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Highlights 

1. Dust’ PAHs and metal(loid)s content varied spatially, but little seasonally. 

2. Input of PAHs and metal(loid)s was higher in industrial or urban schools. 

3. PAHs and metal(loid)s came mainly from materials, industry, and traffic. 

4. Playground areas had unacceptable levels of cancer risk due to metal(loid)s. 

5. Parents believed the risk of exposure was higher in open air situation than indoor. 
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Abstract 
Settled dust can function as a pollutant sink for compounds, such as polycyclic aromatic hydrocarbons 

(PAHs) and metal(loid)s (MMs), which may lead to health issues. Thus, dust represents a hazard 

specifically for young children, because of their vulnerability and hand-to-mouth behavior favoring 

dust ingestion.  

The aim of the present study was to explore the influence of the season and the microenvironment on 

the concentrations of 15 PAHs and 17 MMs in indoor and outdoor settled dust in three preschools 

(suburban, urban, and industrial). Second, the potential sources and health risks among children 

associated with dust PAHs and MMs were assessed. Third, domestic factors (risk perception, 

knowledge and parental style) were described to explore protective parental behaviors toward dust 

hazards.  

The suburban preschool had the lowest concentrations of dust PAHs and MMs, while the industrial 

and urban preschools had higher but similar concentrations. Seasonal tendencies were not clearly 

observed. Indoor dusts reflected the outdoor environment, even if specific indoor sources were noted. 

Source analysis indicated mainly vehicular emissions, material release, and pyrogenic or industrial 

sources. The noncancer health risks were nonexistent, but potential cancer health risks (between 1.10-

6 and 1.10-4) occurred at all sampling locations. Notably, the highest cancer risk was observed in a 

playground area (> 1.10-4) and material release should be further addressed. Whereas we assessed 

higher risk indoors, parents perceived a higher risk in the open-air environment and at the preschool 

than at home. They also perceived a lower risk for their own children, revealing an optimism bias, 

which reduces parental anxiety.  

Keywords 
Children health risk, ingestion exposure pathway, indoor and outdoor dust, positive matrix 

factorization, risk knowledge and perception, settled dust.   
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1-Introduction  

Thousands of chemical products, stemming from natural or anthropogenic sources, are dispersed in 

the environment. Exposure to these mixtures during one’s lifetime could lead to health issues 

worldwide, which currently cause notable political and societal concerns. Among them, polycyclic 

aromatic hydrocarbons (PAHs) and metals and metalloids (MMs) are ubiquitous in all environmental 

compartments (Bidar et al., 2020; Dai et al., 2022; Kim et al., 2013), including settled dust, which can 

function as a sink for these pollutants (Maertens et al., 2008; Plumejeaud et al., 2016). 

PAHs and MMs can be formed through natural phenomena, such as erosion, volcanic eruptions, 

wildfires, and the water cycle. Human activities, including mining industrial activities, smelters, fuel 

combustion, and farming cause important inputs of MMs into outdoor environments (Alloway, 2012; 

Dingle et al., 2021; Galażyn-Sidorczuk et al., 2007; Masto et al., 2019). Linked to their pyrogenic sources 

(incomplete combustion of biomass, Skrbic et al., 2021) or petrogenic sources (ATSDR, 1995; Budzinski 

et al., 1997), PAHs are also emitted through human activities: motor vehicle emissions, petrochemical 

industrial processes, and controlled fires for farming. Indoor pollutants can originate from outdoor 

inputs and indoor material or activities such as paint and electronic devices for MMs and heating, 

cooking, candle burning and incense burning for PAHs (WHO, 2010). 

The environmental concentrations of MMs and PAHs can be influenced by seasonal and spatial factors 

(Longhin et al., 2013; Putaud et al., 2010), since human activities vary between seasons (e.g., heating 

in winter), and weather influences the degradation of contaminants (e.g., photolysis). On a spatial 

scale, human activities depend on territories and their usages. To discriminate between PAH sources 

(petrogenic or pyrogenic), parent PAH ratios have been extensively used in different environmental 

compartments, including settled dust (Lim et al., 2021; Skrbic et al., 2019). Chemometric approaches 

can also be applied, such as the positive matrix factorization (PMF) model (Lim et al., 2021), a 

multivariate factor analysis tool developed by the United States Environmental Protection Agency (US 

EPA) to investigate organic and inorganic pollutant sources. 

Exposure to metallic elements and PAHs may cause numerous health effects. MMs can induce dermal, 

cardiovascular, renal, hepatic and neurotoxicity phenomena (Tchounwou et al., 2012). A few trace 

metals are considered carcinogens by the International Agency for Research on Cancer (IARC, 2022). 

PAHs can increase the risk of respiratory cardiovascular diseases and cognitive development delays 

(WHO, 2010). Only benzo[a]pyrene (BaP) is considered a carcinogen by the IARC (Group 1). However, 

among the 16 US EPA priority PAHs, seven are considered as probable (Group 2A) or possible (Group 

2B) human carcinogens by the IARC.  
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Children below six years old comprise the most sensitive population to environmental pollution. Their 

vital organs are still developing and their barriers— skin membrane, alveolar-capillary membrane, 

blood–brain barrier—are highly permeable, thus enabling the passage of contaminants (Trasande et 

Thurston, 2005; Walker-Smith et Macdonald, 1989). Their metabolic and immune systems are still 

immature, and their intake by body weight is higher than that among adults (Lu and Rosenbaum, 2014). 

Because of their exploring behaviors, children experience higher exposure than any other population 

to settled dust or soils (Moya et al., 2004) and may ingest up to 100 mg of particles per day (US EPA, 

2017).  

The preschool is the place where children spend the most time, second only to their home. The 

comprehensive characterization of settled dust at preschools is of concern to ensure children’s safety 

and sustainable urbanization. Preschools also provide a common environment for several children at 

the same time and limit individual behavioral biases inevitable in in-house dust studies (e.g., tobacco 

smoking, cooking, heating, and cleaning practices). The numerous comings and goings at school 

between the outside and inside environments at school are also of interest to improve the 

understanding of outdoor-to-indoor dust inputs. 

However, settled dust at preschools and its seasonal and spatial variations in heavily populated and 

industrial areas have rarely been investigated, whereas preschools constitute a common environment 

to many coastal dwellers in both northern and southern countries. Moreover, studies tend to focus 

either on PAHs or MMs, although they are ubiquitous and generally present together, both types of 

compounds are carcinogenic and children are exposed to both substances through dust (Maertens et 

al., 2008; Rasmussen et al., 2001; Škrbić et al., 2018a, 2019). Literature on the perceived risk of 

exposure among young children to settled dust is also scarce. Qualitative studies on settled dust 

exposure in the household have described an increased concern among new parents with young 

children exposed to indoor hazards (Altman et al., 2008; Crighton et al., 2013). However, quantitative 

studies comparing the perceived risks of settled dust among young children are lacking (Crighton et 

al., 2013). The studies of the measured chemical risks and human perceived risks are generally 

disjointed since they fall within the remit of exact sciences on one hand and the human sciences on 

the other hand. However, the two aspects must be compared to formulate efficient government 

warnings and to improve risk communication and mitigation.  

This research aimed to address these different gaps. Fifteen PAHs and 17 MMs were characterized in 

indoor and outdoor settled dust collected in three preschools in one city (urban) and two towns 

(industrial and suburban), both in winter and summer, to ascertain the influences of the 

microenvironment and seasonal practices on their concentrations. Parent PAH ratios and a PMF model 
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were applied to better understand the sources of both pollutant families. The risk assessment 

approach offers a quick overview of the health risks among children, without invasive sampling (US 

EPA, 1989). Thus, the noncarcinogenic risk and incremental lifetime cancer risk (ILCR) were calculated 

indoors and outdoors at preschools. In parallel to risk assessment in collective settings, we also 

investigated psychosocial variables (risk knowledge, risk perception and parental style) capable of 

predicting increased or reduced exposure of young children to settled dust, i.e., which factors predict 

the frequency of risk reduction measures in households (e.g., surface cleaning).  

2-Materials and methods 

2.1-Study sites, sample collection and preparation 

The three preschools are located in Bouches-du-Rhône, a department in southern France (Figure SI-

1.1). The details for each preschool are provided in Table SI-1.2. The industrial preschool (IPS) is in Port-

Saint-Louis-du-Rhône, a town of 8,500 inhabitants (120 inhab./km2), only 10 km away from one of the 

largest French industrial areas (approximately 30 SEVESO high-risk industries) and the western part of 

the harbor of Marseille-Fos (80 Mt per year of merchandise). The urban preschool (UPS) is in Marseille, 

the second largest city in France with 870,000 inhabitants (3,620 inhab./km2), and it is characterized 

by urbanized land (46% of the total land use). The preschool neighborhood is undergoing urban 

renewal, with industrial wastelands nearby. The eastern part of the harbor of Marseille-Fos (over 3 

million passengers per year) and a frequented highway are both less than 500 m away. Therefore, the 

preschool is in a complex urban environment. The suburban preschool (SPS) is in Trets with 10,000 

inhabitants (150 inhab./km2), a town characterized by the importance of forests and seminatural 

environments (53% of the total land use) and is situated at the doorstep of the Sainte-Baume regional 

nature park.  

Each preschool was sampled once a week for four weeks to obtain a one-month composite sample 

and enough matter for analyses. In each preschool, four locations (classroom, dormitory, courtyard, 

and playground area) were sampled by gently sweeping with brushes and dustpans (surface areas > 

40 m2). One set of brushes and dustpans was allocated to one location and one season to avoid cross-

contamination. Sampling occurred during the school attendance periods in the heating (winter 2015-

2016) and the non-heating seasons (summer 2016) (Table SI-1.2). The samples were dried at 40 °C for 

24 hours and passed through a 250-µm mesh stainless sieve to remove large particles, hair, fibers, and 

other impurities and to obtain the finer fraction (0-250 µm), likelier to stick to the hands and classified 

as dust. The samples were stored in aluminum trays until analysis (< 8 months). 
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2.2- PAH and MM analyses.  

Briefly, 15 out of the 16 PAHs listed by the US EPA, namely naphthalene (Nap), acenaphthene (Ac), 

fluorene (Flu), phenanthrene (Phe), anthracene (Ant), fluoranthene (Fla), pyrene (Pyr), 

benzo(a)anthracene (BaA), chrysene (Chr), benzo(b)fluoranthene (BbF), benzo(k)fluoranthene (BkF), 

benzo(a)pyrene (BaP), dibenzo(a,h)anthracene (dBahA), benzo(g,h,i)perylene (BghiP), and 

indeno(1,2,3-c,d)pyrene (IcdP), were extracted from the dust samples (200 mg) by pressurized fluid 

extraction with a mixture of dichloromethane and methanol. After clean-up and reconcentration 

processes, the extracts were analyzed by ultrahigh performance liquid chromatography (UHPLC, Perkin 

Elmer Altus) with a programmed fluorescence detector (PFD, Perkin Elmer) (Mbusnum et al., 2020 ; 

Vergnoux et al., 2011).  

The 17 inorganic elements studied, i.e. Al, As, Cd, Co, Cr, Cu, Fe, Mo, Mn, Ni, Pb, Sb, Th, Ti, U, V, and 

Zn, were determined via inductively coupled plasma-mass spectrometry (ICP‒MS, NexION® 300 X, 

Perkin Elmer, MA, USA) after the dust samples (100 mg) were digested with aqua regia (HNO3 65% and 

HCl 35%) for 12 h at 140 °C (Plumejeaud et al., 2016). 

The QA/QC procedures included method reagent blanks and the analysis of certified reference 

materials of dust. The limits of detection ranged from 9.10-4 to 0.3 µg/g for MMs and from 0.21 to 1.04 

ng/g for PAHs. The methods recoveries in certified matrices ranged from 68.5% to 102% with a mean 

of 93.1% for MMs and from 73 to 113% with a mean of 78% for PAHs, except for Nap, Ace and Flu, 

which had recoveries of 22-42% due to co-evaporation during the reconcentration step.  

The analytical procedures are detailed in Text SI-2.1, and the the QA/QC for PAHs and MMs analyses 

are reported in Tables SI-2.2 and SI-2.3, respectively. 

2.3- Source apportionment. 

First, diagnostic PAH ratios were applied to investigate the PAH origins in settled dust, as this approach 

is largely accepted in the scientific community to evaluate PAH sources (Ali et al., 2016 ; Franco et al., 

2017 ; Ravindra et al., 2008).  

To study both PAH and MM sources, positive matrix factorization (PMF; EPA PMF 5.0) was applied. 

This model extracts factors from a dataset with multiple variables to help understand how sources 

contribute to the input of organic and inorganic contaminants in settled dust. One dataset was treated 

according to the US EPA’s user guide for the PMF 5.0 (24 samples x 32 contaminants) (Norris et al., 

2014). The optimal number of factors was determined by multiple model runs to examine the effect 

of the assigned number of factors on the results, which are both physically meaningful and coherent 

https://www-sciencedirect-com.lama.univ-amu.fr/topics/earth-and-planetary-sciences/spectroscopy
https://www-sciencedirect-com.lama.univ-amu.fr/science/article/pii/S0147651319311698#bib37
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with the volume of input data. After obtaining the optimal factors, the model was run 20 times with a 

random seed. All runs converged to a global minimum.  

2.4-Health risk assessment for children through ingestion.  

We assessed the health risks of children exposed to dust by ingestion by applying the equations of the 

US EPA Exposure Handbook (US EPA, 2011). The estimated inhalation exposure was negligible, as only 

particles < 10 µm are breathable (Owen et al., 1992). Particles cannot cross a healthy skin barrier, and 

only 13% of PAHs may be absorbed via the dermal route (US EPA, 2004; Wester et al., 1990). Hence, 

oral ingestion is expected to be the main exposure pathway in our case study. The necessary data were 

obtained from the US EPA Exposure Handbook and the risk assessment information system (Table SI-

2.4, RAIS, 2021; US EPA, 2011, 2017). The description of the methodology and the equations are given 

in Text SI-2.5. Briefly, for noncancer risks, average oral daily doses (ADD) were calculated. Then, these 

ADDs were divided by the reference doses to obtain the hazard quotient (HQ). The sum of the HQs 

gave the hazard index (HI). If HI<1, adverse health effects are rare, whereas HI>1 indicates a potential 

adverse health risk (Aguilera et al., 2021 ; Zivancev et al., 2019). For cancer risks, the incremental 

lifetime cancer risk (ILCR) was applied to PAHs and carcinogenic MMs (As, Cr, Ni, and Pb). An ILCR value 

>10-4 is considered an unacceptable risk and an ILCR value ≤10-6 is considered an acceptable risk. In 

between, the risk is considered potential (Aguilera et al., 2021 ; Zivancev et al., 2019). 

2.5-Risk analysis at the household level: Parental knowledge, perception, and protective behavior 

Families in the preschool area were queried through online questionnaires to assess what parents of 

young children (1) know or how they are informed about the risks associated with settled dust, (2) how 

they perceive settled dust as risky to their own children, and (3) how they behave in relation to risk 

knowledge and perceived risks (e.g., clean surfaces and regularly open windows). The questionnaire 

contained self-reported items (questions or statements) to which participants responded through six-

point scales — (1) totally disagree to (6) totally agree. These items were then integrated into composite 

variables of settled dust cleaning, knowledge, risk perception and protective behavior for each 

participant.  

These variables provide a description of the household context in which young children are exposed 

to settled dust. As mentioned above, this study relies on parents’ self-reported information, i.e., dust 

samples were not collected at their households. Participants were all responsible for children under 

10 years old and were mostly contacted through parent-school associations in the same geographical 

area of the studied preschools (Aix-Marseille metropole, Southeast France).  
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A pre-study occurred in June 2020 (N = 50 participants), and participants were asked about the five 

ideas, images, and concepts they associated the most to the wording “fine particles” (Text SI-2.6). The 

pre-study questionnaire indicated that cleaning behaviors can be described in widely different ways in 

relation to different parts of the household – kitchen, WC, outside environments. In order to better 

understand how French households, refer to different types of household cleaning processes, an ad 

hoc questionnaire disseminated prior to the main questionnaire (March 2021) asked local families to 

describe different types of household chores. This ad hoc questionnaire allowed us to focus our 

questions around ‘dust cleaning’: mopping, vacuum cleaning, and opening windows. Based on these 

pre-studies, the main questionnaire study occurred in April 2021 (N = 212 participants) (Text SI-2.6). 

This questionnaire contained three sections with predictors that were later entered in a multiple 

regression model. The outcome variable of the regression model was domestic cleaning behavior: how 

often and when do families clean settled dust (cleaning behavior). The predictive variables were (1) 

what parents knew about settled dust and household air quality (knowledge); and (2) how they 

perceived risks associated with settled dust (risk perception). This multiple regression model also 

contained ‘control variables’ corresponding to socioeconomic and psychosocial variables that could 

also explain cleaning behavior: parent gender, age of the youngest child, and parenting style.  

 3- Results and discussion 

3.1- Spatial and seasonal dust PAH contents  

The sum of the concentrations of the 15 PAHs (ΣPAHs) and the associated sum of carcinogenic PAHs 

concentrations (ΣPAHcarc) are presented in Table 1. The concentrations of each PAH in all the samples 

are reported in SI-3, except IPS indoor samples, where not enough material could be collected. A 

comparison with literature data is provided in SI-3.6. 

ΣPAHs in outdoor dust (courtyard + playground) varied between 245.5 ng/g and 5007.5 ng/g (Table 1). 

SPS had the lowest concentrations of PAHs out of the three preschools and fell in the lowest ranges of 

values measured in different countries (Table SI-3.6). The median SPS value was higher than that 

previously reported in Serbia and was very close to that reported in Egypt (Hassanien et al., 2008), but 

in these last two cases, the maximum values were 5 times higher than those of the SPS. The low PAH 

concentrations at the SPS could be attributed to the low traffic density and weak industrial activities 

in its vicinity. PAHs were spread over a wider range (668.2-5007.5 ng/g) in the UPS than in the IPS 

(1448.3-3415.7 ng/g), but their medians were close (1879.1 ng/g and 2167.2 ng/g, respectively). The 

PAH concentrations in the UPS and IPS were higher than those in Serbia, Nigeria, and Egypt (Hassanien 

et al., 2008; Ossai et al., 2021; Škrbić et al., 2019). Both preschools are in dense traffic, harbor, and 

industrial microenvironments. However, the PAH concentrations in the UPS and IPS were lower than 
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those in China, India and the USA, where highly dense traffic can be assumed (Masto et al., 2019; Ossai 

et al., 2021; Škrbić et al., 2019; Shen et al., 2022; Van Metre et al., 2008).  

ΣPAHs in indoor dust (class + dorm) varied between 219.3 ng/g and 4029.5 ng/g depending on the 

preschool microenvironment (Table 1). ΣPAHs in the UPS were 5 to 10 times higher than those in the 

SPS, where the concentrations were similar to the lowest ranges of ΣPAHs reported in previous studies 

(Table SI-3.6). The concentrations measured in the UPS were two times higher than those measured 

in other European studies. The median was 2749.1 ng/g in the UPS versus 1320 ng/g in preschools in 

Sweden, and 1404 ng/g in households in Serbia (Lim et al., 2021; Živančev et al., 2022). The 

concentrations measured in a Nigerian coastal city were also lower (1598 ng/g indoors) (Ossai et al., 

2021). Nonetheless, the indoor dust PAH concentrations measured in Canada and China were at least 

twice as high as those measured in the UPS (Maertens et al., 2008; Kang et al., 2011; Shen et al., 2022).  

According to the lowest ΣPAHs (Table 1), the SPS had the lowest ΣPAHcarc, both indoor and outdoor, 

and close to the indoor and outdoor concentrations found in Serbia and outdoor concentrations 

measured in Egypt (Hassanien et al., 2008; Škrbić et al., 2019; Živančev et al., 2022). The UPS had a 

similar indoor median of PAHcarc as that in households in China, but with a narrower range, certainly 

due to a higher homogeneity in preschool rooms than in households (Kang et al., 2011). The outdoor 

carcinogenic concentrations in the UPS and IPS were lower than those reported in China and India 

(Masto et al., 2019; Shen et al., 2022). The concentrations in Nigeria were in between the 

concentrations in the SPS and in the UPS and IPS. 

Outdoor dust was dominated by Phe, Flu, and Pyr in all microenvironments and to a lesser extent by 

B(a)A, Chr, and B(b)F in the urban and industrial microenvironments. The PAH profiles were dominated 

by three-four ring PAHs (Figure SI-3.5), as already observed in dust (Ali et al., 2016; Kang et al., 2011; 

Živančev et al., 2022). In addition, higher molecular weight PAHs were present at notable 

concentrations in the industrial and urban preschools due to the wide array of human activities. 

Regardless of the preschool, the outdoor dust PAH contents were higher in the playground than in the 

courtyard. PAHs are likely released from the impact-attenuating coating at playgrounds, as recently 

mentioned (Pham, 2022). 

The same six major PAHs were encountered in indoor dust. Notable concentrations of Nap, Ace and 

dBahA were also present in indoor dust, whereas lower concentrations were measured outside. 

Naphthalene is an intermediate compound in the manufacture of phthalic anhydride (more than 60% 

of production) used to produce phthalates, plasticizers, resins, dyes, and insect repellents. It is also 

used in the manufacture of surfactants and as a moth repellent. Acenaphthene is an intermediate 

substance in the manufacture of dyes and plastics and is used as an insecticide and fungicide. Thus, 
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the presence of these LMW PAHs is certainly due to indoor air pollution in the SPS and UPS. DBahA in 

indoor dust can originate from outdoor inputs, as no indoor sources could be identified. This PAH is 

present in bitumen, asphalt, tar, coal or even surficial coatings at playgrounds. It is also a marker of 

vehicular exhaust, further explaining its high concentration in the UPS, which is located in the 

metropole of Marseille, and fine particles emitted by exhaust are more susceptible to indoor 

infiltration and could be a source of contamination (Tofful et al., 2021). Moreover, the UPS buildings 

are prefabricated buildings, with little insulation, causing more entries of finer particles into the 

classroom and the dormitory. This fraction of finer particles contains high concentrations of pollutants 

due to their high specific surface area and could explain the high concentrations measured in indoor 

settled dust in the UPS (Franco et al., 2017; Lorenzi et al., 2011).  

In the urban and industrial microenvironments, there was little seasonal variation in the PAH 

distribution by ring number. In the suburban microenvironment, there was seasonal variation outdoors 

with an increase in two and three rings PAH, possibly linked to the use of wood burners in winter, as 

previously reported by Škrbić et al., 2018b. The outdoor dust PAHs showed slightly higher contents of 

PAHs in winter in the SPS and UPS (except the playground), whereas an opposite trend was observed 

in the IPS. It is considered that domestic heating yields a greater contribution in urban and suburban 

residency areas than in industrialized zones. In summer, higher PAH concentrations were encountered 

in indoor dust of the SPS and UPS due to the higher outdoor input because of natural aeration (opening 

windows/doors for breeze), higher mobility of dry particles, and higher leaching of floor-covering 

material at high summer temperatures.  

3.2-Spatial and seasonal dust metal(loid)s contents. 

The sum of MMs and the associated carcinogenic concentrations are presented in Table 1. The 

concentrations of all measured metals and metalloids (MMs) are presented in SI-4, except for the IPS 

indoor sample, as there was not enough matter. A comparison with literature data is presented in SI-

4.5.  

The sum of metal(loid)s (ΣMMs) in outdoor dusts (courtyard + playground) ranged from 16967.9 µg/g 

to 57630.6 µg/g (Table 2). Once again, the SPS had the lowest concentrations of the three preschools. 

When comparing the median of 7 MMs to that in a Serbian study, we obtained similar concentrations 

(Škrbić et al., 2018a). The UPS had the highest and widest concentration range of MMs. The 

concentrations measured in street dust in Ottawa were two to four times higher than those measured 

in this study (Rasmussen et al., 2001). The concentrations in the UPS and IPS were of the same order 

of magnitude as those measured in soil sampled in kindergartens in Armenia (Tepanosyan et al., 2017). 

Highway dust in the Greater Toronto Area had the highest concentrations of MMs among the studies 
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summarized in Table SI-4.5 (188751.8 µg/g) and was four times higher than those found in the UPS, 

the closest preschool to highways (Nazzal et al., 2012).  

ΣMMs in indoor dust (class + dorm) varied between 15154.4 µg/g and 43846.3 µg/g (Table 1). The UPS 

dust contained more MMs than the SPS dust. The concentrations reported for Nigerian classrooms 

(median of 10839.7 µg/g) and Portuguese households (median of 13522.9 µg/g) were lower than those 

in our study, equal to 25900.1 µg/g and 36500.9 µg/g in the SPS and UPS respectively (Table SI-4.5) 

(Olujimi et al., 2015; Plumejeaud et al., 2016). However, the concentrations were two times lower than 

those measured in Canadian households (Rasmussen et al., 2001). Other studies did not include as 

many MMs, therefore we compared only equivalent sums of MMs. Our median Σ9MMs indicated that 

the metallic load of dust was lower in our preschools than in nursery schools in Xi’an, China (Lu et al., 

2014), but our median Σ12MMs indicated that the concentrations were higher than in schools and 

households of Henan, China (Cao et al., 2016). Finally, when comparing our median Σ8MMs to the 

concentrations measured in Malaysian nursery schools, we found that our samples contained 

approximately four to six times more MMs (Darus et al., 2012). 

Carcinogenic MMs, with mostly anthropogenic origins, contributed less than 1.5% to the total metallic 

load in settled dust. The SPS had the lowest concentrations, both indoors and outdoors, whereas the 

IPS had the highest concentrations outdoors. Overall, the indoor samples of the preschools had lower 

concentrations of ΣMMcarc than those in Hunan Province of China, Nigeria, Portugal, and Canada (Table 

SI-4.5) (Cao et al., 2016; Olujimi et al., 2015; Plumejeaud et al., 2016; Rasmussen et al., 2001). Our 

indoor samples had similar concentrations to those reported in China but contained two to five times 

more carcinogenic MMs than those mentioned in the Malaysian study (Darus et al., 2012; Lu et al., 

2014). The outdoor samples had lower concentrations of carcinogenic MMs than those reported in 

India and in the Greater Toronto Area, Canada (Masto et al., 2019; Nazzal et al., 2012). The 

concentrations in our study were equivalent to those in Armenia and higher than those in Serbia and 

Ottawa, Canada (Škrbić et al., 2018a; Rasmussen et al., 2001; Tepanosyan et al., 2017). 

The major contributors were Al and Fe, followed by Zn, Ti and Mn, which are naturally present in the 

lithosphere. The 13 other elements contributed less than 2% to the metallic load in settled dust. Slight 

seasonal and spatial variations were observed in the contribution profiles of the three preschools, 

apart from Pb. The latter had far higher concentrations in the UPS and IPS than in the SPS, which is 

indicative of more anthropogenic activities in both areas. Globally, the indoor and outdoor 

contribution profiles were quite similar, suggesting that outdoor sources were the main contributors. 

However, Zn was three times higher in indoor dust, especially in dormitories and Sb was particularly 

high indoors, especially in the SPS (61.55 µg/g in summer and 117 µg/g in winter), up to 8 times more 
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than in the UPS, whereas only low concentrations of Sb (approximately 1 µg/g) were measured 

outdoors. These two MMs should partly or mainly or stem from indoor origins and their enrichment in 

indoor dust has also been observed elsewhere (Marinho-Reis et al., 2018). Sb trioxide is commonly 

used with flame retardants, while other forms of Sb are used in paints, in rubber and as a pigment, 

bonding agent, opacifier or fixative in ceramics (US CPSC, 2015, Turner and Filella, 2020). The 

unexpectedly high indoor concentrations of Sb in the SPS relative to the UPS may be due to the ageing 

of the wall paints, since SPS is a relatively old preschool unlike UPS and/or to the children’s handiwork 

with enamels or ceramics. Zn is used in paints, plastics, and personal care products (Cooper and 

Harrison, 2009; Naito et al., 2010). Its presence indoor could also be due, specifically in dormitories, to 

the higher concentration of Zn in toenails from children (Marinho-Reis et al., 2018). 

3.3- Source apportionment of the dust PAHs and MMs 

3.3.1- PAH source analysis based on diagnostic ratios 

For PAHs, the most commonly applied diagnostic ratios were calculated, namely Ant/(Ant+Phe), 

Fla/(Fla+Pyr), BaA/(BaA+Chr), IcdP/(IcdP + BghiP) along with ΣLMW/ΣHMW and the total index as the 

sum of the aforementioned diagnostic ratios normalized by their respective limit value (Barreca et al., 

2014; Kanzari et al., 2011; Škrbić et al., 2018b; Tobiszewski et al., 2012). To calculate these ratios, if 

the subset of PAH concentrations falling below the LOD were less than 60%, the concentration was set 

at half of the detection limit (LOD/2) (Wood et al., 2005 ; Skrbic et al., 2005). If number of results below 

LOD were higher (60-80%), we assumed a concentration equal to LOD (Skrbic et al., 2005).  

Petrogenic sources are uncombusted petroleum products and primarily composed of low-molecular 

weight (LMW) PAHs (two–three ring PAHs), while high-molecular weight (HMW) PAHs (four to six-ring 

PAHs) are pyrogenic products from the combustion of coal, fossil fuel, natural gas, diesel and gasoline 

(Baumard et al., 1999, Benlahcen et al., 1997, Hu et al., 2014; Škrbić et al., 2017). For all samples except 

one (SPS courtyard in winter), ΣLMW/ΣHMW was <1, suggesting a pyrogenic source (Figure SI-5.1). To 

specify the abovementioned pyrogenic source, we applied a combination of ratios (Fla/(Fla+Pyr) and 

BaA/(BaA+Chr)) (Motelay-Massei et al., 2007). The BaA/(BaA+Chr) vs. Fla/(Fla+Pyr) ratios suggested 

that PAHs mostly originated from pyrogenic sources, fossil fuels and/or biomass/coal combustion. Two 

samples, with a ratio Fla/(Fla+Pyr)<0.4, contained PAHs originating from petrogenic sources 

(Tobiszewski and Namiesnik, 2012; Yunker et al., 2002). Both were playground samples, one from the 

suburban preschool in summer and one from the industrial preschool in winter, and these areas are 

covered with shock-absorbing coating, which may contain petroleum products. The IcdP/(IcdP+BghiP) 

vs. Fla/(Fla+Pyr) ratios confirmed that PAHs mainly originated from pyrogenic sources, either 

biomass/coal or fossil fuel combustion, apart from playground samples. A sample from the dorm of 

https://www-sciencedirect-com.lama.univ-amu.fr/topics/earth-and-planetary-sciences/petroleum-hydrocarbon
https://www-sciencedirect-com.lama.univ-amu.fr/science/article/pii/S0048969716320642#bb0020
https://www-sciencedirect-com.lama.univ-amu.fr/science/article/pii/S0048969716320642#bb0035
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the UPS revealed input from petrogenic sources according to its IcdP/(IcdP+BghiP) ratio in summer. No 

clear source could be identified. However, the area where this preschool is located was undergoing 

renewal at the time of sampling, and construction dust can possibly contribute to unknown inputs 

(Wang et al., 2023). To confirm our results, the total index was calculated, and the obtained results 

mostly were >4, confirming pyrolytic sources for the PAHs, except for the SPS in winter. However, in 

these cases, several PAHs had concentrations below the LOD thus certainly biased the values of the 

index.  

The diagnostic ratios suggested that the PAHs mainly stemmed from mixtures of traffic emissions and 

biomass/coal combustions in the three study areas. Since these ratios are not necessarily unique by 

usage, as some PAHs have both petrogenic and pyrogenic sources, the relative concentrations of PAHs 

may not be preserved in the environment, and low concentrations of PAHs can lead to conflicting 

results (Galarneau et al., 2008; Sofowote et al., 2009; Tobiszewski and Namiesnik, 2012; Wagener et 

al., 2010). Transportation of PAHs in the gaseous phase, adsorption onto the dust particles and 

photolytic degradation may modify the distribution indices (Orecchio and Mannino, 2010; Yunker et 

al., 2002).Therefore, the ratios should be interpreted cautiously. Hence, another source analysis was 

performed by using PMF to refine the PAH sources and to study MMs and PAHs together.  

3.3.2-PAH and MM source apportionment based on PMF analysis 

The optimal number of factors was 4 for our dataset. Factor 1 contributed the most in the IPS and in 

the playground of the UPS (Figure 1). It contributed to a lesser extent in the UPS in winter. Its 

contribution was nonexistent in the SPS. This factor was mostly composed of PAHs, specifically as % of 

the species sum: Ace (79.8%) > BkF (69.4%) > BbF ≈ BaP (60-61%) > IcdP (55.8%) > Fla ≈ Pyr ≈ BaA ≈ Chr 

≈ BghiP (38-48%) (Figure SI-5.2). These are mostly high-molecular weight PAHs, generated by 

incomplete combustion of fossil fuels and coal and linked to industrial or port emissions according to 

the UPS and IPS locations (Lim et al., 2022; Zivancev et al., 2022). Mo and Pb were the only two 

elements with more than 25% of the species sum. Both Pb and Mo have metallurgic sources and are 

found in electrical materials. Pb can also originate from chemical, electronic, and plastic industries 

(Alloway, 2012). This factor could be labeled as a marker of stationary sources’ emissions related to 

industrial (IPS) and port activities (UPS).  

Factor 2 contributed to all preschools, and a peak in the SPS classroom in summer was noted (Figure 

1). This factor mostly contained MMs: Th (69% of species sum) > Al ≈ As ≈ Mn ≈ Ni ≈ Ti ≈ U ≈ V (50-57% 

of species sum) > Co ≈ Cr ≈ Fe (45-47% of species sum) (Figure SI-5.2). PAHs contributed little to this 

factor and mostly involved LMW PAHs. This factor may be related to different activities: smelting plants 

(Al, Fe, Co, Cr, Mn, V), agricultural activities (Cr, Mn) and combustion of fossil products, including oil-

https://www-sciencedirect-com.lama.univ-amu.fr/science/article/pii/S0048969716320642#bb0250
https://www-sciencedirect-com.lama.univ-amu.fr/science/article/pii/S0048969716320642#bb0250
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fired heating (As, Al, Mn, Th, U, V) (Alloway, 2012; ATSDR, 2019). LMW PAHs can also be emitted by 

oil-fired heating systems and biomass combustion, especially wood (Škrbić et al., 2018b). In summer, 

LMW PAHs and As can be released when wildfires occur (Vergnoux et al., 2011), which is frequent in 

Mediterranean forests. Interestingly, the location of the SPS at the doorstep of the Sainte-Baume 

Natural Park could further corroborate this origin and explain the summer peak noted at this 

preschool. One main source of Al could be the import – export activities of the Marseille-Fos harbor, 

as some products include bauxite and aluminum oxide from an aluminum oxide industry 20 km away. 

These import-export activities are done in the vicinity of the UPS preschool. Finally, the IPS is the most 

exposed to smelting plants and petrochemicals industries. This factor could be labeled as mixed 

activities. 

Factor 3 contributed mostly to the UPS, and more specifically indoors (Figure 1). This factor contained, 

in % of the species sum, dBahA (79.8%), Cu ≈ BaA (42-46%), IcdP ≈ Mo ≈ Pb ≈ Zn ≈ Chr (30-40%) (Figure 

SI-5.2). DBahA is mostly linked to diesel emissions whereas IcdP, BaA and Chr can be emitted by 

thermal engines, thus representing vehicular and port emissions. Zn is also linked to fossil fuel 

combustion and tire breakdown and is used as a lubricant (Alloway, 2012; Bohemen and Janssen van 

de Laak, 2003; Mansha et al., 2012). Cu and Mo compounds are commonly used in automobiles 

(brakes, diesel engine glow plugs, engine coolants, motors, wirings, radiators, and connectors), and Pb 

is found in car batteries (Alloway, 2012; Barceloux, 1999; Wei et al., 2010). This factor mostly 

represents a mixture of transport exhaust emissions resulting from combustion and nonexhaust 

emissions (road dust, abrasion of brakes, tires, and asphalt) and could be a marker of urban/port high-

traffic environment. This is coherent with its high contribution to the UPS, located in the big city of 

Marseille. The high contribution in the classroom could be justified by the poor insulation of 

prefabricated buildings and the higher infiltration of finer particles (Tofful et al., 2021), which can sorb 

higher concentrations of pollutants due to their higher specific surface area (Franco et al., 2017; 

Lorenzi et al., 2011).  

Factor 4 predominantly contributed to indoor environments, especially in the UPS and SPS dorms in 

summer (Figure 1). It also contributed to a lesser extent to the UPS and IPS playgrounds and covered 

areas. This factor was composed of the following (in % of the species sum): Ant (97%), Nap ≈ Sb (75-

78%), Flu (62.1%), Cd ≈ Phe ≈ BghiP (40-42%) (Figure SI-5.2). This factor had a high contribution of Nap 

and Ant relative to other factors. Nap and Ant are usually emitted by petrogenic sources (Motelay-

Massei et al., 2007). As mentioned earlier, playground shock-absorbent coatings may contain 

petroleum-derived products, which could explain the contributions of this factor to playground areas. 

In the case of indoor settings, the possible release of Nap, Ace and Ant from furniture, plastic floor, 

and paint was discussed in Section 3.1. Their releases increase at higher temperatures, thus explaining 
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the higher contribution of this factor in summer (Paciência et al., 2016). The high presence of Sb could 

be linked to the use of antimony trioxide as a flame-retardant synergist in textiles and plastics (US 

CPSC, 2015). Cd has also been used as a PVC stabilizer and pigment, although these uses have been 

reduced (Alloway, 2012). The aging and breakdown of plastic floorings and/or of furniture and/or 

mattress beddings indoors and of shock absorbent coating outdoors into small particles could have 

allowed these particles to mix with settled dust and/or the dispersion of Ace, Nap, Ant, Sb and Cd and 

their sorption onto indoor settled dust particles. Overall, this factor may represent material release. 

3.4- Health Risk Assessments  

All health risk assessments were performed under the case-scenario where children are 

unintentionally exposed to PAHs and MM in settled dust through ingestion.  

Hazard quotients (HQ) were determined for at every sampling location. The HQs were below 1, 

indicating that no health risks were associated with a particular element in settled dust, and the HI 

values were below the risk limit of 1, suggesting that there were no health risks associated with the 

ingestion of settled dust (Table SI-6.1, Figure SI-6.2). The HI values for PAHs were negligible (<10-9). The 

highest value was found in the playground of the SPS in winter due to a high concentration of As, which 

was not found in the courtyard, suggesting release from the playground area. The concentrations of 

Cr and Cu also increased the HI of this sample. These three elements were once commonly used to 

preserve wood (CCA i.e., chromated copper arsenate, used as fungicide and termiticide on wood), and 

they could be leachates from wooden play structures under rain in the playground area (Bhattacharya 

et al., 2001; Kwon et al., 2004; Zagury et al., 2003). There were distinctive contribution profiles 

observed for the HI between the preschools, but there were slight seasonal and spatial variations in 

each preschool (Figure SI-6.3). Nonetheless, in the SPS, Sb contributed to at least 60% of the HI value 

in the dorm but less than 10% in the class, and As contributed between 40% and 80% to the playground 

HI but less than 20% to the courtyard HI. The HIs determined hereby were similar as those calculated 

in India and Nigeria (Table SI-6.4) (Masto et al., 2019; Olujimi et al., 2015), two to five times lower than 

those calculated in Mexico, Spain, China, and Serbia (Aguilera et al., 2021; Gabarron et al., 2017; Lu et 

al., 2014; Škrbić et al., 2018a).  

ILCRs are shown in Table SI-6.1. They widely ranged from 1,75.10-6 to 2.48.10-4. In the samples from 

the suburban playground area (a high concentration of As due to wood preserver use) and the 

industrial playground area (high concentration of Cr), ILCRs were above the unacceptable risk limit of 

1.10-4, corresponding to one cancer case per 10,000 inhabitants (Figure 2). All other ILCRs were 

between 1.10-6 and 5.10-5, still indicating a potential cancer risk. Overall, PAHs, with concentrations 

one order of magnitude smaller than MMs, slightly contributed to the carcinogenic load in settled dust 
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(less than 2%). Nonetheless, they represented up to 6.7% of the ILCR in the UPS, with BaP and/or 

dBahA as the major contributors. The MM ILCR values in Spain and China were well below the 

acceptable risk limit of 1.10-6, and the MM ILCR in Armenia was within the range of the acceptable risk 

(Table SI-6.5) (Gabarron et al., 2017; Lu et al., 2014; Tepanyosan et al., 2017). Our own concentrations 

were above the concentrations found in these studies, indicating a higher risk for children, but they 

were still lower than the MM ILCRs estimated in the USA (Davis et al., 2021). In Brazil, the PAH ILCR 

was similar to that determined in the SPS, our lowest value (Franco et al., 2017). Except for the SPS, 

our PAH ILCR concentrations were slightly above 10-6, the limit indicating a potential risk.  

Overall, the noncancer risk was highest in the UPS, but the cancer risk was highest in the IPS. When 

comparing MM ILCR and PAH ILCR, it was determined that the MM ILCR was highest in the IPS driven 

by Cr whereas the PAH ILCR was highest in the UPS, driven by dBahA. These drivers can be linked to 

the type of microenvironment: dBahA is an indicator of vehicular/traffic emissions, and Cr is an 

indicator of industrial activities.  

3.5- Parental knowledge, perception, and prevention behavior from dust threat to children 

The verbal association task analysis of parents, conducted in the exploratory pre-study, showed that 

the wording “fine particles” was mainly perceived in terms of pollution (all participants), air (9 out of 

50), cars (8/50), hazard or lungs (7/50), disease (6/50), cancer (5/50), dust or asthma or diesel (4/50), 

indicating some knowledge, especially on outdoor pollution issues and traffic inputs. This may be 

related to the French government’s regular ozone pollution alerts and congruent restriction of road 

traffic.  

The results of the main questionnaire study (n = 212 participants) presented in Figure 3 and Table SI-

7.1 confirmed that overall, the risk of exposure was perceived higher in open air situations than 

indoors, either at school or at home, despite increasing scientific communication about the risk of 

indoor air pollution from media and institutions in charge of air quality monitoring. Moreover, the 

quantitative risk assessment showed higher risks indoors than outdoors (median values in Tables SI-

6.4 and SI-6.5). In addition, families tend to perceive a significantly higher risk of exposure to settled 

dust at school (level of risk perception of 4.6, p < .001) or outdoors (level 5.1, p < .001) than in the 

household (level 4.3; Figure 3). Other children are perceived as more exposed to settled dust than 

one’s own, an optimism bias that is significant within the context of the preschool (p < .05). This 

tendency is also observed at home and outdoors, but it is statistically nonsignificant. Parents therefore 

develop psychological strategies to convince themselves that their children’s exposure to this risk is 

reduced, due to cognitive bias known as positive illusion.  
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The self-reported measure of cleaning behavior was our indicator of the risk of settled dust to young 

children. This measure was regarded as the outcome variable of multiple linear regression. The 

predictive variables were the following (Tables SI-7.2 and SI-7.3): settled dust risk perception, settled 

dust knowledge, parenting style and socioeconomically controlled parent gender and age of the 

youngest child (AdjR2 = 0.14; F(5,162) = 7.87, p < .001). The regression analysis showed that the only 

significant predictor of cleaning behavior was the parenting style (B = .40, p < .001). This suggests that 

the type of family dynamics around rule settings is more important than risk knowledge of settled dust, 

risk perception or other socioeconomic variables (gender, children’s age, and educational level). 

Our results are consistent with previous qualitative descriptions of new parents’ concerns regarding 

indoor pollution for young children, revealing optimism bias (Crighton et al., 2013; Joffe, 2003) and 

how these concerns are deeply intertwined with family organization around cleaning practices 

(Crighton et al., 2013).  

4-Conclusion 

Distinctive loads of PAHs and MMs were measured in dust according to the microenvironment of the 

preschool, i.e., higher in preschools within urban and industrial contexts. Seasonal variations were not 

clearly observed. The PAH and MM contents in indoor dust are related to those in outdoor dust, 

through infiltration and penetration of particles produced by vehicular traffic and biomass burning. 

Nonetheless, indoor sources were considered for Nap, Ace, and dBahA on the one hand and for Sb and 

Zn on the other hand. Source apportionment identified out traffic emissions and road dust or 

automobile related emissions, industrial and port activities, pyrogenic sources, and material release.  

Ingestion of settled dust by children at the preschools did not result in health-related events (HI<1). 

However, the estimated cancer risks were considered as potential (between 1.10-6 and 1.10-4). As, Cr, 

Ni, and Sb exerted the largest impact on the health risks. The highest ILCR was measured at a 

playground, above the unacceptable limit of 1.10-4, indicating hazards linked to the use of shock 

attenuating coatings, which might be responsible for PAHs and MMs release.  

Home or school cleaning practices in densely populated or industrialized areas could also play a role in 

preventing young children's exposure to indoor dust. Nevertheless, we showed that these practices 

were deeply rooted in household practices and habits — highly dependent on the family or school 

organization. Such an integrative interdisciplinary approach could shed light on how to limit pollutant 

sources and provide information to increase the adoption of more preventive behavior in the 

household. It could help policymakers and architects identify risk mitigation options to improve the 

safety of children according to the objective of developing smart cities and sustainable urbanization. 

Furthermore, it could allow for global ethical reflection to help disseminate the results of 
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environmental research by limiting the anxiety or helplessness that this may bring to the general 

population. 

 

Author Contributions 
The manuscript was written through the contributions of all authors. All authors have given approval 

to the final version of the manuscript.  

Funding Sources 
The Plan for Regional Environmental Health (PRSE-3) and the Regional Directorate for the 

Environment, Development and Housing (DREAL-PACA) co-funded this work. DRIIHM Cluster of 

Excellence (Labex DRIIHM, ANR-11-LABX-0010) and Excellence Initiative of Aix-Marseille University 

A*MIDEX (AMX-19-IET-012), both "Investissements d'Avenir" French Programs managed by the ANR, 

are also acknowledged for financial support of the study, together with the research federation 

ECCOREV. Rebecca Castel received a PhD grant from The French Agency for Ecological Transition 

(ADEME) and from France Southern Region (Région Sud) with our partner AtmoSud. 

Acknowledgment 
We would like to thank the competitiveness clusters SAFE and EUROBIOMED for granting their label 

to our project. The authors would like to warmly acknowledge Franck Marot from ADEME for the 

fruitful scientific discussions. The authors acknowledge Bernard Angeletti from CEREGE for technical 

support in MMs analyses and the masters’ work of Mathilde Godere and Mathilde Chantreux, from Aix 

Marseille University, Laboratoire Chimie Environnement for their assistance in PAHs analyses. 

Declaration of interests 
The authors declare that they have no known competing financial interests or personal relationships 

that could have appeared to influence the work reported in this paper. 

  

https://www.sciencedirect.com/science/article/pii/S0048969719360061?via%3Dihub#gts0005


19 
 

Bibliography 
Agency for Toxic Substances and Disease Registry (ATSDR). 1995. Toxicological profile for Polycyclic 

Aromatic Hydrocarbons. Atlanta, GA: U.S. Department of Health and Human Services, Public Health 

Service. 

Agency for Toxic Substances and Disease Registry (ATSDR). 2019. Toxicological profile for Thorium. 

Atlanta, GA: U.S. Department of Health and Human Services, Public Health Service. 

Aguilera, A., Bautista, F., Gutiérrez-Ruiz, M., Ceniceros-Gómez, A.E., Cejudo, R., and Goguitchaichvili, 

A., 2021. Heavy metal pollution of street dust in the largest city of Mexico, sources and Health Risk 

Assessment. Environmental Monitoring and Assessment, 193(4).  

Ali, N., Ismail, I.M., Khoder, M., Shamy, M., Alghamdi, M., Costa, M., Ali, L.N., Wang, W., and Eqani, 

S.A., 2016. Polycyclic aromatic hydrocarbons (pahs) in indoor dust samples from cities of Jeddah and 

Kuwait: Levels, sources and non-dietary human exposure. Science of The Total Environment, 573, 

pp.1607–1614.  

Alloway, B. J., Trevors, J. T. (eds). 2013. Heavy Metals in Soils-Trace Metals and Metalloids in Soils and 

their Bioavailability. Springer Dordrecht Heidelberg New York London, (613 p). ISBN 978-94-007-4469-

1. 

Altman, R. G., Morello-Frosch, R., Brody, J. G., Rudel, R. A., Brown, P., and Averick, M. 2011. Pollution 

comes home and gets personal: Women’s experience of household chemical exposure. Contested 

Illnesses: Citizens, Science, and Health Social Movements, 02912, 123–146. 

Barceloux, D.G., 1999. Molybdenum. Journal of Toxicology: Clinical Toxicology, 37(2), pp.231–237.  

Barreca, S., Bastone, S., Caponetti, E., Martino, D.F.C., Orecchio, S., 2014. Determination of selected 

polyaromatic hydrocarbons by gas chromatography–mass spectrometry for the analysis of wood to 

establish the cause of sinking of an old vessel (Scauri wreck) by fire. Microchemical Journal 117, 116–

121. 

Baumard, P., Budzinski, H., and Garrigues, P., 1998. Polycyclic aromatic hydrocarbons in sediments and 

mussels of the western Mediterranean Sea. Environmental Toxicology and Chemistry, 17(5), pp.765–

776.  

Bhattacharya, P., Mukherjee, A., Jacks, G., and Nordqvist, S., 2002. Metal contamination at a wood 

preservation site: Characterisation and experimental studies on remediation. The Science of The Total 

Environment, 290(1-3), pp.165–180.  

Bidar G., Pelfrêne A., Schwartz C., Waterlot C., Sahmer K., Marot F., Douay F., 2020. Urban kitchen 

gardens: Effect of the soil contamination and parameters on the trace element accumulation in 

vegetables – A review. Science of the Total Environment, 738, 139569. 

Bohemen, H.D., Janssen Van De Laak, W.H., 2003. The influence of road infrastructure and traffic on 

soil, water, and air quality. Environmental Management, 31(1), pp.50–68.  

Budzinski, H., Jones I., Bellocq, J., Pierard C., Garrigues, P., 1997. Evaluation of sediment contamination 

by polycyclic aromatic hydrocarbons in the Gironde Estuary. Marine Chemistry, 58(1-2), pp.85-97. 

Cao, S., Duan, X., Zhao, X., Chen, Y., Wang, B., Sun, C., Zheng, B., and Wei, F., 2016. Health risks of 

children's cumulative and aggregative exposure to metals and metalloids in a typical urban 

environment in China. Chemosphere, 147, pp.404–411.  



20 
 

Cooper, R.G., Harrison, A.P., 2009. The exposure to and health effects of antimony. Indian Journal of 

Occupational and Environmental Medicine, 13(1), p.3.  

Crighton, E. J., Brown, C., Baxter, J., Lemyre, L., Masuda, J. R., & Ursitti, F. (2013). Perceptions and 

experiences of environmental health risks among new mothers: a qualitative study in Ontario, Canada. 

Health, Risk & Society, 15(4), 295–312. 

Dai C., Han Y., Duan Y., Lai X., Fu R., Liu S., Leong K.H., Tu Y., Zhou L., 2022. Review on the contamination 

and remediation of polycyclic aromatic hydrocarbons (PAHs) in coastal soil and sediments. 

Environmental Research, 205, 112423.  

Darus, F.M., Nasir, R.A., Sumari, S.M., Ismail, Z.S., and Omar, N.A., 2012. Heavy metals composition of 

indoor dust in Nursery Schools Building. Procedia - Social and Behavioral Sciences, 38, pp.169–175.  

Davis, F.R., Ali, H.H., Rosenzweig, J.A., Vrinceanu, D., and Maruthi Sridhar, B.B., 2021. Characterization 

of chemical and bacterial concentrations in floor dust samples in southeast Texas households. 

International Journal of Environmental Research and Public Health, 18(23), p.12399.  

Dingle, J., Kohl, L., Khan, N., Meng, M., Shi, Y., Pedroza-Brambila, M., Chow, C. and Chan, A., 2021. 

Sources and composition of metals in indoor house dust in a mid-size Canadian city. Environmental 

Pollution, 289, p.117867. 

Franco, C.F., de Resende, M.F., de Almeida Furtado, L., Brasil, T.F., Eberlin, M.N., and Netto, A.D., 2017. 

Polycyclic aromatic hydrocarbons (pahs) in street dust of Rio de Janeiro and Niterói, Brazil: Particle size 

distribution, sources and cancer risk assessment. Science of The Total Environment, 599-600, pp.305–

313.  

Gabarrón, M., Faz, A., and Acosta, J.A., 2017. Soil or dust for Health Risk Assessment Studies in urban 

environment. Archives of Environmental Contamination and Toxicology, 73(3), pp.442–455.  

Galarneau, E., 2008. Source specificity and atmospheric processing of airborne pahs: Implications for 

source apportionment. Atmospheric Environment, 42(35), pp.8139–8149.  

Galażyn-Sidorczuk, M., Brzóska, M. and Moniuszko-Jakoniuk, J., 2007. Estimation of Polish cigarettes 

contamination with cadmium and lead, and exposure to these metals via smoking. Environmental 

Monitoring and Assessment, 137(1-3), pp.481-493. 

Giuliani, S., Piazza, R., El Moumni, B., Polo, F., Vecchiato, M., Romano, S., Zambon, S., Frignani, M. and 

Bellucci, L., 2015. Recognizing different impacts of human and natural sources on the spatial 

distribution and temporal trends of PAHs and PCBs (including PCB-11) in sediments of the Nador 

Lagoon (Morocco). Science of The Total Environment, 526, pp.346-357. 

Guigue, C., Tedetti, M., Giorgi, S. and Goutx, M., 2011. Occurrence and distribution of hydrocarbons in 

the surface microlayer and subsurface water from the urban coastal marine area off Marseilles, 

Northwestern Mediterranean Sea. Marine Pollution Bulletin, 62(12), pp.2741-2752. 

Hassanien, M.A., Abdel-Latif, N.M., 2008. Polycyclic aromatic hydrocarbons in road dust over Greater 

Cairo, Egypt. Journal of Hazardous Materials, 151(1), pp.247–254.  

Hu, N.-J., Huang, P., Liu, J.-H., Ma, D.-Y., Shi, X.-F., Mao, J., Liu, Y., 2013. Characterization and source 

apportionment of polycyclic aromatic hydrocarbons (PAHs) in sediments in the Yellow River estuary, 

China, Environmental Earth Sciences, 71(2), pp. 873–883.  



21 
 

International Agency for Research on Cancer (IARC), 2022. Monographs on the identification of 

carcinogenic hazards to human - List of classifications. [online] IARC Monographs. Available at: 

<https://monographs.iarc.who.int/list-of-classifications> [Accessed 27 Oct. 2022].  

Joffe, H., 2003. Risk: From perception to social representation. British Journal of Social Psychology, 42, 

55–73. 

Kang, Y., Cheung, K.C., and Wong, M.H., 2011. Mutagenicity, genotoxicity and carcinogenic risk 

assessment of indoor dust from three major cities around the Pearl River Delta. Environment 

International, 37(3), pp.637–643.  

Kanzari, F., Syakti, A.D., Asia, L., Malleret, L., Mille, G., Jamoussi, B., Abderrabba, M., and Doumenq, P., 

2011. Aliphatic hydrocarbons, polycyclic aromatic hydrocarbons, polychlorinated biphenyls, 

organochlorine, and organophosphorous pesticides in surface sediments from the Arc River and the 

Berre Lagoon, France. Environmental Science and Pollution Research, 19(2), pp.559–576.  

Kim K.H., Jahan S.A., Kabir E., Brown R. JC., 2013. A review of airborne polycyclic aromatic hydrocarbons 

(PAHs) and their human health effects. Environnement International, 60, pp. 71-80.  

Kwon, E., Zhang, H., Wang, Z., Jhangri, G.S., Lu, X., Fok, N., Gabos, S., Li, X.-F., Le, X.C., 2004. Arsenic on 

the Hands of Children after Playing in Playgrounds. Environ Health Perspect 112, 1375–1380. 

Lim, H., Sadiktsis, I., de Oliveira Galvão, M., Westerholm, R. and Dreij, K., 2021. Polycyclic aromatic 

compounds in particulate matter and indoor dust at preschools in Stockholm, Sweden: Occurrence, 

sources and genotoxic potential in vitro. Science of The Total Environment, 755, p.142709. 

Longhin, E., Pezzolato, E., Mantecca, P., Holme, J., Franzetti, A., Camatini, M. and Gualtieri, M., 2013. 

Season linked responses to fine and quasi-ultrafine Milan PM in cultured cells. Toxicology in Vitro, 

27(2), pp.551-559. 

Lorenzi, D., Entwistle, J.A., Cave, M., Dean, J.R., 2011. Determination of polycyclic aromatic 

hydrocarbons in urban street dust: Implications for human health. Chemosphere 83, 970–977. 

Lu, H., Rosenbaum, S., 2014. Developmental Pharmacokinetics in Pediatric Populations. The Journal of 

Pediatric Pharmacology and Therapeutics, 19(4), pp.262-276. 

Lu, X., Zhang, X., Li, L.Y., and Chen, H., 2014. Assessment of metals pollution and health risk in dust 

from nursery schools in Xi’an, China. Environmental Research, 128, pp.27–34. ISSN 0013-9351, 

https://doi.org/10.1016/j.envres.2013.11.007. 

Mbusnum K.G., Malleret L., Deschamps P., Khabouchi I., Asia L., Lebarillier S., Menot G., Onguene R., 

Doumenq P., 2020. Persistent organic pollutants in sediments of the Wouri Estuary Mangrove, 

Cameroon: Levels, patterns and ecotoxicological significance. Marine Pollution Bulletin, 

160 :111542.Maertens, R., Yang, X., Zhu, J., Gagne, R., Douglas, G. and White, P., 2008. Mutagenic and 

Carcinogenic Hazards of Settled House Dust I: Polycyclic Aromatic Hydrocarbon Content and Excess 

Lifetime Cancer Risk from Preschool Exposure. Environmental Science & Technology, 42(5), pp.1747-

1753.  

Mansha, M., Ghauri, B., Rahman, S., and Amman, A., 2012. Characterization and source apportionment 

of Ambient Air Particulate matter (PM2.5) in Karachi. Science of The Total Environment, 425, pp.176–

183.  

Marinho Reis, A.P., Cave, M., Sousa, A.J., Wragg, J., Rangel, M.J., Oliveira, A.R., Patinha, C., Rocha, F., 

Orsiere, T., and Noack, Y., 2018. Lead and zinc concentrations in household dust and toenails of the 

https://scholar.google.com/scholar?oi=bibs&cluster=1149192480389472162&btnI=1&hl=fr
https://scholar.google.com/scholar?oi=bibs&cluster=1149192480389472162&btnI=1&hl=fr


22 
 

residents (Estarreja, Portugal): A source-pathway-fate model. Environmental Science: Processes & 

Impacts, 20(9), pp.1210–1224.  

Masto, R., Singh, M., Rout, T., Kumar, A., Kumar, S., George, J., Selvi, V., Dutta, P., Tripathi, R. and 

Srivastava, N., 2019. Health risks from PAHs and potentially toxic elements in street dust of a coal 

mining area in India. Environmental Geochemistry and Health, 41(5), pp.1923-1937. 

Mohammadi, A.A., Zarei, A., Majidi, S., Ghaderpoury, A., Hashempour, Y., Saghi, M.H., Alinejad, A., 

Yousefi, M., Hosseingholizadeh, N., and Ghaderpoori, M., 2019. Carcinogenic and non-carcinogenic 

health risk assessment of heavy metals in drinking water of Khorramabad, Iran. MethodsX, 6, pp.1642–

1651.  

Motelay-Massei, A., Ollivon, D., Garban, B., Tiphagne-Larcher, K., Zimmerlin, I., and Chevreuil, M., 

2007. PAHs in the bulk atmospheric deposition of the Seine River Basin: Source identification and 

apportionment by ratios, multivariate statistical techniques and scanning electron microscopy. 

Chemosphere, 67(2), pp.312–321.  

Moya, J., Bearer, C. and Etzel, R., 2004. Children’s Behavior and Physiology and How It Affects Exposure 

to Environmental Contaminants. Pediatrics, 113(4), pp.996-1006. 

Naito, W., Kamo, M., Tsushima, K., and Iwasaki, Y., 2010. Exposure and risk assessment of zinc in 

Japanese surface waters. Science of The Total Environment, 408(20), pp.4271–4284.  

Nazzal, Y., Rosen, M.A., and Al-Rawabdeh, A.M., 2012. Assessment of metal pollution in urban road 

dusts from selected highways of the Greater Toronto Area in Canada. Environmental Monitoring and 

Assessment, 185(2), pp.1847–1858.  

Nisbet, I., LaGoy, P., 1992. Toxic Equivalency Factors (TEFs) for Polycyclic Aromatic Hydrocarbons 

(PAHs). Regulatory Toxicology and Pharmacology, 16, pp.290-200. 

Norris, G., Duvall, R., Brown, S., Bai, S., 2014. EPA Positive Matrix Factorization (PMF) 5.0 Fundamentals 

and User Guide.US Environmental Protection Agency, Washington, DC. DC EPA/600/R-14/108 (NTIS 

PB2015-105147). 

Olujimi, O., Steiner, O., and Goessler, W., 2015. Pollution Indexing and health risk assessments of trace 

elements in indoor dusts from classrooms, living rooms and offices in Ogun State, Nigeria. Journal of 

African Earth Sciences, 101, pp.396–404.  

Orecchio, S., and Mannino, M.R., 2010. Chemical speciation of polycyclic aromatic hydrocarbons in 

sediments: Partitioning and extraction of humic substances. Marine Pollution Bulletin, 60(8), pp.1175–

1181.  

Ossai, C.J., Iwegbue, C.M., Tesi, G.O., Olisah, C., Egobueze, F.E., Nwajei, G.E., and Martincigh, B.S., 

2021. Distribution, sources and exposure risk of polycyclic aromatic hydrocarbons in soils, and 

indoor and outdoor dust from Port Harcourt City, Nigeria. Environmental Science: Processes & 

Impacts, 23(9), pp.1328–1350.  

Owen, M., Ensor, D. and Sparks, L., 1992. Airborne particle sizes and sources found in indoor air. 

Atmospheric Environment, 26A (12), pp.2149-2162. 

Paciência, I., Madureira, J., Rufo, J., Moreira, A., Fernandes, E.D.O., 2016. A systematic review of 

evidence and implications of spatial and seasonal variations of volatile organic compounds (VOC) in 

indoor human environments. Journal of Toxicology and Environmental Health, Part B 19, 47–64. 



23 
 

Pagán, J., López, I., Bañón, L. and Aragonés, L., 2020. Consequences of Anthropic Actions in Cullera Bay 

(Spain). Journal of Marine Science and Engineering, 8(4), p.240. 

Pham, D.T., Tarafdar, A., Kim, P.-G., and Kwon, J.-H., 2022. Profiling and assessing soil-air exchange of 

polycyclic aromatic hydrocarbons (pahs) in playground dust and soil using ex situ equilibrium passive 

sampling. Chemosphere, 291, p.133083.  

Plumejeaud, S., Reis, A., Tassistro, V., Patinha, C., Noack, Y. and Orsière, T., 2016. Potentially harmful 

elements in house dust from Estarreja, Portugal: characterization and genotoxicity of the bioaccessible 

fraction. Environmental Geochemistry and Health, 40(1), pp.127-144. 

Putaud, J., Van Dingenen, R., Alastuey, A., Bauer, H., Birmili, W., Cyrys, J., Flentje, H., Fuzzi, S., Gehrig, 

R., Hansson, H., Harrison, R., Herrmann, H., Hitzenberger, R., Hüglin, C., Jones, A., Kasper-Giebl, A., Kiss, 

G., Kousa, A., Kuhlbusch, T., Löschau, G., Maenhaut, W., Molnar, A., Moreno, T., Pekkanen, J., Perrino, 

C., Pitz, M., Puxbaum, H., Querol, X., Rodriguez, S., Salma, I., Schwarz, J., Smolik, J., Schneider, J., 

Spindler, G., ten Brink, H., Tursic, J., Viana, M., Wiedensohler, A. and Raes, F., 2010. A European aerosol 

phenomenology – 3: Physical and chemical characteristics of particulate matter from 60 rural, urban, 

and kerbside sites across Europe. Atmospheric Environment, 44(10), pp.1308-1320. 

RAIS - Oak Ridge National Laboratory. 2022. The Risk Assessment Information System. [online] 

Available at: <https://rais.ornl.gov/> [Accessed November 2021]. 

Rasmussen, P.E., Subramanian, K.S., and Jessiman, B.J., 2001. A multi-element profile of house dust in 

relation to exterior dust and soils in the City of Ottawa, Canada. Science of The Total Environment, 

267(1-3), pp.125–140.  

Ravindra, K., Sokhi, R., and Vangrieken, R., 2008. Atmospheric polycyclic aromatic hydrocarbons: 

Source attribution, emission factors and regulation. Atmospheric Environment, 42(13), pp.2895–2921.  

Shen, M., Liu, G., Zhou, L., Yin, H., Arif, M., and Leung, K.M., 2022. Spatial distribution, driving factors 

and health risks of fine particle-bound polycyclic aromatic hydrocarbons (pahs) from indoors and 

outdoors in Hefei, China. Science of The Total Environment, 851, p.158148.  

Škrbić, B., Čupić, S., 2005. Toxic and essential elements in soft wheat grain cultivated in Serbia. 

European Food Research and Technology, 221, pp. 361-366. 

Škrbić, B.D., Đurišić-Mladenović, N.,, Tadić, Đ.J., and Cvejanov, J.Đ., 2017. Polycyclic aromatic 

hydrocarbons in urban soil of Novi sad, Serbia: Occurrence and cancer risk assessment. Environmental 

Science and Pollution Research, 24(19), pp.16148–16159.  

Škrbić, B.D., Buljovčić, M., Jovanović, G., and Antić, I., 2018a. Seasonal, spatial variations and risk 

assessment of heavy elements in street dust from Novi Sad, Serbia. Chemosphere, 205, pp.452–462.  

Škrbić, B., Marinković, V., Spaić, S., Milanko, V., Branovački, S., 2018b. Profiles of polycyclic aromatic 

hydrocarbons in smoke from combustion and thermal decomposition of poplar wood pellets and 

sawdust. Microchemical Journal 139, 9–17. 

Škrbić, B., Đurišić-Mladenović, N., Živančev, J. and Tadić, Đ., 2019. Seasonal occurrence and cancer risk 

assessment of polycyclic aromatic hydrocarbons in street dust from the Novi Sad city, Serbia. Science 

of The Total Environment, 647, pp.191-203. 

Škrbić, B.D., Antić, I., Živančev, J., Vágvölgyi C., 2021. Comprehensive characterization of PAHs profile 

in Serbian soils for conventional and organic production: potential sources and risk 

assessment. Environ Geochem Health 43, pp. 4201–4218.  

https://scholar.google.com/citations?view_op=view_citation&hl=sr&user=6MJQg-YAAAAJ&cstart=100&pagesize=100&sortby=pubdate&citation_for_view=6MJQg-YAAAAJ:NMxIlDl6LWMC


24 
 

Sofowote, U.M., Allan, L.M., and McCarry, B.E., 2010. Evaluation of PAH diagnostic ratios as source 

apportionment tools for air particulates collected in an urban-industrial environment. J. Environ. 

Monit., 12(2), pp.417–424. Tajimi M., Uehara R., Watanabe M., Oki I., Ojima T., Nakamura Y., 2005. 

Correlation coefficients between the dioxin levels in mother’s milk and the distances to the nearest 

waste incinerator which was the largest source of dioxins from each mother’s place of residence in 

Tokyo, Japan. Chemosphere 61, pp. 1256–1262. 

Tchounwou, P., Yedjou, C., Patlolla, A. and Sutton, D., 2012. Heavy Metal Toxicity and the Environment. 

Experientia Supplementum, pp.133-164.  

Tepanosyan, G., Maghakyan, N., Sahakyan, L., and Saghatelyan, A., 2017. Heavy metals pollution levels 

and children health risk assessment of Yerevan Kindergartens soils. Ecotoxicology and Environmental 

Safety, 142, pp.257–265.  

Tobiszewski, M., Namieśnik, J., 2012. PAH diagnostic ratios for the identification of pollution emission 

sources. Environmental Pollution, 162, pp.110-119. 

Tofful, L., Canepari, S., Sargolini, T., and Perrino, C., 2021. Indoor air quality in a domestic environment: 

Combined contribution of indoor and outdoor PM sources. Building and Environment, 202, p.108050.  

Trasande, L., Thurston, G., 2005. The role of air pollution in asthma and other pediatric morbidities. 

Journal of Allergy and Clinical Immunology, 115(4), pp.689-699. 

Turner, A., Filella, M., 2020. Antimony in paints and enamels of everyday items. Science of The Total 

Environment, 713, 136588. ISSN 0048-9697, https://doi.org/10.1016/j.scitotenv.2020.136588. 

US Consumer Product Safety Commission (CPSC), 2015. Staff Statement on the Toxicology Excellence 

for Risk Assessment (TERA)’s report on « Environmental concentrations and consumer exposure data 

for selected flame retardants (TBB, TBPH, TBBPA, ATO) ». (Task Order 10 Contract Number CPSC-D-12-

0001). HERO ID: 4824921.  

US EPA. 1989. Risk Assessment Guidance for Superfund: Part A. U.S. EPA Office of Emergency and 

Remedial Response, Washington DC, EPA/540/1-89/002. 

US EPA. 2004. Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal 

Risk Assessment). U.S. EPA Office of Superfund Remediation and Technology Innovation, Washington 

DC, EPA/540/R/99/005.  

US EPA. 2011. Exposure Factors Handbook 2011 Edition (Final Report). U.S. EPA Office of Research and 

Development, Washington, DC, EPA/600/R-09/052F, 2011. 

US EPA. 2017. Exposure Factors Handbook Chapter 5 (Update): Soil and Dust Ingestion. U.S. EPA Office 

of Research and Development, Washington, DC, EPA/600/R-17/384F. 

Van Metre, P.C., Mahler, B.J., and Wilson, J.T., 2008. PAHs underfoot: Contaminated dust from coal-

tar sealcoated pavement is widespread in the United States. Environmental Science & Technology, 

43(1), pp.20–25.  

Vergnoux, A., Malleret, L., Asia, L., Doumenq, P., and Theraulaz, F., 2011. Impact of forest fires on PAH 

level and distribution in soils. Environmental Research, 111(2), pp.193–198.  

Wagener, A., Hamacher, C., Farias, C., Godoy, J.M., and Scofield, A., 2010. Evaluation of tools to identify 

hydrocarbon sources in recent and historical sediments of a Tropical Bay. Marine Chemistry, 121(1-4), 

pp.67–79.  



25 
 

Walker-Smith, J., MacDonald, T., 1989. Insights provided by the study of the small intestine in the child 

and the foetus. Gut, 30, pp.11-16.  

Wang, M., Yao, G., Sun, Y., Yang, Y., and Deng, R., 2023. Exposure to construction dust and health 

impacts – a review. Chemosphere, 311, p.136990.  

Wei, B., Jiang, F., Li, X., and Mu, S., 2010. Contamination levels assessment of potential toxic metals in 

road dust deposited in different types of urban environment. Environmental Earth Sciences, 61(6), 

pp.1187–1196.  

Wood M.D., Beresford N.A., Copplestone D., 2011. Limit of detection value in data analysis: Do they 

matter ? Radioprotection, 46 (6), S85-S90. DOI: 10.1051/radiopro/20116728s. 

Worldwide Health Organization (WHO), 2010. WHO Guidelines for indoor air quality - selected 

pollutants. Copenhagen.  

Yunker, M., Macdonald, R., Vingarzan, R., Mitchell, R., Goyette, D. and Sylvestre, S., 2002. PAHs in the 

Fraser River basin: a critical appraisal of PAH ratios as indicators of PAH source and composition. 

Organic Geochemistry, 33(4), pp.489-515. 

Zagury, G.J., Samson, R., Deschênes, L., 2003. Occurrence of Metals in Soil and Ground Water Near 

Chromated Copper Arsenate-Treated Utility Poles. J. Environ. Qual. 32, 507–514. 

Živančev, J., Antić, I., Buljovčić, M., and Đurišić-Mladenović, N., 2022. A case study on the occurrence 

of polycyclic aromatic hydrocarbons in indoor dust of Serbian households: Distribution, source 

apportionment and Health Risk Assessment. Chemosphere, 295, p.133856.  

Živančev J.R., Ji Y., Škrbić B.D., Buljovčić M.B., 2019. Occurrence of heavy elements in street dust from 

sub/urban zone of Tianjin: pollution characteristics and health risk assessment. Journal of 

Environmental Science and Health, Part A 54 (10), pp 999-1010. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://scholar.google.com/citations?view_op=view_citation&hl=sr&user=6MJQg-YAAAAJ&sortby=pubdate&citation_for_view=6MJQg-YAAAAJ:ipzZ9siozwsC
https://scholar.google.com/citations?view_op=view_citation&hl=sr&user=6MJQg-YAAAAJ&sortby=pubdate&citation_for_view=6MJQg-YAAAAJ:ipzZ9siozwsC


26 
 

Table 1: Concentrations of MMs (µg/g) and PAHs (ng/g) in settled dust in the different locations. 

 

Concentrations of MMs and PAHs in settled dust 

Locations Number of MMs   Concentration (µg/g) 

Indoor    Min Max Median Mean 

Suburban preschool, Trets, France 17 ΣMMs 15 154 27 494 25 900 22 850 

10 ΣMMcarc 112 269 206 196 
Urban preschool, Marseille, France 17 ΣMMs 29 389 43 846 36 501 36 579 

10 ΣMMcarc 317 400 336 351 

Outdoor       

Suburban preschool, Trets, France 17 ΣMMs 16 968 28 068 24 274 23 396 

10 ΣMMcarc 75 355 109 162 
Urban preschool, Marseille, France 17 ΣMMs 33 957 57 631 49 413 47 604 

10 ΣMMcarc 209 352 284 282 

Industrial preschool, Port Saint Louis 
du Rhône, France 

17 ΣMMs 32 560 48 720 38 313 39 476 

10 ΣMMcarc 276 403 321 330 

Location Number of PAHs   Concentration (ng/g) 

Indoor    Min Max Median Mean 
Suburban preschool 15 ΣPAHs 219 1 557 486 754 

8 ΣPAHcarc 37 805 113 318 
Urban preschool 15 ΣPAHs 2 612 4 029 2 742 3 031 

8 ΣPAHcarc 1 275 2 311 1 580 1 687 

Outdoor       

Suburban preschool, Trets, France 15 ΣPAHs 245 560 308 355 

8 ΣPAHcarc 49 129 93 91 
Urban preschool, Marseille, France 15 ΣPAHs 668 5 007 1 879 2 358 

8 ΣPAHcarc 296 2 565 930 1 180 
Industrial preschool, Port Saint Louis 
du Rhône 

15 ΣPAHs 1 448 3 416 2 167 2 300 

8 ΣPAHcarc 821 1 757 1 031 1 160 
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Figure 1 : Contributions of the 4 factors in the different sampling locations according to the PMF 

analysis. SPS = Suburban preschool. UPS = Urban preschool. IPS = Industrial preschool. 
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Figure 2 : Carcinogenic risk assessment for each sampling location. SPS = Suburban preschool. UPS = 

Urban preschool. IPS = Industrial preschool. 
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Figure 3 : Parental perception of the risk of exposure of their children to settled dust in three 

different settings (home, outdoor, preschool). 
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SI-1 – Sampling location 

 

Figure SI-1.1: Map of the Bouches-du-Rhône department localizing the microenvironment of each preschool. 

 

  



33 
 

Table SI-1.2: Description of the preschools and the samples collected in each preschool. 

Microenvironment Location 
No. 

Children 
Season Sampling sites Description 

Suburban 
Tr

et
s 

160 

Summer 

In
d

o
o

r 

Classroom 

Plastic floorings 
Dorm 

Winter 
Classroom 

Dorm 

Summer 

O
u

td
o

o
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Courtyard Paved 
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Impact attenuating 

coating 

Winter 

Courtyard Paved 

Playground 
Impact attenuating 

coating 

Urban 

M
ar

se
ill

e
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Summer 
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d

o
o
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Classroom 

Plastic floorings 
Dorm 

Winter 
Classroom 

Dorm 
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O

u
td

o
o

r 
Courtyard Paved 

Playground 
Impact attenuating 

coating 

Winter 

Courtyard Paved 

Playground 
Impact attenuating 

coating 

Industrial 

P
o

rt
-S

ai
n

t-
Lo

u
is

-d
u

-R
h

ô
n

e
 

110 

Summer 

In
d

o
o
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Classroom 

Tiled 
Dorm 

Winter 
Classroom 

Dorm 

Summer 

O
u

td
o

o
r 

Courtyard Paved 

Covered courtyard Paved 

Winter 

Playground 
Impact attenuating 

coating 

Courtyard Paved 

Playground 
Impact attenuating 

coating 
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SI-2 – Methodology 

Text SI-2.1 Analytical procedures for PAH and MM quantification.  

For the analyses of the 15 US-EPA PAHs, dust samples (200 mg) were mixed with Fontainebleau sand 

and placed in a 11 mL stainless steel cell. Pressurized fluid extraction (PFE) using an accelerated solvent 

extraction apparatus (ASE 200, Dionex. Sunnyvale, CA, USA) was performed with a mixture of 

dichloromethane (DCM, quality suprasolv, Merck) and methanol (quality hypersolv, Merck) (9:1 v/v) 

at 120 °C and 10 MPa in static extraction mode for 6 min twice (2 cycles). Extracts were then 

concentrated to dryness under a gentle stream of air and recovered in 1 mL of DCM, then transferred 

onto an alumina cartridge (1g/6 mL, strata alumina-N, 120 Angstrom from Phenomenex) for clean-up. 

PAHs were eluted with 10 mL of DCM. Solvent-exchanged into acetonitrile was done to obtain a final 

extract of 0.25 mL, which was filtered through Ø 4 mmm PTFE syringe filter of 0.2 µm (chromacol 4-

SF-02(T) from Thermo Scientific) before analysis by ultra-high performance liquid chromatography 

(UHPLC Perkin Elmer Altus) with programmed fluorescence detector (PFD, Perkin Elmer) equipped with 

a zorbax eclipse C18 separative column of 150 mm long x 2.1 mm internal diameter and 1.8 µm particle 

size (Agilent, USA). We injected 2 µL of sample extract and applied a mixture of acetonitrile and water 

at 0.35 mL/min as mobile phase starting with 40% acetonitrile (1 min), changed it within 15 min to 

100% acetonitrile and held this for another 20 min. Fluorescence detection was performed in a 

multichannel mode (excitation wavelength: Ex and emission wavelength: Em) as follows: 

phenanthrene and anthracene: Ex=248 nm, Em=375 nm changing to Ex=300 nm, Em=466 nm at 14 

minutes to detect indeno[1.2.3-cd]pyrene for channel A; naphthalene, acenaphthene and fluorene: 

Ex=270 nm, Em=324 nm changing at 10 minutes to Ex=290 nm, Em=430 nm to detect 

benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene, dibenzo[ah]anthracene and 

benzo[ghi]perylene for channel B; pyrene, benzo[a]anthracene and chrysene: Ex=270 nm, Em=385 nm 

for channel C and fluoranthene: Ex=280 nm, Em=462 nm for channel D. 

To analyze inorganic elements, dust samples (0.1 g) were weighed with a Sartorius MP210 balance. 

They were first digested for 12h at 140 °C in closed teflon® flasks with 6 mL of aqua regia (HNO3 65% 

and HCl 35%) on a heating plate. After cooling, sample extracts were filtered at < 0.45 µm, acidified 

with HNO3
- (pH = 1) and the volume was adjusted to 30 mL. Extracts were kept refrigerated at 4° C in 

polyethylene flasks. Analysis was performed by inductively coupled plasma mass spectrometry using 

the Syngistix™ software (ICP-MS, NexION® 300 X from Perkin Elmer, MA, USA).  

  

https://www-sciencedirect-com.lama.univ-amu.fr/topics/chemistry/mobile-phase-composition
https://www-sciencedirect-com.lama.univ-amu.fr/topics/earth-and-planetary-sciences/spectroscopy
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Table SI-2.2: QA/QC for PAHs analyses. 

    SRM Data Measured SRM data 

  
LOD 
(ng/g) 

Concentration 
(µg/g) 

SD 
Concentration (µg/g) 
(Recovery. %) 

SD 
(n=5) 

RSD 
(%) 

Naphtalene 0.42 0.946ncm 0.011 0.305 (32.2%) 0.021 6.89 

Acenaphtene 0.21 0.197ncm 0.04 0.043 (21.8%) 0.007 16.28 

Fluorene 0.21 0.223ncm 0.035 0.110 (49.3%) 0.002 1.82 

Phenanthrene 0.21 4.03ncm 0.06 3.553 (88.2%) 0.016 0.45 

Anthracene 0.21 0.41ncm 0.004 0.370 (90.2%) 0.004 1.08 

Fluoranthene 0.21 6.24ncm 0.08 5.946 (95.3%) 0.051 0.86 

Pyrène 0.42 4.98cm 0.14 4.280 (85.9%) 0.028 0.65 

Benzo(a)anthracene 0.42 2.11ncm 0.05 2.380 (112.8%) 0.012 0.50 

Chrysene 0.42 3.05cm 0.028 3.080 (101.0%) 0.016 0.52 

Benzo(b)fluoranthene 0.42 6.18cm 0.18 4.820 (78.0%) 0.195 4.05 

Benzo(k)fluoranthene 0.42 1.7cm 0.049 1.400 (82.3%) 0.038 2.71 

Benzo(a)pyrene 1.04 2.47ncm 0.24 1.803 (73.0%) 0.069 3.83 

Dibenzo(ah)anthracene 1.04 0.294ncm 0.002 0.226 (76.9%) 0.005 2.21 

Benzo(ghj)perylene 1.04 3.97ncm 0.04 3.831 (96.5%) 0.172 4.49 

Indeno(123cd)pyrene 0.42 2.89ncm 0.16 2.580 (89.3%) 0.135 5.23 

certified mass values (cm), non-certified mass values (ncm).  

QA/QC data for the PAH report the limits of detection (LOD) of the method and the measured 

concentrations in a standard reference material of urban dust (SRM 1649b, from National Institute of 

Standards and Technology, NIST), relative either to the certified mass values (cm) or to the non-

certified mass values (ncm), as reported on the certificate of analysis delivered by NIST (Beauchamp et 

al., 2021). The calibration curve was drawn by dilution in acetonitrile of a standard reference material 

of priority pollutant polynuclear aromatic hydrocarbons (SRM 1647e, from NIST provided by Sigma 

Aldrich). Recoveries from dust were established and checked for each batch of sample extraction with 

SRM 1649b of urban dust (NIST). Mean repeatability (expressed as RSD%, n=5) was <7% (except for 

Ace, RSD=16%). Recoveries >73% were obtained for all the PAHs, except for Nap, Ace, and Flu (about 

35%) for which volatilization occurred during the reconcentration step. Thus, the calculated 

concentrations were corrected by this factor for these three analytes. In each batch of analysis 

sequence, duplicates of SRM 1649b were run and a blank and a calibration standard were run every 6 

samples.  
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Table SI-2.3: QA/QC for MMs analyses 

  SRM Data Measured SRM data 

 LOD (µg/g) 
Concentration 
(µg/g) 

SD 
Concentration (µg/g) 
(Recovery. %) 

SD (n=5) 
RSD (%) 

Al 0.3 23200a 600 22700 (97.8%) 400 1.76 

As 0.0015 7cm 1.6 6 (85.7%) 2 33.33 

Cd 0.0015 7.3cm 3.7 5 (68.5%) 1 20.00 

Co 0.0015 10b n.r. 9 (90.0%) 2 22.22 

Cr 0.003 80cm 22 70 (87.5%) 25 35.71 

Cu 0.003 320b n.r. 300 (93.8%) 25 8.33 

Fe 0.3 16400a 1200 16000 (97.6%) 1500 9.38 

Mo 0.0015 5.5b n.r. 5.2 (94.5%) 1 19.23 

Mn 0.03 370b n.r. 350 (94.6%) 10 2.86 

Ni 0.003 90b n.r. 85 (94.4%) 10 11.76 

Pb 0.0009 85.9cm 7.2 88 (102.4%) 10 11.36 

Sb 0.03 14b n.r. 12 (85,7%) 1.5 12.5 

Th 0.0015 4b n.r. 3.5 (87.5%) 0.5 14.29 

Ti 0.003 4200a 300 4000 (95.2%) 500 12.50 

U 0.0015 1.6b n.r. 1.7 (106.3%) 0.2 11.76 

V 0.003 34b n.r. 31 (91.2%) 2 6.45 

Zn 0.03 2580a 150 2500 (96.9%) 200 8.00 

 

QA/QC data for the 17 studied MMs, i.e. Al, As, Cd, Co, Cr, Cu, Fe, Mo, Mn, Ni, Pb, Sb, Th, Ti, U, V, and 

Zn, report the method limits of detection (LOD) and the measured concentrations in standard 

reference materials of dust (SRM 2583 or SRM 2584, from the National Institute of Standards & 

Technology, NIST) relative to the certified mass values (cm), the reference mass values (a), or the 

information mass values (b), as written on the certificate of analysis delivered by NIST (Beauchamp et 

al., 2021). When the standard deviation was not provided on the certificate, it is indicated not reported 

(n.r.) in the table. The standard reference materials of dust were analyzed using the same procedure 

as the samples. The recoveries ranged between 69 and 102 % and precision was <22% (except for As 

and Cr). For all samples’ series, an acid blank (HNO3 65% and HCl 35%, Merck suprapur) was routinely 

prepared and analyzed. 
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Table SI-2.4: Risk assessment values 

Reference dose (RfD, maximal acceptable oral dose for a toxic substance), cancer slope factor (CSF, 

used to estimate the risk of cancer associated with exposure to a carcinogenic or potentially 

carcinogenic substance) and toxic equivalency factor (TEF, factor indicating the degree of toxicity 

compared to Benzo(a)pyrene, which is given a reference value of 1) for metal(loid)s and PAHs, n.r. for 

not reported (Masto et al., 2019; Nisbet and LaGoy, 1992; RAIS, 2021; Škrbić et al., 2019).  

Contaminants Oral RfD CSF TEF 

Metal(loid)  

Al 1.00000  n.r.   n.r.  

As 0.00030 1.5   n.r. 

Cd 0.00010   n.r.   n.r. 

Co 0.00030   n.r.   n.r. 

Cr 1.50300 0.5   n.r. 

Cu 0.04000   n.r.   n.r. 

Fe 0.70000   n.r.   n.r. 

Mo  n.r.   n.r.   n.r. 

Mn 0.14000   n.r.   n.r. 

Ni 0.02000 0.5   n.r. 

Pb   n.r. 0.0085   n.r. 

Sb 0.00040   n.r.   n.r. 

Th   n.r.   n.r.   n.r. 

Ti   n.r.   n.r.   n.r. 

U 0.00020   n.r.   n.r. 

V 0.00504   n.r.   n.r. 

Zn 0.30000   n.r.   n.r. 

PAH 

Naphtalene 0.020   n.r. 0.001 

Acenaphtene 0.060   n.r. 0.001 

Acenaphtylene   n.r.   n.r. 0.001 

Fluorene 0.040   n.r. 0.001 

Phenanthrene   n.r.   n.r. 0.001 

Anthracene 0.300   n.r. 0.010 

Fluoranthene 0.040   n.r. 0.001 

Pyrène 0.030   n.r. 0.001 

Benzo(a)anthracene   n.r.   n.r. 0.100 

Chrysene   n.r.   n.r. 0.010 

Benzo(b)fluoranthene   n.r.   n.r. 0.100 

Benzo(k)fluoranthene   n.r.   n.r. 0.100 

Benzo(a)pyrene 0.0003   n.r. 1.000 

Dibenzo(ah)anthracene   n.r.   n.r. 1.000 

Benzo(ghj)perylene   n.r.   n.r. 0.010 

Indeno(123cd)pyrene   n.r.   n.r. 0.100 

PAH equivalent BaP     n.r. 7.3 n.r.  

Text SI-2.5: Risk assessment calculation 
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An average oral daily dose (ADD) was calculated for MMs and PAHs (Equation 1). As the concentration 

(C) was in µg/g. a conversion factor (CF) of 10-6 had to be applied. The theoretical ingestion rate (IR) 

was 60 mg/day (US EPA, 2017). The exposure duration (ED) was of 6 years. and the exposure frequency 

(EF) was estimated to be 180 days/year at preschools (weekends and vacations excluded). The average 

body weight (BW) for children below 6 years old is about 15 kg. The average time (AT) was 1080 days 

(6 years x 180 days).  

Equation 1:  

𝐴𝐷𝐷 𝑜𝑟𝑎𝑙 =  
𝐶 ∗  𝐼𝑅 ∗  𝐸𝐹 ∗  𝐸𝐷

𝐵𝑊 ∗ 𝐴𝑇
∗ 𝐶𝐹 

 

The hazard quotient (HQ) was calculated by dividing the ADD by the reference dose (RfD obtained from 

the Risk Assessment Information System (RAIS, 2021) (Equation 2, see Table SI-2.3). The sum of the 

HQs gave the hazard index (HI) (Equation 3). A value of HI < 1 indicates there is no significant non-

carcinogenic risk, whereas HI > 1 indicates there is a risk that a non-carcinogenic health event occurs, 

and this probability tends to increase when the HI increases.  

Equation 2:  

𝐻𝑄 𝑜𝑟𝑎𝑙 =
𝐴𝐷𝐷 𝑜𝑟𝑎𝑙

𝑅𝑓𝐷
 

 

Equation 3:  

𝐻𝐼 𝑜𝑟𝑎𝑙 =   ∑ 𝐻𝑄 𝑜𝑟𝑎𝑙 

 

The carcinogenic risk assessment was applied to PAHs and carcinogenic MMs (As, Ni, Pb) with a cancer 

slope factor (CSF) obtained from the RAIS (Table SI-2.3, RAIS, 2021). The incremental lifetime cancer 

risk (ILCR) was calculated according to the US EPA (US EPA, 2011). The lifetime value was set at 78 

years as it represents the current life expectancy of the general American or European population 

according to US EPA (US EPA, 2011), even if a 70-years value has been previously commonly used in 

risk assessment (Chen et al., 2019; Mohammedi et al., 2019). We added the ILCR for each metal(loid) 

to obtain a metallic ILCR and we added the PAH ILCR and the metallic ILCR to obtain a global cancer 

risk for each location. We included a composite adjustment factor (AF) for children below 6 years old 

of 5.8 (Maertens et al., 2008). For MM, the ILCR was the ADD multiplied by the cancer slope factor 

(CSF) of each compound (Equation 4), the average time (AT) being of 28470 days (78 years x 365 days) 

for cancer risk (US EPA, 2011). 

Equation 4: 
𝐼𝐿𝐶𝑅 (𝑀𝑀) = 𝐴𝐷𝐷 𝑜𝑟𝑎𝑙 ∗ 𝐶𝑆𝐹 ∗ 𝐴𝐹 

For each PAH, the toxic equivalency factor (TEF) weighted the PAH concentration in dust (C in µg/g) 

(Nisbet and LaGoy, 1992) (Equation 5). We calculated the concentration of PAHs as a toxic equivalency 

quantity (TEQ) by using the TEF of each PAH, to apply the ingestion CSF of BaP of 7.3, since not all the 

PAHs have a CSF. Thus, a unique CSF of 7.3 (mg/kg/day)-1 was applied to all the PAHs, as previously 

done (Kang et al., 2011; Masto et al., 2019; Shen et al., 2022; Škrbić et al., 2019). A conversion factor 

(CF) of 10-6 had to be applied. Other parameters were identical to the ones used for the MMs. 

Equation 5: 

𝐼𝐿𝐶𝑅 (𝑃𝐴𝐻) =  ∑
(𝐶 ∗ 𝑇𝐸𝐹) ∗ 𝐼𝑅 ∗ 𝐸𝐷 ∗ 𝐸𝐹

𝐵𝑊 ∗ 𝐴𝑇
∗ 𝐶𝐹 ∗ 𝐶𝑆𝐹 ∗ 𝐴𝐹 
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An ILCR ≤ 10-6 indicates that the risk is lower than one in a million of a cancer occurring and is 

considered as an acceptable risk; an ILCR > 10-4 implies that there is more than one cancer case per 

10 000 inhabitants and is considered as an unacceptable risk. An ILCR between these two values 

indicates a potential risk of cancer (Chen et al., 2019). 
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Text SI-2.6: Pre-study and main questionnaires provided online to parents of children below 10 years 

old in the Aix-Marseille metropole (Southeast France). 

“Hello, we are an interdisciplinary team of Aix Marseille University, and we are interested in the 

relationship of the families with young children regarding their environment, especially fine particles 

(dust with a diameter < 0.5 mm). We are asking you to carefully read the questions and to answer 

them as spontaneously and sincerely as possible. This questionnaire is confidential and anonymous. 

There are no right or wrong answers, only your personal opinion is of interest. We thank you for your 

participation.  

1. I confirm that I have taken into consideration all the information that I have been given and I 

voluntarily and freely participate in this study.  

2. I am a parent or a guardian of at least one child below 10 years old (included). 

  

Prestudy questionnaire 

Question 1: Write in the blanks below the 5 first words that come to mind when you hear “fine 

particles”. 

 1: 

 2: 

 3: 

 4: 

 5: 

  

Main questionnaire 

Question 1: For each sentence below, indicate your level of agreement by checking the according box.  

  Strongly 
disagree 

Disagre
e 

Tend to 
disagree 

Tend to 
agree 

Agree Strongly 
agree 

When your children are at home, do you 
think they are exposed to fine particles? 

      

When children in general are at home, do 
you think that they are exposed to fine 
particles? 

      

When your children are outside, do you 
think they are exposed to fine particles? 

      

When children in general are outside, do 
you think they are exposed to fine 
particles? 

      

When they are at school, do you think 
your children are exposed to fine 
particles? 

      

When they are at school, do you think 
children in general are exposed to fine 
particles? 
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Do you think these particles are a danger 
to your children’s health? 

      

Do you think these particles are a danger 
for children’s health in general? 

      

  

Question 2: Please estimate your level of agreement with the statements below. 

  Strongly 
disagree 

Disagre
e 

Tend to 
disagree 

Tend to 
agree 

Agree Strongly 
agree 

Fine particles may contain pollutants.       

Fine particles may induce asthma in 
young children.  

      

Fine particles may induce hyperactivity in 
young children. 

      

Cleaning helps improve the indoor air 
quality. 

      

Cleaning products may increase the 
presence of pollutants indoors. 

      

Exposure to fine particles may alter the 
activity of an individual’s genes. 

      

Airing your home improves indoor air 
quality. 

      

Having plants in your home improves 
indoor air quality. 

      

  

Question 3: Have you ever wondered about the sources of the fine particles you found in your home? 

Use the following lines to write about it. 

  

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

  

Question 4: How frequently do you perform these household chores on a scale from never to very 

often? 

  Never  Rarely  Sometimes Regularly Often Very Often 

Airing the 
home 

      

Cleaning the 
floor 
(vacuum. 
mop. etc)  
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Cleaning the 
surfaces/ 
dust 

      

  

Question 5: What are the reasons behind the different household chores you perform? Estimate your 

level of agreement with each proposition.  

  Strongly 
disagree 

Disagree Tend to 
disagree 

Tend to 
agree 

Agree Strongly 
agree 

Cleanliness/ 
hygiene 

      

To remove 
dangerous particles 

      

To remove dust       

To avoid allergies       

Question 6: Consider how you parent your children. Indicate your level of agreement with each 

statement.  

  Strongly 
disagree 

Disagree Tend to 
disagree 

Tend to 
agree 

Agree Strongly 
agree 

We have set 
up rules 
within the 
household. 

      

I accept that 
my children 
will not 
follow some 
rules. 

      

My children 
must follow 
established 
rules.  

      

 

Question 7: In general, do you trust: 

  Strongly 
disagree 

Disagree Tend to 
disagree 

Tend to 
agree 

Agree Strongly 
agree 

The mayor’s 
office of your 
city 

      

The state       

The Ministry 
of National 
Education 
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The 
industrial 
companies 

      

Your school       

The media       

Question 8: You are: 

 A man 

 A woman 

 Other:  

 

Question 9: How old are you?  

 

Question 10: Age of your youngest child: 

 

Question 11: Your educational background 

 No diploma 

 Vocational diploma 

 High School Diploma (HSD) 

 Advanced technician degree / University diploma of technology / Equivalent HSD +2 years 

 Bachelor’s degree / Equivalent HSD + 3 years 

 Master’s degree / Grande Ecole / PhD / Doctorate / Equivalent HSD + 5 years and more 

 DNK (do not know) 

 

Question 12: You are 

 Farm manager 

 Tradesperson / Trader or equivalent / Head of a company with at least 10 employees 

 Executive / Higher intellectual profession / Equivalent 

 Intermediate profession / Technician / Associate professional / Equivalent 

 Employees / Military / Administrative employees / Public officials / Equivalent 

 Worker 

 Student 

 No professional activity 

 

Question 13: ZIP code of the place of residence: 

 



44 
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SI-3 – PAH contents in the three studied preschools 

Table SI-3.1: PAH contents (concentration in ng/g), ring distribution, and diagnostic ratios determined 

in the settled dusts of the suburban preschool (SPS).  

Court = courtyard; Play = playground area; n.c. = not calculated. Total index = (Ant/(Ant+Phe)/0.1 + 

Fla/(Fla+Pyr)/0.4 + BaA/(BaA+Chr)/0.2 + IcdP/(IcdP+BghiP)/0.5).  

 Suburban preschool (SPS) 

 Indoor Outdoor 

 Summer Winter Summer Winter 

Concentration (ng/g) Class Class Dorm Court Play Court Play 

Nap 48.7 22.6 < LOD 17.3 24.2 64.3 < LOD 

Ace 3.0 < LOD < LOD 5.7 8.5 < LOD < LOD 

Flu 17.9 20.6 < LOD 4.1 4.3 6.5 19.4 

Phe 256.7 116.8 68.2 33.8 39.6 99.6 153.2 

Ant < LOD < LOD < LOD 28.7 < LOD < LOD < LOD 

Fla 241.3 88.7 40.6 27.5 57.7 40.9 110.5 

Pyr 190.5 101.3 49.6 26.6 100.4 34.7 200.7 

B(a)A 220.7 < LOD < LOD 5.9 14.3 < LOD < LOD 

Chr 127.0 34.5 15.3 15.4 12.9 5.6 17.4 

B(b)F 32.2 28.9 12.4 11.6 5.0 5.2 14.3 

B(k)F 5.8 6.7 < LOD 3.3 < LOD 0.6 < LOD 

B(a)P 12.4 20.4 8.8 6.7 < LOD 2.8 16.7 

dB(a,h)A 216.8 < LOD < LOD 38.5 36.9 < LOD < LOD 

B(ghi)P 43.2 45.0 24.3 11.3 0.7 14.8 27.5 

IcdP 141.2 < LOD < LOD 9.0 35.7 < LOD < LOD 

Sum PAH 1557.4 485.7 219.4 245.5 340.3 275.1 559.9 

Sum carcPAH 804.7 113.1 36.6 107.8 129.0 78.5 48.5 

%carcPAH 51.7 23.3 16.7 43.9 37.9 28.6 8.7 

Ring distribution (%)        
2 rings 4.5 8.9 < 0.4 11.0 10.9 25.6 3.6 

3 rings 32.0 42.2 49.0 36.6 28.7 50.8 46.9 

4 rings 37.0 35.2 35.1 25.6 38.9 16.7 41.4 

5 rings 23.8 4.5 4.6 22.1 21.3 1.5 3.2 

6 rings 2.8 9.2 10.9 4.6 0.2 5.3 4.9 

Diagnostic ratios        
ΣLMW/ΣHMW  0.27 0.49 0.45 0.58 0.29 1.62 0.46 

Ant/(Ant+Phe) 0.001 0.002 0.003 0.46 0.005 0.002 0.001 

Fla/(Fla+Pyr) 0.56 0.47 0.450 0.51 0.37 0.54 0.36 

BaA/(BaA+Chr) 0.64 0.006 0.013 0.28 0.53 0.036 0.012 

IcdP/(IcdP + BghiP)  0.77 0.005 0.008 0.44 0.98 0.014 0.008 
Total index 6.11 1.22 1.22 8.13 5.53 1.57 0.97 
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Table SI-3.2: PAH contents (concentration in ng/g), ring distribution, and diagnostic ratios determined 

in the settled dusts of the urban preschool (UPS).  

Court = courtyard; Play = playground area; n.c. = not calculated. Total index = (Ant/(Ant+Phe)/0.1 + 

Fla/(Fla+Pyr)/0.4 + BaA/(BaA+Chr)/0.2 + IcdP/(IcdP+BghiP)/0.5).  

 Urban preschool (UPS) 

 Indoor Outdoor 

 Summer Winter Summer Winter 

Concentration (ng/g) Class Dorm Class Dorm  Court Play Court Play 

Nap 164.7 134.9 32.0 201.6 21.9 141.5 13.9 < LOD 

Ace 225.3 < LOD 123.1 421.6 9.4 107.5 5.4 2.5 

Flu 77.5 60.7 17.3 19.1 11.5 104.0 15.7 9.2 

Phe 388.3 352.3 218.5 190.6 97.4 439.9 293.4 191.3 

Ant 23.7 27.7 < LOD < LOD 8.9 75.9 < LOD < LOD 

Fla 289.8 331.8 235.7 260.6 111.7 721.1 328.1 246.3 

Pyr 372.6 316.4 271.9 253.5 94.7 651.2 279.6 233.9 

B(a)A 853.1 263.7 342.2 157.2 45.8 375.8 173.9 144.0 

Chr 302.9 204.9 207.7 153.2 46.6 439.4 157.9 123.6 

B(b)F 133.8 136.3 121.1 116.9 49.4 432.0 122.7 118.7 

B(k)F 45.7 64.6 37.2 41.0 20.1 177.3 53.8 47.8 

B(a)P 74.8 148.5 80.7 96.3 37.5 343.4 84.7 75.2 

dB(a,h)A 530.5 270.0 556.2 383.3 23.8 180.4 221.2 278.2 

B(ghi)P 341.3 248.3 154.3 157.2 38.9 342.5 151.3 142.0 

IcdP 205.6 52.2 243.6 390.3 50.5 475.7 119.5 124.4 

Sum PAH 4029.5 2612.4 2641.3 2842.5 668.2 5007.5 2021.1 1737.0 

Sum carcPAH 2311.0 1275.1 1620.6 1539.9 295.6 2565.4 947.7 911.9 

%carcPAH 57.4 48.8 61.4 54.2 44.2 51.2 46.9 52.5 

Ring distribution (%)        
2 rings 11.6 7.5 6.5 22.6 6.4 7.0 1.7 0.7 

3 rings 17.4 27.2 17.2 15.9 32.6 24.7 30.8 25.2 

4 rings 42.4 37.7 37.1 25.4 38.4 41.5 39.0 38.4 

5 rings 20.1 18.0 33.3 30.6 16.7 20.0 21.0 27.5 

6 rings 8.5 9.5 5.8 5.5 5.8 6.8 7.5 8.2 

Diagnostic ratios        
ΣLMW/ΣHMW  0.2 0.28 0.17 0.42 0.29 0.21 0.19 0.13 

Ant/(Ant+Phe) 0.058 0.073 0.001 0.001 0.084 0.15 0.001 0.001 

Fla/(Fla+Pyr) 0.44 0.51 0.46 0.51 0.54 0.53 0.54 0.51 

BaA/(BaA+Chr) 0.74 0.56 0.62 0.51 0.50 0.46 0.52 0.54 

IcdP/(IcdP + BghiP)  0.38 0.17 0.61 0.71 0.56 0.58 0.44 0.48 

Total Index 6.11 5.17 5.50 5.23 5.80 6.25 4.86 4.91 
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Table SI-3.3: PAH contents (concentration in ng/g), ring distribution, and diagnostic ratios determined 

in the settled dusts of the industrial preschool (IPS).   

Total index = (Ant/(Ant+Phe)/0.1 + Fla/(Fla+Pyr)/0.4 + BaA/(BaA+Chr)/0.2 + IcdP/(IcdP+BghiP)/0.5).  

 Industrial preschool (IPS) 

 Outdoor 

 Summer Winter 

Concentration (ng/g) Courtyard Covered Area Courtyard Playground 

Nap 5.6 17.5 40.1 36.9 

Ace 20.1 8.3 15.9 35.2 

Flu 21.0 14.2 17.7 42.2 

Phe 357.7 199.6 125.9 236.5 

Ant < LOD < LOD 12.7 19.2 

Fla 530.5 276.5 177.4 314.2 

Pyr 448.4 259.9 172.1 537.8 

B(a)A 341.3 238.9 134.6 236.3 

Chr 330.4 161.5 140.8 200.5 

B(b)F 352.9 184.0 175.8 136.9 

B(k)F 147.6 74.9 62.5 54.2 

B(a)P 291.1 145.5 80.9 150.2 

dB(a,h)A 59.7 70.5 35.9 145.5 

B(ghi)P 281.1 159.6 105.4 169.7 

IcdP 228.3 117.4 150.8 90.7 

Sum PAH 3415.7 1928.5 1448.3 2406.0 

Sum carcPAH 1756.9 1010.3 821.4 1051.3 

%carcPAH 51.4 52.4 56.7 43.7 

Ring distribution (%)     
2 rings 1.4 2.1 5.1 4.7 

3 rings 26.0 24.7 21.8 23.7 

4 rings 47.4 47.7 47.3 48.5 

5 rings 17.0 17.3 18.5 16.1 

6 rings 8.2 8.3 7.3 7.1 

Diagnostic ratios     
ΣLMW/ΣHMW  0.134 0.142 0.172 0.182 

Ant/(Ant+Phe) 0.0005 0.001 0.092 0.075 

Fla/(Fla+Pyr) 0.542 0.515 0.508 0.369 

BaA/(BaA+Chr) 0.508 0.597 0.489 0.541 

IcdP/(IcdP + BghiP)  0.448 0.424 0.589 0.348 

Total Index 4.79 5.12 5.81 5.07 
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Table SI-3.4: Descriptive statistic of the concentrations (in ng/g) for each of the studied PAHs 

determined in in- and outdoor preschools’ settled dusts, including mean, median, min and max values.  

 Concentration (ng/g) 

PAH Min Max Median Mean 

Naphtalene 0.4 201.6 24.2 52.1 

Acenaphtene 0.2 421.6 8.3 52.2 

Fluorene 0.2 104.0 17.7 25.4 

Phenanthrene 33.8 439.9 191.3 203.1 

Anthracene 0.2 75.9 0.2 10.5 

Fluoranthene 27.5 721.1 241.3 233.2 

Pyrène 26.6 651.2 233.9 241.9 

Benzo(a)anthracene 0.4 853.1 157.2 186.8 

Chrysene 5.6 439.4 140.8 142.0 

Benzo(b)fluoranthene 5.0 432.0 118.7 115.3 

Benzo(k)fluoranthene 0.0 177.3 41.0 44.4 

Benzo(a)pyrene 0.0 343.4 75.2 88.3 

Dibenzo(ah)anthracene 1.0 556.2 70.5 160.6 

Benzo(ghj)perylene 0.7 342.5 142.0 129.4 

Indeno(123cd)pyrene 0.4 475.7 117.4 128.2 
 

 

Figure SI-3.5: PAH distribution according to ring number in the different dust samples of the three 

preschools.  

Cov. Area = covered area, SPS=suburban preschool, UPS=urban preschool, IPS=industrial preschool.  

 

     SPS             UPS             IPS 
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Table SI-3.6: Comparison of PAH concentrations (ng/g) in settled dust from different locations and countries. 

ΣPAH = sum of PAHs; ΣPAHcarc = sum of carcinogenic PAHs. n.r. = not reported by the authors.  

Location Reference Number of PAHs   Concentration (ng/g) 

Indoor     Min Max Median Mean 

Suburban preschool This study 15 ΣPAHs 219 1 557 486 754 

 8 ΣPAHcarc 37 805 113 318 
Urban preschool  15 ΣPAHs 2 612 4 029 2 742 3 031 

  8 ΣPAHcarc 1 275 2 311 1 580 1 687 

Households, Ottawa, Canada Maertens et al., 2008 13 ΣPAHs 1 500 325 000 9 530 29 300 

 7 ΣPAHcarc 656 219 000 6 060 18 700 

Households, Hefei, China Shen et al., 2022 16 ΣPAHs 7 060 14 540 13 190 11 600 

  8 ΣPAHcarc 2 630 6 730 6 300 5 220 

Households, Pearl River Delta, China Kang et al., 2011 16 ΣPAHs 1 630 29 200 4 540 7 310 

 7 ΣPAHcarc 350 8 470 1 580 2 380 

Indoor dust, Port Harcourt, Nigeria Ossai et al., 2021 17 ΣPAHs 276 9 128 1 598 2 590 

  8 ΣPAHcarc 148 4 618 554 1 139 

Households, Vojvodina region, Serbia Živančev et al., 2022 16 ΣPAHs 140 8 265 1 539 n.r. 

 7 ΣPAHcarc 32 1 482 394 n.r. 

Preschools, Stockholm, Sweden Lim et al., 2021 46 ΣPAHs 836 2 540 1 320 1 509 

  7 ΣPAHcarc 127 641 319 338 

Outdoor    Min Max Median Mean 

Suburban preschool, Trets, France This study 15 ΣPAHs 245 560 308 355 

 8 ΣPAHcarc 49 129 93 91 
Urban preschool, Marseille, France  15 ΣPAHs 668 5 007 1 879 2 358 

 8 ΣPAHcarc 296 2 565 930 1 180 
Industrial preschool, Port Saint Louis du Rhône, 
France 

 15 ΣPAHs 1 448 3 416 2 167 2 300 

 8 ΣPAHcarc 821 1 757 1 031 1 160 
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Street dust, Novi Sad, Serbia Škrbić et al., 2019 16 ΣPAHs 35 2 422 180 430 

 7 ΣPAHcarc 3 1 163 52 123 

Street dust, Cairo, Egypt Hassanien et al., 2008 12 ΣPAHs 45 2 612 306 704 

  6 ΣPAHcarc 9 113 37 43 

Street dust, Port Harcourt, Nigeria Ossai et al., 2021 17 ΣPAHs 44 13 168 661 2 488 

 8 ΣPAHcarc 22 6 276 273 1 249 

Parking lots dust, USA Van Metre et al., 2008 15 ΣPAHs 947 51 089 21 229 21 953 

 7 ΣPAHcarc 376 25 398 9 138 10 581 

Street dust, Dhanbad, India Masto et al., 2019 13 ΣPAHs 3 980 13 100 7 540 7 417 

 7 ΣPAHcarc 1 194 3 324 2 226 2 315 

Street dust, Hefei, China Shen et al., 2022 16 ΣPAHs 7 190 9 820 8 870 8 630 

  8 ΣPAHcarc 2 710 6 840 4 610 4 720 
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SI-4 – Metal(loid)s contents in the three studied preschools 

Table SI-4.1: Metal(loid)s contents (concentration in µg/g) in the settled dusts of the suburban preschool (SPS).  

 

Suburban preschool (SPS) 

Indoor Outdoor 

Summer Winter Summer Winter 

Dorm Class Dorm  Courtyard Playground Courtyard Playground 

Al 8059.6 8314.2 7778.5 10837.8 16257.0 8913.9 16269.9 

As 4.4 4.5 6.3 4.6 13.8 3.9 105.6 

Cd 3.0 2.0 2.5 0.5 0.3 0.4 0.7 

Co 3.1 1.9 2.4 2.8 3.8 2.0 4.9 

Cr 57.5 26.0 40.0 24.3 33.5 17.4 102.0 

Cu 179.9 85.9 150.2 29.3 32.9 22.8 175.3 

Fe 15320.3 5457.9 17411.3 8552.0 10399.6 6792.8 9302.5 

Mn 257.8 164.3 199.2 357.0 342.3 291.6 305.0 

Mo 0.9 0.7 1.2 0.5 0.5 0.4 0.7 

Ni 16.1 28.3 51.6 12.0 16.7 8.8 85.5 

Pb 43.9 31.5 33.8 30.6 18.0 19.7 25.9 

Sb 61.6 3.1 117.2 1.0 1.0 0.9 1.7 

Th 3.1 1.9 2.6 6.8 5.8 3.9 4.6 

Ti 744.7 318.4 558.1 437.4 452.6 401.5 885.8 

U 0.7 0.5 0.7 1.2 0.9 0.8 0.8 

V 12.8 12.6 12.3 18.7 22.5 17.4 23.4 

Zn 1130.8 700.7 1126.3 476.9 467.0 469.9 460.5 

Sum MM 25900.0 15154.4 27494.3 20793.4 28068.4 16967.9 27754.9 

Sum carcMM 206.1 112.3 269.4 102.5 116.4 75.1 355.1 

%carcMM 0.8 0.7 1.0 0.5 0.4 0.4 1.3 
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Table SI-4.2: Metal(loid)s contents (concentration in µg/g) in the settled dusts of the urban preschool (UPS). 

 

Urban preschool (UPS) 

Indoor Outdoor 

Summer Winter Summer Winter 

Classroom Dormitory Classroom Courtyard Playground Courtyard Playground 

Al 18798.8 22509.2 13557.7 40183.2 35302.9 21806.8 29865.4 

As 7.4 6.8 7.4 7.9 10.2 5.7 6.6 

Cd 2.3 1.9 1.2 1.0 1.4 1.0 1.4 

Co 4.9 4.8 3.8 5.2 7.3 5.3 5.9 

Cr 72.6 78.2 66.5 72.9 64.7 45.6 53.7 

Cu 341.0 362.6 279.6 224.7 266.5 162.3 193.2 

Fe 13004.4 13401.2 11643.2 15047.2 15362.7 10141.0 12108.9 

Mn 247.8 218.7 161.5 272.4 319.8 202.6 242.4 

Mo 4.7 4.2 5.5 4.0 5.6 2.6 3.1 

Ni 54.7 45.6 38.7 29.3 32.1 20.1 23.0 

Pb 218.9 145.3 167.6 166.0 192.2 102.8 116.2 

Sb 14.3 31.0 13.9 7.8 10.8 6.7 8.7 

Th 2.4 1.8 2.0 2.8 2.6 1.9 2.5 

Ti 700.8 982.9 672.5 497.4 687.9 470.6 697.5 

U 1.1 0.9 0.8 1.3 1.4 0.9 1.1 

V 21.7 19.9 15.0 26.9 29.6 19.2 27.4 

Zn 3003.1 6031.1 2752.1 1080.7 1540.4 961.6 1631.8 

Sum MM 36500.9 43846.3 29389.0 57630.6 53838.0 33956.8 44988.6 

Sum carcMM 400.3 336.2 317.0 321.0 352.2 209.3 246.4 

%carcMM 1.1 0.8 1.1 0.6 0.7 0.6 0.5 
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Table SI-4.3: Metal(loid)s contents (concentration in µg/g) in the settled dusts of the industrial 

preschool (IPS). 

 Industrial preschool (IPS) 

 Outdoor 

 Summer Winter 

 Courtyard Covered area Courtyard Playground 

Al 14160.1 11341.2 15215.0 13153.4 

As 5.9 13.0 7.3 10.8 

Cd 0.8 0.8 0.7 0.9 

Co 5.7 4.6 5.3 5.4 

Cr 87.3 83.5 104.4 166.9 

Cu 49.2 242.6 45.1 154.4 

Fe 24735.8 15628.5 31036.2 18598.9 

Mn 517.7 384.8 589.3 448.0 

Mo 3.6 3.2 3.0 3.3 

Ni 23.4 26.4 26.8 20.8 

Pb 118.8 116.7 151.3 181.1 

Sb 3.5 3.5 3.0 4.0 

Th 2.6 2.1 5.1 2.9 

Ti 550.3 430.6 599.2 535.1 

U 0.8 0.7 1.2 1.0 

V 31.2 24.3 35.1 31.7 

Zn 1086.5 4253.2 829.8 1986.0 

Sum MM 41383.1 32559.8 48720.4 35242.1 

Sum carcMM 279.9 275.6 402.8 363.0 

%carcMM 0.7 0.8 0.8 1.0 

 

 

 

 

 

 

 

 

 

Table SI-4.4: Descriptive statistic of the concentrations (in µg/g) for each of the studied elements 

determined in in- and out-door preschools’ settled dusts, including mean, median, min and max values.  

 

 
Concentration (µg/g) 

Metal(loid)s Min Max Median Mean 
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Al 7778.5 40183.2 14687.6 17351.4 

As 3.9 105.6 7.0 12.9 

Cd 0.3 3.0 1.0 1.3 

Co 1.9 7.3 4.8 4.4 

Cr 17.4 166.9 65.6 66.5 

Cu 22.8 362.6 168.8 166.5 

Fe 5457.9 31036.2 13202.8 14108.0 

Mn 161.5 589.3 282.0 306.8 

Mo 0.4 5.6 3.0 2.6 

Ni 8.8 85.5 26.6 31.1 

Pb 18.0 218.9 116.5 104.5 

Sb 0.9 117.2 5.3 16.3 

Th 1.8 6.8 2.6 3.2 

Ti 318.4 982.9 554.2 590.2 

U 0.5 1.4 0.9 0.9 

V 12.3 35.1 22.1 22.3 

Zn 460.5 6031.1 1106.4 1666.0 
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Table SI-4.5: Comparison of metallic concentration (µg/g) in settled dust from different locations and countries.  

ΣMM = sum of metals and metalloids; ΣMMcarc = sum of carcinogenic metals and metalloids. a = 25th percentile; b = 75th percentile. n.r. = not reported by 

authors. 

Location Reference Number of MMs   Concentration (µg/g) 

Indoor     Min Max Median Mean 

Suburban preschool, Trets, France This study 17 ΣMMs 15 154 27 494 25 900 22 850 

 10 ΣMMcarc 112 269 206 196 
Urban preschool, Marseille, France  17 ΣMMs 29 389 43 846 36 501 36 579 

 10 ΣMMcarc 317 400 336 351 

Households, Ottawa, Canada Rasmussen et al., 2001 30 ΣMMs 32 395 143 736 58 853 64 243 

 8 ΣMMcarc 120 4 039 388 611 

Schools and households, Hunan Province, 
China 

Cao et al., 2016 12 ΣMMs 539a 2336b 1 345 n.r. 

 8 ΣMMcarc 166a 769b 435 n.r. 

Nursery schools, Xi'an, China Lu et al., 2014 9 ΣMMs 1 457 6 570 2 316 1 532 

 5 ΣMMcarc 367 1 602 225 430 

Nursery schools, Shah Alam, Malaysia Darus et al., 2012 8 ΣMMs 2 550 9 870 5 347 5 722 

  3 ΣMMcarc 31 102 51 57 

Classrooms, Ilaro, Nigeria Olujimi et al., 2015 46 ΣMMs 5 544 51 255 10 840 16 491 

 9 ΣMMcarc 120 9 375 483 996 

Households, Estarreja, Portugal Plumejeaud et al., 2016 16 ΣMMs 10 963 18 395 13 523 14 764 

  8 ΣMMcarc 265 1 354 385 559 

Outdoor    Min Max Median Mean 

Suburban preschool, Trets, France This study 17 ΣMMs 16 968 28 068 24 274 23 396 

 10 ΣMMcarc 75 355 109 162 
Urban preschool, Marseille, France  17 ΣMMs 33 957 57 631 49 413 47 604 

 10 ΣMMcarc 209 352 284 282 

Industrial preschool, Port Saint Louis du 
Rhône, France 

 17 ΣMMs 32 560 48 720 38 313 39 476 

 10 ΣMMcarc 276 403 321 330 
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Kindergarten soil, Yerevan, Armenia Tepanosyan et al., 2017 16 ΣMMs 31 692 58 198 44 375 44 525 

 7 ΣMMcarc 125 440 210 215 

Street dust, Ottawa, Canada Rasmussen et al., 2001 30 ΣMMs 30 087 145 511 98 042 99 540 

 8 ΣMMcarc 36 188 102 104 

Highway dust, Toronto, Canada Nazzal et al., 2012 11 ΣMMs 17 931 453 719 188 752 188 752 

 4 ΣMMcarc 106 1 265 440 440 

Street dust, Dhanbad, India Masto et al., 2019 9 ΣMMs 640 1 152 833 840 

 6 ΣMMcarc 218 349 271 271 

Street dust, Novi Sad, Serbia Škrbić et al., 2018 7 ΣMMs 14 1 299 104 104 

  6 ΣMMcarc 12 927 74 74 
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SI-5 – Source apportionment 

 

Figure SI-5.1: PAHs source analysis based on diagnostic ratios. Plot of BaA/(BaA+Chr) vs Fla/(Fla+Pyr) 

(top) and IcdP/(IcdP+BghiP) vs LMW/HMW ratios (bottom).  

Fla/(Fla+Pyr) = fluoranthene / (fluoranthene + pyrene); BaA/(BaA+Chr) = benz(a)anthracene / 

(benz(a)anthracene + chrysene); IcdP/(IcdP+BghiP) = indeno(1.2.3-c.d)pyrene / (benzo(g.h.i)perylene 

+ indeno(1.2.3-c.d)pyrene); LMW/HMW = Low Molecular Weight PAHs / High Molecular Weight 

PAHs=2-3 ring PAHs/4-6 ring PAHs. SPS = suburban preschool; UPS = urban preschool; IPS = industrial 

preschool; Sum = summer; Win = winter; In = indoor; Out = outdoor.  
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Figure SI-5.2: PMF factor profiles with the concentration on the left axis (blue bars) and with % of 

species sum on the right axis (red square) against PAHs and MMs determined in settled dust.
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SI-6 – Risk assessment 

Table SI-6.1: Non cancer risk and cancer risk assessments for each sampling location collected in suburban (SPS), 

urban (UPS) and industrial (IPS) preschools.  

Calculated hazard index (HI) taking into account the sum of the carcinogenic MMs (ΣMMcarc HI); the sum of all 

the MMs (ΣMM HI); n.c. for not calculated. The risk limits are set at 1 for HI and 1.00E-04 for ILCR. Calculated 

incremental life cancer risk (ILCR) taking into account the metal(loid)s (MM ILCR), the polycyclic aromatic 

hydrocarbons (ILCR PAH) and both MMs and PAHs (ΣILCR = sum of the MM ILCR plus the PAH ILCR).  

 

Sampling locations Season ΣPAH HI 
ΣMMcarc 
HI 

ΣMM 
HI 

MM ILCR PAH ILCR ΣILCR 

SPS In
d

o
o

r 

Classroom 
Summer 

1.89E-09 n.c. n.c. n.c. 1.75E-06 1.75E-06 

Dorm n.c. 0.43 0.50 4.29E-05 n.c. 4.29E-05 

Classroom 
Winter 

1.75E-10 0.11 0.15 3.36E-05 1.62E-07 3.37E-05 

Dorm 7.41E-11 0.70 0.78 5.45E-05 6.84E-08 5.46E-05 

O
u

td
o

o
r 

Courtyard 
Summer 

3.40E-10 0.08 0.14 2.48E-05 3.14E-07 2.51E-05 

Playground 2.98E-10 0.15 0.22 4.51E-05 2.75E-07 4.54E-05 

Courtyard 
Winter 

2.68E-11 0.07 0.11 1.87E-05 2.48E-08 1.87E-05 

Playground 1.33E-10 0.77 0.85 2.48E-04 1.23E-07 2.48E-04 

UPS In
d

o
o

r 

Classroom 
Summer 

5.13E-09 0.22 0.34 7.51E-05 4.74E-06 7.98E-05 

Dorm 3.31E-09 0.29 0.43 7.19E-05 3.06E-06 7.50E-05 

Classroom 
Winter 

4.98E-09 0.18 0.28 6.39E-05 4.60E-06 6.85E-05 

Dorm 3.86E-09 n.c. n.c. n.c. 3.56E-06 3.56E-06 

O
u

td
o

o
r 

Courtyard 
Summer 

5.51E-10 0.17 0.32 6.31E-05 5.09E-07 6.36E-05 

Playground 4.74E-09 0.22 0.37 6.41E-05 4.37E-06 6.85E-05 

Courtyard 
Winter 

2.48E-09 0.14 0.23 4.14E-05 2.29E-06 4.37E-05 

Playground 2.79E-09 0.18 0.29 4.82E-05 2.57E-06 5.08E-05 

IPS 

O
u

td
o

o
r 

Courtyard 

Summer 

3.24E-09 0.13 0.25 6.40E-05 2.99E-06 6.69E-05 

Covered 
courtyard 

1.96E-09 0.17 0.28 7.39E-05 1.81E-06 7.57E-05 

Courtyard 
Winter 

1.20E-09 0.14 0.27 7.88E-05 2.27E-06 8.11E-05 

Playground 2.45E-09 0.17 0.27 1.07E-04 1.11E-06 1.08E-04 
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Figure SI-6.2 Non cancer risk assessment for each sampling location collected in suburban (SPS), 

urban (UPS) and industrial (IPS) preschools. Red line = unacceptable risk limit. 

 

Figure SI-6.3: Contribution profiles of MMs to the hazard index in each sampling location collected in 

suburban (SPS), urban (UPS) and industrial (IPS) preschools. 
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Table SI-6.4: Non carcinogenic risk assessment at the studied preschools and comparison with data obtained elsewhere. ΣMMcarc = sum of the carcinogenic metal(loid)s; 

ΣMM = sum of all the metal(loid)s; HI = hazard index. a = authors only indicated one value. n.r. = not reported by authors. Extracted data included the oral risk assessments 

only. Values exceeding the risk limit of 1 are indicated in bold.  

Location 
Reference 

Number of MMs considered 
and calculated HI Min Max Median Mean 

Indoor  
          

Suburban preschool, Trets, France This study 14 ΣMM HI 0.15 0.78 0.50 0.48 
 

 

8 ΣMMcarc HI 0.11 0.70 0.43 0.41 
Urban preschool, Marseille, France 

 
14 ΣMM HI 0.00 0.43 0.31 0.26 

  
 

8 ΣMMcarc HI 0.00 0.29 0.20 0.17 

Schools and households, Hunan Province, 
China 

Cao et al., 2016 12 ΣMM HI 21.28 32.03 25.55 n.r. 

  8 ΣMMcarc HI 16.51 24.57 19.74 n.r. 

Nursery schools, Xi'an, China Lu et al., 2014 9 ΣMM HI n.r. n.r. n.r. 1.41a 
    5 ΣMMcarc HI n.r. n.r. n.r. 1.19a 

Classrooms, Ilaro, Nigeria Olujimi et al., 2015 11 ΣMM HI n.r. n.r. n.r. 0.25a 
    6 ΣMMcarc HI n.r. n.r. n.r. 0.22a 

Outdoor            

Suburban preschool, Trets, France This study 14 ΣMM HI 0.11 0.85 0.18 0.33 
 

 

8 ΣMMcarc HI 0.08 0.70 0.12 0.27 
Urban preschool, Marseille, France 

 
14 ΣMM HI 0.23 0.37 0.31 0.30   

8 ΣMMcarc HI 0.14 0.22 0.17 0.18 
Industrial preschool, Port Saint Louis du  

 
14 ΣMM HI 0.25 0.28 0.27 0.27 

Rhône, France   8 ΣMMcarc HI 0.13 0.17 0.15 0.15 

Street dust, Mexico City, Mexico Aguilera et al., 9 ΣMM HI 0.15 10.80 0.80 0.96 

  2021 5 ΣMMcarc HI 0.11 9.78 0.68 0.82 

Street dust, Murcia, Spain Gabarron et al., 
2017 

7 ΣMM HI 0.55 1.04 0.76 0.78 

  5 ΣMMcarc HI 0.11 0.22 0.14 0.16 

Street dust, Novi Sad, Serbia Škrbić et al., 2018 7 ΣMM HI 0.54 1.54 1.03 1.04   

6 ΣMMcarc HI 0.52 1.53 1.01 1.02 
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Table SI-6.5: Carcinogenic risk assessment at the studied preschools and comparison with data obtained elsewhere. ILCR = incremental life cancer risk and 

indication in the left-hand column of the number of carcinogenics including in the calculation; MM ILCR= incremental life cancer risk due to carcinogenic 

metal(loid)s, PAH ILCR= incremental life cancer risk due to polycyclic aromatic hydrocarbons, ΣILCR = sum of the MM ILCR plus the PAH ILCR; n.r. = not reported 

by authors. Extracted data included the oral risk assessments only. Values exceeding the risk limit of 1E-04 are indicated in bold. 

Location Reference Number of carcinogenic compounds 
considered and calculated ILCR 

Min Max Median Mean 

          

Indoor       

Suburban preschool, Trets, France This study 18 ΣILCR 1.75E-06 5.46E-05 3.83E-05 3.32E-05   
3 MM ILCR 3.36E-05 5.45E-05 4.29E-05 4.36E-05   

15 PAH ILCR 6.84E-08 1.75E-06 1.62E-07 6.59E-07 
Urban preschool, Marseille, France 

 
18 ΣILCR 3.56E-06 7.98E-05 7.17E-05 5.67E-05   

3 MM ILCR 0.00E+00 7.51E-05 6.79E-05 5.27E-05   

15 PAH ILCR 3.06E-06 4.74E-06 4.08E-06 3.99E-06 

Households, Hefei, China Shen et al., 2022 16 PAH ILCR n.r. n.r. n.r. 1.80E-05 

Nursery schools, Xi'an, China Lu et al., 2014 3 MM ILCR n.r. n.r. n.r. 6.62E-08 

Households, Vojvodina region, Serbia Živančev et al., 2022 16 PAH ILCR 6.76E-06 7.86E-04 1.30E-04 n.r. 

Households, Houston Metropolitan 
Area, USA 

Davis et al., 2021 4 MM ILCR 5.02E-04 8.56E-04 5.53E-04 6.16E-04 

Outdoor              

Suburban preschool, Trets, France This study 18 ΣILCR 1.87E-05 2.48E-04 3.53E-05 8.42E-05  

 3 MM ILCR 1.87E-05 2.48E-04 3.50E-05 8.40E-05  

 15 PAH ILCR 2.48E-08 3.14E-07 1.99E-07 1.84E-07 
Urban preschool, Marseille, France  18 ΣILCR 4.37E-05 6.85E-05 5.72E-05 5.66E-05  

 3 MM ILCR 4.14E-05 6.41E-05 5.56E-05 5.42E-05  

 15 PAH ILCR 5.09E-07 4.37E-06 2.43E-06 2.44E-06 
Industrial preschool, Port Saint Louis   18 ΣILCR 6.69E-05 1.08E-04 7.84E-05 8.29E-05 

du Rhône, France  3 MM ILCR 6.40E-05 1.07E-04 7.64E-05 8.09E-05 

  15 PAH ILCR 1.11E-06 2.99E-06 2.04E-06 2.04E-06 

Kindergarten soil, Yerevan, Armenia Tepanosyan et al., 
2017 

2 MM ILCR 1.33E-06 3.82E-06 n.r. 2.44E-06 
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Street dust, Rio de Janeiro State, Brazil Franco et al., 2017 15 PAH ILCR 7.51E-09 1.80E-06 4.04E-07 5.44E-07 

Street dust, Hefei, China Shen et al., 2022 16 PAH ILCR n.r. n.r. n.r. 1.12E-05 

Street dust, Novi Sad, Serbia Škrbić et al., 2019 16 PAH ILCR 2.83E-06 6.06E-04 2.38E-05 6.06E-05 

Street dust, Murcia, Spain Gabarron et al., 
2017 

4 MM ILCR 2.06E-08 4.60E-08 3.55E-08 3.40E-08 
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SI-7: Parental knowledge, perception, and prevention behavior from dust threat to children 1 

Table SI-7-1: Descriptive statistics of questionnaire items composing the variables used in the 2 

regression analysis. 3 

 4 

Variable Mean SD 

 
Cleaning behaviour [composite variable, six-point scale (1) never to 
(5) always] (α de Cronbach = .68) 

  

1. Ventilate the house 5.41 1.00 
2. Clean the floor (vacuum, mop, broom, etc.) 4.67 1.09 
3. Clean surfaces / dust 3.89 1.16 

   
Settled dust knowledge [composite variable, six-point scale (1) totally 
disagree to (5) totally agree] (α de Cronbach = .63) 

  

1. Settled dust can contain pollutants. 5.33 .81 

2. Settled dust can cause asthma in young children. 5.31 .82 

3. Settled dust can cause hyperactivity in young children. 3.63 1.08 

4. Cleaning helps you improve indoor air quality. 4.07 1.23 

5. Household products can increase the presence of pollutants 
inside buildings. 

5.11 1.02 

6. Exposure to settled dust can lead to changes in the activity of 
an individual's genes. 

4.19 1.16 

7. Exposure to pollutants can lead to genetic changes. 4.10 1.17 

8. Ventilating your home improves indoor air quality. 5.03 .98 

9. Owning plants inside your home allows you to improve indoor 
air quality. 

4.65 1.10 

   
Settled dust risk perception [composite variable, six-point scale (1) 
totally disagree to (5) totally agree] (α de Cronbach = .77) 

  

1. When at home, do you think your child is exposed to settled 
dust? 

4.31 1.13 

2. When outdoors, do you think your child is exposed to settled 
dust? 

5.08 .97 

3. When at school, do you think your child is exposed to settled 
dust? 

4.58 1.03 

 
 
Rule-setting parental style [composite variable, six-point scale (1) 
totally disagree to (5) totally agree] (Pearson’s r = .35. p < .001) 

  

1. We have set up rules within the household. 5.2 2.13 

2. My child must follow the rules to the letter. 3.31 1.5 

 5 

  6 
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Table SI-7.2: Regression model of ‘household cleaning behavior’ (outcome variable). 7 

 8 

Predictors Adj R2 
 

F df Beta t LLCI ULCI 

 

Parent gender (female)1 

Age of youngest child 

Settled dust knowledge 

Settled dust risk perception 

Parental style (rule oriented)2 

.14  7.87*** 5.162  

.51 

.04 

.01 

.14 

.40 

 

.70 

.64 

.05 

1.9 

5.66*** 

 

-.255 

-.027 

-.006 

-.008 

.107 

 

.538 

.052 

.007 

.298 

.222 

* p < .05; ** p < .01; ***p < .001 9 
 10 

1. Parent gender is a dummy variable [0= male; 1=female]. The predictive variable corresponds 11 
therefore to the fact that the parent is female in relation to male. 12 

2. Parental style is a composite variable of two levels of rule-setting parental styles: “We have 13 
set up rules within the household” and “My child must follow stablished rules”. 14 

 15 

 16 

 17 

Table SI-7.3: Correlation analysis between variables entered in the regression analysis. 18 

 19 

 Cleaning 
behaviour 

Settled dust 
knowledge 

Settled dust 
risk perception 

Parental style 

Cleaning behaviour  1 .05 .07 .30** 

Settled dust knowledge  .05 1 .29** .06 

Settled dust risk 
perception  

.07 .29** 1 -.15* 

Parental style (rule 
setting) 

.30** .06 .15* 1 

* p < .05; ** p < .01; ***p < .001 20 
 21 
 22 

 23 

 24 

  25 



66 
 

SI-8: Bibliography 26 

Aguilera, A., Bautista, F., Gutiérrez-Ruiz, M., Ceniceros-Gómez, A.E., Cejudo, R., and Goguitchaichvili, 27 
A., 2021. Heavy metal pollution of street dust in the largest city of Mexico. sources and Health Risk 28 
Assessment. Environmental Monitoring and Assessment, 193(4).  29 

Beauchamp, C. , Camara, J. , Carney, J. , Choquette, S. , Cole, K. , DeRose, P. , Duewer, D. , Epstein, M. 30 
, Kline, M. , Lippa, K. , Lucon, E. , Molloy, J. , Nelson, M. , Phinney, K. , Polakoski, M. , Possolo, A. , 31 
Sander, L. , Schiel, J. , Sharpless, K. , Winchester, M. and Windover, D., 2021. Metrological Tools for the 32 
Reference Materials and Reference Instruments of the NIST Material Measurement Laboratory, Special 33 
Publication (NIST SP), National Institute of Standards and Technology, Gaithersburg, MD, [online], 34 
https://doi.org/10.6028/NIST.SP.260-136-2021, 35 
https://tsapps.nist.gov/publication/get_pdf.cfm?pub_id=933027 (Accessed August 9, 2023).  36 

Cao, S., Duan, X., Zhao, X., Chen, Y., Wang, B., Sun, C., Zheng, B., and Wei, F., 2016. Health risks of 37 
children's cumulative and aggregative exposure to metals and metalloids in a typical urban 38 
environment in China. Chemosphere, 147, pp. 404–411.  39 

Darus, F.M., Nasir, R.A., Sumari, S.M., Ismail, Z.S., and Omar, N.A., 2012. Heavy metals composition of 40 
indoor dust in Nursery Schools Building. Procedia - Social and Behavioral Sciences, 38, pp. 169–175.  41 

Davis, F.R., Ali, H.H., Rosenzweig, J.A., Vrinceanu, D., and Maruthi Sridhar, B.B., 2021. Characterization 42 
of chemical and bacterial concentrations in floor dust samples in southeast Texas households. 43 
International Journal of Environmental Research and Public Health, 18(23), 12399. 44 

Franco, C.F., de Resende, M.F., de Almeida Furtado, L., Brasil, T.F., Eberlin, M.N., and Netto, A.D., 2017. 45 
Polycyclic aromatic hydrocarbons (PAHs) in street dust of Rio de Janeiro and Niterói, Brazil: Particle 46 
size distribution, sources and cancer risk assessment. Science of The Total Environment, 599-600, pp. 47 
305–313.  48 

Gabarrón, M., Faz, A., and Acosta, J.A., 2017. Soil or dust for Health Risk Assessment Studies in urban 49 
environment. Archives of Environmental Contamination and Toxicology, 73(3), pp. 442–455.  50 

Hassanien, M.A., and Abdel-Latif, N.M., 2008. Polycyclic aromatic hydrocarbons in road dust over 51 
Greater Cairo, Egypt. Journal of Hazardous Materials, 151(1), pp. 247–254.  52 

Kang, Y., Cheung, K.C., and Wong, M.H., 2011. Mutagenicity. genotoxicity and carcinogenic risk 53 
assessment of indoor dust from three major cities around the Pearl River Delta. Environment 54 
International, 37(3), pp. 637–643.  55 

Lim, H., Sadiktsis, I., de Oliveira Galvão, M., Westerholm, R, and Dreij, K., 2021. Polycyclic aromatic 56 
compounds in particulate matter and indoor dust at preschools in Stockholm, Sweden: Occurrence, 57 
sources and genotoxic potential in vitro. Science of The Total Environment, 755, 142709. 58 

Lu, X., Zhang, X., Li, L.Y., and Chen, H., 2014. Assessment of metals pollution and health risk in dust 59 
from nursery schools in Xi’an, China. Environmental Research, 128, pp. 27–34. 60 

Maertens, R., Yang, X., Zhu, J., Gagne, R., Douglas, G, and White, P., 2008. Mutagenic and Carcinogenic 61 
Hazards of Settled House Dust I: Polycyclic Aromatic Hydrocarbon Content and Excess Lifetime Cancer 62 
Risk from Preschool Exposure. Environmental Science & Technology, 42(5), pp. 1747-1753.  63 

Masto, R., Singh, M., Rout, T., Kumar, A., Kumar, S., George, J., Selvi, V., Dutta, P., Tripathi, R., and 64 
Srivastava, N., 2019. Health risks from PAHs and potentially toxic elements in street dust of a coal 65 
mining area in India. Environmental Geochemistry and Health, 41(5), pp. 1923-1937. 66 

Nazzal, Y., Rosen, M.A., and Al-Rawabdeh, A.M., 2012. Assessment of metal pollution in urban road 67 
dusts from selected highways of the Greater Toronto Area in Canada. Environmental Monitoring and 68 
Assessment, 185(2), pp. 1847–1858.  69 



67 
 

Nisbet, I., LaGoy, P., 1992. Toxic Equivalency Factors (TEFs) for Polycyclic Aromatic Hydrocarbons 70 
(PAHs). Regulatory Toxicology and Pharmacology, 16, pp. 290-300. 71 

Olujimi, O., Steiner, O., and Goessler, W., 2015. Pollution indexing and health risk assessments of trace 72 
elements in indoor dusts from classrooms, living rooms and offices in Ogun State, Nigeria. Journal of 73 
African Earth Sciences, 101, pp. 396–404.  74 

Ossai, C.J., Iwegbue, C.M., Tesi, G.O., Olisah, C., Egobueze, F.E., Nwajei, G.E., and Martincigh, B.S., 2021. 75 
Distribution, sources and exposure risk of polycyclic aromatic hydrocarbons in soils, and indoor and 76 
outdoor dust from Port Harcourt City, Nigeria. Environmental Science: Processes & Impacts, 23(9), pp. 77 
1328–1350.  78 

Plumejeaud, S., Reis, A., Tassistro, V., Patinha, C., Noack, Y, and Orsière, T., 2016. Potentially harmful 79 
elements in house dust from Estarreja, Portugal: characterization and genotoxicity of the bioaccessible 80 
fraction. Environmental Geochemistry and Health, 40(1), pp. 127-144. 81 

RAIS - Oak Ridge National Laboratory, 2021. The Risk Assessment Information System. [online] 82 
Available at: <https://rais.ornl.gov/> [Accessed November 2021]. 83 

Rasmussen, P.E., Subramanian, K.S., and Jessiman, B.J., 2001. A multi-element profile of house dust in 84 
relation to exterior dust and soils in the City of Ottawa, Canada. Science of The Total Environment, 85 
267(1-3), pp. 125–140.  86 

Shen, M., Liu, G., Zhou, L., Yin, H., Arif, M., and Leung, K.M., 2022. Spatial distribution, driving factors 87 
and health risks of fine particle-bound polycyclic aromatic hydrocarbons (PAHs) from indoors and 88 
outdoors in Hefei, China. Science of The Total Environment, 851, 158148.  89 

Škrbić, B.D., Buljovčić, M., Jovanović, G., and Antić, I., 2018. Seasonal, spatial variations and risk 90 
assessment of heavy elements in street dust from Novi Sad, Serbia. Chemosphere, 205, pp. 452–462.  91 

Škrbić, B., Đurišić-Mladenović, N., Živančev, J, and Tadić, Đ., 2019. Seasonal occurrence and cancer risk 92 
assessment of polycyclic aromatic hydrocarbons in street dust from the Novi Sad city, Serbia. Science 93 
of The Total Environment, 647, pp. 191-203. 94 

Tepanosyan, G., Maghakyan, N., Sahakyan, L., and Saghatelyan, A., 2017. Heavy metals pollution levels 95 
and children health risk assessment of Yerevan Kindergartens soils. Ecotoxicology and Environmental 96 
Safety, 142, pp. 257–265.  97 

Van Metre, P.C., Mahler, B.J., and Wilson, J.T., 2008. PAHs underfoot: Contaminated dust from coal-98 
tar seal coated pavement is widespread in the United States. Environmental Science & Technology, 99 
43(1), pp. 20–25.  100 

Živančev, J., Antić, I., Buljovčić, M., and Đurišić-Mladenović, N., 2022. A case study on the occurrence 101 
of polycyclic aromatic hydrocarbons in indoor dust of Serbian households: Distribution, source 102 
apportionment and health risk assessment. Chemosphere, 295, 133856.  103 

 104 

 105 


