
What Are Environmental Hormones?

Many plastic products made from natural or 
synthetic macromolecular substances are used 
in everyday life. Some of the synthetic macro­
molecular substances have structural characteristics 
similar to human endocrine hormones, and as 
such, manifest abnormalities to the body’s systems. 

These substances are not easily metabolized 
and often accumulate in the body unlike human 
endocrine hormones, hence their name “endocrine 
disruptors.” The 2002 International Programme 
on Chemical Safety (IPCS) of World Health 
Organization (WHO) categorized these substances 
as ‘endocrine disruptors’ and ‘potential endocrine 
disruptors’ and defined them as follows. A foreign 
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There is increasing evidence that the environmental hormones may adversely affect the human body. The human 
reproductive system misrecognizes some of these endocrine disruptors with consequences to reproductive cell 
differentiation. Therefore, studies on the safety of these substances have been widely carried out to develop the 
science to create effective legislation to limit or prevent their use or require the development of inert, alternative 
substances. A few studies have reported that the oral cavity is the pathway for absorption of these substances 
released from plastic products or environmental hormone substances. This review suggests that the oral 
environment is vulnerable to exposure to environmental hormones and introduces supporting literature.
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substance or mixture that alters the functions 
of the endocrine system and as a result causes 
negative health effects in an organism, its progeny, 
or its biomass is called an ‘endocrine disruptor’, 
while a substance that is expected to disrupt the 
endocrine system is called a ‘potential endocrine 
disruptor’1). These substances, often referred to as 
‘environmental hormones,’ became a hot issue in 
the mid-1990s, and related research was carried 
out in various fields with great interest for about 
20 years, leading to the accumulation of ample 
information. These substances are under strict 
regulation in many developed countries including 
South Korea. Research is associated with the 
quantification assessment of harmfulness and the 
development of substitutes2).

Hormones become effective through several 
activation steps and regulate the physiology and 
behavior of an organism. From hormone synthesis, 
hormone release, hormone transport to target 
tissue, hormone­receptor recognition, binding and 
receptor activation to even modulation of gene 
expression and cell proliferation at the DNA level, 
the environmental hormones can have a wide 
range of impacts3). The most interesting effect of 
these materials is estrogenicity, a term that refers 
to having similar characteristics with estrogen 
(estradiol), the primary female sex hormone of the 
body. The molecular structure of these substances 
is a three­dimensional chain similar to that of 
estrogen (estradiol), which leads them to being 
misrecognized by the reproductive system and 
they affect reproductive cell differentiation (Fig. 1). 
A study on animal models and humans showed 
that these substances could cause autoimmune 
diseases, cardiovascular diseases, neurological 

diseases and reproductive/endocrine diseases such 
as breast cancer/prostate cancer, infertility, and 
endometriosis to the mother and offspring1).

Types of Environmental Hormones

The research on environmental hormones that can 
cause endocrine disruption is being actively carried 
out, the types of related substances are diverse2). 
The WWF (World Wildlife Fund) has classified 67 
types of harmful chemical substances as priority 
research subjects while in Japan, the Ministry of 
Health, Labor and Welfare has classified around 140 
types of substances, such as industrial chemicals, 
medicines and food additives, as being the cause 
of endocrine disruption3). The most representative 
examples among them are industrial chemicals 
and related substances, pesticides and herbicides, 
organochlorinated chemicals, synthetic estrogens, 
etc.2).

1. Dichlorodiphenyl-trichloroethane (DDT)
Dichlorodiphenyl­trichloroethane (Chemi­

cal Abstracts Service [CAS] No. 50-229-3, 
1,1'-[2,2,2-trichloroethane-1,1-diyl] bis [4-chloro-
benzene], DDT) was previously used as a raw 
material of pesticides and herbicides and a 
representative substance known as an environ-
mental hormone (Fig. 2). DDT, which is not present 
in nature, is a colorless hydrophobic substance 
produced by reacting chloral (CCl3CHO) and 
chlorobenzene (C6H5Cl) in the presence of a sulfuric 
acid catalyst. Müller discovered the characteristic of 
acting as an insecticide and received the Nobel Prize 
in Physiology or Medicine in 1948. After that, the 
consumption increased sharply, and in 1963, 83,000 
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Fig. 1. Estrogen (estradiol).
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Fig. 2. Dichlorodiphenyl-trichloroethane (DDT).
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tons, the maximum annual amount, was produced. 
There is now a worldwide ban on agricultural usage 
following the Stockholm Convention on Persistent 
Organic Pollutants, an international environmental 
treaty to eliminate or restrict the production of 
persistent organic pollutants in 20014). However, 
the chemical is still used in areas where malaria is a 
primary health concern for disease vector control5). 

DDT persists in soil and sediment from 22 days 
to 30 years according to the given conditions. 
Because of its lipophilic properties, DDT also accu­
mulates in the fat of all organisms in the food 
chain6). WHO classifies acute toxicity in humans 
as “moderate toxicity” based on an LD50 of 113 
mg/kg in rats6). According to a review article in 
The Lancet, DDT shows the properties of so-called 
endocrine glands, which disturb semen quality, 
menstruation, gestational length and duration of 
lactation7). Several reports have shown that DDT 
and dichlorodiphenyl­dichloroethylene (DDE) also 
interfere with proper thyroid function in pregnant 
women and children8,9).

2. Dioxin
Dioxin and benzofuran are the polyhalogenated 

organic compounds, representative environmental 
hormones and classified as anti­estrogenic 
material. Dioxin is colorless, odorless, and has 
been shown to accumulate in vivo due to its lipo­
philic properties and to cause developmental 
disturbances and cancer in organisms. The name 
dioxin comes from a dioxygenated ring in the 
molecular structure and connects the benzene rings 
to both sides, which is a very stable structure10). The 
most commonly used dioxins are polychlorinated 
dibenzodioxins (PCDD), 1,2,3,7,8­pentachlorodi­
benzofuran (PeCDF) derivatives, and 2,3,7,8­ 

tetrachlorodibenzo­dioxin (TCDD), the most toxic 
component of the defoliant (Fig. 3)11). 

Dioxin was present in a low concentration in the 
natural state, but it was detected in all humans as 
a circulation process of rain, soil, and organisms 
through atmospheric layers as it was discharged 
as flue gas at chemical plants, fossil fuel engines, 
waste incinerators and some organic chlorine 
manufacturing processes12). In particular, dioxin 
present in the mother is transmitted to the newborn 
through breastfeeding, which increases the 
burden on the body compared to the child who 
does not breastfeed. For this reason, the WHO 
consultation group is evaluating pre­pregnancy 
dioxin exposure13). The accumulation of dioxin 
in adipose tissue, exposure to trace amounts can 
eventually reach dangerous levels. In 1994, the 
United States Environmental Protection Agency (US 
EPA) reported dioxin as a possible carcinogen and 
classified the most toxic TCDD in the International 
Agency for Research on Cancer (IARC) as a Group 
1 carcinogen. However, the US EPA says that 
the non­cancer effects (reproductive and sexual 
development, immune system) could pose a greater 
threat to human health14).

3. Synthetic Estrogen
Synthetic estrogens have a molecular structure 

similar to that of estrogen. Diethylstilbestrol 
(DES) and ethinylestradiol are typical examples of 
synthetic estrogens. 

DES has been used as a medication for sexual 
hormone related symptoms such as remedies for 
patients suffering from recurrent miscarriage, 
hormone replacement thera py in hypoestrogenism 
patients, and emergency contraceptives (Fig. 
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Fig. 3. Polychlorinated dibenzodioxins (PCDD).
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Fig. 4. Diethylstilbestrol (DES).
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4). From 1941 to 1971, about 3 million pregnant 
women in the United States were prescribed DES 
and the synthetic estrogen was also widely used in 
Canada, the United Kingdom, Europe, Australia 
and New Zealand during the same period. Women 
who were prescribed DES during pregnancy had 
a slightly increased risk of breast cancer and breast 
cancer mortality15). Another problem is the impact 
on the next generation, which leads to the term DES 
daughters, DES sons. DES daughters have been 
reported to have an increased risk of infertility, 
spontaneous abortion, ectopic pregnancy, stillbirth, 
premature menopause, cervical epithelial cell 
cancer, and breast cancer aged 40 years and older16). 
In addition, cohort studies confirm that the risk of 
testicular cancer, premature ejaculation, infertility, 
and atypical genitourinary organs is increased in 
DES sons17).

4. Industrial Chemicals and Related Substances
Phthalates (bis[2-ethylhexyl] phthalate [DEHP], 

benzyl butyl phthalate [BBP], dibutyl phthalate 
[DBP], dipentyl phthalate [DPP], dipropyl 
phthalate [DPrP], etc.), alkylphenols, bi-phenolic 
compounds (bisphenol A [BPA], bisphenol F 
[BPF]), and polychlorinated biphenyls (PCB), 
which are classified as “Industrial Chemicals and 
Related substances,” are widely used in everyday 
life and can be easily contacted18). Among them, 
BPA and phthalate, which are representative of 
environmental hormone substances, are as follows.

1) Bisphenol A (BPA)
BPA (CAS No. 80-05-7, 4,4'-isopropylidene-

diphenol, BPA) is an organic compound produced 
by the condensation of two molecules of phenol 
and one molecule of acetone (Fig. 5). BPA has been 
used as a basic raw material for the synthesis of 

polycarbonate plastic (used for materials such as 
compact discs, automobile parts, infant bottles, 
plastic bowls, spectacle lenses, and anti-shock 
agents) and epoxy resin (used for materials such as 
food cans, bottle caps, food packaging materials, 
and dental resins) for more than 50 years. It is 
also used as an antioxidant and a vinyl chloride 
stabilizer in the production of synthetic resins.

Most of the work on BPA efflux has been made in 
epoxy resins and sealants used in dental materials. 
The amount of BPA detected in saliva after 
restorative treatment with resin was reported to be 
30 μg/ml for 1 hour post­treatment by Olea et al.19) 
and 2.8 μg/ml by Arenholt-Bindslev et al.20). Fung 
et al.21) reported that BPA concentrations in saliva 
were in the range of 5.8 to 105.6 ppb at 1 and 3 
hours after sealant treatment and were not detected 
in serum. Results from Joskow et al.’s study22) 
showed that BPA concentration in saliva was up 
to 96.2 ng/ml in subjects treated with two sealants 
and BPA in urine was also increased in one group.

BPA in the body is also found in umbilical cord 
blood and amniotic fluid, indicating that it is 
transferred from the embryonic development 
stage to the fetus23). In studies by Völkel et al.24), the 
concentrations of BPA and metabolites in human 
urine exposed to D16-BPA at low concentrations 
(0.00028~0.00063 mg/kg bw) reached peak levels 
between 1 and 3 hours. Most of the absorbed BPA 
(85%~100%) was excreted through the urine and 
had a half­life of 4~5.4 hours24).

As worldwide interest in BPA exposure has 
increased, countries have been predicting BPA 
exposure levels and providing safety standards. 
The European Union (EU) calculated the maximum 
amount of BPA that could be exposed to pathways 
such as food intake, based on the BPA transport 
from polycarbonate packaging and the BPA 
concentration in the epoxy lined metal can. In 
this report, it was suggested that the use of baby 
bottles may contain 50 μg/L of BPA, and adults 
could detect up to 650 μg/L when consuming 
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Fig. 5. Bisphenol A.
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wine25). According to the Korea Food and Drug 
Administration, a large amount of BPA was 
detected in canned products, and up to 13.66 ppb 
could be detected in canned fish with long shelf 
life, and 4.2~29.4 ppb (μg/kg) was detected in an 
infant bottle containing water at 60°C. In the same 
report, the annual exposure to BPA shows a trend 
of decreasing the estimated exposure amount due 
to the increased interest in BPA26).

2) Phthalate
Diethylhexyl phthalate (CAS No. 84-66-2, DEHP) 

is a plasticizer component used to increase plastic 
flexibility (Fig. 6). It is the most widely used material 
to make cellulose ester plastic such as photographic 
film and photo paper, blister packaging, tape 
application, insecticide spray, mosquito repellent, 
cosmetic and plastic more flexible. It may also 
be used as a diluent in polysulfides of fragrance 
diluents, alcohol modifiers, nitrocellulose and 
cellulose acetate solvents, plasticizers in solid rocket 
propellants, dye carriers, wetting agents, perfume 
fixatives, and dental impression materials. 

Hauser et al.27) reported that the phthalate 
metabolites detected in 379 men who were infertile 
were associated with increased sperm DNA 
damage. Acute toxicity has been reported in the 
nervous system, kidney, digestive system, and 
skin when exposed to high doses of a few grams or 
more in human or experimental animals. However, 
chronic toxicity, mutagenicity and carcinogenicity 
are unknown28,29).

DEHP is known to be rapidly absorbed into the 

skin, intestinal tract, peritoneal membrane and 
lungs. In the experiment using human epithelial 
cells, the lag time was 6 hours and the normal 
absorption rate was 12.8 μg/cm3/hr. Absorbed 
DEHP was excreted in monoester derivatives 
(67%~70%), phthalic acid (8%~9%), and parent 
compounds (0.1%~0.4%) within 24 hours in animal 
experiments, and about 85% to 93% of them were 
excreted within one week of administration, and 
the in vivo half-life was reported to be 2.22 days30).

The Specificity of Oral Environment,  

the Pathway of Environmental Hormones 

into the Body

Environmental hormones enter the body and 
function as body hormones. At this time, the 
beginning of the main absorption pathway is 
absolutely the mouth (oral cavity), and can be 
absorbed into the body through skin contact, sap, 
dialysis, and the like. Environmental hormone 
components are widely used in food additives 
that come into direct contact with the mouth, in 
medicine used for cultivation, and in dishes made 
of synthetic polymers. Therefore, the oral cavity 
is directly exposed to the absorption of the body. 
In fact, in early 1998, BPA was detected in food 
containers and baby bottles, and in 1999, dioxins 
were detected in livestock products in Belgium. 
Society has given the issue significant attention3).

The oral environment is exposed to a much 
more dynamic situation than other body parts 
(Fig. 7). First, the oral cavity is known to be able to 
withstand temperatures higher than other body 
parts. Studies have shown that people drink black 
coffee at temperatures ranging from 60°C~88°C31). 
This study evaluates soft tissue mucosa and hard 
tissue teeth exposed to more extreme environments. 
In the oral cavity, saliva is always present and 
exposed to organic acids, forming a unique space. 
Most materials are characterized by their ability 
to degrade more easily than liquids in the air, 
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Fig. 6. Bis-phthalate.
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especially when exposed to acids. In the oral 
cavity, the hard tissue, called the tooth, is exposed 
uniquely among the body parts, so that it can be 
mechanically chewed and subsequently experience 
wear of the components. And the oral cavity is 
composed of mucous membranes, and unlike skin, 
it is vulnerable to defend mechanical stimuli due to 
non­keratinized compartment.

Environmental hormones are used daily, so 
situations in which they come into contact with 
the mouth occur spontaneously. Among them, 
environmental hormones contained in tableware 
such as bottles, food containers, straws and inner 
coatings of beverage cans are most frequently 
exposed to the oral cavity and are responsible for a 
large part of the body’s absorption. It has recently 
been noted that infant toys may inadvertently come 
in contact with the oral cavity during normal usage 
and attention has also been paid to the ingredients 
contained therein. In the field of medicine, extensive 
research on the safety of synthetic resin products 
used for liquid containers and dental material 

has been carried out. In summary, it is noted that 
among the synthetic resin products, there is a 
possibility of contact with the oral cavity. Therefore, 
the possibility of introducing toxic chemical 
components into the body through the oral cavity 
should be treated as an important health issue. 

Needs for Studies about Environmental 

Hormone Substances in Oral Environments

The process of decomposition of an object in the 
natural world consists of two processes: physical 
decomposition and chemical decomposition. 
Similarly, the process by which constituent mole-
cules can be liberated in already manufactured 
synthetic resin products can be largely accomplished 
by mechanical and chemical decomposition32). 
The oral environment is composed of a special 
anatomical structure called teeth, which causes 
mechanical abrasion to occur continuously, and 
constituents may leak out due to softening, abrasion, 
and mechanical grinding of synthetic resin products 

Saliva Saliva

A

B

C

D

Exposure at high temperature

over 80 C

Non-keratinized Keratinized

Wet & acidic environment
Mechanically worn out by

teeth

Weak mucosa compartment

Fig. 7. (A~D) Specificity of oral environment.
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that come into contact with the oral cavity33).
 In addition, the ester bond, which is usually 

present in polymeric materials, can be degraded 
by the hydrolysis process and can be promoted by 
water, pH, and the temperature of the reactants33). 
The oral cavity is a vulnerable environment for 
decomposition because it is easy to form low pH 
conditions due to the nature of organic acids and 
foods. In fact, when a solution of pH 2~12 (pH 2, 
4, 5.6, 6, 8, 10, and 12) is applied to a polycarbonate 
glass containing BPA, BPF or their diglycidyl ethers 
(BFDGE, BADGE), the results were the worst at 
pH 2~4 and the optimum at pH 934). Experiments 
comparing the release of phthalate at various 
temperatures that can occur in the oral environment 
have reported an increase in constituent molecules 
released at high temperatures. Fujii et al.35) reported 
that a surface of plastic materials containing 
diethylhexyl phthalate (DEHP) at a temperature of 
80°C released 100 times more DEHP than at 20°C. 
In a study of the amount of BPA incorporated in 
polycarbonate glass at 50°C and 70°C, a higher 
proportion of BPA was eluted with increasing 
temperature34). 

Environmental Hormone Research Direction 

Considering Specificity of Oral Environment

Over the last two decades, research on environ-
mental hormones has been cumulative, but there 
are still many environmental hormones in everyday 
life. It is absolutely necessary that the oral cavity 
occupy the pathway of these substances into the 
human body. The problem of using materials 
as environmental hormones in the production 
of plastic tableware is already an issue and the 
industry is developing products that do not have 
environmental hormones. A lot of resin products 
are used extensively in the field of dental materials. 
There has been a rapid increase in the number of 
studies about the safety of environmental hormones 
when they are exposed to the oral environment. 

Because of these efforts, environmental hormones 
currently in dental materials are considered safe 
and guidelines for their safe use are presented. 
Recent studies have reported that BPA was not 
leaked when testing saliva of patients 5 minutes and 
7 days after being treated with resin36). Despite these 
efforts, however, it is difficult to predict the elution 
of environmental hormones from dental resin 
material in the oral cavity because of its unique 
environment and extended exposure. Therefore, 
it is necessary to develop safe ingredients that can 
replace environmental hormone related substances 
contained in dental materials.
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