
ENSC 201  Environmental Toxicology and Chemical Risks 
 
Week 2 third  lecture, January 17:  Methods and approaches in  Environmental 
Toxicology. , Pamela M. Welbourn 
 
Reference reading W&W chapter 4, pp 97-98, pp 100 – 106 (to end of section 4.2 only), 
pp116 – 143 pp 160 (section 4.6)-183, excluding all tables. Also check the Glossary in 
the text for any unfamiliar terms 
 
Required reading W&W chapter 2, pp 52 – 59, section 2.3.1 only 
 
Terms/concepts to be learned 
Graphical representation of LC50
Toxicity threshold 
Zero tolerance and zero discharge Persistence 
Bioconconcentration 
Bioaccumulation 
[biomagnification] 
Carcinogenicity 
Receptor 
Biological indicators 
Biological monitors 
Biochemical markers/biochemical indicators 
Mixed function oxidases 
Stress proteins 
Metallothioneins 
Ecological models, especially mass balance models 
Microcosms and mesocosms 
Whole system manipulations 
Figure 4.19 (provided in notes) 
 
Graphical representation of dose-response
Note that all the tests that are run include non-treated controls, so a range of 
concentrations along with treatments with no added chemical are used in these tests. 
Figure 2.2 shows the relationship among mortality expressed as cumulative mortality or 
frequently percent mortality, and dose. Figure  2.5 shows two different ways in which to 
graphically express dose-response    
 
Limitations of the LC50
The information provided by the LC50 is rather limited. Aside from the inherent 
limitations of any acute toxicity value, the single number gives no indication of the slope 
of the dose-response curve. Figure 2.4  illustrates two cases with identical LC50s, but 
different slopes.  Nevertheless, we still find that this convenient index of toxicity is used 
in assessment of potentially toxic chemicals. As a preliminary guide at least, it has value, 
and for inter-study comparisons, it has some merit. 
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Choice of organisms for toxicity test (revisited) 
Although we tend to use standardized organism for toxicity testing, there are times when 
other populations of organisms may give more relevant results. In the example shown in 
figure 4.2, two different species of caddis fly are exposed to the same range of copper in 
water. The end point is a chronic one, namely damage to the anal papillae, which are 
osmoregulatory organs. The “specialist” which has a more restricted habitat in the field, 
has a different response while the generalist that has a broader habitat and this shows on 
the respective response curves. Which one would you choose? 
 
The concept of threshold 
The relationship between dose and effect can be shown graphically. If we show 
concentration of the chemical on the x-axis (horizontal), and the response on the y-axis 
(vertical), then there may be a range of concentration, below which there is no 
measurable response. The point at which the response curve increases above zero is 
termed the threshold value. 
 
The threshold is an important concept because if we agree that criteria for contaminants it 
the environment are numbers above zero (as they almost always are), no matter how 
small, then this implies that there are concentrations below this that are acceptable. 
 
Want we are saying then is that there is a no effect level. This is called the NOL, or more 
correctly the no observable effects level (NOEL). 
 
There is a potential flaw here. Whatever the end point used, it involves a choice, either by 
the regulatory agency or the researcher. Perhaps we choose a chronic toxicity endpoint 
for example a one-year reproductive impairment test. If subsequent research indicates 
that there are in fact other chronic effects (typically carcinogenicity) that occur at lower 
concentrations (but take longer to be manifest) then the previous lowest observable effect 
level has to be lowered. 
 
Zero tolerance and zero discharge 
There are some substances that are so toxic or so carcinogenic, to humans or to 
ecosystems, that many believe there should be “zero tolerance” for them. This would be 
equivalent to saying that there is no threshold that is acceptable. While in most cases such 
substances cannot be removed if they are already out in the environment, or if they occur 
naturally (like some metals), the next best thing is to have a zero discharge policy for 
certain substances.  
 
Properties that would result in applying such a policy would be: 
 

 Persistence 
 The tendency to bioaccumulate 
 Being inherently extremely toxic or carcinogenic. 

 
Persistence means that the compound or element remains in essentially the form in which 
it was released in the environment – it is not broken down by biological processes 
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(biodegraded) or physical or chemical processes.  DDT and PCBs are persistent, as are all 
metals. 
 
Bioaccumulation means that the chemical once absorbed is not excreted or secreted by an 
organism, and this builds up in the tissues over time. It may build up in different tissues, 
thus lead tends to accumulate in bone while mercury accumulates in nervous and muscle 
tissue, and cadmium in liver and kidney.  
 
Bioconcentration is the initial stage in bioaccumulation. When a chemical is introduced 
into the environment (in water, air, soil, food etc.) the chemical typically reaches higher 
concentrations in the organism than in its surrounding, water, air, sediment. etc. We can 
demonstrate this in the laboratory by simple exposure tests. Even if there is no observable 
toxic effect, we often find that the ratio of substance in the organisms to that in the 
outside medium is greater than 1. We call this ratio the Bioconcentration Factor BCF. II 
the BCF increase with time, or age of the organisms, we call it bioaccumulation.  
 
In many cases, this is manifest by older animals having higher concentrations that 
younger ones, since the accumulation has continued over the lifetime of the organism. 
For this reason, older or larger fish have higher concentrations of mercury than younger 
or small fish. 
 
Biomagnification has already been discussed, as a particular type of accumulation 
through the food chain of persistent substances such as organochlorines and mercury. . It 
should be understood and noted along with the previous terms. Biomagnification is 
unique to environmental toxicology, since in classical toxicology no such process is 
possible. HOWEVER, the manifestation of biomagnification, in the very high levels of 
persistent substances that are attained in fish and mammals at the top of the food chain, 
do have great relevance to human health. 
 
Carcinogenicity 
Carcinogenicity is a type of toxicity that w have note dealt with yet. Briefly, it refers to 
substances that affect metabolic and biochemical processes so that malformations 
(neoplasms) such as tumours form in the receptor. This type of toxicity has a separate 
series of terms and tests, in humans as in other biota. The study is more developed for 
humans and human models that it is for other biota. Nevertheless, we find tumours and 
other neoplasms in organisms such as fish, and we are at an early stage of understanding 
the causal substances. This subject is dealt with in the text in chapter 2 and we shall 
return to it later, particularly when dealing with organic contaminants. At this point it is 
necessary to note that there is often a long delay between exposure and response for 
carcinogens (up to 40 years fro asbestos and human mesothelioma). This makes detection 
and cause-effect relationships more difficult to establish than for other typos of toxicity. 
Perhaps we can think of it as the ultimate chronic effect.  
 
The term receptor is used for the living component that is affected by the chemical to 
which the organisms is exposed. It may be the whole organism, part of the body, or even 
a biochemical component that receives  the insult. 
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Biological indicators and biological monitors. 
Moving beyond the strictly controlled laboratory tests, in environmental toxicology we 
also use a number of other approaches unique to the discipline. Two of these are referred 
to as environmental indicators and environmental monitors. 
 
Many test use the terms interchangeably, since both refer to the response of a population 
of organisms in the filed. 
 
Environmental indicators are plants or animal that are particularly responsive to some 
chemical (or other) change, such that they provide a biological response that can be 
measured. An old example is the so-called lichen desert, where levels of sulphur dioxide 
from fossil fuel burning or smelting of sulphide ores kill off many species of lichens. 
Their absence around sources of the toxic gas can be mapped. Similarly, when the air 
pollution is removed, they will return, albeit slowly. In this way they provide and 
INDICATOR of environemental quality. 
 
A group of algae called diatoms provide another type of indicator, far water quality, and 
so do certain fish. The loss of salmonid fish species is indicative of poor water quality, 
such as acidification or lack of oxygen. Ideally we do not want to wait until a valued 
species begins to decline, so we look for early warning indicators of change in 
environmental quality. Field surveys, providing that we know the suitable sensitive 
species and the chemical of concern. Can be carried out fairly rapidly and without highly 
specialized technical staff, but the laboratory follow up is crucial. 
 
Lichens are very simple plants that grown slowly and absorb all their nutrients from the 
atmosphere. They also have a narrow range of tolerance for sulphur dioxide. Therefore 
they provide a sensitive indicator for this type of air pollution. 
 
Biological monitors are also organisms that provide information on environmental 
conditions, but in this type, we look at the tissue concentrations of the chemical, rather 
than the decline of numbers or other indications. The biological monitor should have a 
wider range of tolerance for the chemical of concern, but should accumulate the chemical 
in such a way that it reflects the exposure.  Two examples serve to illustrate this. 
 
The Scandinavian moss survey uses a feather moss, which absorbs chemicals form the 
atmosphere and which is common and widely distributed, is collected from a large range 
of sites and then taken back to the lab where the concentration of metals and other 
contaminants are measured. Figure 4.5 shows the results for lead in the moss in 1977 and 
in 1985. This is an instructive illustration. The N-S distribution indicates that the copper 
is coming in from the south. The inter-year differences indicate a major decrease in lead 
in air. The explanation? Regulatory removal of tetra ethyl lead (TEL) from gasoline in 
Europe in the early 1980s. 
 
The second illustrative example for environmental monitoring is the gull egg monitoring 
of organic contaminants in the Great Lakes. The gull occupies an ecological niche similar 
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to that of humans so is a SURROGATE or human expose, as well as showing us the 
levels of organic contaminants in the Great Lakes. See figure 4.6 
 
Ecological Modelling 
Mathematical models do not strictly simulate reality, but they serve to provide a 
simplified picture with some predictive value. When there are no data on the behaviour of 
the chemical, and where some aspects of its structure-activity relationships are known, it 
is possible to have some prediction about the behaviour through modelling. The most 
useful type of modelling for toxicology is the mass balance approach. Figure 4.15 
illustrates the concepts. 
 
Mass balance modeling had been most usefully applied to organic chemicals. We shall 
not deal in any detail at this point with the technicalities of modeling, but you can read 
the relevant sections in the text. And the subject may well come up in your research for 
your seminar topic and in later lectures in this course. 
 
Microcosms, microcosms and large scale manipulations 
Another category of approaches attempts to come closer to reality but manipulating one 
or more factor in the natural environment. These range from “little worlds”, exemplified 
by aquaria, to large-scale manipulations of whole lakes or terrestrial systems. The larger 
you get, the more realistic. BUT, the larger you get, the greater the cost, the more 
resistance from the public (imagine the reaction to an experiment that put cadmium in a 
lake) and the more difficult it is to set up replicates and controls.   
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