
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]. A person’s risk of
developing breast cancer depends on
many factors, including age, genetics
and lifestyle [3]. Exposure to harmful
chemicals may also play a role in breast
cancer. Many chemicals are suspected
Endocrine Disrupting Chemicals (EDCs)
which can interfere with the endocrine
(hormone) system in the body. EDCs
that   interfere   with   any   aspect   of 

 Summary1.
Pesticides are chemicals used in agriculture and residential areas to repel or
control certain forms of plant or animal life that are considered to be pests.
Many of these chemicals are harmful and may damage the DNA, alter gene
expression, induce oxidative stress, or act as Endocrine Disrupting Chemicals
(EDCs). Some pesticides have also been classified as potentially promoting
cancer by international regulatory bodies. People working with pesticides may
be exposed to higher levels, whilst the rest of the population is primarily
exposed through the diet or when pesticides are used in residential and private
areas. Occupational and biomonitoring studies have shown that exposure to
pesticides may increase breast cancer risk, especially for highly toxic pesticides
that are no longer authorised but that may still persist in the environment. Very
limited evidence suggests that dietary exposure to certain pesticides may
increase breast cancer risk; meanwhile, some studies suggest that organic food
may reduce risk. Whilst more research is needed on the health benefits of
organic food, swapping conventional food with organic produce is an effective
way to reduce pesticide exposure. Where this is not possible, fruit and
vegetables should be washed with tap water. 
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Biomonitoring: studies that measure
chemicals in biological fluids or
tissues.
Carcinogen: a chemical, or another
substance, that promotes cancer
development.
Cocktail effect: when in mixtures,
the harmful effects of chemicals may
be added together resulting in higher
toxicity.
Conventional food: food grown with
the use of pesticides.
Epidemiological studies: human
studies to assess if exposure to a
certain factor is linked to a disease.

Glossary box:
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oestrogen function may be linked to
breast cancer [4], as oestrogen itself can
increase breast cancer risk [5]. In this
review, we will focus on chemicals that
are used as pesticides, their potential
link to breast cancer and whether
organic food consumption may help
reduce breast cancer risk. 

3. Pesticides and their
uses
Pesticides are chemicals used to repel or
control certain forms of plant or animal
life that are considered to be pests.
They are divided into classes based on
the type of pest, with the three main
classes being [6]:

Insecticides, to kill insects 
Herbicides (or weed killers), to kill
weeds
Fungicides, to kill fungi

Pesticides are used to kill pests and
therefore improve crop yield, which is
important for food security [7].
However, the widespread use of
pesticides contaminates the
environment, where they may
accumulate and persist, and exposes
wildlife and humans to their harmful
effects. [7]. 

Pesticides are also classified based on
their chemical structure as
organochlorines, organophosphates,
carbamates, and pyrethroids [6]. Many
organochlorine pesticides are no longer
authorised due to their toxicity but may
still contaminate the environment years
after their use has stopped [8]. A
selected list of banned pesticides and
their harmful effects can be found in
Table 1 [9].
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Epigenetic changes: heritable
changes affecting DNA expression
but not the DNA sequence.
Fungicide: a chemical used to control
fungi.
Herbicide: a chemical used to control
weeds, also known as weed killer.
Insecticide: a chemical used to
control insects.
In utero: Latin term for “in the
womb”.
Maximum Residue Level (MRL):
maximum level of pesticide residue
legally tolerated in food.
Metabolite: a substance formed from
the breakdown of a chemical or
substance during chemical processes
(metabolism) in the body.
Non-occupational exposure: expo-
sure to a chemical in settings not
related to work.
Occupational exposure: exposure to
a chemical in work-related settings.
Organic food: food grown without
the use of pesticides.
Oxidative stress: imbalance between
reactive oxygen species (highly
reactive small molecules) and
antioxidants that can damage cells.
Pesticide: a chemical used to control
any type of pest.
Transcription: the process that
copies DNA into RNA, ultimately
resulting in the production of
proteins.

Glossary box (cont.):

The most well-known banned pesticide
is dichloro-diphenyl-trichloroethane,
also known as DDT, an insecticide used
during the Second World War to control
diseases that are spread by insects (e.g.
malaria and typhus) [10]. After the war,
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Around 420 different chemicals are
approved for use as pesticides in the UK
[16], with a selection of these listed in
Table 2. Glyphosate is the most used
herbicide across all applications in the
UK (see Box 1), whilst other examples of
pesticides commonly used in the UK can
be found in bold in Table 2 [17–23].

Among these, an area of concern is the
rise in the use of pesticides classified as
PFAS, such as flufenacet and lambda-
cyhalothrin [24,25]. PFAS are a group of 

it was used worldwide in large quantities
in agriculture. DDT was banned in the
UK in 1984 following the publication of
Rachel Carson’s 1962 book Silent
Spring, which raised awareness of the
environmental and health risks of DDT
and revolutionised the environmental
movement regarding regulation and
policy [11]. While the use of DDT is
banned in most countries, it is linked to
numerous ecological and health effects,
including breast cancer (see section
5.3.1).

Pesticide Class 
[9]

IARC 
[12]

EDC effects
[4,9,13,14]

DNA
damage [4]

Mammary
tumours [14]

Asulam Carbamate - Yes* - -

Atrazine Other 3 Yes Yes Yes

Chlordane Organochlorine 2B Yes Yes Yes

Chlorpyrifos Organophosphate - Yes Yes -

DDT Organochlorine 2A Yes Yes No

Dichlorvos Organophosphate 2B Yes Yes Yes

Dieldrin Organochlorine 2A Yes Yes Yes

Endosulfan Organochlorine - Yes Yes No

Heptachlor Organochlorine 2B Yes - -

Hexachlorobenzene Organochlorine 2B Yes - -

Mancozeb Carbamate - Yes* Yes -

Lindane Organochlorine 1 Yes - -

Mirex Organochlorine 2B Yes No No

Parathion Organophosphate 2B Yes Yes Yes

Thiophanate-methyl Carbamate - Yes* - -

Vinclozolin Other - Yes - Yes

*Officially recognised to be an Endocrine Disrupting Chemical by the EU [15]. 

Table   1.   Selection   of   pesticides   banned   in   the   UK   colour-coded   based   on   their   class; 
Yellow: Insecticide, Blue: Herbicide, Pink: Fungicide. Pesticides are included if they have been
evaluated by the International Agency for Research on Cancer (IARC, Appendix 1), have EDC
properties, promote mammary tumours and/or DNA damage in laboratory studies. The symbol “-” is
used for pesticides not evaluated by IARC, or when specific information is not available from the
sources used to create the table (other sources may exist).



Pesticide Class 
[9]

IARC
[12]

Officially EDCs in
EU 
[15]

EDC
effects

[4,13,27]

DNA
damage

[4]

Mammary
tumours

[14]

2,4-D Other 2B Not ED Yes - Yes

Benthiavalicarb Carbamate -    ED** - - -

Buprofezin Other - ED - - -

Clofentezine Other -    ED** - - -

Cyprodinil Other - ED (preliminary) Yes No No

Deltamethrin Pyrethroid 3 Under testing Yes - Yes

Difenoconazole Other - Under testing Yes Yes Yes

Dimethomorph Other -    ED** Yes - -

Fenoxaprop-P Other - ED (preliminary) Yes - -

Fludioxonil Other - ED (preliminary) Yes - No

Flufenacet Other - ED (preliminary) - - -

Folpet Other - - - Yes Yes

Glyphosate Organophosphate 2A Not ED Yes - Yes

Imazalil Other - - Yes - No 

Lambda-cyhalothrin Pyrethroid - - Yes [28] - -

Malathion Organophosphate 2A - Yes Yes Yes

MCPA Other - - Yes Yes No

Mepanipyrim Other -    ED** Yes - -

Metiram Carbamate -    ED** - - - 

Metribuzin Other - ED Yes - -

Thiabendazole Other - ED - - -

Triflusulfuron-methyl Other -    ED** - - -

Table 2. Selection of pesticides authorised in the UK colour-coded based on their class; Yellow:
Insecticide, Blue: Herbicide, Pink: Fungicide. In bold some of the pesticides commonly used in the UK
by farmers, local authorities and other businesses [17–23]. Pesticides are included if they are
officially recognised as EDCs in the EU, have EDC effects, promote mammary tumours and/or DNA
damage in laboratory studies. The International Agency for Research on Cancer (IARC) classification
(Appendix 1) is also reported. The symbol “-” is for pesticides not evaluated by the EU or IARC, or
when the information is not available from the sources used here (other sources may exist).

4**No longer authorised in the EU [27]. 

review) [24]. Their use in agriculture has
grown internationally, and in 2022, over
90% of UK-grown strawberries
contained traces of PFAS [24,26].

harmful chemicals also known as
“forever chemicals” as they can remain
in the environment for long periods
(read   our   PFAS   and  breast  cancer

https://cdn.breastcanceruk.org.uk/uploads/2024/01/Breast-Cancer-UK_PFAS-and-Breast-Cancer.pdf?_gl=1*10p2539*_gcl_au*NzI1Nzk0NzMzLjE3MjYwNTMzNjU.*_ga*NDY3Njg1NjQ0LjE3MjYwNTMzNjU.*_ga_LC27WK2GSN*MTcyNjA1MzM2My4xLjEuMTcyNjA1MzM3My41MC4wLjY2MTI0OTA2
https://cdn.breastcanceruk.org.uk/uploads/2024/01/Breast-Cancer-UK_PFAS-and-Breast-Cancer.pdf?_gl=1*10p2539*_gcl_au*NzI1Nzk0NzMzLjE3MjYwNTMzNjU.*_ga*NDY3Njg1NjQ0LjE3MjYwNTMzNjU.*_ga_LC27WK2GSN*MTcyNjA1MzM2My4xLjEuMTcyNjA1MzM3My41MC4wLjY2MTI0OTA2
https://cdn.breastcanceruk.org.uk/uploads/2024/01/Breast-Cancer-UK_PFAS-and-Breast-Cancer.pdf?_gl=1*10p2539*_gcl_au*NzI1Nzk0NzMzLjE3MjYwNTMzNjU.*_ga*NDY3Njg1NjQ0LjE3MjYwNTMzNjU.*_ga_LC27WK2GSN*MTcyNjA1MzM2My4xLjEuMTcyNjA1MzM3My41MC4wLjY2MTI0OTA2
https://cdn.breastcanceruk.org.uk/uploads/2024/01/Breast-Cancer-UK_PFAS-and-Breast-Cancer.pdf?_gl=1*10p2539*_gcl_au*NzI1Nzk0NzMzLjE3MjYwNTMzNjU.*_ga*NDY3Njg1NjQ0LjE3MjYwNTMzNjU.*_ga_LC27WK2GSN*MTcyNjA1MzM2My4xLjEuMTcyNjA1MzM3My41MC4wLjY2MTI0OTA2
https://cdn.breastcanceruk.org.uk/uploads/2024/01/Breast-Cancer-UK_PFAS-and-Breast-Cancer.pdf?_gl=1*10p2539*_gcl_au*NzI1Nzk0NzMzLjE3MjYwNTMzNjU.*_ga*NDY3Njg1NjQ0LjE3MjYwNTMzNjU.*_ga_LC27WK2GSN*MTcyNjA1MzM2My4xLjEuMTcyNjA1MzM3My41MC4wLjY2MTI0OTA2
https://cdn.breastcanceruk.org.uk/uploads/2024/01/Breast-Cancer-UK_PFAS-and-Breast-Cancer.pdf?_gl=1*10p2539*_gcl_au*NzI1Nzk0NzMzLjE3MjYwNTMzNjU.*_ga*NDY3Njg1NjQ0LjE3MjYwNTMzNjU.*_ga_LC27WK2GSN*MTcyNjA1MzM2My4xLjEuMTcyNjA1MzM3My41MC4wLjY2MTI0OTA2
https://cdn.breastcanceruk.org.uk/uploads/2024/01/Breast-Cancer-UK_PFAS-and-Breast-Cancer.pdf?_gl=1*10p2539*_gcl_au*NzI1Nzk0NzMzLjE3MjYwNTMzNjU.*_ga*NDY3Njg1NjQ0LjE3MjYwNTMzNjU.*_ga_LC27WK2GSN*MTcyNjA1MzM2My4xLjEuMTcyNjA1MzM3My41MC4wLjY2MTI0OTA2
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Figure 1. Examples of occupational and non-occupational exposure routes to pesticides.

4. Exposure to pesticides
People can be exposed to pesticides
occupationally through work-related
tasks or non-occupationally (Figure 1)
[29]. Occupational exposure includes
working directly with pesticides (e.g., in
agriculture) or being exposed at home
when living with someone who works
with these chemicals [29]. These people
may be exposed to high levels of
pesticides, whilst the rest of the
population is more likely to be exposed
to low levels, potentially for long
periods, through the diet or in
residential areas [30]. Pesticides can be
absorbed through the skin, be ingested
accidentally or with food, or be inhaled
when they are sprayed [31,32].

4.1 Pesticides in food
Crops can be sprayed with multiple
different  pesticides  several  times  per 

year and may be exposed to complex
pesticide mixtures [33]. After harvest,
pesticide residues may remain on the
food, making diet the main exposure
route for the general population [34].
The maximum level of pesticide residue
legally tolerated in food is known as the
Maximum Residue Level (MRL) and it is
set to intentionally leave a large gap
between permitted and harmful levels
[35].

The presence of pesticide residues in
food is not uncommon. A 2023 report
found 48% of food samples analysed in
the UK contained at least one pesticide
residue [36]. Although only about 1% of
the samples had levels above the MRL,
more than one pesticide residue was
found in 33% of the food [36]. Because
MRL values are set for individual
pesticides, they likely underestimate the 
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so-called cocktail effect that occurs
when multiple pesticides are present
together, which may result in a higher
overall toxicity [37].

The charity PAN UK periodically
analyses which fruits and vegetables
sold in the UK are the most likely to
contain multiple pesticides. Their latest
“Dirty Dozen list” found citrus fruits,
strawberries, and grapes among the
most likely produce to contain cocktails
of residues [38]. 

5. Pesticides and breast
cancer 

4.2 Pesticides in the body

Key characteristic Definition Examples

DNA damage 
[49]

Pesticides can damage the DNA altering its sequence
and leading to DNA mutations, which are key for tumour

development.

DDT, difenoconazole,
glyphosate, malathion

(Tables 1 and 2) [4]

Oxidative stress 
[30]

Pesticides may form Reactive Oxygen Species increasing
oxidative stress and cell damage, thus contributing to

tumour development.

2,4-D, chlorpyrifos,
glyphosate, mancozeb 

[50] 

Epigenetic changes 
[51]

Pesticides may change gene expression by switching
“on” genes that are supposed to be “off”, or vice versa,

affecting cell function.

Dieldrin, DDT,
glyphosate, vinclozolin

[30,51]

Hormone receptor
interference [30]

Pesticides can bind to hormone receptors and block or
promote their activity (Section 5.1).

Chlordane, DDT, dieldrin,
glyphosate [13,52]

Table 3. Key characteristics of pesticides, observed in cells studies, that may contribute to the
transformation of normal cells into cancer cells.

Once in the body, pesticides are mostly
broken down and eliminated, but some
may accumulate [39,40]. For example,
organochlorines can accumulate in fat
tissue, including the breast, where they
may remain for long periods [40]. A
review showed that organochlorines
were detected in over 90% of cancerous
and non-cancerous breast tissue, with
DDE (metabolite of DDT) being the main
component [41]. 

In addition to breast tissue, pesticides
have been measured in many body fluids
including breast milk, blood, placenta,
sweat, and urine [42–46].

Some pesticides have been classified as
probable (Group 2A) or possible (Group
2B) carcinogens by the International
Agency for Research on Cancer (IARC)
(Tables 1 and 2) [12], due to evidence
suggesting they may promote cancer
(Appendix 1). 

Whilst only a limited number of
pesticides have been evaluated by IARC,
many more display some “key
characteristics” of carcinogens [4].
These are 10 different biological
mechanisms that contribute to the
transformation of normal cells into
cancer cells. Whilst displaying these
characteristics is not sufficient for an
official   classification   from   IARC,   a  

https://www.pan-uk.org/dirty-dozen/
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chemical that acts through one or more
of these mechanisms may warrant
further consideration [47]. The main
characteristics displayed by pesticides
are reported in Table 3. Through these
mechanisms, pesticides may contribute
to cell proliferation, which helps
tumours to grow and spread [4,48].

5.1 Endocrine disrupting
properties
Some pesticides may also act as
Endocrine Disrupting Chemicals (EDCs)
(Tables 1 and 2) and interfere with sex
hormones such as androgens and
oestrogens [30], ultimately affecting
gene transcription, metabolism and cell
proliferation [4].

Cell studies have shown that some
pesticides can bind to androgen and
oestrogen receptors leading to their
activation, whilst others may block the
receptors [4,13,14,30,53,54]. They may
also interfere with the expression of the
hormone receptors or with enzymes that
control oestrogen (female sex hormone)
levels [4,54–56]. Chemicals that mimic
oestrogen or increase its levels might be
involved in breast cancer, as high levels
of oestrogen or prolonged exposure to it
can increase breast cancer risk [4,57]. 

Pesticides may also have anti-
androgenic properties meaning that they
block the action of androgen (main male
sex hormone). Small amounts of
androgens are also produced in females
and these may, according to some cell
studies [58,59], inhibit breast cancer cell
proliferation. Therefore, pesticides with
anti-androgenic properties may play a
role in breast cancer [60].

5.2 Mammary tumours in
animals
In addition to cell studies suggesting
pesticide involvement in breast cancer,
some can also promote mammary
tumours in animals or alter the
development of the mammary gland
(Tables 1 and 2) [4,14,61–63].

Whilst there are some limitations
(including biological differences) on
using results from animal studies to
extrapolate if a chemical is carcinogenic
to humans, they are often used to help
assess the risk in humans [64].

Glyphosate, chlorpyrifos, and hexa-
chlorobenzene have been shown to
affect both the male and female rat
mammary glands when exposure occurs
during certain windows of susceptibility,
such as in utero (in the womb) and
postnatally (6-8 weeks after birth) [63].
A higher incidence of mammary tumours
can occur in these animals as a result of
this exposure [63]. 

5.3 Epidemiological studies
This section covers epidemiological
studies (or human studies) that
investigated the link between pesticide
exposure and breast cancer risk in
women. Most of these studies have
focused on occupational exposure to
banned pesticides, whilst limited
evidence is available for non-
occupational exposure to authorised
pesticides. Biomonitoring studies, where
levels of pesticides are measured in
participants, and the possible link to
breast cancer are also discussed here.
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Most studies found that occupational
exposure (e.g., direct use of pesticides,
washing contaminated clothing) to
organochlorines and organophosphates
may increase breast cancer risk [55].
Examples include malathion, chlordane,
dieldrin, and chlorpyrifos [55,65–68].
Occupational exposure to pesticides
may also increase the risk of metastasis
(spread of the tumour to other parts of
the body) [69].

Studies evaluating women who live with
someone regularly working with
pesticides (e.g., organophosphates,
dieldrin and chlorpyrifos) have shown
that they may be at an increased risk of
developing breast cancer due to indirect
exposure [70,71]. No link was found
with glyphosate [71]. Whilst exposure in
the home may be significant for some
individuals, these questionnaire-based
studies should be interpreted with
caution as they may not accurately
reflect the women’s exposure, which is
not measured directly in the women but
only estimated [55].

On the other hand, not all studies
confirm a link between occupational
exposure to pesticides and breast cancer
[66,71,72]. This may partially be due to
female agricultural workers smoking less
and having higher levels of physical
activity than the rest of the female
population; both of these factors are
known to reduce breast cancer risk [73]. 

5.3.1 Occupational exposure

5.3.2 Non-occupational
exposure 
Despite being the main exposure route
to pesticides in the population [74], very 

few studies have evaluated exposure
through diet. This is due to challenges
with the cost of measuring pesticide
residues in food, difficulties in assessing
mixtures, and imprecise data on how the
food was grown [34].

One study found no association between
dietary exposure to pesticides and
breast cancer [75], whilst a second study
found an increased risk in overweight
postmenopausal women exposed to
chlorpyrifos, imazalil, malathion, and
thiabendazole [34]. 

Living near facilities where pesticides
are produced, or fields where they are
sprayed, may also increase breast cancer
risk [55,76,77].

Most epidemiological studies on
pesticides rely heavily on questionnaires
or interviews to assess exposure, which
can lead to errors due to participants
possibly reporting information
incorrectly [68]. Whereas studies that
measure pesticide levels in biological
samples (e.g., blood, fat tissue) can
provide a better estimate of longer-term
exposure and may help elucidate any
link between pesticides and breast
cancer [68]. 

High levels in biological samples of
organochlorines, that are banned but
still contaminate the environment (e.g.,
DDT, endosulfan, chlordane), were
found to be associated with an increased
breast cancer risk [78–83]. Importantly,
when pesticides are in mixtures, they
may have different effects on breast
cancer risk [84]. For instance, a mixture 

5.3.3 Biomonitoring
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5.3.4 Critical windows of
susceptibility 
As described in Section 5.2, pesticides
can alter the development of the
mammary gland and increase the risk of
mammary tumours in animals [14,63]. 

Whilst research on this topic is
extremely limited, some human studies
have suggested that exposure to
pesticides during certain critical life
stages, such as in utero, may affect
breast cancer risk [85–87] (see our
Critical Windows of Susceptibility for
Breast Development review for more
information on life stages). 

Another study found that maternal
exposure to pesticides before
conception or during the perinatal
period (from pregnancy throughout the
first year after birth) may be linked to
breast cancer in daughters [85]. Paternal
exposure may also affect breast cancer
risk in daughters under certain
circumstances [85,88].

Additionally, whilst most epidemiological
studies found no association between
adult exposure to DDT and breast
cancer [89], exposure at a younger age
may increase risk [82]. For example,
women exposed to DDT (when still in
use), before age 14, had a five-time
increased breast cancer risk compared
to women not exposed during childhood 

containing hexachlorocyclohexane and
endosulfan, may increase breast cancer
risk, whilst a mixture with DDT and
chlordane metabolites may reduce risk
[84]. However, this does not mean that
exposure to these pesticides is safe. 

[86]. A positive association was also
found for in utero exposure, with high
levels of DDT in the mother’s blood
linked to an increased breast cancer risk
in daughters later in life [87]. 

Glyphosate represents 92% of all
herbicides and 18% of all pesticides
used worldwide [90]. In the UK,
glyphosate is the most used
herbicide across many applications,
from crops to urban areas [17–
19,22], and is also present in weed-
killer products designed for the
public [91]. Despite its classification
as a probable human carcinogen in
2015, glyphosate remains authorised
in the UK and EU [12,16]. 

Glyphosate can damage the DNA,
increase oxidative stress, cause
epigenetic changes, disrupt sex
hormones, and interfere with the
mammary gland in animals
[55,63,92]. Whilst these indicate
that it may play a role in breast
cancer, evidence from epidemio-
logical studies is very limited and
inconclusive [71,93]. 

Exposure to glyphosate has been
associated with the consumption of
grains, wholemeal flour, soy, wine,
and fast food [94]. After being
sprayed on crops, glyphosate can
enter the plant and accumulate in
the seed and bran [95], meaning
washing or peeling produce may not
be sufficient. Buying organic
alternatives where possible can help
reduce exposure to glyphosate [95].

Box 1. What is glyphosate?

https://cdn.breastcanceruk.org.uk/uploads/2023/12/Breast-Cancer-UK_Critical-Windows-of-Suscetibility.pdf?_gl=1*1rt4q2h*_gcl_au*NjY0NjgxNDY1LjE3MjU4ODc3NDE.*_ga*MTcwODQ2ODQzMS4xNzI1ODg3NzM4*_ga_LC27WK2GSN*MTcyNTg4NzczNi4xLjEuMTcyNTg4Nzc0NS41NS4wLjgzOTk4MTkyNQ..
https://cdn.breastcanceruk.org.uk/uploads/2023/12/Breast-Cancer-UK_Critical-Windows-of-Suscetibility.pdf?_gl=1*1rt4q2h*_gcl_au*NjY0NjgxNDY1LjE3MjU4ODc3NDE.*_ga*MTcwODQ2ODQzMS4xNzI1ODg3NzM4*_ga_LC27WK2GSN*MTcyNTg4NzczNi4xLjEuMTcyNTg4Nzc0NS41NS4wLjgzOTk4MTkyNQ..
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Despite the lower pesticide content,
only a few studies have evaluated
whether a higher consumption of
organic food may reduce the risk of
diseases such as breast cancer [107]. 

Two French studies found that
postmenopausal participants with the
highest consumption of organic food
were less likely to develop breast
cancer, compared to people with
conventional diets [34,108]. Conversely,
a study on middle-aged UK women
reported that avoiding food grown with
pesticides made no difference to overall
cancer or breast cancer risk [109]. 

Other studies found that organic food
may reduce Body Mass Index (BMI)
[106], a measure of body fat. This may
reduce breast cancer risk indirectly, as
being overweight post-menopause is
associated with an elevated risk [110]. 

The perceived health benefits of organic
food may not be attributable to the food
but to the people themselves.
Individuals who consume an organic diet
generally have healthier habits, such as
higher consumption of fruit and
vegetables, less processed food, and
elevated physical activity [74,99]. 

Overall, the evidence that organic food
positively impacts health or reduces the
risk of breast cancer is currently
considered insufficient [99,106,111].

6. Organic food
Organic food is usually grown without
synthetic (man-made) pesticides [96].
Whilst a diet consisting of conventional
food (grown with pesticides) is the most
common exposure route to pesticides,
swapping produce for organic ones can
reduce this exposure by around 90%
[97–99]. 

Only under specific circumstances and
with the correct approval can certain
pesticides be used in organic farming.
Around 30 different pesticides are
currently approved for use, with the
majority being non-toxic and natural
substances (e.g., spearmint oil and
citronella) [100].

Compared to conventional food, organic
crops are four times less likely to
contain pesticide residues. When
pesticides are found on organic produce,
these are generally below the MRLs and
rarely include multiple residues
[97,99,101]. If organic produce is not an
option, due to availability or
affordability, it is important to wash
conventionally grown fruit and
vegetables with tap water in order to
reduce pesticide exposure [102,103].

Organic food may also have a higher
content of nutrients, such as vitamins,
minerals, polyunsaturated fatty acids
and antioxidants (e.g., polyphenols,
flavonoids, and carotenoids) [104–106].
However, the overall evidence is not yet
strong enough to conclude that organic
produce is more nutritious than
conventionally grown food [74,106]. 

6.1 Organic food and breast
cancer
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through questionnaires and instead
measure pesticide levels in biological
samples. Additional studies need to
assess the risk of those pesticides
commonly used in the UK, whilst also
evaluating the effect of mixtures.
Research should also further address if
and how pesticides may be more harmful
if exposure occurs during certain life
stages. 

There is, however, sufficient evidence
that suggests pesticides are harmful,
and, whilst the health benefits of
organic food are still debated, eating
organic food can effectively decrease
pesticide exposure. When organic
options are not available, fruit and
vegetables should be washed thoroughly
to reduce the presence of pesticide
residues.

7. Conclusions
Pesticide use in the UK is widespread
and many of the chemicals used in
agriculture and residential areas are
highly toxic. In laboratory studies,
pesticides have been shown to promote
key cancerous characteristics including
DNA damage, oxidative stress,
epigenetic changes and hormone
disruption. Pesticides can also interfere
with the development of the mammary
gland in animals and increase the risk of
mammary tumours. However, evidence
from human studies is currently too
limited to make an accurate judgment on
whether pesticides increase breast
cancer risk, especially for non-
occupational exposure.  

Future epidemiological studies should
move  away  from  estimating  exposure 

References
[1] Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, et al. Global cancer statistics
2022: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries.
CA Cancer J Clin 2024;74:229–63. https://doi.org/10.3322/caac.21834.
[2] Cancer Research UK. Breast cancer statistics. https://www.cancerresearchuk.org/health-
professional/cancer-statistics/statistics-by-cancer-type/breast-cancer#heading-One (accessed
December 12, 2023).
[3] Al-Shami K, Awadi S, Khamees A, Alsheikh AM, Al-Sharif S, Ala’ Bereshy R, et al. Estrogens and
the risk of breast cancer: A narrative review of literature. Heliyon 2023;9.
https://doi.org/10.1016/j.heliyon.2023.e20224.
[4] Kay JE, Brody JG, Schwarzman M, Rudel RA. Application of the Key Characteristics Framework to
Identify Potential Breast Carcinogens Using Publicly Available in Vivo, in Vitro, and in Silico Data.
Environ Health Perspect 2024;132:017002. https://doi.org/10.1289/EHP13233.
[5] Travis RC, Key TJ. Oestrogen exposure and breast cancer risk. Breast Cancer Res 2003;5:239–47.
https://doi.org/10.1186/BCR628.
[6] Pathak VM, Verma VK, Rawat BS, Kaur B, Babu N, Sharma A, et al. Current status of pesticide
effects on environment, human health and it’s eco-friendly management as bioremediation: A
comprehensive review. Front Microbiol 2022;13. https://doi.org/10.3389/fmicb.2022.962619.
[7] Gerken J, Vincent GT, Zapata D, Barron IG, Zapata I. Comprehensive assessment of pesticide use
patterns and increased cancer risk. Frontiers in Cancer Control and Society 2024;2.
https://doi.org/10.3389/fcacs.2024.1368086.
[8] UN Stockholm Convention. All POPs listed in the Stockholm Convention.
https://chm.pops.int/TheConvention/ThePOPs/AllPOPs/tabid/2509/Default.aspx (accessed August
16, 2024).



12

[9] Lewis KA, Tzilivakis J, Warner DJ, Green A. An international database for pesticide risk
assessments and management. Human and Ecological Risk Assessment: An International Journal
2016;22:1050–64. https://doi.org/10.1080/10807039.2015.1133242.
[10] Vladimir T, Valery R, Lorenzo T. Dichlorodiphenyltrichloroethane (DDT): ubiquity, persistence,
and risks. Environ Health Perspect 2002;110:125–8. https://doi.org/10.1289/ehp.02110125.
[11] Carson RL. Silent Spring. Houghton Mifflin; 1962.
[12] International Agency for Research on Cancer. IARC Monographs on the Identification of
Carcinogenic Hazards to Humans. https://monographs.iarc.who.int/list-of-classifications/ (accessed
August 9, 2024).
[13] Mnif W, Hassine AIH, Bouaziz A, Bartegi A, Thomas O, Roig B. Effect of Endocrine Disruptor
Pesticides: A Review. International Journal of Environmental Research and Public Health
2011;8:2265–303. https://doi.org/10.3390/ijerph8062265.
[14] Cardona B, Rudel RA. US EPA’s regulatory pesticide evaluations need clearer guidelines for
considering mammary gland tumors and other mammary gland effects. Mol Cell Endocrinol
2020;518:110927. https://doi.org/10.1016/j.mce.2020.110927.
[15] European Food Safety Authority. Pesticide evaluations report 2024.
https://www.efsa.europa.eu/en/applications/pesticides (accessed September 12, 2024).
[16] Health and Safety Executive. Pesticides. https://www.hse.gov.uk/pesticides/ (accessed August
9, 2024).
[17] Fera. Pesticide Usage Survey Report 311 Orchards In The United Kingdom 2022. 2024.
https://pusstats.fera.co.uk/published-reports (accessed August 16, 2024).
[18] Fera. Pesticide Usage Survey Report 314 Soft Fruit In The United Kingdom 2022. 2024.
https://pusstats.fera.co.uk/published-reports (accessed August 16, 2024).
[19] Fera. Pesticide Usage Survey Report 309 Arable Crops In The United Kingdom 2022. 2024.
https://pusstats.fera.co.uk/published-reports (accessed August 16, 2024).
[20] Fera. Pesticide usage survey report 303. Outdoor vegetable crops in the United Kingdom 2021.
2021. https://pusstats.fera.co.uk/published-reports (accessed November 6, 2024).
[21] Fera. Pesticide usage survey report 304. Edible protected crops in the United Kingdom 2021.
2021. https://pusstats.fera.co.uk/published-reports (accessed September 12, 2024).
[22] Fera. Pesticide Usage Survey Report 302 Amenity Pesticide Usage In The United Kingdom 2020.
2022. https://pusstats.fera.co.uk/published-reports (accessed August 16, 2024).
[23] Fera. Pesticide usage survey report 312. Potato stores in the United Kingdom 2022. 2022.
https://pusstats.fera.co.uk/published-reports (accessed September 12, 2024).
[24] ‘Forever chemicals’ detected in UK food prompting concerns regarding impact on human health.
PAN UK 2024. https://www.pan-uk.org/site/wp-content/uploads/PANUK_PFAS_PressRelease.pdf
(accessed September 12, 2024).
[25] Fidra. PFAS Active Substances in UK Pesticides 2024. https://www.fidra.org.uk/download/pfas-
in-uk-pesticides/ (accessed November 6, 2024).
[26] PAN Europe. The rise of forever pesticides in fruit and vegetables in Europe 2024.
https://www.pan-europe.info/sites/pan-
europe.info/files/public/resources/reports/Report_Toxic%20Harvest%20The%20rise%20of%20fore
ver%20PFAS%20pesticides%20in%20fruit%20and%20vegetables%20in%20Europe%2027022024%2
0(1).pdf (accessed September 12, 2024).
[27] European Commission. EU Pesticides database. https://ec.europa.eu/food/plant/pesticides/eu-
pesticides-database/start/screen/active-substances (accessed September 12, 2024).
[28] Saillenfait A-M, Ndiaye D, Sabaté J-P. The estrogenic and androgenic potential of pyrethroids in
vitro. Review. Toxicology in Vitro 2016;34:321–32. https://doi.org/10.1016/j.tiv.2016.02.020.
[29] Dahiri B, Martín-Reina J, Carbonero-Aguilar P, Aguilera-Velázquez JR, Bautista J, Moreno I.
Impact of Pesticide Exposure among Rural and Urban Female Population. An Overview. Int J Environ
Res Public Health 2021;18:9907. https://doi.org/10.3390/ijerph18189907.
[30] Sabarwal A, Kumar K, Singh RP. Hazardous effects of chemical pesticides on human health–
Cancer and other associated disorders. Environ Toxicol Pharmacol 2018;63:103–14.
https://doi.org/10.1016/j.etap.2018.08.018.



13

[31] Kim K-H, Kabir E, Jahan SA. Exposure to pesticides and the associated human health effects.
Science of The Total Environment 2017;575:525–35.
https://doi.org/10.1016/j.scitotenv.2016.09.009.
[32] Anderson SE, Meade BJ. Potential Health Effects Associated with Dermal Exposure to
Occupational Chemicals. Environ Health Insights 2014;8s1:EHI.S15258.
https://doi.org/10.4137/EHI.S15258.
[33] Weisner O, Frische T, Liebmann L, Reemtsma T, Roß-Nickoll M, Schäfer RB, et al. Risk from
pesticide mixtures – The gap between risk assessment and reality. Science of The Total Environment
2021;796:149017. https://doi.org/10.1016/j.scitotenv.2021.149017.
[34] Rebouillat P, Vidal R, Cravedi J-P, Taupier-Letage B, Debrauwer L, Gamet-Payrastre L, et al.
Prospective association between dietary pesticide exposure profiles and postmenopausal breast-
cancer risk in the NutriNet-Santé cohort. Int J Epidemiol 2021;50:1184–98.
https://doi.org/10.1093/ije/dyab015.
[35] Health and Safety Executive. Maximum residue levels (MRLs) and import tolerances
https://www.hse.gov.uk/pesticides/mrls/index.htm#introduction (accessed September 12, 2024).
[36] Department for Environment Food and Rural Affairs. Report on the pesticide residues
monitoring programme: Results of Quarter 2 2023 2023.
https://assets.publishing.service.gov.uk/media/65f4408a10cd8e001136c682/Q2_2023_PRiF_results
_report.pdf (accessed August 9, 2024).
[37] Rizzati V, Briand O, Guillou H, Gamet-Payrastre L. Effects of pesticide mixtures in human and
animal models: An update of the recent literature. Chem Biol Interact 2016;254:231–46.
https://doi.org/10.1016/j.cbi.2016.06.003.
[38] PAN UK. The Dirty Dozen 2023. https://www.pan-uk.org/dirty-dozen/ (accessed September 12,
2024).
[39] Mazuryk J, Klepacka K, Kutner W, Sharma PS. Glyphosate: Hepatotoxicity, Nephrotoxicity,
Hemotoxicity, Carcinogenicity, and Clinical Cases of Endocrine, Reproductive, Cardiovascular, and
Pulmonary System Intoxication. ACS Pharmacol Transl Sci 2024;7:1205–36.
https://doi.org/10.1021/acsptsci.4c00046.
[40] Ingber SZ, Buser MC, Pohl HR, Abadin HG, Edward Murray H, Scinicariello F. DDT/DDE and
breast cancer: A meta-analysis. Regulatory Toxicology and Pharmacology 2013;67:421–33.
https://doi.org/10.1016/j.yrtph.2013.08.021.
[41] Ellsworth RE, Kostyniak PJ, Chi L-H, Shriver CD, Costantino NS, Ellsworth DL. Organochlorine
pesticide residues in human breast tissue and their relationships with clinical and pathological
characteristics of breast cancer. Environ Toxicol 2018;33:876–84.
https://doi.org/10.1002/tox.22573.
[42] Martín-Carrasco I, Carbonero-Aguilar P, Dahiri B, Moreno IM, Hinojosa M. Comparison between
pollutants found in breast milk and infant formula in the last decade: A review. Science of The Total
Environment 2023;875:162461. https://doi.org/10.1016/j.scitotenv.2023.162461.
[43] Freire C, Koifman RJ, Koifman S. Serum levels of organochlorine pesticides in blood donors: A
biomonitoring survey in the North of Brazil, 2010–2011. Science of The Total Environment
2017;598:722–32. https://doi.org/10.1016/j.scitotenv.2017.04.128.
[44] Lopez-Espinosa M-J, Granada A, Carreno J, Salvatierra M, Olea-Serrano F, Olea N.
Organochlorine Pesticides in Placentas from Southern Spain and Some Related Factors. Placenta
2007;28:631–8. https://doi.org/10.1016/j.placenta.2006.09.009.
[45] Genuis SJ, Lane K, Birkholz D. Human Elimination of Organochlorine Pesticides: Blood, Urine,
and Sweat Study. Biomed Res Int 2016;2016:1624643. https://doi.org/10.1155/2016/1624643.
[46] Garí M, González-Quinteiro Y, Bravo N, Grimalt JO. Analysis of metabolites of organophosphate
and pyrethroid pesticides in human urine from urban and agricultural populations (Catalonia and
Galicia). Science of The Total Environment 2018;622–623:526–33.
https://doi.org/10.1016/j.scitotenv.2017.11.355.
[47] Smith MT. The Key Characteristics Concept. Curr Opin Toxicol 2024:100515.
https://doi.org/10.1016/j.cotox.2024.100515.



14

[48] Smith MT, Guyton KZ, Gibbons CF, Fritz JM, Portier CJ, Rusyn I, et al. Key Characteristics of
Carcinogens as a Basis for Organizing Data on Mechanisms of Carcinogenesis. Environ Health
Perspect 2016;124:713–21. https://doi.org/10.1289/ehp.1509912.
[49] Hecht F, Pessoa CF, Gentile LB, Rosenthal D, Carvalho DP, Fortunato RS. The role of oxidative
stress on breast cancer development and therapy. Tumor Biology 2016;37:4281–91.
https://doi.org/10.1007/s13277-016-4873-9.
[50] Sule RO, Condon L, Gomes A V. A Common Feature of Pesticides: Oxidative Stress—The Role of
Oxidative Stress in Pesticide-Induced Toxicity. Oxid Med Cell Longev 2022;2022:5563759.
https://doi.org/10.1155/2022/5563759.
[51] Rohr P, Karen S, Francisco LFV, Oliveira MA, Santos Neto MF dos, Silveira HCS. Epigenetic
processes involved in response to pesticide exposure in human populations: a systematic review and
meta-analysis. Environ Epigenet 2024;10:dvae005. https://doi.org/10.1093/eep/dvae005.
[52] Gasnier C, Dumont C, Benachour N, Clair E, Chagnon M-C, Séralini G-E. Glyphosate-based
herbicides are toxic and endocrine disruptors in human cell lines. Toxicology 2009;262:184–91.
https://doi.org/10.1016/j.tox.2009.06.006.
[53] Landau-Ossondo M, Rabia N, Jos-Pelage J, Marquet LM, Isidore Y, Saint-Aimé C, et al. Why
pesticides could be a common cause of prostate and breast cancers in the French Caribbean Island,
Martinique. An overview on key mechanisms of pesticide-induced cancer. Biomedicine &
Pharmacotherapy 2009;63:383–95. https://doi.org/10.1016/j.biopha.2009.04.043.
[54] Raun Andersen H, Vinggaard AM, Høj Rasmussen T, Gjermandsen IM, Cecilie Bonefeld-
Jørgensen E. Effects of Currently Used Pesticides in Assays for Estrogenicity, Androgenicity, and
Aromatase Activity in Vitro. Toxicol Appl Pharmacol 2002;179:1–12.
https://doi.org/10.1006/taap.2001.9347.
[55] Panis C, Lemos B. Pesticide exposure and increased breast cancer risk in women population
studies. Science of The Total Environment 2024;933:172988.
https://doi.org/10.1016/j.scitotenv.2024.172988.
[56] El-Hefnawy T, Hernandez C, Stabile LP. The endocrine disrupting alkylphenols and 4,4′-DDT
interfere with estrogen conversion and clearance by mouse liver cytosol. Reprod Biol 2017;17:185–
92. https://doi.org/10.1016/j.repbio.2017.04.003.
[57] Nounu A, Kar SP, Relton CL, Richmond RC. Sex steroid hormones and risk of breast cancer: a
two-sample Mendelian randomization study. Breast Cancer Research 2022;24:66.
https://doi.org/10.1186/s13058-022-01553-9.
[58] Casaburi I, Cesario MG, Donà A, Rizza P, Aquila S, Avena P, et al. Androgens downregulate miR-
21 expression in breast cancer cells underlining the protective role of androgen receptor.
Oncotarget 2016;7:12651–61. https://doi.org/10.18632/oncotarget.7207.
[59] Greeve MA, Allan RK, Harvey JM, Bentel JM. Inhibition of MCF-7 breast cancer cell
proliferation by 5alpha-dihydrotestosterone; a role for p21(Cip1/Waf1). J Mol Endocrinol
2004;32:793–810. https://doi.org/10.1677/jme.0.0320793.
[60] Aubé M, Larochelle C, Ayotte P. 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene (p,p’-DDE)
disrupts the estrogen-androgen balance regulating the growth of hormone-dependent breast cancer
cells. Breast Cancer Research 2008;10:R16. https://doi.org/10.1186/bcr1862.
[61] Cabello G, Valenzuela M, Vilaxa A, Durán V, Rudolph I, Hrepic N, et al. A rat mammary tumor
model induced by the organophosphorous pesticides parathion and malathion, possibly through
acetylcholinesterase inhibition. Environ Health Perspect 2001;109:471–9.
https://doi.org/10.1289/ehp.01109471.
[62] Duforestel M, Nadaradjane A, Bougras-Cartron G, Briand J, Olivier C, Frenel J-S, et al.
Glyphosate Primes Mammary Cells for Tumorigenesis by Reprogramming the Epigenome in a TET3-
Dependent Manner. Front Genet 2019;10. https://doi.org/10.3389/fgene.2019.00885.
[63] Kass L, Gomez AL, Altamirano GA. Relationship between agrochemical compounds and
mammary gland development and breast cancer. Mol Cell Endocrinol 2020;508:110789.
https://doi.org/10.1016/j.mce.2020.110789.
[64] Rudel RA, Attfield KR, Schifano JN, Brody JG. Chemicals causing mammary gland tumors in
animals signal new directions for epidemiology, chemicals testing, and risk assessment for breast
cancer prevention. Cancer 2007;109:2635–66. https://doi.org/10.1002/cncr.22653.



15

[65] Yang KJ, Lee J, Park HL. Organophosphate Pesticide Exposure and Breast Cancer Risk: A Rapid
Review of Human, Animal, and Cell-Based Studies. Int J Environ Res Public Health 2020;17:5030.
https://doi.org/10.3390/ijerph17145030.
[66] Engel LS, Werder E, Satagopan J, Blair A, Hoppin JA, Koutros S, et al. Insecticide Use and Breast
Cancer Risk among Farmers’ Wives in the Agricultural Health Study. Environ Health Perspect
2017;125:097002. https://doi.org/10.1289/EHP1295.
[67] Tayour C, Ritz B, Langholz B, Mills PK, Wu A, Wilson JP, et al. A case–control study of breast
cancer risk and ambient exposure to pesticides. Environmental Epidemiology 2019;3.
https://doi.org/10.1097/EE9.0000000000000070.
[68] Cavalier H, Trasande L, Porta M. Exposures to pesticides and risk of cancer: Evaluation of
recent epidemiological evidence in humans and paths forward. Int J Cancer 2023;152:879–912.
https://doi.org/10.1002/ijc.34300.
[69] Panis C, Candiotto LZP, Gaboardi SC, Teixeira GT, Alves FM, da Silva JC, et al. Exposure to
Pesticides and Breast Cancer in an Agricultural Region in Brazil. Environ Sci Technol
2024;58:10470–81. https://doi.org/10.1021/acs.est.3c08695.
[70] Lerro CC, Koutros S, Andreotti G, Friesen MC, Alavanja MC, Blair A, et al. Organophosphate
insecticide use and cancer incidence among spouses of pesticide applicators in the Agricultural
Health Study. Occup Environ Med 2015;72:736. https://doi.org/10.1136/oemed-2014-102798.
[71] Engel LS, Hill DA, Hoppin JA, Lubin JH, Lynch CF, Pierce J, et al. Pesticide Use and Breast
Cancer Risk among Farmers’ Wives in the Agricultural Health Study. Am J Epidemiol 2005;161:121–
35. https://doi.org/10.1093/aje/kwi022.
[72] Leso V, Ercolano ML, Cioffi DL, Iavicoli I. Occupational Chemical Exposure and Breast Cancer
Risk According to Hormone Receptor Status: A Systematic Review. Cancers (Basel) 2019;11:1882.
https://doi.org/10.3390/cancers11121882.
[73] Togawa K, Leon ME, Lebailly P, Beane Freeman LE, Nordby K-C, Baldi I, et al. Cancer incidence
in agricultural workers: Findings from an international consortium of agricultural cohort studies
(AGRICOH). Environ Int 2021;157:106825. https://doi.org/10.1016/j.envint.2021.106825.
[74] Mie A, Andersen HR, Gunnarsson S, Kahl J, Kesse-Guyot E, Rembiałkowska E, et al. Human
health implications of organic food and organic agriculture: a comprehensive review. Environmental
Health 2017;16:111. https://doi.org/10.1186/s12940-017-0315-4.
[75] Sandoval-Insausti H, Chiu Y-H, Lee DH, Wang S, Hart JE, Mínguez-Alarcón L, et al. Intake of
fruits and vegetables by pesticide residue status in relation to cancer risk. Environ Int
2021;156:106744. https://doi.org/10.1016/j.envint.2021.106744.
[76] García-Pérez J, Lope V, Pérez-Gómez B, Molina AJ, Tardón A, Díaz Santos MA, et al. Risk of
breast cancer and residential proximity to industrial installations: New findings from a multicase-
control study (MCC-Spain). Environmental Pollution 2018;237:559–68.
https://doi.org/10.1016/j.envpol.2018.02.065.
[77] Silva AMC, Campos PHN, Mattos IE, Hajat S, Lacerda EM, Ferreira MJM. Environmental
Exposure to Pesticides and Breast Cancer in a Region of Intensive Agribusiness Activity in Brazil: A
Case-Control Study. Int J Environ Res Public Health 2019;16:3951.
https://doi.org/10.3390/ijerph16203951.
[78] Miao Y, Rong M, Li M, He H, Zhang L, Zhang S, et al. Serum concentrations of organochlorine
pesticides, biomarkers of oxidative stress, and risk of breast cancer. Environmental Pollution
2021;286:117386. https://doi.org/10.1016/j.envpol.2021.117386.
[79] Mekonen S, Ibrahim M, Astatkie H, Abreha A. Exposure to organochlorine pesticides as a
predictor to breast cancer: A case-control study among Ethiopian women. PLoS One
2021;16:e0257704-. https://doi.org/10.1371/journal.pone.0257704.
[80] Wielsøe M, Kern P, Bonefeld-Jørgensen EC. Serum levels of environmental pollutants is a risk
factor for breast cancer in Inuit: a case control study. Environmental Health 2017;16:56.
https://doi.org/10.1186/s12940-017-0269-6.
[81] Huang W, He Y, Xiao J, Huang Y, Li A, He M, et al. Risk of breast cancer and adipose tissue
concentrations of polychlorinated biphenyls and organochlorine pesticides: a hospital-based case-
control study in Chinese women. Environmental Science and Pollution Research 2019;26:32128–36.
https://doi.org/10.1007/s11356-019-06404-3.



16

[82] Liu H, Sun Y, Ran L, Li J, Shi Y, Mu C, et al. Endocrine-disrupting chemicals and breast cancer: a
meta-analysis. Front Oncol 2023;13. https://doi.org/10.3389/fonc.2023.1282651.
[83] Rocha PRS, Oliveira VD, Vasques CI, dos Reis PED, Amato AA. Exposure to endocrine disruptors
and risk of breast cancer: A systematic review. Crit Rev Oncol Hematol 2021;161:103330.
https://doi.org/10.1016/j.critrevonc.2021.103330.
[84] Ugalde-Resano R, Mérida-Ortega Á, Cebrián ME, López-Carrillo L. Breast cancer
immunophenotypes and serum organochlorine pesticides in Mexican women: Mixture exposure
approach. Environmental Pollution 2024;358:124495.
https://doi.org/10.1016/j.envpol.2024.124495.
[85] Pedersen JE, Hansen J. Risk of breast cancer in daughters of agricultural workers in Denmark.
Environ Res 2024;240:117374. https://doi.org/10.1016/j.envres.2023.117374.
[86] Cohn BA, Wolff MS, Cirillo PM, Sholtz RI. DDT and Breast Cancer in Young Women: New Data
on the Significance of Age at Exposure. Environ Health Perspect 2007;115:1406–14.
https://doi.org/10.1289/ehp.10260.
[87] Cohn BA, La Merrill M, Krigbaum NY, Yeh G, Park J-S, Zimmermann L, et al. DDT Exposure in
Utero and Breast Cancer. J Clin Endocrinol Metab 2015;100:2865–72.
https://doi.org/10.1210/jc.2015-1841.
[88] da Cruz RS, Chen E, Smith M, Bates J, de Assis S. Diet and Transgenerational Epigenetic
Inheritance of Breast Cancer: The Role of the Paternal Germline. Front Nutr 2020;7.
https://doi.org/10.3389/fnut.2020.00093.
[89] Wan MLY, Co VA, El-Nezami H. Endocrine disrupting chemicals and breast cancer: a systematic
review of epidemiological studies. Crit Rev Food Sci Nutr 2022;62:6549–76.
https://doi.org/10.1080/10408398.2021.1903382.
[90] Finger R, Möhring N, Kudsk P. Glyphosate ban will have economic impacts on European
agriculture but effects are heterogenous and uncertain. Commun Earth Environ 2023;4:286.
https://doi.org/10.1038/s43247-023-00951-x.
[91] Tang T, Boënne W, Desmet N, Seuntjens P, Bronders J, van Griensven A. Quantification and
characterization of glyphosate use and loss in a residential area. Science of The Total Environment
2015;517:207–14. https://doi.org/10.1016/j.scitotenv.2015.02.040.
[92] Schluter HM, Bariami H, Park HL. Potential Role of Glyphosate, Glyphosate-Based Herbicides,
and AMPA in Breast Cancer Development: A Review of Human and Human Cell-Based Studies. Int J
Environ Res Public Health 2024;21:1087. https://doi.org/10.3390/ijerph21081087.
[93] Franke AA, Li X, Shvetsov YB, Lai JF. Pilot study on the urinary excretion of the glyphosate
metabolite aminomethylphosphonic acid and breast cancer risk: The Multiethnic Cohort study.
Environmental Pollution 2021;277:116848. https://doi.org/10.1016/j.envpol.2021.116848.
[94] Lucia RM, Liao X, Huang W-L, Forman D, Kim A, Ziogas A, et al. Urinary glyphosate and AMPA
levels in a cross-sectional study of postmenopausal women: Associations with organic eating
behavior and dietary intake. Int J Hyg Environ Health 2023;252:114211.
https://doi.org/10.1016/j.ijheh.2023.114211.
[95] Masci M, Caproni R, Nevigato T. Chromatographic Methods for the Determination of
Glyphosate in Cereals Together with a Discussion of Its Occurrence, Accumulation, Fate,
Degradation, and Regulatory Status. Methods Protoc 2024;7:38.
https://doi.org/10.3390/mps7030038.
[96] PAN UK. Is Organic Better? https://www.pan-uk.org/organic/ (accessed September 12, 2024).
[97] Rempelos L, Wang J, Barański M, Watson A, Volakakis N, Hoppe H-W, et al. Diet and food type
affect urinary pesticide residue excretion profiles in healthy individuals: results of a randomized
controlled dietary intervention trial. Am J Clin Nutr 2022;115:364–77.
https://doi.org/10.1093/ajcn/nqab308.
[98] Hyland C, Bradman A, Gerona R, Patton S, Zakharevich I, Gunier RB, et al. Organic diet
intervention significantly reduces urinary pesticide levels in U.S. children and adults. Environ Res
2019;171:568–75. https://doi.org/10.1016/j.envres.2019.01.024.
[99] Mesnage R, Tsakiris IN, Antoniou MN, Tsatsakis A. Limitations in the evidential basis supporting
health benefits from a decreased exposure to pesticides through organic food consumption. Curr
Opin Toxicol 2020;19:50–5. https://doi.org/10.1016/j.cotox.2019.11.003.



17

[100] UK Government. Commission Regulation (EC) No 889/2008 Annex II
https://www.legislation.gov.uk/eur/2008/889/annex/II (accessed September 12, 2024).
[101] Cressey P, Vannoort R, Malcolm C. Pesticide residues in conventionally grown and organic
New Zealand produce. Food Additives & Contaminants: Part B 2009;2:21–6.
https://doi.org/10.1080/02652030802684096.
[102] Lozowicka B, Jankowska M, Hrynko I, Kaczynski P. Removal of 16 pesticide residues from
strawberries by washing with tap and ozone water, ultrasonic cleaning and boiling. Environ Monit
Assess 2015;188:51. https://doi.org/10.1007/s10661-015-4850-6.
[103] Yang S-J, Mun S, Kim HJ, Han SJ, Kim DW, Cho B-S, et al. Effectiveness of Different Washing
Strategies on Pesticide Residue Removal: The First Comparative Study on Leafy Vegetables. Foods
2022;11:2916. https://doi.org/10.3390/foods11182916.
[104] Barański M, Średnicka-Tober D, Volakakis N, Seal C, Sanderson R, Stewart GB, et al. Higher
antioxidant and lower cadmium concentrations and lower incidence of pesticide residues in
organically grown crops: a systematic literature review and meta-analyses. British Journal of
Nutrition 2014;112:794–811. https://doi.org/10.1017/S0007114514001366.
[105] Hurtado-Barroso S, Tresserra-Rimbau A, Vallverdú-Queralt A, Lamuela-Raventós RM. Organic
food and the impact on human health. Crit Rev Food Sci Nutr 2019;59:704–14.
https://doi.org/10.1080/10408398.2017.1394815.
[106] Rahman A, Baharlouei P, Koh EHY, Pirvu DG, Rehmani R, Arcos M, et al. A Comprehensive
Analysis of Organic Food: Evaluating Nutritional Value and Impact on Human Health. Foods
2024;16:208. https://doi.org/10.3390/foods13020208.
[107] Baudry J, Rebouillat P, Samieri C, Berlivet J, Kesse-Guyot E. Dietary pesticide exposure and
non-communicable diseases and mortality: a systematic review of prospective studies among adults.
Environmental Health 2023;22:76. https://doi.org/10.1186/s12940-023-01020-8.
[108] Baudry J, Assmann KE, Touvier M, Allès B, Seconda L, Latino-Martel P, et al. Association of
Frequency of Organic Food Consumption With Cancer Risk: Findings From the NutriNet-Santé
Prospective Cohort Study. JAMA Intern Med 2018;178:1597–606.
https://doi.org/10.1001/jamainternmed.2018.4357.
[109] Bradbury KE, Balkwill A, Spencer EA, Roddam AW, Reeves GK, Green J, et al. Organic food
consumption and the incidence of cancer in a large prospective study of women in the United
Kingdom. Br J Cancer 2014;110:2321–6. https://doi.org/10.1038/bjc.2014.148.
[110] Dehesh T, Fadaghi S, Seyedi M, Abolhadi E, Ilaghi M, Shams P, et al. The relation between
obesity and breast cancer risk in women by considering menstruation status and geographical
variations: a systematic review and meta-analysis. BMC Womens Health 2023;23:392.
https://doi.org/10.1186/s12905-023-02543-5.
[111] Komati N, Cravedi J-P, Lecerf J-M, Belzunces LP, Tailliez D, Chambrier C, et al. Potential
Health Benefits of a Diet Rich in Organic Fruit and Vegetables versus a Diet Based on Conventional
Produce: A Systematic Review. Nutr Rev 2024:nuae104. https://doi.org/10.1093/nutrit/nuae104.
[112]International Agency for Research on Cancer. IARC Monographs Hazard Classification
https://www.iarc.who.int/wp-
content/uploads/2023/06/IARC_MONO_classification_2023_updated.png (accessed December 19,
2024).



18

Appendix

Group Definition Evidence

1 Carcinogenic
Enough evidence in humans to be conclusive that it can

cause cancer.

2A Probably carcinogenic
Enough evidence from animal studies that it can cause

cancer, but limited evidence in humans.

2B Possibly carcinogenic
Some evidence from animal studies that it can cause

cancer and limited evidence in humans. Thus, evidence is
far from being conclusive.

3 Unclassifiable
No evidence that it can cause cancer, as evidence from

animals and humans is not adequate.

4 Probably not carcinogenic Strong evidence that it does not cause cancer.

Appendix 1. Criteria for the IARC classification of carcinogens [112]. 
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