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Abstract: 

In recent years, the synthesis of nanoparticles has gained significant attention due to their unique physicochemical 

properties and diverse applications. Silver nanoparticles (AgNPs) have emerged as a promising nanomaterial with 

antimicrobial, catalytic, and optical properties. However, the conventional methods of AgNP synthesis often involve the 

use of hazardous chemicals, posing environmental and health risks. This paper presents a novel and eco-friendly approach 

for the green synthesis of silver nanoparticles using plant extracts.The study focuses on harnessing the reducing and 

stabilizing properties of phytochemicals present in various plant extracts. These extracts serve as both reducing and 

capping agents, eliminating the need for toxic chemicals traditionally used in nanoparticle synthesis. The use of plant 

extracts not only ensures a benign synthesis route but also promotes sustainable practices, aligning with the principles of 

green chemistry. 
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Introduction: 

Nanotechnology has revolutionized various scientific disciplines, offering unprecedented opportunities for the 

development of novel materials with unique properties and applications. Among the myriad of nanomaterials, silver 

nanoparticles (AgNPs) have garnered significant interest due to their exceptional antimicrobial, catalytic, and optical 

characteristics. However, the conventional methods employed for the synthesis of AgNPs often involve the use of toxic 

chemicals, raising concerns about their environmental impact and potential health hazards.In response to the imperative 

for sustainable and environmentally friendly methodologies, researchers have increasingly turned to "green synthesis" as 

an alternative approach for nanoparticle fabrication. Green synthesis employs natural sources, such as plant extracts, to 

serve as both reducing and stabilizing agents in the synthesis process, eliminating the need for hazardous chemicals. This 

eco-friendly approach aligns with the principles of green chemistry, emphasizing the importance of minimizing the use of 

hazardous substances, reducing energy consumption, and promoting the sustainability of processes. 

 

This paper explores the green synthesis of silver nanoparticles using plant extracts as a sustainable and eco-friendly 

alternative to conventional methods. The utilization of plant extracts introduces a plethora of advantages, including 

biocompatibility, cost-effectiveness, and scalability. Harnessing the inherent reducing potential of phytochemicals within 

these extracts facilitates the reduction of silver ions, leading to the formation of stable nanoparticles. Additionally, the 

plant extracts serve as capping agents, preventing the agglomeration of nanoparticles and enhancing their stability.The 

choice of plant extracts as a reducing and stabilizing agent is particularly intriguing, given the rich diversity of 

phytochemicals present in different plant species. These phytochemicals, such as flavonoids, polyphenols, and terpenoids, 

contribute to the reduction of silver ions and provide a natural coating around the nanoparticles, influencing their size, 

shape, and surface properties.This study aims to contribute to the growing body of knowledge surrounding green synthesis 

methodologies by investigating the synthesis of AgNPs using various plant extracts. The focus is not only on the synthesis 

process but also on the comprehensive characterization of the resulting nanoparticles and their potential applications. The 

findings are expected to underscore the significance of green synthesis in advancing nanotechnology while addressing the 

critical need for sustainable practices in materials science. Through this eco-friendly approach, the research endeavours 

to pave the way for the development of advanced nanomaterials with reduced environmental impact and increased societal 

benefit. 

 

Significance of AgNPs and Challenges with conventional AgNP synthesis methods: 

Silver nanoparticles (AgNPs) have gained significance in paper-based applications due to their unique properties and 

potential benefits.  

1. Antimicrobial Properties: One of the primary reasons for incorporating AgNPs into paper is their strong antimicrobial 

activity. AgNPs can inhibit the growth of a wide range of microorganisms, including bacteria, viruses, and fungi. This 
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property makes AgNP-infused paper ideal for applications in healthcare settings, food packaging, and other situations 

where preventing microbial contamination is essential. 

2. Hygiene and Sanitation:AgNP-treated paper can contribute to enhanced hygiene and sanitation. It can be used in the 

manufacturing of antibacterial tissues, wipes, and other paper products to help reduce the spread of infections and diseases. 

 

3. Packaging Materials:AgNPs can be incorporated into packaging materials to provide an additional layer of protection 

against microbial contamination. This is particularly important in the food industry, where maintaining the freshness and 

safety of products is crucial. 

4. Medical and Healthcare Applications:AgNP-treated paper has potential applications in the medical field. It can be used 

to develop bandages, dressings, and other medical products with antimicrobial properties, promoting wound healing and 

reducing the risk of infections. 

5. Water Purification:AgNPs can be applied to paper for water purification purposes. The antimicrobial properties of 

AgNPs can help in the removal of bacteria and other contaminants from water, making it safer for consumption. 

6. Sensor and Diagnostic Devices:AgNPs exhibit unique optical properties, and their incorporation into paper can be 

beneficial for the development of sensors and diagnostic devices. Paper-based sensors with AgNPs can be used for rapid 

and cost-effective detection of various analytes, including pathogens and pollutants. 

7. Conductive Paper:AgNPs are known for their electrical conductivity. Infusing paper with AgNPs can result in 

conductive paper, which finds applications in flexible electronics, printed electronics, and other electronic devices. 

8. Environmental Monitoring:AgNP-treated paper can be employed for environmental monitoring applications. It can 

serve as a platform for developing sensors that detect and quantify environmental pollutants. 

9. Smart Packaging:AgNP-infused paper can be used in smart packaging applications. For example, sensors embedded in 

the paper can detect changes in the environment, such as temperature or humidity, providing valuable information about 

the condition of the packaged goods. 

 

Emergence of green synthesis as an eco-friendly alternative: 

Green synthesis has emerged as an eco-friendly alternative for the production of nanoparticles, including silver 

nanoparticles (AgNPs), and it holds promise for applications in the paper industry. Green synthesis methods involve the 

use of natural sources such as plants, microbes, and other environmentally benign materials, reducing the reliance on 

hazardous chemicals and minimizing the environmental impact.  

Green synthesis methods typically use natural extracts, biomolecules, or microorganisms as reducing and stabilizing 

agents. This reduces the use of toxic chemicals, making the entire synthesis process more environmentally friendly. The 

use of plant extracts, for example, can replace traditional chemical reductants, contributing to a more sustainable and green 

approach.Green synthesis often results in fewer by-products and less waste compared to conventional synthesis methods. 

This helps in minimizing the environmental footprint associated with nanoparticle production.By using readily available 

and renewable resources, the overall impact on ecosystems is reduced.Green-synthesized AgNPs are often more 

biocompatible and safer for human health compared to AgNPs produced through chemical methods. This is especially 

important when considering applications in products like paper, which may come into contact with skin or be used in 

packaging for food products.Green synthesis methods are designed to be more resource-efficient. Utilizing natural sources 

for reducing and stabilizing agents can contribute to the sustainable use of resources, aligning with the principles of green 

chemistry.Green-synthesized AgNPs are generally more biodegradable and environmentally benign. This is crucial for 

applications in disposable products like paper, as it ensures that the end-of-life disposal is less harmful to the 

environment.Green synthesis methods can sometimes be economically viable as they often use locally available, 

inexpensive materials. This can be advantageous for industries, including the paper industry, looking for cost-effective 

and sustainable solutions.Green-synthesized AgNPs can be directly incorporated into paper during its production process. 

This can impart antimicrobial properties to the paper, making it resistant to microbial growth without the need for 

additional chemical treatments.Green synthesis methods often involve local communities in the collection and processing 

of natural resources. This engagement can contribute to social sustainability by empowering local communities and 

promoting traditional knowledge. 

 

 
Figure 1: Fourier transform infrared (FTIR) spectra of Ag NPs 
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Rationale for using plant extracts in AgNP synthesis: 

The use of plant extracts in the synthesis of silver nanoparticles (AgNPs) for paper-based applications is driven by several 

compelling rationales. This green synthesis approach involves utilizing the reducing and stabilizing properties of plant 

extracts to convert silver ions into nanoparticles. Green synthesis using plant extracts is inherently eco-friendly. It 

eliminates the need for hazardous chemicals and reduces the environmental impact associated with traditional chemical 

methods. This aligns with the principles of green chemistry and sustainable practices.Plant extracts are readily available 

and renewable resources. The abundance of plant materials makes them a sustainable choice for nanoparticle synthesis, 

reducing dependence on scarce or non-renewable resources.Plant extracts are generally biocompatible and pose fewer 

risks to human health compared to synthetic chemicals. This is especially important when considering applications in the 

paper industry, where the end product may come into contact with human skin or be used in packaging for food 

products.Many plant extracts contain a variety of phytochemicals, such as polyphenols, flavonoids, and terpenoids, which 

serve as effective reducing agents. These compounds facilitate the reduction of silver ions to form AgNPs, acting as both 

reducing and stabilizing agents.Green synthesis using plant extracts often occurs under mild reaction conditions, such as 

ambient temperature and pressure. This is advantageous for the preservation of the inherent properties of the plant 

compounds and reduces the energy requirements of the synthesis process.Plant extracts contain a complex mixture of 

compounds that can serve multiple functions in nanoparticle synthesis. In addition to their role as reducing agents, some 

phytochemicals can act as stabilizing agents, preventing the agglomeration of nanoparticles and enhancing their stability. 

Different plant species offer a wide variety of bioactive compounds, each with unique properties. This diversity allows for 

the customization of AgNPs with specific characteristics, such as size, shape, and surface chemistry, by choosing plant 

extracts with particular phytochemical profiles.Green synthesis using plant extracts encourages community engagement 

and local sourcing of materials. This can be particularly important for supporting local economies and preserving 

traditional knowledge related to the use of plants for medicinal or industrial purposes.Plant extracts are often cost-effective 

compared to some synthetic chemicals. This contributes to the economic viability of green synthesis methods, making 

them attractive for large-scale applications, such as in the paper industry.In conclusion, the rationale for using plant 

extracts in AgNP synthesis for paper lies in their environmentally friendly nature, abundance, biocompatibility, and the 

diverse array of bioactive compounds they contain. Green synthesis using plant extracts aligns with the growing demand 

for sustainable and green technologies in various industries, including the development of eco-friendly materials like 

paper. 

 

 
(Figure 2) a) Period subordinate ingestion spectra of the response blends comprising of AgNO3 and Flautist chaba 

extricate (b) pH-subordinate retention spectra of the response combinations of AgNO3 and Flute player chaba remove 

after the response for 1 h at 60° C 

 

Methods of Synthesis of AgNPs: 

Top-down and bottom-up strategies typically characterize the Ag NPs manufacturing process. In the hierarchical 

methodology, mass materials are separated to create the required nanostructures, while the base up technique includes the 

coordination of single iotas and atoms into bigger nanostructures. Additionally, there are physical, chemical, and biological 

approaches to the synthesis strategy. The biological methods are the focus of this review; subsequently, different 

methodologies are just momentarily referenced here. 

Actual strategies include two essential cycles: vanishing buildup and laser removal. In the vanishing buildup strategy, a 

latent gas-stage course uses an even cylinder heater at climatic strain to create nanoparticles. Inside the heater, a boat 

containing the metal source material goes through vaporization into the transporter gas. This strategy has been utilized for 

blending nanoparticles, including Au and PbS. On account of blending Ag NPs, a dormant gas buildup framework 

involving fluid helium in the process chamber yielded particles going from 9 to 32 nm. Downsides of this strategy 
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incorporate the prerequisite for more than adequate space, high temperatures, and a drawn out length to keep up with the 

warm soundness of the created Ag NPs. Laser removal includes illuminating a piece of the objective material in 

arrangement with a laser of reasonable frequency, prompting nanoparticle development. Ag NPs, for example, have been 

delivered by lighting silver objective material in unadulterated water with a 532 nm laser shaft. The liquid only contains 

the intended solid nanoparticles after laser irradiation, devoid of any other ions, compounds, or reducing agents. Laser 

removal blend is viewed as perfect and uncontaminated, using gentle surfactants in the dissolvable without extra harmful 

or risky substance reagents. Flash removal processes yield round, consistently scattered, and homogeneously measured 

Ag NPs. Notwithstanding their ability to deliver high-virtue nanoparticles with clear cut morphologies, actual 

methodologies will generally be costly. 

Substance strategies, especially compound decrease, stand as one of the most broadly utilized methods for combining Ag 

NPs, using both inorganic and natural diminishing specialists. The morphology of the created nanoparticles is profoundly 

affected by the decision of decreasing and balancing out specialists, as well as response conditions. The use of toxic 

chemicals can potentially harm biotic components, which is one disadvantage of the chemical method. 

Organic techniques offer an ecologically manageable and savvy option in contrast to compound and actual cycles for the 

development of nanoparticles for an enormous scope. The organic methodology is portrayed by its lower cost, 

biocompatibility, neatness, non-poisonousness, and frequently includes a solitary step process. This technique uses 

auxiliary metabolites (like phenolics, flavonoids, terpenes, and carbs) and biomolecules (counting DNA, proteins, and 

catalysts) present in parasites, organisms, green growth, and plants. These biomolecules act as diminishing, covering, and 

balancing out specialists. 

 

 
Figure 3: TEM micrograph of the synthesized Ag NPs 

 

During nanoparticle synthesis, precise nucleation websites are furnished via biomolecule-mediated synthesis, in particular 

with DNA, proteins, and enzymes. As a result, nanoparticles of uniform measurement that are selective and touchy to 

biomolecular objectives can be used in a range of biomedical applications. Notwithstanding, these techniques are delicate 

to herbal occasions like temperature and pH. The measurement of the built-in nanoparticles is likewise impacted by way 

of the molar percentage of silver salt to biomolecules. For instance, DNA-intervened nanoparticles have proven 

antibacterial movement, whilst protein-interceded nanoparticles have exhibited detecting functions on spike proteins. 

Bacterial species, for example, Bacillus amyloliquefaciens, Bacillus subtilis, Pseudomonas aeruginosa, Escherichia coli, 

and Acinetobacter calcoaceticus, have been used as wellsprings of bio lessening auxiliary metabolites for silver salts. 

Notwithstanding, organism managed amalgamation faces difficulties as a long way as modern-day attainability due to the 

fact of difficult aseptic requirements and the executives necessities. In this manner, the utilization of plant extricates has 

arisen as a greater practical course, presenting straightforwardness, negligible biohazard risk, and the shortfall of the 

requirement for cellphone subculture support. Plants, being straight away open, include a extensive assortment of dynamic 

utilitarian gatherings and elective metabolites, like polysaccharides, tannins, saponins, phenolics, terpenoids, flavonoids, 

alkaloids, sugars, proteins, carbs, and amino acids. FTIR evaluation exhibits that these elements are indispensable in 

reducing, capping, and stabilizing Ag NPs. Various plants, consisting of Lippia citriodora, Terminalia arjuna, Pot sativa, 

Salvia officinalis, Jatropha curcas seed, Caesalpinia coriaria, Artemisia nilagirica, Parkia speciosa, Cinnamon zeylanicum, 

Lysilomaacapulcensis, Euphorbia prostrata, Cocos nucifera coir, Camellia sinensis, Sideritisargyrea, and Ipomoea 

staphylina, have been successfully utilized for the mixture of Ag NPs.  

 

Plant-Mediated Ag NPs and Factors Affecting the Formation of Ag NPs: 

The biocompatible and nontoxic combination of practical nanoparticles assumes a urgent part in propelling 

nanotechnology. This approach is depicted as an effortless engineered technique because of its harmless to the ecosystem, 

safe, and dissolvable free nature, keeping away from the utilization of poisons. Different optional metabolites obtained 

from plants go about as decreasing, settling, and covering specialists, with various plants delivering particular classes of 
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auxiliary metabolites that have shifting levels of bio decrease potential. This potential capacity includes the gift of 

electrons for the decrease of Ag+ particles to Ag0, eventually impacting the morphology, size, and yield of Ag NPs. 

In the nano change of silver salt, electrons are gotten from cycles like dehydrogenation of acids and alcohols/phenols in 

hydrophytes, keto to enol transformations in mesophytes, or a mix of the two systems in xerophyte plants. The arrival of 

electrons from bio decreasing optional metabolites brings about the decrease of silver particles, prompting the 

development of Ag NPs. The size of the nanoparticle is a basic consider deciding its properties, and most plant-interceded 

Ag NPs display a circular shape. Other than the nature and grouping of auxiliary metabolites, factors, for example, pH, 

temperature, decrease time, the proportion of silver salt fixation, and plant extricate focus likewise impact nanoparticle 

arrangement. Ag NP uniformity and size are significantly influenced by pH. Changes in the pH of the response blend and 

the plant concentrate can adjust the shape and size of the nanoparticles, with a converse relationship between's nanoparticle 

size and response combination pH. Practically no Ag NPs are created under acidic circumstances, as affirmed by the 

shortfall of a solid surface plasmon reverberation (SPR) top in the bright noticeable (UV-Vis) range. The decrease of silver 

salts to Ag NPs is advanced quickly by expanding the pH, however at extremely high pH values (pH > 11), agglomerated 

and unsound Ag NPs can shape. Quantum size confinement causes Ag NPs' optical band gap to be greater in basic 

conditions than in neutral and acidic. Green blend of Ag NPs utilizing a temperature lower than 100°C is fundamental. 

Until optimal conditions are reached, the total reaction rate increases with temperature, resulting in nucleation and the 

formation of nanoparticles of smaller sizes. Dematerialized supersaturation may occur when the fusion efficiency of metal 

ions increases above this temperature, resulting in larger synthesized nanoparticles. The development in the shade of plant 

remove during the decrease of silver salts over various spans fills in as an expressive sign of Ag NP development, checked 

through UV-V is spectroscopy. Along these lines, Ag NPs show a surface plasmon reverberation (SPR) top ordinarily 

around 450 nm. Varieties in frequency, both bathochromic (red-shift) and hypsochromic (blue-shift), saw with response 

time, are related with the development of nanoparticles with various shapes and sizes. As reaction time increases, the 

intensity and wavelength of the SPR peak shift less, indicating that the Ag+ ions have been converted to Ag0. The ascent 

in absorbance over the long run shows an expansion in the centralization of Ag NPs. Notably, studies have shown that the 

stability of the synthesized nanoparticles is indicated by the absence of further shifts in the SPR peak after a predetermined 

time period. The size and shape of the resulting nanoparticles are heavily influenced by the concentration of silver salts. 

Nanoparticle union can be drawn nearer by either keeping a consistent salt fixation and presenting different groupings of 

the concentrate or by planning different centralizations of the salt arrangement and joining them with a decent concentrate 

focus. The convergence of bio lessening specialists relates to an expansion in the yield of AgNP's creation with more 

modest sizes. 

 

Characterization Techniques: 

To assess the functional aspects of synthesized particles, Ag NPs can undergo characterization. The initial step involves 

in situ confirmation of their formation in a colloidal solution, followed by subsequent processes such as 

centrifugation/ethanol precipitation, drying, and recharacterization to evaluate various parameters. A diverse range of 

analytical techniques is employed for this purpose. 

Characterization during Nanoparticle Formation: 

The portrayal of Ag NPs in a colloidal association relies upon on their optical properties, which are impacted by means of 

variables, for example, size, shape, fixation, agglomeration state, and the refractive listing shut the nanoparticle surface. 

UV-V is spectroscopy is an imperative first step in the identification and characterization of Ag NPs in the colloidal nation 

thanks to these properties. Ag NPs commonly show an UV-Vis ingestion best internal the scope of 400-500 nm, situation 

to molecule size. A pinnacle in this district capacity the improvement of nanoparticles due to the fact of floor plasmon 

reverberation (SPR) electrons on the nanoparticle surface. The convergence of diminishing professionals influences the 

measurement of the nanoparticles, bringing about a shift toward a decrease frequency in the UV-Vis spectra, demonstrative 

of the floor plasmon reverberation of Ag NPs. The SPR electron excitation is ordinary for dimension and shape, dielectric 

homes of the integrating medium, and bury nanoparticle coupling associations. For example, Ag NPs with a measurement 

of 17.96 ± 0.16, now not completely set in stone via TEM examination, confirmed a SPR pinnacle at 404 nm in UV-Vis 

spectroscopy whilst orchestrated utilising a 4:5 percentage of 0.001 M AgNO3 and fluid listen of Citrullus lanatus natural 

product pores and skin at a temperature of 80°C and pH 10. Cyclic voltammetry is one greater method utilized for the 

potentio dynamic electrochemical portrayal of Ag NPs. During cyclic voltammetry, a massive trade in the reduce 

functionality of Ag+ from a greater oxidation country to Ag^0 is noticed. Standard 20 nm Ag NPs showcase awesome 

oxidation and discount peaks at +290 mV and a hundred mV, respectively, on the cyclic voltammogram. Interestingly, the 

built-in Ag NPs using the watery pay attention of Citrullus lanatus herbal product pores and skin exhibit an unmistakable 

oxidation pinnacle at +291 mV and no limit top, with a dimension of 17.96 ± 0.16 nm.  

Characterization of Morphology and Particle Size: 

Portrayal gadgets like Transmission Electron Microscopy (TEM), Checking Electron Microscopy (SEM), Nuclear Power 

Microscopy (AFM), and Dynamic Light Dissipating (DLS) are utilized to get quantitative proportions of molecule size, 

shape, and measurement appropriation. Synthesized nanomaterials are examined for their neighborhood shape and 

chemistry the usage of TEM, a effective and high-resolution imaging method. Ultrathin Ag NP samples have to be in a 

position to face up to vacuum conditions, be loaded on carbon-coated copper grids with terrible staining solution, and be 

appropriate for TEM analysis. After being loaded, the Ag NPs are allowed to dry underneath a mercury lamp earlier than 

being uncovered to an electron beam that is monochromatic to produce an photograph and divulge the sample's 

crystallographic structure. For example, union of Ag NPs making use of the ethanolic root pay attention of Atropa 



Green Synthesis Of Silver Nanoparticles (AgNPs) Using Plant Extracts: An Eco-Friendly Approach 

 

878 

belladonna and portrayal by means of TEM confirmed nanoparticles going in dimension from 15 to 20 nm. SEM is an 

analytical method for direct floor imaging that can unravel a range of nanoparticle sizes, dimension distributions, shapes, 

and floor morphologies. Dried Ag NPs are protected with conductive metallic using a falter coater beneath ultravacuum 

conditions, and SEM makes use of a vivacious electron shaft to create a three-layered building of the molecule. Different 

states of Ag NPs have been viewed via SEM, for example, round, three-sided, and cuboidal, contingent upon the combo 

method and listen utilized. AFM is a profoundly attainable minute method for concentrating on the morphology of 

nanoparticles with ultrahigh aim in mild of true checking in one or the different fluid or gasoline medium. It creates a 

geographical information of Ag NPs in mild of a variety of powers (attractive, electrostatic, and interatomic powers) 

between the check and the nanoparticle surface. Kumar et al. integrated Ag NPs using the watery listen of Adansonia 

digitata natural product mash, with sizes going from 25 to fifty seven nm and a spherical and poly scattered morphology 

affirmed via AFM. DLS is utilized for identifying molecule measurement and appropriation by means of estimating the 

rotational and translational dispersion coefficients of particles in colloidal suspensions. It estimates the measurement of 

Brownian particles, and a Doppler shift takes place when monochromatic mild coordinates onto an reply of Ag NPs, giving 

records about molecule dimension and conveyance. For example, amalgamation of Ag NPs using the fluid pay attention 

of Chamaemelum nobile and DLS examination affirmed sizes going from 39 to 78.5 nm at perfect circumstances.  

Characterization of Surface Charge and Stability: 

The internet workable electric powered cost at the twofold layer limit, recognized as the zeta potential, offers grasp into 

the electro predicted fame of Ag NPs in a scattered medium. Laser Doppler electrophoresis stays as the most prevalent 

and commonly mentioned approach for describing the floor cost and steadiness of nanoparticles due to the fact of its 

general aim and dependability. The motion of nanoparticles is affected by means of the floor charge, pushed by using each 

Brownian motion and electrostatic powers underneath the impact of utilized electric powered fields. Negative-negative 

repulsion, a excessive poor zeta viable cost for Ag NPs, suggests long-term stability, a excessive floor charge, a accurate 

colloidal nature, and excessive dispersity. For example, Ag NPs blended making use of Annona squamosa leaf get rid of 

confirmed a zeta functionality of 37 mV. Cynara scolymus leaf separate interceded Ag NPs, with zeta viable upsides of 

−32.3 ± 0.8 mV, have been accounted for, demonstrating adversely charged and steady nanoparticles. A zeta achievable 

fee of greater than +30 mV or much less than 30 mV is notion to point out extraordinarily steady medium dispersion.  

 

Conclusion: 

In conclusion, the green synthesis of silver nanoparticles (AgNPs) using plant extracts represents a promising and eco-

friendly approach with diverse applications. This method harnesses the reducing, capping, and stabilizing capabilities of 

secondary metabolites and biomolecules present in various plants, offering a sustainable alternative to traditional chemical 

and physical synthesis routes. The utilization of plant extracts in AgNP synthesis provides several advantages, including 

biocompatibility, cost-effectiveness, and the avoidance of toxic chemicals. 
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