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CHEMISTRY

A path to clean water

Reduced chemicals input must complement wastewater
treatment to ensure the safety of water resources

By Klaus Kiimmerer', Dionysios
D. Dionysiou?, Oliver Olsson’,
Despo Fatta-Kassinos®

‘hemicals, including pharmaceuticals,
are necessary for health, agriculture
and food production, industrial pro-
duction, economic welfare, and many
other aspects of modern life. However,
their widespread use has led to the

presence of many different chemicals in the
water cycle (7, 2), from which they may en-
ter the food chain (3, 4). The use of chemicals
will further increase with growth, health, age,
and living standard of the human population.
At the same time, the need for clean water
will also increase, including treated wastewa-
ter for food production and high-purity water
for manufacturing electronics and pharma-
ceuticals. Climate change is projected to fur-
ther reduce water availability in sufficient
quantity and quality. Considering the limits
of effluent treatment, there is an urgent need
for input prevention at the source and for the
development of chemicals that degrade rap-
idly and completely in the environment.

LIMITATIONS OF WASTEWATER TREATMENT
Conventional wastewater treatment has
contributed substantially to the progress
in health and environmental protection.
However, as the diversity and volume of
chemicals used have risen, water pollution
levels have increased, and conventional
treatment of wastewater and potable water
has become less efficient. Even advanced
wastewater and potable water treatments,
such as extended filtration and activated
carbon or advanced oxidation processes,
have limitations, including increased de-
‘mand for energy and additional chemicals;
incomplete or, for some pollutants, no
removal from the wastewater; and gen-
eration of unwanted products from parent
compounds, which may be more toxic than
their parent compounds (5, 6). Microplas-
tics are also not fully removed (7), and ad-
vanced treatment such as ozonation can
lead to the increased transfer of antibiotic
resistance genes, preferential enhance-
ment of opportunistic bacteria, and strong
bacterial population shifts ().
Furthermore, water treatment is far from
universal. Sewer pipes can leak, causing
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events, wastewater and urban stormwater
runoff is redirected to protect sewage treat-
ment plants; this share of wastewater is
not treated. Such events, as well as urban
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flooding, are likely to increase in the future
because of climate change. Globally, 80% or
more of wastewater is not treated.

INPUT PREVENTION

The limitations of treatment technologies
call for more emphasis on input preven-
tion. Pollution reduction at the source will
allow water treatment to be more effective
and efficient to meet quality objectives.
When sufficient input prevention measures
are available, end-of-pipe treatment can be
more targeted and thereby more effective.

For industrial wastewaters, there are
several components to this input preven-
tion approach, including using fewer differ-
ent chemicals in manufacturing; replacing

with

chemicals; keeping water flows of different
composition separate; and keeping auxiliary
chemicals (which support manufacturing
processes and are not part of the product)
in closed loops for reuse and eventual recy-
cling. Regulations supporting this approach
include the U.S. Clean Water Act Amend-
ments, which stipulate zero discharge pro-
motion to reduce pollutant discharge.

Zero discharge has become effective, for
example, in semiconductor and textile in-
dustries. In the best case, it enables recovery
of auxiliary and product ingredients that did
not end up in the product. For example, in
the manufacturing of textile fibers and their
processing, such as dyeing, some ingredi
ents can be separated, purified by crystalli-
zation, and reused. In India, zero discharge
is mandatory for textile and chemical in-
dustries. Many dyeing factories were closed
down by the government a few years ago
and allowed to reopen only once zero dis-
charge measures were in place. Polluted wa-
ters are treated inside the factories; salt, for
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