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Chapter 11: Essay

The Wonder Chemical, but. . .
What chemical holds the record for saving the most 
lives? Penicillin? Aspirin? Guess again. When it comes 
to saving lives, perhaps the most successful chemi-
cal is chlorine, which has saved many millions of us 
by disinfecting our drinking water. For this reason 
alone, chlorine ranks as a “wonder chemical,” but 
wait, there’s more! About 85 percent of all pharma-
ceuticals and about 95 percent of all crop protection 
chemicals are synthesized using chlorine. Chlorine is 
also an important component of many plastics, and 
it is used in the manufacture of a countless number 
of products. In all, about 45 percent of the U.S. gross 
domestic product is in some way rooted in chlorine 
chemistry. For this essay, we focus on some of the 
details of the wonders of chlorine, beginning with its 
role in disinfecting water and ending with a mindful 
look at some of chlorine’s downsides.

Municipalities chlorinate both drinking 
water and wastewater by bubbling chlorine gas, 
Cl2, through the water. The chlorine reacts with the 
water to produce hypochlorous acid, HOCl, and 
hydrogen and chloride ions. The hypochlorous acid 
is a weak acid, so it mostly stays in a molecular form. 

Notably, the hypochlorous acid molecule is able to 
penetrate the nonpolar microbial cell walls, which 
makes it an effective disinfectant.

Chlorine and hypochlorous acid, as well 
as water-disinfecting bleach solutions, can react 
with organic components of drinking and waste 
waters, creating chlorinated hydrocarbons, many of 
which are cancer-causing. Some municipalities have 
therefore switched to chlorine dioxide, ClO2, which 
doesn’t form chlorinated hydrocarbons so readily.

Most chlorine is manufactured from the 
electrolysis of salt water, as shown in the following 
equation. Notably, this reaction also produces two 
other valuable chemicals, sodium hydroxide, NaOH, 
and hydrogen, H2.

Chlorine is useful for the manufacture of 
many chemical products, even though these prod-
ucts themselves contain no chlorine. To create 
titanium metal, for example, the mineral titanium 
dioxide is reacted with chlorine to form titanium 
tetrachloride, TiCl4 (sometimes humorously called 
“tickle”), which is then reduced by magnesium 
metal, Mg, as shown in the following equations:
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Interestingly, titanium tetrachloride is the 
“ink” used by skywriters. When the pilot is ready 
to maneuver the airplane to spell out words, she 
releases a spray of TiCl4, which reacts with atmo-
spheric moisture to form visibly white titanium 
dioxide particles.

Chemists designing pharmaceuticals and 
crop protection chemicals often add chlorine atoms 
to the structure in order to modify their potency. The 
anti-anxiety agent Valium® is an example.

About one-third of the 40 million tons of 
chlorine produced annually goes to the manufac-
ture of polyvinyl chloride, PVC, which is one of the 
most versatile of all plastics. PVC is ubiquitous, being 
used for pipes, flooring, electrical insulation, wall-
paper, school supplies, swimming pools, and many 
other common products.

So, chlorine has become an integral part of 
modern life. However, we should beware of another 
important aspect of chlorine chemistry. Specifically, 
chlorine reacts with organic molecules to form a 
class of toxic molecules known as persistent organic 
pollutants, also known as POPs. A well-known group 
of POPs are the dioxins, which are represented by the 
compound 2, 3, 7, 8-tetrachloro-benzo-p-dioxin, also 
known as TCDD. These agents cause cancer and dis-
rupt many bodily systems, especially those related 
to reproduction, immune responses, and hormones. 
Children are particularly susceptible because their 
bodies are still developing.

All persistent organic pollutants share at 
least three qualities: (1) They are chemically stable, 
so they don’t decompose in the environment—that 
is, they can “persist” for many years. (2) They are non-
polar toxins that tend to bioaccumulate within fatty 
tissues, especially in organisms higher in the food 
chain, such as humans. (3) They are semi-volatile, 
which enables them to evaporate into the atmo-
sphere and be carried long distances by the wind, 
so they are found globally.

Some POPs, such as the insecticide DDT 
(Discussed in Chapter 15), are created on purpose. 
Many persistent organic pollutants, however, are 
created inadvertently, such as POPs that form upon 
the chlorine bleaching of paper. When possible, 
these POPs are sequestered as wastes. In the past, 
these wastes were not known to be harmful and 
they were often improperly buried, only to create 
later environmental hazards, as occurred at Love 
Canal, New York, in the late 1970s.

Wherever chlorine organic compounds are 
burned, persistent organic pollutants are formed, 
especially when there is a less-than-optimal quantity 
of oxygen available and the burning is incomplete. 
Since the 1970s, however, industrial emissions of 
POPs have declined over 90 percent, largely due to 
enforced regulations and technology that allows 
cleaner burning. Today, the most significant source 
of POPs, especially dioxins, is backyard trash burn-
ing, typically done in large metal barrels. Many 
municipalities now outlaw this hazardous practice.

Just as we are surrounded by the benefi-
cial products of chlorine, so are we surrounded by 
chlorine’s toxic by-products. The average American 
diet, for example, provides about 0.10 nanograms 
of dioxins per day. Even remote regions such as 
Arctic habitats have measurable quantities of POPs. 
In response, nations organized the Stockholm 
Convention on Persistent Organic Pollutants in 2001, 
during which a global protocol for containing POPs 
was created (chm.pops.int).

You are encouraged to do your own literature 
research. Many websites, such as ejnet.org/dioxin 
will tell you POPs are a problem of epic propor-
tions. Others, such as AmericanChemistry.com will 
point to evidence showing that the concentration 
of POPs in humans has been reduced dramatically 
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over the past 30 years, while the production of PVC 
and other chlorine compounds has more than tri-
pled. Chlorine is indeed a wonder chemical, but as 
with any technology, we need to make sure that 
the benefits are well worth the risks. Becoming a 
well-informed citizen is a good place to start.

Think and Discuss
1. We live in a time when over a billion people 
around the world lack access to safe drinking water. 
Chlorine powders, such as sodium hypochlorite, 
NaClO, however, can provide a family with safe 
drinking water for as little as 10 cents a day. What 
agencies or institutions should be involved in get-
ting such water disinfectants to people who need 
them? What obstacles might be. encountered? How 
might they be overcome?

2. What would you do if you discovered that your 
neighborhood was built upon a leaking toxic waste 
dump? Might you be able to sell your house? What 
would you do if governmental agencies told you 
that there was no proof that the toxic wastes were 
causing you harm?

3. The compound tetraethyl lead, Pb(CH2CH3)4, 
was first formulated with gasoline in the 1920s to 
help car engines run more smoothly. It was known 
to be poisonous to humans, yet a ban on leaded 
gasoline in the United States didn’t occur until the 
1970s. In many countries, leaded gasoline is still in 
use. Explain how this does or doesn’t relate to the 
chlorine industry.

4. Why are we not in danger of ever running out of 
chlorine? Does this mean that the cost of producing 
chlorine will remain relatively stable?

5. How much effort should really be put into con-
trolling POPs when average life spans of humans 
continue to increase?

C O N C E P T   C H E C K
Why should you never discard plastic wrap in 
a hot barbeque grill?

CHECK  YOUR  ANSWER    Many plastic 
wraps contain chlorine. The combustion of 
this plastic puts forth a large dose of dioxin 
and other POPs directly onto your food and 
into the air you breathe.
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1. All agencies, be they governmental, private, reli-
gious, or whatever, ought to consider being involved 
in helping to provide water disinfectants to people who 
need them. According to the United Nations, about 
6000 children die every day from diseases that can be 
prevented by improved water and sanitation. Over the 
past decade this has added up to the deaths of about 
22 million children.

2. You should contact National Superfund Hotline of the 
Environmental Protection Agency at 1-800-424-9346. 
To report oil or chemical spills, call 1-800-424-8802. 
To brush up on your knowledge of the history of the 
Superfund Act, be sure to read the essay appearing 
with Chapter 6.

3. Tetraethyl lead, like dioxins and PCBs, were known 
to be causing harm to humans well before regula-
tions were set in place. As presented in Chapter 15, 
the chlorinated persistent organic pollutant, DDT, was 

banned from use in the United States in the 1970s. 
This compound, however, is still widely used in other 
regions of the world, primarily to control the spread of 
malaria-causing mosquitos, which, to these nations, 
pose an even greater risk.

4. Chlorine is produced from sodium chloride, which is 
most abundant, especially in our oceans. The energy it 
takes to transform sodium chloride to chlorine, how-
ever, is significant. As the cost of energy increases, so 
will the cost of producing chlorine.

5. Quality of life counts as much if not more so than 
quantity of life. The world, however, is faced with so 
many issues. Ideally, each issue gains the attention 
it needs, but we would be wrong not to prioritize the 
issues. For example, many would argue that top pri-
ority should be given to helping developing nations 
to control birth rates, which happens naturally when 
the standard of living within a country is increased.

Author Responses to Think and Discuss


