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Abstract:

Green chemistry, a cornerstone of sustainable practices, is transforming the pharmaceutical industry
by minimizing or eliminating the use and production of harmful substances. This review delves deep
into the 12 Green Pharmacy Principles, a guiding force for designing eco-friendly and health-
conscious medication production processes.

We explore how these principles are being implemented across various aspects of drug development,
from molecule design and synthesis to production, distribution, and disposal. Exciting advancements
like biocatalysis, renewable feedstocks, innovative solvents, and energy-efficient methods are
discussed, showecasing their potential to minimize environmental impact and create economic
opportunities. By embracing these green principles, the pharmaceutical industry can pave the way for
a healthier planet and ensure the development of safer and more sustainable medications for
generations to come.

Keywords: Photocatalysis, lonic Liquids, Supercritical Fluids, Microwave Irradiation, Green
Chemistry, Biocatalysts, and Biomass.

1. Introduction:

Being green has recently become a trend in product marketing and a flashpoint for environmentalists.
(The colour green represents chlorophyll and the colour of the dollar.) To be green, chemists must
apply green chemistry principles to all facets of the chemical sciences, including basic and applied
research, production, and teaching.[1] Chemical products should be created such that they break down
in the environment after use and do not linger there afterward, according to the Environmental
Protection Agency's definition of "green chemistry” components with a low environmental impact.[2]
Savings from effective synthesis without the use of "exotic" reagents, decreased energy needs, and
the substitution of organic solvents with water are significant even at the laboratory scale, with
millions of dollars in savings possible at the industrial scale.[3] Green chemistry is an ethical,
multidisciplinary method of science that emphasises chemical, ecological, and social responsibility
while fostering innovation and the growth of creative research The utilisation of natural resources,
economic development, and environmental preservation are all balanced in an effort to achieve and
preserve this equilibrium.[4,5,6,7,8] Trends in Green Chemistry: which is defined as "a programme
for the design, development, and implementation of chemical products and processes that decrease
or eliminate the use or production of hazardous substances,” a number of significant trends are
involved in both the production of substances that are harmful to both human health and the
environment as well as the achievement of the program’'s main objectives.[9,10,11,12] Researchers
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study catalytic and biocatalytic techniques to produce highly selective, pure compounds without
producing dangerous by-products. Creating less dangerous and more sustainable chemicals; creating
and testing new, non-toxic, renewable reaction media like supercritical fluids, ionic liquids, and
water; and creating and testing new reaction environments like those that use microwave, ultrasound,
and light [13.14,15]. According to the goals, green chemistry "changes stable industrial practice—
generates, pollutes, then cleans, and in the late 20th century, becomes the heart and soul of industry.
“Green chemistry, sometimes referred to as environmentally friendly, safe, and sustainable chemistry,
refers to the development and application of chemical goods and procedures that reduce or completely
do away with the usage and production of dangerous substances [16,17,18,19,20]. By minimising
exposure to dangerous chemicals, green chemistry seeks to diminish and possibly even eliminate the
risk, negating the need for exposure control. If hazardous substances are not used or produced, there
is no need to be concerned about removing them from the environment or restricting exposure to
them. Green chemistry, sometimes referred to as sustainable chemistry, is a type of chemical
engineering and examination. [21,22] It is about reducing waste, raw materials, dangers, energy,
environmental effects, and costs [23]. It is a branch of chemistry and chemical engineering that is
concerned with producing products and methods that use hazardous materials as little as possible
[24,25]. The study, creation, and use of chemical products and processes are intended to reduce or
end the production and use of dangerous substances for the environment and human health. [26,27,28]
As the term implies, proponents of "green chemistry” work to change how people view chemicals,
especially man-made organic molecules. By (re) designing chemicals and the methods used to make
them at the molecular level, problems are to be avoided. [30,31,32,33,34,35] What could ultimately
lead to a significant overhaul in chemical synthesis methods, raw materials, by-products, and end
products has started to develop in recent years, albeit with little debate or publicity. The phrase "green
chemistry" was first used by Anastas from the US Environmental Protection Agency (EPA). The US
Green Chemistry Program was formally formed by the EPA in 1993. [36,37,38] It has since acted as
a focal point for activities all around the country, including the Presidential Green Chemistry
Challenge Awards and the annual Green Chemistry and Engineering Conference. That is not to claim
that there was no green chemistry research done prior to the early 1990s; it simply lacked a name.
Since the early 1990s, both Italy and the United Kingdom have spearheaded substantial programmes
in green chemistry, as well as, more recently, the Green and Sustainable Development Goals.
[40,41,42,43] In Japan, the Chemistry Network was established. The Royal Society of Chemistry
provided funding for Green Chemistry to print its debut issue in 1999. We may therefore confidently
predict that green chemistry is here to stay [44.45.46]. A good working definition of green chemistry
is as follows: green chemistry efficiently uses raw materials (preferably renewable ones), reduces
waste, and stays away from the use of dangerous and toxic chemicals and solvents in the production
and usage of chemical products.[47,48,49] As Anastas has shown, building environmentally friendly
products and processes (benign by design) is the overarching principle. Introduction: Can the
Pharmaceutical Industry Embrace Green Chemistry? Although the groundwork for "Green and
Sustainable Chemistry" and "Green Engineering” had long been laid, there had been a lack of
coordinated initiatives involving business, academia, government, and environmental organisations.
[50,51] Twenty years ago, a collaboration was formed with the intention of fostering innovative
production techniques and advancing products that are environmentally friendly and sustainably
produced on a large scale. Industry, academic institutions (universities and research institutes), and
governments worked together to identify fresh approaches to enduring problems, not just in
manufacturing but also in the creation of safer consumer goods [52,53,54]. The goals were
unmistakable: to start and enhance collective knowledge and to provide technological improvements
at a lower cost. It also proves that purchasing "green™ products is a wiser financial decision in the
long run. At this point in time, lowering pollution is the most important step toward sustainability
[55,56,57]. The effective use of the planet's limited natural resources (such as electricity and water)
and the promotion of collaboration among all stakeholders with environmentally friendly ideas and
goods are the most dynamic. It is leading to important movements toward "greener" feedstocks,
cleaner solvents, unconventional techniques, and innovative thinking. The pharmaceutical industry
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has been implementing more "green" practises and technological operations for many years. All of
these measures will boost the industry's environmental credentials while also reducing costs and
materials for manufacturing processes, putting them on the road to sustainability. In developed
nations, the research divisions of several large pharmaceutical corporations have made great strides
in developing new methods, improving biocatalytic reactions, using fewer solvents, and reducing
waste. According to researchers[59], it took the pharmaceutical industry several years to translate
green ideas into quantifiable goals for environmentally friendly research, development, and
production.[60] Pharmaceutical companies, for example, have stringent safety and health regulations
in place, as well as environmental standards for their products[61][.Safety, efficiency, dependability,
and economy are the four pillars of change, and promoting them is seen as a competitive advantage,
a move that is better for the environment, and something that will bring about financial advantages.
One of the biggest problems the world is currently facing is pollution [62]. Pharmaceutical products,
which mostly consist of prescription medications but can also include other personal care items, may
be regarded as environmental contaminants due to their extensive use in both human and veterinary
medicine [63,64,65]. The European Union (EU) market, which is second in the world in terms of
consumption only to the United States of America, consumes around 100,000 tonnes of
pharmaceutical products annually (USA). Additionally, 559 active pharmaceutical substances are
found in environmental sectors such as soil, groundwater, and surface water [66,67]. A new phrase,
the "green pharmaceutical notion," has been coined in this context and is described as the collection
of all appropriate steps to reduce environmental impact. The discovery of novel chemicals as well as
production, distribution, dispensing, and disposal should all follow these safety precautions.
Additionally, to reduce the pollution brought on by pharmaceutical items, healthcare professionals
(such as doctors and pharmacists) and end users (patients) should take part in the measures [68].
Pharmacy trash, which is mostly made up of outdated pharmaceuticals, must be disposed of.
Pharmacists are responsible for administering prescription and over-the-counter (OTC) prescriptions
as well as disposing of pharmaceutical waste. Based on this analysis, the International Pharmaceutical
Federation (FIP) Board of Pharmacy Practice and the Board of Pharmaceutical Science created a
document titled "Green Pharmacy Practice: Taking Responsibility for the Environmental Impact of
Medicines" to offer recommendations for pharmacists in a variety of practise settings [69]. The
primary objectives are to summarise and analyse the pertinent academic literature on pharmaceutical
contamination in the environment. We think that pharmacists ought to be more involved in this area,
and we want to suggest future study topics for its regulation and implementation in Romania (figure-
1).[70]
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Figure 1 illustrates how pharmaceuticals infiltrate the environment.

V0l.29 No.4 (2022): JPTCP (1304-1325) Page | 1306


https://jptcp.com/index.php/jptcp/issue/view/79

Sustainability In Pharmaceuticals: An In-Depth Look At The Green Pharmacy Principles

2.History:

A number of pre-existing theories and research programmers (such as atom economics and catalysis)
gave rise to green chemistry in the years before the 1990s, as the public's awareness of chemical
pollution and resource depletion expanded [71]. Green chemistry's emergence in Europe and the US
coincided with a shift in the way environmental problems were approached, moving away from
command-and-control regulation and mandated reductions in industrial emissions at the "end of the
pipe" in favor of a number of pre-existing theories and research programmers (such as atom
economics and catalysis) gave rise to green chemistry in the years before the 1990s, as the public's
awareness of chemical pollution and resource depletion expanded [72]. Green chemistry's emergence
in Europe and the US coincided with a shift in the way environmental problems were approached,
moving away from command-and-control regulation and mandated reductions in industrial emissions
at the "end of the pipe" in favor of being proactive in pollution prevention through innovative
production technology design. The middle to late 1990s saw the emergence of the body of concepts
[73,74] currently known as "green chemistry,”" as well as a surge in the term's popularity (which
prevailed over rival terms like "clean" and "environmental™). Through its pollution prevention
programmers, funding, and expert coordination, the Environmental Protection Agency (EPA) played
a crucial early role in the development of green chemistry in the United States. At the same time that
the Royal Society of Chemistry in the UK launched the Green Chemistry Network, researchers from
the University of York contributed to the founding of the journal Green Chemistry [75]. of being
proactive in pollution prevention through the design of innovative manufacturing technology The
middle to late 1990s saw the emergence of the body of concepts currently known as "green
chemistry,” as well as a surge in the term's popularity (which prevailed over rival terms like "clean™
and "environmental™).[76] Through its pollution prevention programmers, funding, and expert
coordination, the Environmental Protection Agency (EPA) played a crucial early role in the
development of green chemistry in the United States. At the same time that the Royal Society of
Chemistry in the UK launched the Green Chemistry Network, researchers from the University of
York contributed to the founding of the journal Green Chemistry [77].

3.Green pharmacy trends include:

Green chemistry is a "programme for the design, development, and application of chemical products
and processes that reduce or eliminate the use or production of substances that are hazardous to human
health and the environment,” with a number of key trends helping to realise the main objectives of
the green programme. study on catalytic and biocatalytic techniques to produce pure chemicals that
are extremely selective without producing potentially dangerous by-products; b. c¢)). Creating novel,
risk-free, sustainable raw materials like biomass into less toxic, environmentally friendly substances;
creating and analysing new non-toxic, renewable reaction media such as supercritical fluids, ionic
liquids, and water. (f). creating and testing new reaction conditions, like microwave, g. research on
alternative purification techniques for polluted air and water, like photocatalytic processes, to enhance
their quality [78]. According to the stated objectives, "green chemistry alters established industrial
practices—generates, pollutes, then cleanses, and in the late 20th century, becomes the heart and soul
of industrial ecology." A new generation of scientists and engineers is being produced to evaluate the
economics of the production and development methods and materials used to safeguard the
environment and natural resources. Green chemistry is a Hippocratic oath for chemists. The creation
and use of chemical goods and procedures that restrict or stop the use and manufacturing of dangerous
substances is known as green chemistry, also known as environmentally friendly, secure, and
sustainable chemistry. Instead of reducing the risk, green chemistry strives to diminish and possibly
even eliminate it by limiting exposure to dangerous chemicals, thus negating the need for exposure
control. If there is no use or production of hazardous substances, there is no need to be concerned
about removing them from the environment or restricting exposure to them. Green chemistry aims to
reduce waste, raw materials, risks, energy use, and costs.[79] 4. principle. The twelve principles cover
a range of methods to lessen the effects of chemical manufacturing on the environment and human
health, as well as the objectives of research for the advancement of green chemistry technology [20].
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Some of the guiding principles are to use as many raw materials as possible in the final product, to
use renewable feedstocks and energy sources as much as possible, to use safe, environmentally
friendly compounds, such as solvents, and to make processes that use less energy [21] (fig. 2,3).

Figure-2: shows that concept of green pharmacy principle

Figure -3: shows that concept of green pharmacy principle

4.There are twelve green chemistry tenets:

They developed twelve guiding principles for green chemistry in their 1998 book, Green Chemistry
Theory and Practice. According to green chemistry principles, toxic or dangerous molecules should
be eliminated or reduced from the synthesis, production, and application of chemical products, as
well as the use of substances that are damaging to both human health and the environment. It is
impossible to create a green chemistry method that can satisfy the requirements of all twelve
principles at once, but it aims to apply as many principles as is practical during various stages of
synthesis (figure-4).[80]
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12 principle of green pharmacy

Principle 1: Designers need to strive to ensure that all : Principle 7: Targeted durability, not immortality,
material and energy inputs and outputs are as should be a design goal.
inherently nonhazardous as possible N 4

Principle 8: Design for unnecessary capacity or
Principle 2: It is better to prevent waste than to treat i capability (e.g., “one size fits all””) solutions should be
or clean up waste after it is formed. \Q_'_P, considered a design flaw.

Principle 9: Material diversity in multicomponent
Principle 3: Separation and purification operations j products should be minimized to promote disassembly
should be designed to minimize energy c ption N 4 and value retention.
and materials use.

L. Principle 10: Design of products, processes, and
Principle 4: Products, processes, and systems should - . - , . o
be desi d h-a . d systems must include integration and interconnectivity

e designe to maximize mass, energy, space, an N P with available energy and materials flows.

time efficiency.

Principle 5: Products, processes, and systems should 4 [ Pl‘lllCl].)le 11: Products, proce.sses, and syst.ems should

be “output pulled” rather than “input pushed” < > Ee desll_gn:d for performance in a commercial

through the use of energy and materials. afterlife”.

Principle 6: Embedded entropy and complexity must . Principle 12: Material and energy inputs should be
be}le“ed as an investment when m.akm.g sig \ / isicwabla valhes

choices on recycle, reuse, or beneficial disposition

Figure 4 illustrates the twelve tenets of green pharmacy

4.1 One Principle:

innate rather than circumstantial. Although the adverse impacts of fundamentally dangerous
substances (whether toxicological, physical, or global) can be lessened, doing so necessitates a
significant investment of time, money, resources, and energy. This is generally a poor economic and
environmental strategy. Designers should evaluate the fundamental character of the chosen material
and energy inputs to make sure that they are as benign as is practical as a first step toward a sustainable
product, process, or system. The development of essentially benign materials and energy sources is a
goal of molecular designers. If the inputs are intrinsically dangerous, the threat will be eliminated
during the process—typically during purification or clean up procedures—or included in the finished
product. The final transfer of any hazards to an off-site storage and disposal facility will be necessary
if they are removed from the final product throughout the manufacturing process as a result of
improved operating circumstances. Carefully planned safety measures are required at every level, but
they could go wrong. What if these hazards aren't completely avoided but rather are incorporated into
the finished item? As long as the risk is frequently recycled and reused, there are ways to embed risks
into products or processes, but doing so requires resources to be spent on continuing monitoring and
control. Additionally, these methods depend on the conveyance of these hazards in order to maintain
"closed-loop™ cycling, which raises the chance of release due to mishaps, spills, and leaks. System
inputs should always be intrinsically safer. As a result, there will be less failure potential and less
need for control, monitoring, and containment resources. [81]

4.2 Two Principle:

Therapy is not as effective as prevention. It is common to criticise proposals for “zero-waste"
industrial processes or service systems for omitting to take into account enthalpy and thermodynamic
rules. An important distinction that is sometimes overlooked is that the idea of waste is human. In
other words, neither energy nor a substance is fundamentally useless. Instead, it results from a dearth
of applications that have not yet been thought of or created. Therefore, material or energy that can no
longer be successfully employed for beneficial purposes by current processes or systems is described
as waste. Regardless of where it comes from, waste generation and disposal need time, effort, and
money. Furthermore, spending on monitoring and control needs to be increased even further for
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hazardous waste. Despite what might be implied, it goes without saying that waste should be avoided
whenever possible, yet there are many instances where waste isn't accidentally created—rather, it's
purposefully built into the process. Waste-free design approaches are based on the same fundamental
idea at every scale: inputs are meant to be a component of the desired output. The architecture of
current fossil-fuel-based power production systems, which inherently produce waste at each life cycle
step, is an example of this idea, which is known as "atom economy" at the molecular level and can
be extended across design sizes as "material economy." Although garbage is created during mining
and processing, consumption accounts for the majority of waste production. Greenhouse gases are
released with the burning of fossil fuels. Particulate matter and other pollutants play a role in the
causes and effects of global climate change. In contrast to fusion energy, power generation systems
do not need to produce waste. Although it has not yet been achieved, fusion energy has the potential
to move energy systems toward sustainability. Fusion will stop the production of chemical
combustion products since no fossil fuels are needed. Furthermore, fusion energy does not create
dangerous fission products like nuclear energy does. The use of this technique in energy systems
illustrates how fundamental design principles can be used to create systems, processes, and other
elements that minimise waste generation. [82]

4.3 Three Principle:

The objective is separation. Product separation and purification consume the most energy and
resources in many production processes. While some traditional separation techniques make heavy
use of potentially harmful chemicals, others make heavy use of energy in the form of heat or pressure.
Designing products correctly from the start enables them to self-separate based on inherent physical
and chemical properties like solubility and volatility rather than external factors, which cuts down on
waste and processing time. Similar design techniques can be applied to create the final product,
process, or system from constituent parts that have the desired properties. The intended output is
separated using this technique from a complicated matrix of undesirable and superfluous material,
using the least amount of energy and resources. Additionally, the elements of the undesirable matrix
are typically categorised as "rubbish.” Time, money, and resources are required for handling,
transportation, disposal, and possibly monitoring. Additionally, early design choices can affect how
simple it is to separate and purify products for later use and recycling. The cost and difficulty of
separating materials and components is one of the biggest obstacles to recovery, recycling, and reuse.
Avoiding persistent links between two materials will help you avoid these issues. Fasteners that are
intended for disassembly should be incorporated into the fundamental design plan at all scales.
"Reversible fasteners,” especially threaded fasteners, can significantly increase the ease of material
recovery, recycling, and reuse in everything from cellular phones to automobiles. To cut down on
harvesting time and costs, separation and purification are considered beforehand. At the molecular
level, separation and purification techniques like column chromatography and distillation, for
example, are typically inefficient. intended output at all design scales and throughout the life cycle.
Distillation uses a lot of energy for both cooling and heating, whereas column chromatography might
use a lot of hazardous solvents. On the other hand, chemical reaction products that self-separate from
the reaction medium would not require these additional resources. Polymers can be used to modify
the solubility of substrates, labels, and catalysts for separation and reuse. To avoid wasting resources
and energy, separation and purification are considered early in the design process. This is done at all
design sizes and throughout the life cycle.[83]

4.4 Four Principle:

Boost the effectiveness of time, space, energy, and mass. The implications are widely spread over the
product and process life cycles, yet they could be categorised as "inefficiencies” because processes
and systems usually use more time, space, energy, and materials than is necessary. Resources are
wasted over the course of a system's existence if it is created, put to use, or used inefficiently. The
standard design strategies used by engineers to promote efficiency can be applied even more widely
to increase intensity. Constraints on time and space could be considered together with material and

Vol.29 No.4 (2022): JPTCP (1304-1325) Page | 1310


https://jptcp.com/index.php/jptcp/issue/view/79

Sustainability In Pharmaceuticals: An In-Depth Look At The Green Pharmacy Principles

energy flow while attempting to eliminate waste. Real-time monitoring is also necessary in optimised
systems to guarantee that the system keeps operating at the parameters that were anticipated. In
chemical manufacture, massive batch reactors are typically only partially utilised during the reaction
time, frequently at dilution levels that are substantially greater than necessary. Utilizing process
intensification techniques, such as micro reactors that run continuously at extremely low volumes
with efficient mixing, high productivity can be generated from small amounts of material. It is
possible to use molecular, product, and process procedures that have been created for optimum
effectiveness and intensity. Examples of how this holds true across the hierarchy of system sizes
include spinning-disk reactors rather than batch reactors; powder coatings; digital information rather
than printed media; and eco-industrial facilities to stop urban development. [84]

4.5 Five Principle:

conditions. In chemical manufacture, massive batch reactors are typically only partially utilised
during the reaction time, frequently at dilution levels that are substantially greater than necessary.
Utilizing process intensification techniques, such as micro reactors that run continuously at extremely
low volumes with efficient mixing, high productivity can be generated from small amounts of
material. It is possible to use molecular, product, and process procedures that have been designed for
maximum efficiency and intensity. Examples of how this holds true across the hierarchy of system
sizes include spinning-disk reactors rather than batch reactors; powder coatings; digital information
rather than printed media; and eco-industrial facilities to stop urban development. It is "dragged" to
completion as opposed to requiring tremendous effort or resources. Le Chatelaine's idea can be
applied to design to cut down on the number of resources needed to convert inputs into desired
outputs. This happens at the molecular level in chemical transformations like condensation reactions,
where water is withdrawn from the product stream to "pull” the process to completion. This
comparable method can be applied at many design scales, though not always in the expected setting.
In terms of timeliness, quality, and quantity, "just-in-time" manufacturing produces items that
perfectly satisfy end-user demand. This word can be used more widely, with the end user being the
person who will ultimately purchase the product or someone else further down the supply chain.
Equipment, materials, and labour must only be accessible in the quantities and at the times necessary
to perform the operations for the production line. Only the necessary units are produced in the
appropriate quantities at the necessary times by perfectly aligning production rates with demand.
Planning industrial processes for final output eliminates overproduction, processing delays,
inventories, and resource inputs. For instance, direct metal deposition generates less waste in the end
than metal casting.[85]

4.6 Six Principle:

Keep the intricacy. Spending on materials, energy, and time typically has an impact on how
complicated a product is, whether at the macro, micro, or molecular level. Recycling extremely
complicated, high-entropy substances could be detrimental and lead to value loss (down-cycling).
High complexity should be linked to reuse, whereas low complexity should be linked to value-
preserving recycling or beneficial disposition when applicable. It is also important to acknowledge
that natural systems have benefits in terms of complexity that should not be forfeited needlessly in
manufacturing transformation or processing. However, the complexity of a brown paper bag may not
warrant the time and effort needed to collect, sort, process, remanufacture, and redistribute it as an
entire shopping bag. Recycling silicon computer chips has a high level of complexity, so recycling a
silicon chip to recover the value of the original ingredients may not be cost-effective. End-of-life
design alternatives for recycling, reusing, or proper disposal should be based on the material and
energy expended as well as the complexity that results across all design scales.[86]

4.7 Seven Principle:
Durability, not immortality. Products that last well beyond their useful economic life are usually
linked to environmental problems such as solid waste management, persistence, and bioaccumulation.
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It is essential to produce chemicals with a definite lifetime in order to prevent the immortality of
harmful molecules in the environment. This technique must be balanced with the design of devices
that are strong enough to endure anticipated working conditions for the intended lifetime in order to
prevent premature failure and disposal. In order to achieve the targeted lifetime with the least amount
of extra material and energy introduced during the life cycle, maintenance and repair must also be
taken into account. Focusing on endurance rather than immortality as a design goal lowers the danger
to human and environmental health. At the end of life, the quality of life is significantly reduced. For
instance, the single largest non-recyclable portion of municipal solid waste, for instance, has been
single-use disposable diapers made of a variety of materials, including non-biodegradable polymers.
[ Despite having a short usable life, this product continues to pose a serious environmental risk well
beyond its intended use. One alternative is Eco-fill, a new starch-based packaging material that
competes with conventional polystyrene packaging and is made of food-grade inputs (starch and
water) that can easily be dissolved in domestic or industrial water systems at the product's end of life.
By combining endurance but not immortality into this product, Eco-fill meets its intended usage
without incurring long-term environmental obligations. Another instance at the molecular level is the
use of polylactic acid, which is naturally generated. to create plastics and fibres instead of petroleum-
based, non-biodegradable polyacrylic acid.[87]

4.8Eight Principle:

Make sure you have what you need and don't have too much of what you don't. It's important to
account for the necessary product flexibility and process agility during the design phase. On the other
hand, excessive design and underused capacity or capability may result in high material and energy
expenditures. Additionally, there is a propensity to plan for the worst-case scenario or optimise
performance for extreme or unrealistic conditions, allowing the same product or process to be used
regardless of local geographical, temporal, or physical constraints. This necessitates incorporating,
then discarding, and handling components whose function will not be achieved in the majority of
operational settings. Avoiding the propensity to create an eternal, universal solution (such as PCBs
or chlorofluorocarbons) can help reduce resource waste. Chlorine-based drinking water disinfection
is a prime example. Before it is dispersed from a central location, the water is cleansed. Water closer
to the drinking water treatment plant in the system will, however, have higher-than-necessary
concentrations of disinfection products since some of them dissolve over time. This is done to ensure
that the water is disinfected all the way to the end consumer. An alternative, and potentially more
sustainable, method is to install actuators and control systems throughout the distribution system to
adjust the chlorination dose. For example, tri halo methane, for example, is produced during the
chlorination process and is less damaging to the environment and people's health. Although this
example does not move us closer to a non-chlorinated disinfection system, it does demonstrate how
the present system can be significantly improved, albeit gradually. This approach is applicable to a
range of design scales. Reduce the usage of resources and energy that are underutilised or inefficient.
For instance, less reactive reagents like enzyme catalysts can be used in place of more reactive ones.
To ensure that the water is disinfected until it reaches the end user, there are alternatives to "off the
shelf" solutions, such as technologies that focus on the unique needs and preferences of end users.
Because some disinfection by products dissipates over time, water closer to the drinking water
treatment plant in the system will have higher-than-necessary amounts of disinfection by products.
Installing actuator and control systems throughout the distribution system to change the chlorination
dose is an alternative and potentially more sustainable approach. Tri-halo methane is a type of
methane that has three halo atoms, and although this example does not use a chlorine-free disinfection
system, it does show a significant, albeit incremental, improvement over the current system. This
reduces the risks to the environment and human health from chlorine production and subsequent
chlorination by chemicals. This method can be used on a variety of design scales. Reduce the usage
of underutilised and inefficient resources and energy. Enzyme catalysts that function under benign
circumstances can be used to substitute more reactive compounds. Technologies that meet the specific
needs and wants of end users are alternatives to "off the shelf" solutions.[88]
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4.9 Nine Principle:

The variety of materials should be less. Multiple components are found in many things, including
cars, food packaging, computers, and paint, to name a few. Metals, glass, and plastics are all employed
in the manufacture of automotive parts. Chemical additives such as thermal stabilisers, plasticizers,
colours, and flame retardants are used in particular plastics. This variety raises concerns when end-
of-life decisions are made that have an impact on how simple it is to disassemble products for
recycling and reuse. Forward-thinking designs that limit material diversity while accomplishing
necessary functions enhance final disposition options. In order to prevent the need for additives later
in the manufacturing process, this is accomplished at the process level by including the necessary
functionality into the polymer backbones. Tailoring polymer characteristics can have a positive
environmental impact when additives are leached. It's possible this is a problem, especially when
recycling is necessary. On a product level, some auto designers are minimising the quantity of plastic
required by creating innovative polymer forms that are simpler to break down and recycle. This
technology is now being used to produce multilayer components like doors and instrument panels.
Components, for instance, can be made from a single material that has all the desired design
characteristics, like metal-licenced polyolefins. Thanks to this mono-material design concept, it is no
longer necessary to disassemble the door or instrument panel for recycling or recovery. This idea is
demonstrated at the molecular level. The First Day of Mark in the Year 2003: Science and Technology
in the Environment. At the end of the day, life expectancy substantially declines when durability is
valued above immortality, endangering both human and environmental health. It is preferable to use
"one-pot," "cascade,"” or "self-assembly" reactions in place of multistep ones.[89]

4.10Ten Principle:

Integrated regional material and energy fluxes. To take advantage of the current framework of energy
and material flows, products, processes, and systems should be designed inside a unit operation,
production line, manufacturing facility, industrial park, or neighbourhood. Utilizing current energy
and material flows lessens the need to produce energy and/or acquire and refine raw materials. The
heat produced by exothermic reactions can be used in this method at the process scale to drive
additional processes with high activation energies. Chemical by products or the results of purification
procedures can be used as feedstock in later reactions. Cogeneration energy systems can produce
steam and electricity simultaneously, improving efficiency. As a result, energy and "waste" materials
can be gathered everywhere. Production lines, buildings, and industrial parks all include system
procedures and finished goods. Regenerative braking is another example of this strategy used in
hybrid electric vehicles. In these systems, the heat produced by braking is trapped and used to reverse
the electric motor, which is typically a waste of energy. As a result, the motor is transformed into an
electric generator that generates electricity that is used to power the vehicle's forward motion after
being stored in a battery. The connection between the drive train and the regenerative braking system
significantly lowers the vehicle's fuel requirements and improves fuel efficiency. As this example
demonstrates, it is important to consider the energy and material availability for a given product or
process. Energy inputs originate from a range of sources, such as recycled materials and waste heat
from nearby activity. Materials that use less energy and raw materials, need less processing, and are
easier to get rid of could have a big impact on the life cycle.[90]

4.11 Eleven Principle:

It is described as renewable in terms of sustainability. Bio-based polymers, wastewater treatment
employing natural ecosystems, and recovering biomass feedstock are just a few examples. Despite
the fact that all human activities and actions have an impact on the environment, eliminating those
behaviours can help to create products, procedures, and systems that are more environmentally
friendly. This is more a sign of immaturity than a defect in the product's quality. Mobile phones,
personal digital assistants, and laptop computers are frequently retired as fashions change and
technology develops, but the actual components are still completely functional and thus valuable.
Designing products with recoverable components lowers end-of-life costs and prevents the creation
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of duplicate components in later product generations. For example, 90% of the time, Xerox equipment
is made to be remanufactured. An example of a system is converting old industrial structures into
homes.[91]

4.12Twelve Principle:

Renewable resources are employed as opposed to being exhausted. The long-term survivability of
products, processes, and systems can be significantly impacted by the source of materials and energy
inputs. It has far-reaching effects to determine if a chemical or energy source is renewable or
diminishing. Consumption of a finite resource brings the supply closer to exhaustion with each unit
used. This cannot be sustained in the definitional sense. In addition, the repetitive extraction processes
required to obtain virgin materials create long-term environmental harm. On the other hand,
renewable resources can be employed in cycles when the destructive processes are not necessary, or
at least not as frequently. Biological materials are frequently referred to as "renewable". However, if
the waste output of a process can be recycled, this would surely be considered renewable from the
perspective of sustainability if it could be gathered and utilised as an alternative feedstock or
recyclable input that retains its value. A few examples include the recovery of biomass feedstock;
wastewater treatment using natural ecosystems; and bio-based polymers. A more sustainable supply
of goods, services, and systems can be created by lowering behaviours that irreversibly and
considerably modify the sustainable supply of a resource, even though all human activities and actions
have some impact on the environment. Instead of using finite resources, renewable energy is used.
The place where energy and materials come from can have a significant impact on how long a product
lasts. From a sustainability standpoint, a material is said to be renewable if it can be recovered and
utilised as a replacement feedstock or recyclable input while maintaining its value. Bio-based
polymers, wastewater treatment employing natural ecosystems, and recovering biomass feedstock are
just a few examples. Despite the fact that all human activities and actions have an impact on the
environment, eliminating those behaviours can help to create products, procedures, and systems that
are more environmentally friendly.[92]

5.Green chemistry has benefits for the pharmaceutical industry:

5.1Human health: ¢ Cleaner air: Less lung damage from harmful chemical emissions into the
environment. ¢ Cleaner water: Drinking and recreational water is cleaner because less hazardous
chemical waste is released into the environment. * The chemical industry has made it safer for workers
by using fewer hazardous substances, requiring less protective equipment, and lowering the risk of
accidents. ¢ A broader range of safer consumer products will be available, some of which will replace
few [93]

5.2 Reduced Environment: The phrase "less environment™ refers to a situation where a lot of
chemicals end up in the environment either intentionally (e.g., pesticides), accidentally (e.g.,
manufacturing emissions), or as a result of disposal. Green chemicals are recycled or broken down
into harmless substances. There is less chance of smog, ozone depletion, or global warming occurring;
there is less damage to plants and animals from environmental toxins; and there is less chemical
disruption of ecosystems. Reliance on landfills is reduced, especially for hazardous trash.[94]

6.Green chemistry's main purpose is:

to create chemical goods and procedures that minimise or completely do away with the usage of risky
and toxic compounds. Due to a shortage of green chemistry, this objective is also the most difficult
in terms of effort, cost, and level of expertise to complete. There is no universal agreement on what
is regarded as safe, and switching from an outdated, conventional product or process to a new, "green”
one takes time. New product and process design is also sometimes difficult and expensive. Another
reason for the absence of green chemistry is the high implementation costs, a lack of knowledge, and
the absence of any recognized alternatives. Human resources and abilities are not enough to be
employed as substitutes for chemical raw materials or green technology [95]. The transition to eco-
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friendly goods and procedures entails risks that are not evenly distributed throughout the supply chain,
and funding for further study is scarce. lonic liquids are seen as having a future in green chemistry.
Despite the fact that they are without a doubt helpful, it's increasingly important to consider if
chemical synthesis lives up to expectations. lonic liquids do not appear to be particularly eco-friendly
when the 12 principles for identifying green chemicals are used. There is now a school of thought
that predicts ionic liquids will be widely used within the next ten years. lonic liquids are moderately
volatile in part because of their low vapors pressure, but this is just one of many factors [96] that
affect how green a substance actually is. Hazardous liquids based on ions like imidazole and fluoro-
anion, for example, cannot evaporate and leak their contents into the environment. This technique
makes it simple for ionic liquids to penetrate the biosphere because the majority of them are water
soluble.

7.Problems:

In recent decades, the pharmaceutical business has shifted to a new strategy to deal with concerns
such as pollution, the use of limited natural resources, and the utilization of renewable sources with
long-term sustainability. As a result, applying green chemistry concepts could be considered as a
further stumbling obstacle [97]. With growing awareness of environmental pollution and expanded
testing processes, the pharmaceutical business is under increased pressure to improve both
manufacturing efficiency and product efficacy. The commercialization of green technologies is also
limited by capital expenditure. Green process commercialization needs various improvements along
the entire long and global supply chain. Going green isn't always the most cost-effective option, but
it has been shown to be beneficial in the long run.[98] (Fig-5)

Problems

and

challenges

BIG DATA DESIGN & IMPLEMENTATION
BEST PRACTICES IN DIGI ERA

Figure-5: demonstrates the issues and difficulties in green pharmacy
(A)Pharmaceutical industries (B), chemical reactions (C), waste generation (D), air pollution (E),
environmental pollution (D), environmental challenges (G), environmental laws (H), and IPR
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regulations for design implementation (I). For an explanation of the colour references in this figure
legend, go to the article's online version.

8.The goal of green chemistry is to reduce:

A manner of thinking and acting that lessens the damaging impacts of pollution on the environment
is known as "green chemistry.” Green chemistry can also be seen as a method for lowering pollution.
[99,100] (Fig-6)

waste

—_———

material

hazards

risks

energy

cost

S W e N e

Figure-6: shows green chemistry is about reducing

9.What advantages come with employing green chemistry??

One cannot overstate how important chemistry is to our daily lives. The development of more
environmentally friendly chemical products is necessitated by the fact that technological
advancements in the chemical industry also raise fresh environmental issues and potentially harmful
side effects. [101] A well-known example is the chemical DDT. One of the objectives of green
pharmacies is to employ new and appropriate chemicals as well as materials to lessen their harmful
effects on the environment. Goal number two is to create procedures that use renewable raw resources
rather than nonrenewable ones. 3-Create methods that are less likely to cause explosives, fires, or the
release of hazardous materials. 4. Rearranging the order and procedure of chemical transformation to
get rid of by-products creates safer products. Sixth, develop items that break down in the environment
more quickly than ones that are already on the market. 7-When it comes to chemical processes, it's
crucial to keep in mind that using poisonous, long-lasting solvents to extract ants must be kept to a
minimum. Improve energy efficiency by creating low-temperature, low-pressure procedures that
make use of fresh catalysts. 9-Develop trustworthy and efficient methods for observing processes in
order to enhance controls. [102]

10.The most typical uses of green pharmacy are as follows:

* Minimal climatic change « Minimal resource depletion ¢ Food access * Environmental friendliness.
11Green Chemistry Abilities:

Innovative techniques, synthesis methodologies, reaction conditions, catalysts, and other green
chemistry ideas are being developed by chemists from all over the world. New scholarly studies into
different synthesis techniques have been stimulated by commercial applications of green chemistry.
Here are a few instances: 1. Phosgene and ethylene chloride have been replaced by biphenyl carbonate
in the production of polycarbonates. 2. The most polluting reaction in industry is the oxidation
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reaction. Utilizing green chemistry has led to the use of less harmful chemicals, including transition
metal complexes with extremely high oxidation states and molecular ozone as the primary oxidant.
3.0 An environmentally friendly tool: acetaldehyde is made by oxidizing ethylene with oxygen in the
presence of a catalyst, as opposed to ethanol or acetylene when it is hydrated with HaS04. 4.
Traditional methylation processes use toxic alkyl halides or methyl sulphate, but dimethyl carbonate
is used instead, leaving no inorganic ions behind. 5.In 1996, Dow Chemical received the Greener
Reaction Award for its blowing agent for polystyrene foam production that is made up entirely of
carbon dioxide. Polystyrene foam is a typical material for packaging and shipping. Foam sheets have
traditionally been made with CFCs and other ozone-depleting chemicals, constituting a significant
environmental threat. According to Dow Chemical, supercritical CO is just as effective as a blowing
agent. Polystyrene might be recycled more easily if it didn't contain dangerous compounds. because
the coy that was used in the process was recycled. The technique produces no net carbon emissions
compared to other sectors. 6-Propylene oxide (PO) is a chemical component found in food additives,
polyurethane, and detergents. Chlorohydrin, which is used in conventional PO production, yields co-
products like t-butyl alcohol, styrene monomer, and cymene. As a byproduct of its production, a
sizable amount of waste is created. In order to create a new method for producing propylene oxide
that uses hydrogen peroxide and propylene to eliminate the majority of waste, Dow and BASF worked
together. In order to create propylene oxide from hydrogen peroxide and propylene, Dow and BASF
collaborated to develop a novel process. Most of the garbage is removed by 7. CFCs have been used
as refrigerants in refrigerators and air conditioners for a very long time. The advantages of CFCs
include their low toxicity and lengthy shelf life. They offer stability and safe incombustibility, but in
the process, they weaken the ozone layer. Other hydro chlorofluorocarbons (HCFCs) and hydro
fluorocarbons (HFCs) have largely replaced CFCs in the last ten years. HCFCs and HFCs are
certainly safer for the ozone layer. Multi-component substances called “cheats™ interact with metal
ions to increase solubility. They can be found in a variety of industrial operations and cleaning
products. Phosphates and amino carboxylic acids, such as ethylenediaminetetraacetic acid (EDTA),
are present in conventional cheaters [103] (e.g., sodium tripolyphosphate). Unfortunately,
conventional materials are not appropriate because EDTA is not biodegradable and phosphates are
usually thought to be environmentally harmful due to their potential to produce eutrophication. A
biodegradable chelating agent comprised primarily of renewable resources has been created by Kazoo
Nobel. Tetrasodium N, N-diabetic acid L. The novel chemical glutei acid (GLDA) will be used in
automatic dishwashing detergents to replace phosphates. In a technique that produces almost no
waste, the flavors enhancer monosodium glutamate is used to create GLDA (MSG). MSG is a
renewable resource that is produced from easily accessible corn sugar. Pharmaceutical activities
include drug research, manufacturing, prescribing, dispensing, and disposal, all of which cause
environmental pollution. On MSG, cyanomethylation of the primary amino nitrogen is followed by
in situ alkaline oxidation. All of these methods need to be backed up by ways to keep active
pharmaceutical ingredients from getting into the environment.

12.R&D in pharmaceuticals:

The pharmaceutical sector develops and produces pharmaceuticals. The development of new
bioactive molecules frequently uses chemical synthesis, which increases the danger of contamination
due to the use of a variety of organic and inorganic solvents. To decrease this harmful effect on the
environment, chemists have developed the idea of "green chemistry,” which can be regarded as
environmentally beneficial. Aqueous synthesis, solvent-free synthesis, and enzymes are a few
examples of "green chemistry"” methods. Another method for creating new therapeutic products while
protecting the environment is biotechnology. Pharmaceutical research typically yields a significant
number of molecules before an actual medicinal product can be examined and approved. a
guantitative structure-activity link assessment that creates the relationship. One method for
minimising the number of molecules that are synthesised is to compare the structural and biological
characteristics of freshly designed molecules even before they are produced. The creation of medical
chemicals that readily biodegrade once they enter the environment, notably water and soil, is another
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issue the pharmaceutical business must deal with. Nowadays, phase I (driven by Cytochrome P450)
and phase Il mechanisms in the liver are used to metabolise pharmaceuticals. In the case of pro-drugs,
this transition results in the excretion of more hydrophilic metabolites, but it can also result in the
creation of the active molecule. The pharmaceutical business must also develop technology to
produce "greener pills" that work therapeutically when needed. Co crystallisation for higher
bioavailability, salt production, cyclodextrin encapsulation, and creating amorphous forms for
increased solubility are just a few examples. These dosing strategies are also environmentally benign.
One such drug that degrades quickly in wastewater treatment due to photodegradability is Valrico
acid. Using microbes (Streptomycin sp.) as bioremediation agents, for instance, can help
carbamazepine be broken down. If the anticipated ambient concentration of the active pharmaceutical
ingredient in water is equal to or more than 1 g/l, producers must submit environmental risk
assessments in order to get marketing authorization for new pharmaceutical products. While the Food
and Drug Administration recommends 0.01 g/l, the European Medicines Agency does not.[104]

13.Dispensing and disposal of pharmaceutical products:

Concerns about the distribution of pharmaceutical active ingredients may be a factor in the rise in
environmental pollution, according to numerous studies. Free or inexpensive medicines run the risk
of producing an excess of unneeded drugs. Shipments that are advertised to the general public
remotely usually end up being lost or destroyed. As a result, some medications are no longer available,
while others—Ilike phoney or counterfeit medications—might spread too widely. Patients may not
comprehend how to use their medical treatment if labels are inaccurate or handwritten. It is possible
to misuse a doctor's prescription. The following risk-mitigation strategies spring to mind in this
context: developing databases to track the usage and return of pharmaceutical supplies; as well as
employing legible labelling. Outline the proper procedures for implementing patient counselling
requirements and legislation governing online pharmacies. Patients also run the risk of contaminating
the environment with active prescription ingredients. The accumulation of unused or expired
medications and, as a result, their improper disposal can be caused by self-medication, keeping
excessive stocks of pharmaceuticals at home, excessive direct-to-consumer advertising, polytherapy,
particularly in the elderly, patient noncompliance with medication therapy, and adverse effects.
Patients should be informed about the proper use of pharmaceutical products and the proper disposal
of leftover or expired medications through education campaigns and take-back activities, also known
as pharmaceutical-return programmes.[105]

14.handling of pharmaceutical waste:

There are a few management strategies that should be looked into in order to reduce the environmental
impact of pharmaceutical waste. Pharmaceutical waste includes items like used and outdated
medications, containers holding pharmaceutical residues (such as blister packs, vials, bottles, and
bags), gloves, and masks. Sharp and soft trash, as well as hazardous (infected) and non-hazardous
waste, can all be categorized. Due to their extreme mutagenic, teratogenic, and carcinogenic
characteristics, cytotoxic medicines are categorised as harmful and geotaxis pharmaceutical waste.
Before being properly disposed of, all pharmaceutical waste should be collected in containers with
corresponding colours. Pharmaceutical waste is typically disposed of using incineration, a heat
treatment technique involving high-temperature burning. Compact waste treatment is an alternative
strategy. Sterilization, radiofrequency irradiation, microwave, hot oil systems, and alkaline hydrolysis
are all options. Low-temperature gasification (up to 550°C), autoclave, and chemical processing are
other options. Due to the high risk of pollution, some disposal techniques, like land filling, open
burning, or mechanical destruction, are only used in specific situations. Because people flush
unneeded prescriptions down the toilet, wastewater can contain active pharmaceutical compounds.
Human medicine almost always causes active pharmaceutical substances to be excreted in urine and
faeces, increasing the amount of these substances in wastewater. Despite the fact that most
medications cannot be eliminated completely, contaminants can be removed from wastewater using
common biological, physical, and chemical techniques. This means that wastewater treatment needs
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to be improved in many ways, such as by using coronation, reverse osmosis, ultrafiltration, and
carbon-activated sludge from recycled water [106].

Conclusion:

The study of green chemistry is not a recent subject. This new approach to sustainable development
Is based on the principles of green chemistry. A lot of work still needs to be done to create a perfect
strategy that begins with non-polluting components. It goes without saying that the future chemical
industry's objective will be to create safer products and procedures using fresh ideas obtained from
basic research. The education and training of a new generation of chemists is also essential to the
advancement of green chemistry. Encourage green chemistry practises among students at all grade
levels. The main objective of each industry is to make money from readily available raw materials,
so when it comes to green chemistry education, "The Most Difficult Part of Green Chemistry Is
Following Its Rules.” comes to mind. The study of green chemistry is not a recent one. It is a new
conceptual material and basic capital through long-term industrial activity. Chemical processes must
use raw materials, water, and energy in ways that are both environmentally responsible and
economically viable in order to meet today's demands without endangering those of future
generations. The use of a green chemistry approach, whose goal is to produce chemical processes and
products that are safe for both human health and the environment, can help strike a balance between
the use of natural resources, economic expansion, and environmental preservation. It takes the proper
legislative support in the form of chemical regulation to implement the green chemistry concept,
which ensures chemical safety. By reducing or eliminating hazardous or dangerous molecules from
the synthesis, manufacture, and use of chemical products, green chemistry aims to reduce or eliminate
the use of substances that are harmful to human health and the environment. It is based on twelve
principles. While developing a green chemistry process, it tries to apply as many of the twelve
principles as possible during various stages of synthesis, even though it is impossible to satisfy the
needs of all twelve at once. The objectives of environmental protection and financial gain are achieved
by green chemistry in a variety of ways. Biocatalysts, catalysis, and the application of enzymes are a
few instances. alternative reaction mediums (water, ionic liquids, and supercritical fluids); alternative
renewable raw materials (biomass); and alternative renewable raw materials' conditions of reaction
(microwave activation). Thanks to special catalytic reactions and various new catalyst types,
catalysis—the cornerstone of green chemistry—offers many advantages in terms of process
utilisation, selectivity, energy reduction, and the use of alternative reaction media. The enormous
potential of microorganisms and enzymes in the selective transformation of synthetic compounds has
thrust biocatalysts to the fore of the "green™ programme. The foundation of green chemistry, catalysis,
offers a number of benefits in terms of process utilisation, selectivity, energy reduction, and the use
of alternate reaction media, thanks to unique catalytic reactions and types of new catalysts.
Photocatalytic reactions, which are unique ways of cleaning contaminated air and water, also
contribute to this.
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