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Abstract 
Environmental toxicity assessment serves as an indispensable tool to evaluate the potential hazards 
of chemicals and products to ecosystems and human well-being. Nevertheless, current approaches 
of testing may fall short in properly assessing the possible dangers of chemicals and their 
consequences on sustainability. Hence, the objective of this analytical overview is to scrutinize the 
efficiency of environmental toxicity testing in terms of sustainability principles. 
The overview analyzes the fundamental tenets of sustainability, which include the principle of 
caution, the principle of polluter accountability, and the principle of intergenerational equity. 
Additionally, it scrutinizes the existing environmental toxicity testing methodologies and pinpoints 
their restrictions in addressing sustainability apprehensions. The overview accentuates the 
significance of integrating sustainability principles into toxicity testing frameworks to guarantee that 
the testing methodologies are effective in encouraging sustainable development. 
Keyword- Effectiveness Of Toxicity Testing, Promoting Sustainable Development,  Emerging toxicity 
testing approaches. 
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Introduction 
The burgeoning apprehension regarding the 
impact of environmental contamination on 
the welfare of humanity and the planet has 
resulted in the conception of an array of 
methods for assessing toxicity. The evaluation 
of toxicity is a momentous phase in appraising 
the safety of chemical substances and 
products prior to their introduction into the 
environment. The investigation of 
environmental toxicity analysis constitutes a 
vital component in comprehending the 
probable hazards of chemical substances and 
their influence on both the environment and 
human health. 
The review ascertains that the present toxicity 
testing approaches primarily concentrate on 
short-term effects and fail to take into 
account the long-term consequences of 

chemicals on ecosystems and human well-
being. Moreover, it recognizes the absence of 
transparency in testing procedures and data 
sharing as a noteworthy challenge in 
addressing sustainability issues. The review 
suggests that toxicity testing frameworks 
must encompass sustainability principles to 
guarantee that the results are significant and 
enlightening. 
 
The review also identifies emerging toxicity 
testing approaches, such as high-throughput 
screening and adverse outcome pathways, as 
promising tools for promoting sustainability in 
chemical risk assessment. These approaches 
offer a more comprehensive and efficient 
means of assessing the potential risks of 
chemicals on ecosystems and human health. 
 

233

http://www.neuroquantology.com/


          NeuroQuantology |February 2021 | Volume19 |Issue 2 |Page 233-238|doi: 10.48047/nq.2021.19.2.NQ21040 
Kamal Kant et al/Analytical review of environmental toxicity testing: An analysis in the light of sustainability 

 

eISSN1303-5150                                                                                                   www.neuroquantology.com                                                                                                                                                                  
                                                                                                                                                                                    
                                                                                           
                      
 

The review concludes that incorporating 
sustainability principles into environmental 
toxicity testing frameworks is crucial to 
ensuring that the testing methods are 
effective in promoting sustainable 
development. The review recommends that 
regulatory agencies and industry stakeholders 
collaborate to develop standardized and 
transparent testing methods that prioritize 
sustainability. Additionally, the review 
emphasizes the need for continued research 
and innovation to improve the effectiveness 
of toxicity testing approaches in addressing 
sustainability concerns. 
 
According to Corvalan, Hales, McMichael, and 
Butler (2005) the notion of sustainability has 
attained a significant degree of importance in 
contemporary society. The concept of 
sustainability underscores the exigency of 
maintaining equilibrium amid environmental, 
social, and economic factors to ensure the 
prolonged existence of the planet and its 
occupants. Consequently, it is of paramount 
importance to scrutinize environmental 
toxicity assessment considering sustainability. 
 
In contemporary times, there has been a 
burgeoning curiosity in producing sustainable 
options in place of conventional techniques 
for gauging environmental toxicity. The 
objective of these techniques is to decrease or 
eradicate the use of animals and minimize 
waste generation while still providing precise 
data regarding the toxic nature of chemicals.  
Duruibe, Ogwuegbu, and Egwurugwu (2007) 
found that the development and execution of 
such sustainable testing techniques are vital 
for ensuring that the environment is 
protected while simultaneously supporting 
economic advancement.  
 
To evaluate the present state of 
environmental toxicity testing and its 
sustainability, an analytical appraisal is 
required. This review will scrutinize the 
current methodologies utilized for 
environmental toxicity testing, the challenges 
they present to sustainability, and the 
emerging sustainable alternatives that are 

being created. The existing methodology for 
environmental toxicity testing involves 
exposing laboratory animals such as mice, 
rats, and rabbits to differing levels of 
chemicals to observe their effects on the 
animals' well-being and conduct. This method 
has received severe criticism due to ethical 
concerns and the unreliability of the data 
obtained due to differences between species 
of animals and humans. Additionally, animal 
testing results in a large amount of waste, 
including animal corpses, and has a significant 
cost. 
 
To address these concerns, various 
sustainable alternatives to animal testing have 
been developed. These alternatives comprise 
in vitro testing techniques such as cell culture, 
in silico modeling, and the use of tissue chips. 
These techniques have the potential to 
provide reliable toxicity data without the use 
of animals and produce less waste. Moreover, 
they are generally more cost-effective than 
traditional animal testing methodologies. 
However, the adoption of sustainable 
alternatives to animal testing has been 
sluggish due to various factors. One 
Challenges is the regulatory acceptance of 
these methods. Regulators have been 
hesitant to accept these a due to concerns 
about their reliability and consistency 
compared to traditional animal testing 
methods. Additionally, further research is 
required to validate the effectiveness and 
accuracy of these sustainable alternatives. 
The challenge is the lack of public awareness 
and education regarding the significance of 
sustainability in environmental toxicity 
testing. Depledge and Galloway (2005) found 
that the public may not grasp the ethical and 
environmental implications of traditional 
animal testing methods and the potential 
advantages of sustainable alternatives. 
Educative and outreach programs that 
promote sustainable testing techniques and 
inform the public regarding their benefits 
could help boost their adoption. 
 
Furthermore, there is a requirement for 
cooperation and standardization among 
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stakeholders to ensure the creation and 
adoption of sustainable testing methods. 
Collaboration between scientists, 
policymakers, regulators, and industry 
stakeholders can help identify and address 

the obstacles that sustainable testing 
methods face. Standardization of testing 
protocols and data reporting can improve the 
consistency and reliability of the results 
obtained from sustainable testing methods. 

 
 
 
Figure 1 shows the various dimensions of environmental toxicity testing. 
 

 
Figure 1 Various Dimensions of Environmental Toxicity Testing 

 
Source: https://nap.nationalacademies.org/read/11523/chapter/8 
 
Literature Review 
Sustainability is a multi-dimensional and 
intricate concept. This encompasses the 
ecological, economic, and social dimensions. 
It refers to the ability of natural systems to 
uphold their integrity and productivity over an 
extended period. Moreover, it concerns the 
capability of human societies to fulfil their 
existing requirements while ensuring the 
availability of resources for forthcoming 
generations.  Kuhlman & Farrington, (2010) 
sustainability materialized in the 1970s as 
people. Becoming more apprehensive about 
the environmental impacts of human 
activities and the constraints of natural 
resources.  Sustainability became widely 
acknowledged as a crucial framework for 
addressing worldwide predicaments.  Climate 
change, biodiversity loss, and social inequity is 

buzzword.  The recognition that human 
welfare is intricately linked to the well-being 
of the natural world.  
 
Krewski et al., (2010) sustainable 
development demands a comprehensive 
approach. It balances economic growth, social 
justice, and environmental protection. This 
necessitates innovation, collaboration, and 
leadership at all levels of society, from 
individuals to governments and international 
organizations. The holistic approach to 
toxicity testing involves assessing the wider 
environmental context comprehensively. This 
assessment involves analyzing various 
exposure pathways and examining different 
environmental factors such as temperature, 
pH, and salinity, as well as their interactions 
with different species in the ecosystem. 
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Stewart et al. (2013) found that mesocosms, 
which are enclosed experimental systems that 
simulate real-world environmental conditions, 
can help evaluate the effects of exposure on 
the ecosystem more realistically. Additionally, 
stakeholders should participate in 
environmental toxicity testing to ensure that 
the findings are used to inform policies and 
regulatory decisions that reflect their values 
and concerns. 
 
Selecting test organisms and endpoints is 
ensure the relevance and accuracy of toxicity 
testing results. Test organisms selected based 
on their sensitivity to the substance being 
tested and their relevance to the ecosystem 
under examination. It is essential to note that 
different organisms may respond differently 
to the same substance. Therefore, it is 
necessary to choose organisms that 
accurately represent the ecosystem being 
studied. Sustainability is a trendy term or 
passing fad. It is an indispensable prerequisite 
for the survival and well-being of humanity. It 
involves establishing a world where we can 
thrive without depleting resources.   
 
Koger and Winter (2011) revealed that the 
ability of forthcoming generations to do 
likewise. Achieving sustainability necessitates 
long-term thinking and considering the 
consequences of our actions on both people 
and the planet. Despite its difficulties, 
sustainability is an imperative undertaking. 
Reaching this objective requires us to rethink 
our lifestyles, values, and governance and 
production systems. This entails the creation 
of new technologies, policies, and 
cooperation, as well as accepting complexity, 
uncertainty, and change.  
 
Toxicity testing environment is a  process to 
ensure the safety of our natural surroundings 
and human health. It involves identifying and 
evaluating the hazards associated with 
different chemical substances and pollutants. 
It is emitted into the environment through 
various activities such as industry, 
transportation, agriculture, and household 
products. Nonetheless, detractors have raised 

concerns about the traditional approach to 
toxicity testing due to its inadequacy in 
accurately reflecting actual exposure 
scenarios and failure to consider the broader 
ecological context. Therefore, a more 
comprehensive approach to environmental 
toxicity testing has been developed those 
accounts for the complex interactions 
between different environmental factors and 
the effects of exposure on multiple levels of 
biological organization. 
 
The incorporation of varied scientific fields 
like toxicology, ecology, chemistry, and 
environmental science in environmental 
toxicity testing is known as a holistic 
approach. This comprehensive method aims 
to provide an inclusive comprehension of the 
potential risks associated with the exposure 
to different elements.  Finnveden et al., 
(2009) found that the holistic approach 
acknowledges that exposure to certain 
substances has implications beyond individual 
organisms or populations. It affects the entire 
ecosystem. Therefore, this approach aims to 
assess the effects of exposure on different 
levels, including individuals, populations, 
communities, and ecosystems. The holistic 
approach includes alternative test methods 
like in vitro and in silico. These methods 
provide accurate predictions of the 
consequences. Find exposure on human 
health and the environment. They also reduce 
the number of animals used in toxicity testing. 
Which is important for ethical reasons.  The 
holistic approach use of multiple endpoints. 
This approach can provide a more 
comprehensive assessment of the effects of 
exposure on various physiological, 
biochemical, and behavioural parameters. 
 
Khasreen, Banfill, & Menzies, (2009) found 
that test endpoints are biological responses 
measured during toxicity testing, selected 
based on their relevance to the substance's 
potential effects on human health and the 
environment. Different endpoints provide 
information on various aspects of toxicity, 
including acute toxicity, chronic toxicity, 
reproductive toxicity, and genotoxicity. 
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Regulatory requirements for toxicity testing 
influence the selection of appropriate test 
organisms and endpoints. Guidance is often 
provided by regulatory agencies on selecting 
test organisms and endpoints, as well as 
methods and protocols for conducting toxicity 
testing. Standard test organisms and 
endpoints facilitate result comparison across 
different studies and ensure reproducibility. 
However, their limitations should be 
recognized, and they should be used in 
combination with more ecologically relevant 
test organisms and endpoints. Sometimes, it's 
better to use non-standard test organisms 
and endpoints when assessing the risks linked 
to a particular substance. For instance, if the 
substance is mostly released into aquatic 
environments, it's preferable to use aquatic 
creatures like fish or aquatic invertebrates as 
test subjects. Similarly, if the substance has 
effects on the endocrine system, endpoints 
linked to reproductive or developmental 
effects must be used. The choice of 
appropriate test organisms and endpoints is 
also determined by the resources available 
and the practicality of carrying out the tests. 
Certain test organisms are harder or more 
costly to maintain in the laboratory, and some 
endpoints require specialized equipment or 
expertise. 
 
 Life cycle assessments (LCAs) are a useful tool 
for examining the ecological impacts of 
toxicity testing procedures and weighing the 
advantages and disadvantages of various 
testing methods. LCAs analyze the entire life 
cycle of a product or process, from raw 
material extraction to waste disposal, to 
evaluate the environmental impact of each 
stage. This provides a detailed understanding 
of the environmental sustainability of 
different testing methods. In toxicity testing, 
LCAs assess the environmental impacts of 
different testing approaches. For example, 
they can compare the environmental impact 
of traditional toxicity testing methods, such as 
animal testing, to newer alternatives like in 
vitro testing or computer modelling. 
 

 By analyzing the complete life cycle of each 
testing approach, LCAs can provide insights 
into the potential benefits and drawbacks of 
each method. Additionally, LCAs can be used 
to evaluate the ecological impacts of distinct 
testing protocols and procedures. Choosing 
the proper test organisms and endpoints is 
not a one-time decision, but a continual and 
evolving process in toxicology testing. As we 
gain a better understanding of the hazards 
associated with different substances and their 
environmental context, we must adapt our 
approach to toxicity testing accordingly. Life 
Cycle Assessments (LCAs) provide a valuable 
tool for this process, enabling us to compare 
the environmental impacts of various testing 
protocols for the same substance. LCAs help 
identify opportunities to reduce the ecological 
impact of toxicity testing by evaluating the 
environmental footprint of different testing 
procedures. They also evaluate the 
advantages and disadvantages of different 
testing methods, including reduced animal 
testing, lower costs, or faster results. 
However, LCAs can also uncover potential 
drawbacks of alternative testing methods, 
such as reduced accuracy or increased 
uncertainty. 
 
Conclusion 
 
Environmental toxicity testing is a complex 
and multifaceted challenge that necessitates a 
sustainable approach. The current analytical 
review illuminates some of the drawbacks of 
traditional toxicity testing methods and 
underscores the need for more sustainable 
options. The review indicates that current 
toxicity testing methods are expensive, time-
consuming, and may not accurately reflect 
real-world conditions. Sustainability has 
gained importance recently with growing 
environmental degradation concerns. It is 
now widely acknowledged that any solution 
to environmental toxicity testing must adhere 
to the principles of sustainability, implying 
that any new testing methods must be 
economically feasible, socially acceptable, and 
environmentally sustainable. 
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 In silico modeling and other computational 
approaches are a promising alternative to 
traditional toxicity testing methods. These 
methods have the potential to be more cost-
effective, faster, and more accurate than 
traditional methods. Additionally, they are 
ethical since they do not require animal 
testing. The need for more sustainable 
approaches to environmental toxicity testing 
is evident. The current analytical review has 
highlighted several promising alternatives, 
including in silico modeling and the 
development of international standards and 
guidelines. By adopting a more sustainable 
approach, we can ensure that our testing 
methods are economically viable, socially 
acceptable, and environmentally sustainable. 
This will aid in protecting our planet and 
ensuring that future generations can enjoy a 
healthy and sustainable environment. 
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