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ABSTRACT 

The scientific disciplines of biology, ecology and toxicology have advanced in the last century 
as separate fields with groundbreaking discoveries and new developments. These scientific 
disciplines advanced rapidly in the understanding of genetics and metabolic mechanisms of 
biological organisms, biodiversity of species and ecosystem dynamics, and elucidation of 
toxicological adverse health effects and causes of poisoning by toxic chemicals. The 
combined knowledge of all these scientific fields advanced in the second part of the 20th 
century and led to the interdisciplinary field of ecotoxicology. Ecotoxicology supported the 
study of the effects of toxic chemicals and environmental pollutants on biological organisms, 
especially at the population, community and ecosystem level. Ecotoxicity tests and 
ecological risk assessment have been advanced to demonstrate the potential of chemicals 
and other pollutants to cause environmental damage to organisms and affect the functions 
of ecosystems.  

The OECD (representing 34 industrialised countries) coordinated and harmonised policies to 
respond to international problems on trade, environment, consumer and workers’ safety, 
etc. The OECD promoted in the 1980s a series of Test Guidelines (a collection of 
internationally agreed and accepted ecotoxicity test methods) which can be used by 
governments, industries and independent laboratories to determine the safety of chemicals 
and chemical preparations, including pesticides and industrial chemicals. This review 
presents the basic advances in toxicology and ecotoxicology. Short descriptions of principles 
and practical aspects of the most important test guidelines for aquatic and terrestrial toxicity 
testing of chemicals on fish and other aquatic organisms and their practical significance in 
ecotoxicity studies and ecological risk assessment. Ecotoxicological databases are presented 
for additional information. The review contains pictures of ecotoxicological settings and 
important scientific papers on ecotoxicological practices.  
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Introduction 

The scientific fields of biology, ecology and toxicology have largely evolved as separate 
disciplines over the 20th century. During this time these scientific disciplines have seen a 
number of important scientific discoveries, evolutionary diversity, environmental and 
ecosystem laws and developments. Biology in the early 20th century advanced with the 
rediscovery of Mendel's work (in 1863 he established many of the rules of heredity, laws of 
Mendelian inheritance) that led to the rapid development of the science of genetics by 
Morgan. The 1930s showed the combination of population genetics and natural selection in 
the "neo-Darwinian synthesis". In 1953 Watson, Crick and Wilkins (1962 Nobel Prize) 
proposed the groundbreaking structure of cellular DNA. The biochemical discoveries of 
protein structures, the elucidation of the role of ATP as the universal carrier of energy, and 
the mitochondria as the powerhouse of the cell, led to the rapid expansion of the fields of 
biochemistry and molecular biology. By the late 20th century, new fields like genomics and 
proteomics advanced the technological developments in biotechnology and genetic 
engineering.1-3 

Ecology as a scientific discipline has its roots back to Darwin with the publication of “On the 
Origin of Species” (1853), a text that is full of observations and proposed mechanisms that 
clearly fit within the boundaries of modern ecology. The term ecology was coined by Ernst 
Haeckel in 1866 by a strong proponent of Darwinism. In the early 20th century biogeography 
explained the habitats of species and focused on how biotic and abiotic factors affect species 
distribution and interactions. In 1935 Tansley coined the term ecosystem and was adopted 
by influential ecologists. Ecological succession, dynamic ecology and population ecology 
were advanced in the late 20th century. Environmentalists and conservationists have use 
ecology to support their advocacy positions.4-6 

Toxicology started as a scientific field for the understanding of poisoning by toxic chemicals, 
food, plants and animals that caused adverse health effects to humans. In the 20th century 
there was a rapid development of analytical methods that gave the opportunity to 
toxicologists to investigate deeper the causes of poisoning, toxic doses and toxic metabolic 
effects in various organs. Toxicology advanced rapidly into subdivisions such as clinical 
toxicology, forensic toxicology, industrial or occupational toxicology, environmental 
toxicology, pharmaceutical toxicology and experimental toxicology.7-9 

These advancements led to the opening of the new multidisciplinary field of ecotoxicology, 
which integrates biological information, ecological terms and toxicological aspects of 
environmental pollution in ecosystems. Ecotoxicology covers fundamental research on the 
effects of toxic chemicals on populations, communities and terrestrial, freshwater and 
marine ecosystems. It elucidates mechanisms and processes whereby chemicals exert their 
effects on ecosystems, and examines the impact caused at the population or community 
level. Ecotoxicological data formulate an understanding of ecological risk assessment and 
indicate possible new approaches to regulation and control of toxic chemicals in different 
ecosystems.10-13 

The term "ecotoxicology" was coined by René Truhaut in 1969 who defined it as "the branch 
of toxicology concerned with the study of toxic effects, caused by natural or synthetic 
pollutants, to the constituents of ecosystems, animal (including human), vegetable and 
microbial, in an integral context”. 

Ecotoxicology differs from environmental toxicology in that it integrates the effects of 
stressors across all levels of biological organisation from the molecular to whole 
communities and ecosystems, whereas environmental toxicology focuses upon effects at the 
level of the individual and below.14,15 
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Figure 1. Ecotoxicology is multidisciplinary scientific filed which covers adverse effects and 
environmental pollution in ecosystems. 

 

Toxicity Testing and Ecological Risk Assessment 

Toxicity tests are used to expose test biological organisms to an environmental medium—
air, water, sediment, soil—and evaluate the effects of pollution on the survival, growth, 
reproduction, behavior  on these organisms. These tests may help to determine whether the 
pollutant concentrations in a site’s media are high enough to cause lethal, sublethal or in 
general adverse effects in organisms. Toxicity tests can contribute to ecological risk 
assessments in specific ways and at different stages in the assessment. Toxicity tests can 
demonstrate whether chemical pollutants are bioavailable and have the potential to cause 
biochemical damage to the biological tissues and organs of organisms. If there are mixtures 
of pollutants in the environmental medium, the toxicity tests can evaluate the aggregate 
toxic effects. Toxicity tests can characterize the nature of a toxic effect, such acute, non 
lethal, chronic or other effects. Sub-lethal effects include reduced growth, impaired 
reproduction, behavioral changes, reduction of size of organisms at the level of 
communities, disruption of community functions among its species and ecosystem-level 
functions. Toxicity tests can be performed by monitoring at different positions and at 
different time, to characterize the distribution of toxicity at an environmental site and time 
trends. Toxicity tests can be used to develop remedial goals (acceptable levels of toxicity 
with no adverse effects).16 

The results of numerous environmental studies where toxicity tests have been applied are 
used by toxicologists to evaluate for Ecological Risk Assessment (ERA), which is used as 
extensively as a basis for cost-effective management and conservation of environmental 
resources.17  One fundamental reason for this problem was that assessments of risk are not 
relevant to the goals of the environmental protection process. For example, the data used to 
estimate the likelihood of adverse ecological effects of toxic chemicals in the environment 
typically include responses of survival, growth, or reproduction of individual species 
measured after a specific exposure duration under constant and typically favorable 
laboratory conditions. But these organism-level endpoints are far removed from the 
ecological features that the process aims to protect. For most toxic chemical assessments 
ecological risk is most often characterized as a ratio of predicted or measured exposure to 
predicted no-adverse-effect level (NOAEL) expressed as a concentration or dose (in the 
European Union this is specified as a risk characterization ratio—RCR) that provide useful 
screening tools when exposure and no-effect levels are calculated using appropriately 
conservative assumptions. However, they suffer from a number of disadvantages, not the 
least of which is that their relationship to the likelihood and degree of ecological impacts is 
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unknown. For large classes of chemicals (e.g., pharmaceuticals, pesticides, fertilizers, 
plastics) and with specific chemical or biological toxic properties [e.g., Persistent 
Bioaccumulative and Toxic chemicals (PBTs), endocrine disruptors] the present paradigm is 
insufficient to assess ERA at population-level effects. In accordance, toxicologists and 
environmental scientists suggest that appropriate population models can provide a powerful 
basis for expressing ecological risks that better inform the environmental management 
process.18-20 

In the last two centuries the world's ecosystems were increasingly under pressure from 
various anthropogenic activities that caused extensive environmental pollution and release 
of large amounts of waste and toxic substances. The most important sources of pollution 
were industrial production, mining, rapid increase of human population and urbanization 
and agricultural activities. Agriculture played an essential role for sustaining the human 
population, but at the same time because of extensive mechanization, use of chemical 
fertilizers and pesticides, directly disrupted for decades various sensitive ecosystem 
functioning.21  

  

Figure 2. Intensive agricultural practices, excessive use of chemical fertilizers, pesticides and 
nutrient runoffs caused ecological problems and adverse effects in ecosystems. 

 

Some of the impacts associated with intensive agricultural practices include the conversion 
of natural habitats into agricultural fields, adverse effects of pesticides on non-target 
organisms through chemical fertilizers and nutrient runoff into adjacent water bodies. 
Ecological risk assessment is a process that estimates potentially adverse effects and risks to 
ecosystems and in the last decades it was designed to cover mainly toxic chemicals.22  
Pesticides, for instance, are chemicals designed to be highly toxic towards specific organisms 
and are deliberately and regularly introduced into the environment. As such, they have to go 
through an extensive risk assessment process, including the provision of large toxicity 
datasets, to ensure minimal risks to the ecosystems and their biota.23,24  

Scientists argued that the use of ecosystem services and ecological models can help in the 
complexity of ecological risk assessment. The ecosystem services framework offers an 
opportunity to define clear and ecologically relevant protection goals. Whereas ecological 
models provide the tools to address ecological complexity to the degree needed to link 
measurement endpoints and ecosystem services, and to quantify service provision and 
possible adverse effects from human activities. Ecologists have to focus on the ecosystem 
services relevant for agroecosystem functioning, including pollination, biocontrol and 
eutrophication effects and present modeling studies relevant for quantification of each of 
the services. Experts in the field of ERA recognize that there are many challenges of the 
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ecosystem services approach and limitations of ecological models. However both fields are 
advancing quickly and can prove very valuable in achieving more ecologically relevant ERA.25 

In the last decades ecological risk assessors face increasing demands to assess more toxic 
chemicals and environmental pollution cases with mixtures of pollutants in sensitive 
environmentally ecosystems. New and detailed legislation in developed countries and the 
European Union created mandates to assess potential risks from an expanding number of 
toxic chemicals, physical and biological factors that pollute or contaminate ecosystems. 
Regulatory programmes are also faced with the need to assess emerging pollutants of 
environmental concern, such as pharmaceuticals, nanomaterials, microplastics, endocrine 
disrupters, persistent halogenated pollutants and others for which existing assessment 
procedure until now was inadequate.26 

At the same time, the fields of biology, ecology, toxicology and ecotoxicology have seen a 
number of important developments. Advances in computational capabilities and 
bioinformatics improved substantially the study of environmental problems. Analytical and 
spectroscopic techniques for very low concentrations (in the range of nano- 10-9 to pico- 10-

12 measurements, e.g. radius of atoms range from ~25 picometers) changed dramatically the 
ability of biological measurement technologies and fundamental toxicological understanding 
at the molecular level.  

In the last decade new scientific developments in ecotoxicology led to a variety of new fields 
called ecotoxicogenomics with the integration of genetics and new discoveries 
(transcriptomics, proteomics, metabolomics). All these developments advanced toxicology 
and ecotoxicology as powerful tools for environmental research. 

a. transcriptomics: (mRNA), genotyping (DNA), the complete set of RNA transcripts 
that are produced by the genome, under specific circumstances or in a specific cell—
using high-throughput methods, such as microarray analysis.  

b. epigenetics: (heritable changes in expression), change is a regular and natural 
occurrence but can also be influenced by several factors including age, the 
environment and lifestyle, and disease state 

c. proteomics : large-scale study of proteins, particularly their structures and functions   

d. metabolomics: the scientific study of the set of metabolites present within an 
organism, cell, or biological tissue. 

All these new fields are the results of new scientific techniques and expensive analytical 
instrumentation that have increased the amount and types of information available and 
potentially useful to ecological risk assessors.  However, the in vitro and in vivo toxicity tests 
continue to provide the basic information underlying the decision-making process.27,28 

 

Regulatory Guidelines and Tests in Ecotoxicology 

In the last decades there are many developments and several activities among regulatory 
organizations in the USA, European countries, Japan and other developed countries for 
toxicity and ecotoxicity test methods and guidelines that take full advantage of scientific and 
analytical technical advances in monitoring and very low concentrations of pollutants 
(spectroscopic techniques, chromatography, mass spectrometry etc).  

In 1995, under the pressure of the environmental awareness for the toxicity problems of 
many chemicals and products, the most important international organizations established 
the programme: Inter-Organization Programme for the Sound Management of Chemicals 
(IOMC) to strengthen cooperation and increase coordination in the field of chemical safety. 
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The participating organizations were FAO (Food and Agriculture Organization of United 
Nations), ILO (International Labour Organization), UNDP (United Nations of Development 
Programme), UNEP (United Nations Environment Programme), UNIDO (United Nations 
Industrial Development Organization), UNITAR (United Nations Institute of Training and 
Research), WHO (World Health Organization), World Bank and OECD  (Organisation for 
Economic Co-operation and Development). The IOMC is the pre-eminent mechanism for 
initiating, facilitating and coordinating international action to achieve the sound 
management of chemicals. 
[https://sustainabledevelopment.un.org/content/documents/presentation_iomc.pdf]. 

The Organisation for Economic Co-operation and Development (OECD) represents 34 
industrialised countries in North and South America, Europe and the Asia and Pacific region, 
as well as the European Commission. The OECD co-ordinates and harmonises policies, 
discuss issues of mutual concern and work together to respond to international problems on 
trade, environment, consumer and workers’ safety, etc. Most of the OECD’s work is carried 
out by more than 200 specialised committees and working groups composed of member 
country delegates. Observers from several countries with special status at the OECD, and 
from international organisations, attend many of the OECD’s workshops and other meetings. 
Committees and working groups are served by the OECD Secretariat, located in Paris, The 
Environment, Health and Safety Division publishes free-of-charge documents in eleven 
different series: 1. Testing and Assessment; 2. Good Laboratory Practice and Compliance 
Monitoring; 3. Pesticides; 4. Biocides; 5. Risk Management; 6. Harmonisation of Regulatory 
Oversight in Biotechnology; 7. Safety of Novel Foods and Feeds; 8. Chemical Accidents; 9. 
Pollutant Release and Transfer Registers; 10. Emission Scenario Documents; 11. Safety of 
Manufactured Nanomaterials. Most of the OECD publications on Environmental Health and 
Safety are available free in the internet sites of the organisation 
(www.oecd.org/chemicalsafety/). 29,30 

In the USA, the Environmental Protection Agency (EPA) is engaged in several activities for 
the guidelines and testing methods in environmental measurements and the protection of 
human health and safety. In the past every developed country established its own toxicity 
tests and guidelines causing great confusion in the regulations of international trade of 
chemicals and the validity of test methods. Today, test guidelines for toxic substances and 
environmental pollutants in the developed countries are harmonized with those established 
by the OECD. EPA works closely with other governmental agencies and with other countries 
through the OECD to facilitate the harmonization of test guidelines. Harmonized test 
guidelines reduce the burden on chemical producers and conserve scientific resources, 
including the minimal use of laboratory test animals. The same toxicity tests also form a 
basis for work sharing and cooperation among all OECD countries which cover the 
worldwide trade. Also, EPA is an active member of the USA Interagency Coordinating 
Committee for the Validation of Alternative Methods (ICCVAM) with the mission to facilitate 
the development, validation, and regulatory acceptance of new and revised toxicology test 
methods that reduce, refine, or replace animal use in testing, while maintaining scientific 
quality and protecting the environment. The ICCVAM collaborates with the Japanese Center 
for the Validation of Alternative methods (JaCVAM) and the European Center for the 
Validation of Alternative Methods (ECVAM). EPA and its Office of Chemical Safety and 
Pollution Prevention (OCSPP) have developed a series of Harmonized Test Guidelines for 
use in the testing of pesticides and toxic substances, and the development of test data for 
submission to the Agency. These test guidelines were developed by EPA scientists and non-
EPA individuals with a particular interest or expertise in the subject matter covered, 
including representatives from the scientific community, industry, non-profit organizations, 
and other governments. Some of these guidelines harmonize EPA's data requirements with 
guidelines established by the OECD. The OCSPP Test Guidelines are organized in the 
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following series : 810 - Product Performance Test Guidelines, 830 - Product Properties Test 
Guidelines, 835 - Fate, Transport and Transformation Test Guidelines, 840 - Spray Drift Test 
Guidelines, 850 - Ecological Effects Test Guidelines, 860 - Residue Chemistry Test Guidelines, 
870 - Health Effects Test Guidelines, 875 - Occupational and Residential Exposure Test 
Guidelines, 880 - Biochemicals Test Guidelines, 885 - Microbial Pesticide Test Guidelines, 890 
- Endocrine Disruptor Screening Program Test Guideline. All these guidelines are available at: 
http://www.epa.gov/ocspp/pubs/frs/publications/Test_Guidelines/series870.htm. 

All harmonized OECD test guidelines fall under the OECD Mutual Acceptance of Data 
decision, which calls for acceptance for regulatory use by all OECD member states. The OECD 
Test Guidelines are a collection of internationally agreed test methods used by government, 
industry and independent laboratories. The test guidelines are used to determine the safety 
of chemicals and chemical preparations (mixtures), including pesticides and industrial 
chemicals(http://www.oecd.org/chemicalsafety/testing/oecdguidelinesforthetestingofchem
icals.htm#Test_Guidelines). 

  

Figure 3. Ecotoxicity tests involve representative organisms from the trophic levels in 
ecosystems. Tests are typically performed in small, covered glass containers with 10-200 ml 
test solution containing 5-10 test organisms exposed to 4-5 concentrations of pollutants or 
aquatic effluents. 

 

Regulatory Guidelines for Toxic Chemicals in the European Union 

The European Chemicals Agency (ECHA, Helsinki, Finland) is the driving force among 
regulatory authorities in implementing the EU's groundbreaking chemicals legislation for the 
protection of human health and the environment as well as for innovation and 
competitiveness in the chemical industry. ECHA helps companies to comply with the 
environmental legislation, advances the safe use of chemicals, provides information on toxic 
chemicals and addresses the problems of emerging chemical pollutants or contaminants. 
The new EU chemicals legislation applies to all industry sectors dealing with chemical 
substances and along the entire supply chain. It makes companies (produces, importers and 
distributors) responsible for the safety of chemicals they place on the market. The most 
important regulations adopted to protect human health and the environment are: 
[European Chemicals Agency (ECHA). Guidance on Information Requirements and Chemical 
Safety Assessment. Chapter R.7b. Endpoint specific guidance. ECHA -14-G-05-EN, ECHA 
publications, Helsinki, Finland, Nov. 2014. 

https://echa.europa.eu/documents/10162/13632/information_requirements_r7b_en.pdf].  

Registration, Evaluation and Authorization of Chemical Substances (REACH,No 1907/2006) 
is a regulation of the European Union, adopted to improve the protection of human health 
and the environment from the risks that can be posed by chemicals, while enhancing the 
competitiveness of the EU chemicals industry [http://echa.europa.eu/regulations/reach].  
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Classification Labelling and Packaging, CLP (No 1272/2008 on the classification, labelling 
and packaging of substances and mixtures): The CLP Regulation ensures that the hazards 
presented by chemicals are clearly communicated to workers and consumers in the 
European Union through classification and labelling of chemicals. 

Biocidal Products Regulation : The Biocidal Product Regulation [BPR, Regulation (EU) 
528/2012)] concerns the placing on the market and use of biocidal products, which are used 
to protect humans, animals, materials or articles against harmful organisms, like pests or 
bacteria, by the action of the active substances contained in the biocidal product. 

Prior Informed Consent Regulation The Prior Informed Consent Regulation (PIC, Regulation 
(EU) 649/2012) administers the import and export of certain hazardous chemicals and places 
obligations on companies who wish to export these chemicals to non-EU countries. It 
implements, within the European Union, the Rotterdam Convention on prior informed 
consent procedure for certain hazardous chemicals and pesticides in international trade. 

Alternative Animal Toxicity Testing in the EU. Animal toxicity and carcinogenicity tests are 
an integral part of environmental hazard identification and risk assessment of industrial 
chemicals, plant protection products, biocides, feed additives and pharmaceuticals in the 
European Union and in other industrial countries. Animal tests are used to monitor 
environmental pollution of effluents and surface waters and assess the status of European 
waters under the auspices of the Water Framework Directive. Animal tests have raised 
ethical concerns in many countries for the last decade in environmental risk assessment 
(fish, amphibians, and birds and mammals). Although many regulatory frameworks in the 
USA and in other countries encourage the use of alternative approaches, such as the QSAR 
methodology (Quantitative, Structure–Activity Relationships, which use data from other 
existing toxicity studies and computational methodology for comparisons). The use of 
alternative experimental toxicity test methods has been limited to date because of lack of 
consensus on their applicability domains and international validation and regulatory 
acceptance including appropriate OECD test guidelines. Alternative to animal testing 
methods have been implemented in test such as skin corrosion and irritation. Already, the 
alternative tests have been implemented in European legal frameworks such as REACH  and 
the Cosmetics Regulation. The EU Reference Laboratory for alternative to Animal Testing 
(EURL-ECVAM) was established in 2011 and hosted by the Joint Research Centre, Institute 
for Health and Consumer Protection (IHCP) located in Ispra, Italy.30 

The European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOX) was founded 
in 1978, and is based in Brussels. ECETOX is an independent organization, and the work in 
the centre focuses on the health assessment and environmental safety of chemical 
substances. It is the leading European scientific forum for ecotoxicological studies and toxic 
effects of chemical substances, biomaterials and pharmaceuticals. The toxicologists calculate 
the risk of exposure to chemicals for workers in industries, general consumers and the 
environment by using as a tool the Targeted Risk Assessment (TRA) which is preferred 
approach and is recognized by the REACH Programme regulators. ECETOX works on the 
development of concepts and data for the use of scientific principles in the translation of 
European policy into environmental, health and safety regulations [http://www.ecetoc.org/] 

The European Water Framework Directive (EU WFD, 2000/60/EC) introduced a new 
dimension on the assessment of risk for 500 priority chemical substances in the European 
rivers. The directive recognized that 500 organic chemical pollutants have priority status and 
the decision was based on monitoring and identification of chemical pollutants in the river 
basins of Elbe, Scheldt, Danube and Llobregat. The priority Substances and other pollutants 
were set to Annex II of Directive 2008/105/EC. 33 substances or groups of substances are on 
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the list of priority substances for which environmental quality standards were set in 2008, 
Selected chemicals in the list are given below: 

Anthracene, Atrazine, Benzene, Brominated diphenyles, Cadmium and compounds, 
Chloroalkanes, Chloroalkanes, Chlorfevinphos, Chrorpyrifos-ethyl, 1,2-Dichlroethane, 
Dichloromethane, Di(2-ethylhexyl)phthalate (DEHP), Diuron, Endosulfan, 
Hexachlorobenzene, Hexachlorocyclohexane, Lead and compounds, Mercury and 
compounds, Naphthalene, Nickel and compounds, Nonyphenols, Pentachlorobenzene, 
Pentachlorophenol , Polyaromatic hydrocarbons, Benzo(a)pyrene and other PAHs, Simazine, 
Tributyltin compounds, Trichlorobenzene, Chloroform or Trichloromethane. 

Also, 8 pollutants, which are included in List I of the Annex to Directive 76/464/EEC, and are 
not in the priority substances list: Carbon tetrachloride (CCl4), DDT total, para-para-DDT, 
Cyclodiene pesticides, Aldrin, Dieldrin, Endrin, Isodrin, Tetrachloro-ethylene, and Trichloro-
ethylene. 

The study of the EU WFD classified all chemicals in 6 categories depending on the 
information available. The priority within each category of chemical pollutants will be then 
evaluated based on two indicators: the Frequency of Exceedance and the Extent of 
Exceedance of Predicted No-Effect Concentrations (PNECs).31 

 

Regulatory Toxicology Testing in Australia, Canada, Japan and Sweden 

Other industrialized countries have developed their regulatory guidelines for toxicological 
tests for toxic chemical substances in accordance with the OECD methodology. 

Australia: The Department of the Environment, Water, Heritage and the Arts developed and 
implemented in the last decades national policy, programmes and legislation to protect and 
conserve Australia's natural environment as well as for the protection of human health and 
safety from toxic substances. The National Chemical Information Gateway is a 
comprehensive portal designed to help users quickly find relevant information about 
chemicals and the Commonwealth, State and Territory agencies that have a responsibility or 
an interest in chemical management. NICNAS, the National Industrial Chemicals Notification 
and Assessment Scheme, the Australian Government's regulator of industrial chemicals, 
publishes extremely useful chemical assessments on line. Also, the Department of the 
Environment, Water, Heritage and the Arts (DEWHA) undertakes environmental risk 
assessments of industrial chemicals for the National Industrial Chemicals Notification and 
Assessment Scheme (NICNAS) and of agricultural and veterinary chemicals for the Australian 
Pesticides and Veterinary Medicines Authority (APVMA). The Environmental risk assessment 
of chemicals in Australia followed the US- National Academy of Sciences four-step paradigm 
for risk assessment and risk management (i.e. Hazard identification: examining toxicity data; 
Dose-response assessment: extrapolating toxicity data from high dose studies to low doses; 
Exposure assessment: magnitude, frequency and duration of exposure).  

Canada: The organization Environment Canada (EC) has a mandate to preserve and enhance 
the quality of the natural environment, including water, air and soil quality; conserve 
Canada's renewable resources, including migratory birds and other non-domestic flora and 
fauna; conserve and protect Canada's water resources.  Also EC enforces the legislation 
made by the Canada-United States International Joint Commission relating to boundary 
waters; and coordinate environmental policies and programmes for the federal government. 
Existing Substances Evaluation Branch of Environment Canada, is responsible for evaluating 
ecological risk assessment for existing substances, determining the list of priority substances 
under the Canadian Environmental Protection Act (CEPA 1999) and implements other CEPA 
1999 initiatives including categorizing and screening substances listed on the Domestic 
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Substances List (DSL); The EC cooperates and develops information exchange procedures 
with Canadian provinces and territories and with Member countries of the OECD as well as 
enforcing the Toxic Substances  Management  Policy (TSMP). The Canadian Inter-
Governmental Ecotoxicological Testing Group (IGETG) is an ad hoc group of government 
scientists, technologists, data users, and scientific advisors that has been active in the 
development and application of ecotoxicological testing in Canada. Membership includes 
representatives from government laboratories that conduct toxicity testing for research and 
development purposes. The focus of the group was to support the development and 
application of standardized toxicity test methods under the Fisheries Act. Also IGETG 
promotes the use of ecotoxicity testing, disseminates and harmonizes new knowledge, 
provides scientific support to environmental programmes; and develops, validates and 
publishes toxicological test methods. Since 1990, IGETG has assisted Environment Canada in 
standardizing 22 toxicity test methods and in developing 8 guidance documents.32  

Japan: The Law Concerning the Examination and Regulation of Manufacture, etc. of 
Chemical Substances  or the Act on the Evaluation of Chemical Substances and Regulation of 
Their Manufacture, etc. or the Chemical Substances Control Law (CSCL) was enacted in 1973. 
This law mandates prior evaluation of certain hazardous properties of new chemical 
substances which are intended to be manufactured or imported to Japan. The CSCL mainly 
consists of two parts; prior assessment of new chemical substances, and regulations based 
on their properties. Chemical Management Center, National Institute of Technology and 
Evaluation provides technical support to ensure appropriate operation of the law under the 
jurisdiction of the Ministry of Health, Labor and Welfare (MHLW), the Ministry of Economy, 
Trade and Industry (METI), and the Ministry of the Environment (MOE). Japanese Existing 
Chemical Data Base (JECDB) provides a compilation of Toxicity Testing Reports of 
Environmental Chemicals that were prepared by Chemical Investigation Promoting Council 
in collaboration with scientists from National Institute of Health Sciences and other 
institutes. The Chemical Substances Tested (Ministry of Economy, Trade and Industry) page 
has existing chemicals with high production volumes. Abstracts of the test results are in 
English; the toxicity test reports are in 
Japanese.[http://www.meti.go.jp/english/policy/mono_info_service/kagaku/chemical_subst
ances/ chemical_ substances03_1.html.] The Japanese Society of Environmental Toxicology 
(1997) developed methods in accordance with OECD guidelines 

Sweden: The Swedish Environmental Protection Agency (SEPA) is a central environmental 
authority under the Swedish Government whose main tasks are to coordinate and promote 
environmental work on both a national and international level. KEMI, the Swedish National 
Chemicals Agency (or Inspectorate), is a supervisory authority under the Ministry of the 
Environment that works to attain a non-toxic environment, promotes legislation and rules 
that contribute to achieving environmental quality, approves pesticides, assesses chemicals, 
keeps a products register, and checks company compliance with applicable regulations. The 
Swedish Chemicals Agency (KEMI) promotes rules and legislation in Sweden harmonized 
under the EU framework and international organizations such as OECD 
[https://www.kemi.se/en/This-is-KemI/.],  

 

OECD Ecotoxicology Test Guidelines for Chemical Substances 

The OECD Test Guidelines are a collection of internationally agreed test methods used by 
government, industry and independent laboratories.  They are used to determine the safety 
of chemicals and chemical preparations, including pesticides and industrial chemicals. In the 
beginning of the 1980s, OECD member countries have developed the OECD Guidelines for 
the Testing of Chemicals in order to enhance the validity and international acceptance of 
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test data; and make the best use of available data. In 1981 the European Inventory of 
Existing Commercial Chemical Substances (EINECS) estimated that marketed and registered 
chemical substances were over 100,000. Several hundred new chemicals, are marketed each 
year after some basic toxicity testing. The EU estimated that 2.500 chemical substances are 
high production volume chemicals (HPVC). The majority of industrial chemicals, pesticides, 
food additives, biotechnology products and pharmaceuticals, reach the world market each 
year and may require safety testing in most parts of the world. In addition, regulations exist 
or are under way, both at national and international levels, that call for (additional) testing 
and assessment of chemical substances already on the market.33 

In addition, OECD countries have adopted the Decision of the Council concerning the Mutual 
Acceptance of Data (MAD) in the assessment of chemicals that requires that the data 
generated in the testing of chemicals in an OECD member country, for the purposes of 
assessment and other uses relating to the protection of human health and the environment. 
The OECD Toxicity Test Guidelines  cover safety testing of chemicals in its broadest sense 
with respect to physical-chemical properties, effects on biotic systems (ecotoxicity), 
environmental fate (degradation/accumulation), health effects (toxicity), and other areas 
such as pesticide residue chemistry and efficacy testing of biocides. The tests are 
internationally accepted as standard methods. And are updated in order to keep pace with 
progress in science, and to address animal welfare concerns.  

The OECD test guidelines are separated into 5 sections: Section 1: Physical Chemical 
Properties, Section 2: Effects on Biotic Systems (Software for TG 223), Section 3: Degradation 
and Accumulation, Section 4: Health Effects (Software for TG 455, TG 432 and TG 425) and 
Section 5: Other Test Guidelines 

This review presents selected examples of toxicity tests by SECTION 2 EFFECTS ON BIOTIC 
SYSTEMS, Summary of Considerations in the Report from the OECD Expert Group on 
Ecotoxicology [Numbers, Title, Original Adoption, No. of Updates, Updates Most Recently 
Updated]. Until 2014 there were in the list 39 (with numbers 201-239) ecotoxicology tests: 

 

No. 201       Freshwater Alga and Cyanobacteria, Growth Inhibition Test , 12/5/1981,  
7/6/1984, 23/3/ 2006 (corrected on 28/7/2011)  

No. 202       Daphnia sp. Acute Immobilisation Test ,12/5/1981 (adopted as Daphnia sp.14-
day    Reproduction Test including an Acute Immobilisation Test) ,  4/4/1984,  
13/4/2004  

No. 203       Fish, Acute Toxicity Test ,  12/5/1981, 4/4/1984,  17/7/1992  

No. 204       Fish, Prolonged Toxicity Test: 14-Day Study,     4/4/1984,   Date of deletion 2/4/ 
2014  

No. 205       Avian Dietary Toxicity Test,  4/4/1984  

No. 206       Avian Reproduction Test,    4/4/1984   

No. 207.      Earthworm, Acute Toxicity Tests,  4/4/1984  

No. 208      Terrestrial Plants, Growth Test    4/4/1984, 19/7/ 2006  

No. 209      Activated Sludge, Respiration Inhibition Test (Carbon and Ammonium Oxidation) 
4/4/1984,  22/7/2010  

No. 210      Fish, Early-Life Stage Toxicity Test , 17/7/1992,   26/7/2013 

No. 211     Daphnia magna Reproduction Test,  21/9/1998,  3/10/ 2008,  2/10/ 2012  
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No. 212      Fish, Short- term Toxicity Test on Embryo and Sacfry Stages,  21/9/1998 --- 

No.213      Honeybees, Acute Oral Toxicity Test,  21/9/1998  

No.214      Fish, Juvenile Growth Test, 21/1/2000 

No. 215     Soil Microorganisms: Carbon Transformation Test, 21/1/2000 

No. 216     Soil Microorganisms: Nitrogen Transformation Test, 21/1/2000 

No. 217     Soil Microorganisms: Carbon Transformation Test, 21/1/2000 

No. 218     Sediment-Water Chironomid Toxicity Using Spiked Sediment, 23/11/2004 

No. 219     Sediment-Water Chironomid Toxicity Using Spiked Water, 23/11/2004 

No. 220.    Enchytraeid Reproduction Test, 23/11/2004 

No. 221.    Lemna sp. Growth inhibition Test, 11/7/2006 

No. 222     Earthworm Reproduction Test (Eisenia fetida/Eisenia andrei), 23/11/2004  

No. 223     Avian Acute Oral Toxicity Test, 23/7/2010 

No. 224      Determination of the Inhibition of the Activity of Anaerobic Bacteria, 25/1/2007 

No. 225      Sediment-Water Lumbriculus Toxicity Test Using Spiked Sediment, 15/10/2007 

No. 226      Predatory mite (Hypoaspis(Geolaelaps) aculeifer) reproduction test in soil, 
16/10/2008 

No. 227      Terrestrial Plant Test: Vegetative Vigour Test, 17/8/2006 

No. 228      Determination of Developmental Toxicity of a Test Chemical to Dipteran Dung 
Flies (Scathophaga stercoraria L. (Scathophagidae), Musca autumnalis De Geer 
(Muscidae)), 16/10/2008 

No. 229      Fish short term reproduction assay, 8/9/2009 

No. 230      21-day Fish assay, 8/9/2009 

No. 231.     Amphibian metamorphosis assay, 8/9/2009. 

No. 232      Collembolan reproduction test in soil, 8/9/2009 

No. 233      Sediment-Water Chironomid Life-Cycle Toxicity Test Using Spiked Water or 
Spiked Sediment, 23/7/2010 

No. 234      Fish Sexual Development Test, 26/7/2011 

No. 235      Chironomus sp., Acute Immobilisation Test, 26/7/2011 

No. 236      Fish Embryo Acute Toxicity (FET) Test, 26/7/2013 

No. 237       Honey bee (Apis mellifera) Larval Toxicity Test, Single Exposure,  26/7/2013  

No. 238       Sediment-free Myriophyllum spicatum Toxicity Test, 26/9/2014    

No. 239      Water-Sediment Myriophyllum spicatum Toxicity Test, 26/9/ 2014  

 

Selected Examples of Ecotoxicology Tests (effects on biotic systems) 

The OECD has established a number of test guidelines (TGs) for aquatic and terrestrial 
toxicity testing of chemicals on fish and other aquatic organisms. Acute and chronic tests are 
conducted using fish, crustacea: daphnids, mysids, or others. Longer term testing through 
maturation and production is used to assess chronic toxic effects. Three specific properties 
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of a chemical are used to describe its potential hazard to the aquatic environment (UNECE, 
2004): Aquatic toxicity: The hazard of a substance to living organisms, based on toxicity tests 
to aquatic animals and plants. Degradability: The persistence of the substance in the 
environment, based on molecular structure or analytical testing 

Bioaccumulation/bioconcentration: The accumulation of a substance in living organisms 
(from water sources for bioconcentration), which may or may not lead to a toxic effect; 
based on calculations or bioconcentration factor (BCF) studies using fish 

These toxicity tests will provide data for an ecological risk assessment, estimating the effects 
of environmental pollution on the growth, reproduction, and survival of a variety of 
ecological receptors (e.g., birds, mammals, fish, plants) that may be exposed to toxic  
chemicals. The Globally Harmonized System for Classification and Labelling of Chemicals 
(GHS) describes testing for hazards to the aquatic environment. The GHS criteria for 
determining environmental hazards does not specify test methods but rather indicates the 
need to use methods considered to be valid such as the ecotoxicity test guidelines of the 
OECD and US Environmental Protection Agency (EPA). Further GHS guidance is provided in 
Annex 8, Guidance on Hazards to the Aquatic Environment, which describes the harmonized 
classification scheme, aquatic toxicity testing, degradation, bioaccumulation, and the use of 
quantitative structure-activity relationships (QSARs) in aquatic toxicology. 

TEST NO. 201. Growth Inhibition Test in Alga and Cyanobacteria. Algae are primary 
producers in freshwater and marine ecosystems. They provide the basis of the aquatic food 
chain. Herbivorous organisms depend directly on algae as nutrition. But also the consumers 
are indirectly concerned via the trophic cascade. Therefore possible toxic effects on the 
growth of algae have to be assessed for plant protection products, biocides, industrial 
chemicals and medicinal products for human and veterinary use that may get into aquatic 
environment. Algae are very sensitive to xenobiotics and standardised tests systems are 
established since many years. 

  

Figure 4. The test for the inhibition of growth on microalgae or cyanobacteria is the 
quantified measurement of toxic effects of chemical substances (pollutants) on primary 
producers in freshwater or marine ecosystems. 

 

The purpose of this test is to determine the effects of a substance on the growth of 
freshwater microalgae and/or cyanobacteria. Exponentially growing test organisms are 
exposed to the test substance in batch cultures over a period of normally 72 hours.  The 
system response is the reduction of growth in a series of algal cultures exposed to, at least, 
five concentrations of a test substance. Three replicates at each test concentration should 
be used. The response is evaluated as a function of the exposure concentration in 
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comparison with the average growth of control cultures. The cultures are allowed 
unrestricted exponential growth under nutrient sufficient conditions (two alternative growth 
media: the OECD and the AAP) and continuous fluorescent illumination. Growth and growth 
inhibition are quantified from measurements of the algal biomass as a function of time. The 
limit test corresponds to one dose level of 100 mg/L. This study includes: the determination, 
at least daily, of the algal biomass; the measure of the pH (at the beginning and at the end); 
microscopic observation. This test guideline describes two response variables: average 
specific growth rate, and yield. 

TEST No. 202. Daphnia sp. Acute Immobilisation Test. This test uses Daphnids 
(zooplankton) aged less than 24 hours at the start of the test which are exposed to the test 
substance at a range of concentrations (at least five concentrations) for a period of 48 hours. 
Immobilisation is recorded at 24 hours and 48 hours and compared with control values. 
Daphnia (magna) is commonly used in aquatic toxicity testing because it is easy and 
economical to culture in the laboratory (small size, has short life cycle, high fecundity, and 
parthenogenetic reproduction). 

  

Figure 5. Daphnia magna (zooplankton) immobilization test is the basic aquatic test of OECD 
for toxic substances, drugs and other pollutants. 

 

The results are analysed in order to calculate the EC50 (half maximal Effective Concentration 
refers to the concentration of toxic substance which induces a response halfway between 
the baseline and maximum) after. 48h. Determination of the EC50 at 24h is optional. At least 
20 animals, preferably divided into four groups of five animals each, should be used at each 
test concentration and for the controls. At least 2 ml of test solution should be provided for 
each animal (i.e. a volume of 10 ml for five daphnids per test vessel). The limit test 
corresponds to one dose level of 100 mg/L. The study report should include the observation 
for immobilized daphnids at 24 and 48 hours after the beginning of the test and the 
measures of dissolved oxygen, pH, concentration of the test substance, at the beginning and 
end of the test. 

TEST No. 203. Fish, Acute Toxicity Test. The fish are exposed to the test substance 
preferably for a period of 96 hours. Mortalities are recorded at 24, 48, 72 and 96 hours and 
the concentrations which kill 50 per cent of the fish (LC50) are determined where possible. 
One or more species may be used, the choice being at the discretion of the testing 
laboratory. At least seven fishes must be used at each test concentration and in the controls. 
Brachydanio rerio, Pimephales promedas, Cyprinus carpio, Oryzias latipes, Poecilia reicula, 
Leponis mactochirus, Oncorhynchus mykiss. 

The test substance should be administered to, at least, five concentrations in a geometric 
series with a factor preferably not exceeding 2.2. The limit test corresponds to one dose 
level of 100 mg/L. This study includes the observations of fish at least after 24, 48, 72 and 96 
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hours. The cumulative % mortality for each exposure period is plotted against concentration 
on logarithmic probability paper. 

 
Leponis mactochirus 

 
Pimephales promedas 
(fathead minnow) 

 
Oryzias latipes 

 
Brachydanio rerio 

 
Cyprinus caprio 

 
Oncorhynchus mykiss (rainbow 
trout) 

  

Figure 6. The acute toxicity test in fish is normally for the duration of 4 days (96 hrs) with the 
toxic substance administered in at least 5 concentrations. The cumulative % mortality is 
plotted against log concentration and the LD50 or LC50 is estimated from the concentration-
response curve. 

 

The introduction of the REACh (Regulation on Registration, Evaluation, Authorisation and 
Restriction of Chemicals) in 2007 required that all chemicals manufactured or imported into 
the EU in amounts greater than 1 tone/year must be registered with the ECHA (European 
Chemicals Agency). A greater amount of information about a chemical was required as the 
tonnage imported or manufactured increases. For chemicals of 10 tons production per year, 
fish short-term (acute) toxicity is one of the many endpoints required. Testing 1 chemical 
alone using the OECD test 203 method requires the use of 42 fish. A vast amount of chemical 
property and toxicological endpoint data has become available through ECHA's dossier 
dissemination portal (containing 12,439 chemical substances from 47,909 dossiers, with a 
variety of ecotoxicology endpoints). Scientists suggest that there is great potential for this 
database to aid in reducing unnecessary animal testing through its use as a data source for 
refining and developing the QSARs methodology as well as other non-testing methods.34 
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Figure 7. The acute fish toxicity test dose-response curve is used to estimate the LD50 lethal 
dose 50% of a tested chemical substance. 

 

TEST No. 237. Honey bee (Apis mellifera) Larval Toxicity Test, Single Exposure, 
(26/7/2013). The test guideline describes a honey bee brood acute toxicity test under 
laboratory conditions. The method aims at the determination of the lethal dose (72-h LD50) 
following single exposure of larvae to a tested chemical substance.  On day 1 (D1) of the 
study, first instar synchronised larvae are taken from the comb of three colonies (36 larvae 
in total per group) and individually placed into 48 well-plates where they are fed a 
standardized amount of artificial diet. On day 4 (D4) of the test, a single dose of the test 
chemical is administered to the larvae with the diet. Each group of thirty-six larvae is 
administered a given dose in a range of five increasing doses. Mortalities are recorded on 
D5, D6, and D7 of the test. The 72-hr LD50 is calculated for larvae (cumulative mortality at 
D7). 

 

  

Figure 8. The toxicity method No. 237, focus on the determination of the lethal dose (72-h 
LD50) following single exposure of larvae to a tested chemical substance. 

 

TEST No. 207. Earthworm, Acute Toxicity Test. The initial screening test (filter paper contact 
test) involves exposing earthworms to test substances on moist filter paper in order to 
identify potentially toxic chemicals to earthworms in soil. Five or more treatment levels in a 
geometric series and, at least, ten replicates (one worm per vial) for each treatment should 
be used. Tests are done in the dark and for a period of 48 hours. The artificial soil test gives 
toxicity data more representative of natural exposure of earthworms to chemicals. It 
involves keeping earthworms in samples of a precisely defined artificial soil. Five 
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concentrations, in a geometric series, of the test substance have been applied. One 
concentration resulting in no mortality and one resulting in total mortality should be used. 
Four replicates for each treatment are recommended. Mortality is assessed 7 and 14 days 
after application. 

 
Eisenia fetida belongs to the Annelida, 
Oligochaeta. The test organisms originate 
from an internal synchronous laboratory 
breeding culture. 

 

Figure 9. The artificial soil test gives toxicity data more representative of natural exposure of 
earthworms to chemicals. It involves keeping earthworms in samples of a precisely defined 
artificial soil. 

 

TEST No. 208 Terrestrial Plants, Growth Test (4/4/1984, 19/7/ 2006). Seeds are placed in 
contact with soil treated with the test substance and evaluated for effects following usually 
14 to 21 days after 50 % emergence of the seedlings in the control group. Endpoints 
measured are visual assessment of seedling emergence, biomass measurements, shoot 
height, and the visible detrimental effects on different parts of the plant. The test can be 
conducted in order to determine the dose-response curve, or at a single concentration/rate 
as a limit test, according to the aim of the study. An appropriate statistical analysis is used to 
obtain effective concentration ECx or effective application rate ERx for the most sensitive 
parameter(s) of interest. Also, the no observed effect concentration (NOEC) and lowest 
observed effect concentration (LOEC) can be calculated in this test. 

  

Figure 10. Terrestrial phytotoxicity tests are useful in assessing the adverse effects of specific 
chemicals as a part of an ecological risk assessment. These toxicological tests evaluate 
responses of one or more plant species to the test chemical substance. 
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TEST No. 231. Amphibian metamorphosis assay. This Test Guideline describes an amphibian 
metamorphosis assay intended to screen substances which may interfere with the normal 
functioning of the hypothalamo-pituitary-thyroid axis. The assay was validated with the 
species Xenopus laevis, which is recommended for use in the Guideline. The assay uses 
three test chemical concentrations and the necessary controls, including a carrier control if 
necessary. The assay starts with tadpoles at the development stage 51 on the Nieuwkoop 
and Faber scale and is extended for a duration of 21 days. Four replicate test vessels are 
used for each treatment level and control(s). After 7 days of exposure, a sub-set of tadpoles 
from each treatment level is sampled for the measurement of the length of the hind-limb. At 
termination of 21-day exposure period, developmental stage, snout-to-vent length and hind 
limb length are measured on all remaining tadpoles. A sub-set of tadpoles from each 
treatment level is fixed (whole-body or dissected) for histopathology of the thyroid gland. 

  

Figure 11. The assay was validated with the species Xenopus laevis. This toxicity test screens 
chemical pollutants which may interfere with the normal functioning of the hypothalamo-
pituitary-thyroid axis. Snout-to-vent length and hind limb length are measured on all 
remaining tadpoles. 

 

TEST No. 236. Fish Embryo Acute Toxicity (FET) Test.  The test method was inteneded to 
determine the acute or lethal toxicity of chemicals on embryonic stages of fish (Danio rerio). 
Newly fertilised zebrafish eggs are exposed to the test chemical for a period of 96 hrs. Every 
24 hrs. 20 embryos (one embryo per well) are exposed to the chemical tested at each 
concentration level. The test includes five increasing concentrations of the chemical tested 
and a control.  
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Figure 12. The zebrafish (Danio rerio) is a freshwater tropical fish which is easy to grow and 
has short growth period of high fecundity. The zebrafish model is more readily manipulated 
in large-scale genetic or chemical screens than mammalian models. Therefore, the zebrafish 
has long been used as a toxicity test model to evaluate the environmental and human health 
risk of chemicals. 

 

Every 24 hours, four optical observations are recorded as indicators of lethality: (i) 
coagulation of fertilised eggs, (ii) lack of somite formation, (iii) lack of detachment of the tail-
bud from the yolk sac, and (iv) lack of heartbeat. At the end of the exposure period, acute 
toxicity is determined based on a positive outcome in any of the four apical observations 
recorded, and the LC50 is calculated. The test report also includes a number of other 
important information elements related to the conduct of the test, in particular: the 
concentration of dissolved oxygen, pH, total hardness, temperature end conductivity of 
solutions, measured concentrations of the chemical tested, and whether the validity criteria 
of the test were met. 

 

Historical perspectives of the LD50 toxicity test (lethal dose 50%) 

The LD50 test was first introduced in 1927 for testing substances intended for human use 
such as digitalis and insulin. However, by the 1970s, the test, which aims to find the single 
lethal dose of a substance which kills half the animals in a test group, had become generally 
accepted as a basis of comparing and classifying the toxicities of chemicals and gradually 
became a required test for various regulatory bodies. The lethal dose 50% test was applied 
to toxicological studies of new drugs, food additives, cosmetic ingredients, household 
products, industrial chemicals and pesticides. The test required up to 100 animals, 
sometimes for each of two species (normally the rat but also the mouse when a second 
species was needed) for each substance tested. In 1981, the OECD incorporated the LD50 test 
into its new Test Guidelines (TGs). It was generally agreed that the statistical precision of the 
LD50 value, together with its confidence intervals and the slope of the dose–mortality curve, 
which this classical LD50 test could provide, were not needed for normal hazard and risk 
assessment purposes. The 1981 guideline for acute oral toxicity (OECD 401) required the use 
of only five animals per sex per dose group, with three dose groups per test which were 
chosen, from sighting studies or from historical data, to span the LD50 value. An upper dose 
level limit of 5,000 mg/kg was also introduced and, for essentially non-toxic substances, the 
concept of a Limit Test was included which required, for those substances with LD50 values 
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greater than 5,000 mg/kg, only this upper dose level to be tested. Similar guidelines were 
also published for acute dermal (OECD 402) and inhalation (OECD 403) toxicity. 

In 1987, OECD 401was revised, predominantly for animal welfare reasons. The test could be 
conducted using animals of only one sex, with confirmation that there were no sex 
differences in the acute toxicity of a test material by testing at just one dose level in the 
second sex. This reduced the number of animals required from 30 to 20. The limit dose was 
also reduced to 2,000 mg/kg. In 1984, Iain Purchase facilitated the setting up of a working 
party of the British Toxicology Society and proposed a new method for acute oral toxicity 
testing which avoided using the death of animals as an endpoint, and relied instead on the 
observation of clear signs of toxicity developed at one of a series of fixed dose levels. This 
method, which became known as the Fixed Dose Procedure (FDP) was assessed in both a 
national and international validation studies. These studies showed that the FDP was able to 
provide results that enable substances to be ranked according to the EU system of 
classification in a way which is broadly compatible with the LD50 values derived from classical 
acute oral toxicity tests. The FDP also provided the necessary information on the nature, 
time to onset, duration and outcome of signs of toxicity that is required for risk assessment 
purposes. The FDP uses fewer animals than OECD 401, causes less compound-related 
mortality and subjects those animals which are used to less pain and distress. The FDP was 
adopted as an OECD Guideline (OECD 420) in 1992 but as an alternative for OECD 401, not a 
replacement. In 1996, a second alternative method, the Acute Toxic Class Method (ATC) was 
adopted (OECD 423) and this was followed in 1998 by the Up and Down Procedure (UDP; 
OECD 425). The ATC also uses the concept of fixed dose levels but retains mortality as a 
principal endpoint; the UDP, as its name suggests, aims to estimate the LD50 value by testing 
individual animals sequentially, with the dose for each animal being adjusted up or down 
depending upon the outcome for the previous animal.35 

 
 

Figure 13. Acute toxicity testing in mice or rats is a standard toxicological. An LD50 is a 
standard for acute toxicity, the dose to kill 50 % of a population of test animals (e.g., rats, 
fish, mice). 

 

Toxicology and Ecotoxicology Databases for Hazardous Chemicals 

There are numerous ecotoxicology databases kept by national organizations in various 
countries and by international organizations like OECD, WHO, UNEP, etc. 

IUCLID (International Uniform Chemicals Information Database) and database of ECETOC 
(European Centre for Ecotoxicology and Toxicology of Chemicals) are very extensive and very 
important databases for ecotoxicology test results. Also, information can be found through 
existing risk assessment or data evaluation programs such as ESIS, HERA (Human and 
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Environmental Risk Assessment) and the OECD HPV (High Production Volume chemicals) 
program, (SIDS, Screening Information Date Set). IUCLID contains information on approx. 10, 
500 different substances on the effects on human health and the environment.  Priority 
Lists, Risk Assessment process and tracking system in relation to Council Regulation (EEC) 
793/93 also known as Existing Substances Regulation (ESR). 

 

  

Figure 14. There are numerous toxicological and ecotoxicological databases which store 
information and data on the toxicological and ecotoxicological properties of chemicals and 
pollutants. 

 

EAT (http://www.ecetoc.org ) The ECETOC Aquatic Toxicity database (1993) contains more 
than 5,450 entries on almost 600 chemicals, provides the most comprehensive compilation 
of highly reliable ecotoxicity data published in the scientific press in the period 1970 --2000. 
The EAT 3 database is available as an Excel spreadsheet. For each entry there are 32 fields of 
information on the substance, test species, test conditions, test description, endpoint, 
results and source references. All the references are held at ECETOC; ECETOC AISBL, Avenue 
Edmond Van Nieuwenhuyse 4 Bte 6, B-1160 Brussels, Belgium.  

 
Ecotoxdatabase of Environmental Protection Agency (http://www.epa.gov/ecotox/). The 
database is maintained by the US-EPA and provides single chemical toxicity information on 
aquatic and terrestrial life for about 8,400 chemicals. Peer-reviewed literature is the primary 
source of information encoded in the database. Pertinent information on the species, 
chemical, test methods, and results presented by the author(s) are abstracted and entered 
into the database. Another source of test results is independently compiled data files 
provided by various U.S.A. and International government agencies.  

ESIS (European Chemical Substances Information System) (http://esis.jrc.ec.europa.eu/ ). 
ESIS is an IT System which provides scientists with information on chemicals, related to 
EINECS (European Inventory of Existing Commercial chemical Substances).  

ELINCS (European List of Notified Chemical Substances),•  NLP (No-Longer Polymers),•  
HPVCs (High Production Volume Chemicals) and LPVCs (Low Production• Volume 
Chemicals), including EU Producers/Importers lists, C&L (Classification and Labelling), Risk 
and Safety Phrases, Danger etc., IUCLID (International Uniform Chemical Database) 
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containing information on approx. 10, 500 different substances on the effects on human 
health and the environment. Priority Lists, Risk Assessment process and tracking system in 
relation to Council Regulation (EEC) 793/93 also known as Existing Substances Regulation 
(ESR). 

 

OTHER TOXICOLOGY and ECOTOXICOLOGY DATABASES 

HERA (Human and Environmental Risk Assessment) (http://www.heraproject.com) HERA is 
a voluntary industry programme initiated by A.I.S.E. and CEFIC to carry out focused risk 
assessments of the ingredients of household cleaning and detergent products.  

HSDB (Hazardous Substances Data Bank) (http://toxnet.nlm.nih.gov ). This is a toxicology 
data file on the National Library of Medicine's, USA (NLM)  

Toxicology Data Network (TOXNET®). It focuses on the toxicology of potentially hazardous 
chemicals. It is enhanced with information on human exposure, industrial hygiene, 
emergency handling procedures, environmental fate, regulatory requirements, and related 
areas. All data are referenced and derived from a core set of books, government documents, 
technical reports and selected primary journal literature. HSDB is peer-reviewed by the 
Scientific Review Panel (SRP), a committee of experts in the major subject areas within the 
data bank's scope. HSDB is organized into over 5,000 individual chemical records. N-class 
database (http://www.kemi.se/en/Content/Databases/). The steering group for the Nordic 
Council of Ministers project on Environmental Hazard Classification is responsible for the 
continuous updating of the N-Class database. The database contains substances that have 
been discussed by the EC-Commission on the Classification and Labelling for environmental 
effects. Substance specific data, gathered from various documents that have been discussed 
at Commission working group meetings on environmental effects (mainly covering 
ecotoxicity), may be found in the NClass database.  

OECD Integrated HPV database (http://webnet.oecd.org/hpv/ui/Default.aspx ). This 
database tracks all High Production Volume (HPV) chemicals through the process of 
investigation in the OECD programme on the Investigation of Existing Chemicals. Once 
agreed in the OECD, it shows the results of assessments as well as the actual reports and 
background information behind them. The database contains the list of HPV chemicals 
together with any annotations on each chemical provided to the Secretariat by Member 
countries, there are links to relevant documents. When making the first evaluation of an 
existing chemical, a minimum set of data is necessary to determine its potential hazards.  

OHMTADS (http://www.nisc.com/cis/details/ohm-tads.htm). The Oil and Hazardous 
Materials/ Technical Assistance Data System includes 1,402 MSDS-like (Material Safety 
Data Sheets) fact sheets prepared by the US Environmental Protection Agency (U.S. EPA) in 
the 1970- 1980. Each fact sheet deals with one chemical substance. The database is no 
longer updated, and some material in the database has been rendered incorrect over time 
by changes in regulatory requirements. However, the database still contains a wealth of still-
useful data and references. Consequently, each record is presented with a warning about 
the age of the database and the need to verify critical information through more current 
sources. Users can retrieve records by CAS Registry Number (the preferred method), 
chemical name, and/or subject terms/phrases.  

Riskline, Swedish Chemical Inspectorate (http://apps.kemi.se/riskline/). Riskline contains 
peer reviewed information on both environment and health. The database is produced by 
the Swedish Chemical Inspectorate. Each reference in Riskline is furnished with a critical 
evaluation. It represents the unanimous opinion of a group of toxicological experts in the 
value of the research that is presented in the document. The evaluation might vary 
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depending on the organization that reviewed the literature. All documents center around 
one chemical element of family of elements. Abstracts from the original documents are 
added to the unit record. All items are indexed and the chemical substances identified by 
CAS numbers.  

Japanese Ministry of the Environment (http://www.env.go.jp/en/chemi/) The Ministry has 
conducted numerous aquatic toxicity tests in accordance with OECD. The Ministry in the 
2015 has published, approximately, 200 Profiles of the Initial Environmental Risk Assessment 
of Hazardous Chemicals. 

(https://www.env.go.jp/en/chemi/chemicals/profile_erac/index.html). 

 

Other Global Portals on Toxicological Data of Chemical Substances 

There are many Databases currently participating in eChemPortal. Data sources which can 
be found through a search by Property. Number of substance identity and endpoint records 
per participating source searchable through eChemPortal (http://www.echemportal.org/). 

• ACToR, U.S. EPA :  Aggregated Computational Toxicology Resource  

• APVMA-CR : The Australian Pesticides and Veterinary Medicines Authority (APVMA) 
database of completed chemical reviews 

• CESAR: Canada’s Existing Substances Assessment Repository.  Combined Exposures 
Collection of Case Studies on Risk Assessments of Combined Exposures to Multiple 
Chemicals 

• ECHA CHEM: European Chemicals Agency’s Dissemination portal with information on 
chemical substances registered under REACH. 

• EnviChem: Data Bank of Environmental Properties of Chemicals 

• EPA HHBP: EPA Human Health Benchmarks for Pesticides 

• EPA OPPALB: EPA Office of Pesticide Programs’ Aquatic Life Benchmarks 

• GDL: Gefahrstoffdatenbank der Länder (Germany) 

• GHS-J: The Result of the GHS Classification by the Japanese Government 

• GSBL: Joint Substance Data Pool of the German Federal Government and the German 
Federal States 

• HPVIS: High Production Volume Information System (HPVIS) 

• HSDB: Hazardous Substance Data Bank 

• INCHEM: Chemical Safety Information from Intergovernmental Organizations - INCHEM 

• INERIS-PSC: INERIS-Portail Substances Chimiques 

• J-CHECK: Japan CHEmicals Collaborative Knowledge database 

• JECDB: Japan Existing Chemical Data Base 

• NICNAS Other: Australian National Industrial Chemicals Notification and Assessment 
Scheme assessments of existing chemicals other than Priority Existing Chemical 
assessments 

• NICNAS PEC: Australian National Industrial Chemicals Notification and Assessment 
Scheme (NICNAS) Priority 
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• SIDS UNEP: OECD Initial Assessment Reports for HPV Chemicals including Screening 
Information Data Sets (SIDS) as maintained by United Nations Environment  Programme 
(UNEP) Chemicals 

• SPIN: Substances in Preparations In the Nordic countries 

• UK CCRMP Outputs: UK Coordinated Chemicals Risk Management Programme 
Publications 

• US EPA IRIS: United States Environmental Protection Agency Integrated Risk 
Information System 

• US EPA SRS: United States Environmental Protection Agency Substance Registry 
Services 

 

Risk Assessment Process from Toxicological Studies 

The most detailed framework for the Ecological Risk Assessment Process (ERAP) by 
pollutants and environmental stressors in general was formulated by the U.S. EPA in 1992. 
The Framework defines a stressor as any physical, chemical, or biological entity that can 
induce an adverse ecological response. Adverse responses can range from sublethal chronic 
effects in individual organisms to a loss of ecosystem function. Chemical or physical stressors 
(pollutants or contaminants) were studied because these are the stressors subject to risk 
management decisions at Superfund sites. The  ERAP contains the steps needed for 
evaluating on scientific terms the adverse effects (damage) of pollutants (stressors) on 
ecosystems and components of ecosystems. The EPA document described the basic process 
and principles of an ERAP to be used in ecological risk assessments and outlined the basic 
principles. 

The EPA ERAP Framework was similar to the National Research Council's (NRC) paradigm for 
human health risk assessments (NRC, 1983 and 1993).The 1983 NRC paradigm consists of 
four fundamental phases: 

1. Hazard identification,  
2. Dose-response assessment,  
3. Exposure assessment, and, 
4.  Risk characterization.  

The third phrase "dose-response" was replaced by "stressor-response" to emphasize the 
possibility that physical changes (there is not dose term) as well as chemical contamination 
can stress ecosystems. Moreover, the ERAP Framework emphasizes the parallel nature of 
the ecological effects and exposure assessments by joining the two assessments in an 
analysis phase between problem formulation and risk characterization. During problem 
formulation, the risk assessor establishes the goals, breadth, and focus of the assessment. As 
indicated in the Framework, problem formulation is a systematic planning step that 
identifies the major factors to be considered and Problem formulation includes discussions 
between the risk assessor and risk manager, and other involved parties, to identify the 
stressor characteristics, ecosystems potentially at risk, and ecological effects to be 
evaluated. During problem formulation, assessment and measurement endpoints for the 
ecological risk assessment are identified. 
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Figure 15. The five stages and four steps of the ecological risk assessment process 

 

The Ecological Risk Assessment under the European Environment Agency is called EcoRA 
methodology and has been developed from that already established for human health. The 
general principles are widely agreed upon but the application of the process still provokes 
considerable arguments among scientists. The Health Risk Assessment (HRA) approach lends 
itself well in many respects to EcoRA but, due to the complex nature of the potential 
target(s) or receptor(s), several problems have presented themselves to toxicological 
practitioners. HRA is concerned with individuals and morbidity and mortality, EcoRA is 
concerned with biological populations and communities and the effects of substances on 
mortality and fecundity. EcoRA has to deal with a multitude of organisms, all with varying 
sensitivities to chemicals and various groups have distinct exposure scenarios, such as free 
swimmers and sediment dwellers. Because of the difficulty in obtaining toxicity data on all 
organisms in an ecosystem, the recognised practice is to test selected representatives of 
major taxonomic groups and use these as surrogates for the whole system. This method is 
questionable as it may not protect the most sensitive species exposed in the environment. 
Failure to identify the effects of an agent on a potential receptor can result in widespread 
damage to organisms and ecosystems.36  

Numerous publications in the last decade explored the multidisciplinary aspects of ecological 
risk assessment process for toxic chemicals and environmental pollutants. Scientific 
ecological modeling in risk assessment introduced new approaches by compiling and 
evaluating models and data that can be used in assessing risk at the population, ecosystem, 
and landscape levels.37-41 

 

 

The EU Reference Laboratory for Alternatives to Animal Testing 

In 2010 the European Parliament and the EU Council passed the Directive 2010/63/EU (22 
September 2010) “on the protection of animals used for scientific purpose”. The aim was to 
replace the use of live animals in processes of toxicological testing by other alternative 
methods.42 

Most of the industrial developed countries have advanced alternative toxicological animal 
studies. At the same time they founded in 2009 the ICATM, an International Cooperation on 
Alternative Test Methods. The founding members are:  JaCVAM (Japan), NICEATMICCVAM 
(USA), EURL ECVAM (EU), Health Canada, and KoCVAM (Republic of Korea). Recently, 
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interest was advanced by Brazilian scientists from BraCVAM (Brazil) and China. These 
organizations decided to work together at every step of the alternative process and 
toxicological tests to promote evaluation of promising Methods; to design and formulate the 
execution of validation studies, to do peer reviews, to advise on recommendations, and 
promote guidance and guidelines. The meeting of these organizations in November 2013 led 
to a number of solid outcomes and actions. 

The European Commission (EC) has responded to a campaign calling for an end to animal 
testing in the EU, saying animal testing is still necessary, but promising to accelerate efforts 
to reduce the need for animal testing. 

In March 2015, the Stop Vivisection campaign submitted a European Citizens' Initiative to 
the European Commission, calling for the commission to repeal Directive 2010/63/EU and 
replace it with new legislation that would phase out animal testing. A European Citizens' 
Initiative is a formal procedure for EU citizens to submit legislative proposals to the EC. To 
qualify, an initiative must have at least one million signatures, and meet a minimum level of 
support in at least seven member states. The Stop Vivisection campaign is only the third 
Citizens' Initiative to meet the threshold for submission since the introduction of the 
procedure in 2011. While the EC dismissed Stop Vivisection’s proposed legislative changes, 
the commission said it "shares the Citizens' Initiative's conviction that animal testing should 
be phased out. " Despite sharing the same "ultimate goal," as the campaigners, the EC says 
animal testing is still necessary in some areas such as applied research and drug 
development. In areas where "the toxicological or physiological processes and mechanisms 
are not sufficiently understood or are very complex, alternative solutions are not available."  
The EU legislation emphasizes that efforts should be made to "replace, reduce and refine the 
use of animals used for scientific purposes. Additionally, the EU legislation provides a 
number of safeguards to ensure that animals used in research are adequately cared for and 
housed, and that harm and killing is minimized. Other provisions prevent animals caught in 
the wild from being used in procedures, and limit the use of non-human primates to 
"biomedical areas essential for the benefit of human beings," where no alternative exists 
[available at http://www.raps.org/Regulatory-Focus/News/2015/06/04/22620/European-
Commission-Responds-to-Stop-Vivisection-Campaign/#sthash.v1vV4hci.dpuf ] 
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