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Abstract

Background and purpose: Bisphenol A (BPA), which is used as a color developer in thermal paper
receipts, is an important source of non-dietary dermal exposure to this endocrine-disrupting chemical. This
study aimed to estimate BPA concentrations in thermal paper receipts and assess the health risks associated
with dermal exposure across general age-sex groups and occupational groups using Monte Carlo simulation
under three scenarios: dry, wet, and greasy hands.

Materials and methods: A systematic search was conducted in PubMed, Scopus, Web of Science,
ScienceDirect, and Google Scholar up to March 2026, following the PRISMA 2020 statement. Thirty-five
independent studies comprising more than 2,800 samples were included in the analysis. Probabilistic risk
assessment was performed using 10,000 Monte Carlo iterations in Crystal Ball software for six general
age-sex groups and two occupational groups (female and male cashiers). The hazard quotient (HQ) was
calculated based on the reference dose (RfD) of 5 x 10~° mg/kg/day established by the US Environmental
Protection Agency (EPA).

Results: The pooled mean BPA concentration in thermal paper receipts was 6.8 + 3.9 mg/g. The highest
concentrations were reported in Bangladesh, the United States (pre-ban), and Turkey, while the lowest were observed
in Switzerland and the United Kingdom (post-ban). In the general population, the 95th percentile HQ under the dry-
hand scenario was below 1 (indicating a lower level of risk); however, under the wet- and greasy-hand scenarios, HQ
values in children reached 7.3 and 8.0, respectively, indicating higher levels of risk. In the occupational group, the
95th percentile HQ under the greasy-hand scenario reached 176.6 in females and 154.4 in males, indicating
substantially elevated exposure risk.

Conclusion: Thermal paper receipts represent an important source of dermal BPA exposure. Wet or
greasy hands may increase BPA transfer by up to 25-fold, potentially resulting in substantial exposure among
occupationally exposed groups. Potential risk-reduction measures include limiting BPA concentrations in
thermal paper, consistent with the 0.02% restriction under the EU REACH regulation, promoting appropriate
protective measures for cashiers, and advising individuals to handle receipts with dry hands.
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