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Abstract: Relatively little is known about the toxicity of the many chemicals in existence 

today. This has prompted European Union regulatory authorities to launch a major chemicals 

testing program, known as Registration, Evaluation, Authorisation and Restriction of Chemicals 

(REACH). Although the driving force behind REACH is ostensibly based on the precaution-

ary principle, in practice, the evidence suggests that it is oriented more toward risk assessment 

than precaution. In addition, the test methods used to assess chemical risk also raise questions 

about the efficacy of REACH in achieving its stated aims of protecting human health and the 

 environment. These tests rely in large part on animal models. However, based on empirical 

evidence and on well-established principles of evolutionary biology and complex systems, the 

animal model fails as a predictive modality for humans. In turn, these concerns raise significant 

ethical and legal issues that must be addressed urgently. Immediate measures should include 

a major biomonitoring program to reliably assess the chemical burden in European Union 

citizens as a means of prioritizing the most dangerous substances present in the environment. 

Blood and urine biomarkers are useful tools with which to implement biomonitoring and to 

help guide public policy. An ecological paradigm, based on pollution prevention, rather than 

pollution control and risk assessment of individual chemicals, represents a superior strategy, 

to prevent global chemical pollution and toxicity risks to human health.
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Introduction
People, not chemicals, have the right to be presumed innocent until proven guilty. People 

also have the right not to be experimented on without informed consent; no one has 

ever been given the opportunity to grant or deny their consent before being exposed to 

the [toxic] burden that now contaminates us all.1

REACH is the acronym for “Registration, Evaluation, Authorisation and 

Restriction of Chemicals” in the European Union (EU), which entered into force on 

June 1, 2007.2 The program addresses the potential impacts of chemical substances on 

human health and the environment, and has been described by various stakeholders as 

the most complex legislation in the Union’s history and the most important in the last 

20 years. The administrative implementation of REACH is largely overseen by the 

European Chemicals Agency (ECHA),3 which helps companies to comply with the 

legislation, while the required test methods are described in Organisation for  Economic 

 Cooperation and Development (OECD) guidelines.4 These guidelines represent 

internationally agreed test methods to determine the safety of chemicals. In addition 
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to human health and environmental effects, these guide-

lines include tests to cover physical–chemical  properties 

of chemicals and their degradation and  accumulation in the 

 environment. Although within the EU and internationally 

REACH is widely regarded as being modeled on the pre-

cautionary principle,2,5 in practice, it is based more on risk 

management, as this article will show; the precautionary 

principle and the management of risk are two fundamentally 

different concepts. In addition, we will demonstrate that 

much of the methodology that this risk assessment is based 

on (animal models) is invalid for predicting human response. 

In turn, these significant shortcomings raise fundamental 

questions about the role of REACH.

There are more than 7 million recognized chemicals 

in existence, of which at least 80,000 are in common use 

worldwide6 and for which potential toxicity remains largely 

unknown.7,8 Since the early 1970s, there has been a grow-

ing debate among EU member states about how best to 

regulate the use of industrial chemicals, particularly with 

respect to risk and hazard. “Hazard” is associated with a 

chemical’s intrinsic ability to cause adverse effects while 

“risk” refers to the probability that such effects will occur 

in the various applications in which the chemical will be 

used and discharged (exposure scenarios).9 Simply put: 

risk = hazard × exposure.

Despite the clear distinction between these two terms, 

their use may sometimes be clouded by cultural or political 

motives. For example, the UK is more likely to consider 

risk and benefit trade-offs in regulation than a country like 

Sweden, which tends to be more precautionary.10 Nordic 

countries, such as Denmark and Sweden, have actively 

promoted integrated chemicals policies and successfully 

used a variety of voluntary and mandatory policy tools to 

reduce reliance on harmful substances and to develop safer 

substitutes.11

However, the overarching consideration in any regulatory 

framework dealing with human hazard identification is the 

methodology on which it is based. In the case of the EU chemi-

cals testing program REACH, the methodology is clearly set 

out in the OECD test guidelines,12 which sets forth principles 

of good laboratory practice and mutual acceptance of data for 

use by government and industry. In addition to the OECD test 

guidelines, guidance on information requirements and chemi-

cal safety assessment are supplemented by the ECHA.

This paper will examine the EU chemicals regula-

tion program with respect to scientific, legal, and ethical 

considerations.

REACH and the precautionary 
principle
“When an activity raises threats of harm to human health or 

the environment, precautionary measures should be taken 

even if some cause-and-effect relationships are not fully 

established scientifically” (from the January 1998 Wing-

spread Statement on the Precautionary Principle13).

The “precautionary principle,” as broadly defined, states 

that if an action or policy has a suspected risk of causing harm 

to the public or to the environment, in the absence of clear 

scientific consensus, then the burden of proof that it is not 

harmful falls on those taking the action.14 The precautionary 

principle is mentioned in paragraph 9 in the introduction to 

REACH and is also detailed in paragraph 2 of Article 191 

of the Treaty on the Functioning of the European Union, 

which states:

Union policy on the environment shall aim at a high level 

of protection taking into account the diversity of situations 

in the various regions of the Union. It shall be based on the 

precautionary principle and on the principles that preventive 

action should be taken, that environmental damage should 

as a priority be rectified at source and that the polluter 

should pay.15

According to Kriebel et al:

If there is certainty about cause and effect, as in the case 

of lead and children’s health, then acting is no longer pre-

cautionary, although it might be preventive. In essence, 

the precautionary principle provides a rationale for taking 

action against a practice or substance in the absence of sci-

entific certainty rather than continuing the suspect practice 

while it is under study, or without study. Instead of asking 

what level of harm is acceptable, a precautionary approach 

asks: How much contamination can be avoided? What are 

the alternatives to this product or activity, and are they safer? 

Is this activity even necessary?16

REACH is clearly at odds with the precautionary 

 principle in stating that 

Under the REACH regulation, even if a substance presents 

a risk to human health or the environment, authorisation 

may be granted if the socio-economic benefits are proven 

to outweigh risks arising from its use and if there are no 

suitable alternatives.17

Risk assessment is based on setting an acceptable level 

of harm while perpetuating a “business as usual” approach, 
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in contrast with the precautionary principle, which calls for 

dynamic change toward sustainability.18 REACH clearly 

reveals its risk assessment character on the issue of sub-

stances of very high concern (SVHC). These are substances 

considered to be particularly hazardous for human health and 

the environment. To date, the candidate list for registration 

of SVHC numbers just 73 chemicals19 of a total of 143,000 

chemicals registered by ECHA.20 Considering that REACH 

entered into force on June 1, 2007 and that it has taken nearly 

5 years simply to register – not remove or replace – these 

73 SVHC, there is cause for concern that the administrative 

process for eliminating such chemicals will be too slow and 

too cumbersome to prevent avoidable harm to human health 

and damage to the environment. This concern has been 

echoed by Environment Commissioner Janez Potočnik, who 

admitted in March 2010 that there were still no SVHC on 

the substitution list.17

The task of evaluating thousands of individual chemicals 

for their acute and chronic effects on various human organ sys-

tems as well as on the environment is daunting but not impos-

sible in an age of platform-based high-throughput robotized 

analytical systems.21 However, the very real need to evaluate 

combinations of chemicals and chemical mixtures presents 

a very different challenge. According to Vyvyan Howard, a 

toxicopathologist, to test the most common 1000 chemicals 

in unique combinations of three would require 166 million 

experiments.22 One alternative to risk management is an 

ecological paradigm centered on the precautionary principle 

and that favors “prudent pessimism” over “ hazardous opti-

mism” in the presence of scientific uncertainty.23 Although 

the precautionary principle may be considered by some to be 

too vague to function as a regulatory standard, an ecologi-

cal paradigm sets out clear guidelines.1 These include clean 

production and zero discharge. Clean production places the 

emphasis on pollution prevention rather than pollution control 

by requiring industry to make use of the most benign avail-

able methods in addition to avoiding the release of hazardous 

materials by preventing their production in the first place.24 

The policy of zero discharge would prohibit the release of 

dangerous substances into the environment.

Animal test requirements  
under REACH
The stated aim of the EU chemicals testing program is to 

“improve the protection of human health and the environ-

ment through the better and earlier identification of the 

intrinsic properties of chemical substances as well as the 

free circulation of substances on the internal market while 

enhancing competitiveness and innovation.”25 A significant 

aspect of this evaluation of chemicals involves animal tests, 

with between 9 million and 54 million animals currently 

estimated as necessary to meet requirements.26 The original 

estimates for the implementation and scope of REACH 

were based on chemical production data corresponding to 

the time when an EU chemicals program was under discus-

sion during the 1980s and early 1990s. According to some 

European Commission (EC) scientists, the probable cost 

of the chemicals testing program for that era would be in 

the region of €1.6 billion and would require approximately 

2.6 million animals.26

What was not predicted at the time of these calculations 

were factors such as the dramatic increase in the production 

of new chemicals, the inclusion of additional testing require-

ments (for example, reaction intermediates), and a significant 

increase in the number of EU member states, all of which 

would lead to vastly different estimates. For example, the first 

phase of REACH envisaged the registration of 30,000 chemi-

cal substances produced or imported into the EU in quantities 

of more than 1 tonne per year. The total number of sub-

stances submitted by the 2008 deadline for registration was 

143,000, although EC authorities anticipate that this figure 

will ultimately decrease.20 Indeed, ECHA’s Dissemination 

Database contains just 4326 unique substances at the present 

time (March 2012).27 Overall, however, it has become clear 

that the cost of REACH today is much higher than original 

estimates, in terms of budget and animal numbers.

Whereas the REACH regulation sets out the general 

conditions for the registration, evaluation, authorization, 

and restriction of chemicals, the actual test methods for the 

determination of toxicity and other health effects (Table 1) 

are described by OECD Council Regulation No 440/2008 

of May 30, 2008.28

The use of animals for the safety testing and human risk 

assessment of chemical substances raises ethical and scien-

tific issues. Acute and repeated dose toxicity testing in ver-

tebrates are acknowledged as causing suffering and usually 

the death of the animal. Society in general is uncomfortable 

with the use of animals in research and testing. An EU wide 

survey involving 42,655 participants conducted by the EC 

in 200629 found that a majority of EU citizens considered the 

use of animals to be unacceptable under any circumstances 

to “develop and test chemicals for industrial, household and 

agricultural use for their safety for human, animal and the 

environment” (question 22). In addition to the ethical and 
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animal welfare concerns, there are also methodological issues 

that should be addressed, particularly Council Regulation No 

440/2008 on test methods for the determination of toxicity 

of chemicals.

The following sections of this article will examine why 

animal models are invalid for predicting human outcome.

Empirical evidence comparing 
human with animal toxicity
Whether an animal model can be used to predict human response 

can be tested, using indicators such as sensitivity, specificity, 

and positive and negative predictive values (Table 2). The few 

data available on human accidental and deliberate poisoning 

and overdose of industrial chemicals provide only limited 

information on human toxicity.30 Also, industrial chemicals 

are not subjected to human clinical trials, for ethical reasons.

However, there is a considerable body of evidence avail-

able from the pharmaceutical industry to provide a good indi-

cation of whether animal models can predict human outcome. 

The observation is based on data from pharmaceutical drug 

development, where adverse drug effects seen in humans 

during clinical trials and post-marketing surveillance are 

compared retrospectively with toxic effects seen in animals 

during preclinical testing.31–35 This can best be demonstrated 

by a specific example. In the case of teratogens, out of 1500 

chemicals that resulted in drug-induced birth deformities in 

laboratory animals, only 40 had human correlates, yielding 

a positive predictive value (PPV) of 3%.36 Another element 

to be considered when using animals to detect possible 

teratogenicity due to chemicals is Karnofsky’s law, which 

states that any compound can be teratogenic if given to the 

right animal species at the right dosage and at the right time 

during gestation.37 Similarly, all known adequately studied 

human carcinogens have been shown to be carcinogenic in 

at least one animal species,38 which poses the same scientific 

dilemma as Karnofsky’s law of teratology.

The lifetime rodent bioassay (LRB) is the regulatory 

standard in predicting human cancer risk, even though it 

has never been subjected to formal validation as an assay for 

human carcinogens.39 Originally developed in the 1940s and 

1950s,40–42 its underlying principles have remained largely 

unchanged since that time. A major drawback of the LRB is 

the high false-positive rate with respect to human carcino-

genicity potential.43–47

There is mounting skepticism within the scientific com-

munity about the relevance of the rodent bioassay to the risk 

of human cancer. In a study cited by Ennever and Lave in 

2003, only three out of six known human carcinogens caused 
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cancer in both rats and mice, while one of the known human 

carcinogens did not cause cancer in either rats or mice.48 

According to both the US National Toxicology Program 

(NTP) and the World Health Organization’s International 

Agency for Research on Cancer (IARC), a substance is 

designated as a “known human carcinogen” (IARC class 1) 

based on strong data from human epidemiologic studies.49 

The NTP has currently designated 54 substances as known 

human carcinogens, while the IARC has designated 66 

(IARC 2006, NTP 2005).50

The importance of accurate identification of cancer-

causing chemicals is central to the objectives of REACH. In 

a report prepared for the EC on the expected role of REACH 

in reducing cancer deaths resulting solely from occupational 

exposure to chemicals, the authors conservatively concluded 

that the economic benefits over 30 years would amount to 

between €18 billion and €54 billion.51 Regulatory authori-

ties rely to a large degree on animal carcinogenicity data 

in formulating human hazard assessments. However, the 

animal data has yielded conflicting results, as evidenced, for 

example, by the classification systems of the US Environ-

mental Protection Agency (EPA) and the IARC.52,53 Knight 

et al found that for 111 chemicals considered by the EPA to 

lack human data but to possess animal data, EPA and IARC 

classifications were significantly different.54

Systematic reviews of animal 
models
The systematic review is currently a favored method of 

evaluating the efficacy of medical treatments. The defini-

tion of a “systematic review” is “the conscientious, explicit, 

judicious use of current best evidence in making decisions 

about the care of individual patients.”55 Today, the system-

atic review has wider application, which includes animal 

studies. The poor predictability of animal models in trans-

lational human studies has prompted calls for more system-

atic reviews to improve results.56,57 Much of the criticism 

of animal models is based on poor research methodology, 

including lack of standardization, species selection, sample 

size, blinding, and randomization.58 Several collaborations 

have attempted to address the situation, in the form of 

standardized checklists.59,60 However, despite significant 

improvements in methodology, the translation rates of some 

important therapies continue to elude translational applica-

tion to the clinic.

Notable examples of these include the search for a vac-

cine against human immunodeficiency virus (HIV) and the 

search for neuroprotective drugs. In the case of the former, 

approximately 100 vaccines have been shown effective 

against an HIV-like virus in animal models but none have 

prevented HIV in humans.61–63 In the case of neuroprotec-

tion, more than 1000 drugs have been shown effective in 

animal models but none have been effective in humans.64,65 

Systematic reviews are only as good as the data they review. 

If the scientific hypothesis that underpins the studies under 

review is invalid, the methodology becomes irrelevant. We 

will discuss this in more detail in the following sections.

Evolutionary biology  
and complexity
The species is the principal unit of evolution and can be 

defined in terms of its reproductive isolation.66 Reproductive 

isolation is intrinsically caused by incompatibilities between 

genes from different species.67 Identifying the genes and 

determining their functions brings us closer to understand-

ing the relationship between isolating mechanisms and the 

process of speciation.68,69 It is precisely this species-specific 

gene function that makes interspecies extrapolation impos-

sible to predict in any complex system. Living systems, 

especially mammals, are examples of complex systems. 

Complex systems have very specific characteristics that 

influence the ability of one complex system to predict the 

response of another.70–72

One essential feature of complex systems is their non-

linear response to perturbations (such as chemical insult).72 

Another is that they are dependent on initial conditions (for 

example, gene expression levels).73 Different strains of mice 

may respond very differently to gene deletion.74,75 Similarly, 

humans may differ in their response to drugs and chemi-

cals due to gender76,77 or ethnicity.78,79 Even monozygotic 

twins may respond differently to perturbations.80 Another 

essential property of complex biological systems is their 

robustness.81,82 Robust systems are resistant to changes in 

the environment because they can adapt and have redundant 

components, which can act as a backup if individual com-

ponents fail. A further characteristic of complex systems is 

their modularity. By virtue of subsystems that are physically 

and functionally insulated, it is less likely that failure in one 

module will spread to other parts with potentially deleterious 

consequences. At the same time, this modularity does not 

prevent different compartments from communicating with 

each other.83

Finally, complex systems are more than the sum of their 

parts, illustrated by the fact that they exhibit “emergence,” 

meaning that new properties of a complex system arise from 

the interactions of the parts. “Emergent properties resist any 
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attempt at being predicted or deduced by explicit calculation 

or any other means.”84 These new properties cannot be 

determined even in light of full knowledge of the component 

parts. Greek and Shanks explain that evolution, complexity 

theory, and genetics demonstrate why animal testing cannot 

be an effective means of predicting what a drug or a chemical 

will do in humans.38 The fact that rodents and humans repre-

sent differently complex systems with unique evolutionary 

trajectories invalidates the use of one complex system (the 

rodent) to predict the response of another complex system 

(the human). Complex biological systems, especially mam-

mals, are not amenable to reductionism. In his criticism of 

reductionist thinking, van Regenmortel states:

The reductionist method of dissecting biological systems 

into their constituent parts has been effective in explaining 

the chemical basis of numerous living processes. However, 

many biologists now realize that this approach has reached 

its limit. Biological systems are extremely complex and 

have emergent properties that cannot be explained, or even 

predicted, by studying their individual parts. The reduc-

tionist approach – although successful in the early days of 

molecular biology – underestimates this complexity and 

therefore has an increasingly detrimental influence on many 

areas of biomedical research, including drug discovery and 

vaccine development.84

Uncertainty of data extrapolation
Using indicators such as sensitivity, specificity, and posi-

tive and negative predictive values, it is possible to statis-

tically assess the value of an animal model with respect 

to predicting human response (Table 2). This requires 

humans and animals to be exposed to the same chemical 

insult or mixture of chemicals, under controlled conditions. 

In the case of industrial chemicals within the context of 

REACH, this would very seldom occur. Examples of such 

rare events would include the accidental release of a cloud 

of 2,3,7,8-tetrachlorodibenzo-para-dioxin (TCDD) in Seveso 

in 197685 and the Bhopal tragedy in 1984 involving the release 

of methyl isocyanate.86 In contrast, there are considerably 

more examples of controlled exposure to a substance in 

pharmaceutical drug development, where preclinical toxic-

ity in animals is compared with adverse drug reactions seen 

clinically in humans. As shown earlier, the PPV in such 

cases is considerably less than one would expect from a coin 

toss. It should be noted that the poor performance of animal 

models in regulatory toxicology persists despite the use of 

adjustment factors.87,88

For interspecies extrapolation, industry and regulatory 

authorities have resorted to the use of various algorithms and 

assessment factors “in the range 10–10,000.”89

The limitation of using adjustment factors is perhaps 

best known to regulators from rodent studies. The goal 

of the NTP for carcinogenicity testing using the LRB is 

to predict human carcinogenicity using a correction fac-

tor that is required to translate high doses in rodents to 

typically low doses in humans. However, according to 

Pritchard et al, there is no definitive link that has been 

made to connect the responses of animals in cancer assays 

to dose–response effects seen in humans.49 This view is 

echoed by Gad: “Extrapolation of rodent carcinogenicity 

data to humans remains one of the greatest challenges of 

modern toxicology.”90

The example of bisphenol A (BPA) 
as a chemical in REACH
The first phase of REACH requires the registration of 

high-volume substances (those manufactured in excess 

of 1000 tonnes per year) and SVHC, including potential 

carcinogens, mutagens, or reproductive toxins,91 whose 

deadline for registration was December 1, 2010. The 

chemical BPA falls within the high-volume category as it is 

produced in amounts of 3 billion kg per year.92 In addition, 

there is evidence to suggest that BPA could be classed as 

a carcinogen, mutagen, or reproductive toxin. Evidence of 

developmental effects of endocrine-disrupting chemicals on 

wildlife and humans began to appear in the early 1990s93–95 

and one of the compounds to come under scientific scrutiny 

was BPA.96 A considerable amount of research has subse-

quently been devoted to the effects of this chemical in utero 

and the effect of low-level exposure of endocrine disruptor 

chemicals.97–102

The traditional view in toxicology has been that “the 

dose makes the poison” (Paracelsus).103 The comparatively 

Table 2 Calculating values for a binary classification test

Gold standard

gS+ gS-
Test T+ TP FP

T- FN TN

Sensitivity = TP/TP + FN
Specificity = TN/FP + TN
Positive predictive value = TP/TP + FP
Negative predictive value = TN/FN + TN

Abbreviations: T-, test negative; T+, test positive; FP, false positive; TP, true 
positive; FN, false negative; TN, true negative; gS-, gold standard negative; gS+, 
gold standard positive.
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new field of developmental toxicology has brought with 

it important new insights into the effects of perturbations, 

including those of exogenous chemicals on the unborn. Also 

significant is the effect of low versus high doses of endocrine 

disruptor chemicals on susceptible molecular receptors. Le 

and colleagues showed that very small amounts (,1 ppt) of 

BPA, are capable of affecting developing neurons in vitro.104 

Of particular significance with respect to species differences 

between humans and animals is that gestation is divided into 

two major periods:

In humans the embryonic phase constitutes 20% of the 

whole gestation period and the fetal phase 80% whereas in 

mice and rats the exact opposite is seen.105

The example of BPA is instructive with respect to REACH 

because it illustrates some of the confusion caused among 

regulatory authorities arising from current reliance on animal 

models, as well as underpowered or limited human stud-

ies.106–110 In 2009, Beronius and colleagues published the 

findings of a literature study in which conclusions regard-

ing health risks of BPA varied between assessments rang-

ing from “there is no risk to any part of the population” to 

“there is risk to the entire population.”111 The survey found 

that differences in conclusions by regulatory bodies were 

mainly influenced by the evaluation of low-dose effects 

and the uncertainties surrounding the significance of these 

data for health risk assessment. Indeed, published studies 

exist in support of either position (all or nothing risk) in the 

scientific literature. As an example, Ryan and colleagues 

demonstrated that pharmacologically relevant doses of the 

human oral contraceptive ethinyl estradiol were damaging 

to the reproductive morphology and function of the female 

rat while BPA was not.112 At the other end of the spectrum, 

vom Saal and Hughes reported adverse effects in mice dosed 

below the predicted “safe” or reference dose of 50 µg/kg/day 

BPA.113 The official “no observed adverse effect level” for 

BPA in the USA and Europe is currently 5 mg/kg body 

weight per day (bw/day).114,115 This figure, which is intended 

to serve as a benchmark for international health authorities, is 

based on studies in rats and mice.116,117 Negishi et al observed 

considerable differences in distribution, metabolism, and 

excretion of BPA between rodents and nonhuman primates 

as well as differences between monkeys and chimpanzees.118 

There are also differences in response to BPA based on the 

strain of rats used. For example, while BPA stimulates pro-

lactin secretion in Fischer 344 rats, it does not in Sprague 

Dawley rats.119

The Toxicological and Health Aspects of Bisphenol A: 

Report of Joint FAO/WHO Expert Meeting published in 

November 2010, states:

Although a large number of studies on the toxicity and 

hormonal activity of BPA in laboratory animals have been 

published, there have been considerable discrepancies 

in outcome among these studies with respect to both the 

nature of the effects observed as well as the levels at which 

they occur. This has led to controversy within the scientific 

community about the safety of BPA, as well as considerable 

media attention.120

The expert meeting recommended the need for additional 

human data:

The major remaining research need is additional human 

pharmacokinetic studies performed to high standards of 

analytical sensitivity and method validation that provide 

accurate and precise time-dependent measurements of 

aglycone and conjugated forms of BPA in conjunction 

with complete analysis of urinary excretion. These data are 

essential for filling some identified data gaps and thereby 

minimizing uncertainty through mass balance evaluation 

as well as classical pharmacokinetic and PBPK [physi-

ologically based pharmacokinetic] modelling approaches 

to human metabolism and disposition of BPA.120

In the example of BPA, the Canadian health authorities 

have set the gold standard by invoking the precautionary 

principle and being the first country in the world to declare 

BPA to be a “toxic substance.”121

Human exposure models
While animal models are not predictive for humans, several 

emerging technologies hold promise for providing data 

that is directly relevant to human health. Possibly the most 

important first step – biomonitoring of human populations – 

is currently underway in the EU, albeit on a small scale.122 

Manno et al define “biomonitoring” as

the repeated, controlled measurement of chemical or 

biological markers in fluids, tissues or other accessible 

samples from subjects exposed or exposed in the past or to 

be exposed to chemical, physical or biological risk factors 

in the workplace and/or the general environment.123

Biomonitoring lends itself to the identification of biomark-

ers in human populations, either as indicators of exposure, 

effect, or susceptibility (for a fuller discussion of this subject, 
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see Silins and Högberg124). The study of biomarkers125 in 

conjunction with other human-oriented technologies, such as 

genomics,126,127 epigenomics,128 induced pluripotent human 

stem cells,129,130 epidemiology, and human physiologically 

based pharmacokinetic/physiologically based toxicokinetic 

modeling,131 will all contribute to better-informed public health 

policies with respect to chemical exposure and preventive 

measures. Figure 1 is illustrative of some of these concepts.

The impor tance of  biomonitoring cannot be 

 underestimated.132 A survey published in 2005 revealed 

the presence of 287 industrial chemicals in human umbili-

cal cord blood, including 209 never before detected in the 

newborn.133,134 As already discussed, it is well known that 

 toxicity can be modified by simultaneous or sequential 

exposure to multiple agents in the environment, including 

synergistic effects.124 In view of these circumstances, pollu-

tion prevention is clearly preferable to pollution control.

Conclusion
The only way to empirically compare animal and human 

response to toxic insult is when both animals and humans 

are exposed to the same chemical, or mixture of chemicals, 

under identical and usually tragic circumstances, as occurred 

in Seveso and Bhopal. The only realistic situation comparable 

to such a chemical exposure scenario is that seen in pre-

clinical toxicity tests in animals and adverse drug reactions 

seen in humans during pharmaceutical drug development. 

The empirical evidence in this context yields a PPV less 

than that of a coin toss. There appears to be a fundamental 

disconnect between the evidential lack of prediction of ani-

mal data and the “tick box” mentality prevalent within the 

regulatory arena.

REACH is at odds with the precautionary principle, in 

large part because of the inherent flaws in its risk assess-

ment paradigm, which ignores empirical evidence as well as 

fundamental principles of evolutionary biology and complex 

systems that invalidate the animal model. Although REACH 

does put the burden of proof on manufacturers to demonstrate 

the safety of their products, it then “scores an own goal” by 

obliging manufacturers to conform to invalid test methods 

to predict human health outcomes.

Human biomonitoring, in conjunction with chemical poli-

cies that reduce reliance on harmful substances and develop 

safer substitutes, should be an integral part of a precautionary 

and preventive strategy. The current chemical burden pres-

ent in the human population is proof that urgent measures 

must be taken by national and international governments to 

avoid further global chemical pollution and, additionally, to 
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Figure 1 Application of human toxicogenomic studies to risk assessment.
Reprinted from McHale CM, Luoping Z, Hubbard AE, Smith MT. Toxicogenomics profiling of chemically exposed humans in risk assessment. Mutat Res. 2010;705(3): 
172–183. With permission from Elsevier.126
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ensure that human-specific tests to assess the effects of these 

substances are developed and implemented.

Disclosure
The views expressed in this article represent those of the 

authors and not necessarily those of  The University of Rome 

“Tor Vergata”. The authors report no conflicts of interest in 

this work.

References
 1. Thornton J. Pandora’s Poison: Chlorine, Health and a New Environ-

mental Strategy. Cambridge, MA: The MIT Press; 2000.
 2. Regulation (EC) No 1907/2006 of the European Parliament and of 

the Council of 18 December 2006. Official Journal of the European 
Union. 2006;L396:1–849. Available from: http://eur-lex.europa.eu/
LexUriServ/LexUriServ.do?uri=oj:l:2006:396:0001:0849:en:pdf. 
Accessed May 26, 2012.

 3. European Chemicals Agency (ECHA) [home page on the Internet]. 
Helsinki: ECHA; nd. Available from: http://echa.europa.eu/. Accessed 
April 12, 2012.

 4. Organisation for Economic Co-operation and Development (OECD). 
OECD Guidelines for Testing of Chemicals. Paris: OECD; 2011. 
 Available from: http://www.oecd.org/dataoecd/8/12/48684430.pdf. 
Accessed April 12, 2012.

 5. Abbott A. Lisbon Treaty could give research a boost. Nature. 2009; 
doi:10.1038/news.2009.1064. Available from: http://www.nature.com/
news/2009/091105/full/news.2009.1064.html. Accessed April 12, 2012.

 6. Toxic Substances Control Act; Preliminary Observations on Legislative 
Changes to Make TSCA More Effective; Statement of Peter F Guerrero, 
Director, Environmental Protection Issues, Resources, Community, and 
Economic Development Division [testimony]. GAO/T-RCED-94-263. 
1994. Available from: http://www.gao.gov/assets/110/105646.pdf. 
Accessed May 26, 2012.

 7. Johns Hopkins Bloomberg School of Public Health Center for Alter-
natives to Animal Testing. Thomas Hartung, director of the Center for 
Alternatives to Animal Testing (CAAT), receives $6 million NIH direc-
tor’s grant to pioneer transformative research in toxicology testing [press 
release]. Baltimore, MD: Johns Hopkins Bloomberg School of Public 
Health Center for Alternatives to Animal Testing; 2011 [September 20]. 
Available from: http://altweb.jhsph.edu/news/current/caatnihgrant.html. 
Accessed April 12, 2012.

 8. Zeliger HI. Human Toxicology of Chemical Mixtures: Toxic Conse-
quences Beyond the Impact of One-Component Product and Environmen-
tal Exposures. 2nd ed. Amsterdam: William Andrew/Elsevier, 2011.

 9. Human and Environmental Risk Assessment on Ingredients of House-
hold Cleaning Products (HERA). The concept of risk versus hazard 
[web page on the Internet]. Brussels: HERA; nd. Available from: http://
www.heraproject.com/Risk.cfm. Accessed April 12, 2012.

 10. Lofstedt R, Bouder F, Wardman J, Chakrobarty S. The changing nature 
of communication and regulation of risk in Europe. J Risk Res. 2011; 
14(4):409–429.

 11. Tickner J, Geiser K. The problem of current toxic chemicals 
 management. New Solut. 2004;14(1):43–58.

 12. OECD. OECD guidelines for the testing of chemicals and related docu-
ments [web page on the Internet]. Paris: OECD; nd. Available from: 
http://www.oecd.org/document/12/0,3746,en_2649_37465_48704140
_1_1_1_37465,00.html. Accessed April 12, 2012.

 13. The Global Development Research Center. Wingspread statement of 
the precautionary principle [web page on the Internet]. The Global 
Development Research Center; nd. Available from: http://www.gdrc.
org/u-gov/precaution-3.html. Accessed April 12, 2012.

 14. Wikipedia. Precautionary principle [web page on the Internet]. http://
www.unep.org/Documents.multilingual/Default.asp?DocumentID=78
&ArticleID=1163. Accessed May 26, 2012.

 15. Consolidated Version of the Treaty on the Functioning of the 
European Union. Official Journal of the European Union. 2010;C83: 
47–200. Available from: http://eur-lex.europa.eu/LexUriServ/
LexUriServ.do?uri=OJ:C:2010:083:0047:0200:EN:PDF. Accessed 
April 12, 2012.

 16. Kriebel D, Tickner J, Epstein P, et al. The precautionary principle 
in environmental science. Environ Health Perspect. 2001;109(9): 
871–875.

 17. EurActiv.com. EU considers changing REACH chemicals law 
[web page on the Internet]. Brussels: EurActiv.com; 2010 [updated 
May 10, 2012]. Available from: http://www.euractiv.com/sustainability/
potocnik-considers-amending-reach-news-368775. Accessed April 12, 
2012.

 18. Collins LM. Strange bedfellows? The precautionary principle and  
toxic tort: a tort paradigm for the 21st century. Environmental Law 
Reporter News and Analysis. 2005;35(6):10361–10372.

 19. Chemical Inspection and Regulation Service (CIRS). REACH SVHC 
list 2012: SVHC testing [web page on the Internet]. Drogheda: CIRS; 
2012. Available from: http://www.cirs-reach.com/Testing/REACH_
SVHC_List_SVHC_Testing.html. Accessed April 12, 2012.

 20. REACH – time to act on registration. Enterprise and Industry Online 
Magazine. September 9, 2009. Available from: http://ec.europa.eu/
enterprise/magazine/articles/industrial-policy/article_9312_en.htm. 
Accessed April 12, 2012.

 21. National Toxicology Program. The NTP High Throughput Screening 
(HTS) Initiative. Research Triangle Park, NC: National Toxicology 
Program; 2007. Available from: http://ntp.niehs.nih.gov/files/1_HTS_
Initiative.pdf. Accessed April 12, 2012.

 22. Howard V. Synergistic effects of chemical mixtures: can we rely on 
traditional toxicology? Ecologist. 1997;27(5):192–195.

 23. Jacobs M. The Green Economy: Environment, Sustainable Devel-
opment, and the Politics of the Future. Concord, MA: Pluto Press; 
1991.

 24. International Joint Commission. Sixth Biennial Report under the Great 
Lakes Water Quality Agreement of 1978: to the Governments of the 
United States and Canada and the State and Provincial Governments 
of the Great Lakes Basin. Washington DC, Ottawa, ON, and Windsor, 
ON: International Joint Commission; 1992 [updated February 10, 1997]. 
Available from: http://www.ijc.org/php/publications/html/6bre.html. 
Accessed May 26, 2012.

 25. European Commission. Chemicals: REACH – Registration, Evaluation, 
Authorisation and Restriction of Chemicals [web page on the Internet]. 
Brussels: European Commission; 2012 [updated February 2, 2012]. 
Available from: http://ec.europa.eu/enterprise/sectors/chemicals/reach/
index_en.htm. Accessed April 12, 2012.

 26. Gilbert N. Crucial data on REACH not disclosed. Nature. 2010;464: 
1116–1117. Available at http://altweb.jhsph.edu/wc6/paper553.pdf.

 27. ECHA. Registered substances: chemical substance search [database on 
the Internet]. Helsinki: ECHA; nd. Available from: http://altweb.jhsph.
edu/wc6/paper553.pdf. Accessed April 12, 2012.

 28. Council Regulation (EC) No 440/2008 of the European Parliament and 
of the Council of May 30, 2008. Available from: http://eur-lex.europa.
eu/LexUriServ/LexUriServ.do?uri=OJ:L:2008:142:0001:0739:en:PDF. 
Accessed April 12, 2012.

 29. European Commission. Laboratory animals: increasing the welfare 
of animals used in experiments; results of citizen’s questionnaire on 
the revision of Directive 86/609/EEC on the protection of animals 
used for experimental and other scientific purposes [web page on 
the Internet]. Brussels and Luxembourg: European Commission; 
2012 [updated  February 23]. Available from: http://ec.europa.eu/
environment/ chemicals/lab_animals/questionnaire1.htm. Accessed 
April 12, 2012.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

26

Menache and Nastrucci

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=oj:l:2006:396:0001:0849:en:pdf
http://echa.europa.eu/
http://www.oecd.org/dataoecd/8/12/48684430.pdf.
http://www.nature.com/news/2009/091105/full/news.2009.1064.html
http://www.gao.gov/assets/110/105646.pdf
http://altweb.jhsph.edu/news/current/caatnihgrant.html
http://www.heraproject.com/Risk.cfm
http://www.heraproject.com/Risk.cfm
http://www.oecd.org/document/12/0,3746,en_2649_37465_48704140_1_1_1_37465,00.html
http://www.unep.org/Documents.multilingual/Default.asp?DocumentID=78&ArticleID=1163
http://www.unep.org/Documents.multilingual/Default.asp?DocumentID=78&ArticleID=1163
http://www.unep.org/Documents.multilingual/Default.asp?DocumentID=78&ArticleID=1163
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:C:2010:083:0047:0200:EN:PDF
http://www.euractiv.com/sustainability/potocnik-considers-amending-reach-news-368775
http://www.cirs-reach.com/Testing/REACH_SVHC_List_SVHC_Testing.html
http://ec.europa.eu/enterprise/magazine/articles/industrial-policy/article_9312_en.htm
http://ntp.niehs.nih.gov/files/1_HTS_Initiative.pdf
http://www.ijc.org/php/publications/html/6bre.html
http://ec.europa.eu/enterprise/sectors/chemicals/reach/index_en.htm
http://altweb.jhsph.edu/wc6/paper553.pdf
http://altweb.jhsph.edu/wc6/paper553.pdf
http://altweb.jhsph.edu/wc6/paper553.pdf
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2008:142:0001:0739:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2008:142:0001:0739:en:PDF
http://ec.europa.eu/environment/chemicals/lab_animals/questionnaire1.htm
www.dovepress.com
www.dovepress.com
www.dovepress.com


Medicolegal and Bioethics 2012:2

 30. Toxicology Data Network [database on the Internet]. Bethesda, MD: 
US National Library of Medicine; nd. Available from: http://toxnet.nlm.
nih.gov. Accessed April 12, 2012.

 31. Olson H, Betton G, Robinson D, et al. Concordance of the toxicity of 
pharmaceuticals in humans and in animals. Regul Toxicol Pharmacol. 
2000;32(1):56–67.

 32. Shanks N, Greek R, Nobis N, Greek J. Animals and medicine: do animal 
experiments predict human response? Skeptic. 2007;13(3):2–9.

 33. Wall RJ, Shani M. Are animal models as good as we think? 
 Theriogenology. 2008;69(1):2–9.

 34. Heywood R. Clinical toxicity – could it have been predicted? Post-mar-
keting experience. In Lumley CE, Walker SR, editors. Animal Toxicity 
Studies: Their Relevance for Man. Lancaster: Quay;1990:57–67.

 35. Spriet-Pourra C, Auriche M. Drug Withdrawal from Sale. 2nd ed.  
New York: PJB Publications; 1994.

 36. Shepard TH, Lemire, RJ. Catalog of Teratogenic Agents. 11th ed. 
Baltimore, MD: The Johns Hopkins University Press; 2004.

 37. Karnofsky CA. Mechanisms of action of certain growth-inhibiting 
drugs. In: Wilson JG, Warkany J, editors. Teratology: Principles and 
 Techniques. Chicago, IL: University of Chicago Press; 1965:185–213.

 38. Shanks N, Greek CR. Animal Models in Light of Evolution. Boca Raton, 
FL: BrownWalker Press; 2009.

 39. Salsburg D. The lifetime feeding study in mice and rats – an examina-
tion of its validity as a bioassay for human carcinogens. Fundam Appl 
Toxicol. 1983;3(1):63–67.

 40. Berenblum I, editor. A Report of the Panel on Carcinogenicity of the 
Cancer Research Commission of UICC. Geneva: International Union 
Against Cancer; 1969.

 41. Weisburger EK. History of the Bioassay Program of the National Cancer 
Institute. Prog Exp Tumor Res. 1983;26:187–201.

 42. Weisburger JH, Williams GM. Carcinogen testing: current problems 
and new approaches. Science. 1981;214(4519):401–407.

 43. Alden CL, Smith PF, Piper CE, Brej L. A critical appraisal of the value 
of the mouse cancer bioassay in safety assessment. Toxicol Pathol. 
1996;24(6):722–725.

 44. Cohen SM, Klaunig J, Meek ME, et al. Evaluating the human relevance of 
chemically-induced animal tumors. Toxicol Sci. 2004;78(2):181–186.

 45. Gaylor DW. Are tumor incidence rates from chronic bioassays telling 
us what we need to know about carcinogens? Regul Toxicol Pharmacol. 
2005;41(2):128–133.

 46. Rhomberg LR, Baetcke K, Blancato J, et al. Issues in the design and 
interpretation of chronic toxicity and carcinogenicity studies in rodents: 
approaches to dose selection. Crit Rev Toxicol. 2007;37(9):729–837.

 47. Van Oosterhout JP, Van der Laan JW, De Waal EJ, et al. The utility of 
two rodent species in carcinogenic risk assessment of pharmaceuticals 
in Europe. Regul Toxicol Pharmacol. 1997;25(1):6–17.

 48. Ennever FK, Lave LB. Implications of the lack of accuracy of the 
lifetime rodent bioassay for predicting human carcinogenicity. Regul 
Toxicol Pharmacol. 2003;38(1):52–57.

 49. Pritchard JB, French JE, Davis BJ, Haseman JK. The role of transgenic 
mouse models in carcinogen identification. Environ Health Perspect. 
2003;111(4):444–454.

 50. Long ME. Predicting carcinogenicity in humans: the need to supplement 
animal-based toxicology. ALTEX. 2007;14(Special Issue):553–559. 
Proceedings of the 6th World Congress on Alternatives and Animal 
Use in the Life Sciences August 21–25, 2007, Tokyo, Japan.

 51. Risk and Policy Analysts Limited (RPA) for the European Commission – 
Environment Directorate-General. Assessment of the Impact of the 
New Chemicals Policy on Occupational Health: Final Report. J414/
Occup. Norfolk, UK: RPA; 2003. Available from: http://ec.europa.eu/
environment/chemicals/reach/background/docs/finrep_occ_health.pdf. 
Accessed April 12, 2012.

 52. International Agency for Research on Cancer (IARC). IARC Mono-
graphs on the Evaluation of Carcinogenic Risks to Humans. Vols 1–82. 
Lyon: IARC; 1972–2004.

 53. US Environmental Protection Agency (EPA). Integrated Risk Information 
System [database on the Internet]. Washington DC: EPA; 2012 [updated May 
25]. Available from: http://www.epa.gov/IRIS/. Accessed May 25, 2012.

 54. Knight A, Bailey J, Balcombe J. Animal carcinogenicity studies: 1. Poor 
human predictivity. Altern Lab Anim. 2006;34(1):19–27.

 55. Sackett DL, Rosenberg WM, Gray JA, Haynes RB, Richardson WS. 
Evidence based medicine: what it is and what it isn’t. 1996. Clin Orthop 
Relat Res. 2007;455:3–5.

 56. Hooijmans CR, Leenaars M, Ritskes-Hoitinga M. A gold standard 
publication checklist to improve the quality of animal studies, to fully 
integrate the Three Rs, and to make systematic reviews more feasible. 
Altern Lab Anim. 2010;38(2):167–182.

 57. Macleod MR, Fisher M, O’Collins V, et al. Reprint: Good laboratory 
practice: preventing introduction of bias at the bench. J Cerebral Blood 
Flow Metab. 2009;29(2):221–223.

 58. Macleod MR, O’Collins T, Howells DW, Donnan GA. Pooling of ani-
mal experimental data reveals influence of study design and publication 
bias. Stroke. 2004;35(5):1203–1208.

 59. Kilkenny C, Browne W, Cuthill IC, Emerson M, Altman DG. Animal 
research: reporting in vivo experiments – The ARRIVE Guidelines.  
J Cereb Blood Flow Metab. 2011;31(4):991–993.

 60. Kilkenny C, Browne WJ, Cuthill IC, Emerson M, Altman DG. 
 Improving bioscience research reporting: The ARRIVE Guidelines for 
reporting animal research. PLoS Biol. 2010;8(6):e1000412.

 61. Gamble LJ, Matthews QL. Current progress in the development of a 
prophylactic vaccine for HIV-1. Drug Des Devel Ther. 2010;5:9–26.

 62. Editorial; Nature Reviews Drug Discovery  doi:10.1038/nrd1817. The 
time is now. Nat Rev Drug Discov. 2005;4(8):613.

 63. Cold shower for AIDS vaccines. Nat Med. 2007;13(12):1389–1390.
 64. van der Worp HB, Macleod MR. Preclinical studies of human disease: 

time to take methodological quality seriously. J Mol Cell Cardiol. 2011; 
51(4):449–450.

 65. Dirnagl U, Macleod MR. Stroke research at a road block: the streets 
from adversity should be paved with meta-analysis and good laboratory 
practice. Br J Pharmacol. 2009;157(7):1154–1156.

 66. Mayr E. What is a species, and what is not? Philos Sci. 1996;63: 
262–277. Available from: http://darwiniana.org/mayrspecies.htm. 
Accessed April 12, 2012.

 67. Dettman JR, Anderson JB, Kohn LM. Genome-wide investigation of 
reproductive isolation in experimental lineages and natural species of 
Neurospora: identifying candidate regions by microarray-based geno-
typing and mapping. Evolution. 2010;64(3):694–709.

 68. Coyne JA, Orr HA. Speciation. Sunderland, MA: Sinauer Associates; 2004.
 69. Wu CI, Ting CT. Genes and speciation. Nat Rev Genet. 2004;5(2):114–122.
 70. Csete ME, Doyle JC. Reverse engineering of biological complexity. 

Science. 2002;295(5560):1664–1669.
 71. Kitano H. Computational systems biology. Nature. 2002;420(6912): 

206–210.
 72. Alm E, Arkin AP. Biological networks. Curr Opin Struct Biol. 

2003;13(2):193–202.
 73. Sole R, Goodwin B. Signs of Life: How Complexity Pervades Biology. 

New York, NY: Basic Books; 2002.
 74. Nijhout HF. The importance of context in genetics. Am Sci. 2003;91(5): 

416–423.
 75. Rohan RM, Fernandez A, Udagawa T, Yuan J, D’amato RJ. Genetic het-

erogeneity of angiogenesis in mice. FASEB J. 2000;14(7):871–876.
 76. Kaiser J. Gender in the pharmacy: does it matter? Science. 2005; 

308(5728):1572.
 77. Macdonald JS. Vive la difference: sex and fluorouracil toxicity. J Clin 

Oncol. 2002;20(6):1439–1441.
 78. Gregor Z, Joffe L. Senile macular changes in the black African. Br J 

Ophthalmol. 1978;62(8):547–550.
 79. Spielman RS, Bastone LA, Burdick JT, Morley M, Ewens WJ, 

Cheung VG. Common genetic variants account for differences in gene 
expression among ethnic groups. Nat Genet. 2007;39(2):226–231.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

27

REACH, animal testing, and the precautionary principle

http://toxnet.nlm.nih.gov
http://toxnet.nlm.nih.gov
http://ec.europa.eu/environment/chemicals/reach/background/docs/finrep_occ_health.pdf
http://www.epa.gov/IRIS/q
http://darwiniana.org/mayrspecies.htm
www.dovepress.com
www.dovepress.com
www.dovepress.com


Medicolegal and Bioethics 2012:2

 80. Cheung DS, Warman ML, Mulliken JB. Hemangioma in twins. Ann 
Plast Surg. 1997;38(3):269–274.

 81. Kitano H. A robustness-based approach to systems-oriented drug design. 
Nat Rev Drug Discov. 2007;6(3):202–210.

 82. Monte J, Liu M, Sheya A, Kitami T. Definitions, Measures, and Models 
of Robustness in Gene Regulatory Network. nd. Available from: http://
citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.89.1604&rep=rep
1&type=pdf. Accessed April 12, 2012.

 83. Kauffman SA. The Origins of Order: Self-Organization and Selection 
in Evolution. Oxford: Oxford University Press; 1993.

 84. van Regenmortel MH. Reductionism and complexity in molecular 
biology. EMBO Rep. 2004;5(11):1016–1020.

 85. Pesatori AC, Consonni D, Rubagotti M, Grillo P, Bertazzi PA. 
 Cancer incidence in the population exposed to dioxin after the 
“Seveso  accident”: twenty years of follow-up. Environ Health. 2009;  
8:39.

 86. Mishra PK, Samarath RM, Pathak N, et al. Bhopal Gas Tragedy: review 
of clinical and experimental findings after 25 years. Int J Occup Med 
Environ Health. 2009;22(3):193–202.

 87. US Food and Drug Administration (FDA) Center for Drug Evalua-
tion and Research (CDER). Guidance for Industry: Estimating the 
Maximum Safe Starting Dose in Initial Clinical Trials for Thera-
peutics in Adult Healthy Volunteers. Silver Spring, MD: FDA; 2005.  
Available from: http://www.fda.gov/downloads/Drugs/Guidance 
 ComplianceRegulatoryInformation/Guidances/ucm078932.pdf. 
Accessed April 12, 2012.

 88. Martin RD, Genoud M, Hemelrijk K. Problems of allometric scaling 
analysis: examples from mammalian reproductive biology. J Exp Biol. 
2005;208(Pt 9):1731–1747.

 89. Committee on Toxicity (COT) of Chemicals in Food, Consumer Prod-
ucts and the Environment. Health Assessment of Endocrine Disrupting 
Chemicals – the Danish EPA Report and Exposure Time Trends to 
Phthalates. TOX/2010/16. London: COT; 2010. Available from: http://
cot.food.gov.uk/pdfs/tox201016.pdf. Accessed April 12, 2012.

 90. Gad SC. Drug Safety Evaluation. 2nd ed. Hoboken, NJ: John Wiley 
and Sons; 2009.

 91. ECHA. Proposals to identify substances of very high concern previ-
ous consultations [web page on the Internet]. Helsinki: ECHA; nd. 
Available from: http://echa.europa.eu/web/guest/proposals-to-identify-
substances-of-very-high-concern-previous-consultations. Accessed 
April 12, 2012.

 92. Wikipedia. Bishphenol A [web page on the Internet]. Wikipedia; 2012  
[updated May 23]. Available from: http://msdssearch.dow.com/Published 
LiteratureDOWCOM/dh_088c/0901b8038088c783.pdf?filepath= 
productsafety/pdfs/noreg/233-00250.pdf&fromPage=GetDoc. Accessed 
May 23, 2012.

 93. Krishnan AV, Starhis Permuth SF, Tokes L, Feldman D. Bisphenol-A: 
an estrogenic substance is released from polycarbonate flasks during 
autoclaving. Endocrinology. 1993;132(2):2279–2286.

 94. Guillette LJ Jr, Crain DA, Rooney AA, Pickford DB. Organization 
versus activation: the role of endocrine-disrupting contaminants (EDCs) 
during embryonic development in wildlife. Environ Health Perspect. 
1995;103(Suppl 7):157–164.

 95. Jobling S, Reynolds T, White R, Parker MG, Sumpter JP. A variety 
of environmentally persistent chemicals including some phtha-
lates plasticizers are weakly estrogenic. Environ Health Perspect. 
1995;103(6):582–587.

 96. Nagel SC, vom Saal FS, Thayer KA, Dhar MG, Boechler M, 
Welshons WV. Relative binding affinity-serum modified access 
(RBA-SMA) assay predicts the relative in vivo bioactivity of the 
xenoestrogens bisphenol A and octylphenol. Environ Health Perspect. 
1997;105(1):70–76.

 97. Calafat AM, Weuve J, Ye X, et al. Exposure to bisphenol A and other 
phenols in neonatal intensive care unit premature infants. Environ 
Health Perspect. 2009;117(4):639–644.

 98. Edginton AN, Ritter L. Predicting plasma concentrations of bisphenol 
A in children younger than 2 years of age after typical feeding sched-
ules, using a physiologically based toxicokinetic model. Environ Health 
Perspect. 2009;117(4):645–652.

 99. Kuruto-Niwa R, Tateoka Y, Usuki Y, Nozawa R. Measurement of 
bisphenol A concentrations in human colostrum. Chemosphere. 
2007;66(6):1160–1164.

 100. Ikezuki Y, Tsutsumi O, Takai Y, Kamei Y, Taketani Y.  Determination of 
bisphenol A concentrations in human biological fluids reveals signifi-
cant early prenatal exposure. Hum Reprod. 2002;17(11):2839–2841.

 101. Schönfelder G, Wittfoht W, Hopp H, Talsness CE, Paul M, Chahoud I. 
Parent Bisphenol A accumulation in the human maternal-fetal- placental 
unit. Environ Health Perspect. 2002;110(11):A703–A707.

 102. Cantonwine D, Meeker JD, Hu H, et al. Bisphenol A exposure in 
Mexico City and risk of prematurity: a pilot nested case control study. 
Environ Health. 2010;18(9):62.

 103. Wikipedia. Paracelsus [web page on the Internet]. Available from: http://
www.sciencedirect.com/science/article/pii/S1359644606001164. 
Wikipedia; 2012 [updated May 9, 2012]. Accessed May 26, 2012.

 104. Le HH, Carlson EM, Chua JP, Belcher SM. Bisphenol A is released 
from polycarbonate drinking bottles and mimics the neurotoxic 
actions of estrogen in developing cerebellar neurons. Toxicol Lett. 
2008;176(2):149–156.

 105. Eriksson P, principal investigator. Developmental toxicology: neurode-
velopmental toxicity in mammals [web page on the Internet]. Uppsala: 
Uppsala Universitet; 2005 [updated October 15, 2009]. Available from: 
http://www.fu.uu.se/etox/devtox_1.html. Accessed April 12, 2012.

 106. Beronius A, Rudén C, Hanberg A, Håkansson H. Health risk assess-
ment procedures for endocrine disrupting compounds within dif-
ferent regulatory frameworks in the European Union. Regul Toxicol 
 Pharmacol. 2009;55(2):111–122.

 107. vom Saal FS, Prins GS, Welshons WV. Report of very low real-world 
exposure to bisphenol A is unwarranted based on a lack of data and 
flawed assumptions. Toxicol Sci. 2012;125(1):318–320.

 108. vom Saal FS, Myers JP. Good laboratory practices are not synonymous 
with good scientific practices, accurate reporting or valid data. Environ 
Health Perspect. 2010;118(2):A60.

 109. vom Saal FS, Akingbemi BT, Belcher SM, et al. Chapel Hill bisphenol 
A expert panel consensus statement: integration of mechanisms, effects 
in animals, and potential to impact human health at current levels of 
exposure. Reprod Toxicol. 2007;24(2):131–138.

 110. Vandenberg LN, Chahoud I, Padmanabhan V, et al. Biomonitoring 
Studies Should Be Used by Regulatory Agencies to Assess Human 
Exposure Levels and Safety of Bisphenol A. Environ Health Perspect. 
2010;118(8):1051–1054.

 111. Beronius A, Rudén C, Håkansson H, Hanberg A. Risk to all or none? 
A comparative analysis of controversies in the health risk assessment 
of bisphenol A. Reprod Toxicol. 2010;29(2):132–146.

 112. Ryan BC, Hotchkiss AK, Crofton KM, Gray LE Jr. In utero and lac-
tational exposure to bisphenol A, in contrast to ethinyl estradiol, does 
not alter sexually dimorphic behaviour, puberty, fertility and anatomy 
of female LE rats. Toxicol Sci. 2009;114(1):133–148.

 113. vom Saal FS, Hughes C. An extensive new literature concerning low-
dose effects of bisphenol A shows the need foe a new risk assessment. 
Environ Health Pespect. 2005;113(8):926–933.

 114. European Food Safety Authority (EFSA). Opinion of the Scientific 
Panel on Food Additives, Flavourings, Processing Aids and Materials 
in Contact with Food on a request from the Commission related to 
2,2-bis(4-hydroxyphenyl)propane (bisphenol A). The EFSA Journal. 
2006:428. Available from: www.efsa.europa.eu/en/scdocs/doc/s428.
pdf. Accessed April 12, 2012.

 115. FDA. Draft assessment of bisphenol A for use in food contact 
 applications. Silver Spring, MD: FDA; 2008. Available from: http://
heartland.org/sites/all/modules/custom/heartland_migration/files/
pdfs/26773.pdf. Accessed May 27, 2012.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

28

Menache and Nastrucci

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.89.1604&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.89.1604&rep=rep1&type=pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm078932.pdf
http://cot.food.gov.uk/pdfs/tox201016.pdf
http://cot.food.gov.uk/pdfs/tox201016.pdf
http://echa.europa.eu/web/guest/proposals-to-identify-substances-of-very-high-concern-previous-consultations
http://msdssearch.dow.com/PublishedLiteratureDOWCOM/dh_088c/0901b8038088c783.pdf?filepath=productsafety/pdfs/noreg/233-00250.pdf&fromPage=GetDoc
http://msdssearch.dow.com/PublishedLiteratureDOWCOM/dh_088c/0901b8038088c783.pdf?filepath=productsafety/pdfs/noreg/233-00250.pdf&fromPage=GetDoc
http://msdssearch.dow.com/PublishedLiteratureDOWCOM/dh_088c/0901b8038088c783.pdf?filepath=productsafety/pdfs/noreg/233-00250.pdf&fromPage=GetDoc
http://www.sciencedirect.com/science/article/pii/S1359644606001164
http://www.sciencedirect.com/science/article/pii/S1359644606001164
http://www.fu.uu.se/etox/devtox_1.html
www.efsa.europa.eu/en/scdocs/doc/s428.pdf
http://heartland.org/sites/all/modules/custom/heartland_migration/files/pdfs/26773.pdf
http://heartland.org/sites/all/modules/custom/heartland_migration/files/pdfs/26773.pdf
www.dovepress.com
www.dovepress.com
www.dovepress.com


Medicolegal and Bioethics

Publish your work in this journal
Medicolegal and Bioethics is an international, peer-reviewed, open 
access journal exploring the application of law to medical and drug 
research and practice and the related ethical and moral consider-
ations. The journal is characterized by the rapid reporting of reviews, 
case reports, guidelines and consensus statements, original research 

and surveys. The manuscript management system is completely 
online and includes a very quick and fair peer-review system. Visit  
http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.

Submit your manuscript here: http://www.dovepress.com/medicolegal-and-bioethics-journal

Medicolegal and Bioethics 2012:2

 116. Tyl RW, Myers CB, Marr MC, et al. Three-generation reproductive 
toxicity study of dietary bisphenol A in CD Sprague-Dawley rats. 
Toxicol Sci. 2002;68(1):121–146.

 117. Tyl RW, Myers CB, Marr MC, et al. Two-generation reproductive 
toxicity study of dietary bisphenol A in CD-1 (Swiss) mice. Toxicol 
Sci. 2008;104(2):362–384.

 118. Negishi T, Tominaga T, Ishii Y, et al. Comparative study on toxicokinetics 
of bisphenol A in F344 rats, monkeys (Macaca fascicularis) and chim-
panzees (Pan troglodytes). Exp Anim. 2004;53(4):391–394.

 119. Long X, Steinmetz R, Ben-Jonathan N, et al. Strain differences to 
vaginal responses to the xenoestrogen bisphenol A. Environ Health 
Perspect. 2000;108(3):243–247.

 120. Food and Agriculture Organization of the United Nations and World 
Health Organization. Toxicological and Health Aspects of Bisphenol A: 
Report of Joint FAO/WHO Expert Meeting  November 2–5, 2010 
and Report of Stakeholder Meeting on Bisphenol A November 1, 
2010 Ottawa, Canada. Geneva: World Health Organization; 2011.  
Ava i l a b l e  f r o m :  h t t p : / / wh q l i b d o c . wh o . i n t / p u b l i c a -
tions/2011/97892141564274_eng.pdf. Accessed April 12, 2012.

 121. Harrington R. Bisphenol A officially declared toxic by Canada.  
FoodProductiondaily.com. October 14, 2010. Available from: 
http://www.foodproductiondaily.com/Quality-Safety/Bisphenol-A-
 officially-declared-toxic-by-Canada. Accessed April 12, 2012.

 122. European Human Biomonitoring [home page on the Internet]. Munich: 
European Human Biomonitoring; 2009. Available from: http://www.
eu-humanbiomonitoring.org/. Accessed April 12, 2012.

 123. Manno M, Viau C; in collaboration with Cocker J, et al.  Biomonitoring 
for occupational health risk assessment (BOHRA). Toxicol Lett. 
2010;192(1):3–16.

 124. Silins I, Högberg J. Combined toxic exposures and human health: 
biomarkers of exposure and effect. Int J Environ Res Public Health. 
2011;8(3):629–647.

 125. Swenberg JA, Frvar-Tita E, Jeong YC, et al. Biomarkers in toxicology 
and risk assessment: informing critical dose-response relationships. 
Chem Res Toxicol. 2008;21(1):253–265.

 126. McHale CM, Zhang L, Hubbard AE, Smith MT. Toxicogenomic pro-
filing of chemically exposed humans in risk assessment. Mutat Res. 
2010;705(3):172–183.

 127. Sone H, Okura M, Zaha H, et al. Profiles of Chemical Effects on Cells 
(pCEC): a toxicogenomics database with a toxicoinformatics system 
for risk evaluation and toxicity prediction of environmental chemicals. 
J Toxicol Sci. 2010;35(1):115–123.

 128. Hou L, Zhang X, Wang D, Baccarelli A. Environmental chemical 
exposures and epigenetics. Int J Epidemiol. 2012;41(1):79–105.

 129. Cai J, Li W, Su H, et al. Generation of human induced pluripotent stem 
cells from umbilical cord matrix and amniotic membrane mesenchymal 
cells. J Biol Chem. 2010;285(15):11227–11234.

 130. Chang WY, Garcha K, Manias JL, Stanford WL. Deciphering the 
complexities of human diseases and disorders by coupling induced-
pluripotent stem cells and systems genetics. Wiley Interdiscip Rev Syst 
Biol Med. Epub April 10, 2012.

 131. SimCYP [home page on the Internet]. Sheffield, UK: Simcyp Ltd; 
2012. Available from: www.simcyp.com. Accessed April 12, 2012.

 132. Clewell HJ, Tan YM, Campbell JL, Andersen ME. Quantitative 
interpretation of human biomonitoring data. Toxicol Appl Pharmacol. 
2008;231(1):122–133.

 133. Environmental News Service staff. Toxic chemicals by the hundred 
found in blood of newborns [web page on the Internet]. Washington 
DC: Environmental Working Group; 2005. Available from: http://
www.ewg.org/news/toxic-chemicals-hundred-found-blood-newborns. 
Accessed April 12, 2012.

 134. Goodman S. Tests find more than 200 chemicals in newborn umbilical 
cord blood. Scientific American. December 2, 2009. Available from: 
http://www.scientificamerican.com/article.cfm?id=newborn-babies-
chemicals-exposure-bpa. Accessed May 27, 2012.

 135. OECD, Series on Testing and Assessment: Publications by Number. 
Available from: http://www.oecd.org/document/24/0,3746,en_2649_
34377_47858904_1_1_1_1,00.html. Accessed July 30, 2012.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

29

REACH, animal testing, and the precautionary principle

http://www.dovepress.com/medicolegal-and-bioethics-journal
http://whqlibdoc.who.int/publications/2011/97892141564274_eng.pdf
http://www.foodproductiondaily.com/Quality-Safety/Bisphenol-A-officially-declared-toxic-by-Canada
http://www.eu-humanbiomonitoring.org/
http://www.eu-humanbiomonitoring.org/
www.simcyp.com
http://www.ewg.org/news/toxic-chemicals-hundred-found-blood-newborns
http://www.ewg.org/news/toxic-chemicals-hundred-found-blood-newborns
http://www.scientificamerican.com/article.cfm?id=newborn-babies-chemicals-exposure-bpa
http://www.oecd.org/document/24/0,3746,en_2649_34377_47858904_1_1_1_1,00.html
http://www.oecd.org/document/24/0,3746,en_2649_34377_47858904_1_1_1_1,00.html
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


