Appendices

Enrichment Factor (EF): The Enrichment Factor is used to assess the level of soil contamination and its potential impact on human health. It is calculated by dividing the concentration of a given heavy metal in the soil by its average concentration in the Earth’s crust. An EF value of less than 1.5 indicates no significant anthropogenic (external) contribution, while a value greater than 1.5 suggests the presence of external sources (Gulan et al. 2022). Specifically, an EF > 2 indicates minimal enrichment, 2–5 moderate, 5–20 significant, 20–40 very high, and > 40 extremely high enrichment levels (Dama 2021). In the EF formula, a naturally abundant and stable element is selected as the reference. Due to their high crustal concentrations and stability, elements such as iron, scandium, manganese, and aluminum are commonly used as reference elements (Javed et al. 2019). In this study, aluminum (Al), a frequently preferred reference element in the literature, was selected.
The EF is calculated using the following formula:
EF = (Cn/Cal)sample ÷ (Cn/Cal)reference
Here, (Cn/Cal)sample refers to the ratio of the concentration of the target metal to aluminum in the soil sample, while (Cn/Cal)reference represents the ratio based on accepted background values.
Table 1 provides the internationally accepted background concentrations used in the EF calculations.

Table 1. Accepted Background Reference Values for Heavy Metals (Taylor and Mclennan 1995; Mclennan 2001) 
	Heavy Metals
	Reference Values (mg/kg)

	Al
	80400

	As
	1.5

	Cd
	0.098

	Cr
	85a

	Co
	17a

	Cu
	25

	Fe
	35000

	Mn
	600

	Ni
	44a

	Pb
	17a

	V
	107a

	Zn
	71


 a: Values updated based on recent studies conducted by the authors

Contamination Factor (CF): The Contamination Factor is calculated by dividing the measured concentration of a heavy metal by its background concentration, i.e., the concentration found in uncontaminated soil (Javed et al. 2019). According to the results, a CF value of < 1 indicates no or minimal contamination, 1–3 indicates moderate contamination, 3–6 indicates considerable contamination, and > 6 indicates very high contamination levels (Hakanson 1980). 
The CF is calculated using the formula:
CF = Cn ÷ C_reference.
Pollution Load Index (PLI): The Pollution Load Index is formulated as the geometric mean of individual contamination factors (CFs), expressed as:
PLI = (CF₁ × CF₂ × ... × CFₙ)^(1/n)
It serves as an indicator of the overall toxicity of the sampled area. A PLI value of < 1 suggests that the area is not contaminated in terms of overall toxicity, whereas a value > 1 indicates contamination (Ahmadi et al 2017).
Potential Health Risk Assessment
For the evaluation of potential health risks, the Hazard Index (HI) and Carcinogenic Risk (CR) values were ultimately calculated. This section outlines the parameters used in these calculations.
Chronic Daily Intake (CDI): Children may be exposed to heavy metals in soil through three primary pathways: ingestion, inhalation, and dermal contact. These pathways are critical for assessing exposure-related health risks (Wang et al 2017).





C = Concentration of heavy metal in soil (mg/kg) 
IR_inh = Inhalation rate (m³/day) (Zheng et al. 2009). The value of 7.5 m³/day, which is the most commonly used inhalation rate for children in the literature, was applied in this study (Miletic et al. 2023). 
IR_ing = Ingestion rate (mg/day) A value of 200 mg/day is accepted for children (ATSDR 2013). 
EF = Exposure frequency (days/year) A value of 350 days/year is commonly accepted for children in the literatüre (USEPA 2011; Liu and Wang 2024).   
ED = Exposure duration (years) An exposure duration of 6 years is commonly accepted for the child age group in playground settings (Sun et al. 2019).
PEF = Particle emission factor (m³/kg) The value is assumed to be 1.36 × 10⁹ (Eziz et al 2018).
SA = Skin surface area exposed (cm²) In the childhood age group, a surface area of 2800 cm² is commonly accepted in the literatüre (Miletic et al. 2023).
AF = Soil adherence factor (mg/cm²) For soil contact, a value of 0.2 mg/cm² is considered acceptable for children (USEPA 2009). 
ABS = Dermal absorption factor. A value of 0.03 is accepted for arsenic, while 0.001 is accepted for other elements (USEPA 2002).
BW = Body weight (kg) According to the USEPA guidelines, a body weight of 18.6 kg is used for children (USEPA 2009).
AT = Averaging time (days) For non-carcinogenic heavy metals, the averaging time (AT) is defined as 365 × ED (USEPA 2011). For carcinogenic heavy metals (Pb, As, Cr, Ni, and Cd in our study), the averaging time (AT) is calculated as 70 years × 365 days, corresponding to the average lifetime (Zheng et al 2009).

HQ: It is defined as the non-carcinogenic hazard quotient (HQ). The formula is expressed as CDI divided by RfD (HQ = CDI/RfD) (USEPA 2009). RfD stands for Reference Dose, and different values exist for each metal depending on the route of exposure. The relevant RfD values are provided in Table 2.
HI: The non-carcinogenic hazard index (HI) is defined as the sum of hazard quotients for ingestion, inhalation, and dermal exposure, expressed as: HI = HQing + HQinh + HQderm. An HI value greater than 1 indicates the presence of non-carcinogenic health risks, whereas a value less than 1 suggests that non-carcinogenic adverse health effects are unlikely. The total non-carcinogenic risk is obtained by summing the HI values for all heavy metals present in the soil (Parlak et al 2022; Moradnia et al. 2024; Saber et al 2022). 
HI=∑HQi

Table 2. Reference doses of heavy metals (RfD) (USEPA 2002, 2016; Miletic et al. 2023) 
	Heavy Metals
	RfD (mg/kg/day)

	
	Ingestion
	Inhalation
	Dermal

	As
	0.0003
	0.0003
	0.000123

	Cd
	0.001
	0.0001
	0.0001

	Cr
	0.003
	0.0000286
	0.00006

	Co
	0.02
	0.00000571
	0.016

	Cu
	0.04
	0.0402
	0.012

	Fe
	0.7
	0.00022
	0.07

	Hg
	0.0001
	0.0001
	0.0001

	Mn
	0.046
	0.0000143
	0.00184

	Ni
	0.02
	0.0206
	0.0054

	Pb
	0.0035
	0.0035
	0.00052

	V
	0.007
	0.007
	0.00007

	Zn
	0.3
	0.3
	0.06



SF (Carcinogenic Slope Factor of Metals): The SF represents the reference values used for carcinogenic metals. Different values are available for each of the three exposure routes. SF is expressed in units of mg/kg/day. The SF values for heavy metals recognized as carcinogenic in the literature are provided in Table 3.

Table 3. Carcinogenic slope factor (SF) values of heavy metals  (USEPA 2002, 2016; Miletic et al. 2023)
	Heavy Metals
	SF (mg/kg/day)

	
	Ingestion
	Inhalation
	Dermal

	As
	1.5
	15.1
	3.66

	Cr
	0.5
	42
	20

	Cd
	6.1
	6.3
	6.1

	Ni
	1.7
	0.84
	42.5

	Pb
	0.0085
	0.042
	0.0085



Carcinogenic Risk (CR) = CDI*SF (Baltas et al. 2019). The total risk from all exposure pathways is referred to as the Total Carcinogenic Risk (TCR). The target value for TCR is below 10⁻⁶, while the acceptable range is between 1 × 10⁻⁶ and 1 × 10⁻⁴. A TCR value below 1 × 10⁻⁶ indicates no significant health risk to humans, whereas a value above 1 × 10⁻⁴ suggests a potential lifetime carcinogenic risk (Wang et al. 2017). The total carcinogenic risk of a given sample is obtained by summing the CR values of all carcinogenic heavy metals present (Saber et al. 2024). 



After heavy metal concentrations in the soils were determined using ICP-MS, the variability in heavy metal distribution across playgrounds was assessed based on the coefficient of variation (CV) values. The variability was categorized as low (% CV < 20), moderate (% CV = 20–50), and high (% CV > 50) (Verla et al. 2015).
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