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1.1 INTRODUCTION 

The term green chemistry was first used in 1991 by P.T. 

Anastas in a special program launched by the US 

Environmental Protection Agency (EPA) to implement 

sustainable development in chemistry and chemical 

technology by industry, academia and government.
[1]

 

Paul Anastas of the U.S. Environmental Protection 

Agency formulated some simple rules of thumb for how 

sustainability can be achieved in the production of 

chemicals - the "Green chemical principles‖. 

 

1.2 Principles of green chemistry 

The twelve principles of Green Chemistry are.
[2]

 

 

i. Prevention: This principle is the most obvious and 

over-arches the other principles. It goes back to the old 

age ―an ounce of prevention is worth a pound of cure‖. It 

is better to prevent waste than clean it up after-the-fact. 

Throughout history there have been many cases of 

environmental disasters that demonstrated this (Bhopal, 

India; Love Canal; Times Beach; Cuyahoga River). 

 

ii. Atom Economy 

This principle gets into the actual chemistry of how 

products are made. As chemists, atoms are assembled to 

make molecules. The molecules are assembled together 

to make materials. This principle states that it is best to 

use all the atoms in a process. And, those atoms that are 

not used end up as waste. The atom economy is a simple 

calculation that can be used when teaching stoichiometry 

and chemical reactions. The calculation is: A.E. = 

Formula Weight (FW) of Product divided by the FW of 

all of the reactants. It is a simple measure of the amount 

of waste in a process.         

iii. Less Hazardous Chemical Synthesis 
This principle is focused on how we make molecules and 

materials. The goal is to reduce the hazard of the 

chemicals that are used to make a product (the reagents). 

Throughout the history of how we have invented 

products and developed the process for making them, 

chemists have traditionally not thought about what 

reagents they are using and the hazards that are 

associated with them. Chemists have traditionally used 

whatever means necessary. Today we are finding that 

less hazardous reagents and chemicals can be used in a 

process to make product and, many times they are made 

in a more efficient manner. 

 

iv. Designing Safer Chemicals 
The previous principle was focused on the process. This 

principle focuses on the product that is made. Everyone 

wants safe products. Everyone also wants products that 

do what they are supposed to do (they have to work!). 

This principle is aimed at designing products that are 

safe, non-toxic and efficacious. A good example of this 

is pesticides; which are products that are designed to be 

toxic. Many researchers are focused on created pesticides 

that are highly specific to the pest organism, but non-

toxic to the surrounding wildlife and ecosystems. 

 

v. Safer Solvents and Auxiliaries 

Many chemical reactions are done in a solvent. And, 

traditionally organic solvents have been used that pose 

hazards and many are highly toxic. They also create 

volatile organic compounds (VOC’s) which add to 

pollution and can be highly hazardous to humans. This 

principle focuses on creating products in such a way so 

that they use less hazardous solvents (such as water). We 
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use solvents regularly in our daily lives (cleaning 

products, nail polish, cosmetics, etc.) and in the 

chemistry laboratory. An example that many can relate to 

is that of nail polish products. Have you walked by a nail 

salon and caught a smell of the solvents that are used? 

The solvents traditionally used have potential toxicity 

and are certainly not pleasant to smell. A water-based 

alternative polish would avoid the exposure that goes 

along with the nail products and reduce the hazards 

associated with traditional products.  

 

vi. Design for Energy Efficiency: Today, there is a 

focus on renewable energy and energy conservation. We 

use energy for transportation purposes and to provide 

electricity to our homes and businesses. Traditional 

methods for generating energy have been found to 

contribute to global environmental problems such as 

Global Warming and the energy used can also be a 

significant cost. This principle focuses on creating 

products and materials in a highly efficient manner and 

reducing the energy associated with creating the 

products, therefore reducing associated pollution and 

cost.  

 

vii. Use of Renewable Feed stocks: 90-95% of the 

products we use in our everyday lives are made from 

petroleum. Our society not only depends on petroleum 

for transportation and energy, but also for making 

products. This principle seeks to shift our dependence on 

petroleum and to make products from renewable 

materials that can be gathered or harvested locally. 

Biodiesel is one example of this where researchers are 

trying to find alternative fuels that can be used for 

transportation. Another example is alternative, bio-based 

plastics. PLA (Poly lactic acid) is one plastic that is 

being made from renewable feed stocks such as corn and 

potato waste. 

 

viii. Reduce Derivatives: This principle is perhaps the 

most abstract principle for a non-chemist. The methods 

that chemists use to make products are sometimes highly 

sophisticated. And, many involve the manipulation of 

molecules in order to shape the molecules into what we 

want them to look like. This principle aims to simplify 

that process and to look at natural systems in order to 

design products in a simplified manner. 

 

ix. Catalysis: In a chemical process catalysts are used in 

order to reduce energy requirements and to make 

reactions happen more efficiently (and many times 

quicker). Another benefit of using a catalyst is that 

generally small amounts (catalytic amount versus a 

stoichiometric amount) are required to have an effect. 

And, if the catalyst is truly a ―green‖ catalyst it will have 

little to no toxicity and it will be able to be used over-

and-over again in the process. Enzymes are wonderful 

examples of catalysts that have been proven to perform 

amazing chemistry – our bodies are wonderful examples! 

Green chemists are investigating using enzymes to 

perform chemistry in the laboratory in order to obtain the 

desired product. Many times enzymes will have reduced 

toxicity, increased specificity and efficiency. 

 

x. Design for Degradation 

Not only do we want materials and products to come 

from renewable resources, but we would also like them 

to not persist in the environment. There is no question 

that many products we use in our daily lives are far too 

persistent. Plastics do not degrade in our landfills and 

pharmaceutical drugs such as antibiotics build up in our 

water streams. This principle seeks to design products in 

such a way so that they perform their intended function 

and then, when appropriate, will degrade into safe, 

innocuous by-products when they are disposed of.  

 

xi. Real-time Analysis for Pollution Prevention 

Imagine if you have never baked a cake before in your 

life and you did not have a cookbook to refer to. You 

mix the ingredients that you believe you need and you 

place the cake in the oven. But, for how long do you 

cook it and at what temperature? How will you know 

when the cake is done? What happens if you cook it too 

long or for not enough time? This process is similar to 

what chemists have to do when they make products. 

How long do they allow the reaction to run for? When do 

they know it will be ―done‖? If there was a way to see 

inside the reaction and to know exactly when it would be 

done, then this would reduce waste in the process and 

ensure that your product is ―done‖ and is the right 

product that you intended to make.  

 

xii. Inherently Safer Chemistry for Accident 

Prevention: This principle focuses on safety for the 

worker and the surrounding community where an 

industry resides. It is better to use materials and 

chemicals that will not explode, light on fire, ignite in 

air, etc. when making a product. There are many 

examples where safe chemicals were not used and the 

result was disaster. The most widely known and perhaps 

one of the most devastating disaster was that of Bhopal, 

India in 1984 where a chemical plant had an accidental 

release that resulted in thousands of lives lost and many 

more injuries. The chemical reaction that occurred was 

an exothermic reaction that went astray and toxic fumes 

were released to the surrounding community. When 

creating products, it is best to avoid highly reactive 

chemicals that have potential to result in accidents. When 

explosions and fires happen in industry, the result is 

often devastating. 

 

The implementation of these Green Chemical Principles 

requires a certain investment, since the current, very 

inexpensive chemical processes must be redesigned
3
. 

However, in times when certain raw materials become 

more expensive (for example, as the availability of 

transition metals becomes limited) and also the costs for 

energy increase, such an investment should be paid back 

as the optimized processes become less expensive than 

the unoptimized ones. The development of greener 

procedures can therefore be seen as an investment for the 
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future, which also helps to ensure that the production 

complies with possible upcoming future legal 

regulations.
[4]

 

 

The use of hazardous and toxic solvents in chemical 

laboratories and the chemical industry is considered a 

very important problem for the health and safety of 

workers and environmental pollution. Green Chemistry 

aims to change the use of toxic solvents with greener 

alternatives, with replacement and synthetic techniques, 

separation and purification which do not need the use of 

solvents.
[2] 

Green Chemistry is diffusing throughout the 

chemical industry and includes use and development of 

new substances and processes that impact other sectors 

such as agriculture, healthcare, automotive, aerospace, 

energy, electronics, and advanced materials.
[5] 

 

Green chemistry seeks to reduce chemical related impact 

on human health and the environment by the use 

of alternative, environmentally friendly processes and 

reaction media. The selection of solvents and the 

chemicals used to dissolve substances into a solution, is 

key target within Green Chemistry programs. Solvents 

are a major source of industrial waste in industrial 

chemical manufacture but careful selection can also 

increase reaction rates and lower reaction temperatures.
[6] 

For example, a reaction with a hazardous reagent is not 

attractive for a process scale because of the inherent 

safety risks.
[7]

 But sometimes using such a reagent can 

shorten a reaction sequence, reducing costs, waste and 

solvent use Jeffrey V Mitten of Novasep, a company that 

specializes in chemical process development, described 

how the company handled this situation when converting 

a hydroxyester to an aminoalcohol using diborane gas, 

which can ignite in humid air. Novasep’s chemists and 

engineers created a way to generate diborane on site and 

meter it into the reaction. With the hazards contained, 

this route eliminated protection and deprotection steps, 

shortening a five-step sequence to two steps By using 

this new route, costs were reduced by 60%, and the 

product yield was improved from 59% to 81%.
[8] 

 

1.3 Green Solvents 

It is a list of solvents composed by American Chemical 

Society and contains information about the safety profile 

of solvent and the problems associated with the use and 

disposal of that solvent.
[9]

 Green solvent research in 

academic labs is targeted at finding new solvents. 

Scientists also developed applications for interesting 

liquids like water, supercritical carbon dioxide (CO2), 

and ionic liquids.
[10] 

Water is often not thought of as a 

potential solvent for organic reactions, because many 

reagents are water-sensitive or insoluble in water. But 

some reactions, like an aqueous Diels-Alder reaction 

between cyclopentadiene and butanone, run faster in 

water than inorganic solvents like methanol.
[11]

 Often the 

rate enhancement is due to hydrophobic effects and 

hydrogen bonds that stabilize transition states, running a 

reaction in water makes it possible to use enzyme 

catalysts as well. A 2007 analysis of green solvents that 

includes life cycle impacts, ranks water and supercritical 

CO2 as promising green alternatives to traditional 

organic solvents. Many chemicals do not dissolve in 

these solvents, but the researchers write that the fact is 

―more than counterbalanced‖ by the ease of handling and 

separating these solvents, as well as their low 

environmental impact.
[12] 

Supercritical CO2 has 

properties between that of a gas and a liquid. It’s 

commonly used asa dry cleaning solvent or to extract 

caffeine from coffee beans. Scientists can control what 

compounds dissolve in the supercritical fluid by 

adjusting its density to tune its polarity. The structure of 

positive and negative ions in these liquid salts control 

solubility and guide a reaction. Ionic liquids work as 

solvents for a variety of reactions and they can be 

designed to catalyze reactions too.While ionic liquids 

might be interesting substances from the perspective of 

basic research, their potential utility in industry is unclear 

due to as-yet-to-be-determined disposal protocols on a 

large scale.
[13]

 

 

1.4 Green Analytical Chemistry 

Development of analytics and environmental monitoring 

leads to better knowledge of the state of the environment 

and the processes that take place in it.
[14]

 Due to the 

introduction into an analytical practice new 

methodologies and new measuring techniques for 

identification and determination of trace and micro-trace 

components insamples with complex compositions have 

enabled the discovery of the following important facts: 

 acidifying the particular elements of the environment, 

 the existence of stratospheric ozone depletion 

phenomenon. 

 designation of long term trends in changes of trace 

components in atmospheric air. 

 increase of concentration level of so called persistent 

organic pollutant (POPs), i. e. compounds belonging to 

dioxins (PCDD, PCDF), polychlorinated biphenyls 

(PCBs) and others. 

 examination of pollutant bioaccumulation in tissuesof 

organisms on different steps of the trophic chain.
[15]

 

 This branch of analytical chemists creates many 

challenges. The most important are as follows. 

 low and very low concentration levels of analytes. 

 the existence of time and space fluctuations of 

analytesin the investigated media. 

 a broad range of concentration of analytes belongingto 

the same group of compounds. 

 the possibility of the presence of interfering 

compounds, frequently with similar chemical structure 

and properties.
[16]

 

 

The irony is that the analytical methods used to assess 

the state of environmental pollution may in fact be the 

source of emission of great amount of pollutants 

negatively influencing the environment. This is 

connected with the necessity of using considerable 

amounts of chemical compounds in successive steps of 

applied analytical procedures. Sampling and especially 

preparation for their final determination is frequently 
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connected withthe forming of large amounts of pollutants 

(vapours, wastes of reagents and solvents, solid 

waste).
[17]

  

 

Therefore, it is necessary to introduce the rules of green 

chemistryinto chemical laboratories on a large scale. 

There is an urgent necessity to evaluate the used 

analytical methods not only in respect for the reagent, 

instrumental costs andanalytical parameters but also on 

the basis of their negative influence on the environment. 

It canbe stated that green analytical chemistry is the 

essential element of green chemistry.
[18]

 The constant 

development of a new solventless technique is a good 

example of the activities in this field. The following 

direct analytical techniques (a preparation step is not 

necessary) may betreated as the typical examples of 

procedures that aremore friendly for the environment. 

 

 X-ray fluorescence. 

 surface acoustic wave (SAW) used during 

determination of volatile organic compounds (VOCs), 

 immunoassay.
[19]

 

Also, the other techniques in which the amount of 

reagents and solvents is limited belong to 

environmentally benign procedures,e.g. 

 solid phase extraction (SPE). 

 accelerated solvent extraction (ASE). 

 solid phase microextraction (SPME). 

 liquid-liquid microextraction (MLLE), and other. 

 microextraction techniques. 

 ultrasonic extraction. 

 supercritical fluid extraction (SFE). 

 extraction in automated Soxhlet apparatus. 

 vacuum distillation of volatile organic compounds. 

 mass spectrometry with membrane interface (MIMS). 

 

The extraction of pesticides from soil samples 

usingaccelerated solvent extraction is a good example of 

an analytical procedure fulfilling the rules of green 

chemistry.
[20]

 This procedure is characterized by many 

advantages in comparison to classical extraction 

techniques used forextraction of analytes from complex 

matrices.
[21]

 The main advantages of considering green 

chemistry are as follows. 

 

 Reduction of used solvents (up to 95%), 

 Shortening of analysis time (from 16 hours to 

10minutes). 

 savings of energy (the heating of extraction cell of 

ASE instrument to 100°C by 10 minutes in comparisonto 

16 hours heating of a plate in Soxhlet apparatus). 

 Decreasing exposure to solvents due to shorteningof 

extraction time and to smaller amounts of applied 

solvents). 

 Similar analytical characteristics (precise and 

analyterecoveries) for smaller sample (ASE). 

The ability to rapidly assess or monitor the disposition of 

environmental contaminants at purported or existing 

hazardous waste sites is an essential component of green 

chemistry.
[22]

 Soil samples have to be collected 

fromsurface to ground water and then shipped off-site 

foranalysis with waiting periods exceeding months. Soil 

samples, which represent approximately half the 

totalnumber, are extracted with solvents, then further 

separate during additional solvent to produce chemical-

specific fractions. Each fraction is then analyzed by an 

appropriate method.
[23]

 The proposed technology is 

aimed at reducingor eliminating solvent usage during the 

sample collection and sample analysis process by 

collecting and detecting organic pollutants at depth 

without bringing the actualsoil sample to the surface.
[24]

 

A thermal extraction cone penetrometry probe coupled to 

an ultra-fast gas chromatography/mass spectrometer 

(TECP-TDGC/MS) has been developed to collect and 

analyze subsurface organic contaminants in situ.
[25]

 The 

TECP is capable of heating the soil to 300°C, which is 

sufficient to collect volatile and semi volatile organics 

bound to soil, in the presence of soilwatercontent as high 

as 30%. Rather than using solventsto extract organics 

from soil, the TECP uses heat, thentraps the hot vapor in 

a Peltier-cooled thermal desorption GC sample inlet for 

on-line analysis.
[26]

 In addition, the proposed technology 

reduces solvent usage when decontaminating sample 

collection probes and utensils used to homogenize 

samples. The next important challenge of green 

analytical chemistry is in-process monitoring.
[27]

 

Developing andusing the in-line or on-line analyzers 

allow us to determine analytes in real time, enabling us 

to detect disturbances in the course of a process in the 

initial steps. Such means of analysis gives rapid 

information and chance for proper reaction stopping the 

technological processor changing the operational 

parameters, and improves overall efficiency.
[28]

 The 

application of green chemistry rules during designing 

greener analytical methods is a key to diminish negative 

effects of analytical chemistry on the environment. The 

same in geniousness and novelty applied earlier to obtain 

excellent sensitivity, precision andaccuracy is now used 

to abate or eliminate the applicationof hazardous 

substances in environmental analytics.
[29]

 

 

1.5 Solvent selection methodology: The solvent 

selection methodology developed earlier by Ganiet al. 

(2005) has been extended to handle multi-step 

chemicalsyntheses as well as solvent substitution for 

specific reactionsteps in existing processes. The latter 

option has been receiving increased attention as more 

and more solvents in current useare being identified as 

having a series of environmental, health and safety 

challenges and therefore, ―greener‖ substitutes 

arerequired.
[30]

  

 

1.6 Four Benefits of Using an Eco Friendly Chemical 

Solvent: Within the context of the green movement, the 

primary benefit of using eco friendly chemical solvents 

is their positive impact on the environment.
[31]

 However, 

when companies consider purchasing eco friendly 

solvents, there has to be more than reducing one's carbon 

footprint involved in the equation; that is, switching to an 



www.ejbps.com 

Bhupinder et al.                                                             European Journal of Biomedical and Pharmaceutical Sciences 

 

 

844 

environmentally friendly chemical solvent has to be 

financially beneficial. Although many companies project 

the image that their environmental measures are 

informed by environmental awareness, the main reason 

that companies begin "going green" is that it is more 

profitable in some way than not going green. Below, we 

list five benefits that companies receive when they 

switch from a traditional chemical solvent to an eco 

friendly one, all of which make "going green" 

tremendously more attractive.
[32]

 

 

1.7 Compliance with EPA Regulations 
With the growth of the green movement, the EPA has 

increasingly regulated the use of hazardous industrial 

cleaners in industrial and commercial settings, and it 

won't be stopping anytime soon.
[33]

 Therefore, switching 

to an environmentally safe or environmentally preferable 

cleaner before the EPA mandates the switch is a way to 

avoid the hassle of replacing a dependable solvent with a 

new one on short notice, and also a way to avoid 

stocking solvent that EPA regulations could render 

useless. Moreover, putting your company in line EPA 

regulations as soon as possible isn't just good for the 

environment; it's also a good move financially.
[34]

 

 

1.8 Reduction of Waste Removal Costs 

It's hard to say which trend is more prominent among 

today's companies: going green or cost cutting? Yet, 

there's an easy way to combine both trends into one: 

switch to biodegradable solvents and significantly reduce 

your chemical waste removal fees.
[35]

 Companies that 

switch from toxic cleaners to eco friendly ones always 

look as if their decision was purely conscientious. But 

behind closed doors, they're deciding what to do with the 

extra money in their waste removal budget now that their 

annual waste removal fees are a fraction of what they 

were.
[36]

 

 

1.9 The Development of Emissions Credits 
Reducing your company's emissions is great for the 

environment. But it can also be great for your company's 

bottom line.
[37]

 By switching to eco friendly cleaners and 

taking other emissions cutting measures, large companies 

are legally entitled to receive emissions credits that can 

be traded to companies that need extra emissions credits 

to support their operations.
[38]

 By developing emissions 

credits, some of the goods and services that you currently 

pay for may be traded for.
[39]

 

 

1.10 Avoidance of Toxic Exposure Lawsuits 
Switching to solvents that don't contain Hazardous Air 

Pollutants (HAPs) can do more than protect the health of 

your employees; it can also protect your company 

against a barrage of lawsuits that result from toxic 

exposure.
[40]

 Chronic illnesses due to toxic exposure can 

take decades to develop. But when they do, the effect on 

a company's finances and public reputation can be 

tremendous.
[41-46] 
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