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ABSTRACT
This study examines pathways to advance menstrual hygiene through

the development, adoption, and scale-up of eco-friendly sanitary pads.
Drawing on interdisciplinary frameworks from public health,
environmental science, materials engineering, and social behavior
change, the paper proposes a conceptual model linking product design,
supply chains, policy, cultural norms, and health outcomes. We outline
a hypothetical study design to evaluate environmental impact,
acceptability, efficacy, cost-effectiveness, and equity of biodegradable
sanitary pads compared with conventional disposable pads. The paper
concludes with policy recommendations and directions for future

empirical research.
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I.  INTRODUCTION

Menstrual hygiene management (MHM) is a multifaceted public-health and socio-
environmental concern that influences the dignity, health, and daily functioning of millions of
menstruating individuals worldwide. Despite increased awareness, access to safe and
affordable menstrual products remains deeply unequal, especially in low-resource settings
where social stigma, economic limitations, and inadequate infrastructure continue to restrict
informed choice. Conventional disposable sanitary pads—often seen as the most accessible
option—contain high proportions of plastics, petroleum-derived superabsorbent polymers,
artificial fragrances, and adhesives. These components not only raise concerns about allergic
reactions or discomfort but also generate significant environmental harm. Each discarded pad
can take hundreds of years to decompose, contributing to the escalation of landfill mass, the
release of microplastics, and long-term contamination of soil and water systems. With global
usage steadily rising, the environmental load from menstrual waste has become an urgent
issue that intersects with climate change, sustainable development, and gender justice. At the
same time, taboos surrounding menstruation persist in many cultural contexts, limiting open

conversation, accurate information, and adoption of sustainable alternatives.

Eco-friendly sanitary pads have gained attention as a promising innovation capable of
addressing both menstrual hygiene needs and ecological sustainability. These pads commonly
utilize biodegradable or compostable materials such as bamboo fiber, banana fiber, organic
cotton, water hyacinth pulp, natural biopolymers, and plant-based films in place of
conventional plastics. Their design aims to replicate or surpass the comfort, absorbency, and
leak protection of commercial pads while ensuring that waste decomposes rapidly, thereby
reducing environmental burden. In several regions, community-led manufacturing initiatives
have demonstrated the potential of eco-friendly pads to support local economies, empower
women entrepreneurs, and reduce dependency on imported synthetic materials. However,
despite their potential, adoption remains inconsistent due to concerns about product
effectiveness, cost competitiveness, shelf life, and the absence of standardized safety and
compostability regulations. Furthermore, biodegradability is heavily influenced by local
waste-management systems; even the most sustainable pads may fail to decompose if

disposed of in sealed landfills or burned in open environments. Social acceptance presents
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another challenge, as unfamiliarity with natural materials, fear of leakage, or entrenched
preferences for conventional brands can deter users from switching. These complexities
indicate that the transition to eco-friendly menstrual products requires more than
technological innovation—it also demands comprehensive awareness campaigns, inclusive

policy support, and a shift in cultural attitudes toward menstruation and sustainability.

Understanding how eco-friendly sanitary pads can advance menstrual hygiene therefore
necessitates an integrated theoretical approach that considers environmental science,
materials engineering, public health, cultural anthropology, and gender studies. A thorough
examination must account for how individual knowledge, perceptions, and lived experiences
interact with broader structural factors such as school facilities, waste-management
infrastructure, socio-economic status, and regulatory frameworks. Eco-friendly pads align
closely with the principles of the circular economy and global commitments to reduce single-
use plastics, making them timely within current sustainability dialogues. Yet for true impact,
innovations must be evaluated through rigorous research that measures not only absorbency
and biodegradability but also user satisfaction, cultural compatibility, cost-effectiveness, and
long-term adoption patterns. The development of eco-friendly sanitary pads is thus an
opportunity to rethink menstrual hygiene as part of a broader system that values
environmental protection, social equity, and human dignity. By synthesizing existing
knowledge and identifying gaps, this theoretical study provides a foundation for designing
interventions, policies, and research agendas that support a sustainable, inclusive, and health-

centered future for menstrual hygiene management.
II.  ECO-FRIENDLY MATERIALS & PRODUCT DESIGN CONSIDERATIONS

The design of eco-friendly sanitary pads requires a thoughtful integration of material science,
environmental sustainability, user comfort, and cultural acceptability, making it a
multidimensional challenge that extends beyond simply substituting plastics with natural
alternatives. The core objective is to engineer menstrual products that offer high absorbency,
reliable leak protection, skin safety, comfort, and affordability while drastically reducing
ecological harm across the product’s life cycle—from raw material extraction to disposal.
One of the most significant considerations in eco-friendly pad design is the choice of raw
materials for the top sheet, absorbent core, and barrier layers. Natural fibers such as organic

cotton, bamboo fiber, banana fiber, corn fiber, water hyacinth pulp, jute, hemp, and kenaf
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have become widely explored due to their biodegradability, renewability, and minimal
processing requirements compared to petroleum-based components used in conventional
pads. These fibers often possess inherent properties—such as bamboo’s natural antimicrobial
qualities, banana fiber’s high moisture-wicking capacity, and cotton’s breathability—that
make them particularly suitable for menstrual hygiene applications. However, each material
also presents limitations that must be addressed during product development. For example,
cotton farming can be resource-intensive in terms of water and pesticides unless sourced
organically, while bamboo processing can require chemical treatments if not managed
sustainably. The absorbent core, a critical component of any sanitary pad, is traditionally
made from cellulose pulp or superabsorbent polymers (SAPs). Eco-friendly alternatives aim
to replace SAPs with biodegradable options such as cross-linked polysaccharides, modified
starches, or natural gel-forming fibers that can trap menstrual fluid effectively without
persistent environmental impact. Achieving comparable absorbency levels to SAPs is a key
challenge, and many eco-friendly pads therefore combine multiple fibers in layered
architectures to optimize fluid acquisition, distribution, and retention. These layers must be
engineered to minimize bulkiness while maintaining structural integrity, ensuring that users

experience comfort during movement and extended wear.

The barrier layer, responsible for preventing leaks, is traditionally composed of polyethylene
or polypropylene films—materials that are durable but environmentally persistent. Eco-
friendly pad design introduces biodegradable barrier films made from polylactic acid (PLA),
polyhydroxyalkanoates (PHA), or starch-based biopolymers, which offer compostability and
lower carbon footprints. Yet these biopolymers must be carefully tested for breathability,
flexibility, moisture resistance, and thermal stability to ensure they fulfill their protective
function. Designing pads with compostable adhesives is equally important, as standard hot-
melt adhesives can contain synthetic resins and chemical additives. Water-based or natural
rubber-based adhesives provide sustainable alternatives but require careful optimization to
maintain adhesion to underwear without leaving residues or causing irritation. In addition to
material choices, the physical design and structure of eco-friendly pads significantly
influence performance. Thinner pads are generally preferred for comfort and discretion, but
thinner designs require advanced fiber alignment, mechanical densification, or hydro-
entanglement techniques that enhance absorbency and fluid distribution without adding

plastic components. Wing design, pad contouring, and surface texturing must be optimized to
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reduce leakage and shifting during use. Surface softness and breathability are crucial for
preventing rashes and irritation, particularly in hot and humid climates where moisture
buildup can cause discomfort or infection. Eco-friendly pads must also undergo extensive
dermatological and microbiological testing to ensure that natural fibers do not introduce
allergens, contaminants, or excessive microbial growth. Standardized testing protocols for pH
compatibility, skin irritation, moisture retention, and odor control are essential to validate the
safety and comfort of natural materials. Odor control, traditionally achieved through synthetic
fragrances, must be reimagined using natural methods such as fiber permeability design,
herbal antimicrobial treatments, or plant-based essential oil micro-coatings—although such

additions must be carefully regulated to avoid allergic reactions.

The packaging of eco-friendly pads is another crucial design element that significantly
contributes to environmental impact. Many brands now adopt minimal, plastic-free packaging
made from recycled paper, plant-based films, or compostable bioplastic wrappers. However,
packaging must still ensure hygiene and protect pads from moisture, dust, and contamination
during transport and storage. The balance between minimalism and protective function is
therefore vital. Moreover, cultural considerations play a significant role in packaging choices,
as in many communities, privacy and discreetness are prioritized, making opaque packaging
or individually wrapped pads necessary. Beyond materials and structural design, an eco-
friendly sanitary pad must be evaluated within the context of its entire life cycle. Designers
must anticipate the final disposal scenario—whether composting, burial, incineration, or
landfill—to determine which materials will decompose effectively in real-world conditions.
Biodegradability claims must be backed by laboratory and field testing, as many materials
labeled “compostable” only break down under industrial composting conditions, which may
not exist in most communities. Pads intended for home composting must decompose at lower
temperatures and varying moisture levels, without releasing harmful residues into the soil. On
the other hand, pads likely to end up in landfills must be designed to degrade even in
anaerobic conditions or, at minimum, reduce microplastic formation. These constraints
underline the need for careful selection of natural fibers, biopolymer blends, and
manufacturing methods that genuinely reduce environmental impact rather than simply

shifting problems from one part of the system to another.

Another important dimension is manufacturability and cost feasibility, because sustainable

materials and advanced processing techniques can sometimes increase production costs. Eco-
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friendly pads must remain affordable, particularly for users in low- and middle-income
contexts where price sensitivity is high. Strategies such as utilizing locally available natural
fibers (e.g., banana fiber in agricultural regions, water hyacinth in areas affected by aquatic
weed overgrowth) not only reduce costs but also strengthen local circular economies and
create employment opportunities. Small-scale decentralized production units can also
empower women’s cooperatives and community enterprises, contributing to gender and
economic empowerment. Meanwhile, large-scale manufacturers may invest in automated
machinery and supply-chain innovations to reduce cost at scale while ensuring consistent
quality. Ultimately, the design of eco-friendly sanitary pads involves navigating complex
intersections between performance, environmental responsibility, cultural preferences,
affordability, safety, and scalability. Each material choice and design decision must be
grounded in rigorous scientific evaluation, user-cantered research, and realistic waste-
management considerations. When these elements are harmonized successfully, eco-friendly
sanitary pads can provide a high-quality menstrual hygiene solution that not only meets users'
needs but also contributes meaningfully to global sustainability efforts and healthier

ecosystems.
1.  ETHICAL, REGULATORY & SAFETY CONSIDERATIONS

Ensuring ethical, regulatory, and safety compliance is a central consideration in the
development and deployment of eco-friendly sanitary pads, as these products interact directly
with sensitive skin and intimate areas while also influencing environmental outcomes. Ethical
considerations begin with safeguarding the dignity, autonomy, and well-being of
menstruating individuals, particularly in contexts where stigma and gender inequalities limit
open discussion about menstrual health. In research and product testing, informed consent is
essential, ensuring participants understand the purpose, potential risks, and benefits of the
study, as well as their right to withdraw at any time. Special attention is needed when
working with minors or marginalized groups to prevent coercion and ensure voluntary
participation. Transparency about materials, environmental claims, and product limitations is
equally critical to prevent misleading “greenwashing” and to maintain consumer trust. Ethical
manufacturing also extends to sourcing raw materials responsibly, avoiding exploitative labor
practices, and supporting local economies where possible, thus promoting social equity

alongside environmental sustainability.
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Safety considerations encompass both the physical and chemical integrity of the product.
Natural and biodegradable fibers, while environmentally friendly, are not inherently
hypoallergenic and may harbor pesticide residues, microbial contamination, or irritants if not
properly processed. Comprehensive dermatological and microbiological testing is necessary
to ensure skin compatibility, moisture regulation, and resistance to microbial growth, while
maintaining adequate absorbency and leak protection. Biodegradable barrier layers and
adhesives must be evaluated for mechanical stability and skin safety, and chemical additives
such as fragrances or coatings must be monitored to avoid allergens or toxic exposure.
Equally important is environmental safety: products should be designed to degrade
effectively under real-world disposal conditions without generating microplastics or harmful
residues, and users must receive clear instructions on appropriate disposal methods, such as

home composting, industrial composting, or municipal waste separation.

Regulatory considerations provide the framework to enforce these ethical and safety
standards, though they vary across countries. In some regions, sanitary pads are classified as
medical devices requiring rigorous testing, whereas in others they fall under general
consumer product regulations with less oversight. Standards must define performance
requirements, chemical safety limits, biodegradability criteria, and labeling accuracy. This
includes validating claims such as “100% biodegradable” or “organic” to ensure they reflect
scientifically proven outcomes. Regulatory policies should also encourage equitable access,
prevent unsafe products from entering the market, and support local production initiatives
that maintain quality and affordability. Cultural sensitivity and user education are additional
ethical imperatives; effective adoption of eco-friendly pads requires awareness of local
menstrual practices, disposal norms, and comfort expectations. Collectively, integrating
ethical, regulatory, and safety considerations ensures that eco-friendly sanitary pads are not
only environmentally sustainable but also health-protective, culturally appropriate, and

socially responsible, laying a solid foundation for broader adoption and long-term impact.
IV. CONCLUSION

Eco-friendly sanitary pads represent a promising intersection of public health, environmental
sustainability, and gender equity. The challenges posed by conventional menstrual
products—ranging from plastic pollution, microplastic contamination, and landfill

accumulation to social stigma, limited access, and cultural barriers—highlight the urgent
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need for sustainable alternatives that do not compromise user safety, comfort, or dignity. By
utilizing biodegradable, renewable, and responsibly sourced materials such as bamboo,
banana fiber, organic cotton, and biopolymers, eco-friendly pads have the potential to
drastically reduce the environmental footprint of menstrual management while
simultaneously promoting health, hygiene, and social empowerment. The design and
implementation of these products, however, must balance performance, durability,
affordability, and cultural acceptability, ensuring that users experience reliable protection and
convenience in diverse contexts. Safety testing, including dermatological, microbial, and
chemical assessments, along with proper labeling and regulatory oversight, is essential to
prevent health risks and establish trust among consumers. Moreover, life-cycle analysis and
waste-management considerations must inform product design to ensure that eco-friendly

claims translate into tangible environmental benefits rather than symbolic gestures.
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