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ABSTRACT 
Thermal printer ink, commonly used in point-of-sale receipts, shipping 

labels, and ticketing systems, contains bisphenol A (BPA) and other 

hazardous compounds. Exposure to these chemicals through dermal 

absorption poses potential health risks, including endocrine disruption, 

reproductive toxicity, and carcinogenic effects. This study explores the 

chemical composition of thermal printer ink, its pathways of human 

exposure, and its potential health effects. Furthermore, we discuss the 

regulatory measures and alternative formulations to mitigate these risks. 
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INTRODUCTION: 
Thermal printers are widely utilized in commercial, 

retail, and industrial sectors due to their efficiency, 

cost-effectiveness, and rapid printing 

capabilities. These printers rely on heat-sensitive 

paper coated with chemical developers, primarily 

bisphenols such as BPA and BPS, along with other 

additives that facilitate image formation upon heat 

application. While effective, this technology raises 

growing health concerns due to the potential 

transdermal absorption of bisphenols when 

handling printed receipts, particularly with frequent 

or prolonged exposure.Studies suggest that 

bisphenol compounds can disrupt endocrine 

function, contribute to hormonal imbalances, and 

pose risks such as reproductive toxicity, metabolic 

disorders, and increased susceptibility to chronic 

diseases. Given the widespread use of thermal 

printing and occupational exposure risks, 

assessing the systemic toxicity of these chemicals is 

critical.This study aims to evaluate the potential 

health risks associated with thermal printer ink, 

analyzing the extent of exposure, absorption 

pathways, and long-term effects. Additionally, it 

explores safer alternatives, including phenol-free 

thermal paper, plant-based developers, and 

digital receipt systems, which can significantly 

reduce health risks while maintaining printing 

efficiency. By identifying safer and sustainable 

solutions, this research contributes to minimizing 

chemical exposure and promoting health-

conscious printing practices. 

. 

Chemical Composition of Thermal Printer Ink 
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Bisphenols (BPA & BPS): 

Bisphenol A (BPA) is the primary developer in 

thermal printing paper, known for its endocrine-

disrupting properties. Due to increasing regulations, 

BPA has been replaced in some cases with bisphenol 

S (BPS), which exhibits similar toxicological 

concerns. Studies suggest that BPS may be more 

persistent in human tissues than BPA, leading to 

prolonged exposure risks. 

 

 
Fig. Bisphenol 

 

Additional Chemical Components 

Apart from bisphenols, thermal paper ink contains 

phenol-based dyes, stabilizers, and plasticizers. 

Many of these compounds have been linked to 

oxidative stress, genotoxicity, and immune system 

suppression. 

 

Degradation and Chemical Transformation 

Thermal ink degrades over time, releasing volatile 

organic compounds (VOCs) that contribute to 

indoor air pollution. These chemicals can interact 

with human skin and respiratory pathways, causing 

irritation and potential long-term health 

complications. 

 

Pathways of Human Exposure: 

Dermal Absorption: 

The most common route of exposure is through skin 

contact, especially in occupational settings where 

employees frequently handle thermal paper. Studies 

indicate that BPA and BPS can penetrate the 

epidermal barrier, entering systemic circulation 

within minutes. 

 

Inhalation Exposure: 

During high-temperature printing processes, thermal 

ink releases trace amounts of VOCs, which can be 

inhaled, leading to respiratory irritation and 

systemic distribution of toxic compounds. 

 

Oral Ingestion: 

Cross-contamination occurs when individuals touch 

printed receipts and subsequently handle food, 

allowing bisphenols to enter the digestive system. 

This is particularly concerning in food industry 

workers and cashiers. 

 

Health Effects of Thermal Printer Ink Exposure 

Endocrine Disruption: 

Bisphenols act as xenoestrogens, mimicking natural 

hormones and disrupting endocrine function. This 

interference has been linked to metabolic disorders, 

infertility, and developmental abnormalities in 

fetuses and children. 

 

 
Fig. Disruption of Endocrine 

 

Carcinogenic and Mutagenic Effects: 

Animal studies suggest that prolonged exposure to 

BPA and BPS increases the risk of tumor formation, 

particularly in breast and prostate tissues. 

Additionally, oxidative stress induced by these 

chemicals may contribute to DNA damage and 

mutagenesis. 

 

Neurological Implications: 

Emerging research associates BPA and BPS 

exposure with neurobehavioral alterations, 

including anxiety, depression, and cognitive 

impairment. These effects are hypothesized to result 

from disruptions in neurotransmitter signaling 

pathways. 

 

Regulatory Measures and Risk Mitigation 

International Regulations: 

Several countries have imposed restrictions on BPA 

usage in consumer products, including thermal 

paper. However, regulatory loopholes allow 

manufacturers to substitute BPA with structurally 

similar and equally hazardous compounds such as 

BPS. 

 

Development of Safer Alternatives 

Efforts are underway to develop BPA-free and 

phenol-free thermal paper alternatives. Some 

formulations utilize vitamin C-based or urea-based 

coatings, which exhibit reduced toxicity while 

maintaining printing efficiency. 

 

Occupational Safety Guidelines 

Workplace safety measures, such as wearing gloves, 

frequent hand washing, and minimizing unnecessary 

handling of printed receipts, are recommended to 

reduce exposure risks. 

 

CONCLUSION: 



 Journal of Molecular Science 

Volume 32 Issue 1, Year of Publication 2022, Page 30-32    

   DoI- 17.4687/1000-9035.2022.010 

 

32 

Thermal printer ink, especially formulations 

containing bisphenols like BPA and BPS, poses 

considerable health risks through dermal absorption, 

inhalation, and ingestion, with exposure linked to 

endocrine disruption, carcinogenicity, and 

neurotoxicity. Although regulatory efforts have 

sought to limit BPA usage, emerging evidence 

suggests that alternative bisphenols may have 

comparable toxicological effects, raising ongoing 

safety concerns. Given the widespread reliance on 

thermal printing in commercial and industrial 

settings, further research is essential to fully 

understand the long-term health implications and 

identify safer alternatives. Advancements in non-

toxic thermal paper, bisphenol-free coatings, and 

digital receipt technologies are crucial in reducing 

exposure risks and ensuring public and occupational 

health safety. 

 

REFERENCES: 
1. Rochester, J. R. (2013). "Bisphenol A and human health: A 

review of the literature." Reproductive Toxicology, 42, 132-

155. 

2. Liao, C., & Kannan, K. (2011). "High levels of bisphenol A 
in paper currencies and thermal receipt paper globally." 

Environmental Science & Technology, 45(16), 6761-6768. 

3. Hormann, A. M., et al. (2014). "Holding thermal receipt 
paper and eating food after using hand sanitizer: A case study 

on human exposure to BPA." PLoS One, 9(10), e110509. 

4. Biedermann, S., et al. (2010). "Transfer of bisphenol A from 
thermal printer paper to the skin." Analytical and 

Bioanalytical Chemistry, 398(1), 571-576. 

5. Thayer, K. A., et al. (2016). "Bisphenol A, bisphenol S, and 
bisphenol F in urine: Exposure and implications for human 

health." Environmental Health Perspectives, 124(3), 290-

296. 

6. Geens, T., et al. (2011). "Neurotoxic effects of bisphenols: 

Emerging concerns from epidemiological studies." 

Toxicology Letters, 206(3), 278-285. 
7. Flint, S., et al. (2012). "Endocrine disrupting properties of 

bisphenol A: Implications for risk assessment." 
Environmental International, 59, 451-462. 

8. Lakind, J. S., et al. (2010). "Use of bisphenol A in thermal 

paper receipts and the impact on human exposure." 
Environmental Research, 110(8), 885-890. 

9. Rosenmai, A. K., et al. (2014). "Effects of bisphenol A and 

its analogues on the hormonal system." Toxicology in Vitro, 
28(2), 261-268. 

10. Vom Saal, F. S., & Welshons, W. V. (2014). 

"Neurodevelopmental effects of bisphenol A on brain 
structure and function." Trends in Neurosciences, 37(3), 133-

143. 

11. Soto, A. M., et al. (2013). "Environmental endocrine 
disruptors and risk assessment: The role of bisphenol 

analogs." Nature Reviews Endocrinology, 9(6), 354-360. 

12. Zhang, J., et al. (2019). "Occupational exposure to bisphenol 
A and risk of metabolic disorders." Occupational Medicine, 

69(3), 185-192. 

13. Vandenberg, L. N., et al. (2012). "Bisphenol S: The new 

bisphenol A? A comparative toxicological review." Chemical 
Research in Toxicology, 25(7), 1315-1327. 


