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Abstract 

      Our daily lives are filled with products and chemicals that we have 

grown accustomed to using on a daily basis. However, many of these are filled with 

toxic substances that can make us sick both in the short term and in the longer term. 

Since we use these products all the time, it is sometimes difficult to understand 

which are safe to use.  

 Green chemistry is a field of study that specifically helps address this 

situation. 

 

Introduction 

 

       

                                        a world in which – instead of toxic solvents and 

chemicals – industrial manufacturing used sugar, starch and sunlight as inputs.  

Imagine products that biodegrade into utterly benign substances. Imagine pure, 

clean water leaving factories and polluted sources brought back to life. What if 

industrial chemicals were bio-based and generated by farmers practicing sustainable 

agriculture? Imagine a workplace free of “hazmat” gear, factories without scrubbers, 

and a world where CO2 is used as a valuable industrial input rather than emitted as a 

green house gas. Green Chemists are making this vision a reality. 
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What is Green Chemistry? 

The Environmental Protection Agency 

(EPA) defines green chemistry, or 

sustainable chemistry, as “The design of 

chemical products and processes that 

reduce or eliminate the use or generation 

of hazardous substances”. The use and 

production of these chemicals may involve reduced waste products, non-toxic 

components, and improved efficiency. 

Whereas environmental chemistry is the chemistry of the natural environment, and 

of pollutant chemicals in nature, green chemistry specifically seeks to reduce and 

prevent pollution at its source. Green chemistry applies across the life cycle, 

including the design, manufacture, and use of a chemical product. 

 

Evolution of Green Chemistry 

Paul Anastas is known as the “Father of Green Chemistry,” having coined the term in 

1991. He is currently the director of Yale‟s Center for Green Chemistry & Green 

Engineering, where his research focuses on the design of safer chemicals and 

chemical processes to replace the use of hazardous substances. Before this, Anastas 

was the chief of the Industrial Chemistry Branch and director of the U.S. Green 

Chemistry Program at the Environmental Protection Agency (EPA). 

 

The Need for Green Chemistry:  

The Need for Green Chemistry By 2050, estimated world population will be 10 

billion, Dependence of the present world economy on a dwindling stream of 

nonrenewable natural resources, Persistent bio accumulative pollutants, Health and 

safety of chemists and public, Ozone depletion, Loss of biological species in forests 

and in water, Changing climate, responsible for the as yet unpredictable changes in 

the hydrologic cycle.  

 

http://greenlivingideas.com/topics/technology/green-chemistry-science-polluted-lifestyle/attachment/2275970847_fbdf497cbc2
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What can ‘Green’ Chemists do? 

Green chemistry technologies provide a number of benefits, including: 

 Reduced waste, eliminating costly end-of-the-pipe treatments 

 safer products 

  Reduced use of energy and resources 

 Improved competitiveness of chemical manufacturers and their 

customers. 

 Development of renewable energy technologies 

 Encourage the substitution of reagents made from renewable sources 

for those derived from fossilized carbon 

 Replace chemical polluting technologies with benign alternatives 

 Reduce persistent, environmental pollutants by creating technology 

that mimics biochemistry in its elemental balance.  

 

Green chemistry provides an especially effective approach to pollution prevention 

because it applies innovative scientific solutions to real-world environmental 

situations. Since it has a wide range of applications, green chemist’s research green 

chemistry technologies across a variety of industries to come up with safe solutions 

that can be applied to the development of industrial procedures that affect our daily 

lives. 

 

Twelve Principles of Green Chemistry 

The concept of "green chemistry" dates back to the mid-1990‟s, when two US 

chemists, Paul Anastas and John Warner, were lamenting that most strategies to 

combat pollution focused on cleaning up messes rather than preventing them in the 

first place.  

They set out a 12-point manifesto for a better way of working, starting with the 

tenet that it is better to avoid waste than to have to dispose of it. That was followed 

by calls for renewable starting materials, fewer harmful solvents, more efficient 

catalysts and minimizing energy use. 

These principles might seem like common sense, but they are a step change for many 

industrial chemists and process engineers. 

http://www.chem.yale.edu/faculty/anastas.html
http://www.warnerbabcock.com/about_wbi/john_warner.asp
http://www.epa.gov/gcc/pubs/principles.html
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Here is an outline of the twelve principles: 

 Prevent waste: Design chemical syntheses to prevent waste, leaving no waste to treat 

or clean up. 

 Design safer chemicals and products: Design chemical products to be fully effective, 

yet have little or no toxicity. 

 Design less hazardous chemical syntheses: Design syntheses to use and generate 

substances with little or no toxicity to humans and the environment. 

 Use renewable feed stocks: Use raw materials and feedstocks that are renewable 

rather than depleting. Renewable feed stocks are often made from agricultural 

products or are the wastes of other processes; depleting feed stocks are made from 

fossil fuels (petroleum, natural gas, or coal) or are mined. 

 Use catalysts, not stoichiometric reagents: Minimize waste by using catalytic 

reactions. Catalysts are used in small amounts and can carry out a single reaction 

many times. They are preferable to stoichiometric reagents, which are used in excess 

and work only once. 

 Avoid chemical derivatives: Avoid using blocking or protecting groups or any 

temporary modifications if possible. Derivatives use additional reagents and generate 

waste. 

 Maximize atom economy: Design syntheses so that the final product contains the 

maximum proportion of the starting materials. There should be few, if any, wasted 

atoms. 

 Use safer solvents and reaction conditions: Avoid using solvents, separation agents, 

or other auxiliary chemicals. If these chemicals are necessary, use innocuous 

chemicals. 

 Increase energy efficiency: Run chemical reactions at ambient temperature and 

pressure whenever possible. 

 Design chemicals and products to degrade after use: Design chemical products to 

break down to innocuous substances after use so that they do not accumulate in the 

environment. 

 Analyze in real time to prevent pollution: Include in-process real-time monitoring 

and control during syntheses to minimize or eliminate the formation of byproducts. 

 Minimize the potential for accidents: Design chemicals and their forms (solid, liquid, 

or gas) to minimize the potential for chemical accidents including explosions, fires, 

and releases to the environment. 
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Health and Food 

 Coffee beans are often washed free of 

their unwanted caffeine by soaking 

them in solvents such as methylene 

chloride, a suspected carcinogen. 

 Carbon dioxide is a cheap, non-toxic 

alternative. Under pressure, CO2 goes 

into a "supercritical" state in which it 

can penetrate into the nooks and crannies of a material as easily as a gas, but 

dissolves substances it finds there as efficiently as a liquid solvent.  

 About 20 per cent of global decaf production now uses supercritical CO2. The beery 

essence of hops can be extracted in a similar way,  

 Supercritical CO2 is now used in some 125 food and drink manufacturing plants 

worldwide 

 It has also been used to remove fungicide contaminants in corks, which spoil the 

taste of fine wine. 

Buildings and households 

 2005, survivors of hurricane Katrina 

temporarily housed in mobile homes 

started getting headaches and nosebleeds 

due to formaldehyde, a carcinogen 

sourced from petrochemicals that is 

found in the adhesives and resins that 

hold together many household products, 

including plywood, woodchip-based. 

 There is an alternative. An adhesive called Pure Bond which contains soya proteins 

modified to resemble the adhesive protein mussels use to stick to rocks is now used 

in 40 per cent of the plywood and composite wood produced in the US,  

 A mixture of soya oil and sugar can also replace fossil-fuel-derived paint resins and 

solvents, halving the sometimes hazardous and always smelly volatiles that can give 

painters a headache. That innovation garnered Cook Chemicals claims that if the new 

paint formulations were universally adopted they could eliminate smog-generating 

emissions of volatile organic compounds equivalent to those from 7 million cars, as 

well as saving 900,000 barrels of crude oil per year. 
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Electronics 

 The millions of electronic gadgets we buy are 

heavily dosed with chemicals. Building a 

microcircuit takes between 800 and 1000 

steps, and requires potentially toxic chemicals 

such as xylene, mercury, sulphuric acid, 

phthalates and the carcinogenic solvent N-

methylpyrrolidone. The manufacture of a single laptop consumes some 3200 litres of 

water and 160 litres of fossil fuels. 

 The main culprit is the intricate chemical process that is used to lay down and strip 

off layers of material to produce a silicon microcircuit. Things could be improved by 

devising processes that draw circuit features directly on the silicon, without 

depositing layers of chemicals most of which are eventually etched away again.  

 Meanwhile, computer manufacturers are concentrating on removing toxic material 

from more mundane components. Apple says that the casings of almost all its 

products no longer contain brominated flame retardants, accumulations of which 

might disrupt the endocrine system in humans and wildlife, or the plastic polyvinyl 

chloride (PVC), which forms carcinogenic dioxins if incinerated. 

 

Pharmaceuticals 

 The chemotherapy drug paclitaxel 

(marketed as Taxol) was originally made by 

extracting chemicals from yew tree bark. 

That used a lot of solvent - and killed the 

tree. The drug is now made by growing tree 

cells in a fermentation vat.  

 The process to make atorvastatin, used to reduce blood cholesterol, now uses an 

enzyme that catalyses chemical reactions in water, reducing the need for potentially 

polluting organic solvents. 

Such successes are possible partly because most drugs are complex molecules that must 

go through many purification stages to be fit for human use. 

A life-cycle analysis is needed for most major drugs to assess the environmental 

impact after they are used, particularly the effect of what passes through our bodies 

http://www.apple.com/hotnews/agreenerapple/
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Agriculture 

Many chemicals used in conventional agriculture are 

associated with alarming health and environmental effects.  

From human to ecological health impacts, there are growing 

concerns about how  we farm.  In contrast, „Sustainable Agriculture‟ describes a robust and 

balanced agricultural system to which many increasingly aspire. Green Chemistry 

innovations will be key to transitioning to a more sustainable agricultural future. 

There are three main ways in which green chemistry connects with sustainable 

agriculture: 

 As a consumer of agricultural products 

 As a source for remediation technologies 

 As a producer of inputs 

Bio-pesticides 

Bio-pesticides are a set of tools and applications that can help 

farmers  

 Transition away from highly toxic conventional 

chemical pesticides into an era of truly sustainable 

agriculture. Bio-pesticides of course are only a part 

of a larger solution; sustainable agriculture is a 

wide field. But helping farmers move from the 

current chemical dependency to sustainable agriculture and beyond requires 

tools for the transition and for a new era. Bio-pesticides can and will play a 

significant role in this process. 

 Like other Green Chemistry solutions, developing 

safe, effective bio-pesticide products requires holistic 

thinking and multi-disciplinary approaches which are a 

challenge for the bio-pesticide industry.  
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Conclusions:  

Green chemistry has come a long way since it‟s birth in 1991, growing from a 

small grassroots idea into a new approach to scientifically-based environmental 

protection. All over the world, governments and industries are working with „green‟ 

chemists to transform the economy into a sustainable enterprise. Who knows? Green 

chemistry may be the next social movement that will set aside all the world‟s 

differences and allow for the creation of an environmentally commendable 

civilization. 

 

 

 

 

 

 

 

 

 

†  Greener world  

†A  better world 
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