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Ethylene oxide (Et0) has been a cornerstone of medical device sterilization due to its ability to
effectively eliminate microbial contamination from heat and moisture sensitive equipment.
However, growing concerns over its carcinogenic properties, environmental persistence, and
increased regulatory scrutiny have prompted discussions on the need for safer alternatives.
This paper explores the health hazards and environmental risks associated with EtO, presents
real-world case studies illustrating its dangers, and evaluates chlorine dioxide (ClO,) as a
viable alternative sterilant.

HEALTH RISKS AND REGULATORY CHALLENGES

Exposure to EtO has been linked to severe health outcomes, including carcinogenesis,
neurotoxicity, and reproductive toxicity. According to the Centers for Disease Control and
Prevention (CDC), prolonged exposure can result in DNA damage, cognitive dysfunction, and
elevated cancer risk, necessitating stringent occupational safety measures.’

The Environmental Protection Agency (EPA) classifies EtO as a human carcinogen,
emphasizing its association with increased incidence of leukemia and lymphoma, leading to
intensified emission control measures.?

The Occupational Safety and Health Administration (OSHA] has established exposure limits
to mitigate EtO’s health effects, recognizing its potential to cause genetic mutations,
respiratory distress, and long-term systemic toxicity.® Additionally, the American Hospital
Association (AHA] has drawn attention to new EPA mandates that impose stricter regulations
on medical sterilization facilities, increasing compliance demands.*

Further studies indicate that even
low-dose, chronic exposure to EtO can
contribute to cumulative toxic effects,
particularly in sterilization workers. The
environmental implications are also
significant, as EtO emissions contribute
to air pollution, posing risks to
surrounding communities. The escalating
regulatory landscape signals a growing
necessity for alternative sterilization
technologies that can maintain microbial
efficacy without endangering human and
environmental health.
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CASE STUDIES: REAL-WORLD CONSEQUENCES OF EtO USE

Industrial Accidents and Explosion Hazards

The Italian Association of Chemical Engineering (AIDIC) conducted an investigation into a series
of industrial explosions caused by EtO accumulation in sterilization facilities. Between 1994 and
1999, at least ten such incidents were reported, leading to worker injuries and fatalities.®

Insufficient ventilation, inadequate monitoring systems, and improper storage practices
were identified as key contributors to these incidents. The financial repercussions of such
explosions are also substantial, often resulting in lengthy facility shutdowns, legal action,
and costly overhauls of sterilization infrastructure.

Occupational Health Risks and Worker Exposure

A comprehensive study published in the New England Journal of Medicine (NEJM) followed
over 18,000 workers in EtO sterilization plants and identified a statistically significant
correlation between long-term EtO exposure and increased mortality from hematologic
cancers, particularly leukemia and stomach cancer.®

Epidemiological data further suggests that sterilization workers who have been consistently

exposed to EtO exhibit higher instances of neurological impairments and respiratory disorders.
Studies also indicate that populations residing near EtO sterilization plants experience elevated
cancer rates, intensifying public health concerns. These findings have spurred advocacy efforts
to push for legislative reforms aimed at phasing out EtO in favor of less hazardous alternatives.

Legal and Financial Liabilities

The legal ramifications of EtO exposure have been exemplified in the case of Cosmed Group Inc.,
a medical sterilization company that declared bankruptcy in November 2024 after facing over
300 lawsuits related to EtO-linked cancer diagnoses. Plaintiffs alleged that prolonged exposure
to EtO contributed to severe health conditions, resulting in significant financial settlements and
operational challenges for the company.’

Other sterilization firms have
encountered similar legal
challenges, with litigation costs
increasing as affected individuals
seek reparations for EtO-related
illnesses. This trend is reshaping
risk assessments within the
industry, prompting medical device
manufacturers to explore alternative
sterilization methods that minimize
liability exposure and align with
evolving regulatory expectations.
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CHLORINE DIOXIDE: AN IDEAL ALTERNATIVE
FOR MEDICAL DEVICE STERILIZATION

In response to the growing scrutiny surrounding EtO, the healthcare sector is actively investigating
alternative sterilization technologies. Chlorine dioxide (ClO,) has emerged as a compelling candidate
due to its potent antimicrobial properties and reduced toxicity profile.

A study published in the Public Library of Science (PMC]) evaluated the efficacy of ClO, gas in
disinfecting complex medical devices, including gastrointestinal endoscopes. The findings
demonstrated that ClO, effectively eradicates Bacillus atrophaeus spores, a recognized benchmark
for sterilization efficacy, without leaving harmful residues or requiring prolonged aeration times.®

ClO, offers several advantages over EtO:

Shorter Aeration Time: Unlike EtO, which necessitates extensive aeration to eliminate
residual toxicity, ClO, decomposes into benign byproducts, allowing for faster device turnover.

Reduced Chemical Residue: ClO, leaves minimal residual contamination, making it better for
both patients and healthcare workers.

Lower Environmental Impact: ClO, does not produce harmful air pollutants, making it a more
sustainable sterilization option.

As regulatory pressures mount and industry leaders seek viable replacements for EtO, ClO, is
gaining traction as a next generation sterilant capable of achieving the required sterility assurance
levels without compromising safety. Medical institutions and sterilization service providers that
proactively adopt ClO, can mitigate health risks, regulatory burdens, and financial liabilities while
ensuring optimal sterilization performance.

CONCLUSION

The increasing scrutiny of EtO due to its documented health hazards, environmental concerns, and
legal challenges underscores the need for safer sterilization alternatives. The evidence presented in
this paper highlights the real-world consequences of continued EtO use, from occupational risks and
industrial accidents to financial liabilities and regulatory crackdowns.

Chlorine dioxide has demonstrated promising efficacy as an alternative sterilant, offering a reduced
toxicological profile while maintaining the necessary sterilization standards. As the healthcare
industry navigates shifting regulations and heightened risk exposure, adopting ClO, as a primary
sterilization method represents a forward-thinking approach to safeguarding both public health and
environmental integrity.

For organizations looking to transition to chlorine dioxide sterilization solutions, PureLine offers
industry-leading expertise and cutting-edge ClO, sterilization technologies. Contact PureLine today
to learn how your medical facility can implement less toxic, more effective sterilization processes
that meet regulatory requirements while prioritizing patient and worker wellbeing.

: pureline.com
PurELl ne infoldpureline.com
] 847-963-8465
The leader in chlorine dioxide

generation + application. 1241 N. Ellis Street

Bensenville, IL 60106
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