals in soil and sand (Figure 4).

The lower mean values of heavy metals within the soil dataset were detected in
the northern part of the study area, where, occasionally, higher mean values within the
sand dataset were observed. To verify this spatial pattern, the differences of means of
heavy metals in soil and sand were subjected to cluster analysis. Two major clusters were
identified (Figure 5). The first cluster included the playgrounds located on the northern
part of the city, while the second one included the playgrounds of the central and southern
part. Such patterns are explained by the prevailing winds blowing from the NE to the SW
direction, with monthly average wind speeds (for the period of 1980–2013) being lowest
in June and highest in December, ranging from 3.3 m s−1 to 4.3 m s−1 with an annual
average of 3.8 m s−1 [62,63]. Additionally, a north-easterly expansion of the residential
area occurred during the last decades. The age of the site and the time the soil has been
on-site to accumulate metals has been reported as an important factor in determining the
soil metal contents [27].

Furthermore, correlation analysis was employed to explore whether the differences in
means of heavy metal contents between soils and sand were related to the physicochemical
parameters. Two kinds of relationship emerged. The first involved grain-size distribution.
Negative correlation coefficients between the silt content in sand and the differences for
Mn (r = −0.560; p < 0.05), Pb (r = −0.587; p < 0.05) and Zn (r = −0.798; p < 0.01) were found,
suggesting that the more abundant the fine particles were in sand, the more comparable
the contents of Mn, Pb, and Zn became between the two matrices. The second type of
relationship involved Fe and Mn contents, either in soils or sand. On the one hand, positive
correlations were found between the Fe contents of the soil samples and the differences for
Ni (r = 0.600; p < 0.05), Cr (r = 0.878; p < 0.01), Pb (r = 0.657; p < 0.05), and Zn (r = 0.674;
p < 0.01). Additionally, a positive correlation of Mn contents in soils and the differences
for Zn was found (r = 0.682; p < 0.01). These positive correlations show that the more
enriched the soils were with Fe and Mn, the higher the difference was for Cr, Ni, Pb, and
Zn between the two samples sets. On the other hand, negative correlation coefficients
were found between the Mn contents of sand samples and the differences for Pb (r = 0.574;
p < 0.05), and Zn (r = −0.606; p < 0.05), implying that enrichment of sand samples with Mn
tended to diminish the differences for Pb and Zn. These relationships clearly underline
the role of Fe and Mn, most probably in the form of (oxydr)oxides as scavengers for
heavy metals.
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sand samples.

3.5. Health Risk Assessment

The results of the non-carcinogenic health risk assessment for children exposed to
heavy metals while playing in the studied playgrounds of Çanakkale is summarized in
Table 5.

Table 5. Average daily doses (ADD) of heavy metals, hazard indices (HI) for all heavy metals through
ingestion (ing), inhalation (inh), and dermal contact (derm), and hazard index (HIT) for all heavy
metals and exposure routes.

Sample
Type

Heavy
Metals ADD ing ADD inh ADD derm HI ing HI inh HI derm HIT

Soil

Cr 1.7910 × 10−5 110 × 10−9 5.0310 × 10−8

2.0710 × 10−2 1.6610 × 10−3 1.4310 × 10−3 2.3810 × 10−2
Cu 2.410 × 10−5 1.3410 × 10−9 6.7110 × 10−8

Mn 4.0610 × 10−4 2.2710 × 10−8 1.1410 × 10−6

Ni 1.7710 × 10−5 9.8910 × 10−10 4.9610 × 10−8

Pb 1.510 × 10−5 8.3810 × 10−10 4.210 × 10−8

Zn 4.9510 × 10−5 2.7710 × 10−9 1.3910 × 10−7

Sand

Cr 1.4410 × 10−5 8.0510 × 10−10 4.0410 × 10−8

1.3310 × 10−2 9.1510 × 10−4 9.6710 × 10−4 1.5210 × 10−2
Cu 1.5310 × 10−5 8.5510 × 10−10 4.2910 × 10−8

Mn 2.210 × 10−4 1.2310 × 10−8 6.1710 × 10−7

Ni 1.1910 × 10−5 6.6610 × 10−10 3.3410 × 10−8

Pb 9.310 × 10−6 5.210 × 10−10 2.6110 × 10−8

Zn 3.0310 × 10−5 1.6910 × 10−9 8.4810 × 10−8

Average daily doses for all studied metals and both matrices were found to be two to
three orders of magnitude higher through ingestion compared to dermal contact, and four
to five orders of magnitude higher than inhalation. This is in line with previous studies,
reporting the prevalence of ingestion among the exposure routes [15,16,18,64]. For all
exposure routes and both matrices, the elements with the highest and lowest ADD values
were Mn and Pb, respectively.

With respect to risk posed on children’s health, the values of HIT were found to
be 0.024 and 0.015 for exposure to soils and sand, respectively, hence adverse effects are
unlikely under the conditions assumed in the model. The transport route of highest concern
was ingestion, contributing by 87% to the overall potential risk. The elements with the
highest contribution to the hazard index through ingestion were Mn (42%), followed by Cr
(29%) and Pb (21%).
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Nevertheless, it should be mentioned that despite the low level of concern determined
by the model, further research is needed with respect to elements of high toxicity, such as
Hg and As, as pointed out by risk assessments in playgrounds [22,24].

4. Conclusions

In this study, we examined the levels of heavy metals in soils and the sand from
sandboxes of the central district of Çanakkale, as well as the potential hazards posed
to children while playing outdoors. The heavy metal contents of soils and sand were
found to be much lower than the international limits informing the need for remediating
contaminated sites. The spatial distribution of heavy metals followed the pattern of urban
sprawl. An increase in heavy metal contents seems likely, following increasing urbanization
and related activities, such as vehicular traffic.

The levels of heavy metals in soils and sand currently do not pose a health risk to
children. Although contamination of sand of sandboxes is a largely understudied issue, the
risk assessment on children’s health showed that the level of concern arising from exposure
to sand is equivalent to that related to exposure to soils. Since spending time in playgrounds
may affect children’s health, regular monitoring of heavy metals is recommended both in
soils and the sand from sandboxes. Furthermore, the research should be expanded to other
toxic elements, such as Hg and As, which have been recognized as elements of concern in
other relevant studies worldwide.
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30. Kicińska, A. Health risk to children exposed to Zn, Pb, and Fe in selected urban parks of the Silesian agglomeration. Hum. Ecol.

Risk Assess. Int. J. 2016, 22, 1687–1695. [CrossRef]
31. DMI. Turkish State Meteorological Service. Meteorological Bulletin. Available online: https://www.mgm.gov.tr/ (accessed on

15 May 2021).
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59. Sungur, A.; İşler, M. Geochemical fractionation, source identification and risk assessments for trace metals in agricultural soils

adjacent to a city center (Çanakkale, NW Turkey). Environ. Earth Sci. 2021, 80, 1–12. [CrossRef]
60. Gonnelli, C.; Renella, G. Chromium and Nickel. In Heavy Metals in Soils: Trace Metals and Metalloids in Soils and their Bioavailability;

Alloway, B.J., Ed.; Springer: Dordrecht, The Netherlands, 2013; pp. 313–333, ISBN 978-94-007-4470-7.
61. Rudnick, R.L.; Gao, S. 3.01-Composition of the Continental Crust. In Treatise on Geochemistry; Holland, H.D., Turekian, K.K., Eds.;

Pergamon: Oxford, UK, 2003; pp. 1–64, ISBN 9780080437514. [CrossRef]

http://doi.org/10.1016/j.ijsrc.2015.03.009
http://doi.org/10.1007/s12517-021-07872-z
http://doi.org/10.2136/sssabookser5.4.c12
http://doi.org/10.2136/sssabookser5.3.c14
http://doi.org/10.2136/sssabookser5.3.c16
http://doi.org/10.2134/agronmonogr9.2.2ed.c29
http://doi.org/10.2136/sssabookser5.3.c15
http://doi.org/10.1016/j.apr.2020.07.010
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables
http://downloads.esri.com/support/documentation/ao_/1003Getting_Started_with_ArcGIS.pdf
http://downloads.esri.com/support/documentation/ao_/1003Getting_Started_with_ArcGIS.pdf
http://doi.org/10.1016/j.chemosphere.2017.09.101
http://doi.org/10.1080/09593331808616518
http://doi.org/10.1007/s10653-010-9325-7
http://doi.org/10.1016/j.scitotenv.2020.138300
http://doi.org/10.1016/j.scitotenv.2008.06.007
http://doi.org/10.1016/j.jcis.2004.04.005
http://doi.org/10.1007/s12665-021-09611-9
http://doi.org/10.1016/B0-08-043751-6/03016-4


Sustainability 2022, 14, 1145 16 of 16
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