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Abstract

Studies have reported widespread disposable diaper (DD) consumption in parts of urban

Africa, increasing municipal waste generation and with mismanaged DD waste impacting

water quality. However, the DD manufacturing and distribution systems behind this trend

are little studied, yet understanding these underlying systems is critical in informing efforts

to promote extended producer responsibility. This study therefore aims to assess DD brand

preferences and trends in international trade in absorbent hygiene products in two case

study Sub-Saharan countries. A cross-sectional survey was undertaken of 440 carers of

children aged 0–36 months attending health facilities in Greater Accra, Ghana and Kisumu,

Kenya. Survey analysis was supplemented by analysis of international trade in absorbent

hygiene products for both countries from 2000–2021. Trade data showed DD imports to

Ghana and Kenya increased from 2000–17 particularly from China, but declined thereafter.

This coincided with Chinese foreign direct investment establishing DD production facilities

within both countries in 2018–19, and increased DD exports from Kenya and Ghana to sur-

rounding countries. Meanwhile, 93.0% and 94.2% of survey respondents in Greater Accra

and Kisumu respectively reported using DD. In Greater Accra and Kisumu respectively,

62.4% and 45.3% of survey participants reported using the brand produced by these new

domestic manufacturing facilities, with 29.8% and 40.9% using imported brands. In Greater

Accra, approximately half of reported imported brands were unregistered with the regulator.

Given its market dominance, we therefore recommend engagement with the leading manu-

facturer to identify product or waste management innovations to address water pollution

from DD waste. We also recommend similar engagement with imported brand manufactur-

ers and greater DD import regulation in Ghana, given lack of imported brand registration.
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Introduction

By 2030, target 11.6 of Sustainable Development Goal (SDG) 11 seeks to “reduce the adverse

per capita environmental impact of cities, including by paying special attention to air quality

and municipal and other waste management” [1]. Meanwhile, Target 6.2 seeks to “achieve

access to adequate and equitable sanitation and hygiene for all and end open defecation” [2].

Disposable diaper (DD) consumption may affect progress towards both goals, increasing solid

waste generation on the one hand, whilst providing a convenient child faeces disposal option

on the other. Market research forecasts that DD sales will grow between 2022 and 2027 from

4.5 billion kg/year of DD to 5.6 billion kg/year in Asia and from 0.74 to 0.93 billion kg/year in

Africa [3], with the tonnage of African DD sales approaching those in Europe by 2027. Mean-

while, a series of local studies have identified widespread DD consumption in some Sub-Saha-

ran African (SSA) cities, with 60.7% reporting DD use in Gweru, Zimbabwe [4] and 86.2% in

Nairobi County, Kenya [5]. Our recent national-scale analysis of household expenditure sur-

veys in Ghana, Kenya and Nigeria found that approximately half of households with children

of diaper-wearing age reported purchasing DD [6]. Furthermore, most DD consumption in

Kenya and Nigeria occurred in households lacking adequate solid waste disposal systems.

However, household expenditure surveys, such as the Ghana Living Standards Survey, have

only recently introduced commodity codes for DD, so DD consumption estimates are unavail-

able for older household expenditure surveys [6]. Thus, unlike for packaged water consump-

tion, which is recorded by multiple, successive population censuses and household surveys,

detailed data on long-term DD consumption trends in low- and middle-income countries

(LMICs) are lacking. Since market research reports typically analyse trends by world region

only [3], there is a need for more granular understanding of DD production and consumption

trends and their drivers at national and sub-national level.

There is evidence from high income countries of benefits from DD use, particularly for chil-

dren’s carers. With the emergence of community diaper banks in the USA providing free DD

to low-income families, some studies in high income countries now formally define diaper

need–the lack of sufficient diapers to keep a child clean, dry and healthy [7]. Free DD provi-

sion and this definition also reflect the potential time saving benefits for the mostly female chil-

dren’s carers and related income generation, care, and wellbeing opportunities, together with

reduced carer anxiety [7–9].

Conversely, increased DD consumption presents challenges for municipal waste manage-

ment, particularly in LMICs where waste collection service coverage is low [10]. There are

widespread reports of mismanaged, discarded DD entering the environment throughout

Africa. This threatens progress towards Sustainable Development Goal target 11.6, which

seeks to reduce the per capita environmental impact of cities, particularly those relating to

municipal solid waste management [11]. For example, DD were dumped at riverside sites

accessible to livestock and wildlife in rural South Africa [12], whilst DD constituted a signifi-

cant proportion of municipal waste streams and household waste dumps in Gweru, Zimbabwe

[4]. In cities, inappropriate disposal of DD may block storm-drains and sewers [13], whilst

their entry into aquatic ecosystems risks exacerbating eutrophication, reducing water quality,

and ultimately contributing to micro-plastic loads [14]. Meanwhile, in Kenya, a United

Nations waste hot-spotting study [15] identified DD as the fifth largest product by weight

entering the environment because of mismanagement, whilst urban transect surveys in Kisu-

mu’s slums found locally high densities of discarded DD [16].

DDs are usually composed of several plastics, including polyethylene and polypropylene,

cellulose and a super-absorbent polymer (SAP), which can absorb up to 300 times its weight in

liquid [13, 17]. Mismanaged DD waste causes long-term environmental degradation due to
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their robust polymer and SAP constituents [18], taking 250–500 years to disintegrate [19].

SAP, microplastics, and other chemicals can leach into the environment, harming soil, water,

and marine life. Improper disposal of DDs containing faeces may have a long-term impact on

water and soil quality, endangering humans and wildlife [12]. Discharging pathogens and

chemicals from decomposing DD can disrupt ecosystems and risk biodiversity [20]. These pol-

lutants’ long-term persistence thus risk accelerating habitat deterioration.

Reflecting the trade-off between their potential benefits versus waste management impacts,

policy proposals in relation to DD consumption vary markedly, ranging from free DD provi-

sion to an outright ban. In Kenya, for example, free DD have been promised during electoral

campaigns [21], whilst alongside this, local county governments have called for a complete ban

on DD use [22]. At international level, the United Nations Environment Programme (UNEP)

has proposed five strategies to identify waste hot-spots [23], through plastic waste analyses by

polymer, industrial sector, location, waste management stages, and applications. The latter

"applications" or product-based perspective focuses on identifying and targeting waste man-

agement strategies at specific products contributing significantly to waste generation. One

such management strategy entails Extended Producer Responsibility (EPR). These frameworks

serve as critical policy tools aimed at holding manufacturers accountable for the entire lifecycle

of their products [24], ensuring their involvement in waste management and disposal [25].

EPR has been proposed as a policy response to DDs [14]. However, large informal

manufacturing sectors and lack of regulation, which enable producers to evade EPR costs [26,

27], impede its viability in LMICs. Although studies have characterised the scale, environmen-

tal impacts and socio-economic patterns of DD consumption, evidence is limited concerning

DD manufacturing and distribution practices in LMICs particularly to assess the potential via-

bility of EPR.

Given lack of evidence on DD manufacturing in SSA, this study firstly aims to assess the

market share and segments associated with different DD brand types, including in relation to

household diaper disposal. Secondly, it aims to quantify trends in international trade of absor-

bent hygiene products (AHPs) in two case study SSA countries, namely Ghana and Kenya. In

addressing these objectives, the study seeks to inform DD-related policy responses, particularly

in supporting application-based waste hot-spotting.

Methods

Study countries and cities

The study took place in two contrasting case study LMIC cities: Kisumu, Kenya, and Greater

Accra, Ghana. As a capital city with a 2021 population of 5.5 million [28], Greater Accra’s dis-

tribution and retail systems likely differ from those of Kisumu, Kenya’s third largest city with a

2019 population of 398,000 [29], with Greater Accra acting as a distribution hub. The cities’

municipal waste service coverage also differs, affecting household options for DD disposal.

Waste collection services covered 68% of Greater Accra’s urban households in 2021, compared

to 18% of Kisumu’s urban households in 2019 [30]. Finally, in terms of national waste manage-

ment strategy, Kenya has implemented several waste reduction measures, notably banning

plastic carrier bags [31]. In contrast, Ghana’s strategy entails taxation, most recently via a Sani-

tation and Pollution Levy introduced on petroleum and related products including plastics in

2021, intended to promote waste management and recycling [32].

Both countries regulate DD production. In Kenya, DD manufacturing is regulated by the

Kenya Bureau of Standards (KEBS) under standard KS EAS 969 [33]. Locally manufactured

products must display a standardisation mark under a mandatory product certification scheme

that incorporates this standard. KEBS also oversee an import standardisation mark, which is
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used for imported products and incorporates product batch traceability markers. Similarly, in

Ghana, DD are manufactured under Ghana Standards Authority (GSA) production specifica-

tion GS 1166:2017 [34], with registered products labelled with the GSA kite mark. Imported

and domestic DD should also be registered with Ghana’s Food and Drugs Authority (FDA).

Survey of child faeces disposal and diaper use

Given that the quality and coverage of African trade data have been criticised [35], we under-

took a survey of DD use among children’s carers to enable subsequent triangulation of findings

emerging from the survey and trade data. Initial market reconnaissance of retail outlets serving

slums in both cities was used to identify DD brands. During this reconnaissance exercise, it

became apparent that many small-scale retailers were selling defective imported DD brands

that had failed quality control checks (e.g. with non-functional adhesive strips), termed ‘for-

eign used’ or ‘fose’ products by vendors and consumers alike in Greater Accra. Between 20th

March and 21st October 2023 in Kisumu and 20th March and 27th August 2023 in Greater

Accra, a cross-sectional questionnaire survey was undertaken of children’s carers attending

Child Welfare Clinics (CWC) at selected health facilities in both cities. Eligible participants

were adults accompanying children aged 0–36 months as described in more detail for a related

analysis [36]. In Kisumu, carers were surveyed in waiting rooms at four purposively selected

health facilities, of which two were private and two publicly funded, with one of each pair serv-

ing a high-income population and a low to middle income population respectively. In Greater

Accra, questionnaire surveys also took place at two public and two private facilities again with

different catchment populations, except selection was random following stratification of facil-

ity lists from Ghana Health Services.

The sample was powered to test for differences in mean daily DD use by household socio-

economic status. Based on childcare behaviours in both cities and market research data from

other LMICs [37], we assumed nappy use of 4 DD/child/day among high socio-economic sta-

tus households versus 2.5 DD/child/day among medium or low socio-economic status house-

holds, with a standard deviation of 2 DD/child/day. With equally sized socio-economic groups

and with 90% power (alpha = 0.05), this gave a required sample size of 39 in each income

group within each 12-month age cohort, rounded to 40 children. This gave a desired sample

size of 240 children’s carers in each city (summing across three age cohorts and two socio-eco-

nomic groups).

Quota sampling was used to recruit the required number of children’s carers in each

12-month age cohort and facility. Following obtaining of informed consent, survey teams

asked carers about their own and child’s age and gender, education, housing characteristics

and economic activity. Respondents were also asked about child faeces disposal and for those

using DD, their preferred DD brands, prices, purchasing transactions, and methods of DD dis-

posal in relation to the child attending for healthcare. Surveys were conducted in local lan-

guages, namely Dholuo, Kiswahili or English in Kisumu and Twi, Ga, Ewe, or English in

Greater Accra, with responses recorded on tablets using SurveyCTO software [38].

To assess whether DD brands were produced locally or imported, we compared reported

DD brands preferred by Kisumu respondents with publicly accessible records of DD manufac-

tured in-country under KEBS’ standardisation mark certification scheme [39]. For Greater

Accra, we compared preferred brands with publicly accessible GSA records of registered man-

ufacturers [40]. This enabled us to differentiate imported DD brands from locally manufac-

tured brands registered with regulators for subsequent analysis. Additionally, we requested

details of foreign and domestic DD brands registered with Ghana’s FDA, receiving details on

3rd May 2024, enabling us to further differentiate registered versus unregistered imported
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brands in Greater Accra. We were unable to access equivalent regulatory records for imported

brands in Kenya.

To characterise household socio-economic status, a simple wealth index was created follow-

ing the methodology adopted in Demographic and Health Surveys [41]. The index comprised

the first component from a Principal Component Analysis of a set of binary variables reflecting

asset ownership (house, TV, car), services (improved water source and sanitation), being eco-

nomically active (for those of working age), and having attended secondary or higher level

education.

Having classified DD brands, we then used chi square analysis to assess the relationship

(alpha = 0.05) between brand type, affordability as stated reason for brand preference, house-

hold wealth quintile, DD disposal mode, and reported purchases of single versus bulk DD.

Waste collection services or use of a public waste dump or bin were considered adequate DD

disposal modes, whilst burning, burying, or dumping (either into sanitation facilities or the

environment) were considered inadequate. Linear regression was used to assess unit price var-

iation by DD brand type, after accounting for any discounting for bulk purchases.

Trends in imported absorbent hygiene products

To quantify trends in AHPs imported to Ghana and Kenya, UN-Comtrade database records

[42] were downloaded on 10th November 2023. Annual AHP imports from 2000 to 2021 were

identified via Standard International Trade Classification LTS code 64295, which covers adult

DD, tampons, and sanitary towels, alongside infant DD. UN-Comtrade records capture both

imports recorded by Ghana or Kenya as the receiving country and exports recorded by the

country of shipment. However, quantities of goods recorded can differ between the importing

and exporting country (often termed bilateral asymmetry), be affected by outliers, and in some

cases data from one country may be missing altogether [43]. This reflects differing national

reporting capacities and standards, alongside import duties often constituting a greater finan-

cial incentive to record imports. These concerns over reporting accuracy and completeness

particularly affect many SSA countries [35] where smuggling and illegal goods shipments may

be particularly prevalent. We therefore used a Trade Data Quality Index (TDQI) to reconcile

reports from importing and exporting countries [44]. Under this methodology, countries

receive a high TDQI score if their trade statistics in a given year deviate little from those of

trade partners, but a low score for higher deviations or incomplete trade reporting. Where

trade figures were available from both importing and exporting country, those for the country

with the greater TDQI score were retained [44]. We used “mirroring” (i.e. trade statistics from

one country only) where only one country reported shipment of AHPs to Ghana or Kenya.

Trade flow reconciliation was implemented in Stata [45].

Ethics statement

The study was approved by the Faculty of Environmental and Life Sciences Ethical Review

Committee, University of Southampton, UK (Ref: 77654, approval date: 27 Oct 2022), by the

Ethics Review Office of Jaramogi Oginga Odinga University of Science and Technology,

Kenya (Ref no: ERC 34/11/22-07/03; approval date: 1st Nov 2022), and by the Institutional

Review Board of the Noguchi Memorial Institute for Medical Research, University of Ghana

(Ref: 003/20-21 amend. 2022; approval date: 9th Dec 2022). The study also received ethical

approval from Ghana Health Services (Ref. no.GHS-ERC:022/05/23; approval date: 15th June

2023) and from the Aga Khan ethical review board (Ref: ADM/007/911, 3rd Oct 2023), an ethi-

cal review board overseeing facility-based research within a major Kenyan private healthcare

provider network. To seek consent from study participants, a participant information was first
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read and explained in a well-understood dialect to them through a translator and written con-

sent was sought thereafter. The study did not include minors.

Results

Participant and brand characteristics

All caregivers of children in both cities agreed to participate in the study. However, recruiting

older children in Greater Accra was challenging due to significantly fewer attending treatment

compared to in Kisumu. The sampling quota for children aged 24–36 months was therefore

reduced from 80 to 40 children. This led to a higher mean child age in Kisumu relative to

Greater Accra (Table 1). Study participants appeared more affluent than the general popula-

tion in both cities. For example, more respondents (22.5%) reported bottled water use than the

3.5% reported for urban Greater Accra households in the 2021 Ghanaian census [46], whilst

more participants (89.1%) reported using piped water than the 63.8% reported via the 2019

Kenyan census [30] for urban Kisumu households. Similarly, in both Greater Accra and

Table 1. Characteristics of children and their carers participating in diaper use survey at health facilities.

Respondent and Child

Characteristics

Category Greater Accra: No. survey respondents

(%)

Kisumu: No. survey respondents

(%)

Respondent’s relationship to the

child

Mother 181(90.5) 230(95.8)

Father 9(4.5) 4(1.7)

Aunt 3(1.5) 3(1.3)

Grandmother 4(2.0) 1(0.4)

Carer 1(0.5) 2(0.8)

Other 2(1.0)

Economic activity Engaged in economic activities, retired or on

leave

111(56.0) 126(52.5)

Education Attended secondary school or higher 139(69.5) 198(82.5)

Child age (months) < 12 80(40.0) 81 (33.8)

12–23 80(40.0) 79 (32.9)

24–36 40(20.0) 80 (33.3)

mean age. 14.8 17.2

Child sex Male 104(52.0) 117(48.8)

Female 96(48.0) 123(51.2)

Reason for healthcare attendance Child illness 45(22.5) 90(37.5)

Vaccination / weighing 139(69.5) 150(62.5)

Carer illness 16(8.0)

Main drinking-water source Piped to dwelling/ compound 20 (10.0) 164 (68.3)

Public tap / standpipe 2 (1.0) 50 (20.8)

Bottled / dispenser water 45 (22.5) 15 (6.3)

Sachet (bagged) water 132 (66.0) -

Other improved sources 1 (0.5) 9 (3.8)

Unimproved sources 0 2 (0.8)

Sanitation access W.C. 151 (75.5) 133 (55.4)

Pit latrine 16 (8.0) 102 (42.5)

Public toilet 33 (16.5) 5 (2.1)

Household solid waste disposal Solid waste collected 161 (86.6) 121 (54.9)

Faeces management for attending

child

Disposable diapers 186(93.0) 226(94.2)

Total respondents 200 240

https://doi.org/10.1371/journal.pwat.0000315.t001
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Kisumu, more respondents (86.6% and 54.9% respectively) reported waste collection services

than in the 2021 and 2019 censuses at 68.0% and 18.0% respectively. Improved sanitation cov-

erage was also higher among survey respondents relative to recent census figures. There was

widespread DD use among households in both cities at 93.0% and 94.2% in Greater Accra and

Kisumu respectively.

In Kisumu, 222 respondents reported using eight different DD brands, of which six were

registered as locally manufactured under KEBS’ standardization mark certification scheme

and the KEBS EAS 969:2020 production standard. The remaining two brands were imported

from foreign manufacturing sites. Following preliminary price data examination, one

imported brand manufactured by a US multinational corporation was clearly marketed as a

premium product, whilst a second brand manufactured in Kenya for a Chinese multinational

company was preferred by 45.3% of respondents. These two brands were therefore classified

separately within foreign and imported brands in subsequent analysis. Two further respon-

dents reported using unbranded DD (hereafter classed as domestic) and one reported using an

unspecified imported brand. One respondent had no specific regular DD brand and was

excluded from further analysis.

In Greater Accra, 186 respondents reported using DD, of which three respondents had no

brand preference and two did not know preferred brands, leaving 181 included in analysis. 14

respondents used unbranded DDs, and the remaining 167 reported using 14 different DD

brands, only one of which was registered as locally manufactured with GSA, again by the same

Chinese multinational as in Kenya. Preliminary analysis indicated the same brand produced

by a US multinational was sold at a premium price, so this was analysed separately within

imported brands. FDA records comprised 64 brands, of which 56 were foreign-manufactured.

Of the 13 foreign-manufactured brands reported by survey respondents, six were registered

with the FDA, so registered and unregistered foreign brands were differentiated in Ghana for

analysis.

Disposable diaper brands, market segments, and consumer behaviours

When household and transaction characteristics were disaggregated by brand type in Kisumu

(Table 2), the imported premium brand was significantly more expensive (mean unit price:

KSh30.9, US$0.23) relative to other brands (price range: KSh19.8–22.7, US$0.16–0.18) and

preferred by most households in the wealthiest quintile. Significantly fewer respondents cited

affordability as their reason for purchasing this brand, compared to other domestically pro-

duced brands. There was significantly greater reported use of other domestically produced

brands among the poorest households. Reflecting these trends, ‘Kadogo’ (meaning small in

Kiswahili) purchases of single DD were significantly more prevalent for domestically produced

brands, with bulk purchases less frequent. Despite significantly greater use of domestically pro-

duced DD brands among poorer households, there was however no significant association

between brand type and households reporting an inadequate means of DD waste disposal.

Significantly fewer respondents (29.8%, Table 3) in Greater Accra reported using imported

brands compared to Kisumu (40.9%; chi = 5.3, p = 0.02). The leading domestic brand also had

a significantly greater market share in Greater Accra (62.4%) compared to Kisumu (45.3%,

chi = 11.7; p = 0.001), with unbranded DD (7.7%) also significantly more prevalent than in

Kisumu (0.9%, Fisher’s exact test<0.001). The premium imported brand cost significantly

more than other brands (unit price: GHS2.86, US$0.21 versus GHS1.50–1.73, US$0.11–0.13)

and imported DD consumption was significantly greater among wealthier households in

Greater Accra (Table 3). Affordability was also significantly more cited as a reason for purchas-

ing unbranded DD, but variation in inadequate DD disposal by brand type was not significant.
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In narrative survey comments, two respondents also mentioned relatives working overseas

shipped DD to Ghana. Eight Kisumu respondents noted how cheaper, lower quality DD

brands absorbed urine less effectively than premium brands, increasing numbers of DD used

and discarded subsequently.

Table 2. Household characteristics and usage patterns disaggregated by DD brand type for Kisumu.

Transaction / household characteristica Imported premium

brand

Other Imported

brands

Domestic leading

brand

Other domestic

brands

Total

Reported ‘kadogo’ purchase of DD sold

individually *
3 (9.4%) 12 (20.0%) 37 (36.3%) 9 (29.0%) 61

(27.1%)

Purchased because of low cost * 4 (12.5%) 17 (28.3%) 28 (27.5%) 15 (48.4%) 64

(28.4%)

Mean unit price (KSh) *** 30.9 22.7 20.1 19.8 25.6

Household wealth quintile ***:
Poorest 2 (6.3%) 13 (21.7%) 19 (18.6%) 11 (35.5%) 45

(20.0%)

Poor 2 (6.3%) 13 (21.7%) 24 (23.5%) 7 (22.6%) 46

(20.4%)

Middle 0 (0.0%) 9 (15.0%) 25 (24.5%) 8 (25.8%) 42

(18.7%)

Wealthy 6 (18.8%) 14 (23.3%) 22 (21.6%) 3 (9.7%) 45

(20.0%)

Wealthiest 22 (68.8%) 11 (18.3%) 12 (11.8%) 2 (6.5%) 47

(20.9%)

Inadequate DD waste disposal by household 9 (28.1%) 16 (26.7%) 31 (30.4%) 12 (38.7%) 68

(30.2%)

Total 32 (14.2%) 60 (26.7%) 102 (45.3%) 31 (13.8%) 225

a * P<0.05

** P<0.01

*** P<0.001

https://doi.org/10.1371/journal.pwat.0000315.t002

Table 3. Household characteristics and usage patterns disaggregated by DD brand type for Greater Accra.

Transaction / household

characteristica
Imported premium

brand (not registered)

Imported brands

registered with FDA

Imported brands not

registered with FDA

Domestic

leading brand

Un-

branded

Total (% of

respondents)

Reported ‘kadogo’ purchase of

DD sold individually

0 (0.0%) 0 (0.0%) 1 (7.7%) 14 (12.4%) 2 (14.3%) 17 (9.4%)

Purchased because of low cost * 1 (8.3%) 3 (10.3%) 1 (7.7%) 13 (11.5%) 6 (42.9%) 24 (13.3%)

Mean unit price (GHS) ** 2.86 1.90 1.38 1.55 1.50 1.69

Household wealth quintile ***:
Poorest 0 (0%) 0 (0%) 4 (30.8%) 29 (25.7%) 1 (7.1%) 34 (18.8%)

Poor 1 (8.3%) 3 (10.3%) 2 (15.4%) 25 (22.1%) 3 (21.4%) 34 (18.8%)

Middle 2 (16.7%) 3 (10.3%) 5 (38.5%) 40 (35.4%) 6 (42.9%) 56 (30.9%)

Wealthy 5 (41.7%) 12 (41.4%) 1 (7.7%) 17 (15.0%) 3 (21.4%) 38 (21.0%)

Wealthiest 4 (33.3%) 11 (37.9%) 1 (7.7%) 2 (1.8%) 1 (7.1%) 19 (10.5%)

Inadequate DD waste disposal

by household

1 (8.3%) 1 (3.5%) 0 (0%) 15 (13.3%) 2 (14.3%) 19 (10.5%)

Total 12 (6.6%) 29 (16.0%) 13 (7.2%) 113 (62.4%) 14 (7.7%) 181

a * P<0.05

** P<0.01

*** P<0.001

https://doi.org/10.1371/journal.pwat.0000315.t003
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Trends in imports of absorbent hygiene products

Among the 1567 annual records of AHP export quantities from other countries into Ghana or

Kenya, most (62.5%) were reported by one trade partner only (S1 Table). For a further 35.0%

of records, TDQI was greater for the exporting country rather than Ghana or Kenya, so their

quantity estimates were used. Ghanaian or Kenyan estimates of AHP import quantities were

used for the remainder.

When reconciled AHP imports into Ghana and Kenya are disaggregated by trade partner

country (Fig 1), China dominates this trade with Ghana. Although China is also the leading

partner exporting AHPs to Kenya, other countries, notably Egypt and Turkey, are also major

trader partners in AHP.

Given China’s dominance in AHP trade with Ghana and Kenya, trends in AHP exports

from China and Hong Kong are presented separately in Fig 2. There was rapid growth in AHP

trade from China and Hong Kong to Ghana from 2011 onwards (Fig 2A). However, from

2019 onwards, this trade rapidly declined. Despite this drop in Chinese trade, trade in AHP

from other countries to Ghana continued to follow a long-term growth trend beyond this year.

In Kenya (Fig 2B), again there was rapid growth in Chinese AHP from 2014 onwards, but this

international trade rapidly declined from 2019 onwards. As with Ghana, AHP exports from

other countries to Kenya have steadily increased since 2000, including after 2019. In both

countries, the same broad trends are apparent, regardless of whether Ghanaian and Kenyan

import statistics, partner countries’ export statistics, or reconciled trade data are used.

Meanwhile, reconciled UN-Comtrade data showed that exports of AHPs into Côte d’Ivoire

and Senegal rapidly increased from 2019 in Ghana (Fig 3A) and into Uganda and Tanzania

from 2020 in Kenya (Fig 3B).

Fig 1. Tonnes of absorbent hygiene products exported to Ghana and Kenya by country of export, 2000–21. Only

countries exporting more than 2,000 tonnes of diapers shown; Areas nes, not elsewhere specified indicates trade

partner identity data were missing.

https://doi.org/10.1371/journal.pwat.0000315.g001
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Discussion

The decline in AHP exports from China to Ghana (Fig 2) seems surprising, given widespread

consumption of DD among our sample of children’s carers in Greater Accra. However, in

December 2018, a US$40 million baby diaper production plant operated by a Chinese multina-

tional company, described as one of the largest in SSA, was commissioned in Accra [47]. The

same company opened a US$39 million diaper production plant southwest of Nairobi in the

following year in a Special Economic Zone [48], capable of producing 350 to 450 million DD

to meet an estimated nationwide demand of 800 million DD [49]. This company also pro-

duced the most frequently used brand reported by 62.4% and 45.3% of our survey respondents

in Greater Accra and Kisumu respectively (Tables 2 and 3). Thus, both our DD use survey and

the changing AHP import pattern in UN-Comtrade data highlight a strategy on the part of

Chinese manufacturers to produce DD in Africa, rather than exporting DD from factories in

China. UN-Comtrade data show that both Ghana and Kenya subsequently rapidly became

regional DD manufacturing hubs, exporting DD to surrounding countries from 2019 onwards

(Fig 3). This shift in DD production from China into Africa reportedly reduces production

costs by 20% to 30% and thereby reduces prices [49], thus making DD affordable to more

Fig 2. Annual tonnes of absorbent hygienic products imported from China and Hong Kong versus elsewhere,

2000–21. (A) For Ghana. (B) For Kenya (source: UN-Comtrade).

https://doi.org/10.1371/journal.pwat.0000315.g002
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consumers. Simultaneously, retailers break out DD bags and sell diapers individually

(Table 2), thereby enabling poorer households with limited cashflow to smooth DD consump-

tion via smaller, more frequent ‘Kadogo’ purchases [50]. Thus, DD growth among the poor

reflects both their changing manufacturing and distribution, the latter in the form of ‘kadogo

(‘small’) economy’ purchases. The latter Swahili phrase refers to small-scale transactions by

poorer households [51], which we also observed for DD purchased and reported in national

household expenditure surveys [6].

Impact evaluations of China’s Belt and Road initiative (BRI) have typically focussed on the

immediate environmental impacts of infrastructure construction [52, 53], as opposed to asso-

ciated foreign direct investment in manufacturing such as Special Economic Zones. Assess-

ment of its socio-economic and poverty reduction impacts have focussed on employment

generation and trade cost reductions following infrastructure improvements [54]. Our study

highlights less proximate, secondary environmental impacts linked to the BRI, namely

increased mismanaged DD waste as DD become affordable to urban populations lacking

waste services. There may also be secondary socio-economic benefits, given that US studies

evaluating free DD provision via diaper banks highlight their time-saving and other benefits

for mothers [8, 9].

Fig 3. Tonnes of absorbent hygienic products exported annually from 2012 to 2021. (A) from Ghana into selected

neighbouring countries (B) Kenya into selected neighbouring countries (source: UN-Comtrade).

https://doi.org/10.1371/journal.pwat.0000315.g003
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Several Kisumu respondents noted that lower quality, cheaper brands were less effective at

absorbing urine. Given that DD contain a super-absorbent polymer to contain urine [55], it

seems likely that some budget DD manufacturers may be reducing costs by decreasing poly-

mer quantities in their products.

This widespread DD consumption appears to form part of a wider trend towards commodi-

fication of water, sanitation and hygiene (WASH). The WHO/UNICEF Joint Monitoring Pro-

gramme have highlighted global growth in packaged water (water sold in plastic bottles or

bags, the latter termed ‘sachet’ water in West Africa) consumption. Over 20 million people in

the 10 most populous countries with available data reported packaged water as their main

source in 2015 [56]. More recent surveys from 2016–2020 have reported packaged water use

by 50% or more of urban households in Ghana, Lao, the Philippines, and Indonesia [57] and

approaching 50% in Nigeria. However, although both packaged water and DD consumption

are increasing in LMICs, our study suggests their production patterns differ. We previously

compared sachet water brands with regulatory database records via market surveillance in

Greater Accra [58], finding a wide range of brands on sale. Of these, 65% of sachets sampled

had matching regulatory records. Thus, a substantial proportion of sachet brands on sale were

unregulated, with sachet production overwhelmingly domestic, sometimes under franchise

from leading brands and often close to consumers given the high costs of transporting pack-

aged water as a bulky commodity [58]. In contrast to sachets, far fewer DD brands were

reported by our participants. Virtually all DD brands reported by Greater Accra respondents

were either manufactured locally by a single multinational producer that was registered with

GSA or imported (Table 3). Over half of imported brands were not registered with the FDA as

regulator, suggesting that unregulated DD import, via informal resellers, family networks or

smuggling is prevalent. This is confirmed by the FDA and GSA who warned of illegal DD

imports smuggled in clothing bales [59]. Reported DD brands in Kisumu were similarly virtu-

ally all either imported or produced by domestic manufacturers registered with the regulator,

though we were unable to obtain regulatory registration details for imported brands there.

Thus, whilst the challenge for sachet water EPR to address plastic waste is the many small-scale

unregistered producers, the challenge for DD–at least in Ghana–is unregulated import of DD

foreign brands.

Combined evidence from the children’s carers survey and the UN-Comtrade database

shows how a multinational has come to dominate the DD sector in Ghana, Kenya and likely in

the surrounding region also. Various studies [16, 60] have reported DD entering the SSA envi-

ronment and aquatic ecosystems as mismanaged waste. One study [15] identified DD as the

fifth largest product by weight in Kenyan mismanaged waste. One potential solution to this

issue is to engage with manufacturers via EPR to accelerate redesign of DD products to facili-

tate their separation and energy recovery or support waste collectors and management systems

to handle DD waste. Given the dominance of one multinational manufacturer in both Ghana

and Kenya’s DD market, its inclusion within industry engagement efforts seems essential if

such EPR initiatives are to succeed.

The export of ‘foreign used’ or ‘fose’ goods from high income countries to Africa is well

established. Examples of such goods include used clothing (sometimes termed ‘obroni wawu’

in Ghanaian Twi or ‘mitumba’ in Kenyan Kiswahili), recently banned in Rwanda [61] and sec-

ond-hand cars [62]. The term sometimes encompasses not only second-hand or used goods,

but also defective products that fail quality control checks. The reconnaissance phase of our

survey suggests that multinational manufacturers also export ‘fose’ (more correctly termed

defective) DD to Africa, where municipal waste service coverage is low [10]. Ghanaian media

[63] have similarly reported consumption of ‘fose’ DD and menstrual hygiene products. This
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highlights a need for greater corporate social responsibility on the part of these manufacturers

too.

Examples of technologies that could reduce DD environmental impacts through manufac-

turer engagement are product redesign as ‘glueless’ diapers, which replace the glue binding

DD components with innovative bonding technologies and an optimised absorbent core [64],

significantly reducing their eutrophication and aquatic ecotoxicity potential. DD biodegrada-

tion by micro-organisms and pyrolysis—thermal decomposition under anaerobic, elevated

temperature conditions–both also have potential as disposal technologies with lower environ-

mental impacts [65]. However, given the informal waste collectors operating in many LMIC

waste management systems, there is a need to widen waste management solutions beyond

technologies to consider socio-economic waste management systems components [66], partic-

ularly DD waste valorisation [67] to incentivise its collection and management by informal

collectors.

Our findings are subject to several uncertainties and limitations. The quality of the SSA

UN-Comtrade data that underpin our analysis have long been questioned because of smug-

gling, corruption and lack of robust record-keeping [35]. More recent analyses [44] suggest

SSA UN-Comtrade data deviate more from those of reporting partners globally than those for

other world regions and thus are less reliable. Furthermore, in 2023, the GSA and FDA issued

a joint press release [59], warning of unregistered diaper imports, often hidden in bales of used

clothing or otherwise transported unhygienically. Several survey respondents also reported

receiving consignments of imported DD from overseas relatives, which would also not be cap-

tured via UN-Comtrade data systems. Standard International Trade Classification commodity

codes are also insufficiently granular to differentiate infant DDs from other AHPs. Our survey

may underestimate mismanaged DD waste, since interviews took place in a public setting and

may be subject to social desirability bias [68]. Our respondents may have over-reported more

desirable, premium DD brands for the same reason. Survey respondents were also of higher

socio-economic status than the two cities’ general populations, so our study may over-estimate

DD consumption by under-representing poorer households. Furthermore, our brand classifi-

cation is dependent on the accuracy of GSA and KEBS regulatory databases, and we were

unable to discriminate counterfeit brands from our data.

Although UN-Comtrade data have been used to quantify the growth in primary ‘raw’ plas-

tic polymers imported to Africa [69], they have not been used to audit trade in secondary plas-

tics, i.e. products within which plastics constitute a significant component. Our manuscript

illustrates the potential to target UN-Comtrade data analysis at a specific product identified as

particularly mismanaged via UNEP’s waste hot-spotting approach, in this case DD [15]. There

is thus potential for future studies to target international trade analyses at other products iden-

tified as major mismanaged plastic waste contributors via national waste hot-spotting initia-

tives. There would also be scope to expand our analysis of international AHP trade beyond

Ghana and Kenya to examine global DD manufacturing patterns.

Conclusion

Our study confirms very widespread DD use in two case study African cities, where over 90%

of children’s carers are using DD. With consumption extending into the poorest households

who lack waste collection or disposal facilities, a significant minority are unable to safely dis-

pose of used DD. Our study also provides evidence concerning the changing manufacturing

and distribution of DD in two case study SSA countries. In both Greater Accra and Kisumu, a

leading brand domestically produced by a multinational dominates the market, used by 65%

and 45% of children’s carers respectively. Imported DD brands were also prevalent in both
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cities’ surveys, with some anecdotal evidence of defective DD batches being exported to these

consumers. Meanwhile, international trade data illustrate how the relocation of DD

manufacturing to countries in SSA from China is likely to have accelerated product consump-

tion in the region by lowering manufacturing and distribution costs and ultimately DD retail

prices. This constitutes a more distal impact of the BRI, seldom captured in assessments of its

benefits or environmental impacts.

Given these findings, we recommend engagement with the multinational companies who

export DD to SSA or manufacture DD within the region, so as to address the waste manage-

ment and environmental impacts of their consumption, given the region’s low waste service

coverage. There are potentially promising emerging technologies such as glueless diapers or

disposal via biodegradation or pyrolysis, whose uptake could be prioritised within this region.

However, any such technologies would need to be embedded within informal waste service

provider operations, who often play a pivotal role in SSA’s waste management systems.
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S1 Table. UN-Comtrade record summary for international trade in absorbent hygiene

products into Ghana and Kenya, 2000–21. TDQI: trade data quality index.

(XLSX)

Acknowledgments

We wish to thank members of our project steering committees in Greater Accra and Kisumu

for their feedback on our findings.

Author Contributions

Conceptualization: Joseph Okotto-Okotto, Moses Asamoah, Mair L. H. Thomas-Possee,

Mawuli Dzodzomenyo, Jim A. Wright.

Formal analysis: Moses Asamoah, Jim A. Wright.

Funding acquisition: Joseph Okotto-Okotto, Mawuli Dzodzomenyo, Lorna G. Okotto, Jim A.

Wright.

Investigation: Joseph Okotto-Okotto, Moses Asamoah, Ruby Hornuvo, Lorna G. Okotto.

Methodology: Moses Asamoah.

Project administration: Joseph Okotto-Okotto, Mawuli Dzodzomenyo, Lorna G. Okotto, Jim

A. Wright.

Visualization: Moses Asamoah, Jim A. Wright.

Writing – original draft: Moses Asamoah, Jim A. Wright.

Writing – review & editing: Joseph Okotto-Okotto, Moses Asamoah, Mair L. H. Thomas-Pos-

see, Mawuli Dzodzomenyo, Ruby Hornuvo, Lorna G. Okotto, Jim A. Wright.

References
1. United Nations Dept of Economic and Social Affairs. Make the SDGS a reality New York: UN Dept of

Economic and Social Affairs; 2020 [cited 2020 24/09/2020]. Available from: https://sdgs.un.org/#goal_

section.

2. UNICEF. Drinking water, sanitation and hygiene (WASH) estimates 2023 [cited 2023 03/11/2023].

Available from: https://data.unicef.org/topic/water-and-sanitation/sanitation/.

PLOS WATER Disposable diaper consumption: manufacturing, distribution, and brands

PLOS Water | https://doi.org/10.1371/journal.pwat.0000315 December 11, 2024 14 / 17

http://journals.plos.org/water/article/asset?unique&id=info:doi/10.1371/journal.pwat.0000315.s001
https://sdgs.un.org/#goal_section
https://sdgs.un.org/#goal_section
https://data.unicef.org/topic/water-and-sanitation/sanitation/
https://doi.org/10.1371/journal.pwat.0000315


3. Janrao A. Baby diapers: market data and analysis. New York: 2023 Contract No.: 48854.

4. Nyamayedenga V, Tsvere M. Real Time Data Capture: A Response to Unsustainable Dumping of Dis-

posable Diapers and Sanitary Pads in Gweru City, Zimbabwe East African Journal of Education and

Social Sciences. 2020; 1(2). https://doi.org/10.46606/eajess2020v01i02.0021.

5. Muia VK. Disposal methods of soiled diapers in low-income households of Nairobi County in Kenya.

Journal of Applied Sciences. 2018; 4:11–20.

6. Thomas-Possee MLH, Shaw P, Bain RES, Hill A, Okotto-Okotto J, Okotto LG, et al. Disposable diaper

consumption in Sub-Saharan Africa: estimating the risks of associated unsafe waste. PLOS Sustain-

ability and Transformation. 2024; 3(4). https://doi.org/10.1371/journal.pstr.0000106.

7. Berry WS, Blatt SD. Diaper Need? You Can Bank on It. Academic Pediatrics. 2021; 21(1):188–9.

https://doi.org/10.1016/j.acap.2020.09.002 PMID: 32896645

8. Massengale KEC, Erausquin JT, Old M. Health, Social, and Economic Outcomes Experienced by Fami-

lies as a Result of Receiving Assistance from a Community-Based Diaper Bank. Maternal and Child

Health Journal. 2017; 21(10):1985–94. https://doi.org/10.1007/s10995-017-2317-9 PMID: 28710698

9. Sadler LS, Condon EM, Deng SZ, Ordway MR, Marchesseault C, Miller A, et al. A diaper bank and

home visiting partnership: Initial exploration of research and policy questions. Public Health Nursing.

2018; 35(2):135–43. https://doi.org/10.1111/phn.12378 PMID: 29235668

10. Kaza S, Yao L, Bhada-Tata P, Van Woerden F. What a waste 2.0: a global snapshot of solid waste man-

agement to 2050. Washington D.C.: 2018.

11. United Nations Economic and Social Council. Progress towards the Sustainable Development Goals:

report of the Secretary-General. New York: 2020 Contract No.: E/2020/57.

12. Kordecki H, Antrobus-Wuth R, Uys M-T, van Wyk I, Root ED, Berrian AM. Disposable diaper waste

accumulation at the human-livestock-wildlife interface: A one health approach. Environmental Chal-

lenges. 2022; 8:100589. https://doi.org/10.1016/j.envc.2022.100589.

13. Ntekpe ME, Mbong EO, Edem EN, Hussain S. Disposable diapers: impact of disposal methods on pub-

lic health and the environment. Am J Med Public Health. 2020; 1 (2). 2020;1009.

14. Płotka-Wasylka J, Makoś-Chełstowska P, Kurowska-Susdorf A, Treviño MJS, Guzmán SZ, Mostafa H,

et al. End-of-life management of single-use baby diapers: Analysis of technical, health and environment

aspects. Science of The Total Environment. 2022; 836:155339. https://doi.org/10.1016/j.scitotenv.

2022.155339 PMID: 35460787

15. IUCN-EA-QUANTIS. National guidance for plastic pollution hotspotting and shaping action: country

report Kenya. Nairobi: 2020.

16. Umar F, Amoah J, Asamoah M, Dzodzomenyo M, Igwenagu C, Okotto L-G, et al. On the potential of

Google Street View for environmental waste quantification in urban Africa: An assessment of bias in

spatial coverage. Sustainable Environment. 2023; 9(1):2251799. https://doi.org/10.1080/27658511.

2023.2251799

17. Makoś-Chełstowska P, Kurowska-Susdorf A, Płotka-Wasylka J. Environmental problems and health

risks with disposable baby diapers: Monitoring of toxic compounds by application of analytical tech-

niques and need of education. TrAC Trends in Analytical Chemistry. 2021; 143:116408.

18. Schueller R. Disposable Diaper: Madehow.com; 2023 [cited 2023 30/10]. Available from: http://www.

madehow.com/Volume-3/Disposable-Diaper.html.

19. Rahat S, Sarkar A, Rafie SAA, Hossain S, editors. Prospects of diaper disposal and its environmental

impacts on populated urban area like Dhaka City. 2nd International Conference on Advances in Civil

Engineering; 2014.

20. Seopa SHM. An investigation of practices and effects of disposable infant diapers on the environment:

a case study of Mashashane Village 2021.

21. Kathambi J. Ruto Promises 3-month diaper supply for new mothers. Capital News. 2022.

22. Kenya Malindi. Kilifi: County want to ban baby diapers: Malindi Kenya; 2019 [cited 2024 30/01/2024].

Available from: https://www.malindikenya.net/en/articles/news/last-news/kilifi—county-want-to-ban-

baby-diapers.html.

23. Boucher J, Zgola M, Liao X, Kounina A, Billard G, Paruta P, et al. National guidance for plastic pollution

hotspotting and shaping action—introduction report. Nairobi, Kenya: 2020.

24. Compagnoni M. Is Extended Producer Responsibility living up to expectations? A systematic literature

review focusing on electronic waste. Journal of Cleaner Production. 2022; 367:133101. https://doi.org/

10.1016/j.jclepro.2022.133101.

25. Victar HC, Waidyasekara KGAS. Circular economy strategies for waste management in Sri Lanka: A

focus on demolitions and repurpose and material recovery and production stages. Waste Management

PLOS WATER Disposable diaper consumption: manufacturing, distribution, and brands

PLOS Water | https://doi.org/10.1371/journal.pwat.0000315 December 11, 2024 15 / 17

https://doi.org/10.46606/eajess2020v01i02.0021
https://doi.org/10.1371/journal.pstr.0000106
https://doi.org/10.1016/j.acap.2020.09.002
http://www.ncbi.nlm.nih.gov/pubmed/32896645
https://doi.org/10.1007/s10995-017-2317-9
http://www.ncbi.nlm.nih.gov/pubmed/28710698
https://doi.org/10.1111/phn.12378
http://www.ncbi.nlm.nih.gov/pubmed/29235668
https://doi.org/10.1016/j.envc.2022.100589
https://doi.org/10.1016/j.scitotenv.2022.155339
https://doi.org/10.1016/j.scitotenv.2022.155339
http://www.ncbi.nlm.nih.gov/pubmed/35460787
https://doi.org/10.1080/27658511.2023.2251799
https://doi.org/10.1080/27658511.2023.2251799
http://www.madehow.com/Volume-3/Disposable-Diaper.html
http://www.madehow.com/Volume-3/Disposable-Diaper.html
https://www.malindikenya.net/en/articles/news/last-news/kilificounty-want-to-ban-baby-diapers.html
https://www.malindikenya.net/en/articles/news/last-news/kilificounty-want-to-ban-baby-diapers.html
https://doi.org/10.1016/j.jclepro.2022.133101
https://doi.org/10.1016/j.jclepro.2022.133101
https://doi.org/10.1371/journal.pwat.0000315


& Research. 2023: 0734242X231206988. https://doi.org/10.1177/0734242X231206988 PMID:

37905501

26. Gupt Y, Sahay S. Review of extended producer responsibility: A case study approach. Waste Manage-

ment & Research. 2015; 33(7):595–611. https://doi.org/10.1177/0734242X15592275 PMID: 26185163

27. Kojima M, Yoshida A, Sasaki S. Difficulties in applying extended producer responsibility policies in

developing countries: case studies in e-waste recycling in China and Thailand. Journal of Material

Cycles and Waste Management. 2009; 11(3):263–9. https://doi.org/10.1007/s10163-009-0240-x

28. Ghana Statistical Services. Ghana 2021 Population and Housing Census: Population of Regions and

Districts. Accra: 2021.

29. Capuano Mascarenhas L, Ness B, Oloko M, Awuor FO. Multi-criteria analysis of municipal solid waste

treatment technologies to support decision-making in Kisumu, Kenya. Environmental Challenges.

2021; 4:100189. https://doi.org/10.1016/j.envc.2021.100189.

30. Kenya National Bureau of Statistics. 2019 Population and Housing Census Vol. IV: distribution of popu-

lation by socio-economic characteristics. Nairobi: 2019.

31. Behuria P. Ban the (plastic) bag? Explaining variation in the implementation of plastic bag bans in

Rwanda, Kenya and Uganda. Environment and Planning C: Politics and Space. 2021; 39(8):1791–808.

https://doi.org/10.1177/2399654421994836

32. Asare D, Abubakari M, Mahama M, Mensah DAO, Amponsah IA, Kwakye AD, et al. How Can Ghana

Transition from a Linear to a Circular Economy of Waste Management? A Conceptual Analysis of Policy

Approaches. In: Erdiaw-Kwasie MO, Alam GMM, editors. Circular Economy Strategies and the UN Sus-

tainable Development Goals. Singapore: Springer Nature Singapore; 2023. p. 125–54.

33. Kenya Bureau of Standards. Disposable baby diapers: specification KS EAS 969:2020. Nairobi: 2020

Contract No.: KS EAS 969:2020.

34. Ghana Standards Authority. Medical devices: specification for single-use disposable diapers. Accra:

2017 Contract No.: GS1166:2017.

35. Yeats AJ. On the Accuracy of Economic Observations: Do Sub-Saharan Trade Statistics Mean Any-

thing? The World Bank Economic Review. 1990; 4(2):135–56. https://doi.org/10.1093/wber/4.2.135

36. Asamoah M, Amoah J, Boafor E, dzodzomenyo M, Okotto LG, Okotto-Okotto J, et al. Effect of house-

hold socio-economic status on child faeces management and disposal in Greater Accra, Ghana and

Kisumu, Kenya: a cross-sectional study Journal of Water Sanitation and Hygiene for Development. In

Review.

37. Dey S, Purdon M, Kirsch T, Helbich H, Kerr K, Li L, et al. Exposure Factor considerations for safety eval-

uation of modern disposable diapers. Regulatory Toxicology and Pharmacology. 2016; 81:183–93.

https://doi.org/10.1016/j.yrtph.2016.08.017 PMID: 27580878

38. Dobility Inc. SurveyCTO Collect. 2.72 ed. Cambridge, Massachussets: Dobility Inc.; 2021.

39. Kenya Bureau of Standards. Standardization marks: verification database Nairobi: Kenya Bureau of

Standards; 2024 [5/04/2024]. Available from: https://verification.kebs.org/smarks_folder/smarks_page.

html.

40. Ghana Standards Authority. GSA Finder: Certified Products Accra: Ghana Standards Authority; 2024

[9/04/2024]. Available from: http://services.gsa.gov.gh/service/certified_products.php.

41. Rutstein SO, Johnson K. The DHS wealth index. Calverton, Maryland, USA: ORC Macro, 2004.

42. UN Comtrade Data [Internet]. United Nations Statistics Division. 2023 [cited 10/11/2023]. Available

from: https://comtradeplus.un.org/DataAvailability.

43. Chen C, Jiang Z, Li N, Wang H, Wang P, Zhang Z, et al. Advancing UN Comtrade for Physical Trade

Flow Analysis: Review of Data Quality Issues and Solutions. Resources, Conservation and Recycling.

2022; 186:106526. https://doi.org/10.1016/j.resconrec.2022.106526.

44. Shaar K. Reconciling International Trade Data. Hamburg: 2019.

45. StataCorp. Stata Statistical Software. 16 ed. College Station, Texas: Statacorp LLC; 2019.

46. Ghana Statistical Service. Ghana 2021 Population and Housing Census General Report Vol. 3M:

Water and Sanitation. Accra: 2022.

47. Yi Y. Ghanaian president commissions Chinese diaper factory Beijing, China: Xinhuanet; 2018

[updated 07/12/201815/05/2024]. Available from: http://www.xinhuanet.com/english/africa/2018-12/07/

c_137656343.htm.

48. Xia Y. Chinese investment in East Africa: History, status, and impacts. Journal of Chinese Economic

and Business Studies. 2021; 19(4):269–93. https://doi.org/10.1080/14765284.2021.1966733

49. Nonwoven Industry. New diaper plant near Nairobi: Sunda to make softcare diapers in Nairobi. Nonwo-

vens Industry Magazine. 2019 09/05/2019.

PLOS WATER Disposable diaper consumption: manufacturing, distribution, and brands

PLOS Water | https://doi.org/10.1371/journal.pwat.0000315 December 11, 2024 16 / 17

https://doi.org/10.1177/0734242X231206988
http://www.ncbi.nlm.nih.gov/pubmed/37905501
https://doi.org/10.1177/0734242X15592275
http://www.ncbi.nlm.nih.gov/pubmed/26185163
https://doi.org/10.1007/s10163-009-0240-x
https://doi.org/10.1016/j.envc.2021.100189
https://doi.org/10.1177/2399654421994836
https://doi.org/10.1093/wber/4.2.135
https://doi.org/10.1016/j.yrtph.2016.08.017
http://www.ncbi.nlm.nih.gov/pubmed/27580878
https://verification.kebs.org/smarks_folder/smarks_page.html
https://verification.kebs.org/smarks_folder/smarks_page.html
http://services.gsa.gov.gh/service/certified_products.php
https://comtradeplus.un.org/DataAvailability
https://doi.org/10.1016/j.resconrec.2022.106526
http://www.xinhuanet.com/english/africa/2018-12/07/c_137656343.htm
http://www.xinhuanet.com/english/africa/2018-12/07/c_137656343.htm
https://doi.org/10.1080/14765284.2021.1966733
https://doi.org/10.1371/journal.pwat.0000315


50. Morduch J. Income Smoothing and Consumption Smoothing. Journal of Economic Perspectives. 1995;

9(3):103–14. https://doi.org/10.1257/jep.9.3.103

51. Mukeku J. Urban Slum Morphology and Socio-economic Analogies: A Case Study of Kibera Slum, Nai-

robi, Kenya. Urbanisation. 2018; 3(1):17–32. https://doi.org/10.1177/2455747118790581

52. Teo HC, Lechner AM, Walton GW, Chan FK, Cheshmehzangi A, Tan-Mullins M, et al. Environmental

Impacts of Infrastructure Development under the Belt and Road Initiative. Environments [Internet].

2019; 6(6).

53. Hughes AC. Understanding and minimizing environmental impacts of the Belt and Road Initiative. Con-

servation Biology. 2019; 33(4):883–94. https://doi.org/10.1111/cobi.13317 PMID: 30900273

54. Maliszewska M, van der Mensbrugghe D. The belt and road initiative: economic, poverty and environ-

mental impacts. Washington D.C.: 2019 Contract No.: 8814.

55. Dey S, Kenneally D, Odio M, Hatzopoulos I. Modern diaper performance: construction, materials, and

safety review. International Journal of Dermatology. 2016; 55(S1):18–20. https://doi.org/10.1111/ijd.

13333 PMID: 27311782

56. World Health Organization, UNICEF. Safely managed drinking-water: thematic report on drinking-water

2017. Geneva: 2017.

57. Wright J, Dzodzomenyo M, Hill AG, Okotto LG, Thomas-Possee MLH, Shaw PJ, et al. Integrating urban

household solid waste management with WASH: Implications from case studies of monitoring in sub-

Saharan Africa. Environmental Development. 2024; 50:100990. https://doi.org/10.1016/j.envdev.2024.

100990.

58. Dzodzomenyo M, Fink G, Dotse-Gborgbortsi W, Wardrop N, Aryeetey G, Coleman N, et al. Sachet

water quality and product registration: a cross-sectional study in Accra, Ghana. Journal of Water and

Health. 2018; 16(4):646–56. https://doi.org/10.2166/wh.2018.055 PMID: 30067245

59. Importation of unregistered baby diapers [Internet]. Accra: Food and Drugs Authority; 2023. Joint

Press Release by the FDA, GRA Customs Division and GSA; [2]. Available from: https://fdaghana.gov.

gh/img/press/signed%20joint%20press%20release.pdf

60. White HL, Mwapasa T, Mphasa M, Kalonde PK, Feasey N, Oliver DM, et al. Open defaecation by

proxy: Tackling the increase of disposable diapers in waste piles in informal settlements. International

Journal of Hygiene and Environmental Health. 2023; 250:114171. https://doi.org/10.1016/j.ijheh.2023.

114171 PMID: 37094389

61. Wolff EA. The global politics of African industrial policy: the case of the used clothing ban in Kenya,

Uganda and Rwanda. Review of International Political Economy. 2021; 28(5):1308–31. https://doi.org/

10.1080/09692290.2020.1751240

62. Cohen C. The global value chain of second-hand cars and scraps. An ethnographic account of on-the-

ground practices, labour and regulations in Ghana. Tempo Social. 2023;35.

63. Gyebi E. We use ’fose’ diapers, toilet rolls during menses’—Girls reveal as Mace NGO supplies free

sanitary pads Accra: MG Modern Ghana; 2023 [15/05/2024]. Available from: https://www.

modernghana.com/news/1234520/we-use-fose-diapers-toilet-rolls-during-menses.html.

64. Mendoza JMF, Popa SA, D’Aponte F, Gualtieri D, Azapagic A. Improving resource efficiency and envi-

ronmental impacts through novel design and manufacturing of disposable baby diapers. Journal of

Cleaner Production. 2019; 210:916–28. https://doi.org/10.1016/j.jclepro.2018.11.046.

65. Khoo SC, Phang XY, Ng CM, Lim KL, Lam SS, Ma NL. Recent technologies for treatment and recycling

of used disposable baby diapers. Process Safety and Environmental Protection. 2019; 123:116–29.

https://doi.org/10.1016/j.psep.2018.12.016.

66. Marshall RE, Farahbakhsh K. Systems approaches to integrated solid waste management in develop-

ing countries. Waste Management. 2013; 33(4):988–1003. https://doi.org/10.1016/j.wasman.2012.12.

023 PMID: 23360772

67. Takaya CA, Cooper I, Berg M, Carpenter J, Muir R, Brittle S, et al. Offensive waste valorisation in the

UK: Assessment of the potentials for absorbent hygiene product (AHP) recycling. Waste Management.

2019; 88:56–70. https://doi.org/10.1016/j.wasman.2019.03.022 PMID: 31079651

68. Larson RB. Controlling social desirability bias. International Journal of Market Research. 2018; 61

(5):534–47. https://doi.org/10.1177/1470785318805305

69. Babayemi JO, Nnorom IC, Osibanjo O, Weber R. Ensuring sustainability in plastics use in Africa: con-

sumption, waste generation, and projections. Environmental Sciences Europe. 2019; 31(1):60. https://

doi.org/10.1186/s12302-019-0254-5

PLOS WATER Disposable diaper consumption: manufacturing, distribution, and brands

PLOS Water | https://doi.org/10.1371/journal.pwat.0000315 December 11, 2024 17 / 17

https://doi.org/10.1257/jep.9.3.103
https://doi.org/10.1177/2455747118790581
https://doi.org/10.1111/cobi.13317
http://www.ncbi.nlm.nih.gov/pubmed/30900273
https://doi.org/10.1111/ijd.13333
https://doi.org/10.1111/ijd.13333
http://www.ncbi.nlm.nih.gov/pubmed/27311782
https://doi.org/10.1016/j.envdev.2024.100990
https://doi.org/10.1016/j.envdev.2024.100990
https://doi.org/10.2166/wh.2018.055
http://www.ncbi.nlm.nih.gov/pubmed/30067245
https://fdaghana.gov.gh/img/press/signed%20joint%20press%20release.pdf
https://fdaghana.gov.gh/img/press/signed%20joint%20press%20release.pdf
https://doi.org/10.1016/j.ijheh.2023.114171
https://doi.org/10.1016/j.ijheh.2023.114171
http://www.ncbi.nlm.nih.gov/pubmed/37094389
https://doi.org/10.1080/09692290.2020.1751240
https://doi.org/10.1080/09692290.2020.1751240
https://www.modernghana.com/news/1234520/we-use-fose-diapers-toilet-rolls-during-menses.html
https://www.modernghana.com/news/1234520/we-use-fose-diapers-toilet-rolls-during-menses.html
https://doi.org/10.1016/j.jclepro.2018.11.046
https://doi.org/10.1016/j.psep.2018.12.016
https://doi.org/10.1016/j.wasman.2012.12.023
https://doi.org/10.1016/j.wasman.2012.12.023
http://www.ncbi.nlm.nih.gov/pubmed/23360772
https://doi.org/10.1016/j.wasman.2019.03.022
http://www.ncbi.nlm.nih.gov/pubmed/31079651
https://doi.org/10.1177/1470785318805305
https://doi.org/10.1186/s12302-019-0254-5
https://doi.org/10.1186/s12302-019-0254-5
https://doi.org/10.1371/journal.pwat.0000315

