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A B S T R A C T

Consumer goods and building materials present in the preschool environment can be important sources of ha-
zardous chemicals, such as plasticizers, bisphenols, organophosphorus and brominated flame retardants, poly-
and perfluoroalkyl substances, which may pose a health risk to children. Even though exposure occurs via many
different pathways, such as food intake, inhalation, dermal exposure, mouthing of toys etc., dust has been
identified as a valuable indicator for indoor exposure. In the present study, we evaluate the efficiency of product
substitution actions taken in 20 Swedish preschools from the Stockholm area to reduce the presence of hazardous
substances in indoor environments. Dust samples were collected from elevated surfaces in rooms where children
have their everyday activities, and the concentrations found were compared to the levels from a previous study
conducted in 2015 at the same preschools. It was possible to lower levels of hazardous substances in dust, but
their continued presence in the everyday environment of children was confirmed since bisphenol A, restricted
phthalates and organophosphate esters were still detectable in all preschools. Also, an increase in the levels of
some of the substitutes for the nowadays restricted substances was noted; some of the alternative plasticizers to
phthalates, such as DEHA and DEHT, were found with increased concentrations. DINP was the dominant
plasticizer in preschool dust with a median concentration of 389 μg/g, while its level was significantly
(p=0.012) higher at 716 μg/g in preschools with polyvinyl chloride (PVC) flooring. PBDEs were now less
frequently detected in dust and their levels decreased 20% to 30%. This was one of the few times that PFAS were
analyzed in preschool dust, where 6:2 diPAP was found to be most abundant with a median concentration of
1140 ng/g, followed by 6:2 PAP 151 ng/g, 8:2 diPAP 36 ng/g, N-Et-FOSAA 18 ng/g, PFOS 12 ng/g, PFOA 7.7 ng/
g and PFNA 1.1 ng/g. In addition, fluorotelomer alcohols were detected in 65–90% of the samples. Children's
exposure via dust ingestion was evaluated using intermediate and high daily intake rates of the targeted che-
micals and established health limit values. In each case, the hazard quotients (HQs) were < 1, and the risk for
children to have adverse health effects from the hazardous chemicals analyzed in this study via dust ingestion
was even lower after the product substitution actions were taken in preschools.

1. Introduction

Ensuring the safety of children is a top priority for preschools. This
includes physical as well as chemical safety. During a typical day in the
preschool, children encounter a variety of items and products such as
furniture and carpets, toys and creative materials (e.g. papers, pencils,
pens, yarn, textiles, glues, paints etc.), kitchen utensils and food
package materials, as well as cosmetic and chemical products, such as
soaps and disinfectants. The frequent mouthing behavior of younger
children entails the possibility of exposure to hazardous substances

through direct contact with articles or ingestion of dust deposited on
toys and other items or directly from the floor. Dust, being a reservoir
for many hazardous chemicals released from items in the indoor en-
vironment, implies a risk to young children when ingested
(Kademoglou et al., 2017; Larsson et al., 2018; Larsson et al., 2017;
Winkens et al., 2018). Compared to adults, the frequent hand to mouth
activity of young children results in higher dust ingestion rates for this
age group (USEPA, 2011). In addition, young children are still under
development and have a lower body weight, resulting in increased
vulnerability to toxicity from chemical exposure.
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There are numerous indoor contaminants originating from different
sources. Phthalate esters are plastic additives extensively used in var-
ious consumer products, resulting in ubiquitous presence indoors, as
they are not covalently bound to the polymeric materials, and are re-
leased fairly easily, mainly to air and dust (Bergh et al., 2011). Thus,
phthalates are recognized as major indoor contaminants and their use is
now restricted in many applications due to their adverse health effects,
such as endocrine disruption, reproductive toxicity and increased risk of
allergies and asthma in children (Bornehag et al., 2004; Braun et al.,
2013; Jurewicz and Hanke, 2011; Kolarik et al., 2008; Rudel et al.,
2003). As a consequence, alternative plasticizers to phthalates with
lower human toxicity and leaching potential have been introduced to
the market during the 2000s, such as acetyltributylcitrate (ATBC), di(2-
ethylhexyl)adipate (DEHA), di(2-ethylhexyl)terephthalate (DEHT) and
1,2-cyclohexane dicarboxylic acid diisononyl ester (DINCH) (Bui et al.,
2016). Hence, these are now found in indoor dust at comparable con-
centrations with phthalates (Giovanoulis et al., 2018; Kademoglou
et al., 2018; Larsson et al., 2017).

Tetrabromobisphenol A (TTBPA) is a common flame retardant in-
corporated into electronic/electrical products (Liu et al., 2016), while
bisphenol A (BPA) and its analogues (i.e. BPF, BPAF and BPS) are used
in plastics, such as kitchen utensils, as well as in thermal papers (e.g.
sales receipts) and epoxy resins (Liao and Kannan, 2011). All of them
were detected in considerable amounts in dust from preschools, homes
and several other microenvironments in Sweden and other countries
(Larsson et al., 2017; Wang et al., 2015). Bisphenols exhibit endocrine
disrupting effects, reproductive toxicity, dioxin-like effects, and neu-
rotoxicity in in vitro assays and laboratory animal studies (Chen et al.,
2016).

Furthermore, preschools, similar to most households and work-
places all over the world, possess furniture, electronics and construction
materials, all of which may contain potentially toxic brominated or
chlorinated flame retardants to prevent fire hazards (Allgood et al.,
2017). For example, polybrominated diphenyl ethers (PBDEs) are per-
sistent, bioaccumulative, and there is evidence for adverse health ef-
fects, including endocrine disruption and altered fetal development
from these substances (Schreiber et al., 2010). Many PBDEs are listed
under the Stockholm Convention on persistent organic pollutants
(POPs) as substances for exclusion, and since 2004 their use in the EU is
forbidden (UNEP, 2015). Hence, organophosphorus flame retardants
have been introduced in many cases, as PBDE replacements in textiles
and plastics. However, the elimination of PBDE containing articles, and
disposal of these is still a challenge. Consequently, indoor air and dust
are contaminated with PBDEs and organophosphate esters (OPEs) that
are released from articles and materials (Larsson et al., 2018; Xu et al.,
2016; Xu et al., 2017). Moreover, the presence of OPEs in house dust
has been associated with adverse health effects, such as altered hor-
mone levels and decreased semen quality in men (Meeker, 2012;
Meeker and Stapleton, 2010). For that reason, some OPEs (i.e. TCEP,
tris(2-chloroethyl) phosphate; TCPP, tris(2-chloropropyl) phosphate;
and TDCPP, 1,3-dichloro-2-propanol phosphate) are regulated in chil-
dren's toys through the EU Toy Safety Directive (2009/48/EC).

Poly- and perfluoroalkyl substances (PFAS) are used in a variety of
articles and products such as textiles, kitchen utensils and lubricants,
for their excellent water, oil and dirt repellent properties. PFAS have
been measured and detected in indoor dust of various microenviron-
ments, such as homes, offices and children's bedrooms (Moriwaki et al.,
2003; Shoeib et al., 2011; Tian et al., 2016; Winkens et al., 2018), but
the amount of studies on PFAS levels in preschools are limited. The
levels found in some of these studies imply that children's intake of
PFAS via dust ingestion could be a more important exposure pathway
than from the diet which is the main exposure pathway for adults
(Nadal and Domingo, 2014). The most abundant compounds in dust
were perfluorooctane sulfonate (PFOS), perfluorooctanoic acid (PFOA),
polyfluoroalkyl phosphoric acid esters (PAPs) and fluorotelomer alco-
hols (FTOHs) (Eriksson and Karrman, 2015; Karaskova et al., 2016;

Padilla-Sanchez and Haug, 2016; Winkens et al., 2018; Yao et al.,
2018).

The present study was part of the “chemical smart preschool” in-
itiative, developed by the Environment and Health Administration at
the City of Stockholm, focusing on the reduction of hazardous sub-
stances in preschools, thereby reducing the risk of children's exposure
to such substances. Within the initiative, a guidance document for
“chemical smart preschools” was developed, including actions such as
discarding old polyvinyl chloride (PVC) items (e.g. toys), exchange of
resting mattresses with new hazardous substance free alternatives, and
phase-out of plastic kitchen utensils. Information on chemical analyses
of old and new articles and materials from Stockholm's preschools and
the procured preschool assortments, together with the guidance docu-
ment is present at www.stockholm.se/kemikaliesmartforskola. In brief,
the results from these analyses showed that old toys and mattresses
collected at preschools often contain high concentrations of hazardous
substances, which are now regulated within EU, while it is rare to find
such substances in newly purchased articles from the procured assort-
ments.

The main aim of this study was to evaluate the efficiency of the
actions taken to reduce the presence of hazardous chemicals in the
indoor environment of 20 preschools in Stockholm according to the
guidance document associated with the “chemical smart preschool”
initiative. The samples, collected in 2018, were analyzed for legacy, as
well as emerging indoor contaminants (Table 1). The determined levels
were compared with results obtained from a previous sampling occa-
sion in 2015 at the same preschools (Larsson et al., 2018; Larsson et al.,
2017) which took place before performing the “chemical smart pre-
school” actions. In addition, we evaluated children's exposure to tar-
geted compounds via unintended dust ingestion and related the levels
of substances in dust with features in the indoor environment, such as
flooring material. Overall, this study will enhance the understanding of
different exposure pathways to hazardous chemicals for children, and it
illustrates the possibility to facilitate the achievement of a healthy
preschool environment through targeted actions.

2. Materials & methods

2.1. Sample collection

Out of the 100 preschools which participated in a previous study
during 2015 (Larsson et al., 2018; Larsson et al., 2017) 20 were selected
for repeated dust analysis since they had done the chemical smart ac-
tions in the guidance document. The preschool staff had received
training seminars concerning hazardous chemicals in products, articles
and materials that aimed to provide a deeper understanding into the
composition of different materials and choices in relation to the pre-
sence of hazardous substances in the preschool environment. Prior to
the 2018 sampling, contact had been established and confirmation on
performed actions within the chemical smart preschool was received.
The preschools which confirmed that the staff had removed old articles
and materials with high risk of hazardous substances content, and used
lists of chemicals smart choices, provided by the Environment and
Health Administration, when doing purchases for their units, were
chosen for the follow up sampling occasion in 2018 (the lists and other
materials are found at www.stockholm.se/kemikaliesmartforskola).
Furthermore, close collaboration with the municipality inspectors, al-
lowing an overview of how the work of hazardous substances reduction
is functioning in the preschools provided another basis. Questionnaires
were used both when the inspectors performed their usual visits to
preschools and when they collected samples during 2015 and 2018. The
questionnaires included inquiries regarding the indoor materials (type
of floor, number and type of electronics, etc.), daily cleaning routines,
floor polishing and ventilation function.

The dust collection for this follow up study was carried out during
January to February 2018. The dust samples were delivered to IVL
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Swedish Environmental Research Institute for analysis. One settled dust
sample from elevated surfaces (50–250 cm above the floor) from dif-
ferent areas of a play room at each preschool was collected (the same
room as in the study of 2015 was sampled), using the dust sampling
method previously described in Papadopoulou et al. (2016). Briefly,
each sample was collected using a cellulose filter pre-cleaned with
methanol and fixed in a styrene acrylonitrile container. The container
was inserted into a holder made of polypropylene (Krim. TekniskMa-
teriel AB, Bålsta, Sweden) and mounted on the nozzle of a vacuum
cleaner. The filter weight was noted before and after sampling, under
identical conditions of room temperature and relative humidity. Field
blank samples were also collected from the same room where the dust
samples were taken, by attaching a holder with an unused filter to the
nozzle of the vacuum cleaner, as when taking a sample but instantly
starting and stopping the vacuum cleaner without touching any surface.
The filter container was wrapped in aluminum foil and stored at−20 °C
until analysis.

2.2. Chemical analysis

2.2.1. Plasticizers and organophosphate esters
Dust samples (approx. 50 mg each) were spiked with 200 ng deut-

erated internal standard (IS) mix for the phthalate and alternative
plasticizers, consisting of DMP-d4, DnBP-d4 and DEHP-d4, and 200 ng IS
mix for the organophosphate esters, consisting of phosphoric acid tri-n-
amyl ester (TAP) and TPhP-d15. The samples were extracted with or-
ganic solvent (10mL of acetone: n-hexane 2:1, v/v) and microwave-
assisted extraction (Milestone Ethos UP, Sorisole, Italy) under con-
trolled pressure and temperature program (15min at 100 °C). The dust
clean-up was performed with a Florisil solid phase extraction (SPE)
cartridges (ISOLUTE FL 500mg/3mL from Biotage, Uppsala) pre-
cleaned with 6mL acetone, allowed to dry, and then conditioned with
3mL n-hexane. Each sample extract was loaded onto the SPE and wa-
shed with 6mL n-hexane. Plasticizers and OPEs were eluted with 6mL
acetone: n-hexane (1:1, v/v), concentrated by applying a gentle ni-
trogen (N2) stream to approx. 1mL, and then 100 ng biphenyl was
added as volumetric pre-injection standard. The analyses were carried
out, first for plasticizers and after for organophosphate esters, with a
gas chromatography tandem mass spectrometry GC/MS/MS system
(Agilent 7000; Agilent Technologies, Inc., Santa Clara, CA, USA) in
electron impact ionization mode (EI) with DB-5 30m, 0.25mm,
0.25 μm column. The instrument was equipped with an auto injector
(Agilent 7683B) and the injection was in pulsed splitless mode.
Integration was made with MassHunter software version B.04.00 for
quantitative analysis (Agilent Technologies, Inc. 2008).

2.2.2. Bisphenols
The dust extraction method for bisphenols using 200 ng BPA-d16 as

IS was similar to plasticizers and OPEs with an extra derivatization step
of the final extracts. Derivatization was performed with the use of N-
methyl-N-(trimethylsilyl) trifluoroacetamide (MSTFA; CAS 24589-78-
4) (Fan et al., 2019). Dust sample extracts were concentrated to 0.2mL
and then 50 μL of MSTFA was added and the mixture vortexed for 30 s.
Afterwards, the extracts were incubated at 60 °C for 30min, and then
diluted to 1mL with n-hexane. The analyses were carried out with the
same GC/MS/MS system in EI mode, as described above.

Table 1
Name, abbreviation, CAS number and method limit of detection (μg/g or ng/g)
for each studied compound.

Compound name Abbreviation CAS number LOD

Phthalate & alternative plasticizers (μg/g)
Dimethyl phthalate DMP 131-11-3 0.01
Diethyl phthalate DEP 84-66-2 0.004
Diisobutyl phthalate DiBP 84-69-5 0.01
Di-n-butylphthalate DnBP 84-74-2 0.02
Benzyl butyl phthalate BzBP 85-68-7 0.02
Di(2-ethylhexyl)phthalate DEHP 117-81-7 0.48
Diisononyl phthalate DINP 28553-12-0 0.34
Diisodecyl phthalate DIDP 26761-40-0 0.34
Di(2-propylheptyl)phthalate DPHP 53306-54-0 0.03
Acetyltributylcitrate ATBC 77-90-7 0.02
Di(2-ethylhexyl)adipate DEHA 103-23-1 0.01
Di(2-ethylhexyl)terephthalate DEHT 6422-86-2 0.01
1,2-Cyclohexane dicarboxylic acid

diisononyl ester
DINCH 166412-78-8 0.17

Organophosphate esters (μg/g)
Triisobutyl phosphate TiBP 126-71-6 0.007
Tri-n-butyl phosphate TnBP 126-73-8 0.007
Tris(2-chloroethyl) phosphate TCEP 115-96-8 0.034
Tris(2-chloropropyl) phosphate TCPP 13674-84-5 0.017
Tris(1,3-dichloro-2-propyl) phosphate TDCPP 13674-87-8 0.017
Tris(2-butoxyethyl) phosphate TBEP 78-51-3 0.34
Triphenyl phosphate TPhP 115-86-6 0.017
2-Ethylhexyl diphenyl phosphate EHDPP 1241-94-7 0.017
Tris(2-ethylhexyl) phosphate TEHP 78-42-2 0.017
Tricresyl phosphate TCrP 1330-78-5 0.034

Bisphenols (μg/g)
Bisphenol A BPA 80-05-7 0.11
Bisphenol F BPF 620-92-8 0.017
Bisphenol AF BPAF 1478-61-1 0.25
Bisphenol S BPS 80-09-1 0.02
Tetrabromobisphenol A TBBPA 79-94-7 0.02

Polybrominated diphenyl ethers (ng/g)
2,4,4′-TriBDE,2,4,4′-Tribromodiphenyl

ether
PBDE 28 41318-75-6 3.4

2,2′,4,4′-TetraBDE,2,2′,4,4′-
Tetrabromodiphenyl ether

PBDE 47 5436-43-1 2.7

2,2′,3,4′,4-PentaBDE,2,2′,3,4′,4-
Pentabromodiphenyl ether

PBDE 85 182346-21-0 3.4

1,2,4-Tribromo-5-(2,4-dibromophenoxy)
benzene,2,2′,4,4′,5-PentaBDE,
2,2′,4,4′,5-Pentabromodiphenyl ether

PBDE 99 60348-60-9 4.1

2,2′,4,4′,6-PentaBDE,2,2′,4,4′,6-
Pentabromodiphenyl ether solution

PBDE 100 189084-64-8 2.7

2,2′,4,4′,5,5′-HexaBDE,2,2′,4,4′,5,5′-
Hexabromodiphenyl ether

PBDE 153 68631-49-2 5.4

2,2′,4,4′,5,6′-Hexabromodiphenyl ether PBDE 154 207122-15-4 3.4
Decabromodiphenyl ether PBDE 209 1163-19-5 166

Poly- & perfluoroalkyl substances (ng/g)
Perfluorobutanoic acid PFBA 375-22-4 0.5
Perfluoropentanoic acid PFPeA 2706-90-3 0.5
Perfluorohexanoic acid PFHxA 307-24-4 0.5
Perfluoroheptanoic acid PFHpA 375-85-9 0.5
Perfluorooctanoic acid PFOA 335-67-1 0.5
Perfluorononanoic acid PFNA 375-95-1 0.5
Perfluorodecanoic acid PFDA 335-76-2 1
Perfluoroundecanoic acid PFUnDA 2058-94-8 0.5
Perfluorododecanoic acid PFDoDA 307-55-1 0.5
Perfluorobutanesulfonic acid PFBS 375-73-5 0.5
Perfluorohexanesulfonic acid PFHxS 355-46-4 0.5
Perfluorooctanesulfonic acid PFOS 1763-23-1 0.2
Perfluorodecanesulfonic acid PFDS 335-77-3 1
Perfluorooctane sulfonamide FOSA 754-91-6 0.3
6:2 fluorotelomer sulfonate 6:2 FTS 27619-97-2 1
Mono[2-(perfluorohexyl)ethyl] phosphate 6:2 PAP 57678-01-0 1
Mono[2-(perfluorooctyl)ethyl] phosphate 8:2 PAP 57678-03-2 1
Bis[2-(perfluorohexyl)ethyl] phosphate 6:2 diPAP 57677-95-9 1
Bis[2-(perfluorooctyl)ethyl] phosphate 8:2 diPAP 678-41-1 1
N-methylperfluorooctane

sulfonamidoacetic acid
N-Me-FOSAA 2355-31-9 1

Table 1 (continued)

Compound name Abbreviation CAS number LOD

N-ethylperfluoro-1-
octanesulfonamidoacetic acid

N-Et-FOSAA 2991-50-6 1

6:2 fluorotelomer alcohol 6:2 FTOH 647-42-7 0.06
8:2 fluorotelomer alcohol 8:2 FTOH 678-39-7 0.04
10:2 fluorotelomer alcohol 10:2 FTOH 865-86-1 0.02
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2.2.3. Polybrominated diphenyl ethers
Dust samples (approx. 50mg each) were spiked with an internal

standard mix containing 4.86 ng of each PBDE 166 and PBDE 190, and
14.69 ng of PBDE 119. The samples were extracted with 2×4 mL
acetone and 2×4 mL n-hexane: methyl tert-butyl ether (9:1 v/v) in an
ultrasonic bath for 20min per cycle. The sample extracts were con-
centrated by a gentle N2 stream to 0.5mL. After, the dust extracts were
treated with concentrated sulfuric acid and fractionated using an alu-
minum oxide column under controlled polarity. Fraction 1 was eluted
with 15mL pentane and was not used for analysis. Fraction 2, con-
taining PBDE 28, 47, 85, 99, 100, 153 and 154, was eluted with 10mL
pentane: toluene (9:1 v/v). Fraction 3, containing BDE 209, was eluted
with 10 mL pentane: toluene: diethyl ether (45:5:50 v/v). Finally,
fractions 2 and 3 were concentrated by applying a gentle nitrogen (N2)
stream to approx. 0.5mL and spiked with 9.83 ng octachloronaphtalene
as volumetric standard. The analyses were carried out on GC-ECD
Thermo Trace 1310 with CP-SIL8 CB 50m, 0.25mm, 0.25 μm column.

2.2.4. Poly- and perfluorinated substances
Dust samples (approx. 50mg each) were spiked with 4.75 ng of an

internal standard mix containing sodium perfluoro-1-(1,2,3,4-13C4)oc-
tane sulfonate (13C4-PFOS), perfluoro-n-(1,2,3,4-13C4)octanoic acid
(13C4-PFOA) and sodium 1H, 1H, 2H, 2H-perfluoro-1-[1,2-13C2]octane
sulfonate (13C2-6:2-FTS), and 50 ng 2-perfluorohexyl-(1,2-13C2)ethanol
(13C2-8:2 FTOH). The samples were then extracted with 2×3mL me-
thanol in an ultrasonic bath and cleaned up by resuspension with the
addition of 10mg ENVI-Carb to the extracts. The sample extracts were
concentrated by applying a gentle N2 stream to approx. 0.5mL and then
50 ng of 3,5-bis(trifluoromethyl)phenyl acetic acid (3,5-BTPA) was
added as volumetric standard before the analyses. PFAS analyses were
performed using high pressure liquid chromatography tandem mass
spectrometry HPLC/MS/MS (API 4000™ system) in negative electron
spray ionization (-ESI). The data were quantified using Analyst software
(Analyst 1.63, AB SCIEX). After the PFAS LC analysis, the solvent was
exchanged from methanol to ethyl acetate, and all samples were in-
jected to GC/MS/MS (Agilent 7000; Agilent Technologies) in EI mode
to determine the fluorotelomer alcohol (FTOH) levels.

2.3. Quality assurance and quality control

To avoid external contamination, laboratory glassware was rinsed
with acetone, dried, covered with aluminum foil and heated at 400 ᴼC
overnight before use. All organic solvents were tested in advance for
contamination, and no background levels were detected. The N2 gas
stream was filtered through glass Pasteur pipettes filled completely
with activated charcoal powder and glass wool on the narrow point
during the evaporation of sample extracts. Solvent and field blanks
were analyzed together with the dust samples. The determined dust
levels were blank subtracted, if needed, and the limit of detection (LOD)
for each compound was defined as three times the standard deviation of
the blanks (Table 1). If nothing was observed in the blanks, the LOD
was based on a signal to noise ratio of three of a standard solution. The
standard reference material (SRM) 2585 from National Institute of
Standard and Technology (NIST, USA) was analyzed each time in re-
plicate (n=4) to evaluate the accuracy of the analytical method for the
determination of the selected compounds (see Table S1). The accuracy
ranged between 80 and 112% for OPEs, 89–114% PBDEs and 81–140%
for PFAS compared to the available NIST certified values. In addition,
the results for phthalates, OPEs, BPA and PFAS were in good agreement
with previously reported values in literature (Ali et al., 2012; Bergh
et al., 2012; Fan et al., 2019; Luongo and Ostman, 2016; Reiner et al.,
2015; Sahlstrom et al., 2012; Tay et al., 2017; Winkens et al., 2018).

2.4. Data analysis

All chemical concentrations in the 20 dust samples were

summarized by standard descriptive statistics. Also, detection fre-
quencies (DFs) were reported for all measured compounds. Further,
statistical analyses and exposure assessment were only performed for
chemicals with DF > 50%. Values below the respective LOD were re-
placed with LOD/2. Most of the compounds failed the Shapiro-Wilk
normality test (p > 0.05). Therefore, a non-parametric Wilcoxon
matched-pairs signed rank test was applied to compare the determined
dust levels of the different substances between 2015 and 2018 for each
preschool. We assessed the median percentage change (%) per chemical
compound between the two different sampling occasions using Eq. (1).

=
−

×Change (%) C C
C

100dust 2018 dust 2015

dust 2015 (1)

We evaluated the correlations between different chemicals in dust
by Spearman correlation coefficient for non-normal distributed data.
Furthermore, we performed the nonparametric unpaired
Mann–Whitney U compare rank test to evaluate the correlations be-
tween different chemicals in dust and the floor material. Spearman rank
test was also used to identify correlations between chemicals in dust
and the number of electronics (i.e. computer, tv, radio, cd player, mi-
crowave, dishwasher, refrigerator etc.) present in the room from where
the dust was collected. In each case, significant correlations and dif-
ferences were considered if p < 0.05. All statistical analyses were
performed using GraphPad Prism 8.

2.5. Exposure assessment

To estimate children's exposure via unintended dust ingestion (as-
suming 100% chemical absorption rate), the results from analyses of
dust collected from elevated surfaces in the 20 preschools in 2018 were
used and expressed in ng/kg bw/day for children of age 1 to<6. Daily
intake (DIdust) was calculated using Eq. (2).

=
×DI C I

BWdust
dust dust

(2)

where Cdust is the concentration in the elevated surface dust (ng/
mgdust), Idust the daily dust ingestion rate (mgdust/day) for intermediate
(30mg) and high (50mg) exposure scenario of children attending a
preschool (duration of 8 h). BW is the average body weight (14.23 kg;
calculated as the average of 11.3 kg for 1 to< 2 years, 13.6 kg for 2
to< 3 years and 17.8 kg for 3 to< 6 years) (USEPA, 2011).

Contribution from other exposure pathways related to indoor dust,
such as exposure via dust adhered to the skin and inhalable dust, were
not calculated because their contribution is considered to have a minor
effect on the total intake (Beko et al., 2013; Giovanoulis et al., 2018;
Guo and Kannan, 2011). For example, Guo and Kannan (2011) found
that the total DI of phthalate esters through dust ingestion was
100–1000 times higher than that through dust dermal absorption.

To assess the health risk for children, we calculated the hazard
quotient (HQ) according to Eq. (3), that is the ratio between the total
daily intake estimated via dust ingestion and established health limit
values, expressed as oral reference doses (RfDs) or tolerable daily in-
takes (TDIs) or derive no effect levels (DNELs) for each compound
(Table S2).

=HQ DI
RfD or TDI or DNEL

dust
(3)

3. Results & discussion

3.1. Descriptive statistics

Data on phthalates, alternative plasticizers, bisphenols, OPEs,
PBDEs and PFAS in dust samples from the 20 preschools in 2018 are
presented in Table 2. Also, the dust levels found from a previous sam-
pling occasion at the same preschools in 2015 (Larsson et al., 2018;
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Larsson et al., 2017) are included in the table to make the comparison
easier. In addition, box plots for all compounds with DF > 50% are
shown in Fig. 1.

The levels of phthalates, alternative plasticizers, bisphenols and
organophosphorus flame retardants were either always above the LODm

or detected with high frequency (80–100% DF), except for BPAF that
was not identified in any of the samples. The presence of PBDEs varied a
lot and only PBDE 47, 99 and 209 were frequently detected (60–75%

DF). Also, this was one of the few times that PFAS were analyzed in
preschool dust, and out of the 21 fluorinated compounds included in
the LC/MS/MS fraction, only PFOA, PFNA, PFOS, 6:2 PAP, 6:2 diPAP,
8:2 diPAP, N-et-FOSAA (55–100% DF) were regularly found. For FTOHs
which were detected by GC/MS/MS, all three compounds including 6:2,
8:2, and 10:2 FTOHs were found at high detection frequencies (65–90%
DF).

Table 2
Descriptive statistics (detection frequency, median value and 95% percentile) for compounds found in dust from Swedish preschools (n=20) during the sampling
occasions of 2015 and 2018.

Compound name DF % Median 95% P

2015 2018 2015 2018 2015 2018

Phthalate & alternative plasticizers
(μg/g)

DMP 80 95 0.095 0.045 10.8 0.247
DEP 40 100 0.025 0.3 126 5.51
DiBP 100 100 6.8 4.2 27.8 30.5
DnBP 100 100 16.0 13.1 91.2 527
BzBP 100 90 9.2 6.4 46.3 38.6
DEHP 100 100 285 117 3420 329
DINP 100 100 940 389 2550 2445
DIDP 100 100 61 57 249 87.3
DPHP 100 100 5.8 4.7 248 16.2
ATBC 100 100 5.3 5.03 58 39.8
DEHA 100 100 5.65 8.54 165 138
DEHT 100 100 80 98.6 410 401
DINCH 100 100 64.5 57.2 5095 2107

Organophosphate esters
(μg/g)

TiBP – 100 – 0.025 – 1.61
TnBP – 95 – 0.055 – 2.01
TCEP 50 100 7.8 35.2 72.9 506
TCPP 25 100 4.1 1.66 62.2 39.4
TDCPP 100 100 1.5 2.79 9.5 358
TBEP 75 100 38.2 256 1185 1913
TPhP 100 100 0.8 0.535 9.32 10.4
EHDPP – 100 – 1.77 – 356
TEHP – 100 – 0.4 – 1.14
TCrP – 100 – 0.98 – 7.46

Bisphenols
(μg/g)

BPA 100 100 1.65 0.778 5.17 6.1
BPF 60 80 0.06 0.023 4.35 0.251
BPAF 30 0 0.065 < LOD 0.17 < LOD
BPS 80 95 0.255 0.626 0.991 0.971
TBBPA 100 80 0.105 0.134 2.34 1.61

Polybrominated diphenyl ethers
(ng/g)

PBDE 28 – 5 – <LOD – 4.27
PBDE 47 100 75 6.7 5.52 590 314
PBDE 85 – 0 – <LOD – <LOD
PBDE 99 95 65 8.2 6.72 424 231
PBDE 100 60 45 1.48 < LOD 117 81.9
PBDE 153 25 5 <LOD <LOD 20.7 4.89
PBDE 154 – 5 – <LOD – 4.95
PBDE 209 100 60 295 189 3110 10,321

Poly- & perfluoroalkyl substances
(ng/g)

PFBA – 15 – <LOD – 18.4
PFPeA – 25 – <LOD – 7.61
PFHxA – 40 – <LOD – 15.2
PFHpA – 35 – <LOD – 8.894
PFOA – 95 – 7.71 – 35.1
PFNA – 55 – 1.09 – 56.0
PFDA – 0 – <LOD – <LOD
PFUnDA – 5 – <LOD – 9.68
PFDoDA – 10 – <LOD – 8.03
PFBS – 0 – <LOD – <LOD
PFHxS – 0 – <LOD – <LOD
PFOS – 85 – 12.2 – 48.9
PFDS – 45 – <LOD – 209
FOSA – 20 – <LOD – 0.287
6:2 FTS – 0 – <LOD – <LOD
6:2 PAP – 80 – 151 – 2728
8:2 PAP – 35 – <LOD – 423
6:2 diPAP – 100 – 1143 – 42,281
8:2 diPAP – 100 – 35.9 – 377
N-Me-FOSAA – 0 – <LOD – <LOD
N-Et-FOSAA – 95 – 18.4 – 283
6:2 FTOH – 65 – 4.05 – 399
8:2 FTOH – 90 – 18.3 – 142
10:2 FTOH – 80 – 12.4 – 74.8
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3.2. Levels in preschool dust before and after the article substitution actions,
and comparison with other studies

The highest median level among the phthalates was observed for
DINP (389 μg/g), followed by DEHP (117 μg/g) and DIDP (57 μg/g) and
DnBP (13 μg/g), whereas DEHT (99 μg/g) and DINCH (57 μg/g) were
the alternative non-phthalate plasticizers found at the highest median
levels (Table 2). The levels of all phthalates found in preschool dust in
2015 were now decreased between 2% to 60%, after the “chemical
smart” actions were taken, and some of them were significantly lower
(p < 0.05; Fig. 2). The concentrations in dust for some of the alter-
native plasticizers were instead increased since 2015, although not
significant; DEHA (median 5.7 μg/g) and DEHT increased by 34% and
36% respectively, while ATBC (median 5.3 μg/g) decreased by 26%. On
the other hand, the content of DINCH in the dust was reduced by 39%,
which may be due to discarding newer toys or mattresses with DINCH
content by preschools during the sorting. It is rarely known when the
items were bought and most often there is no label stating the year of
production, which makes it difficult for the preschool staff to judge the
age of these articles and some might be discarded although they are not
that old. The median concentrations of phthalates found in the pre-
school dust in this study (Table 2) were much lower than vacuumed
dust from French schools (DEHP 1430, DINP 1030, BzBP 105, DnBP
52.6, DiBP 38.2, DEP 52.6 and DMP 3.3, all in unit of μg/g) (Raffy et al.,
2017), as well as lower than dust from Danish (DEHP 500, BzBP 17,
DnBP 38, DiBP 23 and DEP 2.2, all in unit of μg/g) (Langer et al., 2010)
and German (DINP 302, DEHP 888, DnBP 21, DiBP 20, DEP 1.4 and
DMP 0.3, all in units of μg/g) (Fromme et al., 2013) daycare centers.
Similarly, the alternative plasticizers in Swedish preschool dust from
this study were lower than the levels found previously at German
daycare centers (DINCH 302, DEHT 40, DEHA 49 and ATBC 24, all in

units of μg/g), except for DEHA where the level was comparable but
slightly higher (Fromme et al., 2016).

Regarding the bisphenols, the median levels of BPA (0.78 μg/g) and
BPF (0.023 μg/g) significantly declined in the second dust sampling
occasion by 49% and 78% respectively (p < 0.05). Also, BPAF was not
detected at any of the dust samples similar with 2015 where it was
poorly detected (30% DF). At the same time, BPS with a median con-
centration of 0.63 μg/g increased significantly by 93% (p=0.026),
which might be due to it being the main replacement for BPA appli-
cations. TBBPA, which is used in other applications than BPA, BPF and
BPS (median 0.13 μg/g) was reduced to half of the concentration in
2015 (Fig. 2). However, although the sum of TBBPA, BPA and its
analogues (median 1.56 μg/g) found in the preschool dust in 2018 was
reduced by a quarter compared to 2015 (median 2.07 μg/g), it was still
higher than the median level (0.61 μg/g) in house dust from 12 coun-
tries (Wang et al., 2015). This may be due to different bisphenol sources
in preschools compare to households.

The presence of brominated and organophosphorus flame retardants
in preschool dust was confirmed. Thus, there is a risk for children's
exposure via ingestion, transdermal and inhalation exposure of these
substances which has also been found in other studies that analyzed
occupational and household dust samples (Abdallah et al., 2015; Xu
et al., 2016). However, the median concentrations for PBDE 28, 85,
100, 153 and 154 were below the LOD, while for the rest of PBDEs the
levels decreased 20% to 30% between 2015 and 2018 at the same
preschools (see Fig. 2). This decrease was especially evident and found
to be significant (−23%; p < 0.05) for PBDE 99 with a median con-
centration of 8.2 μg/g and 6.7 μg/g for 2015 and 2018, respectively.
The reason might be that one of the actions in the guidance document is
to remove electronic equipment from the playrooms and not to play
with old electronics. We did not find any PBDEs or polybrominated

Fig. 1. Box-Whisker plots for the different chemical groups (μg/g or ng/g of dust). Boxes represent 25th, 50th (horizontal line) and 75th percentile. Whiskers above
and below the boxes show the locations of the minimum and maximum. Y-axis is in log scale.
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biphenyls in toys or furniture which we analyzed in another study
(Pettersson et al., 2018). Moreover, TCPP which is another toxic flame
retardant commonly used in polyurethane foam in consumer products,
home insulation and electronics was now significantly reduced by 44%
(p=0.006) compared to the measurement in 2015 (Fig. 2). Tris(2-
butoxyethyl) phosphate (TBEP) was detected at the highest con-
centration (median of 256 μg/g; max of 1966 μg/g) among all OPEs and
its level was significantly increased (p= 0.0003) by 4 orders of mag-
nitude compared to 2015 (Fig. 2). The large amount of TBEP found in
dust can be explained from the fact that it is a primary plasticizer and a
leveling agent in floor polishes (Mizouchi et al., 2015; Persson et al.,
2018). It has also been identified as the most abundant OPE in handheld
devices (e.g. cell phones, tablets and laptops) (Yang et al., 2019).
Nevertheless, the determined median concentration of TBEP was ap-
proximately six times lower than the level previously found in Swedish
daycare centers (median 1600 μg/g; max 4100 μg/g) (Bergh et al.,
2011) and Japanese households (median 1570 μg/g; max 5890 μg/g)
(Kanazawa et al., 2010), and similar with levels found in German
daycare centers (median 225 μg/g, max 4711 μg/g) (Fromme et al.,
2014) and elementary schools in Japan (median 270 μg/g; max
5500 μg/g) (Mizouchi et al., 2015). Still, it was much higher than the
median in Danish daycare centers (median 26 μg/g; max 11,000 μg/g)
(Langer et al., 2016), Norwegian classrooms (median 87.2 μg/g; max
163 μg/g) and households (median 8.2 μg/g; max 540 μg/g) (Xu et al.,
2016). For the other OPEs, TPhP (median 0.53 μg/g) decreased by 25%
and TDCPP (median 2.8 μg/g) increased by 13% but none of these
findings were statistically significant (p > 0.05). TCEP was detected in
all preschools (median 35 μg/g) with a comparable concentration with
a previous study from Swedish daycare centers (median 30 μg/g)
(Bergh et al., 2011). Yet, we avoided comparing it with the previous
measurement in the same preschools in 2015 since the detection fre-
quency for TCEP was low in those samples (median 7.8 μg/g; DF 50%).
In general, the levels for OPEs in this study were comparable or less
than other daycare centers in Sweden, Denmark, Germany and China
(Bergh et al., 2011; Fromme et al., 2014; Langer et al., 2016; Wu et al.,
2016).

PFAS were not analyzed in the previous sampling occasion in the
same preschools in 2015, therefore it was impossible to know if the
levels decreased after the “chemical smart” actions. However, com-
parisons have been made with other indoor dust studies and are

discussed in detail. Perfluorinated carboxylic and sulfonic acid levels in
this study were most of the times similar or lower than previous studies
of dust in other indoor environments from Sweden and other countries.
PFOA and PFOS, the most common PFAS reported in all environmental
compartments were also detected most frequently in dust samples in
this study. The level of PFOA in this study (median 7.7 ng/g; max
36 ng/g) was in similar range with a previous measurement in the dust
of 39 child care facilities in USA (median 8 ng/g; max 235 ng/g)
(Bradman et al., 2012), while it was five times lower compared with
another study from 10 Swedish daycare centers (median 41 ng/g; max
110 ng/g) (Bjorklund et al., 2009) and much lower than 102 homes and
10 day care centers (median 142 ng/g; max 1960 ng/g) in USA (Strynar
and Lindstrom, 2008). For PFOS, the result in this study (median 12 ng/
g; max 49 ng/g) was slightly higher than in US child care centers
(median 6.2 ng/g; max 67 ng/g) but lower than in dust from Swedish
daycare centers (median 31 ng/g; max 65 ng/g) (Bjorklund et al., 2009;
Bradman et al., 2012) and US homes and day care centers (median
201 ng/g; max 12,100 ng/g) (Strynar and Lindstrom, 2008). In a pre-
vious study by Goosey and Harrad (2011), where dust from daycare
centers and classrooms was collected in UK during 2007–2008, the
PFOA level (median 240 ng/g; max 1700 ng/g) and PFOS (median
840 ng/g, max 3700 ng/g) levels were 31 and 69 times higher respec-
tively than the determined levels in this current study. In addition,
PFNA (median 1.1 ng/g) concentration was lower than that of the US
homes and daycare centers (8 ng/g) (Strynar and Lindstrom, 2008).
Regarding PFAS precursors, the median levels (34.7 ng/g) observed in
this study for the ∑FTOHs, including 6:2, 8:2 and 10:2 FTOH, were
lower than in dust from 65 children's bedrooms in Finland (89.1 ng/g)
(Winkens et al., 2018), and homes and daycare centers in USA (87 ng/
g) (Strynar and Lindstrom, 2008). However, 6:2 diPAP (median
1143 ng/g), followed by 6:2 PAP (median 151 ng/g), and 8:2 diPAP
(median 36 ng/g) in this study were higher compared to Winkens et al.
(2018) with median dust concentrations of 54 ng/g, 15 ng/g and
3.5 ng/g, respectively. The median concentration of 6:2 diPAP in the 20
Swedish preschools was 2.5 times higher than residential dust from a
study conducted in Canada (median 460 ng/g) (De Silva et al., 2012),
whereas 8:2 diPAP was 15 times lower compared to the same study in
Canada (median 535 ng/g). Professional floor polish solutions, other
cleaning products and water-based paints could be important sources of
diPAPs (De Silva et al., 2012). Considering that floor polish solutions

Fig. 2. Median percentage change (%) of chemicals found in preschool dust between years 2015 and 2018. Statistically significant difference shown here (*
p < 0.05).
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are typically only used in public buildings this could potentially explain
the relatively high concentrations of 6:2 diPAPs found in the Swedish
preschools compared to residential buildings (Jensen et al., 2008;
Moriwaki et al., 2003). The variation in concentrations of precursors in
this study compared to other studies might have been affected by the
sampling location and consumer products which were present in the
room (De Silva et al., 2012; Winkens et al., 2018), but all the studies
show an increasing trend in the use of short-chain C4-C6 PFAS, in-
cluding PAPs, in consumer products (Daikin, 2007).

3.3. Correlation between the different hazardous chemicals in dust

Moderate (r= 0.40–0.59) and strong correlations (r > 0.6) were
observed between the individual phthalates in preschool dust and many
of them were significant (Fig. S1). This may reflect that phthalates
derive from the same indoor sources of contamination, such as old PVC
flooring, toys and mattresses, as well as in recycled materials in new
PVC flooring and/or other indoor equipment (Christia et al., 2019;
Pettersson et al., 2018). Strong positive and highly significant correla-
tions were found between PFOA - PFNA (r= 0.88, p < 0.001), 6:2 PAP
- 6:2 diPAP (r= 0.92, p < 0.001), 6:2 di PAP - 6:2 FTOH (r= 0.57,
p < 0.001) and 6:2 PAP - 6:2 FTOH (r= 0.68, p < 0.001). Formation
or degradation can occur from PAPs and diPAPs to FTOHs via hydro-
lysis and then to perfluorinated carboxylic acids (e.g. PFOA, PFNA) via
oxidation during the telomerization process from perfluoroalkyl iodide,
which might explain the correlations found for these substances (Buck
et al., 2011). Also, a strong positive correlation existed between 8:2
FTOH and 10:2 FTOH (r= 0.73; p < 0.001) due to their common
origin in the telomerization process (Wang et al., 2014a; Wang et al.,
2014b). 6:2 FTOH showed a strong positive association with TBBPA
(r= 0.62, p < 0.005), maybe due to newly bought electronics, furni-
ture and carpets containing these compounds, while it had a moderate

negative association with DEHT, DINP and PBDE 209 (p < 0.05).
Furthermore, we found N-Et-FOSAA to have a positive correlation with
PFOS (r= 0.52; p < 0.02), while it had negative associations with
OPEs, bisphenols and phthalates (see Fig. S1). Many of the above
mentioned intra-PFAS correlations in preschool dust were in agreement
with Winkens et al. (2018) who indicated that a fraction of PFAS in
indoor dust can originate from the same product applications as they
pre-existed in mixtures during the electrochemical fluorination pro-
duction. Apart from the intra-phthalate correlation described above,
DINP was positively associated (p < 0.03) with some of the alternative
plasticizers (i.e. DEHA and DEHT), OPEs (i.e. TDCPP, TEHP and TCrP)
and PBDE 99. At the same time, DINP had moderate negative correla-
tions (p < 0.05) with most of the PFAS (Fig. S1). DiBP and DEHP were
positively correlated with BPA (r= 0.61 and 0.46 respectively,
p < 0.04) which could suggest that this co-existence may derive from
similar indoor sources. Most of the OPEs, had positive correlations with
each other, especially for TCrP with TCPP, TDCPP, TPhP, EHDPP and
TEHP (r= 0.46–0.81; p < 0.015). TCrP was also positively associated
with DEHT (r= 0.51; p < 0.001). Finally, PDBE 49 and 99 were
strongly positively correlated (p < 0.001), and we found some inter-
esting significant positive correlations (p < 0.05) between the sum of
PBDEs with the sum of phthalates and the sum of bisphenols. This
correlation may indicate that these substances are all present in the
same articles, for example electronic equipment where PBDEs provide
flame retardancy, phthalate plasticizers are added for flexibility in the
cables and bisphenols are present in the plastic casing.

3.4. Associations between dust and indoor parameters

The use of PVC flooring in Swedish preschools is extensive (Larsson
et al., 2010). This type of floor can be an important source for phtha-
lates in indoor dust. The presence of PVC flooring has been shown to be
associated with asthma and allergy among children and related to in-
creased urinary levels of phthalate metabolites in pregnant women (Shu
et al., 2014; Shu et al., 2019). The content of phthalates in newly
purchased PVC flooring material in China sometimes may exceed 20%
and DnBP, BzBP, DEHP and DINP can be the dominant plasticizers used
(Liang and Xu, 2014), while in the European PVC flooring production
alternative plasticizers such as DINCH are mainly used. Both types of
PVC floors can be found on the Swedish market, and the more common
phthalate in imported PVC flooring materials nowadays is DINP (IVL,
2016).

In this study (see Fig. 3), the dust concentration of phthalates was
more than two times higher in preschools with PVC flooring (median of
857 μg/g; p=0.015) than preschools with linoleum floor material
(median of 384 μg/g). In 2015, the PVC floors from the preschools in-
cluded in this study were analyzed and high contents of DINP were
reported (i.e. 7.5–41% w/w) (WSP, 2015). Therefore, it was reasonable
to find that the difference in DINP level in dust was significant and
seven times higher in preschools with PVC flooring (median of 716 μg/
g, p=0.012) compared to dust from preschools with linoleum floors
(median of 105 μg/g). Also, the number of electronic devices present in
the room, from where the dust was collected, was positively associated
with the presence of BPA (r= 0.5; p=0.038), PBDE 49 (r= 0.5;
p=0.045) and the sum of alternative plasticizers (r= 0.46; p= 0.04).
Associations between the levels of hazardous substances found in dust
and other potential sources of indoor contamination were either not
significant (p > 0.05) or avoided, since items such as toys and textiles
might be associated with high uncertainties as such items are easily
moved around.

3.5. Assessment of children's exposure to hazardous chemicals via dust
ingestion

Children's daily intakes of hazardous substances from ingestion of
preschool dust were estimated based on the median and 95th percentile

Fig. 3. Phthalates and DINP dust concentration (μg/g) plotted by floor material.
The horizontal line indicates the overall median dust concentration from pre-
schools with the same floor material. Differences in dust levels shown here were
statistically significant (p < 0.015) based on unpaired Mann-Whitney U com-
pare rank test between PVC vs linoleum floor.
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levels at intermediate and high exposure scenarios (Table S3). After
comparing these intakes with the available established health reference
values (see Fig. 4), the HQs in all cases were< 1, indicating no risk for
the children from dust ingestion, even for the worst-case scenario (i.e.
all max values of the high exposure scenario< 1). Also, even when we
compared the total daily intake for all PFAS with the sum of the two
available reference values for PFOS and PFOA (1650 ng/kg/day; Table
S2), the 95th percentile of the HQ for the high exposure scenario was
only 0.09. The risk for children via dust ingestion was now even lower
than 2015 in the same preschools, when we compare the risk assess-
ment with the results from Larsson et al. (2017, 2018) for plasticizers,
bisphenols, OPEs and PBDEs. However, it must be considered that other
important exposure pathways such as diet, inhalation and dermal
contact were not estimated in this study but would also contribute to
the total daily intake of hazardous chemicals for children (Clark et al.,
2011; Giovanoulis et al., 2018). Dust adhered to the skin and the in-
halable dust, which may act as alternative exposure routes, have not
been considered here and may also contribute, especially to certain
hazardous substances such as low molecular weight phthalates
(Kademoglou et al., 2018). Furthermore, many of the reference doses
are calculated for adults, while for children the actual RfD or TDI or
DNEL might be lower, due to physiological differences between chil-
dren and adults. This, together with the continuous complexity of ex-
posure to many different substances indicates that the risk, including
that from dust ingestion, might be underestimated for children speci-
fically.

4. Conclusions

The present study reported levels of phthalate and alternative
plasticizers, OPEs, bisphenols, PBDEs and PFAS in preschool dust.
While DINP, DEHP, DEHT and DINCH were still the most abundant
chemicals in dust, there was a decrease in the levels compared to the
previous sampling round in 2015, at the same preschools. The same was
seen for BPA and BPF, as well as for TCPP which were significantly
lower (p < 0.05) although BPS and TBEP levels increased. PFAS,
which have been rarely analyzed in preschool dust prior to this study,
were also found. This indicates that dust is a reservoir and potential
indicator for hazardous chemicals in the preschool environment but
that levels can be decreased by following the guidance document for
“chemical smart preschools”, and by this achieving an indoor en-
vironment with lower levels of hazardous chemicals for children at-
tending the preschools. The type of flooring material in the preschool

was identified as an important contributor to phthalate concentrations
in preschool dust, especially for DINP. Children's estimated daily ex-
posures to hazardous chemicals via dust ingestion were below the es-
tablished health reference values, both when using the intermediate
and high exposure scenarios. Still, the ingestion of dust is only one
pathway of exposure, while diet, inhalation and transdermal exposure
have major contribution to the overall exposure of children to ha-
zardous chemicals. Also, RfDs or TDIs or DNELs are often developed for
adults and do not take the exposure to complex mixtures into account.
Due to this, it is hard to say if there is a risk for children when con-
sidering the total exposure to hazardous substances, in terms of hor-
monal effects and long-term disease development. Overall, the con-
tinuous presence of these substances in the everyday environment of
children was confirmed and it is highly likely to originate from items in
the indoor environment. Nevertheless, it was possible to drastically
reduce hazardous substances at the preschools by following specific
product substitution actions and removing items with risk of hazardous
substances content. However, some alternative plasticizers, BPS and
TBEP were increased by the product substitution actions which means
that the contaminant profile has now started to change and the effect of
this on human health is largely unknown. Hence, it is difficult to reduce
the overall chemical exposure for children attending the preschools as
some of the regulated hazardous substances have been replaced by al-
ternatives occurring in the indoor environment. In total, this study
shows that it is possible to change the exposure to hazardous substances
in the indoor environment, and the chemical smart actions have the
potential to drastically reduce the amounts of known hazardous sub-
stances and the connected human exposure. Although this yields a cost
for the preschool now, it could reduce costs for healthcare later in life.
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