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a b s t r a c t

In this study we have investigated how different regulatory frameworks in Europe cope with identifica-
tion and risk assessment of endocrine disrupting compounds (EDCs). Four regulatory groups were
selected for the investigation: existing industrial chemicals, environmental pollutants in food, pharma-
ceuticals and plant protection products. The legislation and guidelines for each of these groups were scru-
tinized and compared in detail. In addition, one recent European risk assessment document each for three
identified EDCs, i.e. bisphenol A, dioxins and vinclozolin, were reviewed and compared. We found that the
requirements for toxicity testing and availability and scope of risk assessment guidelines varied between
the four regulatory frameworks. Also, the general principles regarding the human relevance of the mode
of action identified in animal tests differed in the different risk assessments. In conclusion, there is little
conformity in the risk assessment processes between these groups of chemicals. Because of the compli-
cated nature of endocrine disruption, test methods, principles and criteria for data interpretation tradi-
tionally used might not be directly applicable to EDCs and further development of a transparent and
reliable risk assessment process for this type of substances is needed.

� 2009 Elsevier Inc. All rights reserved.
1. Introduction

Concern for endocrine disrupting compounds (EDCs) in the
environment is rising and there is a focus on improving the identi-
fication and assessment of the environmental and health risks
posed by these compounds, which has increased during the past
decade. However, risk assessment of EDCs has proven especially
complicated due to many different factors, such as the complex
nature of effects caused by compounds interacting with the endo-
crine system and potential delayed on-set of effects, as well as sug-
gested non-monotonic dose–response relationships, potential lack
of a threshold for effect and effects at very low doses (e.g. IPCS,
2002; NTP, 2001). Importantly, knowledge is lacking regarding
mechanism of action for EDCs as well as the relationship between
these molecular events, i.e. interactions with hormone receptors,
and adverse health effects. There is also a lack of sensitive test
methods and standardized test guidelines to identify and evaluate
the toxicity of EDCs.

Within the European Union (EU), chemicals are risk assessed
and regulated within different regulatory frameworks depending
ll rights reserved.
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on their intended use; there are e.g. separate rules for industrial
chemicals, plant protection products and pharmaceuticals. How-
ever, there are currently no generally agreed upon regulatory pro-
cedures that direct how to specifically identify or risk assess
compounds with endocrine disrupting properties within the EU
or internationally. Consideration of toxicological mode of action,
other than genotoxicity, is generally not well established in regula-
tory risk assessment.

The purpose of this study was to investigate the lack of regula-
tory coordination for EDCs by comparing the risk assessment pro-
cesses within legislative frameworks for different regulatory
groups of chemicals. This analysis was conducted in two parts. In
the first part four different EU legislative frameworks, for existing
industrial chemicals, environmental pollutants in food, existing ac-
tive substances in plant protection products and pharmaceuticals,
were scrutinized and compared. In the second part of the analysis
risk assessment documents for bisphenol A (BPA), dioxins and
vinclozolin were critically reviewed. These model compounds rep-
resent existing industrial chemicals, environmental pollutants in
food, existing active substances in plant protection products,
respectively. The aim of the analysis was especially to investigate
the following general issues:

� the scope and requirements of the different regulatory frame-
works, including criteria for data selection,
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� the scope of available guidelines within the regulatory frame-
works investigated concerning how effects assessment is carried
out,

� the toxicological data on which the risk assessments for the
three model compounds were primarily based,

� if different conclusions regarding the critical effect, threshold
and endocrine disrupting properties would have been expected
had only data specifically required by regulation been available
for each model compound,

� what general toxicological principles and assumptions were
applied in determining the human relevance of the mode of
action identified in animal studies for each model compound.

2. Methods

We have investigated how different regulatory frameworks in
Europe cope with the task of identifying and risk assessing chem-
icals with EDC properties. The analysis was divided into two parts.
In the first part the regulations for existing industrial chemicals,
environmental pollutants in food, existing active substances in
plant protection products as well as for pharmaceuticals were de-
scribed and compared in terms of their scope and purpose, toxicity
testing requirements and risk assessment guidelines. We also
investigated how much expert judgement, as opposed to strictly
defined criteria, was allowed to influence the risk assessment pro-
cess in each case, i.e. the extent of case-by-case flexibility in the
risk assessment processes for each chemical group.

The EU legislation for existing (and new) industrial chemicals
was replaced by the REACH legislation on June 1, 2007. REACH
stands for Registration, Evaluation, Authorization and restriction
of CHemicals. Since the evaluations in this study were performed
in retrospect, scrutinizing risk assessments already made, it is
not possible to include an industrial chemical risk assessed within
the REACH system at this point. To evaluate the actual outcome of
the new legislation is important, but can only be made some years
after its implementation.

By definition an EDC is ‘‘an exogenous substance or mixture
that alters function(s) of the endocrine system and consequently
causes adverse health effects in an intact organism, or its progeny,
or (sub)populations” (IPCS, 2002). For the second part of the anal-
ysis three model compounds were thus selected accordingly (Table
1). BPA, dioxins and vinclozolin are generally regarded as EDCs and
represent three different chemical categories, namely existing
industrial chemicals, environmental pollutants in food and existing
active substances in plant protection products. No pharmaceutical
model compound was included in this part of the analysis as it was
not possible to get access to an extensive risk assessment docu-
ment for an appropriate EDC from this category.

In this part of the analysis actual risk assessment documents for
each model compound were investigated and compared in terms
of the overall conclusions regarding risk and the principles and
assumptions that underpin these conclusions, such as the human
relevance of the identified mode of action and the dose–response
relationships. The analyses carried out in this study were limited
to EU chemicals legislation. It should be noted that other rules or
agreements might also be applicable to these chemicals, including
international conventions and national legislations.
Table 1
An overview of the three model compounds, their mechanism of action for toxicity and m

Bisphenol-A Dioxins

Regulatory group Existing industrial chemical Environm
Mechanism of action Estrogen receptor agonist Ah-recep
Main source of human exposure Food in contact with plastic products Food of
This project was conducted as a retrospective literature study in
the sense that one original, European risk assessment document for
each model compound was reviewed. Any additional information
and/or debate regarding these substances influencing the scientific
opinion or later risk management strategies were not included. The
reason is that the purpose of this project was to gain knowledge of
European risk assessment procedures in general.

2.1. Search for information on regulatory frameworks

2.1.1. Legislative documents
EU regulations and directives regulating the risk assessment

process for the four chemical groups investigated were identified
by searches on Eur-Lex (http://eur-lex.europa.eu/en/index.htm),
which is a web-based portal to EU law.

2.1.2. Guidance documents
Internet searches for risk assessment guidelines for each of the

four chemical groups investigated were conducted. Guidelines is-
sued to aid the risk assessor and specifically outlining the require-
ments for the risk assessment process according to the identified
EU directives and regulations were primarily explored. Guidelines
for the risk assessment process for existing industrial chemicals,
pharmaceuticals and existing active substances in plant protection
products were obtained from the European Chemicals Bureau
(ECB), the European Medicines Agency (EMEA) and the Directorate
General for Health and Consumer Protection (DG SANCO) websites,
respectively. No guidance document for the risk assessment of
environmental pollutants in food is available.

2.2. Description of the model compounds

2.2.1. BPA
BPA is a high production-volume chemical used mainly as an

intermediate in the manufacture of polycarbonate and epoxy resins.
Consumer exposure occurs primarily via food in contact with BPA-
containing materials, such as polycarbonate plastic baby bottles
and table ware, plastic food containers and food and beverage cans
lined with epoxy resins (EFSA, 2006). BPA is an estrogen agonist that
binds to and activates the estrogen receptors (ER) (Matthews et al.,
2001). However, the knowledge regarding mechanism of action for
BPA is incomplete. Interactions with other receptors, such as the
androgen and thyroid hormone receptors as well as membrane-
bound receptors, have also been suggested (reviewed in Wetherill
et al., 2007). BPA causes adverse effects on reproduction at doses
above 5 mg/kg bw/day (e.g. Tyl et al., 2002, 2008) and there is an
on-going debate regarding whether or not it also may adversely af-
fect development in offspring exposed pre-natally to doses around
a few lg/kg bw/day (reviewed in Richter et al., 2007).

2.2.2. Dioxins
Dioxins are a group of planar, polyhalogenated hydrocarbons.

Dioxins are not deliberately produced; they are formed as by-prod-
ucts of reactions such as the combustion of organics, in pulp and
paper production and in other industrial processes. The dioxins
are very resistant to both environmental and biological degrada-
tion. Hence they persist in the environment and may enter the food
chain and bioaccumulate (SCF, 2000). As a result the main route of
ain sources of consumer exposure.

Vinclozolin

ental pollutant in food Existing active substance in plant protection products
tor agonist Androgen receptor antagonist

animal origin Residues in vegetables and fruit

http://eur-lex.europa.eu/en/index.htm
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human exposure to dioxins is via food. About 90% of human expo-
sure comes from foods of animal origin (SCF, 2000). The dioxins
bind to and activate the cellular arylhydrocarbon-receptor (Ah-
R), which initiates the transcription of a number of genes and con-
sequent cellular responses, such as the induction of cytochrome
P450 enzymes. Dioxins have several endocrine disrupting proper-
ties and the best characterized to date are their potential to act
as anti-estrogens and their potential to interfere with thyroid hor-
mone and retinoid systems. The activation of the Ah-R has been
shown to result in a wide array of adverse effects in experimental
animals, for example effects on development of offspring (Faqi
et al., 1998; Gray et al., 1997; Mably et al., 1992; Ohsako et al.,
2001). However, the individual compounds in this group of chem-
icals differ greatly in their ability to activate the Ah-R and hence in
their endocrine disrupting potency.

2.2.3. Vinclozolin
Vinclozolin has been used extensively as a fungicide on crops

such as grapes, berries, stone fruits and lettuce (EC, 1997) but is pro-
hibited in the EU since 2006. Vinclozolin is readily degraded in the
environment and its two main metabolites are potent androgen
antagonists (EC, 1997; Kelce et al., 1994). When administered to rats
vinclozolin is quickly metabolized into these two anti-androgenic
metabolites (Kelce et al., 1994). Vinclozolin may disturb the function
and development of tissues that are sensitive to testosterone and
causes adverse effects on fertility and development in experimental
animals (Colbert et al., 2005; Veeramachaneni et al., 2006).

2.3. Identification of risk assessment reports

One recent European risk assessment report, conducted accord-
ing to EU regulations and directives, for each of the three model
compounds was selected. The risk assessment of BPA (ECB, 2003)
was attained from the ECB website, the assessment of dioxins
(SCF, 2000, 2001) was available from the website of the DG SANCO
and the vinclozolin documentation (EC, 1997,1998a) was provided
by the Swedish Chemicals Agency (KemI).

2.4. The database

In order to facilitate comparisons across the different regula-
tory frameworks or model compounds detailed information was
entered into a database. The database was constructed as a table
in Microsoft Word to enable systematic comparisons of different
aspects of the investigated legislation, as well as the risk assess-
ment documents for the three model substances. The first col-
umn lists all the parameters to be compared and the
subsequent columns represent each regulatory framework or
model compound. Each parameter/inquiry was recorded for each
regulatory framework or model compound and entered into the
database.

2.5. Evaluations and comparisons of the selected regulatory
frameworks

2.5.1. Evaluation of the scopes of the different legislative frameworks
and toxicity data requirements

The legislative documents were scrutinized, key aspects were
entered into the database, and the following parameters regarding
the different requirements for the four legislative frameworks
were compared:

� the division of responsibilities between different European and
national authorities regarding the risk assessment process,

� the data requirements for effects assessment.
2.5.2. Evaluation of the availability and scopes of guidelines
The available guidance documents were reviewed and key as-

pects were entered into the database. The following parameters
were investigated and compared for the four chemical groups:

� what authority has issued the guidelines,
� what directive and/or regulation it is referring to,
� who the guidance is intended for,
� if guidelines for data selection are included and
� how much of the effects assessment should be done according to

pre-defined criteria, and in what instances ‘‘expert judgement”
is called for, i.e. criteria determined on a case-by-case basis.
2.6. Evaluations and comparisons of the risk assessment reports for the
model compounds

2.6.1. Evaluation of the effects assessments for the three model
compounds

The effects assessment from each risk assessment document
was carefully reviewed. The risk assessment conclusions for each
effect evaluated were entered into the database. The comparison
was made to clarify:

� what effects are assessed in each case and what conclusions
have been drawn about these,

� what critical effect was identified,
� what no observed adverse effect level (NOAEL), if any, was

established.

2.6.2. Investigation of how data pivotal for effects assessment in each
case corresponded to regulatory data requirements

The pivotal data on which conclusions regarding critical effect,
threshold and endocrine disrupting properties were based for each
model compound were compared to the regulatory data require-
ments in each case. This analysis was made to investigate whether
conclusions for the effects assessments could have been expected
to be different had they been based exclusively on required data.

2.6.3. Identification of toxicological assumptions and principles used to
evaluate the human relevance of animal data in effects assessment

Certain assumptions and principles have to be applied when
evaluating effects data and deciding on a point of departure
(POD), i.e. the dose level from which health-based guidance val-
ues or margins of safety (MOS) are derived, such as the NOAEL.
These assumptions and principles are, for example, that the mode
of action and effects observed in animals are relevant for humans,
that conclusions regarding toxicity at the relatively low doses to
which humans are typically exposed can be made based on ef-
fects observed at the high doses used in toxicity testing, and that
the dose has to reach a certain threshold before adverse effects
occur. Such assumptions and principles were identified from each
risk assessment document and compared for the three
compounds.

3. Results

3.1. Scopes of the regulatory frameworks

The scopes and main components of the four different regula-
tory frameworks are summarized in Table 2.

3.1.1. Priority existing industrial substances
The industrial substances are as of 1st of June 2007 regulated

within the new European legislation, REACH. REACH replaces the
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previous rules for existing industrial chemicals (Council Regulation
No. 793/93/EEC, Commission Regulation No. 1488/94/EC).2 Still, for
reasons explained above, the REACH system is not included in this
evaluation.

The industrial chemicals were divided into ‘‘new” and ‘‘existing”
substances. Existing substances were those which were marketed
in Europe in September 1981, when the European Inventory of
Existing Chemical Substances (EINECS) was closed. The new sub-
stances were those introduced on the market after this time, and
thus not included in EINECS.

There are about 100,000 substances regulated as existing indus-
trial chemicals and 141 of these were prioritized for risk assess-
ment before the legislation ceased to be in force. The ECB, part of
the European Commission Joint Research Centre, held the respon-
sibility for risk assessment of the industrial substances. Risk
assessment was carried out by competent authorities in one of
the member states (the rapporteur), as appointed by the European
Commission, in order to evaluate if estimated exposure levels were
acceptable in light of existing hazard data, or if restrictions of
manufacture and/or use were needed. Ultimately any decisions
to invoke restrictions of use or manufacture based on the informa-
tion in the risk assessment lay with the European Commission.

3.1.2. Environmental pollutants in food
Environmental pollutants in food have no intended use and no

manufacturer and are therefore, not covered by the European
chemicals legislation. However, when such a chemical has been
identified as a contaminant in the food chain, other regulations will
become applicable. Before 2002 risk assessment of environmental
pollutants in food was carried out by the Scientific Committee on
Food (SCF), under the responsibility of DG SANCO. EU Regulation
178/2002 establishes the European Food Safety Authority (EFSA),
which, since 2002, has taken over this responsibility. Risk assess-
ment of these compounds is now carried out by EFSA expert groups
on a case-by-case basis. The aim is the same as before 2002,
namely to estimate consumer exposure, evaluate effects and to de-
rive guidance values, such as acceptable or tolerable daily intakes
(ADI/TDI).

3.1.3. Active substances in pharmaceuticals
For pharmaceuticals the risk assessment is referred to as a safety

assessment. The safety assessment of human pharmaceuticals in-
tended for the EU market is regulated by Directive 2001/83/EC,3

Commission Directive 2003/63/EC, Directive 2004/27/EC and Reg-
ulation 726/2004/EC.

The toxicological safety assessment, which makes up the pre-
clinical evaluation, of the active substances in a pharmaceutical
product is carried out by experts commissioned by the manufac-
turer in conjunction with the marketing authorization process for
that product. Since 2004 the central authority responsible for mar-
keting authorizations of pharmaceutical products in the EU is the
European Medicines Agency (EMEA).

3.1.4. Existing active substances in plant protection products
A plant protection product is an active substance or preparation

containing one or more active substances used to protect plants or
plant products from animals, other plants or microorganisms
(Directive 91/414/EEC). The risk assessment of plant protection
products is currently regulated by Council Directive 67/548/EEC,
Council Directive 91/414/EEC, Commission Directive 93/71/EEC,
2 In addition, REACH also replaces the rules for new industrial chemicals which are
not discussed here.

3 European legislation of medicinal products reaches back to 1965 and has been
frequently and substantially amended in different directives. Directive 2001/83/EC is
the result of compiling these into one single text.
Commission Directive 94/79/EC, Council Directive 97/57/EC and
Commission Regulation 3600/92/EEC. A new regulation concerning
the placing of plant protection products on the market has been
proposed and will replace Directive 91/414, most probably during
2009.

The active substances in plant protection products are divided
into ‘‘new” and ‘‘existing” substances according to Directive 91/
414. Existing substances are those that were already in use on
the European market in 1993 when Directive 91/414 was imple-
mented, and new substances are those introduced after 1993.

Evaluation of the existing active substances is made in order to
decide whether their use should be allowed to continue in the EU.
Approved active substances are added to Annex I of the Directive
91/414. Altogether there are 984 existing substances to be evalu-
ated. In accordance with Regulation 3600/92 the substances to
be evaluated have been prioritized based on health and/or environ-
mental concern, the presence of residues in food, data gaps and the
agricultural/economic importance of the product. Risk assessment
of the existing active substances is carried out by the competent
authorities in the EU Member States. Each Member State has been
designated as the rapporteur for certain substances according to
Regulation 3600/92. Before 2003 DG SANCO held the responsibility
for the risk assessment of active substances in plant protection
products. EFSA took over this responsibility in 2003. Ultimately,
the European Commission makes the final decisions on the inclu-
sion of substances to Annex I.

3.1.5. Comparison
Table 2 summarizes the scopes and main components of the

four different regulatory frameworks. The purpose of risk assess-
ment is different in the four cases: to provide a scientific basis
for determining whether or not estimated exposure levels can be
accepted in light of effects data, to establish guidance values, such
as an ADI or TDI, to prove that the product is safe for human use, or
safe to be included in plant protection products used in the EU.

In all the investigated cases, except for pharmaceuticals, the
risk assessment is reactive rather than proactive, i.e. a decision
that a risk assessment has to be made is taken after the chemical
has become commercially available, as in the case of existing
industrial chemicals and active substances in plant protection
products4, or concerns regarding adverse health effects have been
raised, as with environmental pollutants. Pharmaceuticals, on the
other hand are assessed as part of the process to approve them
for marketing and use. In the case of existing industrial substances
and active substances in plant protection products risk assessment
is carried out by a body independent of the manufacturer of the
substance, while for pharmaceuticals the toxicological safety
assessment is carried out by an expert commissioned by the man-
ufacturer themselves.

Final decisions on any restrictions on the use of existing indus-
trial chemicals and existing active substances in plant protection
products lie with the European Commission. The EMEA makes
the decision to approve pharmaceuticals for the European market.
In the case of environmental pollutants in food there is no intended
use or manufacturer on which any restrictions could be imposed.
However, up until 2002 DG SANCO held the responsibility to pro-
pose guidance values, such as TDI, for these substances as contam-
inants in food and feed. After 2002 this responsibility belongs to
EFSA. The EU Commission may in some cases restrict exposure to
environmental pollutants via food by the setting of limit values.
4 Note that for new industrial chemicals and substances in plant protection
products risk assessment is carried out before the chemical is approved for use on the
European market.



Table 2
The regulatory frameworks and division of responsibilities between different European authorities and member states for four categories of compounds.

Priority existing
industrial substances

Environmental
pollutants in food

Active substances
in pharmaceuticals

Existing active substances
in Plant protection products

Legislation regulating risk assessment Dir 67/548 None Dir 2001/83 Dir 67/548
Reg 793/93 Dir 2003/63 Dir 91/414 as amended by

Dir 94/79 and Dir 97/57
Reg 1488/94 Dir 2004/27 Reg 3600/92

Reg 726/2004
Purpose of the risk assessment Scientific basis for health risk

management
Derivation of a
European TDI

Scientific basis for marketing
authorization

Scientific basis for the
authorization for use

Authority/body responsible for data
collection

Manufacturer AND the
rapporteur

EFSA Work groupa Manufacturer Manufacturer AND the
rapporteur

Main source of data Industry and open literature Open literature Industry Industry and open literature
Risk assessment report performed by Designated member state

(rapporteur)
EFSA: work groupa Expert commissioned by the

manufacturer
Designated member state
(rapporteur)

Authority/body responsible for risk
assessment

ECB EFSAa EMEA EFSAb

Authority responsible for approvals, bans
and restrictions

European Commission Not applicable EMEA European Commission

Nature of risk assessment Reactive Reactive Proactive Reactive

a Before 2002 the Scientific Committee on Food of DG SANCO was responsible for the data collection and risk assessment of environmental pollutants.
b Before 2003 DG SANCO was responsible for the risk assessment of active substances in plant protection products.
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3.2. Toxicity data requirements

The toxicity data requirements for risk assessment established
in each of the different regulatory frameworks investigated are
summarized in Table 3.

3.2.1. Priority existing industrial substances
The data requirements of the 141 priority5 existing substances

were specified in Council Directive 67/548. For these chemicals,
the manufacturer was required to provide data at least correspond-
ing to the so called ‘‘base-set”. Base-set data included the following
tests: Acute toxicity by at least two routes of exposure, eye- and skin
irritation, skin corrosivity, skin sensitization, a 28-day toxicity study,
mutagenicity in at least two in vitro tests and finally a screening test
for reproductive toxicity. The risk assessor should primarily consider
studies based on Good Laboratory Practice (GLP) and internationally
recognized guidelines, such as the OECD test guidelines. Studies not
conducted according to GLP or guidelines were to be evaluated on a
case-by-case basis. In addition to data supplied by the manufacturer
data available from other sources, such as the open literature should
also be reviewed.

According to Regulation 793/93 the manufacturer was also
responsible for updating the information for existing substances
with regard to any new toxicity data which was likely to be rele-
vant for the evaluation of its potential risk to human health.

3.2.2. Environmental pollutants in food
For the chemicals defined here as environmental industrial pol-

lutants in food e.g. contaminants originating from industrial pro-
cesses, no ‘‘manufacturer” can be identified to be held responsible
for the production of data and consequently there are no legislated
test requirements.

3.2.3. Active substances in pharmaceuticals
The data requirements for active substances in pharmaceuticals

are specified in Directive 2003/63 (amending Directive 2001/83),
and include information on pharmacokinetics, acute toxicity in at
least two mammalian species and via two routes of exposure, local
tolerance, a short-term repeated dose test lasting two or four
weeks and one long-term test, the duration of which depends on
5 There were no toxicity data requirements for the almost 100,000 non-prioritized
existing industrial substances.
the conditions of clinical use. These tests should be carried out in
two mammalian species, one of which has to be a non-rodent.
Mutagenicity tests are also required, but requirements will depend
on the state of scientific knowledge. Carcinogenicity should be
evaluated if considered relevant according to available knowledge
including results from initial testing, or if the product is proposed
to be used for an extended period of time. All test procedures used
by pharmaceutical manufacturers should be carried out according
to GLP, as stated in Directive 87/18, and should be validated and
correspond to the state of scientific progress. Tests for single-dose
and repeat-dose toxicity must follow internationally accepted
guidelines, e.g. guidelines issued by the International Conference
on Harmonisation of Technical Requirements for Registration of
Pharmaceuticals for Human Use (ICH) or the Committee for Medic-
inal Products for Human Use (CHMP) at EMEA.

Impairment of male and female reproductive function as well as
adverse effects in the offspring should be investigated using
‘‘appropriate tests” (Directive 2003/63). No criteria are stated as
to which tests are to be used for the evaluation of reproductive tox-
icity. Embryo/fetal toxicity testing is required in two mammalian
species and perinatal toxicity in one. In addition to those non-clin-
ical data, information on the efficacy and toxicity of the substance
is also required from clinical trials on humans.

Directive 2001/83 (Article 10 (a) (ii)) states that if the manufac-
turer demonstrates that a substance has a so-called ‘‘well estab-
lished use, with recognized efficacy and an acceptable level of
safety” then there are no requirements to provide any non-clinical
toxicological data for that substance (EMEA, 2005). Whether this is
applicable for individual substances is determined on a case-by-
case basis.

After the authorization of a pharmaceutical product its safety is
constantly monitored by national competent authorities and the
EMEA. This ‘‘pharmacovigilance” system is in place to collect infor-
mation from health care professionals on suspected adverse reac-
tions for each product on the market and to continuously re-
evaluate their benefits and risks (Directive 2001/83/EC).

3.2.4. Existing active substances in plant protection products
Toxicity data requirements for plant protection products are

laid down in Directive 91/414 as amended by Directives 93/71
and 94/79. The manufacturer/applicant is responsible for providing
the required toxicity data for the active substances as well as for
the product as a whole. Tests should be carried out according to
GLP and relevant guidelines.



Table 3
Toxicity data required (as stated in legislation) from the manufacturer to be used as basis for risk assessment.

Priority existing
industrial substances

Environmental
pollutants
in food

Active substances in pharmaceuticals Existing active substances
in Plant
Protection Products

Absorption, distribution,
excretion and
metabolism

Toxicokinetic behaviour to
the extent that can be
derived from base-set and
other available data

Not required Pharmacokinetics Tests in one mammal
(usually rat)

Acute toxicity/single-dose At least two routes of
exposure: orally and by
inhalation or
percutaneously

Not required In at least two mammalian species and using at least two
different routes of administration

Administered orally,
percutaneously and via
inhalation (if relevant)

Corrosiveness/irritation/
local tolerance

Eye and skin Not required All observations made in acute tests (as above). In
addition local tolerance tests in sites of the body that
may come in contact with the substance

Eye and skin

Skin sensitization Required but no further
criteria stated in legislation

Not required Required in at least one test system for chemicals
applied to the skin

Required but no further
criteria stated in legislation

Repeated dose toxicity 28-day study Not required Short-term + long-term studies in at least two mammals
(one non-rodent)

90-day study in rat and dog

Mutagenicity/genotoxicity One bacterial gene
mutation test and one other
in vitro test capable of
detecting chromosomal
aberrationsa

Not required Obligatory for any new substance (case-by-case basis) In vitro mutagenicity test
batterya

Chronic toxicity/
carcinogenicity

Not required Not required If justified by chemical analogy, mutagenicity or other
tox-test results, or if likely to be administered to patient
over an extended period of time

One long-term and
carcinogenicity study in rat
(may be combined) and one
carcinogenicity study in
mouse

Toxicity to reproduction Screening test Not required Embryo/fetal toxicity in two mammals (one non-rodent)
and peri-/postnatal toxicity in one mammal Male and
female reproductive function as well as adverse effects
in the offspring should be evaluated in ‘‘appropriate”
tests.

2-generation study in rat
and teratogenicity in rat and
rabbit

Neurotoxicity Not required Not required Not required Required if the substance
shows similarities to
organophosphates

Human data Not required Not required Yes, clinical trials Not required

a If test is positive further testing must be carried out.
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Tests of absorption, tissue distribution, excretion and meta-
bolic pathways are required, and acute toxicity should be tested
at least orally and percutaneously. Furthermore, tests for eye
and skin irritation, skin sensitization and in vitro mutagenicity,
as well as 90-day repeated dose toxicity studies in both rat and
dog, a long-term oral toxicity and carcinogenicity (two years)
study in rat (may be combined), and one carcinogenicity study
in mouse are required. One 2-generation study in rat and terato-
genicity studies in rat and rabbit are required to investigate
reproductive toxicity. If the substance shows structural similari-
ties to organophosphorus compounds, then its potential to cause
delayed neurotoxicity after acute exposure should also be
evaluated.

Plant protection products are authorized for up to 10 years only.
Authorizations may be renewed if there is no new data indicating
that the product, for example, has any harmful effects on human
health. Further, authorizations may be withdrawn at any time if
new data becomes available which indicate potential harmful ef-
fects of the product.

3.2.5. Comparison
Table 3 summarizes the toxicity data requirements for the dif-

ferent regulatory frameworks investigated. There are no legislated
data requirements for environmental pollutants in food. Data
requirements for prioritized existing industrial substances were
limited, while for pharmaceuticals and plant protection products
the data requirements are extensive.

While there is a systematic review system in place for priori-
tized industrial chemicals, pharmaceuticals and plant protection
products, there are no such systems in place for environmental
pollutants.

Besides the standardized, regulatory required test data, addi-
tional information may become available via research published
in the open scientific literature. Obviously, such data rarely influ-
ence the pre-marketing assessment of pharmaceuticals, while for
environmental pollutants, as well as for existing industrial chemi-
cals and existing active substances in plant protection products,
such sources can in some cases be an important and even dominat-
ing part of the scientific basis for risk assessment.

When toxicity data, which were generated in experiments not
performed according to currently accepted guidelines or GLP, are
obtained from the open literature the quality of the data needs
to be assessed on a case-by-case basis. Data considered to have suf-
ficient quality and relevance can be used for risk assessment and
the manufacturer is then not obliged to carry out new tests. Pre-
clinical toxicological testing may also be waived for active sub-
stances in pharmaceuticals if the manufacturer can show that the
substance has a ‘‘well established use, with recognized efficacy
and an acceptable level of safety” (EMEA, 2005).

Human data are only required for pharmaceutical substances.
It is important to note that there are no requirements for specif-

ically investigating the endocrine disrupting potential or, conse-
quently, for the identification of EDCs for industrial substance,
environmental pollutants or plant protection products. Even though
not stated as a particular criterion in the pre-clinical testing of phar-
maceuticals it is assumed that the mechanism of action for the ther-
apeutic effect as well as for any toxic side effects must be extensively
investigated in the development for new candidate drugs.



6 The authors are aware that the risk assessment published by ECB in 2003 has
lately been up-dated. However, this up-date should be considered as a supplement to
the original risk assessment and does not contain any changes to the established
NOAEL or conclusions concerning risk stated in 2003.
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3.3. Availability and scope of risk assessment guidelines

Guidance documents for risk assessment are issued to specify
the legislation, and the purpose of issuing such guidelines is to fur-
ther clarify what is required of the risk assessor and to promote
predictability in the risk assessment process (ECB, 2003). The avail-
ability and scope of risk assessment guidelines for the investigated
chemical groups have been summarized in Table 4.

3.3.1. Priority existing industrial substances
An extensive Technical Guidance Document (ECB, 2003) has

been issued by the ECB. These guidelines specify predefined crite-
ria for conducting risk assessments of existing and new industrial
chemicals and biocides, but the reliance on expert judgement is
still an integral part of the risk assessment process (ECB, 2003).
For example, if a study was not conducted according to GLP or rel-
evant test guidelines it is up to the risk assessor to judge the qual-
ity and relevance of such data on a case-by-case basis, as well as if
there is a need to conduct new tests. Also, a no observed adverse
effect level (NOAEL) should be determined on which to base the
risk characterization. Deriving the NOAEL entails determining if
observed effects should be considered adverse or not and this deci-
sion is consequently dependent on the expert judgment of the risk
assessor. Expert judgement is also an integral part of determining if
the margin of safety (MOS), i.e. the margin between the NOAEL and
the estimated human exposure, is adequate, since this there are no
pre-determined criteria for how large the MOS should be.

3.3.2. Environmental pollutants in food
As there is no legislation stating any requirements or criteria for

the risk assessment of environmental pollutants there are conse-
quently no guidelines for the risk assessment process available to
the risk assessor. As a result the decision on what data to include,
how to evaluate the data in terms of quality, what effects to focus
on, and what assessment factors to use when calculating TDI is
subject to case-by-case expert judgement.

3.3.3. Active substances in pharmaceuticals
Guidelines for the safety assessment of pharmaceuticals are

available from the EMEA (EMEA 2003a,b). These guidelines are is-
sued in accordance with ICH in order to harmonize the application
process for registration of pharmaceutical products on the Euro-
pean, US and Japanese markets. For the purposes of the European
market, these guidelines support the requirements and criteria sta-
ted in Directive 2003/63. These guidance documents are intended
for the experts commissioned by the manufacturer to conduct
the safety assessment. The purpose of these guidelines is to assist
the authors in the preparation of the non-clinical and clinical over-
views in an ‘‘acceptable format” and they cover mainly what
should be included in the reports, e.g. which effects and aspects
of toxicity to be considered. However, the expert is responsible
for highlighting the most important findings. Furthermore, these
guidelines do not state any criteria about how to evaluate the tox-
icity data that has been provided by the manufacturer. The ICH and
EMEA also provide separate guidance documents for the evaluation
and interpretation of certain toxicity data, e.g. genotoxicity (EMEA
2008a) and reproductive toxicity (EMEA 2008b).

3.3.4. Existing active substances in plant protection products
Guidelines for carrying out the risk assessment of active sub-

stances in plant protection products have been issued by the Direc-
torate General for Agriculture of the European Commission (EC,
1998b). These guidelines outline general criteria for the layout,
subject matter, terminology, and units of measurements, but state
that the authority responsible for risk assessment is ‘‘required to
use expert judgement in preparing the documentation concerned”
(EC, 1998b). There are thus no specific criteria for data selection.
The risk assessor should, however, consider all the data provided
by the manufacturer and may also, when such data is available
and considered relevant, include data on toxicity from the open
literature.

3.3.5. Comparison
Table 4 gives an overview of the availability and scope of guide-

lines for conducting risk assessments for the different regulatory
groups investigated. Guidelines are available for three of the four
investigated chemical groups. As there is no legislation covering
the requirements for risk assessment of environmental pollutants
in food there are no guidelines for this process. The guidance doc-
ument for priority existing industrial substances, the TGD (ECB,
2003), is significantly more comprehensive and detailed than for
any of the other compounds.

One important aspect of the guidelines is to what extent the risk
assessment process should make use of pre-defined criteria and
how much that is left to case-by-case judgements. Reliance on
pre-defined criteria contributes to making the risk assessment pro-
cess predictable, but at the same time less flexible. A system based
on case-by-case judgements on the other hand, makes the process
more dependent on the knowledge, views and experiences of the
person(s) conducting the assessment. Expert judgement is re-
quired in all four cases, however, for risk assessment of priority
existing industrial substances the criteria are relatively detailed,
for environmental pollutants on the other hand, expert judgement
is the only basis for effects assessment. Expert judgement has also
been given significant importance in assessments of pharmaceuti-
cal substances and of active substances in plant protection
products.

3.4. Assessment of effects in the investigated risk assessment reports

The effects assessments in each of the risk assessment reports
for the three model compounds were scrutinized and the conclu-
sions regarding toxicity, critical effect and NOAEL were identified.
Table 5 summarizes the results of the effects assessments for the
three model compounds.

3.4.1. BPA
All the effects stipulated in Regulation 1488/94 have been eval-

uated in this risk assessment (EU, 2003).6 The overall conclusion of
the risk assessment of BPA, is that there is mainly a concern for li-
ver toxicity and effects on fertility. Concern for eye and respiratory
tract irritation is relevant for occupational exposure during the
production of products containing BPA, such as polycarbonate
plastics and epoxy resins.

The assessment also indicates that developmental toxicity
could be a critical effect but the risk assessors could not agree on
the relevance of these findings to humans. It was concluded that
further testing was needed before a robust conclusion could be
drawn. Because BPA was already known, from previous research,
to have estrogenic potential studies on endocrine modulating
activity were also evaluated in the risk assessment, and the risk
assessors concluded that BPA can act weakly estrogenic by binding
to nuclear estrogen receptors.

The risk assessors excluded studies reporting low-dose effects
of BPA from the final risk characterization. Because of varying
and contradictive results at low doses (below 50 mg/kg bw/day),
as well as study designs not following regulatory guidelines or



Table 4
The availability and scope of guidelines issued to assist the risk assessor in conducting the risk assessments.

Priority existing industrial
substances

Environmental
pollutants in food

Active substances in
pharmaceuticals

Existing active substances in Plant
protection products

Guidelines available? Yes No Yes Yes
Guidelines issued by: European Chemicals

Bureau
Not applicable European Medicines

Agency (EMEA)
European Commission – DG
agriculture

Legislation implemented by guidelines Reg 793/93 Not applicable Dir 2003/63 Dir 91/414
Who is the guidance for? Risk assessor and

manufacturer
Not applicable Risk assessora Risk assessor

Number of pages 311b Not applicable 113b 94
Effects assessment mainly subject to criteria or

expert judgement?
Criteria and expert
judgement

Expert judgement Expert judgement Expert judgement

a The format of the report assessing the safety of a pharmaceutical substance is a safety assessment, ‘‘risk assessor” might therefore not be a correct term for the expert
conducting the report.

b Includes only guidelines for carrying out human health risk assessment.

Table 5
Conclusions regarding the effects assessed for the three model compounds in each risk assessment document.

BPA (EU, 2003) Dioxins (SCF, 2000, 2001)a Vinclozolin (EC, 1997, 1998a)

Acute toxicity/single-dose Low — Very low
Corrosiveness/irritation/

local tolerance
Irritating to eyes and respiratory tract — Not irritating to skin or eye

Skin sensitization Limited (more info needed) — Yes
Repeated dose toxicity Multinuclear giant hepatocytes in mice observed — Low
Mutagenicity/

genotoxicity
Aneugenic in vitro, not in vivo Not genotoxic Not genotoxic

Chronic toxicity/
carcinogenicity

No carcinogenic potential Human carcinogen Carcinogenic in rodents

Toxicity to reproduction Adverse effects on fertility, no consensus regarding
developmental toxicity

Feminization of male offspring and adverse
effects on spermatogenesis

Feminization of male offspring

Neurotoxicity — — —
Endocrine modulating

activity
Estrogenic Antiestrogenic Anti-androgenic

Critical effect identified Decreased litter size in rats Perturbed development of the male rat
reproductive tract

Non-neoplastic changes in liver and
adrenals in male rats

NOAEL 50 mg/kg bw/day Not established. LOAEL = 25 ng/kg (body
burden)

1.2 mg/kg bw/day

—, not covered by the reviewed risk assessment documents.
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GLP, these studies were not considered robust or reliable enough to
serve as the basis for the assessment of human health risks. How-
ever, this data material added to the uncertainties concerning
developmental toxicity expressed in the risk assessment
conclusions.

The critical effect identified in the European risk assessment
(EU, 2003) was reproductive toxicity with a NOAEL of 50 mg/kg/
day. The NOAEL was based on a reduction in litter size observed
in rats exposed to 500 mg/kg/day in a multi-generation study.

3.4.2. Dioxins
The risk assessment of dioxins made by the Scientific Commit-

tee on Food (SCF) in 2000 (SCF, 2000) and up-dated in 2001 (SCF,
2001) was based on a previous assessment carried out by the
World Health Organization (WHO-ECEH/IPCS 2000). Since there
is no legislation to regulate what effects should be evaluated for
environmental pollutants, the focus of SCF was directed towards
effects indicated as critical in the WHO assessment (WHO-ECEH/
IPCS 2000) and in general scientific discussions (SCF, 2000, 2001).
Therefore, the assessment was limited to carcinogenicity and tox-
icity to reproduction.

In the SCF assessment, reproductive toxicity was extensively
evaluated and it was concluded that developmental toxicity is of
high concern. The SCF assessment also includes an evaluation of
data on endocrine modulating activity, concluding that dioxins
are Ah-R agonists interfering with the function of estrogen recep-
tors, often resulting in anti-estrogenic effects.
The SCF identified perturbed development of the male repro-
ductive tract as the critical effect of dioxin exposure based on ani-
mal studies investigating the most toxic congener 2,3,7,8-TCDD. A
NOAEL could, however, not be derived from the scientific material
available to the risk assessors, therefore a lowest observed adverse
effect level (LOAEL) of 25 ng/kg bw (body burden), corresponding
to an estimated human daily intake (EHDI) of 20 pg/kg bw, was
used to derive a TDI of 2 pg 2,3,7,8-TCDD/kg bw. To be able to ex-
tend the TDI to all dioxins and dioxin-like PCBs the TDI was further
expressed in Toxic Equivalency (TEQ), i.e. 2 pg TEQ/kg bw.

3.4.3. Vinclozolin
The initial risk assessment of vinclozolin (EC, 1997) was

amended in 1998 (EC, 1998a), mainly due to a re-evaluation of
the reproductive toxicity of this compound. In reproductive toxic-
ity studies adverse effects on development, in particular feminiza-
tion of males, was shown in rodents. Relatively high doses were
tested and maternal toxicity occurred in many cases. Since results
from short-term, chronic and reproductive toxicity studies indi-
cated and anti-androgenic effect of vinclozolin investigations of
interactions with the androgen signalling pathways were con-
ducted. The anti-androgen properties of two of the main metabo-
lites of vinclozolin, were established in endocrine modulating
tests. The evaluation of vinclozolin furthermore concluded that
the substance is a non-genotoxic carcinogen in rodents.

The critical effect of vinclozolin was established in a chronic
toxicity study as non-neoplastic changes in liver and adrenals in
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male rats, with a NOAEL of 1.2 mg/kg/day. The NOAEL for repro-
ductive toxicity was established at 2 mg/kg bw/day based on the
results from a two-generation study in rats where effects such as
reduced size and weight of male reproductive organs, hypospadias
and hypoplastic penis were observed in offspring at higher doses.
These effects were stated to be due to the ‘‘anti-androgen effects”
of the substance.

3.4.4. Comparison
The effects assessment results for the three model compounds

have been summarized in Table 5. Endocrine modulating activity
was evaluated for BPA, dioxins and vinclozolin even though this
was not required in the legislation for any of these compounds.
The reason is that this characteristic was already known or sus-
pected for the model compounds based on results from standard
toxicity tests, as in the case of vinclozolin, or because of extensive
academic interest and research, as for BPA and dioxins. It should
also be noted that all the model compounds modulate steroid hor-
mone signalling pathways and that this is compatible with the ob-
served adverse effects of BPA, dioxins and vinclozolin.

The above comparison also shows how the scope of the risk
assessments differs between these compounds. This mirrors the
requirements stated in the EU Directives and Regulations for the
different chemical categories they belong to. The evaluation of
dioxins, for which there are no legislated requirements, is focused
on the effects deemed the most sensitive in previous evaluations,
such as the WHO evaluation from 1998, i.e. carcinogenicity and
reproductive toxicity. In contrast the assessments of BPA and vinc-
lozolin have a wider scope, determined by their respective legisla-
tion, and aimed at hazard identification.

3.5. Expected risk assessment conclusions regarding critical effect,
threshold and endocrine disrupting properties based on required data

As already mentioned, there were no particular requirements
for investigating the endocrine disrupting activity of compounds
within any of the regulatory frameworks to which the model com-
pounds belong. Still, endocrine disrupting properties were evalu-
ated for each of the model compounds since they were already
known. It is of interest to investigate if the critical effect and
threshold now identified for the model compounds would have
been the same, as well as whether or not EDC properties of the
compounds would have been identified, had only the minimum re-
quired toxicity data been available for these compounds. This anal-
ysis assumes that the toxicity of the model compounds were
previously unknown.

3.5.1. BPA
Reduced number of offspring was established as the critical ef-

fect of BPA (NOAEL = 50 mg/kg bw/day) based on results from a
multi-generation reproductive toxicity study (ECB, 2003). How-
ever, the risk assessors did not clearly state whether they consid-
ered the endocrine disrupting activity of BPA to be the
underlying mechanism of toxicity. BPA was acknowledged to be
weakly estrogenic based on other data specifically investigating
its estrogenic potential. These data were not included in the toxic-
ity data requirements for risk assessment stated in regulation but
was available because it was previously known that BPA had some
estrogenic potential. As determined by Directive 67/548 the mini-
mum required data for reproductive toxicity for existing industrial
substances was a screening test. The corresponding OECD test
guideline (421) investigates effects on gonadal function and mat-
ing behaviour in exposed adults, as well as conception, fetal devel-
opment and parturition. Offspring are killed four days after birth
and are only examined externally for gross abnormalities. The
reproduction toxicity screening test would not provide any infor-
mation indicating that BPA causes adverse effects on post-natal
development and such concerns would probably not have been
raised. It is possible that the effects on litter size would have been
picked up in such a screening. However, similar one-generation
studies on the effects of BPA in rats were included in the risk
assessment but did not show an effect on fertility.

3.5.2. Dioxins
Environmental pollutants in food are only risk assessed if there

is a known or suspected concern for human health effects. As there
are no legislated data requirements for environmental pollutants
the endocrine disrupting or other toxicity properties of dioxins
would not have been investigated had they not been previously
known or suspected.

3.5.3. Vinclozolin
Non-neoplastic changes in the liver of male rats was established

as the critical effect of vinclozolin exposure (NOAEL = 1.2 mg/
kg bw/day) in a chronic toxicity study. This study was part of the
required data material provided by the manufacturer to the rap-
porteur member state (risk assessor). Based on the evaluation of
the androgenic potential of vinclozolin included in the risk assess-
ment the risk assessors concluded that the critical effect, as well as
the effects on reproduction (with a slightly higher NOAEL of 2 mg/
kg bw/day), were due to the endocrine disrupting properties of the
substance. Effects such as perturbed development and reduced
function in male genital and reproductive organs, as well as cell
proliferation and hyperplasia observed in organs involved in the
feedback control mechanisms for steroid hormones, were reported
from the required short-term, chronic and reproductive toxicity
studies. In the case of vinclozolin there were thus quite clear indi-
cations of hormone dysregulation from the required data material.

3.5.4. Comparison
The identification of critical effects and NOAELs for BPA and

vinclozolin may have remained the same as in the investigated risk
assessment documents had only the minimum required data been
available. However, based exclusively on required data the endo-
crine disrupting potential of BPA, at least, would not have been
identified.

The toxicity data requirements were higher for plant protection
products than for existing industrial substances, which might in-
crease the chances for identifying endocrine disrupting properties
for these chemicals. However, the toxicological properties of the
substance itself play a role in identifying these characteristics. In
the case of vinclozolin the effects indicating hormone dysregula-
tion were evident, manifesting as severe effects on the function
and development of male reproductive organs at high doses. For
BPA no such clear effects of endocrine disruption were reported
from the required toxicity tests.

Dioxins would not have been risk assessed had they not been
known from previous research to be highly toxic and to cause ad-
verse health effects in experimental animals as well as in acciden-
tally and occupationally exposed persons.

3.6. Risk assessment conclusions regarding human relevance of effects

The risk assessment documents for the three model compounds
were further scrutinized for conclusions regarding the relevance of
the identified toxicological hazards to human health and what
principles and assumptions these conclusions were based on. Pri-
marily, two important toxicological concepts, mode of action and
dose–response relationships, were addressed. Table 6 summarizes
our conclusions on how these concepts were used in the three
cases.



Table 6
A summary of the toxicological principles and assumptions underpinning the conclusions regarding the relevance of the identified toxicological hazards to human health in the
three risk assessment documents.

BPA (EU, 2003) Dioxins (SCF, 2000, 2001) Vinclozolin (EC, 1997, 1998a)

Mode of action relevant to humans? Not clearly stated Yes – stated that humans are as sensitive or less
sensitive than responsive rodent strains

Yes – stated that humans are less
sensitive than test animals

Dose-range evaluated in risk
assessment

1000–10,000 times estimated
consumer exposure

About 10 times estimated consumer exposure 1000–100,000 times estimated
consumer exposure

Assumptions regarding extrapolation
from high to low doses

High doses predict the effects
at low doses

Levels close to human exposure are evaluated High doses predict the effects at low
doses

Assumptions regarding the shape of
the dose–response curve

There is a threshold for toxicity There is a threshold for toxicity There is a threshold for toxicity

The dose–response
relationship is monotonic

The dose–response relationship is monotonic The dose–response relationship is
monotonic
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3.6.1. Mode of action
The relevance of the critical mode of action, i.e. the endocrine

modulating potential, to humans has been regarded differently in
the risk assessments of the three compounds. In the BPA risk
assessment (EU, 2003) the estrogenic activity was evaluated based
on in vitro and in vivo data. A marked strain difference in rats was
indicated by the data, but no explicit comment was made in the
BPA risk assessment regarding the relevance of the different results
to humans. Furthermore, it is not clearly stated whether the effects
on fertility observed in rodents, and on which the risk assessment
is based, are considered to be due to the estrogenic activity of BPA.
If that was the case it would mean that an assumption was made
by the risk assessors that the mode of action identified in animals
is in fact relevant for humans.

Based on results obtained from in vitro studies comparing the
response in human and rodent cells to dioxin exposure the conclu-
sion in the dioxin risk assessment (SCF, 2000, 2001) was that aver-
age humans are ‘‘less sensitive than responsive rodent strains” to
adverse effects caused by Ah-R activation. Further, it was also con-
cluded from in vitro studies that rodents and humans show ‘‘com-
parable sensitivity” to the induction of CYP 1A1 and 1A2. Based on
these conclusions the risk assessors extrapolated the NOAEL for
developmental toxicity, which was identified as the critical effect,
from rats to humans without the use of uncertainty factors to ac-
count for any interspecies or interindividual variability in sensitiv-
ity (toxicodynamics). This indicates that the inter- and intra-
species variations of the critical developmental effects observed
in vivo were not assumed to be larger than the variations observed
between species in vitro.

In the vinclozolin assessment (EC, 1997) similarities between
this chemical and the anti-androgenic commercial drug flutamide
used to treat prostate cancer were discussed. The conclusion was
that since this drug is efficient in man, the anti-androgenic mech-
anism of toxicity of the structurally similar vinclozolin should be
regarded as relevant to humans. However, results from clinical tri-
als on flutamide led the risk assessors to conclude that man is less
sensitive to perturbations in hormone balance than rodents and
that the mechanism causing neoplastic changes in rats is species-
specific and does not pose a hazard to humans.

3.6.2. Dose–response relationships
For BPA and vinclozolin very high doses, compared to estimated

consumer exposure, were tested in the studies used in the risk
assessments. In contrast, in the dioxin assessment low doses, i.e.
only about 10 times the estimated consumer exposure based on
body burden comparisons, were used.

It is generally assumed in toxicology that the dose–response
curve is monotonic, i.e. above a certain concentration (a ‘‘thresh-
old”) increasing dose leads to increasing response. This is one of
the major assumptions on which risk assessments are traditionally
based. However, regarding EDCs non-monotonic, i.e. bell-shaped or
(inverted) U-shaped, dose–response relationships are often dis-
cussed (Gray et al., 1997; vom Saal et al., 1997; Gupta, 2000; Shee-
han, 2000; Rubin et al., 2001; Timms et al., 2005). In addition, it
may be argued that since these substances mimic endogenous hor-
mones no threshold can be assumed, as endogenous hormones al-
ready occur at concentrations sufficient to cause an effect the
threshold is already exceeded (Barlow, 1999; Sheehan et al.,
1999; Sheehan, 2000).

The shape of the dose–response curve and potential thresholds
for toxicity were not explicitly discussed in the risk assessment re-
ports studied. However, both the shape of the curve and assumed
thresholds can be inferred from the proposed NOAEL/LOAEL values
and how these values have been used in the risk characterization.
Simply, the setting of a NOAEL indicates that a threshold for effect
was assumed. The application of assessment factors to derive
health-based guidance values, as in the case of dioxins and vincloz-
olin, indicates that a monotonic dose–response relationship was
assumed. The calculation of a MOS, as for BPA, also indicates that
the dose–response curve was assumed to be monotonic. Extrapola-
tion from high to low dose can only be made if the dose–response
curve is assumed to be monotonic, i.e. effects are assumed to be
qualitatively similar at high and low doses, and only change
quantitatively.

3.6.3. Comparison
Table 6 summarizes some of the toxicological assumptions and

principles used in the hazard assessments for the three model
compounds. The relevance of the critical mode of action, i.e. the
endocrine modulating potential, to humans has been regarded dif-
ferently in the risk assessments of the three compounds. In con-
trast to the other two risk assessments, the assessment of BPA
does not clearly state whether the adverse effects deriving from
the estrogenic activity of BPA observed in rodents is believed to
be relevant for humans. For dioxins and vinclozolin the risk asses-
sors conclude that humans are less sensitive than test animals to
adverse effects caused by their respective endocrine modulating
potential. Some differences are noted regarding the doses tested.
However, the traditional toxicological principle of extrapolating
from high to low doses was made for all three model compounds.

4. Summary and conclusions

Consideration of toxicological modes of action is generally not
well established in regulatory risk assessment. Further, there is
no generally agreed procedure under any of the mentioned legisla-
tions for chemicals control that directly specifies how substances
with EDC characteristics are to be identified or risk assessed, what
end-points are crucial to investigate, or how the results of such
investigations are to be interpreted. As a result the regulatory risk
assessment process, as well as underlying policies, criteria and
requirements may differ for different EDCs. Indeed, there is little



A. Beronius et al. / Regulatory Toxicology and Pharmacology 55 (2009) 111–122 121
conformity in the risk assessment processes between the model
compounds discussed in this study, even though the primary con-
sumer exposure scenario (oral exposure) and the mode of toxicity
(endocrine modulation) are similar.

Technical guidelines have been introduced to promote confor-
mity in the risk assessment process. However, different guidelines,
issued by different authorities, apply to different regulatory groups
of chemicals. Analysis of the available guidelines, including criteria
for data selection and interpretation, shows that expert judgement
is more or less influencing the risk assessment process for the four
chemical groups investigated. The risk assessment conclusions rely
on the expert judgement of the risk assessors, including the toxico-
logical principles and assumptions that are used when selecting
and interpreting data.

There are no requirements for testing endpoints that specifi-
cally enables discovery of endocrine disruption included in any
of the regulatory frameworks investigated here. The only standard-
ized screening test with international regulatory acceptance is cur-
rently the uterotrophic bioassay, which was adopted by the OECD
in 2007. This assay may be used to screen for estrogenic properties
of chemicals. However, generally EDCs are only handled as such if
their endocrine disruption potential has been previously identified
via, for example, academic research, or is indicated by effects ob-
served in required toxicity tests. It is acknowledged that EDCs
can affect humans and animals at low exposure levels and that re-
sponses to EDCs are in many cases complex, activating a range of
different molecular events, e.g. receptor-agonism/antagonism and
enzyme induction, in multiple hormone systems. As a result, regu-
latory testing for these effects, and evaluating the results is compli-
cated. Further, test methods, assumptions and criteria for data
interpretation commonly used for general and reproductive toxic-
ity and carcinogenicity, might not be directly applicable.

It should be noted that the purposes of use for the chemical
groups investigated here, as well as the resulting exposure scenar-
ios, differ. Plant protection products are deliberately sprayed onto
fruits and vegetables in large quantities to control pest organisms
and increase crop yield. Pharmaceuticals on the other hand, are
deliberately administered to patients with the purpose to improve
the well-being of that patient. Both pesticides and pharmaceuticals
are thus produced with the purpose to interact in a specific manner
with biological organisms; pesticides with the purpose to be highly
toxic to particular organisms, and pharmaceuticals to exert a spe-
cific pharmacological effect in humans. This intentional use con-
trasts with the unintentional and wide-spread exposure of
consumers to low concentrations of industrial substances and
environmental pollutants that inadvertently end up in food.

The analysis of the risk assessment documents for the three
model compounds reveals that endocrine disrupting potential
was investigated in all three cases even though this is not required
by legislation. In the case of vinclozolin investigations of anti-
androgenic properties were prompted by the strong indications
of anti-androgenic effects from short-term, chronic and reproduc-
tive toxicity testing. The endocrine disrupting properties of BPA
and dioxins were however, investigated because they were already
known previous to risk assessment and a large amount of data was
available for both these substances supporting the presence of
such effects. It is probable that there are other substances where
endocrine disrupting characteristics may be overlooked, irrespec-
tive of which legislative framework they are regulated within, be-
cause there is no pre-existing research interest beyond what is
required for regulatory risk assessment. As pointed out earlier,
the main factor hampering reliable risk assessment of potential
EDCs is the lack of internationally validated and accepted protocols
for identifying and testing these compounds. The resulting uncer-
tainties and data gaps in EDC risk assessment may reasonably be
believed to be extensive in many cases and have to be handled
by the risk assessor in a transparent fashion. This issue is highly
important and requires further investigation and discussion and
makes up a main part of on-going investigations.

In the new regulation for industrial chemicals, REACH, and the
proposed new regulation for plant protection products efforts have
been made to tighten the control on EDCs. These regulations spe-
cifically state that EDCs are compounds of concern that should
not be approved for use unless it is shown that their use does
not pose a threat to human health or the environment. However,
the problem of identifying compounds as EDCs remains.

Work to develop and validate test methods to screen for and
evaluate EDCs is currently being conducted by the OECD Endocrine
Disrupter Testing and Assessment (EDTA) task force. Further devel-
opment of risk assessment guidance, i.e. how to interpret data from
experiments using doses significantly higher than the expected hu-
man exposures, which assumptions regarding the shape of the
dose–response curve that can be made, and principles for extrapo-
lating data from experimental species to humans, is also needed.
This is supported by an international agreement that there is rea-
son to move in this direction, based on a general acceptance that
EDCs present a risk to humans and the environment alike. Since
the risk assessment of chemicals is an interaction between exper-
imental scientists, risk assessors, regulators and industry, the suc-
cess of the work towards improving the legislation for EDCs
requires continued close cooperation between these groups.
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