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Abstract
Bisphenols are a group of chemical compounds widely used in the industry, e.g., in the production of plastics, and as precursor 
of epoxy resins. The three bisphenols investigated in this study, namely bisphenols A (BPA), F (BPF) and S (BPS), seem to 
have endocrine activity in the same order of magnitude. Thus, an exposure and risk assessment was performed based on uri-
nary concentrations of these bisphenols in 150 urine samples of 7-year-old children from the Polish Mother and Child Cohort 
Study (REPRO_PL). Samples were analyzed using high performance liquid chromatography with online sample clean-up 
coupled to tandem mass spectrometry (online-SPE-LC-MS/MS). BPA, BPF, and BPS were above the LOQ (0.25 µg/L) in 
100%, 95%, and 20% of the samples, respectively, with median concentrations of 2.5 µg/L, 1.0 µg/L and < 0.25 µg/L (below 
the LOQ), respectively. Median Daily Intakes (DIs) were calculated: 45.9 ng/kg bw/day for BPA, at maximum 33.1 ng/kg 
bw/day for BPF (depending on the urinary excretion fractions used for calculation) and below 4.4 ng/kg bw/day for BPS 
(calculated at LOQ/2). Hazard quotients (HQ) at the 95th percentile of 0.011 for BPF and 0.63 for BPS did not indicate health 
risks. However, based on the TDI of 0.2 ng/kg bw/day newly established by EFSA, the HQ for BPA was above 1 in 100% 
of the samples, thus indicating the exceedance of safe exposure levels. No statistically significant associations were found 
between bisphenol concentrations and socio-demographic and life-style characteristics, although environmental tobacco 
smoke at 7 years of age, maternal educational level and socio-economic status showed a positive trend. Further studies are 
required in order to recognize other BPA replacement exposures among children.
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Introduction

Bisphenols are a group of chemical compounds mainly used 
in the manufacture of plastics, resins and thermal paper. The 
most representative compound of this group is bisphenol 
A (BPA, 4,4’-(propane-2,2-diyl)diphenol)), which has been 
used since the decade of the 1960s (Geens et al. 2011; Roch-
ester 2013). BPA has been recently included by the Euro-
pean Chemicals Agency (ECHA) in the Candidate List of 
substances of very high concern because of its endocrine-
disrupting properties for human health, and its use in baby 
bottles or thermal paper has been banned or restricted (EFSA 
2023; Usman and Ahmad 2016).

As a result of BPA restrictions, the industry has been 
gradually replacing this compound by other bisphenol ana-
logues, such as bisphenol F (BPF, a mixture of the isomeric 
congeners 2,2’-, 2,4’-, and 4,4’-dihydroxydiphenyl-methane) 
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and S (BPS, 4,4’-sulfonylbisphenol) (Liao et al. 2012a, b; 
Chen et al. 2016). For instance, BPS is the main replace-
ment in thermal paper manufacture, and its volume doubled 
between 2016 and 2017 in the EU market (ECHA 2018). 
BPF is used in a broad range of applications, from lacquers, 
varnishes and adhesives plastics to water pipes, dental seal-
ants and coatings for food packaging (Chen et al. 2016). 
Humans are exposed to bisphenols through their daily life. 
Ingestion is considered the main source of BPA and BPF 
exposures (Liao et al. 2013). These two compounds were 
commonly found in foodstuffs. In addition, the 4,4’-isomer 
of BPF is naturally present in mustard (Zoller et al. 2016). 
Non-dietary sources such as dermal contact to thermal paper 
or toys can contribute to the total exposure of these bisphe-
nols (Geens et al. 2012).

As mentioned above, BPA is a recognized endocrine-dis-
rupting chemical (EDC) for human health. As in the case of 
other EDCs, prenatal and childhood exposures to BPA might 
pose a higher threat compared to adults (WHO & UNEP 
2012). Bisphenols may interact with a variety of hormonal 
systems that affect growth, metabolism, children’s health and 
neurodevelopment. Recent reports have explored the human 
metabolism and distribution of BPS in humans (Oh et al. 
2018; Khmiri et al. 2020). Furthermore, the two BPA sub-
stitutes BPF and BPS have been found to be as hormonally 
active as the replaced compound, possessing endocrine-
disrupting effects too (Rochester and Bolden 2015; Rocha 
et al. 2016). The three bisphenols share a close similarity in 
their molecular structure (Fig. 1) and have been included in 
the list of prioritised substances to be determined in human 
biomonitoring studies by the EU (Vaccher et al. 2022). In 
addition, the European Food Safety Authority (EFSA) has 
re-evaluated the risks associated with bisphenol A in food 
and has established a TDI of 0.2 ng/kg bw/day, which is 
20,000 times lower than the previous temporary TDI (t-TDI) 
of 4,000 ng/kg bw/day (EFSA 2015; 2023).

The aim of this study is to determine the presence and 
distribution of BPA and the two main substitutes BPF and 
BPS in 150 urine samples of school-age children from 
Poland. In addition, our purpose is to assess the main socio-
demographic and life-style determinants of bisphenol expo-
sures and calculate the overall risk assessment.

Methodology

Study Population and Sampling

The study is based on the Polish Mother and Child Cohort 
(REPRO_PL), a prospective birth cohort established in 2007 
in Poland. The details regarding the cohort methodology 
have been published previously (Polanska et al. 2009; 2011; 
2016). Out of 407 children who were followed-up until the 

age of 7 years (2014–19), urine samples from 150 children 
(37%) were randomly selected for the analysis of bisphe-
nols (Polanska et al. 2016). Written informed consent was 
obtained from the parents of each child before the study, 
which was approved by the Ethical Committee of the Nofer 
Institute of Occupational Medicine, Lodz, Poland (Decision 
No. 22/2014).

Analysis of Bisphenols in Urine

The bisphenols A, F, and S were analyzed in urine using a 
so far unpublished method, validated according to the guide-
lines of the working group “Analyses in Biological Materi-
als” of the Permanent Senate Commission for the Investi-
gation of Health Hazards of Chemical Compounds in the 
Work Area of the German Research Foundation (Deutsche 
Forschungsgemeinschaft, DFG; Bader et  al. 2010). For 
sample preparation, 150 µL 1 M ammonium acetate buffer 
(pH 5.0), 6 µL β-glucuronidase (aryl sulfatase-free), and 30 
µL internal standard solution (containing 100 µg/L of each 
labelled standard in acetonitrile) were added to 300 µL of 
urine. The mixture was incubated at 37 °C for 4 h and then 
stored at -20 °C overnight. After thawing and equilibration 
to room temperature, the mixture was centrifuged (2600 g, 
10 min) and the supernatant transferred into a new HPLC 
vial for instrumental analysis. Calibration solutions and 
quality control materials were treated in the same manner.

Fig. 1   Structural formulae of bisphenol A (4,4’-(propane-2,2-diyl)
diphenol), 4,4’-bisphenol F (‘bisphenol F’ for simplification; 
4,4’-methylenediphenol) and bisphenol S (4,4’-sulfonyldiphenol)
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Instrumental analysis was performed by online-SPE-LC-
MS/MS with peak focusing during analyte transfer from the 
enrichment column onto the analytical column. A molecu-
lar imprinted polymer phase for bisphenols was used in the 
enrichment column and a mixed-mode phase (reversed-
phase and anion exchange) was used for the separation of 
the bisphenols. Ammonium fluoride was used for signal 
enhancement, as already described by van der Meer et al. 
(2019). To reduce contamination of the mass spectrometer, 
flow from the LC column was diverted into waste, except 
within the retention time windows of the bisphenols. For 
a detailed description of the analytical method, as well as 
validation data, see the supplementary material. The limit 
of quantification (LOQ, based on a signal-to-noise ratio of 
10 in matrix—see Bury et al. 2018 for details) for all three 
bisphenols was 0.25 µg/L. For external quality control, using 
this method, IPA successfully participated in the 64th round 
(in Q4 of 2019) of the biannual ring trials of the German 
External Quality Assessment Scheme for analyses in bio-
logical materials (G-EQUAS) for BPA (BPF and BPS were 
not offered) in the environmental medical field. For each 
of the bisphenols, the five urine samples with the highest 
measured concentrations (except for BPA—see below) were 
analyzed again without the addition of β-glucuronidase to 
exclude artifacts from external (pre-analytical) contamina-
tion (as bisphenols are expected to be primarily excreted 
in urine as glucuronides; Völkel et al. 2002; Khmiri et al. 
2020). In case of BPA, the volume of the urine sample with 
the third-highest concentration was insufficient for an addi-
tional analysis. Thus, the urine sample with the sixth-highest 
concentration was analyzed instead.

Covariates

The following socio-demographic information was obtained 
by questionnaires filled out by mothers at child examina-
tion: place of residence (rural, urban); socio-economic 
status (SES) of the family (least affluent, affluent, most 
affluent); parental educational level (years of completed 
education: ≤ 9, 10–12, > 12); parental occupational activity 
(yes, no); child sex and parental age (calculated for date at 
child birth). Information on children’s passive smoking at 
age of 7 years was extracted from cotinine levels in urine 
as described by Stragierowicz et al. (2013). A cut off value 
at 2.1 ng/ml for child environmental tobacco smoke (ETS) 
exposure was selected (Lupsa et al. 2015). Child height 
and weight was measured at age of 7 years by trained staff 
based on standard protocol (Polanska et al. 2016). Body 
mass index (BMI) categories (underweight boys < 13.95 kg/
m2, girls < 13.80  kg/m2; recommended weight boys 
13.96–18.64 kg/m2, girls 13.81–18.19 kg/m2; overweight/
obese boys > 18.65 kg/m2, girls > 18.20 kg/m2) were based 

on Polish reference data BMI z-scores at age 7 (Kulaga et al. 
2015).

Daily Intakes and Overall Risk Assessment

The daily intakes of bisphenols were estimated from spot 
urine samples using the following equation, taken from Koch 
et al. (2011) and Covaci et al. (2015):

where BPscreatinine is the creatinine-adjusted bisphenols con-
centrations (in μg bisphenol/g creatinine); CErate is the child 
individual body height and gender-based reference values 
for urinary creatinine excretion rate (in g/day), taken from 
Remer et al. (2002); Fue is the urinary excretion fraction 
for bisphenols, and bw is the body weight for each child 
(in kg). Fue is assumed to be 1 for BPA (Koch et al. 2012). 
For BPS, two Fue values have been used: 0.82 as for a best-
case assumption (Oh et al. 2018) and 0.56 as a worst-case 
assumption (Khmiri et al. 2020). Fue values for BPF have 
not been estimated yet, and three values have been used: 1, 
as for BPA in the best-case scenario, and 0.82 and 0.56, as 
for BPS, representing intermediate and worst-case scenarios, 
respectively. Afterwards, hazard quotients (HQ) for exposure 
levels of BPA and BPF in the population were calculated as 
the quotients between the daily intake rates and available 
estimated Tolerable Daily Intakes (TDI). In the case of BPA, 
a TDI of 0.2 ng/kg bw/day has been recently established by 
EFSA (EFSA 2023), a value well below the previous tem-
porary TDI of 4000 ng/kg bw/day (EFSA 2015). For BPF, a 
TDI of 11,000 ng/kg bw/day was suggested by Dietrich and 
Hengstler (2016), based on the risk assessment performed 
by Zoller et al. (2016). For BPS, no TDI is established yet. 
Accordingly, for risk assessment the HQ was calculated 
based on urinary BPS concentrations in conjunction with the 
HBM-GV of 1 µg/L. For a cumulative risk assessment of the 
three bisphenols, the Hazard Index (HI) was estimated using 
the sum of the HQs. For the above calculations, urinary con-
centrations below the LOQ were set to 0.125 µg/L (LOQ/2).

Data analysis

Data analysis and graphics were performed using the sta-
tistical software R (R Development Core Team 2021) and 
ggplot2 package (Wickham 2016). For descriptive analysis, 
medians and geometric mean (GM) with 95% confidence 
intervals (CI) of bisphenols were used. Range and percen-
tiles 25, 75 and 95 were also reported in the tables. The 
distributions of the concentrations are shown using boxplots. 
Association between concentrations was evaluated using the 
Pearson correlation coefficient, after log-transformation of 
the concentrations. For DI comparisons between boys and 

DI = BPs
creatinine

× CE
rate

∕Fue × bw
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girls, non-parametric Wilcoxon test was used and Bonferroni 
adjusted values were calculated. Significance was set at 0.05.

Results

We quantified the bisphenols BPA, BPF, and BPS in 150 
urine samples from Polish children from the Polish Mother 
and Child Cohort. The distribution of BPA, BPF and BPS 
concentrations in these urine samples are shown in Table 1 
and Fig. 2. For BPA, one urine sample was excluded, as 
analysis without enzymatic deconjugation revealed pre-
analytical contamination (35.6 µg/L free BPA vs. 37.4 µg/L 
total BPA). In three other urine samples, urinary BPF con-
centrations could not be determined due to strong signal 
suppression. BPA was the most abundant bisphenol, found 
in all the analyzed samples, with a median concentration of 
2.5 μg/L, followed by BPF (found above the LOQ in 95% of 
the samples) with a median concentration of 1.0 μg/L. BPS 

was the compound showing the lowest percentage of quan-
tifiable samples (only 20% of the samples were above the 
LOQ), accordingly with a median below the LOQ (Table 1). 
The maximum concentrations of bisphenols were found 
for BPF (90 μg/L), followed by BPA (27.3 μg/L) and BPS 
(7.0 μg/L). The correlations of the studied bisphenols were: 
r = 0.30 (BPA vs. BPF), r = 0.16 (BPA vs. BPS) and r = 0.13 
(BPF vs. BPS) (Fig. 3).  

Figure 4 shows the distribution of individual and socio-
demographic characteristics of 7-year-old children from 
Poland for each bisphenol compound. There were no statis-
tically significant differences between the variables studied 
and the concentrations reported for each group. In general, 
ETS at age 7, maternal education and, to a lesser extent, 
socio-economic status, were associated with bisphenols con-
centrations in children, with a positive relationship except in 
the case of BPA, in which SES was negatively associated.

Figure 5 shows the bisphenols estimated daily intakes by 
sex, and using different Fue values. Boys had higher median 

Table 1   Descriptive statistics 
of bisphenol concentrations 
(in μg/L), risk characterization 
ratios and daily intakes (in ng/
kg bw/day) in Polish children 
from the REPRO_PL birth 
cohort (n = 150)

a Quantification Frequency (Percentage above the LOQ); bGeometric Mean and 95% Confidence Intervals; 
cPercentile 25th; dPercentile 75th; ePercentile 95th; fRisk Characterization Ratios based on HBM-GV in 
children for BPA (135 μg/L; Ougier et al. 2021) and BPS (1 μg/L; Meslin et al. 2022); gDaily Intake calcu-
lations by Koch et al. (2012) and Covaci et al. (2015) approaches (median and range). hCalculations based 
on an FUE of 1; iCalculations based on an FUE of 0.82. jCalculations based on an FUE of 0.56

QF (%)a GM (95% CI)b P25c Median P75d P95e Range RCR​f DIg

BPA 100 2.6 (2.2 – 2.9) 1.4 2.5 4.2 10.6 0.30–27.3 0.079 45.9 (5.6 – 447)h

BPF 95 1.0 (0.91 – 1.2) 0.74 1.0 1.6 3.6  < 0.25–90 – 18.5 (1.6 – 1198)h

22.6 (2.0 – 1461)i

33.1 (2.9 – 2139)j

BPS 20  < 0.25  < 0.25  < 0.25  < 0.25 0.63  < 0.25–7.0 0.63 3.0 (1.7 – 137)i

4.4 (2.5 – 201)j

Fig. 2   Distribution of BPA, 
BPF and BPS concentrations (in 
μg/L) in Polish children from 
the REPRO_PL birth cohort 
(n = 150)

BPS

BPF

BPA

0.125 1 10 100
Concentration (µg/l)
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DIs than girls, although no statistically significant differ-
ences were found.

Discussion

There are more than 10 bisphenol analogues available in 
the market for industrial applications (Chen et al. 2016), 
but among the most commonly used BPA substitutes, BPS, 

Fig. 3   Correlation plots 
between BPA, BPF and BPS 
concentrations (in μg/L) in Pol-
ish children from the REPRO_
PL birth cohort (n = 150)
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Fig. 4   Boxplots of bisphenol concentrations (in μg/L) in 7-year-old children for several socio-demographic characteristics: children’s sex, place 
of residence, BMI and exposure to ETS at age 7, maternal age, socio-economic status (SES), maternal and paternal educational level
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BPF and rarely BPAF are usually analyzed in human bio-
monitoring studies (Yang et  al. 2014; Asimakopoulos 
et al. 2015; Rocha et al. 2016; Sakhi et al. 2018; Lehmler 
et al. 2018; Dualde et al. 2019). Urine analysis is the most 
common, simplest and least intrusive method for assess-
ing human exposure to bisphenols (Ougier et al. 2021). 
Some studies have detected bisphenols in other human 
matrices, such as blood and breast milk (Owczarek et al. 
2018; Dualde et al. 2019). Although Lucarini et al. (2020) 
showed that the bisphenols BPC and BPM were more fre-
quently detected than BPA (at comparable detection lim-
its in urine samples from infants and toddlers from Swit-
zerland), BPA and BPS are among the most frequently 
detected bisphenols in the above-mentioned studies.

Table 2 shows a comparison of urinary bisphenol con-
centrations in children worldwide. Urinary BPA levels in 
7-year-old children from Poland (median concentration 
2.5 μg/L) were comparatively higher than those found in 
children from the USA recruited within the NHANES study 
(age 6–11 years; Lehmler et al. 2018) and from Brazil (age 
6–14 years; Rocha et al. 2018), but lower than those found in 

children’s urine from Norway (3.7 μg/L; Sakhi et al. 2018), 
India (5.1 μg/L; Xue et al. 2015); China (4.1 μg/L; Li et al. 
2013) and another previous study performed in the USA 
(3.6 μg/L; Calafat et al. 2008). These differences could be 
related to the different years of study, as a general decrease 
in the concentrations of environmental phenols, parabens 
and BPA has been observed throughout the recent years 
(Frederiksen et al. 2013; Gys et al. 2020). Therefore, dif-
ferent sampling periods and increasing substitution of BPA 
towards other bisphenols could have contributed to the 
aforementioned differences between studies. Our previous 
assessment of BPA in urine of children from Poland (n = 250 
samples) found lower concentrations (median of 1.8 μg/L) 
than the current report, but in a similar range (Garí et al. 
2021). This might be related to differences in sampling 
batches and children’s location, since in the first report, only 
three places out of five were represented (data not shown for 
data privacy reasons). On the other hand, the median daily 
intake for BPA calculated in the previous study (46.3 ng/
kg bw/d) was virtually identical to that from the present 
study (45.9 ng/kg bw/d; see below), so that differences in 

Fig. 5   Boxplots of estimated 
daily intakes (in ng/kg bw/day) 
in 7-year-old children for BPA, 
BPF and BPS, by sex, and tak-
ing into account different case 
scenarios depending on Fue 
values (see Table 1)
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Table 2   Comparison of urinary bisphenol concentrations (in μg/L) reported in different studies worldwide (medians or geometric means and 
percentiles 25th/75th or 95% confidence intervals in parentheses, where available, respectively)

The selection of studies is based on the sampling period and the age of the children, to be as much as possible similar to the REPRO_PL cohort
a Median; bGeometric Mean

Population (Sampling 
period)

N Age (in years) BPA (in μg/L) BPF (in μg/L) BPS (in μg/L) References

Poland (2014–15) 150 7 2.5a (1.4 – 4.2) 1.0a (0.74 – 1.6)  < 0.25a Present study
USA (2013–14) 409 6–11 1.3a (0.70 – 2.7) 0.27a (0.14 – 0.85) 0.27a (0.12 – 0.64) Lehmler et al. ( 2018)
Norway (2012) 56 6–11 3.7a (2.6 – 4.9)  < 0.07a 0.13a (< 0.10 – 0.39) Sakhi et al. (2018)
Brazil (2012–13) 300 6–14 1.7a  < 0.6  < 0.035 Rocha et al. (2018)
India (2012–13) 76 2–14 5.1b NA 0.040b Xue et al. (2015)
China 1,326 7–12 4.1b NA NA Li et al. (2013)
Japan (2012–17) 396 7 0.89a 0.07a 0.11a Gys et al. (2020)
USA 1,517 6–11 3.6b NA NA Calafat et al. (2008)
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the compositions of the analyzed subpopulations and/or dif-
ferences in diuresis-related urinary dilution between these 
sample sets could at least partially explain this difference in 
urinary BPA concentrations.

For BPF, the present study is the first showing such con-
centrations in children (median of 1.0 μg/L), which is at 
least about four times higher than the median concentrations 
reported thus far in children’s urine (see Table 2). In any 
case, the number of available studies does not allow for gen-
eralization. Another study performed in Japanese children 
found maximum concentrations of BPF more than twice 
those of BPA, alike our report (Gys et al. 2020). In the Nor-
wegian and Brazilian studies, concentrations of BPF were 
below the respective limits of quantification (0.07 µg/L and 
0.6 µg/L) (Sakhi et al. 2018; Rocha et al. 2018). It should 
be noted that, in addition to industrial use, there are natural 
exposure sources of 4,4’-BPF, such as mustard and certain 
plant materials used in traditional Chinese medicine (Zoller 
et al. 2016; Huang et al. 2019). Therefore, differences in 
nutritional behaviour might contribute to the observed dif-
ferences in exposure towards BPF (Lietzou 2021).

Unlike BPF, BPS is rather frequently detected in urine, 
at concentrations ranging from 0.040 μg/l in Indian children 
(Xue et al. 2015) to 0.27 μg/l in the USA report (Lehmler 
et al. 2018). In our study, the median BPS concentration 
was below the LOQ (< 0.25 μg/l). A comparison with other 
studies is hampered by the fact that most reported median 
or GM values were below this LOQ.

Daily intakes for the three bisphenols determined in the 
present study are reported in Table 1. Median DIs were 
45.9 ng/kg bw/day for BPA, between 18.5 ng/kg bw/day and 
33.1 ng/kg bw/day for BPF, depending on the Fue value used 
(1, 0.82 and 0.56, respectively), and between 3.0 ng/kg bw/
day and 4.4 ng/kg bw/day for BPS (for Fue values of 0.82 
and 0.56, respectively). DIs were higher in boys than girls 
for the three bisphenols, although no statistically significant 
results were found. Previous reports performed in children 
from China found similar trends, with higher median DIs in 
boys than in girls (Liu et al. 2019). Further health implica-
tions for these sexual differences must be examined.

For risk assessment, hazard quotients (HQ) were cal-
culated individually for BPA and BPF, based on the cal-
culated daily intakes in conjunction with the newly estab-
lished TDI of 0.2 ng/kg bw/day for BPA and the TDI of 
11,000 ng/kg bw/day suggested for BPF by Dietrich and 
Hengstler (2016), respectively. Since no TDI is available 
for BPS thus far, the calculation of HQs was performed 
based on urinary BPS concentrations in conjunction with 
the HBM-GV for the general population of 1 µg/L BPS in 
urine. Median values (and 95th percentiles) for the HQs 
for BPA, BPF, and BPS were 1,145 (969), 0.0030 (0.011; 
DI calculated with an assumed Fue of 0.56 as worst-case 
assumption), and 0.13 (0.63), respectively. Most strikingly, 

the HQ for BPA was above 1 in 100% of the analyzed sam-
ples. Therefore, the hazard index (HI) calculated for the 
sum of the three bisphenols was above 1 in 100% of the 
samples as well. Accordingly, whereas BPF did not exceed 
safe levels, and BPS only in three cases, BPA exposures 
(and thus mixture exposures) cannot be regarded as safe in 
relation to the TDI newly established by EFSA.

Regarding socio-demographic and life-style character-
istics, our study was not able to find any significant dif-
ferences for each of the three bisphenols analysed. Some 
studies have found a relationship between BPA and obesity 
or overweight (Li et al. 2013; Trasande et al. 2012). We 
observed that underweighted children had lower BPA con-
centrations than recommended weight and overweighted/
obese children, a trend that was already reported in our 
previous research on Polish children (Garí et al. 2021). 
Although food has been identified as the main source 
of human exposure to BPA, unfortunately we could not 
explore different nutritional behaviours that contribute 
to the differences of bisphenols in the current population 
study. Bisphenols migrate from plastics and food contact 
materials into food items, contributing to the overall expo-
sure together with other routes, such as inhalation and der-
mal contact (Geens et al. 2012; Liao and Kannan 2013).

Other studies have reported differences in bisphe-
nol concentrations and place of residence. For instance, 
Dualde et al. (2019) found higher BPA concentrations in 
children living in rural areas from Spain, while Snoj Trat-
nik et al. (2019) reported the opposite trend in Slovenia.

This is the first assessment of BPA replacement com-
pounds in children from Poland, and one of the first in 
Europe. It needs to be underlined that the study is based on 
a well-defined child cohort in Europe. However, the sam-
ple size was small, with only 150 urine samples analyzed. 
Although the collection of 24-h urine samples in general 
is more favourable, the collection of spot urine samples 
in the present study has been appropriate for bisphenols 
general exposure and risk assessment. It has been shown 
specifically for urinary BPA concentrations that GMs of 
spot urine samples do not tend to overestimate the GM of 
the 24-h composite samples (Aylward et al. 2017). Further 
considering similar terminal half-lives for BPA and BPS in 
urine (Völkel et al. 2002; Oh et al. 2018), it seems unlikely 
that collecting spot urines resulted in an overestimation 
of the population medians for bisphenol exposures. The 
results from the present study do not only provide valuable 
insight into children’s exposure to this important class of 
chemicals, but considering the available HBM data for this 
population (Polańska et al. 2011; 2016; Garí et al. 2019), 
it also enables further in-depth investigation of potential 
exposure associations and possible impacts of lifestyle fac-
tors in future studies.
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Conclusion

This study provides current biomonitoring data of bis-
phenol A and its replacement compounds bisphenol F 
and bisphenol S in the urine of 150 children, 7-year-old, 
from Poland. BPA could be quantified in all children, fol-
lowed by BPF (quantifiable in 95%) and BPS (20%, i.e., 
less than 30 children). Median bisphenol concentrations 
were in the same order of magnitude as those observed in 
previous studies on children’s bisphenol exposures, with 
the median BPF concentration being the highest observed 
thus far in children. In contrast to BPF and BPS expo-
sures, BPA exposures were above safe levels in 100% of 
the samples when comparing to the TDI newly established 
by EFSA. We were not able to find any statistically sig-
nificant association between bisphenol concentrations and 
socio-demographic and life-style characteristics, although 
a trend was found with ETS, maternal educational level 
and socio-economic status. Further studies are required 
in order to recognize other BPA replacement exposures 
among children.
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