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ENSC 201  Environmental Toxicology and Chemical Risks 
 
Week 1 second lecture, January 13: The history and scope of Environmental Toxicology (concluded) and Concepts in Environmental 
Toxicology. , Pamela M. Welbourn 
 
Reference reading W&W chapter 2, pp 21 – 38; pp 43 (beginning at section 2.2.6) – 50 
Also check the Glossary in the text for any unfamiliar terms 
 
Terms/concepts to be learned 
Truhaut’s four stages for eco-toxicology 
Biomagnification 
Retrospective vs. prospective approaches 
Acute toxicity 
Chronic toxicity 
Dose-response 
Exposure 
End point 
LC 50
Bioassays 
Acute-to-chronic ratio (ASCR) 
Application factor (AF) 
 
Environmental groups that are concerned with toxic substances 
A short list of some of the major environmental groups that include toxic substances in their concerns (more detail in W&W table 1.1) 
shows that many of them originated in the late 1960s.  Those listed are still active today, along with many others. Some others are 
ephemeral, arising in response to a particular local issue. Some lobby formally while others rely on protests and demonstrations. Yet 
others have taken on the role of educating the layperson. The role and status of lobby groups varies among different jurisdictions. 
. 
Environmental or Eco-toxicology 
In the late 1970s, Truhaut (1977) introduced the concept of “Ecotoxicology”, which took environmental toxicology and defined a 
formal approach consisting of four parts: 
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1. Release of chemical into the environment; 
2. Transport to biota, with or without chemical transformation; 
3. Exposure of one or more target organisms and 
4. Response of individual organisms, populations or communities. 
 
The fourth point emphasizes the need to consider the larger system rather than individuals and this is one of the characteristics and 
difficulties of ecotoxicology. Again and again in the course we shall encounter the problem that there are very limited data for the 
“real world” where biotic and abiotic components interact with respect to contaminants; much of our data come from controlled 
laboratory tests on genetically uniform populations of individual species, and frequently with acute or relatively short- term testing. 
 
Major differences between classical (human/mammalian) and environmental toxicology 
Table 4.1 from W&W provides the major points of contrast between the two subject areas. These lead to the need for some different 
approaches for environmental toxicology compared with mammalian toxicology, although there are still many basic similarities in 
scientific approaches, methodology and understanding. 
 
 
Acute and chronic toxicity 
The differences between acute and chronic toxicity (more detail on this later in the course) are presented. In the real world, cause-
effect is typically more difficult to demonstrate for chronic toxicity than for acute, yet in practice, much environmental toxicology is 
concerned with chronic toxicity. This adds to the complexity of the science and to the difficulty in providing unequivocal 
demonstration of cause and effect. An example is the long (up to 40 year) delays between exposure and manifestation of some  
cancers. 
 
Assessment methods for toxicity 
How an investigation begins: typically, in the early days of environmental toxicology, there was some observation in the real world, 
that some biota were being adversely affected. (refer to the DDT example) and this would lead directly or indirectly to some 
laboratory tests. This still happens but ideally there are fewer “surprises” now. More recently, “after the fact”, or retrospective studies 
are ideally superceded by prospective studies. Thus we already have a great deal of information about the manner in which 
organochlorine compounds like DDT behave, in the environment and in the food chain and at the physiological level, so we can have 
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some predictions about any compound in that family of chemicals.  This provides a basis for the regulation of whole groups of 
compounds. 
 
Controlled laboratory tests are the most common type of assessment. Several concepts need to be noted in this context 
 
Dose and response 
The dose-response relationship is central to all types of toxicity testing. The dose is the amount or the concentration of a given 
substance that is absorbed in a test situation. In the laboratory, it may be administered as an injection, or in food, in drinking water, in 
air, or in some other component of the environment such as the sediment or the soil. The simpler the administration of the dose, the 
easier it is to interpret the result. So for example putting an aquatic plant in a solution of copper sulphate will give you a clear-cut 
result, since aquatic plants have only one route of uptake – namely from solution. Similarly for a fish, one could expose to a solution 
of copper sulphate but this gives at least three possible routes of exposure – the gills, the skin and ingestion into the digestive tract. 
 
BUT one always has the dilemma that this is not representative of the real works, where the plant or fish is also exposed to material in 
the sediments which may provide a source of the contaminant for the water, or in the case of the fish, may actually be ingested.  
 
However, the concept of dose and response is most easily understood by envisioning a simple test system where everything is 
measured and controlled.  
 
Exposure 
Another term that is associated with response is exposure. The exposure is the amount that the organism is provided with in the 
environment.  In the laboratory, we can usually assume that the entire amount of exposure represents the dose that the organism 
absorbs. And we can sometimes check on this by various means.  
 
In the field, such an assumption is not always valid. However, it is usual to equate the dose with the exposure n field situations. In this 
way, we are being conservative, because of not all of the exposure is absorbed, we will only over-estimate the harmful effect – so will 
be on he safe side, which is what is meant by being conservative in toxicology. 
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End points 
The response that we choose to measure is called the end point, and it can be chosen by the experimenter. In the case of regulatory 
tests, it will be specified. The end point is something that we can measure in such a way that our results will be consistent and 
comparable among tests and replicates, so is normally quantitative. 
 
The acute toxicity bioassay 
This is the most common type of toxicity test, taken over a short period of time and recording mortality.  It is quick and relatively easy 
to do and rather uniform among various testing agencies.  One of the commonest ways to express this is the lowest concentration that 
causes the death of 50% of a standard population at a stated time.  
 
The LC 50 
Defined as the concentration of a substance that will kill 50% 0f a standard population of organisms in a given time, typically a short 
time, e.g., the 96-hour rainbow trout lethal bioassay. The lower the LC50, the more toxic the chemical
 
The sub-acute or chronic toxicity test. 
The concept of harm that is less severe that death but which will still be damaging and therefore against which the population needs 
protection, provides a more sensitive means of assessing the harm that a chemical can cause. It is also more conservative to base 
standards and assessment of risk on chronic tests and most authorities demand this now. The chronic or sub-lethal end points can 
include behavioural changes, reproductive failure, and malformations such as neoplasms. The tests take much longer, are more 
expensive, and are less standardized that acute toxicity tests. 
 
Is there a relationship between acute and chronic toxicity such that we can convert the more commonly available acute results to the 
more conservative chronics effect? 
 
The acute-to-chronic ratio (ACR) 
For any given substance, the chronic endpoints will of course be lower than the acute. A ratio can be calculated by dividing the LC50 
by some measure of chronic toxicity such as the maximum acceptable toxic concentration, (MATC) which is the mean of the no-effect 
concentration and the lowest effect concentration. 
 
According to a survey of the literature, the value of the ACR ranges from 1 to 18,000, with an average of 25. Most regulatory 
jurisdictions, if there is no chronic toxicity data, will requite an application factor (AF) of between 10 and 100, in order to provide 
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protection for the largest number of species without demanding that resources be spent on lengthy and expensive additional tests. The 
proponent, e.g., a pest control product manufacturer, would normally have the option of providing chronic test data if he felt that the 
application factor resulted in an unrealistic result. (Sometimes the standard that is required becomes lower than we can measure 
analytically!) 
 
Choice of test organism 
For regulatory purposes, the authority specifies the organism and often there are suppliers that provide cultures of the test material. 
e.g. for aquatic toxicity tests, there is an algal species (Selenastrum), a water flea (Daphnia) and a fish, often rainbow trout (Salmo 
gairdneri). 
 
For a given ecosystem, where we cannot test everything, it is advisable to select the most sensitive species or trophic level, or 
sometimes, depending on circumstances, to include a species of economic value or an endangered species. 
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Table 1.1 Some Environmental non-Government organisations (ENGOs) with activities related to environmental toxicology 
 
Organisation/Acronym Date and place of 

origin 
General goal(s) Strategies *Membership and 

supporters or 
donors 

Examples of 
projects involving 
environmental 
toxicology 

Budget 

Canadian Environmental 
Law Association  

1970, Toronto To "give voice to the 
environment in 
policy and laws". A 
"legal aid" approach 
to environmental 
protection 

Advocacy for 
comprehensive laws, 
standards etc. to 
protect 
environmental 
quality in Canada, 
especially Ontario; 
support and in some 
cases help to found 
other groups; 

NEED 
INFORMATION: 
PW HAS ASKED 
K. COOPER 

Fluoride fumes: a 
Strategic LawSuit 
against Participation; 
PCB releases by 
Quebec Hydro: 
CELA intervened 
successfully; 
Removal of lead-
contaminated soil: 
CELA as counsel for 
a Community Health 
Centre. 

NEED 
INFORMATION; 
PW HAS ASKED K 
COOPER 

EarthFirst!  1991, United
Kingdom. Now 
active in 13 
countries 

 A network of radical 
eco-activists; no 
central office, no 
decision making 
body; their slogan 
"No compromise in 
defence of the 
earth".  

Direct action: 
conventional "green" 
campaigning is not 
enough. Fight is 
against "ecological 
destruction [through] 
the domination of 
the majority by elite 
groups" 

No members in 
conventional sense; 
no paid workers; 

NEED 
INFORMATION 

PRESUMABLY 
THERE IS NO 
BUDGET 

Environmental Defence Fund 
EDF 

Long Is. NY, USA 
1967, originally by 
volunteers 

To achieve 
environmental goals 
through legal action 
and education  

Use of scientific 
evidence in court;  
use of economic 
incentives to solve 
environmental 
problems; 
participation in 
environmental 
education 

300,000 ( in 1997) 
members; 
staff of 163 
including 60 full- 
time professionals 

First project was 
attempt to stop DDT 
spraying in Long 
Island HAVE SENT 
FOR 
INFORMATION 
ON ALAR 

25.7  million $US 
(1994) 

Energy Probe Research Founded in Canada To provide business, Publication of  Supported by 18,000 Various issues General fund turned 
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Foundation, with divisions: 
Energy Probe, Probe 
International, Environment 
Probe, Consumer Policy 
Institute 

1970 as a team of 
Pollution Probe. 
Separated from 
Pollution Probe in 
1980 

government and the 
public with 
information on 
energy, 
environmental and 
related issues. 

papers and books, 
newspaper articles 
and mailings  to 
households 

Canadians. Main 
foundation has staff 
of 9 persons and 
many volunteers 

related to radioactive 
waste and health 
effects of nuclear 
power plants; 
working to limit acid 
gas emissions from 
fossil fuelled power 
plants. 

over approximately 
2 million dollars 
(Canadian) per 
annum in each of 
1997 and 1998  

Friends of the Earth 
International (FOE), a 
federation of 54 independent 
member groups in the world 

FOE International 
founded in 1971 

Research and 
advocacy 

FOE Canada "A 
campaign advocacy 
organisation 

FOE International, 
nearly 1 million 
members in 1991 

NOT APPLICABLE NOT APPLICABLE 

Friends of the Earth Canada  FON Canada started 
in 1978   

  10,000 supporters Work on pesticides, NEED TO GET A 
NUMBER 

Greenpeace   Founded in
Vancouver Canada 
in 1990. Involved 12 
protesters sailing a 
boat into the U.S. 
atomic test zone off 
Amchitka, Alaska 

Protection of the 
environment 

Non-violent direct 
action to protest and 
attract media 
attention to issues 

5 million supporters 
in 58 countries. As 
of 1993, Greenpeace 
reported more than 
1,330 staff in 43 
offices in 30 
countries 

Campaigns against 
toxic waste, acid 
rain, ocean pollution 

NEED TO GET A 
NUMBER 

Pollution Probe Toronto 1969 To work for 
enforceable 
environmental 
policies; to identify 
critical effective 
solutions for 
environmental 
problems. 

Works in partnership 
with stakeholders; 
works through 
education and 
outreach. 

NEED 
INFORMATION 
PW HAS E-
MAILED ELLEN 
SCHWARTZEL 

NEED 
INFORMATION 
PW HAS E-
MAILED ELLEN 
SCHWARTZEL 

Were involved in 
banning DDT, 
limiting phosphates 
in detergents, and in 
helping to launch the 
Canadian Coalition 
on Acid Rain. 
Involved in 
agreements for 
hospitals to 
voluntarily reduce 
their use of mercury 

The Sierra Club Founded in he US 
1892. Active in 
Canada since 1969 

Original goal was 
conservation of 
wilderness areas. 
Now expanded to 

To influence public 
policy and raise 
environmental 
awareness 

 Involved in a 
number of issues 
including the US 
Superfund which 
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include toxic 
chemical 
contamination and 
other issues beyond 
conservation 

requires polluters to 
pay for cleanup of 
abandoned waste 

World Wildlife Fund 
(WWF)/also called World 
Wide Fund for Nature 
International, an international 
network of 25 organisations 

Founded in 1961 To harness public 
opinion and educate 
the world about the 
necessity for 
conservation. 
Mission revised in 
the 1990s, see next 
column. 

Strategy revised in 
1990s, to also 
include promotion of 
the concept of 
reducing wasteful 
consumption and 
pollution 

WWF "almost 4 
million members" in 
1991  

NEED 
INFORMATION 

WWF earned 200 
million US$ in 
revenue in 1991. 

World Wildlife Fund 
Canada, of which the 
Wildlife Toxicology Fund 
(Canada) was part. 

World Wildlife Fund 
Canada started in 
1967, part of World 
Wildlife Fund;  
Wildlife Toxicology 
Fund (Canada) 
operated from 1985 - 
1997  

As above: wildlife 
toxicology was 
added in 1985, to 
identify the impacts 
of pollution on 
wildlife. 

Wildlife Toxicology 
Fund (Canada) from 
1985 - 1997 set up to 
fund research, 
requiring matching 
funding from other 
agencies 

WWF Canada 300  
true (voting) 
members; many 
other donors and 
supporters 

Funded research 
projects included a 
number of studies on 
acidification and 
wildlife, effects of 
various pesticides on 
aquatic 
invertebrates, 
amphibians, effects 
of various metals on 
wildlife and a 
number of studies of 
biomonitors. 

In the years 85 - 97, 
WW toxicology 
fund spent a total of  
5 million $CAN on 
research projects 

 
* "Membership" is difficult to define. Strictly speaking, members of an organisation should have a role in its activities, such as voting rights at meetings. Many 
of the environmental groups count every person who has donated or in any way supported it, as a member. 
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Table 4.1 Differences between classical and ecotoxicology 
Mammalian toxicology Ecotoxicology 
Objective is to protect humans from exposure to toxic substances at 
concentrations which are actually or potentially harmful. 
 

Objective is to protect populations and communities of many diverse 
species from exposure to toxic substances at concentrations which 
are actually or potentially harmful. 

Subject of investigation cannot be subjected to experimentation – 
therefore must always rely on animal models (e.g., rat, guinea pig). 

Species of concern can be subjected to direct experimentation 
(although choice of indicator or sensitive species may be uncertain). 

Species of interest (human) is known, thus degree of extrapolation is 
fairly certain. 
 

Not able to identify all the test species of concern, thus degree of 
extrapolation is uncertain. Furthermore, organism responses may be 
different in complex systems from those in laboratory test conditions 

Test organisms are warm-blooded, body temperature is independent 
of environmental temperature and thus toxicity is predictable in the 
context of temperature effects. 

Test organisms (particularly aquatic) live in variable environment, 
and except for birds and mammals, body temperature varies with 
environmental temperature. Thus toxicity in the context of 
temperature is less predictable. 

The dose of a chemical can be measured directly and route(s) of 
administration can be controlled. The absorbed dose should be made 
through tissue dosimitry but in fact many estimates are based on an 
external or exposure dose. 

The external or exposure dose and the length of exposure is known 
indirectly from measurements in the water, sediment, food etc.; the 
absorbed dose can be determined experimentally through 
bioconcentration/bioaccumulation studies. 

Mechanisms of toxic action are fairly well studied through extensive 
basic research. 

Mechanisms of toxic action and structure-activity relationships have 
recently been emphasised through basic research: otherwise 
emphasis has been on measuring effects and generating threshold 
concentration data, addressing regulatory needs. 

Test methods are well-developed, their usefulness and their limits 
well understood. 

Commonly-used test methods are relatively new and some are 
standardised, but their usefulness in the context of ecosystems is 
often uncertain. 

 
Based on /Modified from Rand 1995 
 
[From Wright and Welbourn 2002 Chapter 4] 
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