
Breast cancer is the second most
common cancer worldwide, with an
estimated 2.3 million new cases in 2022
[1]. In the UK, around 56,000 women
and 400 men are diagnosed with breast
cancer each year [2]. High levels of
oestrogen or prolonged exposure to this
hormone throughout life, caused by
early puberty or late menopause, are
known to increase breast cancer risk [3].
The important role that hormones play
in several types of breast cancer,
suggests that other factors that
interfere with hormones may also
increase risk [4]. Endocrine Disrupting
Chemicals (EDCs) are harmful chemicals
that can interfere with the endocrine
system;  the  network  of  hormones that 

 Summary1.
Breast cancer is the second most common cancer worldwide, with an estimated
2.3 million new cases in 2022. Exposure to Endocrine Disrupting Chemicals
(EDCs) has been proposed to be a risk factor that may contribute to the risk of
developing breast cancer. Phthalates are a class of EDCs used in many consumer
products, such as polyvinyl chloride (PVC) plastic and cosmetics. They are
considered to have strong anti-androgenic activity and weaker oestrogenic
effects. Phthalates were observed to induce proliferation of breast cancer cells
and affect the mammary gland in animals. In humans, exposure to some
phthalates may increase breast cancer risk, thus justifying a precautionary
approach. Exposure to phthalates can be reduced by using EDC-free products,
eating fresh organic food and avoiding pre-packaged food. The harmful effects
of some phthalates have also been recognised by the EU and UK, which has led
to some restrictions. However, many phthalates are still unregulated and used in
many products. Breast Cancer UK is calling for a progressive phasing out of
EDCs in consumer and non-essential products. 

2. Introduction

Phthalates and
breast cancer

Agonist: a chemical that binds to a
receptor leading to its activation.
Antagonist: a chemical that binds to
a receptor blocking its activation.
(anti-)Androgenic effect: a chemical
with androgenic effects can mimic
the action of androgens (male sex
hormones) or increase their activity,
whilst a chemical with anti-
androgenic effects reduces their
activity.
(anti-)Oestrogenic: a chemical with
oestrogenic effects can mimic the
action of oestrogens (female sex
hormones) or increase their activity,
whilst a chemical with anti-
oestrogenic effects reduces their
activity. 
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control the development and functioning
of the human body [5]. EDCs that
interfere with any aspect of the
oestrogen function may be linked to
breast cancer [6]. In this review, we will
examine a class of EDCs known as
phthalates and their possible link with
breast cancer.

3. Properties and uses of
phthalates

Biomonitoring studies: studies that
measure the levels of certain
chemicals in human body fluids (e.g.,
blood, urine) or tissues (e.g., breast
tissue).
Epidemiological studies: studies on
human populations to assess if
exposure to a certain factor is linked
to a disease.
Epigenetic changes: are heritable
changes affecting the way genes are
expressed, but without altering the
DNA sequence.
In vitro studies: experiments
conducted with cells grown in the
laboratory or biological molecules.
Also known as “test-tube
experiments” and do not involve a
whole living organism.
Meta-analysis: statistical analysis of
multiple published scientific studies.
Steroidogenesis: the biochemical
process that produces sex hormones
from cholesterol.
Transcription: the process that
copies DNA into RNA, ultimately
resulting in the production of
proteins.

Glossary box (cont.):

Chemically, phthalates are diesters of
phthalic acid (Figure 1) with different
side chains (see Appendix 1 for their
chemical structures). They are usually
divided into short-chain (< 8 carbon
atoms) and long-chain (≥ 8 carbon
atoms) phthalates, based on the size of
the side chains (Table 1) [7].

The chemical structure of phthalates
also roughly determines their uses.
Long-chain phthalates are used as
plasticisers in polyvinyl chloride (PVC)
plastic to give flexibility, transparency,
durability and longevity to products
[20,21]. However, phthalates are not
chemically bound to the plastic and can
leach  from  it  and  be  released into the
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Figure 1.Chemical structures of phthalic acid, DEP (a short-chain phthalate) and DEHP (a long-chain
phthalate). Created with BioRender.com
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Full name Acronym Metabolites Uses* [8]

  

Dimethyl phthalate DMP MMP
Personal care and cleaning products,
cosmetics, toys, building materials,

pharmaceuticals [9]

 Diethyl phthalate  DEP MEP
Personal care products,

pharmaceuticals, cosmetics, cleaning
products

Di(2-methoxyethyl) phthalate DMEP MMEP Plasticiser [10] 

Dibutyl phthalate DBP, DNBP, DnBP MCPP, MBP
 Building materials, personal care
products, cosmetics, medications

Diisobutyl phthalate DIBP MIBP  Cosmetics, building materials [11]

Benzyl butyl phthalate BBP, BBzP MBzP, MBP
 PVC plastic, building materials, toys,

food packaging, personal care products

 Di-n-pentyl phthalate
DPP, 

DPNP, DPENP
 MNPEP Building materials 

Diisopentyl phthalate DIPP, DiPeP - -

n-Pentyl-isopentylphthalate DNPP, DnPP - -  

Dihexyl phthalate DNHP  - PVC plastic [12] 

Diisohexyl phthalate DIHP - Lubricant [13] 

Dicyclohexyl phthalate DCHP, DCP MCHP
Cleaning products, building materials

[14]

Bis(2-butoxyethyl) phthalate BBOP - Plasticiser [15]

Diheptyl phthalate DHP -  PVC plastic, lubricants 

Di-n-octyl phthalate
DNOP, 

DINOP, DOP
MCPP, MNOP

Plasticiser, medical devices, flooring,
packaging,  cosmetics, building

materials [16]  

Diisooctyl phthalate DIOP  - Plasticiser [17]

Di(2-ethylhexyl) phthalate DEHP
MEHP,MEHHP,

MEOHP, MECPP
[18]

PVC plastic, medical devices, flooring,
toys, food packaging 

Diisononyl phthalate DINP, DiNP MINP, MCOP  
PVC plastic, electric cables, building

materials, toys

Diisodecyl phthalate  DIDP, DiDP MCNP
  PVC plastic, medications, food

packaging, flooring  

Di(2-propylheptyl) phthalate DPHP - Plasticiser [19] 

Table 1. List of phthalates discussed in this review, including full names, acronyms, common
metabolites (breakdown products) and uses. This is not a comprehensive list of all phthalates that
may exist. The acronyms in bold are used throughout this review; other acronyms used in the
literature are reported for clarity.
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*This is not a comprehensive list of all the uses and products where phthalates may be present. In
addition, some of these phthalates may be subject to regulations (Table 2).



environment [5]. Phthalates may be
found in many PVC products, such as
food packaging, toys, cables, vinyl
flooring, medical devices, building
materials and furniture [22]. Examples of
phthalates that are used as plasticisers
include DEHP, DINP and DIDP [7], and
some short-chain phthalates, such as
BBP [23].

Alternative short-chain phthalates (e.g.,
DEP and DIBP) are mainly used in
personal care products, cosmetics, paint,
adhesives, and slow-release tablets [22].
In cosmetics and cleaning products,
phthalates are often used to allow
fragrances to last longer and may be
labelled under the terms “fragrance”,
“parfum” or “perfume” [24]. Phthalates
can also be used as moisturisers and skin
penetration enhancers in cosmetics [25].  

4. Exposure routes 
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Humans are mainly exposed to
phthalates through ingestion of
contaminated food, or inhalation and
skin absorption from cosmetics. 

Long-chain phthalates may enter food
from manufacturing plastic equipment
[22], or from packaging and plastic films,
especially when these are heated in a
microwave [26]. To a lesser extent, they
may also enter food through the
contaminated external environment [27].
Whilst some contamination has been
found in all types of food; fatty,
processed and packaged food (e.g.,
ready meals, fast food) can contain high
levels of phthalates [27–29]. A higher
intake of DEHP and DINP was
associated with the consumption of fast
food [29]. 

Phthalates can also be found in
polyethylene terephthalate (PET) plastic
bottles. PET plastic does not require
plasticisers, but these can enter the
plastic due to cross-contamination
during plastic production and recycling
[30,31]. Migration of phthalates from
the bottle into the liquid may result in
drinks containing high levels of
phthalates, especially if they are acidic
liquids (e.g., soft drinks, vinegar and
alcohol) [28,31,32].

Phthalates may also be used as
plasticisers in medical devices made of
PVC plastic, such as tubing, blood bags
and dialysis equipment [33]. Whilst this
may not affect the wider population,
exposure from medical devices can be a
significant source of phthalates for
people receiving transfusions, intensive
care or dialysis [24]. People using
medications with delayed or extended-
release properties may also be exposed
to higher levels of short-chain
phthalates [34]. However, for the wider
population, the main source of short-
chain phthalates (e.g., DEP and DIBP)
comes from cosmetic products, from
which phthalates can be inhaled or
absorbed through the skin [35,36].
Exposure to short-chain phthalates was
found to be significantly higher in
individuals using cosmetics, perfumes,
deodorants and creams [25,37]. 

In addition to direct exposure, many
products may release these chemicals
into the home environment where they
may accumulate in dust [36,38]. Higher
accumulation was seen in homes with
recently replaced floors, painted walls
and plywood furniture [38]. Exposure to
dust,  combined  with  the  use  of  soft- 



plastic toys and hand-to-mouth
behaviour, may result in children having
higher levels of phthalates than adults
[24,39]. 
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After entering the body, phthalates are
rapidly metabolised and eliminated in
the urine within 24 hours from
exposure. All phthalates undergo a first
transformation from the diester form
(e.g., DEHP) to the monoester (e.g.,
MEHP) [22], as shown in Figure 2. In
addition, long-chain phthalates are
subject to further processing generating
multiple metabolites (e.g., MEOHP,
MECPP, MEHHP) [7,40]. The conversion
of phthalates into their metabolites
(Table 1) may not eliminate their toxicity
and the metabolites may still display
harmful effects [41]. 

Biomonitoring studies usually measure
metabolite urinary levels to evaluate
phthalate exposure in a population [22].
Urinary metabolites of DEHP and DINP
were detected in 98% of the US
population [42]. In Europe, exposure to
DEHP, DBP and BBP has been
decreasing in the last 2 decades, due to 

5. Metabolism and
biomonitoring    

Figure 2. DEHP metabolic transformation to commonly measured metabolites: MEHP, MEHHP,
MEHOP, MECPP  [39]. The metabolism of DEHP also includes conjugation (not shown). Created with
BioRender.com

regulations limiting their uses. However,
exposure to their substitutes (e.g., DINP,
DIDP and DPHP) has increased [43]. It is
worth noting that due to quick
elimination, urinary levels are only
representative of the exposure that
occurred within the last 24 hours [22].
To better estimate the overall human
exposure, multiple urine samples should
be collected [36]. 

In addition to urine, phthalates have also
been found in other body fluids and
tissues, including saliva, amniotic fluid,
peritoneal fluid, milk, serum, semen and
breast tissues [4,8]. However, in breast
milk their concentration may be lower
than in other fluids [8]. 

6. Phthalates and breast
cancer  
6.1 In vitro
The endocrine-disrupting properties of
phthalates have been investigated in
vitro using cellular models. Phthalates
may interfere with hormones via direct
mechanisms, such as binding to hormone
receptors and alterations to hormone
synthesis, or via indirect mechanisms
through other cellular pathways or
epigenetic changes [25,44].
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6.1.1 Hormone receptors 
Phthalates may interfere with hormones
by binding to their receptors, in
particular androgen (AR) and oestrogen
receptors (ER). These receptors are
proteins that regulate the expression of
genes, a process known as transcription.
The gene is then “translated” into a
protein which mediates a cellular
response [45]. Based on their chemical
structure, phthalates may bind to
hormone receptors as agonists (i.e.,
activating transcription) or as
antagonists (i.e., blocking transcription)
[46]. Some phthalates may bind to
multiple receptors, whilst others may
only bind to a single type [47]. 

The phthalates DEHP and DBP are
known to have strong anti-androgenic
activity acting as AR antagonists, thus
reducing testosterone activity [45,46].
Phthalates (e.g., BBP, DBP, DEP) can
also mimic oestrogen and display
oestrogenic activity, with some binding
directly to the ER [47–56]. There are
two isoforms of the oestrogen receptor:
ERα which promotes cancer initiation
and progression, and ERβ which inhibits
cell proliferation [57]. Most studies have
reported BBP and DBP to be ERα
agonists and increase proliferation of
human breast cancer cells [47,49–
52,54]. DEHP is also largely reported to
be oestrogenically active [47,49,53–55],
however in some studies it displayed
anti-oestrogenic properties or no
activity [46,50]. This may be due to the
concentrations used in the experiments,
as different effects may be observed at
different concentrations. For instance,
BBP and DBP, despite being ER agonists, 

  Cytotoxicity. A chemical displaying cytotoxicity can lead to the death of cells.
†

have anti-oestrogenic effects at high
concentrations [51]. It is unclear
whether this is due to a genuine anti-
oestrogenic effect or caused by
cytotoxicity  [51].

Other phthalates have very weak
oestrogenic activity (i.e., DIBP and
DINP), no oestrogenic effects (i.e., DIDP
and DNOP) [50,55] or may be ER
antagonists (i.e., DCHP and DPP) [58].
Many metabolites were also found to be
oestrogenically inactive, or to have anti-
oestrogenic properties at high
concentrations [49,50].

Phthalates may also act independently
from ERs promoting various aspects of
breast cancer development.  DEHP has
been shown to promote the process of
“invasion” of ER-negative breast cancer
cells suggesting that it may promote
breast cancer metastasis (i.e., spread
around the body) [59]. Similarly, BBP
and DBP also promote growth, migration
and invasion of ER-negative breast
cancer cells [60]. DEHP may also induce
progesterone receptor (PR)-dependent
proliferation and angiogenesis (i.e., new
blood vessel growth) in triple-negative
breast cancer cells [4,61]. Thus, the
effect of phthalates on breast cancer
progression is complex. 

†

6.1.2 Steroidogenesis
Phthalates may also display endocrine-
disrupting properties and alter hormone
levels by interfering with the synthesis
of steroid hormones, a process also
known as steroidogenesis [46].
Phthalates can directly block enzymes
involved  in  steroidogenesis  or  affect 
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their expression [62]. 

DBP and DPP may reduce progesterone
and testosterone levels by blocking a
key enzyme involved in their production
[63]. BBOP and DCHP were found to
inhibit different enzymes which are
involved in the synthesis of oestrogen,
testosterone and progesterone [63,64].
Whilst some metabolites of phthalates
(e.g., MEHP and MBP) were not found to
significantly block enzymes, MEHP was
found to decrease oestradiol (a type of
oestrogen) synthesis potentially through
reducing enzyme expression [65]. High
levels of oestradiol have been linked to
an increased risk of breast cancer [66].

6.1.3 Peroxisome Proliferator-
Activated Receptors (PPARs)
Phthalates may also interfere with other
cancer-relevant transcription factors
that regulate gene expression, such as
the Peroxisome Proliferator-Activated
Receptors (PPARs). There are 3 different
variants of PPARs: PPARα and PPARβ,
which both promote the growth of
human breast cancer cells, and PPARγ,
which inhibits cell proliferation [67]. A
high concentration of MEHP may
activate PPARα inducing cell
proliferation, whilst a low concentration
may reduce the growth rate of breast
cancer cells via PPARγ activation [67].
DEHP, DIBP and DBP may also stimulate
the activity of PPARs, but their role
needs to be further elucidated [46].
Through PPARs, phthalates may also
activate the BRCA1 gene [40] and
suppress oestradiol synthesis [7]. 

  The BRCA1 gene is responsible for tumour suppression facilitating DNA repair. Certain genetic
mutations of the BRCA1 and BRCA2 genes increase the risk of breast and ovarian cancer [143].
  Chemical group with a carbon atom (C) bound to 3 hydrogen atoms (H), with structure CH3.

‡

§

‡

6.1.4 Epigenetic changes
Phthalates may also cause epigenetic
changes that can affect the endocrine
system. Epigenetic changes are heritable
alterations to the way genes are
expressed, but not to the DNA sequence
[8]. A key epigenetic molecular structure
is DNA methylation, where methyl
groups  are added to some DNA residues
[8]. Methylation (addition of methyl
groups) of a gene can switch off its
expression, thus preventing protein
production. Conversely, demethylation
(removal of methyl groups) may switch
on gene expression allowing the protein
to be produced. Any intervention that
alters the epigenetic state can have
effects on gene expression patterns and
impact cell function. [68]. Some
phthalates (e.g., BBP and DBP) have
been observed to cause a reduction of
DNA methylation at the ERα gene in
human breast cells, thus increasing ERα
expression [45,69]. In addition, the
growth of oestrogen-dependent breast
cancer cells was stimulated by exposure
to DEHP via changes in DNA
methylation [70].

§

6.1.5 Non-monotonic dose-
response curves and cocktail
effects
Some studies have shown that
phthalates may have non-monotonic
dose-response curves [71,72]. This
means that they may display different
harmful effects based on their
concentration. For instance, exposure to
mixtures of phthalates inhibits
testosterone  synthesis   at   low   doses,



which are relevant to human exposure,
but at higher doses, no effects are
observed [71]. Thus, the effects
observed at high doses, usually used for
regulatory testing purposes, do not
correctly predict low-dose toxicity [73].
Chemicals with non-monotonic dose-
response curves may appear safe when
tested but may not be safe at doses
relevant to human exposure [73].

In addition, some mixtures of phthalates
have displayed dose-additive and
synergistic effects [51,74]. Dose
additivity is present when the overall
effect of a mixture is given by adding
together the effect of each component.
If the overall effect is higher than the
sum, this is known as synergism [74].
These effects, also called “cocktail
effects”, can be observed for chemicals
displaying similar toxicity, for example
through endocrine disruptive activity,
and may result in mixtures being harmful
even if each component is present at
concentrations considered safe [75]. It is
important to note that phthalates may
be part of mixtures of EDCs of different
classes which collectively pose a greater
health risk [76]. 

8

development of the mammary gland and
the gene expression profile [81,82].
Phthalate exposure during gestation or
lactation can also affect the maternal
mammary gland, with alteration of the
morphology, immune system and gene
expression being observed in mice
[79,83]. Changes to the mammary gland
morphology were also observed in adult
female rats exposed to DEHP [84].

Phthalates may also increase the
susceptibility of the mammary gland to
other carcinogens. In utero exposure to
phthalates can lead to a higher incidence
of mammary tumours in offspring
exposed to carcinogens [78]. Adult
female rats exposed to a combination of
DEHP, bisphenol A (an oestrogenic EDC)
and a carcinogen have a higher
incidence of mammary tumours
compared to rats exposed only to the
carcinogen [84].

In utero exposure to EDCs may alter
normal development of the mammary
gland and potentially increase breast
cancer risk later in life. Read more about
this in our review “Critical Windows of
Exposure for Breast Development”. 

In animals, exposure to phthalates
during gestation and lactation has been
shown to alter the mammary gland of
the offspring [77–80]. Pre-pubertal and
pubertal exposure to BBP also alters the 

6.2 Animal studies

6.3 Epidemiological studies
In addition to in vitro and animal
studies, epidemiological studies on
humans have explored the link between
phthalate exposure and breast cancer.
These studies have been conducted
exclusively on female participants, with
the majority taking place in North
America [85–92], and a few across
European and Asian populations
[34,93,94]. Exposure to phthalates has
usually been evaluated by measuring
participants’ urinary levels of phthalates
or their metabolites [85–94]. However,
to better estimate cumulative exposure
and to access a large cohort of
participants, other studies have used
water monitoring data or prescription
records for medications containing
phthalates [34,95]. 

https://cdn.breastcanceruk.org.uk/uploads/2023/12/Critical-Windows-of-Susceptibility-for-Breast-Development-.pdf
https://cdn.breastcanceruk.org.uk/uploads/2023/12/Critical-Windows-of-Susceptibility-for-Breast-Development-.pdf


These epidemiological studies have
evaluated whether an association
between individual phthalates and
breast cancer exists or not. For instance,
a positive association between DBP and
breast cancer was seen across different
studies, meaning that exposure to DBP
may increase breast cancer risk
[34,91,93]. The highest cumulative
exposure to DBP, assessed via
prescription records, was positively
associated with ER-positive (ER+) breast
cancer [34]. In postmenopausal
individuals, a positive association was
observed for high urinary levels of DBP
and ER+ and PR+ breast cancer
diagnosed within 3 years of sample
collection, but no association was
observed within 5 years [91]. 

Urinary levels of DEHP and its
metabolites were also found to be
associated with increased breast cancer
risk in multiple studies [18,87,89,93]. A
study on the UK population, that used
water monitoring data to estimate DEHP
exposure, found that DEHP may
increase breast cancer risk, especially in
premenopausal women [95]. However,
the association between DEHP and
breast cancer was not confirmed by
others [85,96], and MEHOP was linked
to a decreased risk of breast cancer
reoccurrence [94]. Evidence of a
possible link between DEP exposure and
breast cancer is also inconclusive
[34,85,96]. 

On the other hand, BBP and its
metabolites (i.e., MBP and MBzP), were
negatively associated with breast cancer
across multiple studies and meta-
analyses [18,85,86,89,92,93,96–98].
This   suggests   that   the   oestrogenic
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effects of BBP observed in vitro may not
be relevant in vivo [89]. The metabolites
MCOP and MIBP were also found to be
negatively associated with breast
cancer, whilst no link was found for
DNOP and MCPP [85,86,93,96]. 

In addition to considering individual
phthalates, some studies have also
evaluated the risk associated with total
phthalate levels. Most of these have
found no significant association
between total phthalate levels and
breast cancer [18,85,88,91,98]. This may
be explained by the fact that phthalates
may contribute to breast cancer risk in
opposing ways; some may be positively
associated (e.g., DBP, DEHP), whilst
others (e.g., BBP) may reduce risk. This
may result in a null overall effect when
considering total phthalate levels [18].

7. Other effects on
human health
Phthalates have also been found to have
other harmful effects on human health.
Research on phthalates has been
predominantly focused on studying their
effects on the male reproductive system
[99]. Exposure to phthalates is
associated with reduced testosterone
levels and low sperm quality
[20,36,100]. In utero exposure is
particularly harmful, as this may impair
testicular and genital development and
spermatogenesis, a condition known as
Testicular Dysgenesis Syndrome
[46,101]. 

Phthalates may also affect female
reproduction   and   may   be   linked   to 
anovulation (when ovaries do not
release eggs during the menstrual cycle), 



infertility and early menopause by
blocking the production of oestradiol
from the ovary [46,102]. Phthalates may
also be linked to other female cancers,
such as cervical and ovarian cancers
[46]. Several studies have indicated that
phthalate exposure during pregnancy
may be implicated in miscarriage, pre-
term birth, low birth weight, and issues
with the neuro-endocrine development
of the newborn [36,40,103].

Phthalates have also been linked to
other health issues, including asthma  
[104,105], ADHD [106] and diabetes
[107,108]. They may also affect puberty,
obesity and the nervous, gastrointestinal
and cardiovascular systems [7,20,27]. 
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life or alternative exposure routes [112].
Furthermore, exposure to other EDCs
was also reduced and cancer-related
pathways in the participants’ breast
tissues were reversed [111].

Food, especially when processed, is also
a significant source of phthalates. Eating
fresh organic food, cooked and stored
without plastic or non-stick cookware,
was found to be effective in reducing
DEHP exposure [113]. Avoiding plastic
cups when drinking can also reduce
DEHP and DBP levels [114]. However,
low motivation can be a significant
barrier preventing individuals from
changing food habits [115]. Thus, a
better approach would require the
removal of phthalates from
manufacturing equipment and food
packaging [115].

Phthalates may also be released from a
variety of products and accumulate in
the home. The home is believed to be
the main source of exposure to harmful
chemicals for children and pregnant
people [38]. Interventions aimed at
limiting the release of phthalates from
materials and their accumulation in dust
were effective in reducing DEHP
exposure [116]. Handwashing may also
reduce phthalate levels by reducing the
ingestion of dust [114].

8. Interventions to reduce
exposure
Although more research is needed to
fully understand the link between
phthalates and breast cancer, some of
their harmful effects are well
established. Therefore, a precautionary
approach aimed at reducing exposure
would be beneficial. One of the best
ways to reduce phthalate exposure is
through raising awareness, providing
advice and support and encouraging
lifestyle changes [38,109,110]. Effective
lifestyle changes include swapping
products, changing food habits and
intervening in the home environment. 

Studies providing female participants
with EDC-free personal care products
have observed a marked reduction of
MEP urinary levels [111,112]. However,
levels of other phthalates were
unchanged, perhaps due to longer half-

9. Regulations
Some of the harmful effects associated
with phthalates have been recognised by
governmental bodies, resulting in
regulations on some of these chemicals.
In the EU and the UK, chemicals are
regulated    within    the    Registration, 
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REACH Annex XIV Cosmetics Annex II

Acronym Properties of concern SVCH EU UK [119] EU [120] UK [121] Refs

DMP - No No No No No [122]

DEP
Under assessment as endocrine

  disruptor
No No No No No [123]

DMEP Toxic to reproduction Yes Yes Yes Yes Yes [124]

DBP

  Toxic to reproduction,
  Endocrine disrupting,

  Under assessment as persistent,
bioaccumulative and toxic

Yes Yes Yes Yes Yes [125]

DIBP
Toxic to reproduction, 
Endocrine disrupting

Yes Yes Yes Yes Yes [126]

BBP
Toxic to reproduction, 
  Endocrine disrupting

Yes Yes Yes Yes Yes [127]

DPP Toxic to reproduction Yes Yes Yes Yes Yes [128]

DIPP Toxic to reproduction Yes Yes Yes Yes Yes [129]

DNPP Toxic to reproduction Yes Yes Yes Yes Yes [130]

DNHP Toxic to reproduction Yes Yes Yes Yes Yes [131]

DIHP Toxic to reproduction Yes No No Yes Yes [132]

DCHP
Toxic to reproduction, 
  Endocrine disrupting

Yes No No Yes Yes [133]

BBOP - No No No No No [134]

DHP - No No No No No [135]

DNOP - No No No No No [136]

DIOP Toxic to reproduction No No No Yes Yes [137]

DEHP
Toxic to reproduction, 
  Endocrine disrupting

Yes Yes Yes Yes Yes [138]

DINP - No No No No No [139]

DIDP - No No No No No [140]

DPHP
 Under assessment as
  endocrine disrupting

No No No No No [141]

  Other properties of concern, which are not relevant to the scope of this review, may be found on
the European Chemical Agency (ECHA) website.

Table 2: Regulatory status of phthalates in EU and UK, including properties of concerns officially
recognised at EU level, listing as SVCH, inclusion in EU and UK REACH Annex XIV (also known as
Authorisation List) and in Annex II of the EU and UK Cosmetics regulations. ¶

¶

regulations   (EU   REACH)   until   2021,
when it established its own independent
framework (UK REACH). 

Evaluation, Authorisation and
Restriction of Chemicals (REACH)
regulation.   The    UK    followed    EU

¶

https://echa.europa.eu/


Within the REACH framework, harmful
chemicals can be initially defined as
Substances of Very High Concern
(SVCH), to encourage their replacement.
These are then added to the REACH
Authorisation List, also known as Annex
XIV (Table 2) [117]. Chemicals in this list
cannot be manufactured or imported in
large quantities unless authorisation is
obtained [118]. 

Phthalates that are officially recognised
as toxic for reproduction (Table 2) have
been banned from toys [21].
Unfortunately, a recent EU project
found that 16% of analysed toys are not
compliant with restrictions [142].

In addition to being toxic for
reproduction, 5 phthalates have also
been recognised to be endocrine
disruptors (Table 2) and banned from
food contact material and medical
devices [21]. In addition to these, DINP
and DIDP are also banned from single-
use material dedicated to infants [142].

Whilst the REACH regulation only
covers chemicals, the Cosmetic
Regulation regulates ingredients used in
cosmetic and personal care products. A
total  of  12  phthalates  are  included  in  
Annex II of the Cosmetics Regulation
(Table 2) and are banned from being
used as cosmetic ingredients [120,121].

12

Phthalates are chemicals ubiquitously
present in our everyday lives and we are
chronically exposed to them. They have
been shown to be harmful and display
endocrine-disrupting properties,
promote proliferation of human breast
cells, and affect the mammary gland in
animals. Studies in humans have shown
that some phthalates may be linked to
breast cancer, whilst others may not be
associated with it. Nonetheless, the
negative impact that phthalates have on
human health has been, at least partially,
recognised by regulatory bodies in the
EU and UK. Despite this, some
phthalates are still unregulated and are
being used in many everyday products.
Individuals can reduce their exposure by
avoiding packaged food, using EDC-free
cosmetics and following dedicated
advice. At the same time, regulatory
bodies need to do more to protect
human health and must acknowledge
non-monotonic and cocktail effects
when considering EDC safety. At Breast
Cancer UK we advocate for a
progressive phasing out of EDCs in
consumer and non-essential products. 

10. Conclusions
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Appendix 1. Chemical structure of the phthalates discussed in this review. Created with
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