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Preface

Many chemical compounds used in the past,
and others still used, may have hormone-
disrupting properties. Such chemical com-
pounds may interfere with the normal action
of hormones in humans and animals. A great
number of these endocrine-disrupting com-
pounds are persistent organic pollutants
(POPs). POPs may be found worldwide and
in every compartment of the environment:
water, air, and soil. Animals and humans may
inhale or ingest residues of these chemical
compounds. Other sources of endocrine dis-
ruptors are accidents and pollution.

Analysis of Endocrine Disrupting Com-
pounds in Food provides, first and above all,
a unique and comprehensive professional ref-
erence source covering most of the recent
analytical methodology used to study endo-
crine-disrupting compounds in food. A broad
team of international authors addresses the
most recent advances in analysis of endo-
crine-disrupting chemicals in food. The book
further discusses the relationship between
chemical compounds and hormone activity.
What are the health impacts of different
chemical compounds for humans and
animals? How are these compounds entering
into foodstuffs?

While covering conventional (typically
lab-based) methods of analysis, the book
focuses on leading-edge technologies that
have recently been introduced. The book
looks at areas such as food quality assurance
and safety. The topics of the presence of

persistent organic pollutants; monitoring
pesticide and herbicide residues in food;
determining heavy and other metals in food;
discussing the impact of dioxins, PCBs,
PCDFs, and many other suspected chemicals
are covered. The book highlights the rele-
vance and importance of sample preparation
and cleanup.

Applications of gas chromatography,
high-pressure liquid chromatography, and
related techniques, and the use of biosensors
for evaluating the safety and quality of food
and agricultural products are discussed. The
reader will also find information on the prin-
ciples and applications of immunodiagnostics
and applications in food safety.

A unique feature of the book is that the
informational tables are structured the same
way throughout the book; furthermore, most
chapters are also structured similarly.

For all their great efforts and their excel-
lent work I thank all of the authors who con-
tributed to this work. It is their efforts that
give value to this book.

A special thanks is directed to Mark Barrett
and Susan Engelken of Wiley-Blackwell for
their support.

I dedicate this book to my fourth grand-
child and first grandson, Naut. I hope he will
become a respected and loved man in a green
world, a world without endocrine disrupting
compounds.

Leo M.L. Nollet

Exert your talents, and distinguish yourself, and don’t
think of retiring from the world, until the world will be
sorry that you retire. (Samuel Johnson)

vii
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Chapter 1

Endocrine Disrupting Chemicals. What? Where?

Guang-Guo Ying

Introduction

There is a concern that some natural and
synthetic chemicals can interfere with the
normal functioning of endocrine systems,
thus affecting reproduction and development
in wildlife and humans. These chemicals are
called endocrine disruptors or endocrine-
disrupting chemicals (EDCs). Although
endocrine disruption has been known since
the 1930s (Dodds et al. 1938), this issue has
regained attention and generated immense
scientific and public interest since 1992
(Colborn and Clement 1992), and especially
since the publication of the book Our Stolen
Future (Colborn et al. 1996). The chemicals
identified or suspected as being endocrine
disruptors in the literature include pesticides
(e.g., dichlorodiphenyltrichloroethane [DDT],
dichlorodiphenyldichloroethylene  [DDE],
dieldrin, endosulfan), pharmaceuticals (e.g.,
diethylstilbestrol [DES]) and industrial
chemicals or pollutants (e.g., polychlorinated
biphenyls [PCBs], dioxins, bisphenol A)
(Table 1.1). Since then, many studies have
been carried out on endocrine disruption.
Some reproductive problems in wildlife and
humans have been linked to exposure to these
chemicals. Wildlife and humans are exposed
daily to these pervasive chemicals that have
already caused numerous adverse effects in

Analysis of Endocrine Disrupting Compounds in Food,
edited by Leo M.L. Nollet © 2011 Blackwell
Publishing, Ltd

wildlife and are most likely affecting humans
as well.

There is compelling evidence regarding
the effects of exposure to EDCs on wildlife
(Damstra et al. 2002). These include imposex
of mollusks by organotin compounds (Alzieu
2000; Gibbs et al. 1990; Horiguchi et al.
1994); developmental abnormalities, demas-
culinization and feminization of alligators in
Florida by organochlorines (Guillette et al.
1994, 2000); and feminization of fish by
wastewater effluent from sewage treatment
plants and paper mills (Table 1.2) (Jobling et
al. 1998; Bortone et al. 1989). There is also
evidence that human testicular and breast
cancer rates have increased during the last
four decades, especially in developed coun-
tries (Brown et al. 1986; Hakulinen et al.
1986; Adami et al. 1994; Feuer 1995; Moller
1993; Ries et al. 1991; Wolff et al. 1993).
However, except in a few cases (e.g., DES),
a causal relation between exposure to chemi-
cals and adverse health effects in humans has
not been firmly established. Owing to the
scientific evidence and public concern about
potential effects on humans and wildlife, the
U.S. Congress made amendments to the
Safe Drinking Water Act (SDWA) in 1996
and required the U.S. Environmental
Protection Agency (U.S. EPA) to develop a
screening program for endocrine disruptors
(Fenner-Crisp et al. 2000). In April 2000, a
meeting of the environment ministers of the
G8 group of industrialized countries listed
EDC:s as one of the high priorities and called
for a furtherance of knowledge acquisition
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Table 1.1. List of suspected/known EDCs.

Classification

Endocrine-Disrupting Chemicals

Pesticides

Organohalogens

Alkylphenols

Heavy metals

Organotins

Phthalates

24-D

Atrazine

Benomyl

Carbaryl

Chlordane (y-HCH)
Cypermethrin

DDT and its metabolites
Dicofol
Dieldrin/Aldrin
Endosulfan

Endrin

Heptachlor

Hexachlorobenzene (HCB)

Iprodione

Dioxins and furans
PCBs

Nonylphenols
Octylphenols
Pentaphenols

Cadmium

Lead

Tributyltin
Diethylhexyl phthalate
Butyl benzyl phthalate
Di-n-butyl phthalate
Di-n-pentyl phthalate

Kepone (chlordecone)
Lindane
Malathion
Mancozeb
Methomyl
Methoxychlor
Mirex

Parathion
Pentachlorophenol
Permethrin
Simazine
Toxaphene
Trifluralin
Vinclozolin

PBBs and PBDEs
2,4-Dichlorophenol

Nonylphenol ethoxylates
Octylphenol ethoxylates
Butylphenols

Mercury

Arsenic

Triphenyltin (TPhT)
Dihexyl phthalate
Dipropyl phthalate
Dicyclohexyl phthalate
Diethyl phthalate

6-hydroxy-chrysene

Natural hormones 17B-Estradiol Estriol
Estrone Testosterone
Pharmaceuticals Ethinyl estradiol Tamoxifen

Mestranol Diethylstilbestrol (DES)
Phytoestrogens Isoflavonoids Zearalenone
Coumestans B-sitosterol
Lignans
Phenols Bisphenol A Bisphenol F
Aromatic hydrocarbons Benzo(a)pyrene Anthracene
Benz(a)anthracene Pyrene
Benzo(h/h)fluoranthene Phenanthrene

n-Butyl benzene

on EDCs through jointly planned and imple-
mented projects and international informa-
tion sharing (Loder 2000). Surveys of some
new emerging endocrine disrupting chemi-
cals (e.g., nonylphenol and steroids) in major
rivers of some countries have been under-
taken (e.g., Naylor et al. 1992; Blackburn et
al. 1999; Ahel et al. 2000; Tabata et al. 2001;
Kolpin et al. 2002). The U.S. EPA and the
Organization of Economic and Cooperative

Development (OECD) have invested consid-
erable resources to develop tiered procedures
for the testing and assessment of EDCs
(Fenner-Crisp et al. 2000; Huet 2000; Parrott
et al. 2001). The U.S. EPA planned to screen
15,000 chemicals for their possible effects as
endocrine disruptors in animals and humans
(Macilwain 1998).

This chapter will give some background
information about the endocrine disruption
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Table 1.2. Effects associated with exposure to EDCs in wildlife (representative examples).

Fish (roach, trout)
(Rivers in UK)

Fish
(Rivers in Canada
and Finland)

Fish (salmon)
(Great Lakes)

Birds (gulls, bald
eagles)

(Great Lakes, and
California coast)

Invertebrates

and DDE), dicofol
and other
pesticides
Hormone steroids
and nonylphenols

from STP effluents
Chemicals from pulp

and paper mill
effluents

PCBs, dioxins, and
organochlorine
pesticides

PCBs, DDT, and
DDE

Tributyltin (TBT)

dysfunction

Feminization, abnormal
gonad and gonoduct
development

Delayed sexual maturity,
smaller gonads, reduced
fecundity and changed
sex steroid levels

Abnormal thyroid
function

Feminization, abnormal
thyroid function,
supernormal clutches,
and decreased
hatchability

Masculinization (imposex)

Organism Chemical(s) Effect References
Alligators DDT and its Demasculinization, Guillette et al, (1994)
(Lake Apopka) metabolites (DDD reproductive Guillette et al. (1995)

Guillette et al. (2000)
Pickford et al. (2000)

Purdom et al. (1994)
Jobling and Sumpter (1993)
Jobling et al. (1998)
Aaltonen et al. (2000)
Karels et al. (1999)
McMaster et al. (1995)
Munkittrick et al. (1997)
Leatherland (1993)

Bowerman et al. (2000)
Fry et al. (1987)
Moccia et al. (1986)

Alzieu (1998, 2000)

(snails, mussels,
clams, oysters)

Sheep Phytoestrogens

Decreased fertility

Gibbs and Bryan (1986)
Gibbs et al. (1988)

Jha et al. (2000a)

Jha et al. (2000b)
Morcillo and Porte (2000)
Bennetts et al. (1946)
Hughes (1988)

issue, EDCs in food, and potential effects
associated with exposure to EDCs.

Endocrine-disruption chemicals
Endocrine system

An endocrine system is found in nearly all
animals, including mammals, nonmamma-
lian vertebrates (e.g., fish, amphibians, rep-
tiles and birds) and invertebrates (e.g., snails,
lobsters, insects, and other species). Along
with the nervous system, the endocrine
system is one of the two communication
systems that regulate all responses and func-
tions of the body. The endocrine system con-
sists of glands and the hormones they produce
that guide the development, growth, repro-
duction, and behavior of humans and animals.
The major endocrine glands of the body
include the pituitary, thyroid, parathyroids,
adrenals, pancreas, pineal gland, and gonads
(ovaries in females and testes in males).

Hormones are biochemicals that are produced
by endocrine glands in one part of the body,
travel through the bloodstream, and cause
responses in other parts of the body. They act
as chemical messengers and interact with
specific receptors in cells to trigger responses
and prompt normal biological functions such
as growth, reproduction, and development.
Hormones generally fall into four main
categories: (1) amino acid derivatives, (2)
proteins, (3) steroids, and (4) eicosanoids
(Lister and van der Kraak 2001). The unifying
nature of hormone action is the presence of
receptors on target cells, which bind a specific
hormone with high affinity and stereospecific-
ity. Steroid and thyroid hormones act by enter-
ing target cells and stimulating specific genes.
All other hormones bind to receptors on the
cell surface and activate second-messenger
molecules within the target cells (Raven and
Johnson 1999). The body has hundreds of
different kinds of receptors; each one is
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17B-estradiol or
estrogen mimic

Secretion o!
VTG protein

i

Transport to ovary and
incorporation into oocytes

HEPATOCYTE

Figure 1.1. Functioning of hormone system. VTG, vitellogenin; ER, estrogen receptor; Hsp90, heat shock protein

90 kDa; ERE, estrogen response element.

designed to receive a particular kind of chemi-
cal signal. The hormone and its receptor have
a “lock-and-key” relationship (Figure 1.1).
When a hormone encounters its receptor, they
grab hold, engaging in a molecular embrace
known as binding. Once joined, the hormone
molecule and its receptor trigger the produc-
tion of particular proteins that turn on the
biological activity associated with the
hormone. The actions of hormones have two
types: organizational and activational (Lister
and van der Kraak 2001). The first type of
action occurs during critical periods of devel-
opment and induces permanent effects such as
the actions of sex steroids. The second type of
action causes only transient changes in a
myriad of cellular processes such as the effects
of glucagon and insulin on glucose homeosta-
sis. Organizational actions are more important
in terms of effect with respect to environmen-
tal contaminants (Guillette et al. 1996).
Timing of hormone release is often critical for
normal function, especially during fetal
development (Palanza et al. 1999).

Endocrine disruption

The Society of Environmental Toxicology
and Chemistry (SETAC) defined endocrine

disruption as follows: “Synthetic, and natu-
rally occurring, chemical substances in the
environment are disrupting the normal func-
tions of the endocrine system and its hor-
mones in humans and wildlife” (SETAC
2000). This hypothesis has received much
attention in recent years because there is
increasing evidence that some chemicals
in our environment disrupt the endocrine
systems in wildlife as well as humans.

There are several ways that chemicals
can interfere with the endocrine system
(Sonnenschein and Soto 1998). They can
mimic or block natural hormones and alter
hormonal levels, thus affect the functions that
these hormones control. Less direct disrup-
tion involves alteration of the body’s ability
to produce hormones, interference with the
ways hormones travel through the body, and
changes in numbers of receptors. Regardless
of the situation, having too much or too little
of the hormones it needs may cause the endo-
crine system to function inappropriately.
Very subtle disruptions of the endocrine
system can result in changes in growth, devel-
opment, or behavior that can affect the organ-
ism itself or the next generation (Guillette
et al. 1996; vom Saal et al. 1997; Palanza
et al. 1999).



