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Abstract 

Wandall, Birgitte (2007). Influences on toxicological risk assessments. 
Theses in Philosophy from the Royal Institute of Technology 23. 61+ viii 
pp. Stockholm. ISBN 978-91-7178-625-8. 

The aim of this thesis is to characterize and discuss two kinds of influences 
on the outcome of a toxicological risk assessment. One kind of influence 
has to do with values and the role played by value-based judgment. 
Currently, many toxicological risk assessments are characterized by 
scientific uncertainties. When this is the case, risk assessors are to some 
extent dependent on assumptions and judgment, and this has consequences 
for the outcome of the assessment. 
Another other kind of influence comes from the quality and accuracy of 
the empirical studies that risk assessments are based on. If toxicological 
research and testing are affected by systematic errors (bias), this will 
influence the ensuing risk assessment. 
In order to improve toxicological risk assessments work must be done  
both on understanding and dealing with the impact of values and on 
getting better and more efficient methods for gathering facts. The two 
papers that make up this licentiate thesis may be seen as a contribution to 
each of these objectives. 
 
Article 1: Values in science and risk assessment 
It is a widely accepted claim that scientific practice contains value 
judgments, i.e. decisions made on the basis of values. This paper clarifies 
the concepts involved in this claim and explains its implications for risk 
assessment. It is explained why values are necessarily a part of science and 
of risk assessment. A certain type of values that contribute to the aim of 
science, so-called epistemic values, are identified as rationally justified as 
basis for judgment in science. It is argued that the aims of pure science and 
risk assessment differ in some aspects and that consequently pure science’s 
epistemic values are not sufficient for risk assessment. I suggest how the 
epistemic values may be supplemented in order to align better with the aim 
of risk assessment. 
 
Article 2: Bias in toxicology 
In this article, the potential for bias in toxicological research and in the 
performance of standardized toxicological testing in discussed. Due to the 
lack of empirical studies of bias in toxicology, very little is known about 
its prevalence and impact. Areas to consider for such studies are pointed 
out, and it is suggested that such investigations should be given priority.  
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1. Introduction  
In our everyday lives, we are exposed to low concentrations of 
numerous chemicals. Within the European Union, it was estimated that 
more than 30,000 chemicals were marketed in volumes exceeding one 
tonne a year in 2001 (European Commission 2001). As you sit now, 
reading this essay, you are likely to be exposed to a number of 
substances, such as the deodorant you put on this morning, traces of 
dyestuff or detergent in your clothes, the products used for cleaning the 
room, the flame-retardants used in the upholstery of your chair. And the 
list is probably quite a lot longer. In a biomonitoring survey carried out 
in 2005, blood samples from members of 13 European families were 
analysed for 107 different man made chemicals. 79 of these chemicals 
were identified in one or more samples. The median number of 
chemicals detected in the samples was 28 (WWF 2005).  

For many substances currently in use, the effects of long-term 
exposure are not known. Some of them may cause adverse effects in 
humans or in the environment. Therefore, there is a need for 
investigating further into their potential effects, and consequently a 
need for reliable and efficient toxicological risk assessments.  

A toxicological risk assessment can be defined as an evaluation of 
the available scientific information on the properties of a chemical 
substance and the extent to which populations of interest are exposed to 
the substance. Ideally, the outcome of the risk assessment is a statement 
about the probability that populations currently exposed will be 
harmed, in what way, and to what degree (National Research Council 
1996). However, because of lack of data and limitations in current 
knowledge about the mechanisms through which harm may occur 
toxicological risk assessments are often characterised by uncertainties. 

The aim of this licentiate thesis is to describe and discuss two 
sources of influence on the outcome of toxicological risk 
assessments, namely (a) the role of values in risk assessments, and 
(b) the potential for bias in the studies and test data that form the 
basis of toxicological risk assessments.  

2. Toxicological risk assessments – procedure and 
limitations 
A toxicological risk assessment of a chemical substance typically 
involves four distinct parts (National Research Council 1996; European 
Commission 2003). The first step is to perform a hazard identification, 
which aims at determining the chemical’s inherent potential for causing 
harm in living organisms such as an experimental animal or the human 
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body. Information for this step is usually derived from animal studies, 
since conclusive data on effects on humans may be scarce or non-
existing. If such data are available, they may of course also be used. 

Next comes the dose-response assessment, which aims at 
describing the relationship between dose and response in the organism 
that is being studied. Ideally, the critical effect should be identified, i.e. 
the adverse effect which occurs at the lowest dose. This is done on the 
basis of animal experiments involving a number of dose groups 
(usually three) and a control group for comparison. Usually, the aim of 
a toxicological risk assessment is to determine the human health risk, 
and therefore the dose-response relationship of interest is that of 
humans. In that case, extrapolations from animal response to human 
response must be made.  

The third part of a risk assessment consists in an exposure 
assessment, which aims at assessing to what extent a population or 
groups within the population are exposed to the chemical. In the case of 
human health risk assessment, this part of the process aims initially at 
determining the likelihood of human exposure. Next, the objective is to 
estimate the magnitude and duration of the exposures that humans 
receive, as well as the likely exposure routes. 

Finally, information from the previous three parts is integrated in 
a risk characterization in which the size and nature of the foreseen 
effects are characterised, and an estimate is made of the likelihood of 
negative effects in the part of the population that are currently exposed 
or are expected to be exposed. This step also includes an account of the 
uncertainties associated with each step of the risk assessment. 

The two first parts of a risk assessment, the hazard identification 
and the dose-response assessment, are based on information gained 
from scientific studies related to the substance under consideration. 
Typically, most of the information will be derived from experiments on 
animals. Extrapolation from laboratory studies to real world situations 
is not unproblematic. Laboratory animals may serve as models for 
humans in toxicological testing, but species differences may exist (see 
e.g. Stine and Brown 2006), and animal data may either under- or 
overestimate the risk to humans.  

Animal studies are costly both in economical resources and in 
animal lives. Therefore, many chemicals have only been tested in short-
term studies, in which rather high doses are administered over short 
time spans. In real life situations, humans are typically exposed to 
lower doses but over longer time. For that reason, when results from 
such short-term studies are used for human risk assessment, a number 
of assumptions and extrapolations must be made. 
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Similar problems exist in relation to the exposure assessment. Since 
information about actual human exposure to chemicals is often 
incomplete, risk assessors must take recourse to models in order to 
estimate ”average” or worst case human exposure levels. Such 
estimates cannot easily take differences in sensitivity or exposure 
routes into account, and may therefore either overestimate or 
underestimate individual risk (Nieuwenhuijsen et al. 2006). 

Because of the limited data and the need for performing 
extrapolations, toxicological risk assessments are at present 
characterised by a number of uncertainties. Under these conditions, the 
outcome of a risk assessment will to a large extent depend on 
assumptions and on judgement on the part of the risk assessors. 
Judgement is needed both when evaluating the available information, 
and when choosing what assumptions and models to rely on. 

For example, when considering information derived from animal 
studies, risk assessors must take a stand on questions of this kind: What 
degree of confirmation of results is necessary, i.e. how certain should 
information on adverse effects be before it can be relied on in a risk 
assessment? In the case of conflicting results (some studies finding an 
effect at a particular exposure level, and other not finding an effect at 
that level), should some studies be disregarded or given less weight? If 
so, which studies and for what reason? Classification criteria may set 
up guidelines for the evaluation of evidence, but when applying the 
criteria some judgement on the part of the risk assessors is needed 
(European Commission 2003). 

Another kind of questions that require judgement on the part of 
the risk assessors is related to the choice of assumptions and models 
needed to overcome uncertainties. I shall give two examples of such 
choices; one of the choice of assumptions when assessing the dose-
response relationship, and the other of the choice of assumptions 
involved when making extrapolations from animal to human response. 

The assessment of a chemical’s dose-response relationship is 
often made on the basis of rather few data points. As mentioned earlier, 
the animal studies that form the empirical basis for a dose-response 
assessment typically consist of four groups of animals, of which one 
group is used as a control, and three groups are administered doses of 
the chemical (with each group receiving a different dose). In a 28-day 
study, each group consists of 10 animals. This small number of animals 
gives the study limited statistical power. 

Given these limitations in data, risk assessors have to rely on 
assumptions and models for estimating the shape of the dose-response 
curve. For some adverse effects, e.g. cancer, two competing 
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assumptions exist: One is that there is always a threshold for toxic 
effects, i.e. for each chemical there is a safe level, a dose below which 
exposure causes no adverse effects. The other assumption is that there 
is no threshold for carcinogenic effects, i.e. any dose has the ability to 
cause cancer (but the likelihood of an effect decreases with the dose). 
Given substantial uncertainties, and lack of comprehensive 
experimental data, it may be impossible to say which of the competing 
assumptions holds true for the dose-response curve of a particular 
chemical (Douglas 2000). Therefore, in many cases risk assessors will 
have to rely on judgement when choosing which of the assumptions to 
take as basis for a particular dose-response assessment.  

Judgement on the part of risk assessors is also needed when 
making decisions on extrapolations from effects seen in animal studies 
to expected effects in humans. It is usually assumed that toxic and 
carcinogenic effects seen in mammalian test species are relevant to 
humans, since the physiology of common test species is similar to that 
of humans. For that reason, the default assumptions used in risk 
assessment are that (a) given lack of adequate data on humans, it is 
biologically plausible and prudent to regard substances for which there 
is sufficient evidence of carcinogenicity in experimental animals as if 
they present a carcinogenic risk to humans, and (b) if studies in two test 
species show that a substance is not carcinogenic, then this suggests 
lack of carcinogenic potential even in humans (International Agency 
for Research on Cancer 1999).  

However, species differences have been shown to exist, both in 
degree of response (humans may be more or less sensitive than the test 
species) and in nature of response (effects seen in animals may not 
occur in humans, or effects not seen in animal tests may be found in 
humans). Therefore, when assessing substances for which the 
mechanism of carcinogenesis in the experimental animal is known, and 
for which there is good evidence that it does not occur in humans, it is 
possible to depart from the default assumptions and consider those 
substances as not carcinogenic in humans (European Commission 
2003). But this again requires some degree of judgement on the part of 
the risk assessors, since they must decide how much evidence is 
required for a mechanism for carcinogenesis to be sufficiently known 
and how much evidence is needed before there is adequate evidence 
that the process cannot take place in humans. These are not trivial 
questions, and there is not always agreement among risk assessors. 
Rudén (2002b) found that in risk assessments of trichloroethylene, 
some risk assessors required more evidence than others to consider a 
carcinogenic mechanism irrelevant to humans. For that reason, the 
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conclusions of the assessments differed; some concluded that a human 
cancer risk was plausible, while others did not. 

3. Values in risk assessment and in risk management 
The choices made by risk assessors in the course of a risk assessment 
may have important consequences for the outcome of the assessment. 
For instance, the choice of assumptions for the dose-response 
relationship may well lead to differences in the estimated effect level 
and consequently to differences in what exposures are assessed to be 
acceptable. For dioxins, countries that have assumed a threshold model 
in their risk assessments have set an acceptable level that is about 100 
times higher than those who relied on a non-threshold model (Douglas 
2000).  

Similar consequences for the outcome of a risk assessment occur 
in relation to extrapolation from animal to human response. As 
mentioned above, in the case of trichloroethylene some risk assessors 
found that there was sufficient evidence about mechanism of 
carcinogenesis in animals to conclude that trichloroethylene is not a 
plausible carcinogen in humans, while others did not (Rudén 2002b). 
Clearly, the judgement that there was or that there was not sufficient 
evidence that a risk to humans could be ruled out had implications on 
the outcome of the risk assessment.  

As we have seen, in cases of scientific uncertainty some of the 
choices made in the course of a risk assessment depend on judgement 
on the part of the risk assessors. It can be argued that this judgement in 
turn may be partly dependent on non-scientific values. When 
substantial uncertainty prevails and different interpretations are equally 
scientifically justified, it seems reasonable to expect that risk assessors 
will choose to rely on the assumption that they consider to be best, in 
that it is most suitable or most warranted (or at least better than the 
alternatives). But if the alternatives among which the risk assessors 
choose all are scientifically justifiable, the choice between those 
alternatives cannot be determined by scientific considerations. Instead, 
in this kind of situation risk assessors’ choice of assumptions must be 
guided by other concerns and values.  

That risk assessments may be dependent on values has been seen 
as problematic. It has been argued that values have no place in risk 
assessment, and should only be involved in the later risk management 
phase when it is decided what (if any) measures should be taken to 
reduce the risk.1 On this view, risk assessment is carried out by experts 
                                                
1 See Silbergeld (1991) and Mayo (1991) for descriptions and critical discussions of 
this view. 
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using scientific methods, and is therefore expected to be factual and 
scientific; risk assessment is as objective and value-free as science may 
be. Risk management on the other hand – still according to this view – 
is carried out by decision makers acting on the public’s behalf. Taking 
the risk assessors’ conclusions as their point of departure, risk 
managers are expected to decide whether the risk posed by the 
substance in question is acceptable, or whether it should be regulated. 
When making this decision, the risk managers are not expected to be 
value-free. On the contrary, they are expected to let their decisions be 
influenced by ethical and political concerns.  

The reasoning behind this idea of a division between value-free 
risk assessment and value-laden risk management is primarily that risk 
assessment should be neutral and free from any influence from the 
political administration (Silbergeld 1991)  

However, as we have seen, risk assessment does involve 
judgement, and when risk assessment is carried out under substantial 
uncertainty, this judgement may involve choices between incompatible, 
but equally scientifically plausible assumptions. When alternative 
assumptions are scientifically plausible, the decision of which one to 
rely on is ultimately based on other considerations and values.  

These value-based choices made by risk assessors have 
consequences for the choices that are can be made by risk managers. 
Since differences in choice of assumptions in risk assessments may lead 
to substantial differences in estimated risk, it is obvious that inasmuch 
as risk managers base their decisions on risk assessments, risk 
managers’ decisions will be directly influenced by the choices made by 
risk assessors. Thus, judgement used in risk assessment clearly affects 
the outcome of risk management.  

When risk assessment is carried out under considerable 
uncertainty, there will be situations where competing assumptions are 
equally scientifically plausible, and where the choice of one of the 
assumptions will lead to an estimated acceptable level that differs 
considerably from what it would have been if a competing assumption 
had been chosen. If both assumptions are plausible, the choice between 
them must be determined by values other than that of scientific 
credibility. The question is, what values should that be? 

In answer to this question, it has been argued that risk assessors 
should apply values that lead to health protective outcomes (Cranor 
1988). If, in situations of considerable uncertainty, two or more 
assumptions seem equally scientifically plausible, risk assessors should 
choose the assumption that will result in the most health protective 
outcome. This means that in the case where assumptions will lead to 
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considerable differences in the estimated acceptable exposure level, 
risk assessors should choose the assumption that yields the lower 
exposure acceptable level. And they should do this because it is 
protective of public health. Thus, on this view, when scientific 
uncertainty prevails, risk assessors should rely on values related to 
precaution and health protection. 

Clearly, this is contrary to the view that risk assessment should be 
value free, and that values should only be applied in the risk 
management phase. But as has been argued above, at least in some 
situations non-scientific values do have a significant impact on the 
outcome of risk assessments. Thus, the question is not whether risk 
assessments can be value-free, but rather: which values can be most 
justified in risk assessment?  

In answer to this question, several philosophers have argued that 
attention should be paid to the potential consequences of error (Cranor 
1988, Douglas 2000). The final conclusion of a risk assessment may be 
wrong in two different ways. One possibility is that it is concluded that 
there is a risk, when in fact there is none. This is called a false positive. 
Another possibility of error is the false negative, which consists in 
concluding that no risk exists when in fact there is one. 

Schematically this can be represented as follows: 
 

 State of the world: 
Chemical causes 
adverse effects in 
exposed groups 

State of the world: 
Chemical does not 
cause adverse effects 
in exposed groups 

Risk assessment 
conclusion: 
Chemical causes 
adverse effects in 
exposed groups 

True positive False positive  
(type I error) 

Risk assessment 
conclusion: 
Chemical does not 
cause adverse effects 
in exposed groups 

False negative  
(type II error) True negative 

 
Now, consider the practical consequences of the two kinds of error. In 
the case of a false positive result it is likely that following the risk 
assessment risk managers will try to reduce the risk, so as to reduce the 
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likelihood of harm. This kind of intervention has a price. Regulation 
usually implies an economic cost, following from having to increase 
safety measures, substituting the substance, etc. And there may be a 
social cost as well, from forgoing the possible benefits of the activity. 
In the case of the false negative it is likely that there would be no 
regulation, and so the exposed groups would continue being exposed 
to the (undetected) risk, which has a negative impact on their health 
(Cranor 1993). 

Thus, the likely consequence of a false positive is overregulation, 
which leads to economic and social costs. The likely consequence of a 
false negative is underregulation (or no regulation) and adverse health 
effects for those who are exposed to the risk. 

Should risk managers take these practical consequences of error 
into account when faced with choices between equally scientifically 
plausible assumptions? The answer is yes. Risk assessment is carried 
out in order to provide an adequate basis for risk management. If the 
aim of risk management is to protect public health, then risk assessment 
should contribute to the realisation of that aim by relying on public 
health protective values when choosing between alternatives that are 
equally scientifically plausible. 

The exact implications of this are worth emphasising. It is 
sometimes assumed that allowing non-scientific values to influence risk 
assessments will lead to a state of affairs in which any values are 
acceptable as basis for decisions in risk assessments.2 This is not what 
is called for here. Rather, what is being argued is that, in situations of 
substantial scientific uncertainty, risk assessors should base their 
decisions on values that can be justified in relation to the purpose of 
risk assessment and the goals of risk management (Douglas 2000). 
Since an overall aim of risk management is to protect public health, it 
seems that risk assessors would be justified in applying public health 
protective values in most of the cases where scientific uncertainty 
prevails. 

 
4. Facts matter 
It should be noted that it is not possible to choose not to apply some 
kind of values in situations where judgement is needed. This, however, 
does not entail that all kinds of values are justifiable in the context of a 
risk assessment. Nor does it imply that values are the only factor that 
influences risk assessments. While values have a considerable impact 

                                                
2 See Mayo (1991) for an account and a critical discussion of such views. 
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when a risk assessment is carried out under scientific uncertainty, they 
do not and should not fully determine the outcome of a risk assessment.  

The fundamental basis of toxicological risk assessments 
consists of empirical observations and scientific knowledge. The 
available evidence forms a set of constraints on what claims and 
what kind of judgements that can plausibly be made (Mayo 1991, 
van Zwanenberg and Millstone 2000). Clearly, the more relevant 
high-quality data that is available, the more uncertainties can be 
reduced, and the better risk assessments can be made.  

In order to improve toxicological risk assessments work needs to 
be done both on understanding and dealing with the impact of values 
and on getting better and more efficient methods for gathering facts. 
The two papers that make up this licentiate thesis may be seen as a 
contribution to each of these objectives. 

 
5. Preview of the articles 
Article 1: Values in science and risk assessments 
This paper takes its point of departure in a philosophical discussion of 
values in science. Philosophers of science have argued that when 
scientists choose to accept a hypothesis as true, they do so on the basis 
of values. It is claimed that no hypothesis can ever be completely 
verified (it may be possible to show that a hypothesis is very likely to 
be true, but it is not possible to show that it is true with absolute 
certainty), and therefore, the final decision to accept a hypothesis as 
true is always based on judgement. The ultimate basis of this judgement 
consists of values.  

However, the values involved in this kind of decision are of a 
special kind. They are instrumental values, i.e. values that are relied on 
because they are conducive to the realisation of a goal. On this view, 
some values can be justified as basis for judgement in science if the 
reliance on those values is likely to lead to decisions that contribute to 
the realisation of the aim of science. 

The values that are seen as contributing to the realisation of this 
aim are called epistemic values.3 While there is no clear agreement on 
what values exactly should be considered as epistemic values, most 
authors include concepts such as simplicity, explanatory power and 
coherence (with other accepted hypotheses). For a value to be 
considered epistemic, it must be instrumental to the realisation of the 
aim of science: If scientists adhere to the epistemic values when 

                                                
3 From the Greek ’episteme’, which means knowledge. 
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making judgements - such as the judgement that a hypothesis is 
sufficiently corroborated by evidence to be accepted as true – then 
the outcome of that decision should contribute (or at least be likely 
to contribute) to the realisation of the aim of science. In this way, 
value-based judgement in science can be rationally justified if the 
values involved are epistemic values.   

The aim of science can be conceived of as being to produce a set 
of statements that is as extensive and as informative about the causal 
mechanisms of nature as possible. This set of statements should contain 
as many true statements as possible, and preferably no false ones. 
Given this aim it is reasonable to apply values in science that reduce to 
a minimum the risk of accepting a false statement as true.  

Risk assessment is carried out with scientific methods and is 
based on data originating from scientific studies. However, because 
of the uncertainties involved, values are likely to play a much greater 
role in determining the outcome of a risk assessment than they are in 
science. Now, the question is whether the epistemic values, which can 
be rationally justified in science, are also adequate for risk assessment?  

The aims of science and risk assessment differ in at least one 
important aspect: The aim of science is to create certain knowledge. 
Therefore, in science it is important not to accept any dubious or 
possibly false statements – even at the risk of not accepting some 
statements that are actually true. The aim of risk assessment, on the 
other hand, is primarily to provide a useful and efficient basis for risk 
management. And the task of risk management is to limit risks to 
humans and/or the environment. Since risk managers put emphasis on 
risk reduction, it should be of great concern to risk assessors not to 
overlook any serious risks. Therefore, in risk assessment it is important 
not to reject any positive results – even at the risk of preliminarily 
accepting some statements that later turn out to be false.  

Thus, for science a major concern is to avoid committing the error 
of a false positive, while in risk assessment the focus should be more on 
avoiding the false negative. 

From this difference in the aims of science and risk assessment, it 
follows that the values adequate for science are not sufficient for risk 
assessment. Therefore, for the purposes of risk assessment, science’s 
epistemic values should be supplemented with values that are in 
accordance with the aim of risk assessment. Specifically the position of 
the burden of proof in risk assessment should be considered. In many 
branches of risk management, the burden of proof lies almost 
exclusively with those who claim that something does pose a risk, 
which means that for something to be considered a risk, it must be 
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proven scientifically that the hazard in question is harmful. A possible 
consequence of this is that some actual risks may go unregulated, since 
the available evidence does not (yet) amount to scientific proof. To 
reduce the number of such unregulated actual risks it seems reasonable 
to lower the requirements of proof to a level where it is possible to react 
and reduce risks of harm not only when a hazard is proven to be an 
actual risk, but also when there is good evidence that it may pose a risk. 
 
Some comments on article 1  
Since I wrote this article, my views have developed somewhat, and I 
would like to make a few further comments on the idea of shifting the 
burden of proof and minimising the risk of false negatives:  

When talking about shifting the burden of proof from those who 
claim that a substance causes adverse effects towards those who claim 
that it does not, I would not want to suggest that it should completely 
reversed. A complete reversion would entail a responsibility to prove 
that the substance in question is not harmful. First of all, it is in most 
cases not possible to demonstrate beyond all doubt that something is 
not harmful, and therefore a complete reversal would not be feasible. 
But even if we the disregard that fact for a moment, and just consider 
other possible consequences, it becomes clear that a complete reversion 
of the burden of proof would lead to an extreme level of precaution. 
Everything would have to be considered a likely hazard until it had 
been proved not to cause adverse effects (if such proof could be given). 
Even if it may sound tempting at first, this is not a desirable state of 
affairs. 

Consider again the two kinds of errors that are possible when 
making a risk assessment. One is the false positive, and the other is the 
false negative. As argued earlier, the likely consequence of a false 
negative is underregulation and ensuing adverse health effects for those 
who are exposed to the risk. But a false positive also has negative 
consequences, namely overregulation, which leads to economic and 
social costs.  

Clearly, it would be preferable to commit no error at all, but for 
a given set of data, it is only possible reduce the risk of committing 
one type of error at the cost of increasing the risk of committing the 
other type. 

This means that if one focuses on minimising the risk of one 
type of error, one must at the same time accept a higher risk of the 
other type. In science, the focus is mainly on avoiding the false 
positive, and consequently there is a higher risk of false negatives. 
As argued earlier, such a focus is not very well suited to the 
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purposes of risk assessment. The consequences of a high risk of 
false negatives are so serious that it seems reasonable to try to 
reduce that risk. But this does not necessarily mean that risk 
assessors should go to the other extreme and aim at minimising the 
risk of false negatives. This would amount to a reversal of the 
burden of proof, and result in extreme precaution. Minimising the 
risk of false negatives would entail a higher risk of false positives. 
And false positives may lead to overregulation, which may be costly 
both in economic and social terms.4 

Therefore, a complete reversal of the burden of proof is not 
desirable. Instead, risk assessors should aim at a position somewhere 
between the two extremes, where the risk of false positives would be 
somewhat higher than what is usually accepted in science, and 
where the risk of false negatives would be considerably lower, but 
not absolutely minimised.  

 
Article 2: Bias in toxicology 
The outcome of a toxicological risk assessment is crucially dependent 
on the data that form the basis for the assessment. For that reason, it is 
essential that the toxicological research and standardised testing, which 
produce the data, is as accurate as possible.  

In the second paper, “Bias in toxicology”, we discuss the potential 
for bias in toxicology. We define bias as an influence at any stage of 
the research process that tends to produce results that depart 
systematically from the true values. Thus, bias is an influence that 
causes systematic errors in the results of research or standardised 
testing. 

Unlike clinical research, the extent to which toxicology is 
influenced by bias has, so far, not been empirically investigated. 
Consequently very little is known about the prevalence and impact of 
bias in toxicology. In this paper, we analyse the processes of 
toxicological research and standardised testing, describing and 
discussing the kinds of bias that may be at work at each step of the 
process. It is concluded that there is a potential for a number of 

                                                
4 It should be pointed out that at present there is no evidence that we are close to 
such a state of overregulation. Hansen et al. (2007)  studied 88 alleged cases of 
’regulatory false positives’ (i.e. cases where an activity considered to pose a risk is 
regulated, but where later evidence indicate that the activity did not pose the risk 
originally suspected). According to Hansen et al.’s findings, only 4 of the 88 cases 
studied could be defined as regulatory false positives in light of today’s 
knowledge.  
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different kinds of bias in toxicology, and that empirical research is 
needed to investigate the extent to which bias actually occurs in 
toxicology. Topics suggested for such empirical research include: 

• How research problems are chosen, in order to obtain insights 
into whether the source of funding has any influence on the 
choice of research problem. 

• How companies prioritise substances for voluntary testing. 
• How test models are selected, in particular in cases when 

differences in sensitivity between the models are well known. 
• Investigations of the use of statistical analyses in toxicological 

research and testing in order to determine whether bias is 
introduced in this part of the process. 

• Systematic studies of how different experts interpret the results 
of individual studies to determine potential biases in expert 
judgements. 

• Studies of the potential for (and consequences of) results of 
both research and standardised testing not being reported to all 
relevant audiences.  

 
5. Future adventures with science and risk assessments 
Obviously, the two papers that make out this licentiate thesis do not 
exhaust the issues and problems worth discussing in relation to 
toxicological risk assessments. On the contrary, they give rise to 
numerous other questions, some of which I hope to be able to explore 
in my doctoral thesis. These issues include: 
 
The role of epistemic values in science 
In article 1, I make extensive use of the concept of epistemic values. 
While the concept is widely used, it is not uncontested. It is unclear 
exactly how epistemic values are justified by the aim of science, and 
there is no agreement as to what values are to be considered epistemic. 
Is this concept at all meaningful, and if so, what values exactly are 
epistemic, i.e. how does one distinguish between epistemic and non-
epistemic values?  

It has been argued that there can be no meaningful distinction 
between epistemic and non-epistemic values, and that science is always 
influenced by non-epistemic values (Rooney 1992). While I agree with 
the latter claim – that science is unlikely to be free from non-epistemic 
values – I am not yet convinced that the distinction between epistemic 
and non-epistemic values is meaningless. It seems possible to make 
such a distinction, at least analytically, and it might prove useful in a 
more general context: if it is possible to justify values by pointing to 
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their contribution to the realisation of an aim, this is clearly not 
restricted to the aim of science. It should be possible to establish the 
same kind of relationship between other goals and the values that 
would contribute to their realisation.  

Thus, if the concept of epistemic values works, it should be 
possible to use it as a model for justifying value-based decisions in 
other contexts. For instance, it might be useful as a way of 
distinguishing between values that are justified as basis for decisions in 
risk assessments and values that are not. For these reasons, further 
investigations into the concept of epistemic values may be worthwhile. 
 
The role of values in risk assessment 
Even if acceptable answers are found to the questions about epistemic 
values in science, we still face the questions of which values to apply in 
risk assessments. If epistemic values do not necessarily promote the 
aim of risk assessment, then which values (if any) do promote that aim? 
And if the questions of demarcation between epistemic and non-
epistemic values can be given satisfactory answers, it would be 
interesting to see whether a similar method can be developed for 
distinguishing between those values that can be justified in risk 
assessment and those that cannot.  

Another question that should be addressed is the actual impact of 
value-based judgement in risk assessment. For this purpose, a case 
study of two risk assessments that deal with the same substance, but 
disagree in their conclusions may be enlightening.  
 
Bias in risk assessment 
Another set of questions worth exploring relates to the issue of bias in 
risk assessments. Following the discussion of bias in toxicology, a 
natural next step would be to consider the potential for bias in 
toxicological risk assessments. This, however, leads to a hoard of other 
philosophically interesting questions. What does ‘bias’ mean in relation 
to risk assessments? Is there a true value to which a risk assessment can 
conform? If there is, should the systematic application of a particular 
set of values – such as, for instance, precautionary values – be 
considered as introducing a bias, inasmuch as they are likely to cause a 
systematic deviation from the true result?  

 
Clearly, there is no shortage of interesting questions to deal with in 
continuation of this licentiate thesis. What, if any, answers can be found 
remains to be seen. 
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