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A B S T R A C T

Macro-litter accumulation surveys were carried out in six beaches in Kilifi, Mombasa and Kwale Counties. Macro
litter were collected, quantified and characterized to determine their composition, distribution and accumula-
tion rates. The results showed that the accumulation rates ranged between 1.53 ± 1.23 and 11.46 ± 7.72 (for
dry zones) and 2.69 ± 2.13 and 8.93 ± 7.87 items m−1 day−1 (for wet zones). Plastics and foam were the
most abundant litter categories. Local products constituted about 88% of all the collected litter. Food packaging
products constituted about 91.3% of all branded litter types. Marine litter pollution particularly by plastics was
widespread in all studied coastal counties. However, a significant amount of litter encountered in the beaches
was of local origin, thus a local solution to waste management (that will eliminate leakage into marine en-
vironments) will considerably reduce marine litter pollution in Kenya.

Marine litter is a rising global environmental issue that affects both
human and ecosystem health. It originates from the sea and land-based
activities (Galgani et al., 2015) with the latter contributing an estimate
of 80% (Eerkes-Medrano et al., 2015; Jambeck et al., 2015; Li et al.,
2016; Ritchie and Roser, 2018; UNEP, 2016). The land-based sources
include waste released from dumpsites near the coast or river banks,
littering of beaches, ship-breaking yards, tourism, recreational activ-
ities, and storm-related events, i.e. flash floods (GESAMP, 2015). The
major sea-based sources include: abandoned, lost, or discarded fishing
gear, shipping activities and illegal sea-based dumping. Litter in the
marine environment may either float and later wash ashore or can sink
to the bottom of the ocean. Most marine litter items are buoyant thus
their spatial distribution and accumulation are greatly influenced by
hydrodynamics, geomorphology (Barnes et al., 2009), prevailing winds
and current conditions, anthropogenic activities- how they are released
(Ramirez-Llorda et al., 2013) and coastline geography (Arias and
Marcovecchio, 2017). These factors create a different spatial distribu-
tion, with localized accumulation zones, with varying litter densities
(Eriksen et al., 2014; Mansui et al., 2015; Williams et al., 2016).

Marine litter can be defined as manufactured or processed items
that are subsequently discarded, disposed of, or abandoned thus ending
up in the coastal and/or ocean environments (UNEP, 2011; Buhl-

Mortensen and Buhl-Mortensen, 2017). Some of the common litter in-
clude food wrappers, cigarette butts, cigar tips, fishing line, ropes and
nets, diapers and nappies, six-pack rings, beverage bottles, disposable
syringes, as well as pre-production resin pellets (Sheavly and Register,
2007). The most common materials that make up marine litter are
plastics, glass, metal, paper, cloth, rubber, and processed wood with
plastics forming the major part (UNEP, 2016). Plastics comprise a di-
verse group of synthetic polymers that have their origins in the late 19th

century but became popular in the mid-twentieth century (Law, 2017).
They play an important role in modern life in the manufacturing in-
dustries due to their low densities, durability, resilience and afford-
ability. These desirable attributes have resulted in a significant increase
in their global production and the resultant post-consumer waste of
about 3.7 billion metric tonnes, a figure that is projected to double by
2025 (Plastics Europe, 2013; Galgani et al., 2019). The same properties
that make plastics useful also make the mismanaged post-consumer
plastic waste a significant environmental threat (Ryan et al., 2009). In
2010, an estimate of 12.7 million metric tonnes of plastic waste found
its way into the oceans (UNEP, 2016), with approximately 227,000
metric tonnes floating freely on the sea surface (NCEAS, 2013).

Plastics can persist in the environment for many years due to their
resistance to microbial and other degradation processes thus creating
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an increasing concern on their risks and possible adverse effects to
organisms (Wright et al., 2013; Gall and Thompson, 2015). Marine
organisms can be impacted by plastics through entanglement
(Thompson et al., 2009; Ryan, 2018; Thiel et al., 2018), ingestion (van
Franeker et al., 2011; Ryan, 2016), suffocation (Kühn et al., 2015),
bioaccumulation of pollutants (Andrady, 2011; Murray and Cowie,
2011), modification of benthic communities (Katsanevakis et al., 2007),
the introduction of non-native marine species into new habitats (Rech
et al., 2016) and change in physical conditions of the seafloors
(Akoumianaki et al., 2008). Consequently changing the integrity and
functioning of habitats (Vegter et al., 2014) as well as impacting human
health through food safety issues (Gregory, 2009; Lusher et al., 2017).
In addition to impacting aquatic ecosystems (Rochman et al., 2016),
plastics pollution also affects societies and the economies (UNEP, 2014)
through impacts on shipping, fishing, aquaculture, tourism and re-
creation.

Developing countries (which mostly have inadequate waste man-
agement infrastructure) are undergoing rapid urbanization (estimated
at 24% in 2014 by World Bank, 2016) which provides a large consumer
market for plastic goods, most of which are single-use plastics (UNEP-
WCMC IU, 2018). Plastics have been used in Africa since the late 1950s,
long before adequate recycling infrastructure and policies were put in
place (Jambeck et al., 2018). The consumption of plastics in Africa is
further predicted to increase as the population of the middle class
continues to expand (Deloitte, 2014; Jambeck et al., 2018). To combat
the plastics pollution crisis, many African countries have become sig-
natories to several international treaties and made commitments re-
garding the regulation and reduction of marine litter (including the UN
2030 Agenda for Sustainable Development). The Sustainable Develop-
ment Goals (SDGs) address marine litter through Goal 14 (target 14.1),
with a particular focus on sources from land-based activities. Similarly,

Goals 11 -addresses municipal and other litter management (target
11.6), and 12 -addresses environmentally sustainable management of
chemicals and litter (target 12.4), and overall litter reduction (target
12.5). This is echoed further by the Call for Action Declaration of the
2017 UN Ocean Conference on the commitment of all its member states
to address marine plastic pollution (Blidberg et al., 2015; UNIDO,
2019).

In Kenya, Mombasa County generates 1000 tons of solid waste per
day (Mombasa County, 2019) while Kilifi County generates 400 tons
per day (Kilifi County, 2019), whereas no estimates of solid waste
generated in Kwale County exist. These counties have inadequate and
poorly implemented policies on plastic waste management as well as
inadequate human, technical and financial capacity to effectively
manage waste, thus a fraction of the waste is discharged into the marine
environment (Okuku et al., 2011). Such leakage of plastics into the
environment coupled with its buoyancy and durability has made plas-
tics to be distributed across all oceans (Eriksen et al., 2014).

Monitoring marine litter accumulation in marine ecosystems is
critical in the assessment of the effectiveness of litter management and
reduction measures (Ryan, 2018). However, there is scarce data on
marine litter production, litter loads and composition in Africa
(Jambeck et al., 2018). The available information lacks rigour as it is
based on assumptions drawn from correlations with population size,
demographic patterns, socio-economic information and other surro-
gates (Ribbink et al., 2019). There is, therefore, an urgent need to de-
termine the baselines of marine litter pollution and monitor changes
over time to formulate effective marine litter management strategies.
This is in line with the outcome of G7 World leaders' declaration
summit of 2016 that recommended marine litter monitoring to estab-
lish the baseline quantities, potential impact and commitment to the
global action plan in combating marine litter pollution (Ministry of

Fig. 1. Map showing the six surveyed beaches for macro-litter.
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Foreign Affairs of Japan, 2016). This study aimed to determine the
baselines of marine litter pollution along the Kenya coast. Specifically,
the study quantified, characterized and determined the distribution and
accumulation of marine litter along the Kenyan Coast.

The study was carried out between June and November 2019 in six
randomly selected beaches (Fig. 1), namely: Mkomani, Kenyatta and
Pirates beaches (Mombasa county), Baobab (Kilifi county) and Trade-
winds 1 and 2 beaches (Kwale county). The beaches were randomly
selected to cover the heterogeneous nature of Kenyan beaches occa-
sioned by different environmental, demographic and Socio-economic
aspects. Other factors considered included: openness to the sea, acces-

sibility, nature of the back of the beach, slope and adequacy of beach
length i.e. ≥100 m (Vlachogianni et al., 2018). The survey team en-
sured that all selected sites were undisturbed by beach cleaning activ-
ities during the entire period of the survey as suggested by Schernewski
et al. (2018).

The study was conducted by well-trained volunteers from Kenya
Marine and Fisheries Research Institute (KMFRI) following guidelines
provided in WIOMSA marine litter monitoring manual (Ribbink et al.,
2019). The beaches were thoroughly cleaned up for one or two days (by
picking all visible macro-litter on the surface) prior to the start of the
survey, after which the accumulation survey was carried out for 10
consecutive days (starting the same time, 10 am, every day). Onsite
characterization of the surveyed beaches was done to establish the
substrate type, weather, slope aspect and back of shoreline. Land use
characteristics were captured detailing the location and major land-use
e.g. recreation or fishing and the mode of access to the site (whether by
vehicle or by foot). Ocular inspection for potentially confounding litter
sources such as informal waste disposal pits, rivers and streams were
carried out.

The start and end points for the surveyed beach was established and
geo-referenced using Garmin GPS Map 2S and additional features such
as unique structures benchmarked to ensure that the same sampling
sites were monitored. Buffer zones of between 10 and 50 m (depending
on the size of the beach) were designated either side of the survey site
and cleaned every day of the survey to minimize litter movement into
the litter survey areas. There were no buffer zones in Mkomani beach

since it has walls built at the start and end of the surveyed area acting as
buffers. The litter densities were expressed per unit length of the beach
(and not per unit areas) as such the survey was not affected by the tidal
cycle. The survey was carried out in both the wet and dry beach zones
to estimate the oceanic and terrestrial inputs of litter to the beach. The
wet zone was defined by the edge of water up to the recent highest
watermark and line, whereas the dry section was defined by the recent
highest watermark/ strand line up to the back of the beach. The back of
the beach was defined as two meters into the vegetation (Abu-Hilal and
Al-Najjar, 2004) or at the foot of built construction (Prevenios et al.,
2018).

All macro litter (> 25 mm size) from the dry and wet sections was
collected separately and thereafter sorted based on litter categories
(plastic, glass, metal, processed wood, foam, textiles, rubber, con-
struction material and ceramics, fishing-related gears and others). Litter
counting and weighing were done per item type (lollipop sticks, dia-
pers, aluminum cans etc.). Smaller litter items that could not be
weighed by the digital scales were put in separate labeled bags, taken to
the laboratory and weighed using an analytical balance. All the litter
from the dry zones were scrutinized for any visible sediment and any
organic materials. The litter that had these materials were cleaned and
dried before weighing. All the litter from the wet zones were cleaned
and dried before weighing. The data collected (after quantification of
marine litter from each beach) were then used to calculate the mean
accumulation rates (± SD) for both counts and weights and to test
significant differences in accumulation rates in the six surveyed beaches
for ten days.

A brand audit was conducted in addition to the quantification and
characterization of marine litter. This was done by identifying brand
name, manufacturer, country of origin, type of packaging and type of
product. Different types of products which included household products
(detergent cleansers, cleaning tools etc.), food packaging (food wrap-
pers, beverage bottles etc.) and personal care products (soap, shampoo
packaging, toothpaste etc.). Items were then classified further into the
type of material such as polyethylene terephthalate (PET), high-density
polyethylene (HDPE), polyvinyl chloride (PVC), polypropylene (PP),
polystyrene (PS), single layer (SL) or (Multiple Layers (ML) and other

E.O. Okuku, et al. Marine Pollution Bulletin 159 (2020) 111497

3



materials (O). Magnifying lenses were used to read illegible labels on
the litter and data recorded on datasheets. The brand audit was used to
determine the top ten most polluting brands, manufacturers and
countries, types of packaging and type of product. The volunteers were
under the senior scientists' supervision at every stage of sampling and
data collection. Sorting and data capture was undertaken through strict
adherence to the standard protocol.

The mean accumulation rates of marine litter in the six surveyed
beaches (by counts) ranged between 3.8 ± 3.1 and 24.9 ± 19.1 items
m−1 day−1. The order of the beaches based on item counts

accumulation rates were: Pirates>Kenyatta>Mkomani> Baobab
>Tradewinds-2 > Tradewinds-1 (Fig. 2a). Whereas marine litter is
seldom reported in terms of weight (Hengstmann et al., 2017), for this
study, the mean accumulation rate of the six surveyed beaches (by
weights) ranged between 0.31 ± 0.20 and 0.04 ± 0.02 g m−1 day−1

(Fig. 2b). A different trend was observed in the accumulation rates by
weights as follows: Mkomani> Pirates>Kenyatta> Tradewinds-
2 > Tradewinds-1 > Baobab (Fig. 2a). The differences in the amount
of litter from the six sites were however not significant both for counts
(F = 0.357, p > 0.05) and weight (F = 1.194, p > 0.05).

The accumulation rates of marine litter in the dry and wet beach
zones ranged from 1.54 ± 1.23 to 11.46 ± 7.72 items m−1 day−1

and from 2.69 ± 2.13 to 8.93 ± 7.87 items m−1 day−1, respectively,
suggesting high accumulation rates in the dry beach zone (Fig. 3). In-
fluence by land-based activities, such as the evident dumping at the
back of the beach, could have resulted in the observed higher accu-
mulation rates in the dry zone. The recreational use of beaches such as
Pirates is an example of land-based contributor to litter accumulation as
described elsewhere by Galgani et al. (2015). The wet zones had higher
(mean range; 0.03 ± 0.019 to 0.18 ± 0.11 g m−1 day−1) marine
litter accumulation rates (by weight) compared to the dry zones (mean
range; 0.007 ± 0.004 to 0.090 ± 0.080 g m−1 day−1). The higher
accumulation rates in the wet zones could be originating from litter in
the nearshore waters. Carson et al. (2013) similarly reported that
nearshore and tidal dynamics play an important role in the retention of
pollutants in coastal areas. There were higher accumulation rates in the
wet zones (by weight) whereas the accumulation rates (by count) were
higher in the dry zones compared to the wet zone. This could be con-
tributed to the presence of a few but heavy items on the wet side (shoes,
fishing nets, clothes) which could easily be deposited when the wave
energy is reduced (as opposed to lighter litter that is continuously in
suspension) whereas the dry zones had predominantly lighter items
(plastic fragments, food wrappers, cigarette butts, lollipop sticks and
straws) which were mainly windblown as reported by Hengstmann
et al. (2017) on the beaches of the Isle of Rügen in the Baltic Sea.

Marine litter accumulation rates showed the following trends in the
dry zone of the beach: Kenyatta>Pirates>Mkomani>Baobab
>Tradewinds 2 > Tradewinds 1, with the mean litter amounts ran-
ging between 1.53 ± 1.23 and 11.46 ± 7.72 items m−1 day−1

(Fig. 3). An almost similar trend was observed in the wet zone (Ken-
yatta>Baobab>Mkomani> Pirates>Tradewinds 2 > Tradewinds
1), except for Baobab (7.27 ± 7.11 items m−1 day−1) that had higher
accumulation rate than Mkomani (6.92 ± 6.25 items m−1 day−1) and
Tradewinds 2 (4.45 ± 4.02 items m−1 day−1) (Fig. 3). The difference
in accumulation rates in varied beaches has similarly been reported

Fig. 2. Mean (± SD) litter accumulation rate of items (items m−1 day−1) in the
six surveyed beaches.

Fig. 3. Mean (± SD) litter accumulation rate of items (g m−1 day−1) in the six surveyed beaches.
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elsewhere by Debrot et al. (1999) who attributed the differences to
beach topography which results in patchiness especially for smaller and
lighter items that are easily dispersed or buried. Similar studies carried
out along the Gulf of Oman also showed that litter often varies among
different parts of an individual beach (Claereboudt, 2004) with higher
amounts frequently found at high-tide or storm-level lines (Oigman-
Pszczol and Creed, 2007). Even though there were varied marine litter
accumulation rates (both weights and counts) in the two intertidal
zones, these differences were not statistically significant (F = 0.37,
p > 0.05). The marine litter type with high accumulation rates were
plastics (11.15 ± 4.49 items m−1 day−1) and foam (1.04 ± 1.30
items m−1 day−1) (Fig. 4). Laglbauer et al. (2014) and Lopes da Silva
et al. (2015) similarly reported plastic among the most frequently en-
countered litter types in Slovenian and Brazilian beaches, respectively.
Lopes da Silva et al. (2015) identified the culture of poor waste disposal
and currents and tides action as the main forces responsible for the high
number of plastic waste on Itacoatiara beach. They additionally at-
tributed the high counts to inefficient collection and disposal of litter,
presence of kiosks and numerous food sellers and lack of dustbins.
According to Laglbauer et al. (2014) the possible sources of plastics that
may have contributed to the large proportion of plastics in Slovenia
beaches include wastewater release, pollution from the port of Koper,
tourism, sea traffic and agriculture.

During the study period, styrofoam fragments were evident in the
beaches as they are used for packaging or from wrecked boats which
could have contributed to its high counts. Veiga et al. (2016) similarly
alluded that it's quite difficult to quantify foams originating from con-
sumer packaging materials (i.e. to-go containers, cups, plates, coolers,
and commercial packing material).

In general, high accumulation rates in terms of litter type in both the
dry and wet zones were from plastic and foam (Table 1). Clothing litter

(0.086 ± 0.033 items m−1 day−1), Foam 0.191 ± 0.236 items
m−1 day−1), Paper & Cardboard (0.179 ± 0.366 items m−1 day−1),
plastic (5.161 ± 2.440 items m−1 day−1) had higher accumulation
rates in the wet zone compared to the dry zone. The latter was domi-
nated by plastics, foams, glass, marine and fishing gear, metal, paper
and cardboard, personal care, rubber and wood (Table 1).

The brand audit of marine litter in the six surveyed beaches revealed
that products from Kenya were the highest contributor (88%) followed
by Tanzania (4.7%), India (1.8%), USA (1.0%), South Africa (0.9%),
China (0.7%), Thailand (0.7%), UK (0.4%), Uganda (0.3%) and Egypt
(0.2%). The significant contribution of locally produced products to
marine litter is consistent with the findings of a study done by Jang
et al. (2018) that reported an insignificant amount (only 0.9%) of the
large debris from foreign sources.

Results of the brand audit focusing on the top ten manufacturers on
individual beaches mirror the general outcome of the overall audit;
based on country of origin whereby local manufacturers contributed the
highest in all the surveyed beaches. Marine litter with the recent
manufacture date labels on the foreign brands was an indication of the
products' relatively young age implying that they might have been
consumed locally and disposed of by beach users. The brands of litter
were observed to be varied in the surveyed beaches, reflecting the
heterogeneous nature of marine litter along the Kenyan coast. Findings
on the studied beaches particularly Tradewinds 1, Tradewinds 2 and
Pirates that are popular and frequented by both locals and foreign
tourists revealed the relatively low occurrence of foreign products de-
spite fairly high tourism activities on the beach. This could be an in-
dication that beach hotels are running a relatively efficient waste
management system. The brand audit on marine litter also revealed
that the top ten polluters were Mars Wrigley's (36.1%), Mzuri Sweets
(9%), Unilever (5.5%), Asilia Enterprises (3.5%), Bakhresa Food
Products Limited (2.4%), Brookside Dairy Limited (1.9%), Mjengo
Limited (1.9%), Kenya Sweets Limited (1.8%), Coca-Cola Company
(1.7%) and Highlands Company (1.3%) most of which are locally
manufactured in Kenya. The large proportion of Mars Wrigley's
chewing gums encountered could be attributed to most local recrea-
tional beach users who habitually chew Khat in combination with the
chewing gum in most of the beaches surveyed. Notably, Coca-cola,
quoted as the “Top Global Polluter” (International Coastal Cleanup,
2019) for two years in a row, was not among the top five polluters and
only contributed (1.7%) during this study. This could be attributed to
most of their brands being packed in returnable glass bottles and ex-
tensive reuse of their PET bottles by local communities for packaging
informally produced juice.

Food packaging products (FP) were the most abundant (91.3%)
followed by Personal Care products (PC) and Household products (HP)
with 6.2 and 2.0%, respectively (Fig. 5). The cross-cutting dominance of
FP was observed in both dry and wet beach sections and generally in all
the surveyed beaches (Fig. 6). These concur with findings by Thiel et al.
(2013) and Andrades et al. (2016) where food-related packaging ma-
terials accounted for about 50–80% among seven categories of beach
debris in Brazil beaches.

Most of the marine litter encountered in the beaches consisted of
packaging material with 39.2% of the branded litter being Multiple
Layer-ML (milk packets, sachets, candy wrappers, etc.), while 32.7%
were Single Layer-SL (clear flexible plastic film wrappers and polythene
bags). PET (clear or tinted plastic drink bottles) contributed to 16.0% of
the branded litter while HDPE, PP, PVC and others accounted for 3.3%,
3.0%, 0.6% and 5.1%, respectively (Fig. 5). Nakashima et al. (2011)
and Isobe et al. (2014) similarly reported PE (ML and SL), PET and PP
as the main types of plastics in marine litter. The high number of ML
and SL litter items could be attributed to the high use of items with
flexible plastic packaging for sweets and chewing gum commonly
consumed in the beaches. Additionally, these categories are made from
light polymers that are among the high windage items which can easily
be carried by wind and ocean currents over long distances (Nakashima

Fig. 4. Mean (± SD) litter accumulation rate (items m−1 day−1) in the dry and
wet zones of the six surveyed beaches.

Table 1
Litter accumulation rate (number of items m−1 day−1) in the dry and wet beach
zones by litter category in the six coastal beaches surveyed.

Litter category Intertidal beach zone

Wet Dry

1. Clothing 0.051 ± 0.056 0.086 ± 0.033
2. Construction materials & ceramics 0.003 ± 0.006 0.008 ± 0.017
3. Foam 0.846 ± 1.338 0.191 ± 0.236
4. Glass 0.022 ± 0.025 0.016 ± 0.018
5. Hygiene 0.040 ± 0.041 0.138 ± 0.149
6. Marine & fishing gear 0.085 ± 0.085 0.048 ± 0.057
7. Metal 0.059 ± 0.133 0.040 ± 0.083
8. Other 0.003 ± 0.004 0.034 ± 0.075
9. Paper& cardboard 0.179 ± 0.366 0.018 ± 0.032
10. Personal care 0.001 ± 0.001
11. Plastic 5.161 ± 2.440 5.988 ± 2.403
12. Rubber 0.184 ± 0.212 0.106 ± 0.141
13. Wood 0.048 ± 0.053 0.031 ± 0.036

E.O. Okuku, et al. Marine Pollution Bulletin 159 (2020) 111497

5



et al., 2011). When considering only the packaging prodcuts, food
packaging (FP) constituted a highers (Fig. 7)

The distribution of the type of packaging varied across the surveyed
beaches. The dominance of the polymers was also observed to vary
across the beaches. However, ML and SL were the most conspicuous. In
the wet beach section, SL was dominant in four beaches (Pirates,
Tradewinds 1, Mkomani and Baobab) while ML was the dominant type
of packaging in dry beach section of popular public beaches i.e.
Tradewinds 1, Tradewinds 2 and Pirates (Fig. 7).

A total of 1190 PET bottles were encountered from the 6 survey sites
over the 10 days accumulation surveys. One hundred and forty-six
(146) of these PET bottles were from Bakhresa Foods Products manu-
facturers– (Tanzania) making it the highest contributor (12.3%) com-
pared to other companies. This can be attributed to its wide distribution
network along the Kenyan Coast in addition to the relative affordability
of their drinks compared to the other locally available energy drinks. It
is also popularly used among local recreational beach users as an ac-
companiment for chewing khat. Other major contributing

Fig. 5. Litter accumulation rate (items m−1 day−1) by litter category in the six coastal beaches surveyed.

Fig. 6. % products packaging type audited from the beaches surveyed.

Fig. 7. % contribution of litter product type (Food products [FP], Household Products [HP], Personal Care products [PC] and Others [O]) to the overall litter
collected from the beaches surveyed.
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manufacturers were Asilia enterprises-Kenya 109 PET bottles (9.1%)
and Coca Cola-Kenya with 102 PET bottles (8.6%), Highlands LTD-
Kenya 93 PET bottles (7.9%), Maji Asili-Kenya 47 PET bottles (4.0%),
Pride Industries LTD-Kenya 37 PET bottles (3.2%), Sulub Suldan
Transporters-Kenya 31 PET bottles (2.7%), Coral LTD Mombasa-Kenya
30 PET bottles (25%), Watercom (T) LTD-Kenya 28 PET bottles (2.4%)

and Rahaan Ice co. LTD-Kenya 25 PET bottles (2.1%) (Fig. 8). Other
PET bottles not featured in the top 10 polluting PET bottles included
161 different brands contributing 45% of the total PET bottles collec-
tively.

Noteworthy, the contribution of PET by manufacturers was found to
be higher with the presence of the distribution stores or bottling plants
in the County of the surveyed beach. For instance, Asilia Enterprises has
a large depot in Ukunda (Kwale County) making it the main water
supplier in the area hence its high contribution of PET bottles in
Tradewinds 1 and Tradewinds 2 beaches. This observation was con-
sistent in most of the top polluting drinking water brands such as Pride
Industries, Maji Asili, Coral LTD and Rehaan Ice Co Limited in
Mombasa County.

The accumulation rate of packaging materials ranged between 0.01
for PS to 1.3 items m−1 day−1 for ML (Fig. 9). Whereas only 4.75% of
collected litter was brandable; it was observed that Pirates beach had
the highest influx of branded litter between the wet and dry sections of
the beaches surveyed (Fig. 10). The high rate of daily accumulation is
occasioned by the popular use of the beach by the public which has
attracted small scale traders selling packaged food material to the beach
users. Whereas high rates of accumulation were expected in the dry
beach section, higher rates were observed in the wet beach section. This
observation could be due to the influx of food packaging material
brought in by winds and surface runoff experienced during the survey.

Fig. 8. The % top ten PET bottles contribution by manufacturers from the
beaches surveyed.

Fig. 9. The accumulation rate of packaging materials in the surveyed beaches (items m−1 day−1).

Fig. 10. The influx (items m−1 day−1) of branded litter between the wet and dry sections of the surveyed beaches.
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The branded litter forms a significant amount of the overall amount
of all the litter items on the beaches. This is an indication that a sig-
nificant amount of litter leakage to the environment can be reduced
through manufacturers' responsibility i.e. through return program or by
cleaning their products that leak into the environment.

In conclusion, higher amounts of plastic were encountered on the
surveyed beaches relative to other litter types. There is a need for
management measures that specifically target plastics and innovations
that utilize plastics upstream to prevent their leakage into the en-
vironment. The easily accessible beaches such as Pirates, Kenyatta and
Mkomani which were frequently used for recreation had high mean
litter accumulation rates. This emphasizes the need to install waste
receptors at the beaches and sensitize beach users against littering.
Local products contributed the bigger proportion of marine litter con-
firming that a local solution could greatly reduce marine litter pollu-
tion. PET similarly contributed a significant proportion of packaging
products encountered. Promotion of a circular economy and the en-
forcement of polluter pays principle to encourage return policy will
provide a long-lasting solution to plastic menace along the Kenya coast.
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