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Evaluation of bisphenol A levels in Nigerian thermal receipts
and estimation of daily dermal exposure
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Abstract
Bisphenol A (BPA) is a high production volume chemical that has wide industrial applications, especially as a color developer in
thermal papers. The present study focused on the determination of levels of BPA in thermal receipts collected from different
locations in Akure, Nigeria, and the estimation of daily intake of BPA through dermal absorption. Thermal receipts were
collected from different locations, and the levels of extracted BPA were determined using fluorescence spectroscopy. The daily
intake of BPA was estimated, and the amount was compared with the reference value. BPA was detected in all the samples
analyzed with levels ranging from 1.50 to 3.16 mg/g. These values were lower than the values detected in thermal receipts
obtained from other countries. The estimatedmean daily intakes of BPA by dermal absorption due to handling of thermal receipts
were 0.20 and 9.89 μg/day for the general population and the occupationally exposed individuals, respectively, and were much
lower than the reference value of 50 μg/kg bw/day provided by the European Food Safety Authority. This indicates that dermal
exposure to BPA is not a serious health risk to the population.
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Introduction

The ubiquitous occurrence of bisphenol A (BPA) and its less
toxic analogues such as bisphenol S, bisphenol F, and
bisphenol AF in the environment poses threats to both humans
and wildlife. High levels of BPA have been detected in differ-
ent matrices: up to 9730 μg/kg in dust (Geens et al. 2009), up
to 39,000 μg/kg in thermal receipts (Rocha et al. 2015), and
up to 380 μg/kg in meat (Goodson et al. 2002). Although,

some countries like Japan, Canada, and the European
Unions have banned the use of BPA in certain consumer
products such as baby feeding bottles (Almeida et al. 2018),
it is worrisome to note that its production continue to rise over
the years. The global production of BPA was estimated to be
2.2 million tons in the year 2009 alone, and it has been
projected that it would reach 7.3 million tons by the year
2023 (Research and Markets 2018). BPA is still being used
in several consumer products like water bottles, sports equip-
ment, CDs/DVDs, epoxy resins which are used as linings for
food cans, dental resins, and thermal sales receipts. Aside its
use in consumer products, BPA is being used in automobile
and construction industries where it is being considered as
alternative to glass and metals (Research and Markets 2018).

The toxic effects of BPA to organisms are widely reported
in the literature including endocrine disruption, genotoxicity,
cytotoxicity, developmental, and reproductive impairments.
BPA has also been implicated in some human diseases and
metabolic disorders such as obesity, type 2 diabetes, and can-
cer. As an endocrine disrupting agent, BPA mimics the activ-
ity of endogenous estrogens such as 17β-estradiol by binding
to estrogen receptors and altering the gene expression
(Eckstrum et al. 2016; Ohore and Zhang 2019). The exposure
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to BPA caused activation of CYP gene expression in the
Leydig cells of mice and rats, consequently resulting in alter-
ation of sex hormone ratio (Lan et al. 2017). In another study,
George and Rupasinghe (2018) showed that the exposure of
human bronchial cells to BPA caused cytotoxicity, oxidative
stress, caspase-mediated apoptosis, and DNA damage. In ad-
dition, the presence of BPA in blood and urine has been
shown to be a risk factor for human diseases like type 2 dia-
betes and obesity (Duan et al. 2018; Hwang et al. 2018; Amin
et al. 2019).

Various exposure routes have been proposed for BPA ex-
posure in man and other organisms; they include dust inhala-
tion, dermal, and dietary (Lv et al. 2016; Ribeiro et al. 2017;
Almeida et al. 2018). Of these possible routes, dietary route
through ingestion accounts for up to 90% of BPA in man
(Mikołajewska et al. 2015; Ribeiro et al. 2017). While quite
a number of studies have focused on quantifying the levels of
BPA in environmental samples such as in surface waters and
sediments (Klecka et al. 2009; Wang et al. 2017; Staples et al.
2018), and also in food items consumed by man (Garcia-
Corcoles et al. 2018; Shi et al. 2018), not much attention has
been given to quantification of levels of BPA in thermal sales
receipts notwithstanding its potential as a source of human
exposure to BPA. Specifically, to the best of our knowledge,
there have not been an attempt to determine the levels of BPA
in thermal receipts in Nigeria although quite a number of
studies have looked at quantification of BPA levels in various
environmental samples and food products (Makinwa and
Uadia 2015; Adeyi and Babalola 2019). The current study is
therefore aimed at determining the levels of BPA in thermal
sales receipts obtained from Nigeria to estimate the daily ex-
posure to BPA through human contact with thermal receipts.
To the best of our understanding, there have not been studies
that determine the levels of BPA in thermal papers in most
African countries, despite its importance as a major source of
BPA exposure to man.

Materials and methods

Thermal receipt papers (n = 80) were collected from locations
such as banks, supermarkets, gas stations, and lottery outlets
within Akure metropolis, Ondo State, Nigeria. The samples
were stored in sealed bisphenol-free bags until analysis.
Sample extraction for BPA determination was carried out as
previously described by Rocha et al. (2015). Briefly, a circular
spot (diameter: 12 mm) was cut from the middle of each paper
with the aid of paper punch, weighed, and transferred into a
15 ml Falcon tube. This was followed by addition of 5 ml
methanol into the tube. BPA extraction was performed by
one cycle of vortex (60 s) followed by ultrasonication
(10 min). The mixture was centrifuged at 4000×g, and a
100 μl aliquot was transferred into another tube. The aliquot

was diluted to 10ml with methanol/H2O (1:1) and spiked with
the internal standard (BPA-d16). The solutions were stored at
− 20 °C until analysis. Before analysis, the aliquots were fil-
tered through a 0.45-μm filter. Each sample was analyzed in
duplicate. In addition to the samples, a reagent blank was
prepared without the thermal receipt paper.

Sample analysis was done using fluorescence spectros-
copy with the aid of a LS 55 (Perkin Elmer USA) following
the procedures reported in Gallimberti et al. (2020). The
equipment is capable of measuring fluorescence, phospho-
rescence, chemiluminescence, and bioluminescence. Its
source is a xenon discharge lamp, with a power of 20 kW
for 8 μs in duration. The detection occurs through a
photomultiplier model R928 (Red-Sensitive) that can oper-
ate up to 900 nm. The selection of wavelengths is per-
formed by Monk-Gillieson monochromators, which cover
the range from 200 to 800 nm for excitation and from 200
to 900 nm for emission. Excitation (2.5–15.0 nm) and emis-
sion (2.5–20.0 nm) slits can be varied and selected in 0.1-
nm increments. It has a scan speed of 10–1500 nm/min and
can be selected in 1-nm increments. The sensitivity of the
equipment is given through the signal/noise ratio (500:1
r.m.s.), using the Raman band of the water, with excitation
at 350 nm and 10 nm emission and excitation crack. The
specific conditions used in the determination of BPA were
as follows: 5.0 nm excitation slits, 5.0 nm emission slits,
200 to 400 nm range, Δλ 85 nm, and scan rate 1500 nm/
min. The BL Studio software version 1.04.02 (BioLight
Luminescence Systems Ltd) was used for data acquisition,
storage, and processing.

The efficiency of extraction procedure was confirmed by
randomly selecting 10 paper samples and subjecting them to
extraction procedure again, after which the extracts were ana-
lyzed for BPA levels. BPA was not detected in the samples,
thus confirming that the extraction procedure was efficient. To
each batch of 20 samples analyzed, a blank (methanol/water)
and a spiked blank (50 ng/ml BPA) were processed and ana-
lyzed. BPA was not detected in the blanks, and recovery of
BPA from spiked blanks was 98 ± 12% (mean ± SD). The
limit of detection (LOD) and limit of quantification (LOQ)
were calculated by the following equation: LOD = 3 SD/m
and LOQ = 10 SD/m, where SD is the standard deviation of
10 blank determinations and m is the slope of the calibration
curve. The LOD and LOQ were 3.61 ± 0.68 and 12.04 ±
2.26 μg/L, respectively.

The estimated daily intake (EDI; ng/d) of BPA was calcu-
lated using the following equation: (Liao and Kannan 2011)

EDI ¼ k � C � HF � HT � AF=106

where k is the paper-to-skin transfer coefficient of BPA
(21,522.4 ng/s), C is the mean concentration of BPA
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determined in thermal receipts (μg g−1 of receipt), and HF is
the handling frequency (times/day). This study assumed the
frequency of handling to be 150 times/day for the occupation-
ally exposed population and 3 times/day for the general pop-
ulation. HT is the handling time of receipts (5 s); and AF is the
absorption fraction of BPA by skin and was taken 27%, on the
basis of data from the literature. The estimated daily intake
values were then compared with the reference value provided
by the European Food Safety Authority (EFSA) for BPA.
Data were presented as mean and range. The differences in
mean values for the different categories of thermal receipts
were determined statistically using a one-way analysis of var-
iance (ANOVA), followed by Tukey’s tests in case of signif-
icant difference. Statistics were performed using Graphpad
Prism 5, and significance was assumed at p < 0.05.

Results and discussion

Table 1 shows the levels of BPA in thermal receipts obtained
from different locations within Akure metropolis, Southwest
Nigeria. BPA was detected in all the samples analyzed (100%
detection), with a concentration range of 1.50–3.16 mg/g.
There was a significant difference in the mean levels of BPA
in the different categories of the thermal receipts (p < 0.0001).
The mean levels of BPAwere higher in papers generated from
supermarkets and gas stations in comparison with those from
banks and lotteries.

The levels of BPA in the present study were compared with
the levels obtained in thermal papers from other countries, and
the results are shown in Table 2. The analyses revealed that the
levels of BPA detected in thermal receipts in the present study
were similar or sometimes lower compared with the levels
detected in thermal papers from other countries. However,
the lower limit of detection of BPA in the present study
(1.50 mg/g) was several magnitudes higher than the levels
obtained analyses from other countries in which the lower
limits were most of the times below the limits of detection.
The high level of the lower limit is an indication of ubiquitous
presence of BPA in Nigerian thermal papers samples, which
could predispose the population to health risks due to BPA
exposure.

Aside oral ingestion, dermal exposure through handling of
thermal receipts has been identified as one of the major expo-
sure routes to BPA by human (Thayer et al. 2016; Lv et al.
2017). Hence, we estimated potential exposure to BPA
through thermal receipts in this study. The estimated mean
daily intake of BPA by dermal absorption due to handling of
thermal receipts was 0.20 and 9.89 μg/day for the general
population and the occupationally exposed individuals, re-
spectively (or 2.86 ng/kg bw/day and 141.3 ng/kg bw/day,
for the general population and the occupationally exposed,
respectively, when adjusted for the body weight of 70 kg of
a human adult). These values were quite low when compared
with the EDI values obtained for the Belgian (0.45 μg/d;
Geens et al. 2012) and Chinese (1.77 μg/d; Yang et al.
2019) populations. However, the mean EDI value in the pres-
ent study was higher than the values estimated for the Italian
population which was given as 0.06 μg/d (Russo et al. 2017).
In addition, the estimated daily intake of BPA through dermal
absorption in this study was several magnitudes lower than the
reference value of 4 μg/kg bw/day (oral toxicity) provided by
the European Food Safety Authority (2015). Currently, there
have been no official reference values for BPA through der-
mal exposure. The differences in the levels of the EDIs in
these studies were generally due to the differences in the levels
of BPA detected in the paper samples. The low levels of BPA
in Nigerian receipts could be an indication that alternatives to

Table 1 BPA levels (mg/g) in
Nigerian thermal receipts Categories n Detection rate (%) Mean BPA (mg/g) Range BPA (mg/g)

Bank 30 100 2.07 ± 0.02a 1.50–2.82

Supermarket 15 100 2.59 ± 0.01b 2.28–2.84

Gas Station 10 100 2.82 ± 0.02b 2.64–3.16

Lottery 25 100 2.10 ± 0.02a 1.55–3.15

All Samples 80 100 2.27 ± 0.006c 1.50–3.16

a,b,c means with different letters across the column are significantly different

Table 2 Comparative analysis of BPA levels (mg/g) in thermal receipts
in selected countries of the world

Countries Range BPA (mg/g) References

Brazil < 0.17–20.27 Molina-Molina et al. 2019

< LOQ = 43 Rocha et al. 2015

China 2.77–14.0 Yang et al. 2019

France < 0.17–16.88 Molina-Molina et al. 2019

Germany 4–32 Eckardt and Simat 2017

Italy < 0.004–15.3 Russo et al. 2017

Nigeria 1.50–3.16 This study

Spain < 0.17–20.27 Molina-Molina et al. 2019

UK 0.06–63 Castro et al. 2019

USA 7–36 Thayer et al. 2016
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BPA such as bisphenol S, D-8, and D-90 are being used as
color developers, as such the risk of exposure to high levels of
BPA through dermal exposure was minimized. Future studies
are therefore required to detect and quantify the levels of these
BPA alternatives in Nigerian thermal receipt samples.
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