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Abstract: Phthalates can be found in personal care products as solvents and plasticizers in various
polymers, especially PVC, wall coverings, certain paints, vinyl floor coverings, electronic devices,
medical devices, food packages, toys, cables and other products. Humans are ingesting food products
that contain phthalates, or they have dermal contact with phthalate-containing material, such as
clothes, PVC gloves, personal care products or house dust. In this study, samples of dust from several
houses in Kozani city, Greece, were collected and analyzed for phthalate concentration, and the
potential association with building characteristics was examined utilizing detailed checklists. Samples
were taken from the vacuum cleaner of the houses and extracted with ethyl acetate, and then analyzed
with GC-MS in the SIM mode. The levels of phthalate ranged from 10.57 to 221.19 µg/g for Di-iso-
butyl phthalate (DiBP), 4.03 to 264.91 µg/g for Di-n-butyl phthalate (DBP), 0.72 to 20.22 µg/g for
benzyl-butyl phthalate (BBP) and 62.73 to 1233.54 µg/g for Di- (2-ethylhexyl) phthalate (DEHP), with
detection limits of 4.5, 3.3, 11.6 and 13.1 ng/g, respectively. Using the Kruskal–Wallis statistical test,
several associations were found between the measured phthalate and occupant activities (duration
of ventilation and location of temporary garbage storage) and building characteristics (plastic or
synthetic materials inside the houses).

Keywords: phthalates; indoor dust; exposure; building characteristics

1. Introduction

Modern life forces people to spend an average of about 90% of their time in indoor
environments, such as homes, offices, passenger cars, shops, restaurants, etc. [1]. Dust is
ubiquitous, present in all of the above environments, and can be found as air-suspended
particles or settled on surfaces. Furthermore, particulates can be inhaled and damage the
respiratory system and lungs; dust acts as a sink for indoor chemicals and is an important
exposure route to those bounded compounds [2]. Phthalates, polycyclic aromatic hydro-
carbons and other semi-volatile organic compounds have been found among many other
pollutants in home dust, making human indoor residential exposure of particular inter-
est [2–5]. Phthalate esters, which are derivatives of phthalic acid esters, are produced and
used worldwide regardless of the ban on some substances from certain products imposed
by the European Union (2005/84/EC) [6–8]. Thus, phthalates are widely and commonly
used as plasticizers in order to increase the extensibility and flexibility of industrial prod-
ucts [9]. Depending on different chemical and physical properties, phthalates can be found
as additives in PVC flooring, synthetic leather, wall covering materials, food packaging,
toys, adhesives, carpet backing material, lubricants, polishing products, sealants, dyes and
shoes, as well as in personal care products such as fragrance fixatives in cosmetics, skin
care products, foams and shampoos [10–12].
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Phthalate esters have been associated with many adverse effects on human health.
Specifically, phthalates serve as endocrine disruptors and contribute to reproductive system
variations, such as declining sperm quality and sperm DNA damage, premature breast
development and alterations to reproductive hormones [13–15]. Allergies, asthma and im-
paired nervous system functions are demonstrated to be affected by phthalate esters [16,17].
In addition, di-(2-ethylhexyl) phthalate (DEHP) has been classified as belonging to group
2b (possible carcinogen to humans) by the International Agency for Research on Cancer
(IARC) [18]. Many studies also demonstrate the presence of phthalate metabolites in hu-
man urine, serum and breast milk due to extensive human exposure to such compounds;
additionally, phthalates can be metabolized into more toxic compounds in the human
body [19–21].

As inferred from the above, human exposure to phthalates from indoor home dust is a
significant pathway of hazardous intake. People are mainly exposed to phthalates through
inhalation, ingestion and dermal absorption [22]. The daily intake (DI) of phthalates
depends on the age group, i.e., infants, toddlers, children, teenagers and adults; for example,
in China, the total DI of phthalate esters through dust ingestion ranges from 186 for adults
to 1110 ng/kg-bw/day for toddlers [23]. Thus, the type of occupant in a house combined
with building characteristics together with consumer products and occupant habits are
crucial parameters for human exposure to phthalates.

To the best of our knowledge, there are almost no studies on the phthalate concen-
trations of home dust in Greece. Specifically, for Kozani, a medium-sized city settled in
the northern part of Greece, where four power plants and mining activities operate, this is
the first survey studying the level of phthalate concentrations in house dust. The notable
phthalates mostly found in home dust are di-(2-ethylhexyl) phthalate (DEHP), di-n-butyl
phthalate (DBP), benzyl-butyl phthalate (BzBP) and di-iso-butyl Phthalate (DiBP) [24].
Thus, in this study, 26 home dust samples were collected from an equal number of houses
in Kozani city and analyzed for the above-mentioned phthalate ester concentrations. Fur-
thermore, the associations of the phthalate concentrations with the building’s characteristics
were examined through statistical analysis. Lastly, the exposure of various age groups was
examined using daily intake rates through the route of dust ingestion.

2. Materials and Methods
2.1. Sampling and Analysis

A monitoring campaign took place during the spring of 2017 in the city of Kozani
(Figure 1), collecting dust samples from the vacuum cleaners of 26 volunteer households.
The researchers requested that the housekeepers collect a sufficient dust sample from the
top of the vacuum cleaner bags and pack it in aluminum foil, as reported elsewhere [24].
The samples were transported back to the laboratory and stored under −18 ◦C prior to
analysis. The samples were cleaned by manually removing large objects (such as hair,
small pieces of paper, etc.) and then weighed (about 1 gr) using an analytical balance. The
samples were analyzed to estimate the concentration of the following phthalates:

- DiBP (Di-iso-butyl Phthalate);
- DBP (Di-n-Butyl Phthalate);
- BBP (Benzyl-butyl Phthalate);
- DEHP (Di-2-ethylhexyl Phthalate).



Atmosphere 2023, 14, 418 3 of 10Atmosphere 2023, 14, x FOR PEER REVIEW 3 of 10 
 

 

 

Figure 1. (a) Location of Kozani city in the wider area of Western Macedonia (grey areas: lignite 

open mines; black points: power plants (5)). (b) Map of Kozani city with the locations of the 26 

participating households (highlighted by red arrows). 

Many extraction methods for phthalates have been used in the literature with differ-

ent solvents or a mixture of solvents and instrumentations. In this study, the method de-

scribed by Αbb et al., 2009 [25], was applied. In brief, each sample was extracted with 20 

mL ethyl acetate for 30 min using an ultrasonic device (SOLTEC-SONICA). Then, the ex-

tract was filtered through a Nylon PFTEE 0.45 μm filter, and the filtrate was injected (1 

μL) into the gas chromatography unit. An Agilent 6890 gas chromatography equipped 

with 5975 mass spectrometry was used in the analysis with the following parameters: 

- First, 60 °C for 1 min, 30 °C/min until 160 °C; 

- Remain at 160 °C for 0.25 min; 

- Then, 5 °C/min until 200 °C and remain for 0.25 min; 

- 10 °C/min until 290 °C with final time 10 min; 

- Mass spectroscopy was operated in the SIM mode. 

The target phthalates were purchased from Sigma-Aldrich with a purity of ≥99.7%. 

The instrument detection limit (LOD) was calculated at three times that of the background 

noise level (S/N ≥ 3) from the lowest calibration standard. The LODs were 4.5, 3.3, 11.6 

and 13.1 ng/g for DiBP, DBP, BBP and DEHP, respectively. Blank samples were injected 

in GC-MS every 8 samples and subtracted from the results of the samples. The recovery 

efficiencies monitored by spiking standard solution on the extraction procedure were be-

tween 87.6 and 106 ± 4.15%.  

2.2. Data Collection 

The houses were located throughout the whole city, covering the entire city area (Fig-

ure 1b). The house selection was based on three fundamentals: (i) the location of the se-

lected houses should represent the whole area of the city and not only a part of it; in other 

words, include all of the geographical axes (see Figure 1b). (ii) To include in our study 

several houses with different outdoor pollution levels (such as those next to busy roads, 

urban background pollution etc.) and (iii) the volunteer availability. In addition to dust 

sampling, a detailed checklist was completed in order to correlate building characteristics 

and occupant behavior with the phthalate concentration found in the dust samples. The 

checklist was divided into three parts: 

(a) 

(b) 

Figure 1. (a) Location of Kozani city in the wider area of Western Macedonia (grey areas: lignite
open mines; black points: power plants (5)). (b) Map of Kozani city with the locations of the 26
participating households (highlighted by red arrows).

Many extraction methods for phthalates have been used in the literature with different
solvents or a mixture of solvents and instrumentations. In this study, the method described
by Abb et al., 2009 [25], was applied. In brief, each sample was extracted with 20 mL ethyl
acetate for 30 min using an ultrasonic device (SOLTEC-SONICA). Then, the extract was
filtered through a Nylon PFTEE 0.45 µm filter, and the filtrate was injected (1 µL) into the
gas chromatography unit. An Agilent 6890 gas chromatography equipped with 5975 mass
spectrometry was used in the analysis with the following parameters:

- First, 60 ◦C for 1 min, 30 ◦C/min until 160 ◦C;
- Remain at 160 ◦C for 0.25 min;
- Then, 5 ◦C/min until 200 ◦C and remain for 0.25 min;
- 10 ◦C/min until 290 ◦C with final time 10 min;
- Mass spectroscopy was operated in the SIM mode.

The target phthalates were purchased from Sigma-Aldrich with a purity of ≥99.7%.
The instrument detection limit (LOD) was calculated at three times that of the background
noise level (S/N ≥ 3) from the lowest calibration standard. The LODs were 4.5, 3.3, 11.6
and 13.1 ng/g for DiBP, DBP, BBP and DEHP, respectively. Blank samples were injected
in GC-MS every 8 samples and subtracted from the results of the samples. The recovery
efficiencies monitored by spiking standard solution on the extraction procedure were
between 87.6 and 106 ± 4.15%.

2.2. Data Collection

The houses were located throughout the whole city, covering the entire city area
(Figure 1b). The house selection was based on three fundamentals: (i) the location of the
selected houses should represent the whole area of the city and not only a part of it; in other
words, include all of the geographical axes (see Figure 1b). (ii) To include in our study
several houses with different outdoor pollution levels (such as those next to busy roads,
urban background pollution etc.) and (iii) the volunteer availability. In addition to dust
sampling, a detailed checklist was completed in order to correlate building characteristics
and occupant behavior with the phthalate concentration found in the dust samples. The
checklist was divided into three parts:
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(I) The first part contains information related to the house location and the building
characteristics (road address, floor number, year of construction, renovating actions,
type of heating, type of window frames, flooring, ventilation etc.).

(II) The second part contains information related to the equipment used inside the houses
(such as TV sets, personal computers, laptops, plastic toys, plastic curtains in baths,
white appliances etc.).

(III) The third part deals with information related to occupant activities and their time
fraction (smokers, using personal care products, cleaning products, air fresheners,
garbage managing etc.).

2.3. Data Processing Method

A combined database has been produced from the budlings’ checklists and the ph-
thalate measurements. Thus, the characteristics of each building were assigned to their
respective indoor concentrations using the building code. The potential correlation between
the measured phthalates and the building’s characteristics/home occupants’ behavior was
investigated using the Kruskal–Wallis [26] analysis of variance test. Furthermore, Pearson
correlation was selected to examine the intra-correlation between the measured phthalates.
All of the analyses were performed using the Statistical Package for the Social Sciences
(SPSS v22).

3. Results and Discussion
3.1. Phthalates in Home Dust

The detailed results of the 26 home dust samples, as well as the average concentration
of the four measured phthalate esters, are presented in Table 1. As mentioned before, these
four phthalates are mostly present in similar studies conducted worldwide, and the results
of this study are consistent with the literature. As shown in Table 1, the most abundant
compound of each dust sample and for the overall study was DEHP. The fact that DEHP is
contained in large amounts in a wide variety of products and due to its relatively low vapor
pressure [16] resulted in higher concentrations. Furthermore, the DEHP concentration in
settled dust is larger than when in its gas phase [27]. On the other hand, BBP was the
phthalate with the lowest average concentration, as well as in the majority of the collected
dust samples (24 out of 26). The latter observation, combined with the large variety of the
concentrations of the measured phthalates, as presented in Table 1, shows that there were
many differences in the characteristics of the buildings, products used inside and different
occupants’ habits (see below). For example, in house #1, the highest concentration of some
phthalate esters is possibly due to the plastic toys stored in the house, recorded on the
checklist [12]. The above findings of the concentration trends are consistent with previous
studies that have been carried out across the world [12,16,27,28] (and references therein).

Table 1. Phthalate concentration (µg/g) in dust samples from homes in Kozani, Greece.

Compound (µg/g)

Home DiBP DBP BBP DHEP

#1 221.20 264.92 3.78 1200.28
#2 23.00 31.28 2.76 929.85
#3 28.40 4.62 1.76 387.49
#4 131.98 19.30 4.34 652.43
#5 35.14 7.72 2.24 368.30
#6 41.87 14.44 1.15 204.71
#7 17.50 4.52 0.90 62.75
#8 16.52 9.53 1.91 146.44
#9 15.69 11.35 1.00 210.98

#10 22.99 4.29 1.84 148.66
#11 10.91 12.00 1.82 312.25
#12 14.90 7.11 5.08 399.12
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Table 1. Cont.

Compound (µg/g)

Home DiBP DBP BBP DHEP

#13 12.32 5.11 0.90 311.50
#14 24.24 5.22 1.53 246.66
#15 17.46 23.63 1.34 205.72
#16 23.13 8.61 3.20 712.51
#17 10.58 5.41 1.72 492.56
#18 11.81 8.68 0.72 324.77
#19 15.64 8.25 1.71 299.12
#20 20.93 14.32 1.65 335.12
#21 15.99 11.22 3.09 208.75
#22 32.13 9.14 20.22 626.87
#23 38.05 28.28 3.70 1233.88
#24 52.86 56.04 2.69 342.59
#25 12.62 4.04 1.51 325.68
#26 23.53 7.04 7.23 213.25

Mean 34.28 22.54 3.07 419.32
min 10.58 4.04 0.72 62.75
max 221.20 264.92 20.22 1233.88

Table 2 summarizes the phthalate concentrations of home dust reported in previous
studies as an indicative list for comparison purposes. The reported values from this study
are within the range of values reported worldwide. Looking at Table 2, the values can
greatly vary from site to site due to several factors such as the ventilation rate, sampling
method, materials used indoors, occupants’ habits, etc.

Table 2. Phthalate concentration (µg/g) in dust samples from homes reported in previous studies.
All values are medians unless stated otherwise.

Country DiBP DBP BBP DHEP Reference

Germany (2009) - 87 15 604 [25]
Bulgaria (2008) - 9930 340 1050 [29]

Italy (2013) a - 799 99 304 [30]
Denmark (2010) 27 15 3.7 210 [16]
Sweden (2005) 45 150 135 770 [31]

Sweden (2005) a 97 319 226 1310 [31]
USA (2003) 1.9 20 45 340 [4]

Saudi Arabia (2017) a 33.6 80.2 1.5 1140 [24]
Kuwait (2017) a 20 4 1.3 220 [24]
Germany (2004) 36 47 29 659 [32]

China (2011) 17.2 20.1 0.2 228 [23]
USA (2011) 3.8 13.1 21.1 304 [23]

China (2020) a 42.91 229.13 0.90 485.55 [12]
France (2014) 18.5 11.9 8.5 289 [33]

Sweden (2016) 104 103 16 449 [34]
Greece (Kozani) 21,96 8,91 1,83 325,22 This study
Greece (Kozani)a 34.28 22.54 3.07 419.32 This study

a mean concentration. In parenthesis is the year of publication.

Table 3 shows the Pearson correlation between four targeted phthalates. DiBP was
strongly correlated with DBP (r = 0.87), while DHEP was correlated with DiBP and DBP
(r = 0.583 and 0.581, respectively). These results indicated that DHEP, DiBP and DBP may
be released from common sources. In addition, the strong correlation between DiBP and
DBP can be attributed to the fact that these two compounds are isomers; therefore, these
two types of phthalates are likely to be emitted from the same sources [32]. The above
findings are consistent with other studies on phthalate concentrations in home dust [12,32].
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Table 3. Correlations between the measured phthalates (Pearson test).

DiBP DBP BBP DHEP

DiBP 1
DBP 0.870 1
BBP 0.122 0.036 1

DHEP 0.583 0.581 0.271 1

3.2. Human Exposure to Phthalates via Dust Ingestion and Dermal Absorption

Humans are exposed to various environmental pollutants through various routes.
These routes for human exposure to phthalates can be identified through involuntary
ingestion, dermal absorption, inhalation and dietary intake [23]. As reported, indoor
dust is an important source of human exposure, especially for high-molecular-weight
phthalate esters [23]. To estimate the Daily Intake (DI, ng/kg-bw/day) of phthalates via
dust ingestion, the following equation was used [23]:

DIdust ingestion = Cdust × f1 × f2/M

where Cdust is the mean concentration of each phthalate ester in the dust (µg/g), f1 is the
time fraction a person spends indoors a day (indoor exposure factor), f2 is the dust ingestion
rate (g/day) and M is body weight (kg). Because of the differences in the body weight and
dust ingestion rates of humans, the DI rate is calculated for five age groups: infants (<1 yr),
toddlers (1–3 yr), children (4–10 yr), teenagers (11–18 yr) and adults (≥19 yr). The average
body weight for each age group was taken as 5, 16, 29, 52 and 65 kg. The estimated DIs of
phthalate esters through dust ingestion in Kozani city are illustrated in Figure 2. The total
DI of measured phthalates via dust ingestion range from 243 ng/kg-bw/day for adults
to 1766 ng/kg-bw/day for toddlers. The estimated daily intake of phthalate esters was
higher for toddlers than for the other age groups. This trend is also similar to the findings
obtained in the study conducted by Albar et al. [24]. Toddlers are at high exposure risk due
to lower body weights and higher dust intake because of frequent hand-to-mouth activities
and intensive contact with dust during crawling. However, due to the small number of
samples, it should be pointed out that the daily intake of phthalates is an indication of
the likely range for the population in this study area. Compared with other studies, the
estimated DIs for DEHP for children in Kozani (443–1605 ng/kg-bw/day) are in good
agreement with those in the USA (400–1500 ng/kg-bw/day) [23] and slightly higher in
the case of Denmark’s (~1000 ng/kg-bw/day) [16]. The comparison between the DI rate
for DEHP and DBP found in this study and the reference dose (RfD) recommended by the
United State Environmental Protection Agency (U.S.EPA) (20 µg/kg-bw/day for DEHP and
100 µg/kg-bw/day for DBP [35,36] reveal that the values are far below the reference levels.
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Figure 2. Daily intake due to dust ingestion of phthalate Eeters from indoor dust (ng/kg-bw/day)
among various age groups.

Dermal absorption daily intake index can be calculated with the following equa-
tion [23]:

DIdermal uptake= Cdust × A × M2 × f1 × f3/M

where Cdust is the phthalate concentration in dust, A is the body surface area (cm2/day),
M2 is the dust adhered to the skin (mg/cm2) and f3 is the fraction of phthalate absorbed
through the skin. As for dust ingestion, the values for the above fractions were obtained
according to the literature [23]. The DI values for dermal absorption are listed in Table 4.
DHEP shows a higher dermal absorption daily index for the five age groups, while the
BBP ester has the lowest. This trend is also reported in similar studies conducted in China
and the USA [23]. For the measured phthalate esters, the total DI of dermal absorption
ranged from 1.66 ng/kg-bw/day for adults to 0.37 ng/kg-bw/day for infants. These
values are slightly higher than those estimated in China (0.2–1.1 ng/kg-bw/day) and the
USA. (0.2–1.0 ng/kg-bw/day) [23]. The total DI of dermal uptake, as shown in Table 4,
decreases with age. Compared to DI dust ingestion, the dermal absorption daily index was
100–1000 times lower.

Table 4. Daily intakes of measured phthalate esters from indoor dust (ng/kg-bw/day) for various
age groups in Kozani, Greece.

Dust Dermal Absorption

DiBP DBP BBP DHEP Total

Infants 0.56 0.47 0.03 0.60 1.66
toddlers 0.50 0.43 0.03 0.54 1.49
children 0.33 0.28 0.02 0.36 0.99

teenagers 0.25 0.21 0.01 0.27 0.74
adults 0.12 0.11 0.01 0.13 0.37

3.3. Building Characteristics and Occupants Behavior

During the home inspections, checklists were collected, and then they were digitally
transformed into a suitable SPSS format. Each characteristic was assigned to each phthalate
concentration. In the merged database, further statistical analyses were performed using
the Kruskal–Wallis test, which revealed significant associations between the building’s
characteristics and the concentrations levels of the measured phthalates. The results are
reported for a significance level of p-value < 0.05 and marginal significance of p-value < 0.1.
The DiBP and BBP concentrations were revealed to be significantly associated with the
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level of ventilation and the increasing time of opened windows, with p-values of 0.043
and 0.012, respectively. Furthermore, the temporary storage of home garbage indoors
was found to be associated with DiBP and BBP concentrations (p-value 0.075 and 0.030,
respectively). In the case of DiBP concentrations, the existence of aluminum-based door
frames was found to be a significant factor (p-value 0.036), while for BBP, this was related
to synthetic door frames (p-value 0.047). This is in line with the findings of Zhang et al. [12],
where modern window frames were associated with BBP concentration. This might be
because phthalates are widely used in plastic–steel window materials and/or because
sealants are always used in modern window frames to seal the insulation glass [12]. The
usage of plastic curtains in bathrooms is associated with DEHP (p-value 0.040). Almost all
of the phthalate concentrations (except DBP) were related to the existence of MDF furniture
(p-values <0.055). Similar findings were revealed in a Japanese study [37] and a Chinese
study [12], where strong correlations were found between laminated wood/wood and
phthalates concentration (DiBP and BBP). This is probably due to the large quantities of
adhesives added during the manufacturing process of wood products [38].

4. Conclusions

Dust samples from 26 homes in Kozani city in Greece were collected from vacuum
cleaners and analyzed for four commonly founded phthalate esters. In all samples, the four
phthalates were present, with levels ranging from 10.57 to 221.19 µg/g for Di-iso-butyl
phthalate (DiBP), 4.03 to 264.91 µg/g for Di-n-butyl phthalate (DBP), 0.72 to 20.22 µg/g
for benzyl-butyl phthalate (BBP) and 62.73 to1233.54 µg/g for Di- (2-ethylhexyl) phthalate
(DEHP). The concentration of phthalates varied between homes due to the differences
in the types of products used in each household but also due to the types of furniture
that existed, something that was also apparent in the analysis for correlation with the
buildings’ characteristics. Concerning non-nutritional exposure, the values found were far
from the suggested RfD levels, and children were at greater risk of exposure to dust-related
phthalates than teenagers and adults. The statistical analysis reveals significant associations
between phthalate ester concentrations and the duration of ventilation, the type of door
frames, the existence of plastic curtains in bathrooms, the indoor location of garbage storage
and MDF furniture present in the house.
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