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Abstract
7KH� ¿HOG� RI� DQDO\WLFDO� FKHPLVWU\� LV� LQFUHDVLQJO\� HPEUDFLQJ� VXVWDLQDELOLW\� DV� D� SLYRWDO� FULWHULRQ� IRU� PHWKRG�

GHYHORSPHQW�DQG�DSSOLFDWLRQ��7KLV�VKLIW�UHÀHFWV�D�JURZLQJ�DZDUHQHVV�RI�WKH�HQYLURQPHQWDO�LPSDFWV�DVVRFLDWHG�ZLWK�
WUDGLWLRQDO�DQDO\WLFDO� WHFKQLTXHV�DQG�WKH�LPSHUDWLYH�WR�DGRSW�HFR�IULHQGO\�SUDFWLFHV��7R�HYDOXDWH�WKH�VXVWDLQDELOLW\�RI�
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Solvent greenness metrics: Metrics like the Environmental Impact 
Quotient (EIQ) and Green Solvent Selection Guide evaluate the 
environmental impact of solvents used in analytical techniques. They 
consider factors such as toxicity, biodegradability, and ozone depletion 
potential.

Energy efficiency metrics: Energy efficiency metrics assess the 
amount of energy consumed per unit of analysis or per analytical 
technique. Methods that require less energy contribute to reduced 
carbon footprint and overall sustainability.

Waste generation metrics: Metrics such as Waste Generation 
Index (WGI) quantify the amount and type of waste generated during 
analytical procedures. Minimizing waste production is crucial for 
reducing environmental impact and promoting sustainable practices.

Greenhouse gas (GHG) emissions assessment

Assessment of GHG emissions associated with analytical methods 
helps quantify their contribution to climate change. Techniques that 
emit fewer GHGs or employ carbon-neutral strategies are considered 
more sustainable.

Renewable resource utilization metrics: Metrics evaluating the use 
of renewable resources in analytical processes promote sustainability 
by reducing dependency on finite resources and supporting renewable 
energy initiatives.

Toxicity assessment metrics: Toxicity assessment metrics evaluate 
the toxicity of reagents, solvents, and by-products generated during 
analytical procedures. Lower toxicity levels contribute to safer working 
environments and reduced environmental impact.

Water usage efficiency: Water usage efficiency metrics assess 
the amount of water consumed per unit of analysis. Techniques that 
minimize water usage or utilize water-efficient strategies contribute to 
sustainable water management.

Green analytical techniques development: Metrics focusing on the 
development of new green analytical techniques promote innovation in 
sustainable practices. Techniques such as miniaturization, automation, 
and biosensors reduce environmental impact while improving 
analytical efficiency.

Environmental footprint calculation: Calculating the 
environmental footprint of analytical methods provides a holistic 
view of their overall impact on ecosystems and natural resources. It 
considers cumulative impacts on air, water, and soil quality.

Eco-efficiency analysis: Eco-efficiency analysis evaluates the 
balance between economic value and environmental impact of analytical 
techniques. Methods that achieve high eco-efficiency optimize resource 
use and minimize costs associated with environmental management.

Green chemistry principles integration: Integration of green 
chemistry principles into analytical methods emphasizes the design 
of processes that are inherently safer and more sustainable. Principles 
such as prevention of waste, use of renewable feedstocks, and safer 
solvents guide method development.

Sustainability reporting metrics: Metrics for sustainability 
reporting in analytical chemistry provide transparency and 
accountability regarding environmental performance. They encourage 
continuous improvement in sustainability practices and stakeholder 
engagement.

Social impact assessment: Assessment of social impacts associated 
with analytical methods considers factors such as occupational health, 
community well-being and ethical considerations. Methods that 
prioritize social responsibility contribute to holistic sustainability.

Conclusion
The adoption of eco-friendly metrics in analytical chemistry 

is crucial for advancing sustainability goals and mitigating 
environmental impacts. The sixteen metrics discussed in this article 
provide a comprehensive framework for evaluating the greenness of 
analytical methods, guiding researchers and practitioners towards 
more sustainable practices. As technology and methodologies 
evolve, integrating these metrics into routine analytical procedures 
will be essential for promoting a sustainable future and addressing 
global environmental challenges. By prioritizing eco-friendliness 
and sustainability, the field of analytical chemistry can contribute 
significantly to broader efforts towards environmental stewardship and 
resource conservation.
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