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Your Reading

The Chemistry of Household Cleaning Products

Cleaning products are not all built for the same kind of dirt. All-purpose cleaners often combine surfactants,
water, builders, and solvents to remove everyday soils. Laundry and dish detergents usually rely on
surfactants, builders, and often enzymes or oxygen bleach. Glass and some hard-surface cleaners may contain
alcohols or ammonia because they evaporate quickly and help cut greasy films. Disinfectants may use sodium
hypochlorite, hydrogen peroxide, alcohals, or quaternary ammanium compaunds. Degreasers and oven or
drain cleaners often use strong alkalis, while bathroom and toilet cleaners often use acids because mineral
scale and rust do not behave like grease. In other words, a cleaner’s formula depends on the chemistry of the

mmiess it is meant Lo remove.

You might recognize some ingredient names from househeld labels. Sodium
hypochlorite is the active ingredient in chlorine bleach. Hydrogen peroxide is
used in some oxygen bleaches and disinfectants. Ethanol and isopropyl alcohol ’
act as selvents and disinfectants. Ammonia or aqueous ammonia appears in
some window cleaners. Benzalkonium chloride and related compounds are ‘

quaternary ammanium disinfectants, often called “quats.” Sedium hydroxide —_—
is a strong base found in some drain of oven cleaners. Enzymes such as Chlorine
protease, amylase, and lipase help break down protein, starch, and fat stains, E Bleach
Builders such as alkaline salts help surfactants work better by softening water T

and keeping dirt suspended.

How the chemistry works

The mast important cleaners in many soaps and detergents are surfactants,

short for “surface-active agents.” Surfactant molecules have one end that is attracted to water and another
end that is attracted to oils and grease. Because of that two-part structure, they lower water’s surface tension,
help water spread across a dirty surface, and help form tiny droplets or
particles that keep oily dirt suspended until it can be rinsed away. Builders
strengthen this process by reducing water hardness and maintaining
alkalinity, while solvents help dissolve oily films that water alone cannot
remowe well. Together, these ingredients turn stuck-on soil into something
that can be lifted, surrounded, and washed away.

Alkaline deaners add another layer of chemistry. Strong bases such as sodium
hydroxide can react with fats and oils in a process called saponification. In
simple terms, the base helps break triglycerides into glycerol and fatty acid
salts, which are soap-like substances that are much easier to rinse away. That
is why strong alkalis can cut through greasy oven residue or help open greasy drains. Acid cleaners do almost
the opposite job, They are useful when the “dirt” is mineral scale, soap scum, of corrosion, Acids can
neutralize alkaline residues and react with mineral buildup, helping turn stubborn deposits into more soluble
products. Both acid and alkali chemistry can be very effective, but both can also be corrosive if concentrated.

Disinfectants work by damaging microbes directly. Chiorine bleach works mainly because hypochlorous acid,
or HOCI, is a strong oxidizer; CDC notes that chlorine can inactivate microbes through several pathways,
including oxidation of sulfhydryl enzymes and amino acids, damage to respiratory components, and breaks in
DMA. Its effectiveness depends on pH because HOCI becomes the less microbicidal hypochlorite ion as pH
rises. Hydrogen peroxide Is also an oxidizer, but it works by producing highly reactive radicals that attack
membrane lipids, DNA, and other cell components, Alcohols such as ethanol and isopropyl aleohol kill many

Comprehension and Extension

Questions

microbes mainly by denaturing proteins, and they work best when mixed with water rather than used as
absolute alcohol. Quats act differently: CDC describes them as membrane-disrupting compounds that also
denature essential proteins and inactivate enzymes.

This is where the “quats vs. bleach” comparison becomes useful. Quats are widely used for routine
disinfection of noncritical hard surfaces because they are effective against many bacteria and enveloped
viruses and are easier on some materials. Bleach has a very broad antimicrobial range, is fast acting,
inexpensive, and leaves no toxic residue, but it is also more corrosive, can discolor fabrics, and becomes
dangerous when mixed with other cleaners. CDC also notes important limits: quats are generally not sporicidal
and usually are not reliable against many nonenveloped viruses, while bleach is broader but requires careful
dilution, contact time, ventilation, and storage. The “best” product therefore depends on the job, the surface,
and the safety risks.

Health risks and exposure routes
People are exposed to cleaning chemicals mainly by inhalation, skin or eye contact, and ingestion. A CDC
analysis of U.S. poison-center calls from January to March 2020 found that exposures to cleaners and
disinfectants increased compared with previous years. -

Children age five and under made up a large share of the &
calls, and inhalation showed the largest increase among '
exposure routes. Those numbers do not mean all cleaners
are equally dangerous, but they do show that improper use,
overuse, and unsafe storage can create real health problems
in homes. Spray products can raise inhalation exposure even
mere because they produce airborne droplets and vapors
that can more easily reach the breathing zone.

Inhalation hazards often come from vapors, aerosols, and
VOCs. EPA states that many VOCs are consistently higher
indoors than outdoors and that cleaning, disinfecting, and
degreasing products are among the sources. Short-term
effects can include eye, nose, and throat irritation,
headaches, nausea, dizziness, and breathing discomfort. Ammonia can irritate the skin, eyes, throat, and lungs
and may be especially troublesome for sensitive people, including some people with asthma. CDC’s chlorine
fact sheet explains that chlorine gas damages moist tissues in the eyes, throat, and lungs by forming acids on
contact, which is why even brief exposure can cause burning, coughing, chest tightness, or shortness of
breath.

Skin, eye, and ingestion risks are especially serious with corrosive cleaners. ATSDR states that sadium
hydroxide can cause deep chemical burns and severe eye damage, including blindness in extreme cases,
because strong solutions hydrolyze proteins. Hydrochloric acid is also corrosive to the eyes, skin, and mucous
membranes and can injure the mouth, throat, esophagus, and stomach if swallowed. Ammonia solutions can
burn skin and eyes and may cause blindness after severe eye exposure. Even bleach at household strength can
irritate eyes and the digestive tract and can burn tissues if swallowed. Cleaning chemistry is powerful; that is
why it works, but it is also why labels matter.

A classic dangerous mistake is mixing products. CDC and other health agencies warn never to mix bleach with
ammonia or acids. Bleach and ammonia can produce chloramines, while bleach and acids can release chlorine
gas. CDC documented one real case in which an adult mixed bleach, vinegar, and hot water while cleaning
groceries; she quickly developed coughing, wheezing, and breathing difficulty and needed emergency care.

This is not “stronger cleaning.” It is accidental gas formation. Safe chemistry usually means using one product
at a time, following the label exactly, and rinsing a surface if a different product must be used later.

ironmental fate and indoor air impacts.

hat goes down the drain does not simply disappear. Surfactants vary in how quickly they biodegrade and
1 toxic they are to aquatic organisms, EPA’s Safer Choice program specifically evaluates surfactants based
1 biodegradation rate, degradation products, and aguatic toxicity. EPA also notes that many surfactants in
inventional products can biodegrade slowly or into more toxic, persistent, and bicaccumulative chemicals.
sats create a more complicated picture: review data show that they can be more ecotoxic than many
nionic or anionic surfactants, especially to algae and aquatic invertebrates, yet they are also strongly
moved during wastewater treatment by sorption to solids and biodegradation. That means wastewater
satment reduces risk, but ingredient choice still matters upstream.

doaor air is another environmental pathway. EPA reports that indoor VOC concentrations can be up to ten
times higher than outdoor levels, and older EPA studies found several

also encourages concentrated products with appropriate safeguards and packaging or dilution 5
designed to reduce exposure, These options can lower waste and, sometimes, lower the user's ¢
the product.

Regulation helps translate chemistry into safer practices. In the United States, antimicrobial surf
disinfectants are regulated by EPA, and users are required to follow the label directions on regis
products. In the European Union, REACH requires companies to identify and manage chemical ri
rules require labels to carry pictograms, signal words, hazard statements, and precautionary stat
EU also adopted a new detergents regulation in 2026 that strengthens biodegradability requiren

organics averaging two to five times higher indoors than outdoors. During and
after some activities, levels may rise far above background. A 2023 peer-
reviewed study of 30 cleaning preducts found 530 unique VOCs, including 193
considered hazardous, and conduded that "green” products—especially
fragrance-free ones—tended to emit fewer VOCs than conventional products.
EPA also warns that the terms “green” or “environmentally friendly” on labels
do not automatically tell consumers which VOCs a product may emit indoors,

Chemistry continues after the bottle is opened. EPA nates that indoor VOCs
can react with indoor ozone to form submicron particles and harmful

. byproducts. Peer-reviewed studies have shown that terpene-rich fragrances
from cleaning products, including limonene and pinene-type compounds, can
generate formaldehyde and other secondary pollutants when they react with
orone. Bleach has its own byproduct concerns. Studies of chlorine-bleach-
intaining products have detected chlorinated VOCs such as chloroform, and experimental work shows that
each cleaning can emit reactive chlorine species into indoor air. In short, the first chemical on the label is
\ly part of the story; indoor air chemistry can create new pollutants after use begins.

fer use, g p and
useful rule from COC is that cleaning and disinfecting are not the same thing. In most home situati
raning with soap, water, and scrubbing removes most germs from surfaces, and routine disinfe
ually unnecessary unless someone is sick or a high-risk contamination event has occurred.
sinfectants are needed, COC and EPA say to follow the label, meet the full contact time, use
ntilation, and wear any recommended protection. For bleach, CDC advises using regular
wsehold bleach in the proper concentration range, preparing fresh dilutions, and never,
zaners. EPA’s List N and other registered disinfectant systems exist because effective
bel-based claim, not a guess.,

ing it with other
fection is a legal,

on abandoning
use enzymes break large
ry scent chemicals; EPA
ts, while "unscented” may still
r by reviewing every ingredient in
preducts currently qualify. EPA

reener options usually focus on using less hazardous chemistry for the same jo
emistry, Enzyme cleaners can be very effective on food, body, and pet soils
ain molecules into smaller ones. Fragrance-free products can reduce unneg
lints out that “fragrance-free” means no fragrance materials or maskin,
intain chemicals added to cover odor. EPA’s Safer Choice label goes
product, along with pH, packaging, and VOC restrictions, and nearly,
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pois entre information and consumer safety. Even with those systems, equity issue
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| cleaners, ci dians, and healthcare workers may use products selected by employ

than by personal choice, and peer-reviewed reviews link cleaning-product exposure with occupa

and rhi

s. Clear labels, training, ventilation, and access to safer products are therefore not onl

issues but fairness issues too.
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What is the main job of a surfactant in a cleaning product?
hy are strong alkalis like sodium hydroxide useful in some degreasers and drain cleane
w does chlorine bleach kill microbes?
hat is one important difference between bleach and quaternary ammonium compount
sinfectants?

. Name the three main routes by which people are exposed to cleaning chemicals.
. Why can spray cleaners increase inhalation risk?

What dangerous gases can form if bleach is mixed with ammonia or with acids?

. What does EPA’s Safer Choice program evaluate when it reviews surfactants?
. According to the reading, why is “fragrance-free” different from “unscented”?
0. In most homes, when is routine disinfection usually needed?

Extension Questions

1.

2.
3.
4.

w

Compare a disinfectant and a detergent. How are their goals similar, and how are they di
Why might a bathroom scale remover need different chemistry from a kitchen degreaser
Explain how poor ventilation can change the risks of using the same cleaner.

Why are clear labels and worker training part of environmental justice and public
chemistry?

Design a safer cleaning plan for a classroom or kitchen, Which types of products v

what rules would you set for safe use?
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According to the "Why Landfills Pollute’ section, what are the two main pathways by which landfills can
pollute the environment?

Why do global waste totals differ somewhat between official reports?

According to recent global summaries, what share of municipal solid waste is still unmanaged or
uncontrolled?

Why is methane from landfills an impertant climate problem?

What does the report say about e-waste in relation to landfills?

What happened at the Ghazipur dumpsite that shows how landfill pressure can become a crisis?
Why does the report describe the waste crisis as an environmental-justice Issue?

How can composting or anaerobic digestion help reduce landfill problems?

What is extended producer responsibility?

. Why does the report say no single technology will solve the landfill crisis?

Extension Q i

If your city had to choose between building a larger landfill and investing in organics collection, which
would you recommend first, and why?

How does the South Korea example show the value of policy and public behavior working together?
Why might better waste data change public policy?

What are the strengths and weaknesses of waste-to-energy as part of a waste system?

In your view, which part of the waste hierarchy should get the most attention over the next decade?

Full Answer
Key
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Upgrade to the Grade 8 and Up

Reading Mega Bundle

Includes over 130 readings for students in grades 8 and up. The Grade 8 and Up

: : : Scientific Reading Comprehension
0
bundle covers all science tOpIGS and will save you over 75%. Article Mega Bundle

READING COMPREHENSION CLASSROOM READY ALL my current and future grade 8 and up readings,

ARTICLE & QUESTION = Questions and Answer Key covering the following subject areas:
MEGA BUNDLE » No Prep, Ready-to-Use: Print or assign digitally with

Google Docs, Microsoft Word, and PDF formats for flexible Blﬂlﬂg‘f
classroom use Chemistry
Article with . - - . inki
‘ In clud@ ".I’arlm:l_ Qu_estlnn Types: Kn uwledge,. thinking, Eart — d S pace
Comprehension connecting, application, and open-ended questions.

Questions Ecology and the Environment

Energy
Health
Natural Disasters
Physics

Improve your students’ Literacy and Analysis Skills,
use as an Emergency Substitute Plan or create
Applicability in your classroom

Click to

review and at the same time introducing some concept. | also use this for sub
plan.It is well presented, organized and interesting.

Extremely satisfied - This a great resource. | used this for a sub
plan. It was fun and engaging for my students.

learn more!



https://www.teacherspayteachers.com/Product/Grade-8-and-Up-Science-Reading-Article-Mega-Bundle-4033650
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