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Research from controlled laboratory and real-world field studies has indicated that thirdhand
smoke (i.e., the chemical residue left behind by tobacco smoke) disproportionately affects the
most vulnerable populations, including children, the elderly, and individuals with pre-existing
conditions, as well as lower-income communities residing in older, lower-quality, and multiunit
housing. The chemical residue in thirdhand smoke can linger for years after smoking has
ceased, is difficult and expensive to remove, and can have significant implications for human
health. Refer to the references at the end of this summary for more information.

Who is most affected by thirdhand smoke?

Thirdhand smoke disproportionately impacts the most vulnerable populations, including
children, the elderly, immunocompromised individuals, and low-income communities
with older, lower quality, multiunit housing.

A recent study revealed that 95% of children under 12 living in smokefree homes in
Cincinnati, Ohio, had thirdhand smoke residue on their hands, with significantly higher
measurements among children from the lowest income households.

A study of 220 apartments in low-income multiunit housing in San Diego County,
California, found thirdhand smoke residue in 100% of both non-smoker and smoker
units, with 10% of non-smoker units showing high levels of thirdhand smoke similar to
those found in the homes of currently active smokers.

Thirdhand smoke accumulates in dust and on surfaces in homes, putting children at
greater risk of exposure. They tend to spend more time indoors than adults and have
more contact with thirdhand smoke pollution in their environment, such as crawling on
floors where dust collects and putting objects in their mouths. Furthermore, differences
in breathing patterns, like a faster breathing rate relative to body weight and immature
immune systems, make children more vulnerable to environmental pollutants.

How does thirdhand smoke impact human health?

Thirdhand smoke consists of more than 26 chemicals identified by the state of
California (Prop 65) and the International Association for Research on Cancer (IARC) as
causes of cancer, birth defects, or reproductive harm. This includes many of the same
carcinogens found in secondhand smoke, such as nicotine, N-nitrosonornicotine (NNN),
nicotine-derived nitrosamine ketone (NNK), benzo(a)pyrene, formaldehyde, lead,
cadmium, arsenic, and pyridine.

Studies conducted in real-world settings in California, Ohio, Texas, New York, Spain,
China, South Korea, and Germany have shown that thirdhand smoke can linger in
homes, cars, and even hospital environments for years after smoking ceases.
Thirdhand smoke residue has been found to become more toxic over time as nicotine
on surfaces and in dust transforms into carcinogenic nitrosamines.

The chemicals in thirdhand smoke can harm human DNA. Laboratory studies have
demonstrated that exposure to thirdhand smoke causes cellular DNA damage, stress
responses, and oncogenic characteristics (e.g., changes indicative of cancer
development).

Thirdhand smoke chemicals can damage or kill lung, skin, reproductive, and neural
cells. This was demonstrated using mouse neural stem cells, human dermal fibroblasts,
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human palatal mesenchyme cells, and lung epithelial cells. Exposure to thirdhand
smoke chemicals at very low concentrations has been shown to cause distinct
metabolic changes in two different types of male reproductive cell lines. In vivo studies
in laboratory animals have demonstrated that exposure to thirdhand smoke increases
lung cancer risk, alters behavioral phenotypes, impairs wound healing, and causes
changes to the immune system.

Controlled clinical studies on human exposure have demonstrated that acute inhalation
of thirdhand smoke results in changes to the human nasal epithelial transcriptome,
such as upregulated DNA repair mechanisms and stress-induced mitochondrial
hyperfusion.

A recent proteomics study on dermal exposure to thirdhand smoke in humans revealed
alterations in numerous cellular pathways indicative of the potential to cause diseases
(e.g., atherosclerosis, inflammatory response, dermatitis), similar to changes found in
smokers. Another recent study of chronic human exposure to the lung carcinogen NNK,
at levels present in thirdhand smoke and through relevant exposure pathways (including
dermal uptake), calculated daily doses that exceed the established no significant risk
levels.

A cancer risk assessment of exposure to tobacco-specific nitrosamines in thirdhand
smoke in house dust indicated that exposure during early life (ages 1 to 6) exceeded
the upper-bound risk recommended by the US Environmental Protection Agency in
77% of smokers’ homes and 64% of non-smokers’ homes.

In a prospective cohort study of Chinese female never-smokers, researchers
discovered that exposure to thirdhand smoke was linked to an increased risk of cervical
cancer. The incidence of cervical cancer was 25% higher among those exposed to
thirdhand smoke, and 29% higher for those exposed to both secondhand and
thirdhand smoke. Furthermore, a dose—response relationship was observed between
the duration of exposure and the associated risk.

Researchers in Ohio examined the clinical outcomes of children whose parents smoke
that presented to pediatric emergency or urgent care facilities. After controlling for
urinary cotinine, children with higher levels of thirdhand smoke exposure (as indicated
by nicotine levels on their hands) were found to be at an increased risk of receiving
discharge diagnoses that were previously thought to be exclusive to secondhand
smoke exposure, such as viral or other infectious illnesses, respiratory conditions, and
bacterial infections.

What are other important and costly impacts of thirdhand smoke?
Thirdhand smoke

embedded in homes, hotel rooms, or cars cannot be removed by standard cleaning
practices,

reduces the value of personal property (e.g., homes, apartments, cars, furniture),
significantly increases maintenance costs (e.g., rental properties, hotels, hospitality
venues), and

leads to substantial remediation and remodeling expenses (e.g., complete removal and
replacement of flooring, walls, windows, doors, and HVAC systems may be required).
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