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Abstract

Environmental pollution due to mismanaged anthropogenic litter is one of the most pressing issues facing the world today. To
reduce existing environmental burdens of litter, clean-up events have increased in popularity. Here, we report on the results of
the Clean Shores, Great Lakes project, in which we conducted 69 volunteer-based clean-ups along the Tanzanian shorelines
of the African Great Lakes (Victoria, Tanganyika, and Nyasa (also known as Lake Malawi)). A total of 5483 volunteers
engaged with the project across all clean-up sites, collecting 431,328 pieces (25,981 kg) of anthropogenic litter. Expressing
the data as normalized to area (items m™~2) or effort (items individual ™' h™!) revealed that the interpretation of a polluted site
varies with units, highlighting the need for consistency in the field. Litter density varied from 0.06 to 13.89 items m~2 and
5.2-706 items individual ' h™!. Plastics were the major litter type constituting 75% of all litter (mean =74.2 + 12.5% across
all sites), while clothing (10.9 +£9.5%) and fishing gear (3.7 +£5.2%) were also prevalent. Two items constituted > 40% of all
collected litter, namely plastic beverage bottles (average 23.7+ 17.1%, range 0-72.9%) and plastic bags (average 19.7 +13.2%,
range 1-50.3%). Prioritizing intervention measures on these two items could reduce litter leakage significantly. Furthermore,
a holistic approach was undertaken through voluntary engagement, citizen science involvement, stakeholder dissemination,
and school visits to increase public awareness. Clean-up data when disseminated to relevant policymakers and stakeholders
can motivate activity for the environmental management of anthropogenic litter and plastic pollution.
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Introduction

Environmental pollution due to mismanaged anthropo-
genic litter (AL) is one of the most pressing issues fac-
ing the world today, and evidence of its negative socio-
economic, cultural, health, and ecological implications is
well documented (Gall and Thompson 2015; Law 2017,
Beaumont et al. 2019). Litter comprising different material
types, such as plastics, cloth, metal, wood, ceramic, glass,
rubber, and paper, is generated from different sources,
including homes, tourism, fishing, shipping, and commer-
cial sectors (Barnardo and Ribbink 2020). The majority of
AL is not collected and disposed of sufficiently and accu-
mulates in the environment (Lebreton et al. 2017). Of the
AL types, plastics are considered most problematic for the
environment owing to its durability, persistence, and wide-
spread usage (Corcoran et al. 2009). Plastic litter entering
water bodies annually, through rivers, storm waters, and
wind, is estimated at 19-23 million tons (Borrelle et al.
2020). Plastic litter can entangle aquatic species (Gall and
Thompson 2015), and both fishing and recreational boats
engines potentially inflict negative economic impacts on
areas that rely on fishing and tourism for their livelihood
(Beaumont et al. 2019). As plastic litter moves through
the environment, it is broken down into smaller pieces
known as microplastics (< 5 mm). Microplastics have been
documented globally across geographic regions, environ-
mental compartments, and biological groups (Mihai et al.
2022). Microplastics are ingested by numerous species of
different feeding types, including those that are important
in conservation (Ryan et al. 2016), nutrition (Biginagwa
et al. 2016; Sparks et al. 2021), and the economy (Cal-
deron et al. 2019; Adika et al. 2020). Microplastics also
carry toxic chemicals (Khan et al. 2021, 2022), pathogens
(Rasool et al. 2021), and invasive species (Miller et al.
2018) across the areas they traverse.

To reduce plastic litter and AL in general, clean-
up events have increased globally (Vincent et al. 2017;
Syberg et al. 2020; Aslam et al. 2022; Catarino et al.
2023; Uoginte et al. 2024). Clean-ups, typically focusing
on beaches and coastal regions (Bravo et al. 2009; Watts
et al. 2017; Nelms et al. 2017), have become popular not
only in reducing visible amounts of litter, but also for their
efforts in community outreach, education, and the involve-
ment of citizen scientists (Syberg et al. 2020; Catarino
et al. 2023; Uoginté et al. 2024), where the term citizen
science specifically refers to members of the public vol-
untarily participating in the scientific process through, for
example, the collection of samples and/or data (Syberg
et al. 2018). Additionally, clean-ups are becoming scien-
tifically valuable in collecting data and providing real-
time comparable results from previously unreported areas
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and on the relative importance of different types of AL
(Nelms et al. 2022; Catarino et al. 2023). The International
Coastal Clean-up (ICC) campaign, organized annually by
the Ocean Conservancy, is among the leading global citi-
zen science-based initiatives that operate in many coun-
tries and have demonstrated great positive impacts on
the environment by stimulating regular local clean-ups.
In 2023, the ICC campaign brought together 469,482
volunteers who retrieved 15,519,392 items of litter from
the environment (Ocean Conservancy 2023). When such
data is utilized effectively, it can be a useful tool to guide
informed decisions on the management of litter, including
influencing environmental policies (Jorgensen et al. 2021).
Despite such worldwide success, most of the available citi-
zen science-based published works are based in developed
countries and mostly in marine environments, and only a
few have focused on freshwater bodies, and very few in
the African Great Lakes (AGLs) (Mayoma et al. 2019;
Alimi et al. 2021).

Research on anthropogenic/plastic litter and waste
management in Africa and its Great Lakes remains in its
infancy compared to other regions of the world (Khan
et al. 2018; Blettler et al. 2018; Alimi et al. 2021). How-
ever, microplastic research specifically in East African
waters is increasing (Biginagwa et al. 2016; Egessa et al.
2020; Mayoma et al. 2020; Kosore et al. 2022; Nchimbi
et al. 2022b, 2022a, 2024; KeChi-Okafor et al. 2023),
and African countries have implemented mechanisms to
tackle plastic litter, such as plastic bag bans in Rwanda,
Kenya, and Tanzania (Carlos Bezerra et al. 2021). The
first published work on the presence of AL in the Afri-
can Great Lakes (AGLs) was from the Tanzanian waters
of Lake Victoria and reported the presence of litter from
fishing-related activities (94%), followed by plastic (4%)
and cloth (2%) (Ngupula et al. 2014). The first published
work on beach clean-up studies in AGLs was from a series
of clean-ups between 2015 and 2018 on the shores of Lake
Nyasa (Malawi) (Mayoma et al. 2019). During this 3-year
clean-up campaign by the Beach and Underwater Clean-up
Organization, over 2000 volunteers were able to remove a
total of 490,064 items of litter, of which 80% was plastic.

In the present study, we report on the results of the
Clean Shores, Great Lakes project in which we conducted
69 coordinated clean-ups along the Tanzanian shore-
lines of the African Great Lakes, namely Lakes Victo-
ria, Tanganyika, and Nyasa (Malawi) (Fig. 1). We further
trained and mobilized local communities as environmental
ambassadors through active involvement in the clean-ups,
recorded clean-up data through citizen science to pinpoint
hotspots and sources of litter and promoted circular econ-
omy and sustainable solutions with the goal of providing
data-led advice to regional and national policymakers on
mitigation strategies (Fig. 2).
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Lake Victoria Wy Site key
1.Sweya 35. Kikamba ziwani
2. Kamanga Fish Market 36. Phonex Beach
3. Luchelele Ziwani 37.PhonsiBeach
4. Mkuyuni Sokoni 38. Kafyofyo forodhani
5. Mswahili 39. Mji Mwema Mwaloni
6. Masai Bridge, Mirongo River 40. Barabarani Landing site
7.Mwawasa, Mirongo River 41. Lupando Landing Site
= 8. Mbugani Mission, Milongo River 42. Nakatunguru Kiwandani
46 9. Magomeni sokoni 43. Monarch Beach
P 10. Kirumba Mwaloni Fish Market  44. Nyehunge Port
1517, 4244 ,“48 11. Igombe Beach 45. Kitale Landi.ng_Site
12. Kayenze Ndogo 46. Mazagwe Fishing Camp
13. Kayenze Kubwa 47. Bukimi Landing Site
14. Kakukuru 48. Rugezilanding site
15. Nyehunge Port 49. Mwigobelo Beach
16. Nakatunguru Kiwandani 50. Nyarusurya
17. Monarch Beach 51. Makoko
18. Bwiru Beach 52. Palm beach, Mwisenge
19. Nyagunguru 53. Lake Side Landing
20. Mihama Beach 54.5oko la Saa Nane
21. Itukisyo 55. Mwabulugu Landing Site
22. Lyulilo 56. Nyamikoma Landing Site
23. Kasumulu Market 57. Buyolwa Landing site
24. Lubele Stand 58. Ihale Landing site
25. Mikoroshini market 59. Butuja Landing site
26. Olofea Market 60. Kibandani Landing site
27.Katonga Beach 61. Semba Mwaloni
28. Bandarini Beach 62.TX landing site
29. Kibirizi Landing site 63. Kigoto mwaloni
30. Kigodeko 64. Mihama Landing site
31.Grano Beach 65. Luchelele Ziwani
k . 32. Ujiji Forodhani Bandarini 66. Kijiweni Landing Site
33. Lutale 67.Kamanga Gadern
L € Tanganyl ka La € Nyasa 34. Mnazi Mmoja 68. Kigongo ferry

Fig.1 Map of clean-up site. Main map showing the locations of
clean-up sites along the Tanzanian shoreline of the African Great
Lake (inset: map of Africa). Numbered clean-up sites are shown on

69. Mirongo River

the map of each lake—Lake Victoria, Nyasa, and Tanganyika. The
key to site numbers provides the name of each cleanup location

Fig.2 Images from the activities undertaken within the Clean Shores,
Great Lakes project. Images A—C show clean-up activities at clean-up
events where waste audit was performed (D). Training courses prior
to clean-ups (E) were used to prepare citizen scientists (F). Second
life products produced from recycled plastics were showcased at
organized events (G) and eco-bricks made from collected plastic litter

were used to exemplify, promote, and educate on circular economy
(H). The project visited a number of schools engaging students at
both primary and secondary levels (I, J). The end of project stake-
holder meeting gathered volunteers (K, L) and diverse range of inter-
ested parties to discuss potential data-driven mitigation strategies
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Materials and methods
Study sites

The “Clean Shores, Great Lakes” clean-up campaign was
conducted in two phases from February to April 2023 (35
sites) and August to September 2023 (34 sites) along the
Tanzanian shores of the African Great Lakes (AGLs),
namely Victoria, Tanganyika, and Nyasa (Fig. 1). Lake
Victoria is the largest lake on the African continent and
the second largest globally, covering an area of 68,800 km?
with a mean depth of 40 m and a maximum depth of 80
m, and is shared by Tanzania, Uganda, and Kenya. Lake
Tanganyika is the second largest lake on the continent
and fifth globally, covering an area of 32,900 km? with a
mean depth of 570 m and a maximum depth of 1470 m.
It is shared by Tanzania, the Democratic Republic of the
Congo, Zambia, and Burundi. Lake Nyasa, also known
as Lake Malawi, is the third largest lake on the continent
and the ninth largest globally, with an area of 29,600 km?
mean depth of 264 m, and a maximum depth of 700 m
and is shared by Tanzania, Malawi, and Mozambique
(Bootsma and Hecky 2003). The three lakes combined are
the richest freshwater ecosystems in the world and sup-
port a large human population of 50 million-plus people
with high rates of population growth (Ogutu-Ohwayo and
Balirwa 2006). The AGLs connect inland East Africa to
the open oceans and Europe through the Mediterranean
Sea, the Atlantic, and Indian Oceans via the Nile, Congo,
and Zambezi Rivers, respectively. The Tanzanian side of
the AGLs is dominated by fishing, transportation, agricul-
ture, mining, tourism, and trade-related activities that have
contributed to the growing number of urban settlements,
including the Tanzanian second-largest city of Mwanza.
An overview of the 69 clean-up sites is provided in
Supplemental Table S1 which details each site (location,
date visited, district, administrative area, lake basin, and
primary activities), the clean-up (area covered, time taken,
number of volunteers), waste audit (% of waste audited,
total weight and total items, as well as items normalized
to area and individuals per hour), and the enumeration of
items within each waste category (plastic, cloth, paper,
fishing gear, glass, sanitary, metal, medical, electrical,
rubber, ceramic, and wood). A summary of the clean-ups
is provided in Table 1 with the 69 sites divided by admin-
istrative area. In Lake Victoria, clean-ups were conducted
on the eastern part of the lake and were conducted in four
administrative areas with the majority (27 sites) conducted
in largest area by size and population density, Mwanza
City. Ukerewe District (11), Musoma Municipality (6),
and Busega district (4) were the other administrative areas
visited at Lake Victoria. In Lake Tanganyika, the focus

@ Springer

was on Kigoma Municipality (9), which is a highly urban-
ized area in Kigoma Region, and in Lake Nyasa, clean-ups
were conducted in Kyela District (12) (Table 1). Across
administrative areas fishing-related activities were domi-
nant, along with trading (markets), transportation (ports),
and tourist sites (Table 1, Supplemental Table S1).

Clean-up methodology

The clean-up campaign was carried out according to stand-
ard protocols developed by the African Marine Litter Mon-
itoring Manual (Barnardo and Ribbink 2020), with some
modifications from the International Coastal Clean-up Proto-
col (Ocean Conservancy 2023) and the Danish mass experi-
ment community clean-up protocol (Syberg et al. 2020) to
align with freshwater environments. We selected the sites
based on accessibility (not blocked by private owners or jet-
ties) and land use characteristics, such as settlement, fishing,
tourism, trade, and transportation (Supplemental Table S1).
Urban and remote areas representing different natural and
man-made features, such as bays, gulfs, river mouths, and
drainage ditches, were covered. We have divided the meth-
odology into pre-clean-up, clean-up, and post-clean-up.

Pre-clean-up and outreach program

Before the start of clean-up events, volunteers from various
local community groups and organizations that are directly
or indirectly involved in litter collection were selected and
recruited for training as part of the project’s capacity-build-
ing. A total of 25 volunteers were recruited and underwent
3-day training on clean-up best practices that would later
make them trainers during the clean-up campaign (i.e.,
“Train the Trainer” model (Cheung et al. 2018)). Centrally
training of volunteers, comprising of university students,
waste pickers, scouts, and NGOs, ensured reproducible
data collection during clean-ups. This was followed by the
launching event held in Mwanza City on February 27, 2023.
The event was attended by over 300 participants from vari-
ous stakeholder groups, including government officials, fish-
ers’ organizations, jogging clubs, individual activists, and
civil society organizations, who together received wide-
spread media coverage. The deputy mayor of Mwanza City
delivered a keynote speech to the participants. Local leader-
ship was consulted for site selection, community mobiliza-
tion, and access to sites before clean-up day.

Clean-up activities

In collaboration with the local community, we identified
sites such as markets, rivers, and beaches that cause litter
influx to the AGLs. Clean-ups were designed to minimize
interference with the daily routine of the community while
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Table 1 Summary of the clean-up sites according to administrative
area. The site numbers can be cross referenced for identification with
the key in Fig. 1. The primary activities within each set of sites are
provided along with the number of volunteers participating within
each administrative area. The area covered, litter items collected, and

total weight of litter collected within the administrative area are also
shown. The full dataset detailing the site information, clean-up specif-
ics, and the amount and categorization of the collected litter is found
in Supplemental Table S1

Great Lake Number Sites numbers

of sites

Administra-
tive area

Population
size®

Volunteers Area covered Litter
(m?) items col-
lected

Litter weight
(kg)

Primary
activities

Mwanza city  Victoria 594,834 27 1-13, 18-20,

59-69

Ukerewe Victoria 387,815 11

District

14-17, 42-48

Musoma Victoria 164,172 6 49-54

Municipality

Busega Dis- Victoria 282,167 4 55-58

trict

Kigoma 232,388 9 27-35

Municipality

Tanganyika

Kyela District Nyasa 266,426 12 21-26, 3641

Total 69

Fishing camp 2377 324,988 206,433 16,047
and land-

ing site,

tourism,

transporta-

tion, trade,

Fishing camp 769 50,887 53,736 2885
and landing

site, tour-

ism, trans-

portation,

settlement

Transporta- 302 61,139 12,808 614

tion, fish
landing site,
trade

Fish landing 121 44,565 13,606 727

site

Fishing camp, 652 131,424 81,850 2596
tourism,

transporta-

tion, settle-

ment, fish

landing site

Fishing, 1262 150,242 62,895 3112

tourism,

transporta-
tion, trade,
agriculture

5483 763,245 431,328 25,981

at the same time increasing volunteer participation. This
was done by ensuring that clean-ups were scheduled in the
morning hours most often from around 7 a.m. and lasting
for 1 to 2 h. To avoid damage to ecosystems, we did not
use mechanical equipment as our clean-up tools and tech-
niques were limited to hand picking (Griffin et al. 2018).
Only macro-litter (item > 2 cm) visible at the surface of the
sand or shallow water was collected by hand.

Upon arrival at clean-up sites, the length and width of
the clean-up sites were recorded. Each volunteer was regis-
tered and provided with equipment such as collection bags,
gloves, and masks. Volunteers were advised to wear gum-
boots or closed shoes to minimize the risk of injuries from
sharp objects. At each site, location, site name, area covered,
and start and end time were recorded (Barnardo and Ribbink
2020; Ocean Conservancy 2023). Additionally, the number,
age, and gender of the volunteers were also recorded in data
collection sheets (Syberg et al. 2020). The start and end time

of the clean-up event was also noted. All site data including
the size of the site, duration of the clean-up, and volunteer
composition is available in Supplemental Table S1.

Post-clean-up processing and waste management

Post-clean-up protocols were conducted according to pre-
viously established methodologies (Barnardo and Ribbink
2020; Ocean Conservancy 2023). Briefly, litter collected in
bags were aggregated and weighed (in kg) before undergo-
ing waste audit. A representative sample of at least 10%
of total litter collected was taken randomly for waste audit
(average =21.4 +10.4%, range = 10.0-66.6%, Supplemental
Table S1). AL was classified into 12 main categories with
each category containing a number of individual sub-types:
plastics (30 types), fishing gear (4), rubber (7), sanitary
products (7), medical products (5), clothing (4), paper and
cardboard (8), wood (5), metals (8), glass (4), pottery and

@ Springer



14132

Environmental Science and Pollution Research (2025) 32:14127-14141

ceramics (2), and electrical waste (2). As main category of
litter, plastics were grouped as being related to: cigarettes
(e.g., lighters, wrapping), food (e.g., beverage bottles, food
containers, cups and plates, food wrappers), plastic bags,
hard plastics (e.g., buckets, jerry cans), soft plastics (indus-
trial sheeting, mosquito nets), and other plastics (e.g., pol-
ystyrene/foam pieces and packaging). All litter items are
available in the Supplemental Table S1.

Post-waste audit, further classification was made to group
litter as recyclable and non-recyclable, after which the recy-
cled litter was handed over to the local recyclers, whereas
non-recyclable litter was transported to the nearby desig-
nated landfills for disposal.

Data handling

We recorded data using both predesigned hardcopy
and soft copy forms as previously described (Barnardo
and Ribbink 2020). The soft copy forms were filled out
through Kobo Collect App version 2023.2.4, an online

Fig.3 Area covered (A) and

volunteer numbers (B) at each A
of the 69 clean-up sites. The

distribution of volunteers

between categories of adult

males, adult females, child

males (< 16 years old), and

child females (< 16 years old) is

shown (C). Volunteer demo-

50000 1
40000 1
30000 1
20000 1
10000 1

data collection tool. We used the app to minimize risks of
data loss and ensure effective data collection and compi-
lation. Hard copy forms were used as backups in case of
faults or errors in the App. Enumerated litter data obtained
from percentages of total litter assessed was multiplied-up
to account for 100% of the litter, with the assumption made
that the random selection of assessed litter was representa-
tive of the whole. The compiled dataset of each clean-up
site, together with photos of the event, was uploaded to the
project website https://cleanshoresgreatlakes.norceresea
rch.no/.

Data presentation

Data was tabulated in Microsoft Excel (Supplementary
Table S1). Mean values + standard deviation is stated
unless otherwise stated. Figures 3, 4, 5, 6, and 7 were gen-
erated in R studio (2023.12.1 Build 402), using tidyverse
and the ggplot2 package.

0 ‘|||‘I“II|‘II“|II-IlllIIIIII‘ IIIII II lI-lIlIIIlIIIlIIIIIll.I_I-lI

graphic data was not collected
at site number 11 (Igombe

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Beach) Site
B Lake
500 1 = Victoria
Tanganyika
400 1 B Nyasa

300 1
200 1
100 4

0 “IIII.IIIlIl ||||-|.|||‘|I.II|.|I---Illlll.llnll..l.||.-|III-|I|-.I

Demographic

Female <16
Male < 16

100 1
75

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

50 4
=1 | HII \l | “II‘”H“ ‘ll”“l
0.

Female > 16
) B Male > 16
Site

Volunteer demographic Total number of volunteers Total area covered (m2)

@ Springer

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Site



Environmental Science and Pollution Research (2025) 32:14127-14141 14133
Fig.4 Litter density across the
69 clean-up sites shown as total 30000 4
items collected (A), and then »
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Results and discussion

Overall, Clean Shores, Great Lakes organized 69 clean-ups
with 48 sites around Lake Victoria, 12 sites around Lake
Nyasa (Malawi), and nine sites around Lake Tanganyika. A
total of 5483 volunteers engaged with the project across all
clean-ups. In total, 431,328 pieces of anthropogenic litter
were collected weighing 25,981 kg. With respect to outreach
activities, of 21 schools (10 secondary and 11 primary) were
visited, and over 3000 students were directly engaged with
the project’s awareness campaign. The stakeholder meeting
held at the end of the second campaign was attended by a
diverse group of interested parties. The results of the study
are discussed in the following sections by site, by litter type,
and then with a focus on the plastic waste. Following this is
a precis of the outreach, engagement, and recommendations
offered by the project.

Variation in site area and volunteer composition

Across the 69 clean-up sites, there was great variation in
the size of the areas cleaned from 603 m? at Luchelele

Site

Ziwani (Lake Victoria, site 65) to 50,000 m? at Kamanga
Fish Market (Lake Victoria, site 2) (Fig. 3A). Similarly,
there was great variation in volunteer numbers from 429
people attending the first clean-up event at Sweya (Lake
Victoria, site 1) to only six volunteers at Kikamba Ziwani
(site 35, Lake Nyasa) (Fig. 3B). Overall, the largest group
of participants by gender and age was males > 16 years old
(58 £ 15%) followed by females > 16 years old (38 + 15%),
male < 16 years old (3 +£7%), and female < 16 years old (1
+3%). While men were usually the largest volunteer group
at each site (Fig. 3C), there were a few exceptions where
women volunteers were greater, notably at sites 12 (Kayenze
Ndogo, Lake Victoria), 33 (Lutale, Lake Tanganyika), and
42 (Nakatunguru Kiwandani, Lake Victoria). Children (i.e.,
males and females < 16 years old) were best represented at
site 44 (Nyehunge Port, Lake Victoria) where they made up
45% of the volunteers.

Variation in AL across the different sites

Litter can be expressed as the weight or items collected
(Hengstmann and Fischer 2020), but the majority of
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800 1

R?=0.08

600 1

400 1

Items individual™" hour™

N

o

o
L

10 15
2

o
(&)}

Items m~

Fig.5 The correlation between the collected litter at each site (n=
69) when expressed per area (items m™~2) or normalized to the number
of volunteers and duration of the clean-up (items individual™! h™1)
shows no obvious linear relationship

scientific literature on the topic has chosen the metric of
items (Watts et al. 2017; Mayoma et al. 2019; Egessa et al.
2020; Syberg et al. 2020). Total items ranged from 1003 at
site 30 (Kigodeko (fish landing site), Lake Tanganyika) to
25,380 items at site 2 (Kamanga Fish Market, Lake Vic-
toria) (Fig. 4A). However, absolute measures are of little
value and clean-up data is typically presented as items of
litter collected normalized to the metric of the size of the
area covered (i.e., items per unit area (Watts et al. 2017;
Mayoma et al. 2019; Egessa et al. 2020; Syberg et al. 2020)
or the amount of effort used in terms of time and number of
people involved (Nelms et al. 2017)). Since there is no clear
agreement on which unit is better and that both site area
and volunteer numbers exhibit great variation in our study
(Fig. 3), we present our site data in both forms.

Litter abundance when normalized to area varied from
0.06 to 13.89 items m~2 across all sites. Kamanga Garden
(site 67 (tourism and fish market), Lake Victoria) recorded
the highest litter density 13.89 items m~2 followed by site
63 (5.74 items m2, Kigoto mwaloni (fish landing site), Lake
Victoria), site 22 (4.81 items m™2, Lyulilo (trade), Lake
Nyasa), and site 17 (4.56 items m~2, Monarch Beach (tour-
ism and market), Lake Victoria). Litter densities at the other
sites were below 2.5 items m~2 with the lowest recorded
density of 0.06 items m~? at site 41 (Lupando Landing Site
(fishing camp), Lake Nyasa) (Fig. 4B). Our findings are
higher than those reported in most North American Great
Lakes (Hoellein et al. 2015), Lake Tollense in Germany
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(Hengstmann and Fischer 2020), and Lake Nyasa (Mayoma
et al. 2019).

When normalized to the amount of litter collected per
volunteer per time spent metric, the abundance ranged
from 706 items individual~' h™! at site 21 (Itukisyo (tour-
ism), Lake Nyasa) to 5.2 items individual ™! h~! at site 30
(Kigodeko (fish landing site), Lake Tanganyika) (Fig. 4C).
The amount of litter collected expressed by this metric at
Itukisyo was twice as much as at the next sites, site 58 (351
items individual™' h™!, Thale Landing site (fish landing
site), Lake Victoria), site 67 (333 items individual™ h™",
Kamanga Garden (tourism), Lake Victoria), and site 7 (305
items individual™! h™!, Mwawasa on the Mirongo River
(trade and transportation), Lake Victoria). Our findings are
generally lower, but in the range of Nelms et al. (2017) who
reported a range of 51-1978 items individual~' h™! on Brit-
ish beaches. However, litter items on British beaches may
originate from both marine- and land-based activities; direct
comparisons to the African Great Lakes cannot be made.

Overall, there was no linear relationship between litter
densities when expressed by the two metrics (R>= 0.08,
Fig. 5), suggesting that how data is normalized affects the
interpretation of relative pollution between sites (Hengst-
mann and Fischer 2020). The top 10 sites with the most
abundant litter under two metrics show a broad disparity
(Table 2) with only three sites, namely Kamanga Garden
(site 67, tourism), Kigoto mwaloni (63, fish landing site),
and Kigongo ferry (68, transportation) appearing on the top
10 list under both metrics. Kamanga Garden which has the
highest abundance overall with 13.89 items m~2 ranks fourth
under individual™' h™!. Regardless of the disparity, sites
where the main activity is related to fishing (market, landing
site), transportation (ferry ports), trade (general markets),
and/or tourism are well represented on both lists. Fishing
activities have been reported to cause potential leakage of
litter (Nguyen et al. 2022). Similarly, recreational activi-
ties have been reported as main source of AL in Zanzibar
(Maione 2021). However, since many sites have more than
one activity, using activity as a causation for litter density is
difficult. This, in turn, makes suggestions for targeted miti-
gation challenging (discussed further in the “Data-driven
recommendations” section).

Abundant litter categories

Plastic made up 75% of all litter collected (mean =74.2
+12.5% across all sites), while clothing (10.9 +9.5%),
fishing gear (3.7 +5.2%), paper (3.3 +4.4%), glass (2.8
+4.0%), and sanitary products (2.1 +5.2%) were the next
most prevalent categories. Other litter categories constituted
less than 2% each, and wood was the least prevalent category
overall with a 0.1% share (Fig. 6A). The composition of
litter category and distribution varied across sites: plastic
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(37.5-94.9%), clothing (0-48%), fishing gear (0-26.9%),
paper (0-25%), glass (0-19%), sanitary (0-39.7%), metal
(0-23.9%), medical (0-3.6%), electrical (0-8%), rubber
(0-7.3%), ceramic (0-5.3%), and wood (0-7.5%) (Fig. 6B).

Our findings agree with other published works locally
and globally. In Lake Nyasa (Malawi), plastic litter com-
prised 80.2 +£5.0% of all AL (Mayoma et al. 2019) and in
Lake Michigan, plastic represented 75% of total litter (Hoe-
llein et al. 2015). The categorization of litter in the present
study is based on established protocols (Barnardo and Rib-
bink 2020). The broad category of “plastics” encompass-
ing a wide variety of products and sources (cigarettes, food
(including bottles, wrappers, and cutlery)), plastic bags, hard
plastics, soft plastics, and packaging materials, after which
clothing and fishing gear were most prevalent. These two
categories have themselves become regarded as a portion of
the plastic waste. Textiles have been shown to be a source of
microfibers (Athey and Erdle 2022) which have been found
within the environment, including in the marine wasters of
the East African coast, although not all fibers are synthetic
in origin (KeChi-Okafor et al. 2023). Similarly, abandoned,
discarded, or otherwise lost fishing gear (ADLFG) have

10 15 20 25 30 35 40 45 50 55 60 65 70

Site

been reported in Lake Victoria (Egessa et al. 2020), North
America Great Lakes (Vincent et al. 2017), and Vietnam-
ese waters (Nguyen et al. 2022). Defining “plastics” to also
include these categories would increase the proportion plas-
tic waste found during all the clean-ups to close to 90%.

Relative abundance of litter items

Of the 431,328 items collected during the clean-ups, plas-
tic beverage bottles (89,766 items, 20.8%) and plastics
bags (85,605 items, 19.8%) were the dominant items each
accounting for about 20% of all litter and combined greater
than 40%. Both items were almost ubiquitously present at all
clean-up locations, although contributions differed (Fig. 7).
Plastic bottles (average 23.7 +17.1%, range 0-72.9%) were
not found at only one site, Semba Mwaloni (site 61, Lake
Victoria) a fishing camp. Plastic bags (average 19.7 +13.2%,
range 1-50.3%) were found during all clean-ups.

We adopted the Ocean Conservancy (2023) protocol by
identifying the top 10 items that are found across clean-up
sites. The top 10 items accounted for 76% of all litter, seven
of which were within the plastic litter category, two of which
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Fig.7 Abundance of the top 10
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quartile, median, third quartile,
and 1.5 * interquartile length
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open circles. B The distribution
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Table 2 Top 10 sites for anthropogenic litter according to two different expression metrics: Items m~2 and Items individual ™' h™!

2

Litter density expressed as Items m™ Litter density expressed as Items individual™' h™!
Rank Site name (number) Main activities Items m™> Site name (number) Main activities Items
individual™' h~!

1 Kamanga Gadern (67)  Tourism, Market (fish) 13.9 1 Itukisyo (21) Tourism, Settlement 706

2 Kigoto mwaloni (63) Fish landing site 5.7 2 Ihale Landing site (58)  Fish landing site 351

3 Lyulilo (22) Trade, Settlement 4.8 3 Kamanga Gadern (67)  Tourism, Fish market 333

4 Monarch Beach (17) Tourism, Market 4.6 4 Mwawasa, Mirongo Trade, Transportation 305

River (7)

5 Luchelele Ziwani (65)  Fish landing site, Set- 2.5 5 Kikamba ziwani (35) Fish landing site, Set- 292
tlement tlement

6 Mirongo River (69) Trade, Transportation 2.3 Bandarini Beach (28) Transportation, Trade 274

7 Kigongo ferry (68) Transportation, Land- 2.2 Nyehunge Port (15) Transportation, Trade 246
ing site

8 Masai Bridge, Mirongo Trade, Settlement 2.1 8  Kigongo ferry (68) Transportation, Fish 234

River (6) landing site

9 Nyehunge Port (44) Transportation, Settle- 2.0 9  Kigoto mwaloni (63) Fish landing site, 231
ment

10 Kirumba Mwaloni Fish  Market (fish), Ferry 2.0 10 Phonex Beach (36) Tourism. Trade 228

Market (10)

transportation
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were clothing and fishing nets and pieces that be considered
plastics under different taxonomies, and cardboard boxes as
the only non-plastic-related item: (1) plastic bottles (20.8%),
(2) plastic bags (19.8%), (3) cloth/towel (7.9%, range across
site 0-46.9%), (4) food wrappers (6.8%, range 0-5.8%), (5)
polystyrene/foam (5.2%, range 0-32.5%), (6) plastic bottle
caps (4.7%, range 0-26.7%), (7) other food-related plastics
(4.6%, range 0-20.7%), (8) cardboard boxes (2.7%, range
0-25.0%), (9) industrial sheeting (1.9%, range 0-35.4%), and
fishing nets and pieces (1.6%, range 0-26.%) (Fig. 7). The
remaining litter items were each recorded below 1.5%. The
types of litter found in the African Great Lakes are in general
comparable with studies reported from elsewhere (Ngupula
et al. 2014; Mayoma et al. 2019; Nguyen et al. 2022; Ocean
Conservancy 2023). Ocean Conservancy (2023) ranked car-
rier bags, beverage bottles, bottle caps, and food wrappers
among the top 10 plastic litter items. Similarly, our findings
are in line with the ICC report for some plastic litter items:
food wrappers, beverage bottles, bottle caps, and plastic bags
that were listed among the top ten most collected items. The
overall picture that emerges from clean-up studies globally
is that the litter problem is a plastic problem.

Recommendations and guidance

The primary objective of the Clean Shores Great Lakes pro-
ject was to conduct clean-ups along the Tanzanian shorelines
of the African Great Lakes. However, it is now recognized
that clean-ups although effective are only one part of a
holistic solution (Vincent et al. 2017; Syberg et al. 2018;
Uoginté et al. 2024). Thus, within this project, a broader
range of activities were undertaken to engage communities
through education and outreach, disseminate our data via a
stakeholder meeting, and recommend data-driven mitigation
strategies (Fig. 2). We outline these efforts in the following
sections.

Education, outreach, and citizen science
involvement

Twenty-one schools (10 secondary and 11 primary) in the
Kyela district (Lake Nyasa) were visited at the start of sec-
ond campaign in the region (August 2023). Over 3000 stu-
dents were directly engaged during the project’s awareness
campaign, where we held discussions with environmental
clubs and showcased recycled products to students. Stu-
dents were taught about the impacts of mismanaged litter
and how adopting waste management hierarchies such as
refuse, reduce, reuse, and recycle (4Rs) is key toward curb-
ing the problem of plastic pollution. In some instances, stu-
dents were also able to showcase various activities, such as
gardening using empty cement bags, in line with the circu-
lar economy concept. Following discussions at the schools

and the exhibition of recycled products, there was eagerness
among students and teachers to develop a zero-waste plan
that suited their schools’ needs. Students showed interest and
registered to participate in future training regarding circu-
lar economy strategies that targeted plastic litter reduction.
As described in the “Variation in site area and volunteer
composition” section, children under the age of 16 were not
well represented during clean-ups, accounting for an average
of 4%. Following the school visits, children were 7.3% of
volunteers in the Lake Nyasa clean-ups, but a critical assess-
ment of the project could be that more needs to be done to
engage significant numbers of younger participants. Projects
using citizen scientists primarily sourced from school-aged
children have reportedly shown increases in environmen-
tal awareness and perception among participants (Syberg
et al. 2018, 2020; Catarino et al. 2023). The value of citizen
science in clean-ups goes beyond the collection of litter.
The economic benefit of volunteered hours allows for an
extremely cost-effective action and involvement in clean-ups
leads may lead positive changes in awareness and behavior
(Nelms et al. 2017). Furthermore, data collected from citizen
science data can potentially contribute to the measurement
of United Nations Sustainable Development Goals targets
and indicators (Fritz et al. 2019). In the present study, citi-
zen scientists were actively involved in the collection, cat-
egorizing and recording of litter which, based on informal
conversations during clean-ups, has led to a change in how
participants view the issue of plastic pollution.

Stakeholder engagement and end of project
dissemination workshop

Throughout Clean Shores, Great Lakes, we conducted regu-
lar stakeholder meetings with various target groups depend-
ing on the location, including students, environmental clubs,
market leaders, fishermen, local councilors, recyclers, dis-
trict management, NGOs, government agencies, ministries,
and the media. These engagements allowed the work of the
project to spread and led to interviews and articles in the
Tanzanian media. At the end of the second campaign, we
gathered a diverse group of interested parties to the pro-
ject’s Dissemination Workshop, including the following:
Government Departments (e.g., Ministry of Fisheries and
the Office of the Environment), Lake Victoria Region Local
Authorities Cooperation (LVRAC) an umbrella organiza-
tion for municipal policy makers, mayoral representatives
of Mwanza City and the neighboring districts, academics,
affected communities, e.g., fisheries workers and union rep-
resentative, plastic industry representatives, organizations
that partnered with us during clean-ups such as the scouts,
and local and national media—the meeting was featured
across the Tanzanian media. Participants viewed litter as an
urgent problem that requires immediate action and attributed
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it to behavior and inadequate infrastructure to prevent leak-
age at source. Some stakeholders pointed out that the long
distance between points of collection and disposal sites
in some rural places and remote islands has discouraged
the community from preventing littering. Inadequate law
enforcement and irresponsible product manufacturers were
seen as obstacles that needed to be overcome to bring about
positive changes.

Data-driven recommendations

Based on clean-up data collected in the project, two
approaches could be advocated for mitigation (1) where
to clean and (2) what to clean. The two normalized units
can both guide informed decision-making, but both provide
differing interpretations (Hengstmann and Fischer 2020).
Items m~2 have been widely adopted for citizen science-led
clean-ups and monitoring programs worldwide (Bravo et al.
2009; Nelms et al. 2017; Nguyen et al. 2022) and increas-
ingly reported in the region (Mayoma et al. 2019; Ogello
et al. 2024). In terms of where to target sites for mitigation,
the area-based metric can reveal their dynamics of AL in
the environment and the sources from which they originate
(Browne et al. 2015), and models can incorporate such data
to predict trends under various management options (Tur-
rell 2020), but negates important factors in the success of
a clean-up. Thus, the unit of litter individual™' h™! is also
useful as number of volunteers and time taken directly influ-
ences the amount of litter collected (Aradjo et al. 2018).
The common denominator of the most polluted sites listed
in Table 2 is rather obviously that they are where people
gather—fishing sites, markets, transportation. Many the
most common items found were related to food and bev-
erages (Fig. 7). Thus, the presence of such litter is likely
related to improper and inefficient waste collection and
infrastructure, including limited recycling capability, which
is absent from much of Africa (Adebiyi-Abiola et al. 2019).
The primary recommendation for the administrative areas
would be improved waste management.

The two most abundant items of litter were plastic bot-
tles and bags. Mitigating these two items would address
40% of all collected litter. Tanzania first tried to approve a
plastic bag ban in 2006, but at attempt lacked implementa-
tion. A levy was introduced in May 2015 and a total ban
that prohibited the import, export, manufacturing, selling,
storing, supplying, and use of plastic bags came to effect
on June 1, 2019 (Carlos Bezerra et al. 2021). This promul-
gation led the start of a black market of single-use plastic
bags (Carlos Bezerra et al. 2021) and there is likely a lag-
phase before the effectiveness of the ban is reflected in litter
composition. Other studies conclude that plastic bag bans
serve as an instrumental tool to reduce their leakage into
the environment (Martinho et al. 2017; Nielsen et al. 2019).
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Plastic beverage bottles are used when tap water is consid-
ered unsafe for human consumption. However, the inclu-
sion of plastic bottles in mandatory sustainable intervention
measures, such as extended producer responsibility (EPR),
polluter pay principles, and deposit return schemes, may
stimulate both producer- and consumer-led solutions that
can bring about changes in litter release. To reduce bottle
and bag litter, regulations and producer-led implementations
need to be coupled to multi-facet approaches that involve
the community via both participatory action and behavior
changes in the population through awareness campaigns,
including regular clean-ups.

Conclusions

The data gathered within the Clean Shores, Great lakes
project provides an extensive description of the nature and
distribution of anthropogenic litter (mainly plastics), along
Tanzanian shorelines of the African Great Lakes. Here we
note the broad connection between litter density and public
gathering places, where the increased availability of litter
collection infrastructure would potentially lessen environ-
mental leakage. Highlighting the two main contributing
items (plastic bottles and bags) brings attention to existing
single use bag bans and the prospect of extended producer
responsibility actions. While the main project objective was
to conduct clean-ups, the holistic approach advocated volun-
tary engagement, citizen science involvement, stakeholder
dissemination, and school visits increases public awareness
and the notion of environmental stewardship. Clean-up data
when disseminated to relevant policymakers and stakehold-
ers can motivate activity within environmental management
of anthropogenic litter and plastic pollution.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11356-025-36528-8.

Acknowledgements The authors are grateful to the Local Government
Authorities for allowing us to conduct clean-ups in their administrative
areas. We also thank all of the community groups and schools for their
participation, and the 5483 volunteers for their time and effort.

Author contribution B.S. Mayoma: conceptualization; data curation;
formal analysis; funding acquisition; investigation; methodology; pro-
ject administration; validation; visualization; roles/writing—original
draft; and writing—review and editing. M.A. Yusuph: data curation;
methodology. Z. Emanuel: data curation; project administration. H.
Silas: funding acquisition; project administration. L. Kitogo: data cura-
tion; project administration. A. A. Edson: data curation; project admin-
istration. D. Simbila: project administration; visualization. A. Mugema:
funding acquisition; project administration. E. Lukanga: funding acqui-
sition; writing—review and editing; project administration. P. Matonya:
data curation; methodology. F. Kasenene: data curation; project admin-
istration. C. Sgrensen: formal analysis; visualization; writing—review
and editing. C. Sparks: supervision; writing—review and editing. F.
R. Khan: conceptualization; data curation; formal analysis; funding



Environmental Science and Pollution Research (2025) 32:14127-14141

14139

acquisition; investigation; methodology; project administration; super-
vision; validation; visualization; roles/writing—original draft; and
writing—review and editing.

Funding Open access funding provided by NORCE Norwegian
Research Centre AS. The Clean Shores, Great Lakes project was
funded by Handelens Miljgfond (Grant number 12526) awarded to
FRK and BSM.

Data availability All data generated or analyzed during this study are
included in this published article and its supplementary information file
(Table S1. Full dataset of clean-up activities from the Clean Shores,
Great Lakes project).

Declarations

Ethical approval The study was executed based on the Tanzanian laws
and guidelines for human participants. Accordingly, all participants
were requested to express their willingness to participate voluntar-
ily in the cleaning process by filling a consent form. All participants
were assured of anonymity and confidentiality for the purposes of the
study including the publication of results. All the study procedures
were approved by a committee led by the Deputy Vice Chancellor —
Research of the University of Dar es Salaam (No. SOAF-ASFT23008).
Clinical trial number: not applicable.

Consent to participate Verbal informed consent was obtained for vol-
unteers or their legal guardian for participation in clean-ups.

Consent to publish The authors affirm that human participants or
their legal guardians provided informed consent for publication of the
images in Fig. 2.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Adebiyi-Abiola B, Assefa S, Sheikh K, Garcia JM (2019) Cleaning up
plastic pollution in Africa. Science 365:1249-1251. https://doi.
org/10.1126/science.aax3539

Adika SA, Mahu E, Crane R, Marchant R, Montford J, Folorunsho R,
Gordon C (2020) Microplastic ingestion by pelagic and demersal
fish species from the Eastern Central Atlantic Ocean, off the Coast
of Ghana. Mar Pollut Bull 153. https://doi.org/10.1016/j.marpo
1bul.2020.110998

Alimi OS, Fadare OO, Okoffo ED (2021) Microplastics in African eco-
systems: current knowledge, abundance, associated contaminants,
techniques, and research needs. Sci Total Environ 755:142422.
https://doi.org/10.1016/j.scitotenv.2020.142422

Aratjo MCB, Silva-Cavalcanti JS, Costa MF (2018) Anthropogenic
litter on beaches with different levels of development and use:
a snapshot of a coast in Pernambuco (Brazil). Front Mar Sci 5.
https://doi.org/10.3389/fmars.2018.00233

Aslam S, Tzoraki O, Krasakopoulou E (2022) Anthropogenic litter
in freshwater bodies and their estuaries: an empirical analysis in
Lesvos, Greece. Environ Sci Pollut Res 29:16563-16575. https://
doi.org/10.1007/s11356-021-16793-z/Published

Athey SN, Erdle LM (2022) Are we underestimating anthropogenic
microfiber pollution? A critical review of occurrence, methods,
and reporting. Environ Toxicol Chem 41:822-837

Barnardo T, Ribbink A (Eds) (2020) African marine litter monitoring
manual. African Marine Waste Network

Beaumont NJ, Aanesen M, Austen MC, Borger T, Clark JR, Cole
M, Hooper T, Lindeque PK, Pascoe C, Wyles KJ (2019) Global
ecological, social and economic impacts of marine plastic. Mar
Pollut Bull 142:189-195. https://doi.org/10.1016/j.marpolbul.
2019.03.022

Biginagwa FJ, Mayoma BS, Shashoua Y, Syberg K, Khan FR (2016)
First evidence of microplastics in the African Great Lakes:
recovery from Lake Victoria Nile perch and Nile tilapia. J Great
Lakes Res 42:146-149. https://doi.org/10.1016/j.jglr.2015.10.
012

Blettler MCM, Abrial E, Khan FR, Sivri N, Espinola LA (2018)
Freshwater plastic pollution: recognizing research biases and
identifying knowledge gaps. Water Res 143:416-424. https://doi.
org/10.1016/j.watres.2018.06.015

Bootsma HA, Hecky RE (2003) A comparative introduction to the
biology and limnology of the African Great Lakes. J Great Lakes
Res 29:3-18. https://doi.org/10.1016/S0380-1330(03)70535-8

Borrelle SB, Ringma J, Law KL, Monnahan CC, Lebreton L, McGivern
A, Murphy E, Jambeck J, Leonard GH, Hilleary MA, Eriksen M
(2020) Predicted growth in plastic waste exceeds efforts to miti-
gate plastic pollution. Science 369:1515-1518. https://doi.org/10.
1126/science.aba3656

Bravo M, de los Angeles Gallardo M, Luna-Jorquera G, Nufiez P,
Vasquez N, Thiel M (2009) Anthropogenic debris on beaches in
the SE Pacific (Chile): results from a national survey supported
by volunteers. Mar Pollut Bull 58:1718-1726. https://doi.org/10.
1016/j.marpolbul.2009.06.017

Browne MA, Underwood AJ, Chapman MG, Williams R, Thomp-
son RC, Van Franeker JA (2015) Linking effects of anthropo-
genic debris to ecological impacts. Proc R Soc B: Biol Sci
282:20142929. https://doi.org/10.1098/rspb.2014.2929

Calderon EA, Hansen P, Rodriguez A, Blettler MCM, Syberg K,
Khan FR (2019) Microplastics in the digestive tracts of four
fish species from the Ciénaga Grande de Santa Marta Estuary
in Colombia. Water Air Soil Pollut 230. https://doi.org/10.1007/
s11270-019-4313-8

Carlos Bezerra J, Walker TR, Clayton CA, Adam I (2021) Single-use
plastic bag policies in the Southern African development com-
munity. Environ Chall 3:100029 https://doi.org/10.1016/j.envc.
2021.10002

Catarino Al, Mahu E, Severin MI, Akpetou LK, Annasawmy P, Asuquo
FE, Beckman F, Benomar M, Jaya-Ram A, Malouli M, Mees J,
Monteiro I, Ndwiga J, Neves Silva P, Nubi OA, Martin-Cabrera
P, Sim YK, Sohou Z, Woo SP, Zizah S, Everaert G, Shau-Hwai
AT, Krug LA, Seeyave S (2023) Addressing data gaps in marine
litter distribution: citizen science observation of plastics in coastal
ecosystems by high-school students. Front Mar Sci 10. https://doi.
org/10.3389/fmars.2023.1126895

Cheung YT-Y, Cheuk-Fai C, So WW-M (2018) A train-the-trainer
design for green ambassadors in an environmental education pro-
gramme on plastic waste recycling. Int Res Geogr Environ Educ
27:24-42. https://doi.org/10.1080/10382046.2017.1285138

@ Springer



14140

Environmental Science and Pollution Research (2025) 32:14127-14141

Corcoran PL, Biesinger MC, Grifi M (2009) Plastics and beaches: a
degrading relationship. Mar Pollut Bull 58:80-84. https://doi.org/
10.1016/j.marpolbul.2008.08.022

Egessa R, Nankabirwa A, Basooma R, Nabwire R (2020) Occurrence,
distribution and size relationships of plastic debris along shores
and sediment of northern Lake Victoria. Environ Pollut 257.
https://doi.org/10.1016/j.envpol.2019.113442

Fritz S, See L, Carlson T, Haklay M, Oliver JL, Fraisl D, Mondar-
dini R, Brocklehurst M, Shanley LA, Schade S, Wehn U, Abrate
T, Anstee J, Arnold S, Billot M, Campbell J, Espey J, Gold M,
Hager G, He S, Hepburn L, Hsu A, Long D, Mas6 J, McCallum
I, Muniafu M, Moorthy I, Obersteiner M, Parker AJ, Weisspflug
M, West S (2019) Citizen science and the United Nations sustain-
able development goals. Nat Sustain 2:922-930. https://doi.org/
10.1038/541893-019-0390-3

Gall SC, Thompson RC (2015) The impact of debris on marine life.
Mar Pollut Bull 92:170-179. https://doi.org/10.1016/j.marpolbul.
2014.12.041

Griffin C, Day N, Rosenquist H, Wellenreuther M, Bunnefeld N,
Gilburn AS (2018) Tidal range and recovery from the impacts
mechanical beach grooming. Ocean Coast Manag 154:66-71.
https://doi.org/10.1016/j.ocecoaman.2018.01.004

Hengstmann E, Fischer EK (2020) Anthropogenic litter in freshwater
environments — study on lake beaches evaluating marine guide-
lines and aerial imaging. Environ Res 189. https://doi.org/10.
1016/j.envres.2020.109945

Hoellein TJ, Westhoven M, Lyandres O, Cross J (2015) Abundance
and environmental drivers of anthropogenic litter on 5 Lake
Michigan beaches: a study facilitated by citizen science data
collection. J Great Lakes Res 41:78-86. https://doi.org/10.
1016/j.jglr.2014.12.015

Jorgensen B, Krasny M, Baztan J (2021) Volunteer beach clean-
ups: civic environmental stewardship combating global plastic
pollution. Sustain Sci 16:153-167. https://doi.org/10.1007/
$11625-020-00841-7

KeChi-Okafor C, Khan FR, Al-Naimi U, Béguerie V, Bowen L, Gal-
lidabino MD, Scott-Harden S, Sheridan KJ (2023) Prevalence
and characterisation of microfibres along the Kenyan and Tan-
zanian coast. Front Ecol Evol 11. https://doi.org/10.3389/fevo.
2023.1020919

Khan FR, Catarino Al, Clark NJ (2022) The ecotoxicological conse-
quences of microplastics and co-contaminants in aquatic organ-
isms: a mini-review. Emerg Top Life Sci 6:339-348

Khan FR, Mayoma BS, Biginagwa FJ, Syberg K (2018) Microplastics
in inland African waters: presence, sources, and fate. In: Hand-
book of environmental chemistry. Springer Verlag, pp 101-124

Khan FR, Patsiou D, Catarino Al (2021) Pollutants bioavailability and
toxicological risk from microplastics. In: Handbook of micro-
plastics in the environment. Springer International Publishing,
pp 1-40

Kosore CM, Ojwang L, Maghanga J, Kamau J, Shilla D, Everaert G,
Khan FR, Shashoua Y (2022) Microplastics in Kenya’s marine
nearshore surface waters: current status. Mar Pollut Bull 179.
https://doi.org/10.1016/j.marpolbul.2022.113710

Law KL (2017) Plastics in the marine environment. Ann Rev Mar Sci
9:205-229

Lebreton LCM, Van Der Zwet J, Damsteeg JW, Slat B, Andrady A,
Reisser J (2017) River plastic emissions to the world’s oceans. Nat
Commun 8. https://doi.org/10.1038/ncomms 15611

Maione C (2021) Quantifying plastics waste accumulations on coastal
tourism sites in Zanzibar, Tanzania. Mar Pollut Bull 168. https://
doi.org/10.1016/j.marpolbul.2021.112418

Martinho G, Balaia N, Pires A (2017) The Portuguese plastic car-
rier bag tax: the effects on consumers’ behavior. Waste Manage
61:3-12. https://doi.org/10.1016/j.wasman.2017.01.023

@ Springer

Mayoma BS, Sgrensen C, Shashoua Y, Khan FR (2020) Microplastics
in beach sediments and cockles (Anadara antiquata) along the
Tanzanian coastline. Bull Environ Contam Toxicol 105:513-521.
https://doi.org/10.1007/s00128-020-02991-x

Mayoma BS, Mjumira IS, Efudala A, Syberg K, Khan FR (2019) Col-
lection of anthropogenic litter from the shores of Lake Malawi:
characterization of plastic debris and the implications of public
involvement in the African Great Lakes. Toxics 7. https://doi.org/
10.3390/toxics7040064

Mihai FC, Giindogdu S, Khan FR, Olivelli A, Markley LA, Van
Emmerik T (2022) Plastic pollution in marine and freshwater
environments: abundance, sources, and mitigation. In: Emerg-
ing contaminants in the environment: challenges and sustainable
practices. Elsevier, pp 241-274

Miller JA, Gillman R, Carlton JT, Murray CC, Nelson JC, Otani M,
Ruiz GM (2018) Trait-based characterization of species trans-
ported on Japanese tsunami marine debris: effect of prior invasion
history on trait distribution. Mar Pollut Bull 132:90-101. https://
doi.org/10.1016/j.marpolbul.2017.12.064

Nchimbi AA, Kosore CM, Oduor N, Shilla DJ, Shashoua Y, Khan
FR, Shilla DA (2022a) Microplastics in marine nearshore sur-
face waters of Dar es Salaam and Zanzibar, East Africa. Bull
Environ Contam Toxicol 109:1037-1042. https://doi.org/10.1007/
s00128-022-03620-5

Nchimbi AA, Shilla DA, Kosore CM, Shilla DJ, Shashoua Y, Khan
FR (2022b) Microplastics in marine beach and seabed sediments
along the coasts of Dar es Salaam and Zanzibar in Tanzania. Mar
Pollut Bull 185. https://doi.org/10.1016/j.marpolbul.2022.114305

Nchimbi AA, Shilla DA, Kosore CM, Shilla DJ, Shashoua Y, Sgrensen
C, Khan FR (2024) Microplastic pollution in the Thumbprint
emperor (Lethrinus harak) from Tanzanian coastal waters: occur-
rence, abundance, characterization, and relevance as a monitor-
ing species. Reg Stud Mar Sci 76. https://doi.org/10.1016/j.rsma.
2024.103600

Nelms SE, Coombes C, Foster LC, Galloway TS, Godley BJ, Lind-
eque PK, Witt MJ (2017) Marine anthropogenic litter on British
beaches: a 10-year nationwide assessment using citizen science
data. Sci Total Environ 579:1399-14009. https://doi.org/10.1016/j.
scitotenv.2016.11.137

Nelms SE, Easman E, Anderson N, Berg M, Coates S, Crosby A, Eis-
feld-Pierantonio S, Eyles L, Flux T, Gilford E, Giner C, Hamlet
J, Hembrow N, Hickie J, Hopkinson P, Jarvis D, Kearsley J, Mil-
lard J, Nunn F, Pollitt E, Sainsbury A, Sayer S, Sinclair R, Slack
A, Smith P, Thomas R, Tyler J, Walker R, Wallerstein C, Ward
M, Godley BJ (2022) The role of citizen science in addressing
plastic pollution: challenges and opportunities. Environ Sci Policy
128:14-23. https://doi.org/10.1016/j.envsci.2021.11.002

Ngupula GW, Kayanda RJ, Mashafi CA (2014) Abundance, composi-
tion and distribution of solid wastes in the Tanzanian waters of
Lake Victoria. Afr J Aquat Sci 39:229-232. https://doi.org/10.
2989/16085914.2014.924898

Nguyen TTT, Ha NH, Bui TKL, Nguyen KLP, Tran DPT, Nguyen
HQ, El-Arini A, Schuyler Q, Nguyen TT Le (2022) Baseline
marine litter surveys along Vietnam coasts using citizen science
approach. Sustainability (Switzerland) 14. https://doi.org/10.3390/
sul14094919

Nielsen TD, Holmberg K, Stripple J (2019) Need a bag? A review of
public policies on plastic carrier bags — where, how and to what
effect? Waste Manage 87:428-440. https://doi.org/10.1016/j.was-
man.2019.02.025

Ocean Conservancy (2023) The international coastal cleanup - sea the
change. Final Report 2023. https://oceanconservancy.org/wp-
content/uploads/2021/09/Annual-Report_FINAL_Digital.pdf.
Accessed 1 May 2024

Ogello EO, Mbodze MM, Outa NO, Ajode MZ, Ojwando W (2024)
Characterizing anthropogenic litter pollutants in African



Environmental Science and Pollution Research (2025) 32:14127-14141

14141

freshwater ecosystems: a case study of Dunga Beach in Lake
Victoria, Kenya. Lakes Reserv Sci Policy Manag Sustain Use 29.
https://doi.org/10.1111/Ire.12454

Ogutu-Ohwayo R, Balirwa JS (2006) Management challenges of fresh-
water fisheries in Africa. In: Lakes and reservoirs: science, policy
and management for sustainable use. Blackwell Publishing, pp
215-226

Rasool FN, Saavedra MA, Pamba S, Perold V, Mmochi AJ, Maalim M,
Simonsen L, Buur L, Pedersen RH, Syberg K, Jelsbak L (2021)
Isolation and characterization of human pathogenic multidrug
resistant bacteria associated with plastic litter collected in Zanzi-
bar. J Hazard Mater 405. https://doi.org/10.1016/j.jhazmat.2020.
124591

Ryan PG, de Bruyn PIN, Bester MN (2016) Regional differences in
plastic ingestion among Southern Ocean fur seals and albatrosses.
Mar Pollut Bull 104:207-210. https://doi.org/10.1016/j.marpo
1bul.2016.01.032

Sparks C, Awe A, Maneveld J (2021) Abundance and characteristics
of microplastics in retail mussels from Cape Town, South Africa.
Mar Pollut Bull 166. https://doi.org/10.1016/j.marpolbul.2021.
112186

Syberg K, Hansen SF, Christensen TB, Khan FR (2018) Risk percep-
tion of plastic pollution: importance of stakeholder involvement
and citizen science. In: Handbook of environmental chemistry.
Springer Verlag, pp 203-221

Syberg K, Palmqvist A, Khan FR, Strand J, Vollertsen J, Clausen LPW,
Feld L, Hartmann NB, Oturai N, Mgller S, Nielsen TG, Shashoua
Y, Hansen SF (2020) A nationwide assessment of plastic pollution
in the Danish realm using citizen science. Sci Rep 10. https://doi.
org/10.1038/s41598-020-74768-5

Turrell WR (2020) Estimating a regional budget of marine plastic litter
in order to advise on marine management measures. Mar Pollut
Bull 150. https://doi.org/10.1016/j.marpolbul.2019.110725

Uoginté I, Bycenkiené S, Davtalab M, Markeviciaté R (2024) Explor-
ing the abundance and characteristics of litter in Lithuanian riv-
ersides: a citizen science approach. Environ Monit Assess 196.
https://doi.org/10.1007/s10661-024-12503-7

Vincent A, Drag N, Lyandres O, Neville S, Hoellein T (2017) Citizen
science datasets reveal drivers of spatial and temporal variation
for anthropogenic litter on Great Lakes beaches. Sci Total Envi-
ron 577:105-112. https://doi.org/10.1016/j.scitotenv.2016.10.113

Watts AJR, Porter A, Hembrow N, Sharpe J, Galloway TS, Lewis C
(2017) Through the sands of time: beach litter trends from nine
cleaned North Cornish beaches. Environ Pollut 228:416-424.
https://doi.org/10.1016/j.envpol.2017.05.016

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



