
Introduction
Environmental pollution has a significant impact on 
women’s health throughout their lives. These com-
pounds enter surface water and treated drinking water, 
where they act as endocrine-disrupting compounds 
(EDCs), mimicking or blocking natural hormones and 
disrupting vital biological processes. Their persis-
tence in aquatic environments not only endangers 
biodiversity but also poses health risks for women, 
given the vulnerability of female endocrine systems 
to environmental pollutants [1]. EDCs contribute to 
reproductive disorders, pregnancy complications, and 
adverse prenatal outcomes, with long-term effects on 
child health and development. Beyond reproduction, 
they also increase the risks of cancer, cardiovascular 
and respiratory diseases, and mental health issues 
in women [2-15]. Given the complex ways in which 
environmental pollutants, especially EDCs, influence 
women’s health and contribute to environmental 
injustice, it is vital to assess how common hormonal 
contraceptives fit into this broader context of exposure 
effects. In particular, contraceptives containing syn-
thetic estrogens, such as ethinyl estradiol (EE), directly 
contribute to environmental pollution when excreted 
and are not sufficiently removed by wastewater 
treatment systems [16]. 

Hormonal contraception 
and its impact on the 
environment

Estrogens
Estrogens, especially synthetic ones like EE, can act 
as EDCs in the environment [17,18]. However, their 
structure, biodegradability, and persistence differ, which 
in turn influence their ecotoxicological effects. After 
ingestion, a portion of these hormones is excreted in 
urine and faeces, entering sewage systems where 
conventional treatment is often unable to eliminate 
synthetic estrogens like EE entirely [16]. Nature-based 
methods, such as algae- and duckweed-based 

systems, show promise, especially in resource-limited 
settings; however, their effectiveness is variable and 
context-dependent. As a result, EE and other hormone 
residues frequently persist and enter aquatic ecosys-
tems [19-22].

The presence of synthetic estrogens in the environ-
ment is especially concerning due to their strong 
endocrine-disrupting effects on aquatic life [23]. EE is 
100 to 1,000 times more potent than the natural and 
body-identical estrogen estradiol (E2) in fish. Studies 
have shown that even extremely low concentrations of 
EE (as low as 1–5 ng/L) can cause feminisation of male 
fish, leading to reduced fertility, altered sex ratios, and 
population declines in some species [24,25]. Feminised 
male fish have been observed to produce egg yolk 
proteins, develop ovarian tissue, and show diminished 
reproductive capabilities [26]. These disruptions 
threaten aquatic biodiversity and the stability of ecosys-
tems [27]. Beyond aquatic impacts, synthetic hormones 
can persist in surface water and sediment, where they 
may undergo limited degradation and continue to exert 
endocrine-disrupting effects affecting other species 
over time [17,28,29]. Although the broader implications 
for human health through exposure to the water and 
food chain are still being studied, the persistence and 
mobility of these steroid estrogens raise long-term 
environmental concerns [30]. This underscores the 
importance of monitoring not only water but also solid 
and semi-solid environmental compartments where 
estrogens may accumulate and persist over time.

The challenge is particularly acute where wastewater 
treatment infrastructure is limited, resulting in poor 
removal of synthetic estrogens. Examples of such 
findings include EE detected in effluents in South 
Africa, in surface waters near urban centres in South 
India, in both wastewater and drinking water in Brazil 
and Mexico, and in irrigation canals in Colombia [29,31-
35]. In coastal sediments from Chile and Brazil, EE has 
also been reported at high concentrations, sometimes 
exceeding 40–80 ng/g dry weight, highlighting its 
persistence in marine systems and the impact of 
inadequate sewage treatment and direct discharges 
[36,37].
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Similar patterns are seen elsewhere: in China, EE 
accounts for most estrogenic activity in municipal 
effluents and downstream rivers [38,39]; in Japan, 
both free and conjugated estrogens persist in treated 
effluent, particularly in winter when removal efficiency 
declines [40,41]; and in Australia, EE resists biological 
treatment and often requires advanced filtration or 
sludge sorption for effective removal [42,43]. 

In contrast, recent EU-wide monitoring suggests that 
estrogen concentrations in European surface waters 
are now relatively low, typically below 1–2 ng/L, with 
most samples under the effect-based trigger value of 
0.4 ng/L. This likely reflects improvements in wastewa-
ter treatment and stricter regulatory oversight, although 
methodological limitations in detection mean that 
low-level risks cannot be excluded [44-46].

Collectively, these findings illustrate that the wide-
spread reliance on EE-containing contraceptives, par-
ticularly in regions with suboptimal or poorly maintained 
wastewater infrastructure, can significantly contribute to 
environmental estrogen loads [47,48]. Combined with 
broader structural and social determinants, such as 
limited access to healthcare, poverty, and occupational 
exposures, this pattern amplifies environmental and 
health inequities [49]. Women in low-resource settings 
are more likely to live near industrial emissions, vehic-
ular air pollution, and hazardous waste sites [50]. They 
are disproportionately represented in occupations 
with high chemical exposure, including agriculture, 
domestic cleaning, beauty services, and textile work, 
where regulatory protections are often weak [51-54]. 
These exposures can worsen physiological vulner-
abilities during sensitive life stages like pregnancy, 
puberty, and menopause, raising risks of preterm birth, 
endocrine disorders, and cancer [10]. Children are also 
particularly vulnerable: even low-level exposure during 
development can disrupt hormonal, neurological, and 
reproductive systems, and while direct causal links 
between environmental EE exposure and develop-
mental harm remain under investigation, such risks are 
plausible given EE’s high estrogenic potency [18,55]. 
Limited healthcare access may further delay or prevent 
diagnosis and treatment, while structural inequities 
such as racism, housing segregation, and gender bias 
heighten cumulative risks [49,56]. Moreover, many 
sources of pollution that drive hormone contamination, 
such as fossil fuel combustion, industrial emissions, 
and deforestation, also contribute to climate change, 
creating overlapping and compounding threats to 
women’s and children’s health [57-59]. Moreover, 
beyond reproductive toxicity, EE, as an environmental 
pollutant, disrupts adipose tissue biology, increases 
adiposity, and promotes insulin resistance and type 2 
diabetes, a risk that persists throughout the lifespan 
[60]. EDCs like EE complicate diagnoses and treatment 
of infertility, cancer and thyroid disorders [61]. 



Altogether, disadvantaged communities face the 
double burden of higher pollution exposure and 
the environmental load of contraceptive-derived 
EE, underscoring an urgent need for environmental 
justice approaches. Equitable solutions must therefore 
combine improvements in wastewater treatment, 
stronger occupational protections, expanded access to 
healthcare, and the promotion of non-EE contraceptive 
options.

As a result, interest is growing in hormonal contracep-
tives that contain natural and body-identical estrogens 
instead of synthetic EE. Natural and body-identical 
estrogens, such as E2 and E4, degrade more readily 
in the environment, reducing ecological risk compared 
to EE [62]. E2, though potent, is rapidly biodegraded 
in aquatic systems and thereby less likely to cause 

endocrine disruption in wildlife [25]. E4, with weak 
estrogenic activity in non-reproductive tissues and 
rapid biodegradability, facilitates an environmentally 
sustainable contraception. In zebrafish, E4 showed a 
markedly lower ecotoxicological impact than EE: even 
at doses 1000 times the predicted environmental 
concentration, it did not affect reproductive output 
and caused only minimal molecular and histological 
changes, while EE reduced fecundity, altered gonadal 
histology, and triggered widespread transcriptomic 
disruptions. Consistent with this, a metamorphosis 
study demonstrated that EE delayed development and 
disrupted nutrient metabolism pathways, whereas E4 
produced no adverse morphological effects, even at 
concentrations 10,000-fold above predicted environ-
mental levels. [63,64]. 

Table 1. Estrogens as EDC: estradiol (E2), estetrol (E4) and ethinyl estradiol (EE)

Refer to Sections 3 and 4 for more details and literature on potency, metabolism, and excreted forms. Refer to the text in this section for 
additional information and references on environmental persistence, its impact on aquatic life, and its overall environmental effects.
EDC: endocrine-disrupting compound. 



A mixture of steroid hormones, including EE and 
progestins, has been shown to additively suppress egg 
production in fish, illustrating that combined exposures 
can cause complex biological effects not seen with 
individual compounds. [65,66]. In this respect, a 
multigenerational zebrafish study confirmed that E4, 
when combined with drospirenone (DRSP), produced 
far fewer adverse effects across three generations than 
EE/DRSP [67]. The latter impaired sex differentiation, 
reduced fecundity, skewed sex ratios, and induced 
severe gonadal and transcriptomic disruptions. 

Taken together, current evidence indicates substantially 
lower ecotoxicological impact of natural and body-iden-
tical estrogens (E2, E4) compared to EE. Promoting 
these alternatives, alongside educational efforts 
(including unused medication disposal), and upgrading 
wastewater treatment infrastructure, offers a promising 
path to align contraceptive access with environmental 
sustainability [68]. 

Progestins
Like estrogens, progestins in hormonal contraceptives 
are excreted into aquatic environments, often resisting 
removal in wastewater treatment. Similar to estrogens, 
progestins, as environmental pollutants, affect non-tar-
get species, particularly marine species [69].

Their endocrine-disrupting potential includes inter-
ference with the hormonal regulation of reproduction 
and development. In particular, their ability to activate 
androgen receptors in fish is a significant environmen-
tal risk, as this can disrupt sex differentiation, fertility, 
and population balance [69]. A common challenge in 
assessing the environmental impact of progestins is 

their low environmental concentrations, as well as the 
lack of sensitive, standardised biomarkers to detect 
their sublethal effects in aquatic organisms. Unlike 
estrogens, whose feminising effects are well-char-
acterised, androgenic or anti-androgenic impacts of 
progestins are more complex and more challenging to 
quantify, often requiring species-specific assays and 
long-term exposure studies to detect reproductive or 
developmental disruption [69,70].

Certain progestins, such as levonorgestrel (LNG), have 
androgenic properties and seem to be several orders 
of magnitude more potent in terms of reproductive 
impairment in fish than non-androgenic progestins [69]. 
In a study by Zeilinger et al., where LNG was compared 
with DRSP, LNG was shown to inhibit egg production in 
fish at concentrations of ≥0.8 ng/L, while requiring ≥6.5 
µg/L of DRSP to achieve the same effect [71]. Hua et al. 
reported completed sex reversal in zebrafish embryos 
exposed to ≥10 ng/L LNG. This result was still confirmed 
at 142 days, suggesting that even low levels of LNG 
can interfere with normal sex development in fish [72]. 
Zhao et al. found that progesterone (P4) and DRSP can 
disrupt the internal circadian rhythm in zebrafish. Adult 
fish exposed to even low, environmentally relevant 
levels of these hormones (7 ng/L P4 and 99 ng/L DRSP) 
showed changes in brain gene activity related to circa-
dian rhythms. However, their reproductive organs were 
less affected. These changes were linked to reduced 
fertility and appeared in the offspring. The findings 
suggest that environmental progestins may also affect 
the daily biological cycles in fish [73]. Although their 
primary impact is on aquatic ecosystems, potential 
indirect risks for human health cannot be excluded. 

Table 2. Androgenic potencies of progestins [86-89]



Global policy responses
Growing awareness of the ecological risks posed by 
synthetic estrogens, notably EE, has led to significant 
regulatory action worldwide [74] (Table 3). The 
European Union Water Framework Directive lists EE 
as a priority substance for environmental monitoring 
[74,75]. Some progestins (e.g., LNG) have been 
considered in risk assessments but are not yet desig-
nated as priority substances. Germany and Sweden 
have taken leadership in implementing advanced 
wastewater treatment to reduce micropollutants, 
including estrogens, from effluents [76]. In the United 
States, the Environmental Protection Agency (EPA) 
supports research on contaminants of emerging 
concern, including hormones, through its CompTox 
Chemicals Dashboard [77]. EE is included on the EPA’s 
Contaminant Candidate List 4 (CCL 4), which compiles 
unregulated contaminants that may warrant regulation 
under the Safe Drinking Water Act [74,78]. Estrogens 
(E1, E2, EE) were added to Canada’s Priority Substances 
List (PSL2) in 2001 for risk assessment under the 
Canadian Environmental Protection Act (CEPA) [79]. 
Although they were not subsequently added to 
Schedule 1, their PSL status prompted monitoring and 
research programs, which have since demonstrated 
estrogenic effects in Canadian surface waters and 
whole-lake experiments [18,22,35,68]. Japan’s SPEED 

98 initiative has expanded national monitoring and 
control of endocrine disruptors, including synthetic 
estrogens [80]. Brazil has reinforced effluent control 
through the CONAMA Resolution 430/2011, which 
regulates liquid waste discharge [22,74,81]. South Africa 
has not officially recognised estrogens as emerging 
pollutants requiring regulatory attention; however, a 
Water Research Commission framework exists that 
utilises “trigger values” for estrogenicity, expressed 
as estrogen equivalents. These are applied in risk 
assessments for aquatic life and drinking water safety 
[34,82,83]. 

Pharmaceutical innovation is shifting towards ‘greener’ 
contraceptives that, for instance, contain natural estro-
gens (e.g., E2, E4). Proposals now advocate including 
environmental impact data, such as biodegradability, 
persistence, and ecotoxicity, into the benefit-risk 
assessment of therapeutic products. Giovagnoni et al. 
emphasise that when clinical alternatives offer compa-
rable efficacy and safety, environmental profiles should 
guide therapeutic choices [84]. Further impact could 
also be achieved by policies promoting contracep-
tive-induced amenorrhoea through reduced sanitary 
waste. All this aligns with planetary health principles 
and the One Health approach, recognising the 
interdependence between human and environmental 
well-being [84].



Table 3. Examples of governmental initiatives to reduce environmental pollution by 
EDCs

BMUKN: Federal Ministry for the Environment, Nature Conservation, Nuclear Safety and Consumer Protection, CONAMA: Conselho Nacional do 
Meio Ambiente, EPA: Environmental Protection Agency, EDC: endocrine-disrupting compound, WRC: Water Research Commission

ReferenceFocus AreaPolicy/InitiativeRegion/Country

CONAMA Resolution 
430/2011 [81]

Strengthened wastewater regulations 
and pharmaceutical residue 
monitoring.

CONAMA Resolution 430/2011Brazil

European Union [75]Monitoring and Reporting Synthetic 
Estrogens in Surface Water.

EU Water Framework Directive 
(2013/39/EU)European Union

BMUKN [85]

Improving regulation; providing 
information; promoting joint action; 
advancing knowledge on EDCs; 
strengthening international 
cooperation.

Five-Point Plan of the Federal 
Government on Protection 
against EDCs 

Germany

Ministry of Environment  
[80]

Environmental Impact Research and 
Endocrine Disruptor Management.

Strategic Program on 
Environmental EDCs (SPEED 98) Japan

WRC [83] Kalebaila and 
Hlophe-Ginindza [82]

Provide practical tools to monitor, 
assess, and manage EDCs in water 
resources, specifically addressing 
how chemicals in water may interfere 
with the endocrine system.

National Environmental 
Management Act (No. 107 of 
1998). National Health Act (Act 
No. 61 of 2003). National Drug 
Policy for South Africa, 1996

South Africa

Swedish Environmental 
Protection Agency [76]

Advanced wastewater treatment 
upgrades targeting pharmaceutical 
residues.

Advanced wastewater treatment 
upgrades targeting 
pharmaceutical residues

Sweden

U.S. Environmental 
Protection Agency [77]

EPA funding research on 
contaminants of emerging concern, 
including hormones.

National Emerging Contaminant 
Research Initiative (NECRI)United States



Key messages

Environmental pollution harms women’s health. Women are especially vulnerable to pollutants 
like phthalates and bisphenol A, which disrupt hormonal systems and contribute to menstrual 
irregularities, reproductive disorders, pregnancy complications, and long-term diseases such as 
cancer and metabolic disorders.

Social and structural inequalities amplify environmental health risks for women in low-resource 
settings. Disadvantaged populations face greater pollution exposure due to inadequate 
infrastructure, occupational hazards, and limited healthcare access, exacerbating environmental 
injustice and health disparities.

EE, the most widely used estrogen in CHCs, is a persistent and potent environmental pollutant. EE 
enters aquatic systems via human excretion and resists removal in wastewater treatment, leading 
to reproductive disruption in fish and long-term ecological damage.

Natural estrogens, particularly E4, offer environmentally safer alternatives to EE. E4 is rapidly 
degradable and minimally toxic to the environment. While E2 is more biodegradable than EE, it still 
poses moderate risks to aquatic life, making E4 the most environmentally sustainable option for 
CHCs. 

Conclusion
Eco-friendlier estrogens and progestins, along with 
enhanced wastewater treatment technologies, 
represent a promising strategy to balance women’s 
health needs with environmental sustainability. 
Evidence strongly supports that E4 has a significantly 
lower ecological footprint compared to EE and better 
aligns with environmental safety goals. E2, while still 
environmentally impactful, also poses relatively lower 
risks than EE. The EU’s Water Framework Directive and 
related regional and local policies are crucial drivers in 
the monitoring and mitigation of estrogenic pollutants, 
directly supporting the shift toward more eco-friendly 
contraceptive options.

Globally, however, EE-containing contraceptives remain 
the most accessible and widely distributed option, 
often through public health programs. In low-resource 
countries, limited wastewater treatment capacity 
increases the risk of environmental contamination. 
Promoting alternatives like E2 and E4 and investing in 
sustainable infrastructure can reduce hormone pollu-
tion, advancing both health equity and planetary health. 

Current knowledge gaps
Human health consequences of chronic low-level 
environmental exposure to EE remain underexplored. 
While the impact of EE on aquatic ecosystems is 
well-established, evidence on its long-term effects in 
humans, particularly in children and pregnant women, is 
still emerging.

Environmental risks from hormone mixtures and 
progestins are insufficiently characterised. Most 
research examines individual compounds, yet 
combined exposures (e.g., EE with progestins like LNG) 
may have additive or synergistic effects that current risk 
assessments do not capture.

Global and regional policy efforts are beginning to 
address hormone pollution, but further integration of 
environmental data into drug regulation is needed. 
Initiatives such as the EU Water Framework Directive 
and green pharmaceutical development are promising, 
yet environmental impact assessments should become 
standard in contraceptive benefit-risk evaluations.

Environmental monitoring and data collection are 
limited in countries with high EE-CHC use and weak 
wastewater infrastructure. Critical data from regions 
in Africa, South America, and South Asia are scarce, 
impeding risk mitigation and sustainable policy 
development.
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