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HIGHLIGHTS

Endocrine disrupting chemicals (EDCs) considered in relation to traditional risk assessment.
Many characteristics pronounced in EDCs challenge traditional risk assessment.

Human health can be best protected with a future risk framework tailored to EDCs.

For now EDC risk may be transparently assessed with available tools and methods.
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tive risk assessment tool for EDCs. While some decision making organizations have attempted to design
methodology guidelines to evaluate the potential risk from this broadly defined group of constituents,
risk assessors still face many uncertainties and unknowns. Until a risk assessment paradigm is designed
specifically for EDCs and is vetted by the field, traditional risk assessment tools may be used with caution
to evaluate EDCs. In doing so, each issue of contention should be addressed with transparency in order to
leverage available information and technology without sacrificing integrity or accuracy. The challenges
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Human health that EDCs pose to traditional risk assessment are described in this article to assist in this process.
Hormonally active agent © 2014 Elsevier B.V. All rights reserved.
Microcontaminant
Contents
B S {1 o LTt () 590
2. Challenges posed by EDCs tO traditional RA ... ...... .ttt ittt ettt ettt ettt e e et e e et e e et ae e e e a e e e eaaeeeaaeeeannnns 591
2.1. Hazard characterization...........coovviiiiiiiiineenninnnn, 591
2.1.1.  EDCdefinition........covuieiiiiinieiiiineeiine et 591
2.1.2. Incompletedata.........cooviieiiiiineiiiiinneiiaennnns 592

2.2, EXpOSUIe aSSeSSIMEeNT.......ccuuviuieinneinienneenneinaennnen .. .... 592
2.2.1. Long-term and combined exposure 592
2.2.2. Unique exposure regimes 592
223, Timing...........covvveenn. 593
2.2.4. Transgenerational effects 593
2.3, DOSE-TESPOMNSE ASSESSITICIIE. . ettt et ete ettt ettt teeaneete e e e et eaneeae et aneaneeanetneenetneenneenneeneeeneenneennsenans 593
2.3.1.  Mechanism and Mode Of @CHIOM . ... u ettt ettt et ettt ettt 593
D2 I o Y75 ¢ 1t 594
D2 2 TR &3 1 Ua 5 o) L 594

* Corresponding author. Tel.: +972 50 228 2222; fax: +972 8 648 8120.
E-mail addresses: Vivian.futran@gmail.com (V. Futran Fuhrman), alontal@bgu.ac.il (A. Tal), sarnon@bgu.ac.il (S. Arnon).

http://dx.doi.org/10.1016/j.jhazmat.2014.12.012
0304-3894/© 2014 Elsevier B.V. All rights reserved.


dx.doi.org/10.1016/j.jhazmat.2014.12.012
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhazmat.2014.12.012&domain=pdf
mailto:Vivian.futran@gmail.com
mailto:alontal@bgu.ac.il
mailto:sarnon@bgu.ac.il
dx.doi.org/10.1016/j.jhazmat.2014.12.012

590 V. Futran Fuhrman et al. / Journal of Hazardous Materials 286 (2015) 589-611

0 SV § LD X P 594

235 Lowdoseeffects.........ooovviiiiiiiiina.t, 595

2.3.6. Non-monotonic dose response curves 595

728 T B & (o T LT el a1 U 013 = R (o) o 596

728 78 FO N ¥ <] 3 o ) L 596

720 S Qe 1 0 = U ) w271 o) o [ 597
2 T 1S3 T L B ) 597

D 1 1) @ I 0} 4L 597

2.4.3.  Appropriate risK COMMUNICAtION . . ...ttt e ettt ittt i ettt e ettt e e et e e et e e e e iae e et ee e e iae e e aaaeeaanaaans 597

3. Discussion— addressing the challenges 597
3.1, SUMMATY Of T@SEAICH MEOAS . . .ottt ettt ettt ettt ettt ettt e e et e e ettt e e et e e et e e e e e e e e e e ae e e ae e e e ae e e eaa e e eaaeeannns 597
0 V) o4 s o) Y T 1< Lol 598
3.3, INterdiSCIPIINATIY @XPEITISE . ...ttt ettt ettt ettt ettt tee ettt ae ettt e e e et ae e e et e e e et e e e e e e e e et ae e e et e e e e e ae e e e iaeeeenneeennns 598
3.4. Toxicology tools 598
2R T =1 ) 34N {03 ol 1 600
3.6. The future: formal EDC RA protocol components and apPliCations ... .......eeeuueetttiee e tiie et ie e e iee e iia e iaeeeieeeannaaans 601
S 0] 1 ol LT (o) o 602
Disclaimers 602
ACKNOWIBA @IS . . ettt ettt ettt ettt e e e et ee e et e e e et ee e et tae e e eaaeeeaanneaeas 602
03 5153 3 e § 2 NP 602
RS 003 T LR R A Vo a0 0 ] ) 602

I ) a1 B3 Yl 5 rq o1 602

IS5 16 A 20 85311 7= Y (0 3 - 603

R 25 40 1010 = Y (o) 3 603
Appendix B 604
Appendix C 604
Examples of single cell bioassays for detection of e-EDCs (estrogenic EDCs) 604

] 1) =) Lol <13t 605

1. Introduction

More than at any other time risk assessment is at a crossroads—

one path leads to retaining the status quo the other to a challenging
but less certain future.

Let’s hope we have the wisdom to choose correctly. [56].

“Chemicals of emerging concern” have attracted much attention
in the last half decade [1-8]. One group among them, endocrine
disrupting chemicals (EDCs)—also known as endocrine disrupting
compounds, endocrine disruptor contaminants, hormonally active
agents, and endocrine active substances—make headlines regu-
larly [9-12]. Broadly speaking, EDCs are substances that influence
processes associated with the endocrine system and alter its func-
tioning [13,14]. The endocrine system is responsible for the release
of hormones, chemicals which help control and connect the sys-
tems of the body, and thus plays a major role in the health of
humans and wildlife [15]. EDCs interfere with steroids such as
estrogen, anti-androgen and androgen, as well as other hormone
action [14].

As the endocrine system is tightly regulated during certain life
stages, small changes in hormonal conditions, even for a brief
time, can have acute and enduring impacts on exposed popula-
tions [16]. According to the World Health Organization (WHO)
and the Organisation for Economic Co-Operation and Development
(OECD), changes to natural hormonal functions (i.e., synthesis,
secretion, transport, binding, action, elimination) [16] can cause
adverse health effects in an intact organism, or its progeny or (sub)
populations, consequent to changes in endocrine function [17,18].
Though the term EDC is often thought of as referring only to syn-
thetic chemicals, natural agents can also be endocrine-active [19].
EDCs can be grouped in many ways, by structure or function (see
Appendix B for examples of EDC categories). For example, estro-
genic EDCs produced naturally by plants are called phytoestrogens
(e.g., isoflavones), and synthetically are called xenoestrogens (e.g.,
phthalates) [20,21]. A large portion of identified EDCs are xenoe-
strogens [22], although their precise number in the ecosystem is
unknown [23].

The term “endocrine disruptor” came into use in 1991 after
a working session on chemically-induced alternations in sexual
development as part of the Wingspread Conference [24]. This was
the first time a group of researchers reached a public consensus that
endocrine disrupting chemicals in the environment were disturb-
ing reproductive health [25,26]. Five years later, a book called “Our
Stolen Future” [27] brought attention to the widespread ecological
and human health consequences of EDCs. These events sparked a
wave of research, and brought to light the high potential for risk
to human health posed by EDC exposure [28,29]. Still, progress
in developing the method for systematic assessment of associated
risks from these chemicals has been only modest [30] relative to
methods for quantifying other types of health threats such as car-
cinogens [31,32] and natural hazards [33,34].

It is proposed here that risk assessment (RA) of EDCs should
be undertaken promptly by leveraging available methods and
analytical tools, but should be done with caution and should be
accompanied by appropriate risk communication. This will help
keep provisional results from being misconstrued as definitive
risk values, and resulting in unwise decisions and unsafe situa-
tion. Subsequently, comprehensive guidelines should be developed
specifically for EDC risk assessment in which the unique char-
acteristics of this chemical group are addressed. Table 1 lists
some of these challenges which make conventional risk assess-
ment complicated or ill-suited for application to EDC human health
risk.

There are also some challenges to exposure assessment and RA
that, while not unique to EDCs, are prominent in this chemical
group and worth noting. These are discussed in Appendix A:

¢ EDCs have been transported all over the globe and are ubiquitous
in the environment,

e Effective exposure to EDCs is complex to calculate,

e Limitations in epidemiological and toxicological study limit reli-
able data for RA, and
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