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Primary Inquiry

A public health practitioner raised a question about the misuse and overuse of disinfectants as a result
of heightened concerns about SARS-CoV-2 transmission via environmental surfaces, and the potential
for acute and chronic health impacts due to the use of certain disinfectant products. This document is
a rapid review of literature to answer the following questions:

1. What are the potential health effects associated with exposure to disinfectants?
2. Arethere safer substitutions for common disinfectants that have lower risks of long-term
adverse health effects?

Disclaimer: The information provided here is for the purpose of addressing a specific inquiry related to
an environmental health issue. This is not a comprehensive evidence review. The information offered
here does not supersede federal, provincial, or local guidance or regulations.

Methods

A search was conducted in EBSCOhost databases and Google Scholar with variations of the following
keywords: (disinfect OR disinfectant OR disinfection OR clean OR cleaning OR cleaner); (asthma OR
respiratory OR chronic OR health effects OR health impacts); (sodium hypochlorite OR bleach OR
quaternary); (domestic OR home OR house OR occupational OR work). A search for relevant
regulations and grey literature was also conducted in Google Search Engine using variations of the
above keywords. Only English language articles were included. A perusal of the title and abstract was
performed before the article was included for review.
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Introduction

The COVID-19 pandemic brought to light the importance of cleaning and disinfecting homes and public
settings. Non-pharmaceutical public health measures such as physical distancing, hand hygiene, proper
respiratory hygiene/cough etiquette, face coverings, and increased surface cleaning and disinfection
have been touted as appropriate interventions against SARS-CoV-2 transmission, especially when used
concurrently.

With increased surface cleaning and use of hand sanitizers and disinfection products, there is concern
over the risk of misuse and over-exposure to these products. Canadian data showed that between
March to June 2020, telephone calls to poison information centres about exposures to hand sanitizers,
disinfectants, bleach, chlorine gas, and chloramine gas have increased compared to the same time
periods in 2019.1 Data from the US from January to March 2020 showed a sharp increase in the daily
number of calls to poison information centres concerning cleaning and disinfection products beginning
in March, compared to data from 2018 and 2019.?

How are disinfectants registered and regulated in Canada?

In Canada, surface disinfectants are governed by the Food and Drug Act and evaluated by Health Canada
before being assigned a Drug Identification Number (DIN).>™ This number shows that the product has
been evaluated and approved for marketing and sale in Canada.? Disinfectant registration applications
are required to demonstrate efficacy against the microorganisms that the product claims to kill, such as
bacteria, fungi, or viruses, and to provide information on surface compatibility and clear usage labels to
prevent acute health hazards.®

A comprehensive evaluation of the potential chronic health impacts from exposure to non-food contact
disinfectants is not mandatory in Canada.>® Toxicological data to support the safety of a product is only
required for disinfectants that may come into contact with food.>® In the US, the Environmental
Protection Agency also reviews the efficacy of disinfectant products against microorganisms that they
claim to kill, but does not evaluate all the potential health impacts associated with the active ingredient.’
While Safety Data Sheets provide information on the hazards and safe handling practices for dangerous
substances in disinfectant products, additional information on adverse health effects such as sensitizers
and allergens may not be readily available or carefully reviewed prior to use by the consumer.®
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What are the common active ingredients in disinfectants?

There are several main classes of active ingredients used in disinfectants: bleach, quaternary
ammonium compounds, peroxides, chlorine dioxide, citric acid, ethanol, hydrochloric acid,
hypochlorous acid, lactic acid, phenols, sodium chlorite, and thymol.® These chemicals may be used
either on their own or in combination to kill or inactivate a variety of microorganisms.® Of these active
ingredients, three main classes of active ingredients are effective against a broad range of pathogenic
microorganisms with adequate concentration and contact time: bleach (sodium hypochlorite),
peroxides, and quaternary ammonia.’ For more information about disinfectants for use against SARS-
CoV-2 and recommendations for concentration and frequency, please consult the NCCEH guidance
document, Reducing COVID-19 Transmission Through Cleaning and Disinfecting Household Surfaces.

What are the potential acute and chronic health risks of
disinfectants?

Adverse health impacts from exposure to disinfectants can be categorized into acute adverse reactions
and chronic health impacts. Acute reactions may be a result of misuse and overuse of disinfectants.
Chronic health impacts may be due to long-term exposure to certain chemicals used in disinfectants,
whether separately or in combination.

Acute health impacts

According to data from US poison information centres, a sharp increase in total number of calls
regarding accidental exposures to cleaners and disinfectants was recorded in March 2020 compared to
March 2019.2 A large percentage of total calls was related to exposures among children aged <5 years.?
Canadian poison information centres observed the same increase in total number of calls in March
2020, although not the same trend related to children.! A survey of American adults in May 2020 found
knowledge gaps in several areas including safe preparation of disinfectant solutions, use of personal
protective equipment while using disinfectants, and safe storage of disinfectant products.’’ Some
respondents reported using sodium hypochlorite on food items or on hands or skin, misting their bodies
with a disinfectant spray, inhaling disinfectant vapours, and drinking or gargling diluted disinfectant
solutions.*®

Misuse of disinfectants includes the improper preparation of disinfectant solutions, and the improper
mixing of sodium chlorite with other products containing ammonia or acids. Users may be exposed to
an excessive concentration of the disinfectant, or dangerous by-products, as a result of chemical
reactions caused by improper mixing of products.
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Sodium hypochlorite reacts with ammonia, which may be found in cleaning products, glass and window
cleaners, urine (potentially in diaper pails, cat litter boxes), and interior and exterior paints, to produce
chloramine gases. These gases may cause symptoms including cough, shortness of breath, chest pain,
wheezing, nausea, watery eyes, irritation to the throat, nose, and eyes, and/or pneumonia and fluid in
the lungs. 1! Chlorine gas is produced when sodium hypochlorite is combined with acids that may be
found in cleaning products, automatic dishwasher detergents and rinses, rust removal products, and in
lime, calcium, or vinegar. Mixing sodium hypochlorite with hot water also produces chlorine gas.
Exposure to low-levels of chlorine gas may cause symptoms including cough, shortness of breath,
burning and watery eyes, and runny nose.'* When chlorine gas is combined with water, hydrochloric or
hypochlorous acids are formed and can cause burns to the skin, eyes, nose, throat, mouth, and lungs.**
Exposure to high levels of chlorine gas may lead to death.

Overuse of disinfectants includes the excessive use of disinfectants over the recommended frequency,
which may lead to overexposure and acute adverse reactions, as well as chronic health impacts as
discussed in the following section.

Chronic health impacts

Cleaning agents are often used in conjunction with disinfectant products. Many of these products
contain several ingredients (e.g., perfume and other sensitizers) that may also trigger asthma and
allergies. This may pose challenges when examining the association between long-term exposure to an
individual active ingredient and adverse health outcomes. Health outcomes such as asthma and rhinitis
may also be due to exposure to chemical by-products, such as chloramines and chloroform (a known
carcinogen), from improperly mixed products.>*? Other indoor contaminants that may also trigger
asthma and other adverse respiratory health outcomes include volatile organic compounds from
furniture, carpets, and paint, as well as tobacco smoke, mould, dust, and other allergens and airborne
particulates.®3

Occupational exposure to disinfectant products

Areview of epidemiological studies found that there is some evidence of association between exposures
to spray disinfectants and asthma symptoms among both professional and non-professional users.'*
However, a causal relationship cannot be established. A systematic review of 24 epidemiological studies
found that occupational exposure to cleaning and disinfectant products is associated with an increase
in the risk of asthma and rhinitis.!? It was found that there is a dose-response relationship between
asthma or new-onset asthma and exposure to specific products including ammonia, bleach, chloramines
(from mixing bleach with cleaning products) and cleaning sprays.? An earlier literature review supports
the association between exposure to cleaning and disinfectant products and adverse respiratory
impacts, exacerbated asthma, and new-onset asthma in cleaning staff, healthcare professionals, and in
private homes.'>® Frequent low-level exposure to irritants including chlorine, ammonia, hydrochloric
acid, chloramine, and sodium hydroxide is associated with asthma symptoms.1* Occupational exposure
to quaternary ammonium compounds has also been found to increase risk of rhinitis and asthma among
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healthcare workers.'*® A literature review of health risks associated with the three most common
disinfectant classes (sodium hypochlorite, quaternary ammonium compounds, and peroxides), found
that sodium hypochlorite and quaternary ammonium compounds are associated with adverse
respiratory health impacts.’ Hydrogen peroxide appears to have low risk at concentrations used in
disinfectant products and has not been associated with asthma or nasal irritation.’

Non-occupational exposure in adults

Studies examining the association between domestic use of disinfectants and adverse health effects in
adults is limited. A survey of elderly adults found that weekly use of irritating cleaning products,
including bleach and ammonia, exhibits a dose-response relationship with asthma symptoms.*® Another
large study involving adults from 10 European countries concluded that increased use of bleach in
homes is associated with lower rates of allergic reactions to common indoor and outdoor allergens, but
higher prevalence of asthma and lower respiratory tract symptoms.?° A study found that frequent use
(4-7 days per week) of disinfectants in general (authors did not isolate effects from single disinfectants)
was associated with increased risk of asthma in young adults, with some evidence of a dose-response
relationship.?! However, low use of disinfectants (1-3 times a week) was associated with a remission of
asthma incidence, possibly due to decrease in indoor allergens.?! A study involving various types of
domestic cleaning products found that at least once-a-week use of general cleaning sprays, glass-
cleaning sprays, furniture sprays, and air-freshening sprays was associated with asthma, but not for
bleach or ammonia.?? The reason for this apparent disagreement is unclear, although it may be due to
the frequency of use examined in this study, as other studies demonstrated evidence of a dose-response
relationship between disinfectant exposure and asthma incidence. Establishing a causal association
between exposure and adverse health outcomes is challenging as many studies often group cleaning
and disinfectant products together. The use of questionnaires in most studies may be prone to recall
bias in the survey respondents.

Indoor exposures in children

Increased use of household disinfectants containing bleach and hydrogen peroxide was found to alter
the gut microbiota of infants at 3-4 months of age.?* Overrepresentation of Lachnospiraceae is a strong
predictor of higher likelihood of being overweight at age 1 and beyond.” A study found that after
adjusting for exposure to other indoor air contaminants and other confounding factors, children whose
mothers more frequently used chemical-based household products during pregnancy were more likely
to experience wheeze during early childhood.'®* Another study examining children who were passively
exposed to bleach as a disinfectant at home and in school found an increased frequency of respiratory
symptoms such as respiratory inflammation and recurrent bronchitis, as well as other related
infections.?* However, the authors could not confirm whether other indoor contaminants within the
homes or the schools acted as confounding factors. Conversely, another study found that cleaning with
bleach at least once a week in homes seemed to have a protective effect against the development of
asthma in children, possibly due to more effective reduction of indoor allergens and other microbial
agents in homes.?” However, this protective effect disappears in children who are also exposed to
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environmental tobacco smoke, and these children appear to have a higher risk of development
recurrent bronchitis.? It is uncertain what may be the reason for the disagreement among studies.
Some possible reasons may be due to differences in frequency of disinfectant use, presence of other
indoor contaminants, and recall bias in study participants as many studies relied on questionnaires for
data collection, among other reasons.

Does the application method influence the risk of adverse
health outcomes?

There are a variety of ways to apply disinfectants. These methods range from manual application with
trigger spray bottles to more technologically advanced techniques such as large mechanical sprayers,
electrostatic sprayers, and foggers. The technique used depends on many factors, including the type of
setting, target surfaces, the intended purpose, size of room or number of surfaces to be treated, and
presence of other occupants. Manufacturers of disinfectant products are required to provide clear
usage and safety instructions to maximize the effectiveness of disinfection while minimizing harm to
users and occupants.

As disinfectants have been shown to be associated with adverse respiratory health impacts, application
of disinfectants via sprays may facilitate respiratory exposure to airborne particles.??’ Studies have
demonstrated that asthma incidence is associated with the use of cleaning and disinfectant sprays, with
limited evidence of a dose-response relationship.1*?2?” While liquid disinfectants may also volatilize, it
would depend on the surface being treated, the dilution used, and the ambient temperature.?’ The size
of particles dispersed via different types of sprayers, ranging from trigger spray bottles, electrostatic
sprayers, and foggers differs. Many factors including aerosol size, shape, density, surface characteristics,
and evaporation rate dictate how long aerosols stay airborne and where the aerosols eventually deposit
in the respiratory tract.26?42° As some studies have found a dose-response relationship between
exposure to certain disinfectant products and irritation symptoms and asthma, level of exposure may
be the main risk factor for adverse health outcomes, especially for domestic cleaning workers in poorly
ventilated areas.'?

Electrostatic sprayers and disinfectant foggers typically produce smaller droplets compared to handheld
trigger sprayers. For a general overview of these types of sprayers, refer to the NCCEH document COVID-
19 in indoor environments — Air and surface disinfection measures. Electrostatic sprayers such as the
Clorox Total 360 System Electrostatic Sprayer produce droplets ranging from 40-60 um, while fogging
systems may produce droplets as small as 1-10 pm depending on the process used.3%3! Disinfectant
fogging machines may be problematic for occupants as the small droplets are able to linger in the air
for a prolonged period of time. The use of a disinfectant fogging machine to disinfect ambulances led
to complaints of nausea, migraines, headaches, and eye and skin irritation.3> The US CDC does not
recommend disinfectant fogging using older machines which use chemicals such as formaldehyde,
phenol-based agents, or quaternary ammonium compounds due to ineffectiveness and adverse health
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effects on workers and other occupants.®® The safety of newer fogging technologies using chemicals
such as ozone and vaporized hydrogen peroxide is still being investigated.?

What are some options to lessen unintended health impacts
due to disinfectant use?

Surface disinfection is only one of a number of interventions that reduces the transmission risk of
pathogenic microorganisms such as SARS-CoV-2. Personal practices such as proper hand hygiene,
physical distancing, and wearing face coverings are important non-pharmaceutical interventions to
reduce transmission risk, particularly when they are used in combination. Respiratory droplets and
aerosols are recognized as the primary transmission route of SARS-CoV-2.3* While fomites may
theoretically contribute to the risk of transmission, the evidence to support this pathway is still being
investigated. Therefore, the health risks of overexposure to potentially harmful disinfectants should be
balanced with the need to prevent viral transmission. Some studies have found a dose-response
relationship between disinfectant exposure and asthma incidence. The BC Centre for Disease Control
recommends disinfecting high-touch surfaces once every few days if no one in the household has
COVID-19 or symptoms of illness.?®> This may be adequate to prevent SARS-CoV-2 transmission while
reducing the likelihood of adverse health effects from disinfectant exposure.

Prior to implementing a routine disinfection policy, a proper risk assessment should take the following
into consideration:3®

e Local context and prevalence of the virus
e Characteristics of the setting such as occupancy, and duration and proximity of contact
e Characteristics of the population in the setting

Several recommendations have been suggested in the literature to reduce health risks from disinfectant
exposure and improve respiratory health:137-3

e Substitute cleaning and disinfectant sprays with liquid products that are manually applied with
a cloth

e Substitute sodium hypochlorite and quaternary ammonium compounds with other
disinfectants that have lower health risks

e Improve personal protective equipment worn by users

e Increase ventilation during and following treatment

e Follow label usage instructions and avoid mixing cleaning and disinfectant products
e Provide proper worker training in safe cleaning and disinfection practices

e Avoid using cleaning and disinfectant products around children
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e Allow the area being treated to air out following application
e Clearly label disinfectants and store away from children and pets

There are organizations in Canada and the US that act as third-party certifiers to identify cleaning and
disinfectant products that may be less hazardous to health and more environmentally friendly. These
include EcolLogo, Green Seal, and the US EPA’s Design for the Environment program.”*® Active
ingredients in disinfectants that are safer alternatives include caprylic acid, citric acid, hydrogen
peroxide, lactic acid, and silver.° It is important to cross-reference Health Canada’s list of hard-surface
disinfectants (COVID-19) to ensure effectiveness against SARS-CoV-2.

Summary

Surface disinfection is one of the interventions that is frequently recommended to reduce the risk of
SARS-CoV-2 transmission. However, reports of acute health effects due to misuse and overexposure to
disinfectants have been on the rise since early 2020. While businesses and facilities strive to implement
more stringent cleaning and disinfection policies, some public health practitioners have raised concerns
about the potential of disinfectants to increase the risk of asthma and wheezing. As such, there is merit
for public health practitioners to provide clear recommendations about appropriate and safe cleaning
and disinfection practices that would protect people from potentially harmful disinfectants while
reducing the transmission risk of SARS-CoV-2.
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