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G R A P H I C A L A B S T R A C T
� Menstrual hygiene waste represents an
underestimated environmental problem.

� It is critical not only for women's health
and dignity, but also for the
environment.

� It cannot be still consider a problem
relegated only to low-income countries.

� The menstrual hygiene waste generated
from migrants is considered for the first
time.

� Dedicated actions are proposed to solve
knowledge gaps in this field.
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A B S T R A C T

Menstrual hygiene waste management has received lack of attention and hence it has been poorly investigated,
mainly due to its association to social and cultural aspects of a natural process, that is often surrounded of
entrenched stigma and taboos. Therefore, data about quantities and full lifecycle of the generated waste are often
not available or suffer of large incertitude.

However, this argument represents a relevant and critical issue, not only for the health of the women, their
equality, and dignity, but also possible associated environmental concerns. This work highlights the necessity and
the urgency to face the problems associated with menstrual hygiene waste, which cannot be still considered only
relegated to low-income countries. It gives the dimension of the waste associated to migrants in the incoming
areas, which is often neglected in sanitation program implementation. This work also describes the existing
knowledge gaps and suggests some actions to implement in the next future.
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In the pandemic context, menstrual hygiene needs urgent attention, also to understand the possible implication
of this waste, generated for example in refugees' camps, in SARS-CoV-2 spread, and to prevent eventual unknown
environmental issues connected with the reconvention of some factories from the production of menstrual hy-
giene products to facemasks manufacture.
Figure 1. Number of refugees worldwide in 2017, by housing type (source
UNHCR Global Trends – Forced Displacement in 2017).
1. Introduction

World Health Organization defines an adolescent as a person aged
10–19 years old (WHO, 1996). During this period, the child undergoes
physical, psychological, and biological development and women's
menarche marks the start of the reproductive phase of their lives, which
is an important biological milestone. Most women reach menarche be-
tween the ages of 12 and 13 years old, which is consistent across pop-
ulations. Although menstruation is a natural process, in several societies
it is still surrounded by entrenched stigma and taboos, because it is
regarded as dirty and unclean. This is generally coupled with a lack of
knowledge about menstruation biological background and management,
as well as shyness and embarrassment.

Menstruation wastes are the wastes that a woman generates during
her reproductive years. They are produced during the menstrual cycle,
also called menses, periods, or the monthly bleeding cycle (Swenson and
Havens, 1987). Hormones regulate menstruation, and this process in-
volves the endometrium, or uterine lining, gradually thickening and shed
off during a period of 3–5 days, or even as long as 7 days. Mucus and
vaginal secretions are also contained in the menstrual fluid, in addition to
blood. Each woman experiences their menstrual flow differently and it
can appear more or less at the beginning of menses, or it can vary
throughout the menstrual cycle. Menstrual fluids usually have different
colors, ranging from red to bright red and to dark brown to black. During
hormonal imbalances, fibroids, polyps, and endometriosis, menstruation
can flow more, and excessive bleeding can lead to anaemia (Goldstein
and Lumsden, 2017).

Unfortunately, literature devoted to menstrual hygiene waste (MHW)
is very limited, and the lack of suitable and comprehensive studies
devoted to present and discuss the environmental problems associated
with MHW management is evident. The experience of women (mainly
adolescent girls), particularly the issues connected with managing
menstruation, has dominated the discussions, with great attention to the
implications connected with the gendered dimensions of sanitation-
related psychosocial stress (Amiya et al., 2010; Sommer, 2013; Som-
mer et al., 2013; Sommer and Sahin, 2013; Mohammed and
Larsen-Reindorf, 2020; Schmitt et al., 2021; Sahiledengle et al., 2022).
Only few works report general considerations about possible environ-
mental issues generated by MHW (Muralidharan, 2018; Bhagwat and
Jijina, 2020). These works are devoted to studies only in societies with
inequitable gender norms, showing that disposal of menstrual hygiene
products is often improperly managed, with a consequent high danger
that some products end up in the waterways and oceans (Pachauri et al.,
2019). To have an idea about the importance of this problem, it is suf-
ficient to report that the most common products purchased by Poles for
war refugees from Ukraine (in March 2022) were personal hygiene
products, with feminine hygiene products reaching 44% (source
https://marketingprzykawie.pl/).

Therefore, several knowledge gaps exist about this task. For example,
at the end of 2021 literature does not provide a reliable and affordable
evaluation of the waste generated by menstrual hygiene products. The
main cited data (Bharadwaj and Patkar, 2004) was published more than
16 years ago and estimates that a woman disposes 125–150 kg of sanitary
waste along her life (ranging from pads, cloth pads, internal absorbents,
and menstrual cups); then considering the global population women, the
yearly world generated MHWmay range between 250 to 300 millions of
tons. However, no data are available about the amount of similar waste
generated by women in crisis conditions, as for example by refugees
and/or migrants. In addition, all the environmental and health
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implications of MHW are still undisclosed. This can be also partially
attributed to another fundamental knowledge gap: the lack of complete
information concerning materials and manufacturing technologies of
menstrual hygiene articles, which is mandatory to establish the most
suitable technologies for MHW disposal. Finally, the establishment of the
most suitable management strategies for these wastes among women
living in precarious conditions remains a problem.

Figure 1 shows the number of refugees worldwide in 2017, by
housing type. Accommodation types are classified as planned/managed
camp, self-settled camp, collective center, reception/transit camp, and
individual accommodation (private), as well as unknown if the infor-
mation is not available. It is evident that unknown accommodation and
situations with refugees living in camps and camp-like situations are
more than half.

The main goal of this paper is to fill some of the existing literature
knowledge gaps about MHW, specifically addressed to women living in
refugees' camps. This was obtained by giving some realistic and quanti-
tative dimensions of an urgency, that is often considered to be relegated
only to low-income countries, showing that it also concerns the devel-
oped areas, as for example USA and Europe, where women in critical
situations, that are homeless or in accommodation of a temporary nature,
can be found. For this aim, for the first time, the female migrant's situ-
ation is considered, proposing an estimation of the generated MHW. This
work also presents the possible environmental risks associated with
MHW incorrect management, due to women living in refugees' camps,
and suggests some dedicated actions that should be implemented. The
problem needs urgent attention also considering the pandemic and the
current virus resurgence due to SARS-CoV-2 variants, as better explained
in the section 3.2.

2. Methodology

2.1. Bibliographic analysis

Literature only provides an estimation of the MHW generated in some
countries (see for example Bharadwaj and Patkar, 2004). For this work,
the Statista platform (http://www.statista.com/), which provides data
about the market survey, has been considered. In particular, the reports
that have been acquired are the following: “Feminine hygiene market”
and “Menstrual protections and precariousness in France”. All the data
concern 2021.

The relevant scientific papers for this work were selected by searching
in the SCOPUS database only two terms “menstrual” and “waste” in the

https://marketingprzykawie.pl/
http://www.statista.com/


Table 1. Average volume (kg) and revenue ($) per women of paper used for
feminine hygiene products (tampons and sanitary pads) in 2021. Data were
extracted from the Statista platform (http://www.statista.com/) and normalised
considering only woman with an age between 10 to 49 years.

Average volume per
woman (in Kg)

Average revenue
per woman ($)

Worldwide 1.4 19.7

Burundi 0.3 3.2

Burkina Faso 0.3 4.5

Southern Africa 1.3 17.3

France 1.8 30.6
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keywords, title, and abstract. 93 documents resulted, showing an
increased research interest in the last years, even if the annual number of
published articles is still very low (see Figure 2). In addition, only 145%
of papers concern environmental sciences, corresponding to only 23
studies which are relevant to the scope of this paper. Several articles
present MHW disposal (unsuitable) procedures mainly in low- and
middle-income countries (Robinson and Barrington, 2021). However,
most of these works are based on survey results, addressed to understand
the disposal practices, whereas the environmental implications due to the
derived waste are essentially not presented and discussed. The first
literature available considerations about the environmental sustainabil-
ity of menstrual hygiene products have enhanced the advantages of using
reusable disposal products (Hait and Powers, 2019) and proposed the use
of biodegradable absorbents materials (Foster and Montgomery, 2021),
also for women living in low- and middle-income countries. However, it
is evident that this possibility cannot be considered in all the situations,
as for example for migrants, generally living in poor hygienic conditions
(as for example in camps). Poor menstrual hygiene can lead to repro-
ductive tract infections, which can affect not only her current health but
also her reproductive capabilities and well-being in the future. It was
shown that particularly for women in low-income countries, the employ
of reusable absorbents, instead of disposable pads, can be associated to
urogenital diseases (Das et al., 2015). The proposition to use a reusable
device must be coupled with the knowledge that it may be safe if it is
correctly used (Das et al., 2015). As a result, proper menstrual-related
information and habits are critical to adolescent girl's health and devel-
opment. Unfortunately, a research survey (Ali and Rizvi, 2010) showed
that in most developing nations there is a low attention to this crucial
problem. Concerning some possible solutions to limit the environmental
problems caused by MHW, some authors have suggested to reduce the
mass of the adsorbent's products used for sanitary napkins, and to use
more sustainable raw materials in producing menstrual hygiene prod-
ucts, as for example wood pulp for the absorbent (Hait and Powers,
2019), able also to guarantee less and cost-effective management.

The results of bibliometric analysis show that a more holistic study,
involving the environmental impact of not suitable disposal of MHW,
considering woman rights, opportunities, inclusivity, and health, also in
critical situations, is mandatory. In particular, literature considering
critical situations, as women that are homeless or in accommodation of a
temporary nature, in rich countries is absent.

Humanitarian crises, that can be due to natural catastrophes (for
example floods) or socio-political conditions (for example wars), exac-
erbate the problem of MHW management, given women's generally lack
Figure 2. Scopus papers containing the terms “menstrual” and “waste” in the keyw
lished from 1981 to 2021. The search was updated on February 2, 2022. In 2022 (a
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access to safe disposal, producing a totally uncontrolled environmental
emergency.

Population migration is a clear example. It represents a source of
waste dissemination, for example in refugees' camps, that cannot be
controlled and/or managed. However, most of the guidance devoted to
managing an environment, sanitary, and humanitarian crisis is basically
concentrated in the water, hygiene, and sanitation (Sommer et al., 2018)
and does not incorporate the results coming from multidisciplinary
knowledge needed for a comprehensive and effective analysis, evalua-
tion, and response to the menstrual hygiene waste problem.
2.2. Menstrual hygiene waste generated by migrant women

Table 1 reports the average volume of paper used for feminine hy-
giene products (tampons and sanitary pads) calculated by using the
market data provided by the Statista platform for 2021 (the data are
evaluated considering only woman aged between 10 to 49 years). The
2021 average revenue is also provided. Mean world values and the cor-
responding data for two African states are reported as a comparison.
France data allows to highlight the values corresponding to an industri-
alized EU country. As expected, the use of these products is much lower
in low-income countries if the average value is considered as also the
market revenue. The amount of annually generated MHW by female
migrants, for the different destination regions, is estimated using the
following approach. Statista platform shows that in France generally only
7.7% of women use sometimes washable sanitary towels and more than
65% employ single-use tampons and pads. To produce a suitable evalu-
ation of the produced MHW in refugee' camps, it is reasonable to suppose
the use of only disposable pads and tampons (and no other additional
ords, title, and abstract, represented by subject area and publication year, pub-
t the moment) only two papers are published (not reported in this figure).

http://www.statista.com/
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menstrual hygiene products) and the total waste mass of a single men-
strual period can be assumed 0,139 kg (Sasidaran et al., 2021). This value
is in accord with data about the amount of paper used for feminine hy-
giene products (tampons and sanitary pads) extracted from retail sales
market analysis by Statista (see Table 1). Recent literature suggests a
mass of 1,470 kg for a month (Velasco Perez et al., 2021); however this
value corresponds to the French market data, then our proposed value
can be considered more reliable if women in critical conditions are
considered. It corresponds to a global amount of about 67 kg of sanitary
waste along each woman life (considering the migrant condition), which
is about½ of the waste value generally proposed for a woman in the most
cited literature (Bharadwaj and Patkar, 2004).

The geographical flux of female migrants (with an age between 10 to
49 years, then producing MHW) was evaluated considering their origin
regions and their destination regions, using data extracted from the In-
ternational Migrant Stock 2020 database (Migrant Stock, 2020).

Then, data about the waste generated in the incoming counties are
obtained considering for the incoming female migrant a residence of a
single month (then a single menstrual period) in a camp. It is evident that
the residence period can be extremely variable. However, based on these
data, more accurate evaluations may be done for single countries, with
known migrant's residential time.

3. Results and discussion

3.1. Menstrual hygiene waste generated by migrants

Monthly hygienic menstruation products such as sanitary pads,
tampons, and menstrual cups are required for women, girls, and trans-
gender persons to live healthy and productive lives. Even though
women's menstrual hygiene practices should be simple, a huge propor-
tion of people lack sufficient hygiene knowledge or live in critical con-
ditions. The Statista platform report highlights that in France more than
25% of the woman were affected by menstrual precariousness during
their life, mainly connected to the instruments used for menstrual pro-
tection. 76% of French woman are convinced that menstrual precari-
ousness is a public health issue.
Figure 3. 2020 female (10–49 years) international migrant stock. Data were extrac
Sankey chart showing the regions of destination and origin. Data are represented in
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The environmental and consequent human health implications of
women's menstrual hygiene products need to be investigated and quan-
tified in a comparative solid waste management/assessment of feminine
hygiene products. A greater understanding of the impacts these products
have and the processes or components that cause these effects can help
discover areas where the product can be improved. These effects are also
influenced by a woman's personal habits and rate of sanitary product use.

In particular, women's menstrual hygiene products can result among
the major contributors to many environmental and human health issues
in some critical conditions. For example, the generally lack of sanitation
infrastructures for migrants living in camps, allows to suppose that this
waste can be disposed in the environment.

Figure 3 shows the flux of female migrants, with an age between 10
and 49 years, in the last year (2020), which can be evaluated from their
origin regions to their destination regions. Data were represented by a
Sankey chart. The numbers of involved people are impressive, and all the
continents are implicated in this humanitarian crisis, adding a sense of
urgency.

From these data it is possible to estimate the produced MHW (see
section 3).

Figure 4 shows the amount of menstrual hygiene waste, that can be
annually generated by female migrants, considering the involved popu-
lation reported in Figure 2, in the incoming regions, considering only one
month of residence for each woman. This is the first time that these re-
sults are presented. Moreover, due to the choice to select a low weight
and limited use of menstrual pads actual figures are expected to be
higher, till to double values.

It is also important to highlight that several of the migration flows
involve some months of movement, with also possible log time perma-
nence in some areas. However, due to the lack of statistics, the temporal
transition in different regions cannot be considered in the evaluation of
the generated MHW and the eventual additional MHW due to women
that are accounted as migrants in the previous year's cannot be estimated.
In addition, despite that the assessment proposed in this work is very
conservative, because only one month of permanence is considered, it
shows that for several countries the amount of generated waste, that may
result in high environmental contamination, cannot be neglected. For
ted from the International Migrant Stock 2020 database and represented by a
millions (M).



Figure 4. Amount (in tons) of menstrual hygiene waste, that can be annually generated by female migrants (considering the involved population reported in Figure 1)
in the incoming regions. These results are obtained considering a residence of only a single month per migrant. The mass of a single waste was assumed 0,139 g in
accord with ref (Sasidaran et al., 2021).
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example, it results that the USA is the area most affected by this problem,
with about 2300 tons of MHW. Europe, Germany, and France are the
main involved countries.

3.2. Environmental concerns due to menstrual hygiene waste

The most diffused menstrual products are absorbents, like sanitary
pads, tissue paper, and cloth, that can be also homemade (Elledge et al.,
2018). Cloth pads are environmentally less polluting compared with
disposable pads. However, their cleaning can be highly problematic in
critical situations, as for example for women living in low- and
middle-income countries, since it needs privacy and access to water.
Then disposable pads are generally preferred, if available.

Environmental concerns derived from the uncontrolled disposal of
menstrual hygiene waste can be associated with the materials used in
their manufacturing and/or with the contained menstrual fluid.

Chemicals used in menstrual hygiene products are generally unreg-
ulated, with the consequence to be unchecked by governmental author-
ities' agencies. For example, in the USA neither the Food and Drug
Administration nor the Environmental Protection Agency can monitor or
require testing for the used materials. The consequence of the greater
ingredient disclosure is that most menstrual hygiene products often
contain residuals, as for example volatile organic compounds (Lin et al.,
2020) and are realized by using low-cost materials (Woeller and Hoch-
walt, 2015), as petroleum-based plastics, like polyethylene and polyester,
with high degradation times (around 500–800 years). Some of that, for
example, acrylate (Sauder and Pratt, 2015), can release potentially toxic
monomers or/and additives from the polymer network (Bettencourt
et al., 2010). Other products contain pesticides, that can originate also
from natural fibers as cotton (Kaur et al., 2018), like atrazine (Hait and
Powers, 2019), pyrethrum, and procymidone (DeVito and Schecter,
2002), which can contribute to acute and chronic aquatic toxicity. Ad-
hesive can contain hazardous chemicals like methyldibromo glutaroni-
trile. Some materials used for their fragrance and/or antibacterial
activity contain chemicals like organochlorines. They can kill the
microflora of the soil and delay the decomposition process (Kaur et al.,
2018).

Finally, it is also important to highlight that combustion of sites
where this waste is accumulated, may generate toxic air emissions,
contain polychlorinated dibenzodioxins and other potentially dangerous
5

chemicals, and contribute to groundwater contamination as a result of
leaching.

In addition, the current pandemic situation, with virus resurgence
due to SARS-CoV-2 variants, involves completely unexplored implica-
tions of the consequence of uncontrolled dissemination of sanitary
contaminated waste in the environment. In particular, the woman lower
genital tract is exposed to different microorganisms, that can also result
in microorganisms and/or endotoxin accumulation of in the menstrual
fluid (Khan et al., 2010). Despite that it was shown that SARS-CoV-2 can
survive several days outside the human body (Anand et al., 2021a,
2021b, 2021c, 2022; Iyer et al., 2021), no studies about the possible role
of MHW in the transmission of the coronavirus disease-2019 (COVID-19)
infection can be found in the literature. In particular, it was already re-
ported that HIV virus may be transmitted by improper disposal of similar
waste (Pachauri et al., 2019). Nonetheless, it is possible that MHW may
represent a source of leaching of microorganisms and toxins into wa-
terways (Pachauri et al., 2019). Indeed, SARS-CoV-2 infection cases have
been confirmed in several refugee camps (Ismail et al., 2021).
3.3. Possible actions

Literature has already highlighted that reusable product, like the
menstrual cup, could significantly reduce MHW being incinerated or sent
to landfills (Blair et al., 2022). In particular, a menstrual cup is made from
medical grade silicone rubber and may be sterilized and recycled. On the
contrary disposable pads had a high impact on climate change and
eutrophication and tampons strongly impact resource depletion (Hait
and Powers, 2019). However, considering the Sustainable Development
Goals (SDGs), it was recognized that reusable products are not suitable
for people in the condition of homeless or in temporary accommodation
(Vora, 2020). In these conditions indeed it is not possible to guarantee a
suitable washing of these products. Then the attention must be devoted
to disposable pads.

The data discussed in the two previous sections highlight that the
examination of MHW environmental impacts is very urgent and that
some actions are mandatory. As reported in section 2.1 limited actions
have been already proposed for a better management of MHW: the ad-
sorbent's mass reduction (Hait and Powers, 2019) and the use of more
sustainable raw materials in their production (Hait and Powers, 2019).
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Following the discussion of data reported in this work, it is possible to
propose additional actions, devoted to disposable products. First, it ap-
pears that it is impossible to estimate environmental implications during
and years after use, without dedicated studies to understand the MHW
leaching of various elements (and/or pathogens) in the environment.
Then dedicated research activities must be proposed and supported. The
findings of these studies could have consequences for how menstruation
products will be defined in future and how improvement actions will be
planned in the domain of waste management. Second, the use of
environment-friendly chemicals for the manufacturing of these products,
to limit the possible soil, water, and air pollution effects, must be
imposed. In this frame also the use of not mandatory treatments, as for
example fragrance and bleaching agents, used only for aesthetic reasons,
must be avoided. It would be an improvement to give also to the man-
ufacturers the responsibility for waste generated by their products. This
may be also supported by the creation of necessary legislation to advance
the strategy, with defined roles and responsibilities and clear monitoring
mechanisms. A code of practice for tampons safety has been already
proposed by the Absorbent Hygiene Product Manufacturers Association.
However, this is only an example of a voluntary subscription, that should
be encouraged.

Third, the diffusion of the knowledge that a suitable management of
menstrual hygiene waste must be considered a priority and not a taboo,
must be promoted. In this frame, it is also mandatory to guarantee a
smooth information flow that allows different groups of individuals, and
specifically young women, to communicate the most suitable hygiene
procedures. This may be achieved also by an increase in the coordination
between political authorities and NGOs, and the promotion to support to
long-term projects. Fourth, great attentionmust be devoted to developing
suitable strategies for the management of MHW in refugee camps, where
people can stay also for a prolonged time. In this frame it is fundamental
to highlight that the attention is devoted to disposable pads, that should
be addressed to landfilling or incineration (Blair et al., 2022), to avoid
soil and/or water pollution.

Some projects (https://sites.google.com/a/fater.it/recall-s/, https
://diaperrecycling.technology) have proposed solutions to manage
all the absorbent hygiene products, that are the most challenging types
of post-consumer waste because they are currently not recycled and
usually disposed of via either landfill or incineration. The proposed
practices are addressed technologies for the separation of this waste
into its different constituents, to recover the different components into
secondary raw materials (for example cellulose and plastic). The core
processes generally involve thermal annealing in an autoclave, for
waste sanitization. The output stream is then treated by mechanical
processes to separate all the main components. In this way, cellulose,
polyethylene and polypropylene plastics can be recovered and sent for
recycling, for example after washing and drying. One of the main
driving forces for the implementation of the proposed recovery stra-
tegies is the collection scheme, which must be able to separately
collect MHW. In developed countries, for example, door-to-door waste
collection systems have been implemented, making this opportunity
available, and treating all the absorbent hygiene products in a single
plant. Then this may be also considered for refugees' camps, but with
some restrictions: this waste must be separately collected, and the
treatments plants should be localized in the camp's proximity (to avoid
long distances transport). Another possibility, mainly during the
pandemic, may be the use of incineration or pyrolysis (Aldayyat et al.,
2021), which allows to reduce the volume and improve the safety of
MHW (Ducoli et al., 2021), resulting in more sustainable if compared
to landfill (Blair et al., 2022). This procedure has already been pro-
moted in India, where the amount of this MHW is significantly high
(about 113,000 tons annually) (Sasidaran et al., 2021). However, it is
extremely important to consider that menstrual hygiene waste can
have high moisture (Sasidaran et al., 2021), then studies devoted to
the understand the consequent environmental implications and the
most suitable incineration conditions must be envisaged.
6

Finally, in the current pandemic situation, it is also urgent to consider
that some factories originally producing sanitary hygiene products have
been reconverted for facemask manufacturing. This may disclose in the
next future serious health and environmental concerns associated to
facemasks disposal, other than those already known caused by
microplastics.

4. Conclusions

Apart from the significant physical and psychosocial impact that
menstrual hygiene waste can have on adolescents, women's menstrual
products management is a critical issue, globally. Despite that they can
affect human and environmental health, resulting in an important part of
diseases prevention and health promotion, several gaps in the knowledge
exist. However, the problems associated with unsuitable waste man-
agement cannot be still considered relegated to low-income countries,
due to the large extent of the population globally living in poor condi-
tions, as for example migrants, in Europe camps.

Some actions such as promote additional research activities, reserve
adequate financial resources, strive for equitable access, improve legis-
lation, involve political commitments, use safe disposal treatments, and
support dissemination would be critical to improve women's menstrual
hygiene and a suitable treatment of the derived waste.

Filling the research gaps in the menstrual hygiene waste management
and the connected environmental and health issues is an urgent priority.
This is extremely important because the resulting implications will go
beyond the involvement of SDGs 11, 12, 14, and 15, involving women
dignity, health, and safety, supporting their valorisation and the
achievement of their fundamental rights, in the frame of SDG 5.

Finally, it is important to highlight that even if this paper was spe-
cifically addressed to environmental concerns related to menstrual hy-
giene waste, it is also fundamental to remember that poor menstrual
hygiene must be considered a source of vulnerability for women repro-
ductive and urinary tracts, making the problem urgent mainly for people
in critical situations.
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