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Abstract

Microplastic (MP) pollution has emerged as a significant global issue, primarily due to the
potential adverse health effects associated with the entry of microplastics into the human
body, mainly by ingestion and inhalation. This study explored the relationship between
microplastic pollution at Nyumba-ya-Mungu water reservoir (NWR) in Kilimanjaro,
Tanzania and public health issues in the catchment area. The study employed a
cross-sectional study design that combined questionnaire, document analysis, microscopy,
and spectroscopy methods for data collection. A total of 401 community respondents from the
study area, 19 medical doctors in 4 hospitals from the catchment, 22 fish samples, and 30
surface water samples (each sampled in triplet) from NWR. The study’s findings indicate that
some risky practices and behaviors can directly affect human health due to microplastic
pollution, including plastic burning (76.6%), serving hot foods in plastic containers (87.5%),
and drink polluted water (71.5%) and eat fish (93.5%) in the study area. Fish and water
samples contained MP with a mean concentration of 2.80 = 3.13679 MP fish™! and 2.30 +
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2.55231 MP L, respectively. Various health issues in the catchment area of NWR can be
associated with microplastic pollution, including cardiovascular disease, diabetes, intestinal,
reproductive, and respiratory diseases. The co-existence of the risky practices and the implied
health issues suggests an associative relationship. The study recommends creating public
awareness on proper plastic handling and management and support research studies that focus
on public health issues.
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1. Introduction

Microplastic (MP) pollution has emerged as an ubiquitous environmental pollutant,
particularly in aquatic ecosystems (Ashrafy et al., 2023). MPs are defined as plastic particles
which are less than 5 mm in diameter. They originate from both primary and secondary
sources, such as industrial abrasives and cosmetic microbeads, and secondary MPs result
from the degradation of larger plastic debris (Varsha & Singh, 2025). These particles are
increasingly detected in freshwater bodies, where they pose risks to biodiversity, water
quality, and potentially human health (Bexeitova et al., 2024; Witczak et al., 2024). MP
pollution is increasingly recognized as a significant contributor to various unresolved public
health challenges worldwide due to MPs widespread presence in food, water, and air (2024
wright & Kelly, 2017). Humans are primarily exposed to MPs through ingestion and
inhalation. Recent studies estimate that an adult may ingest up to 5 grams of microplastics
weekly, the equivalent of a credit card through contaminated food and beverages (Smith et al.,
2018). Furthermore, airborne microplastics contribute to exposure, with indoor
concentrations ranging from 1 to over 1,500 particles per cubic meter (Prata, 2018). In the
body, MPs can cross biological barriers, enter the bloodstream, and accumulate in organs
such as the lungs, liver, brain, and even the placenta (Pulusu et al., 2025; Wright & Kelly,
2017). The health implications are significant. MPs have been linked to inflammation,
oxidative stress, and DNA damage, which are risk factors for cancer (Yong et al., 2020).
Observational studies suggest associations with cardiovascular disease, stroke, and
neurodegenerative disorders, including dementia (Leslie et al., 2022). Additionally, plastic
additives such as phthalates act as endocrine disruptors, affecting hormonal balance and
fertility (EMA, 2014; Talsness et al., 2009).

The global plastic production is projected to increase by 70% by 2040. The detection of
microplastics even in remote ecosystems warrants urgent mitigation strategies and
standardized risk assessments to safeguard public health (UNEP, 2021). Recently, studies
have demonstrated that microplastics can accumulate in sediments and be ingested by aquatic
organisms, leading to reduced feeding efficiency, growth inhibition, and reproductive toxicity
(J. Liu & Li, 2025). Moreover, microplastics act as vectors for toxic chemicals, including
heavy metals and persistent organic pollutants (POPs) (Achoukhi et al., 2024), which can
bioaccumulate and bio-magnify through the food chain, raising serious concerns for human
exposure (Bhardwaj et al., 2024). In addition, the widespread mismanagement of plastic
wastes, including practices like open burning and using plastic containers for hot food
increase the chance of human exposure to toxic chemicals released from plastics, contributing
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to health problems (Kibria et al., 2023; Pathak et al., 2023, ; Velis & Cook, 2021).

In public health, emerging evidence suggests that microplastics may disrupt gut microbiota,
induce oxidative stress, and contribute to conditions such as colorectal cancer (Mishra et al.,
2025), depression, and respiratory illnesses (Bora et al., 2024; Gosavi et al., 2025). Recently,
MPs have been detected in human tissues, including lungs, liver, placenta, and even bone
marrow, indicating systemic exposure and potential long-term health effects
(Amato-Lourencgo et al., 2021; Sutkar et al., 2025). Consequently, causal research serves as
critical bridges between observed associations and established causation (Drakvik et al.,
2022). Glass et al. (2013 : Aronow & Samii (2017). Furthermore, causal research can
elucidate underlying mechanisms and inform effective prevention strategies (Pulusu et al.,
2025; Thornton Hampton et al., 2022).

In Kilimanjaro, Tanzania, the NWR has been the subject of ecological and hydrological
studies because of the declining fish productivity and water quality. For example, Mangi et al.
(2023) reported a 95% decline in fish productivity between 1972 and 2018, associated with
increased turbidity, nutrient loading, and algal blooms. Gobry et al. (2023) confirmed the
presence of harmful algal blooms (HAB) and microcystins in the dam, which pose direct
risks to aquatic life and human health through waterborne exposure as well as food chain
routes. Despite these findings, the role of microplastics in the ecological dynamics and public
health outcomes in the NWR catchment remained underexplored. Given the global evidence
of microplastics environmental persistence and their related health risks, there is a need to
investigate their presence and potential impacts in this region. Additionally, the growing
burden of public health challenges such as gastrointestinal, cancer-related, and respiratory
disorders, necessitates the investigation of factors contributing to these conditions.

There are evidence of MPs persistence and capacity to absorb toxic substances, that potential
determinant of adverse health outcomes (Boccia et al., 2024; Y. Li et al., 2023; Xiong et al.,
2024). However, establishing causal links between environmental pollutants and population
health remains constrained by several challenges. These include limited funding for causal
inference research (Crane et al., 2018; Jones et al., 2025) and substantial data gaps in
population health metrics, particularly in low- and middle-income countries (LMICs), which
hinder the evaluation of interventions and the conduct of robust public health studies (Adebisi
& Lucero-Prisno, 2022). Nevertheless, foundational researches that raise awareness and
inform protective measures for communities at risk is important. Therefore, the objectives of
this study were : (i) to assess microplastics pollution in the NWR catchment area, ii) to
determine the factors linked to public health issues in the catchment area, and (iii) to establish
an associative relationship between MP pollution and public health issues in the catchment
area. The findings contribute to public health action in resource-limited settings and support
global efforts toward achieving sustainable ecosystems.

2. Materials and Methods
2.1 Description of Study Area

The study was carried out at NWR catchment area. NWR is an artificial lake located within
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the upper Pangani River Basin, situated between 3°49°33.0” S and 37°28°9.6” E, in
Kilimanjaro Region, Northern-East Tanzania (Figure 1). The reservoir is fed by two main
rivers, the Kikuletwa River, which originates from Mount Meru to the northwest, and the
Ruvu River, which flows from Lake Jipe to the northeast. The reservoir is drained by the
Pangani River into the Indian Ocean (IBA, 2001; Ikingura & Akagi, 2003). NWR is an
important fishing area in the region, and the entire shoreline is utilized by fishermen with
permanent settlements several meters from the reservoir’s edge. It is the main source of fish
for the Kilimanjaro Region and its water serves the public in the catchment for domestic and
agricultural use (IUCN, 2003). The reservoir is bordered by three wards namely Kirya and
Lang’ata (Mwanga District), and Mikocheni (Moshi District) that were the study area.

3 1 of Envi Ecol
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2.2 Study Design

This study employed a cross-sectional research design to investigate associative relationship
between microplastic pollution in the NWR and public health outcomes in the surrounding
catchment area as well as studying MP in the NWR. This design was chosen due to its
effectiveness in capturing data from a population at a single point in time, allowing the
concurrent assessment of the environmental and health variables. Specifically, our study
employed a combination of questionnaires, document analysis, spectroscopic, and
stereoscopic techniques for data collection.

2.3 Samples and Sampling Design

The study used both purposive and random sampling. Purposive sampling was involved in
setting criteria for participant’s inclusion in the study. Thereafter, random sampling was used
to select participants from among those who met the criteria. Our study involved 401
community respondents, 19 medical doctors from 4 hospitals, 20 fish samples and 30 surface
water samples. Community respondents were randomly sampled from the catchment of study
area using Smith’s formula (Smith, 2013) which is employed when the population is too large
or unknown. The formula stands as follows n=2*X (1-SD)/Sx?, where n= sample size, Z=
z-score (=1.96), SD= standard deviation (=0.5), Sx= standard error (=0.05), at 95%
confidence level. The sample size amounts to 386 participants as the minimum. Inclusion
criteria included being either a resident in the catchment area, ability to read and write, above
the age of attending primary education, and willingness to participate in the study. The four (4)
hospitals were selected from a compiled a list of all health facilities that met the inclusion
criteria. From this list, representative hospitals were randomly selected. Sample hospitals were
required to be located within the catchment area to ensure relevance to the study. In addition,
the hospitals had to possess a well-established reputation for high patient volume and diversity,
thereby ensuring a broad representation of public health conditions. Finally, the selected
hospitals were required to possess adequate medical records to allow retrospective analysis and
to have medical professionals willing to participate in the research questionnaire. Sampling of
medical doctors was purposive, with each hospital providing five practitioners who had a
minimum of four years of experience in their respective hospitals. With respect to fish
sampling, 22 specimens were randomly selected from a haul obtained from NWR and
purchased directly from local fishermen. The fish size reflected the type most commonly sold
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and preferred for household consumption. Additionally, 30 surface near-shore water samples,
(each sample collected in triplet) were purposively collected from 10 sites: 5 from areas with
high human interaction, and 5 from sites with relatively low human interaction for
comparison purposes. Furthermore, near-shore water was used because this is the
commonly drawn water for domestic use including cooking and drinking. Both fish and water
samples were transported to the laboratory at the Nelson Mandela African Institute of Science
and Technology (NM-AIST) for MPs extraction and analysis.

2.4 Data Collection Procedure

A mixed methods approach, which employed structured questionnaires, a document analysis
guide, and laboratory work (including MPs extraction, and characterization by using
microscopy, and spectroscopy,) were used.

2.4.1 Questionnaire method

To assess the potential associations between microplastic pollution and public health issues
within the study area, data were collected from 401 community respondents using structured
questionnaires. The surveys focused on identifying risky practices such as plastic waste
disposal methods, food handling behaviors, and, fish and water usage habits that could
contribute to health risks associated with MPs exposure. Questionnaire for community
participants, the questionnaire was in the form of questions whereby the respondent was
required to respond with either a YES/NO/NOT SURE. Additionally, another questionnaire
was administered to 19 medical doctors from selected hospitals namely St. Joseph Hospital,
Kibosho Hospital, Kilema Hospital, and Marangu Lutheran Hospital located within the
catchment area. This questionnaire focused on gathering expert insights on the prevalence and
nature of public health issues that may be associated with MP pollution. The medical
professionals were required to assess the prevalence rate of each given health issue associated
with microplastic poisoning based on their professional experience of not less than four years
in their respective hospital, to gather information from them, the Likert scale with the options,
frequent (i.e. encountered almost every week)/ occasional (i.e. encountered almost every
month)/ rare (i.e. encountered after some months)/never (i.e. was not encountered at all) was
used. The community-level data and clinical perspectives were purposely combined to get a
comprehensive understanding of the potential health impacts linked to MP contamination in
the study area.

2.4.2 Document Analysis

Health records analysis from the sample hospitals around NWR was also employed. This
aimed at identifying the most common public health issues reported in the study area and to
triangulate these data with those obtained from medical doctors through structured
questionnaires in order to strengthen the validity of the findings with respect to possible
association between microplastic pollution and public health outcomes. In fact, the document
analysis guide that was given to the sample hospitals was the questionnaire that was
administered to medical doctors to further strengthen validity of findings (Denzin, 2017). In
each sample hospital, the medical records for three consecutive years, i.e. 2021, 2022 and
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2023 was analyzed to assess the prevalence or ocurring rate of each of the given health issues
at the hospital based on health records, to get information from hospitals. The Likert scale
with the options, frequent (i.e. among the 10 top common diseases each year)/ occasional (i.e.
among the top 10 common diseases for at least 2 years) rare (i.e. among top 10 common
diseases for at least 1 year)/never (i.e. not among the top 10 common diseases for all 3 years)
was employed.

2.4.3 Microplastics Extraction

To extract MPs from water and fish samples, extraction procedures as described by
Rocha-Santos et al. (2015) were used.

* Extraction of microplastics from water samples

The process of extracting microplastics started with sieving (< 5 mm) the water samples
through a series of meshes to separate plastic and non-plastic materials. The sieved organic
matter was then chemically digested using a 30% hydrogen peroxide (H20:) solution at 60°C
for approximately 24 hours. The resulting mixture underwent density separation using a zinc
chloride (ZnCl.) solution with a density of 1.75 g/cm? to isolate the lighter plastic particles. The
separated fraction containing MPs was filtered through a 0.45 um membrane filter, rinsed with
distilled water to remove any residual salts, and then dried for subsequent microscopy and
spectroscopy analysis.

*  Extraction of microplastics from fish sample

The fish samples intestines were chemically digested using a 10% potassium hydroxide (KOH)
solution at 50°C for about three days to dissolve organic material. The digested mixture was
subjected to density separation using a ZnCl. solution of 1.75 g/cm?, followed by filtration
through a 0.45 um membrane filter. The filters were rinsed with distilled water to eliminate
salts and dried before microscopy and spectroscopy analysis to identify and characterize the
isolated MP.

2.4.4 Spectroscopy and Stereoscopy Analysis

The extracted samples were analyzed using stereoscopy, which facilitated the counting of
microplastic particles in each sample and enabled the determination of MPs concentrations.
Fourier Transform Infrared Spectroscopy (FTIR) identified the polymer type extracted
samples, following the procedure recommended by Rocha-Santos et al. (2015). Polymer
classification was performed through spectral matching with established reference libraries
(Képpler et al., 2016). The identified polymer types were subsequently analyzed in relation to
their potential health risks and compared with the common health issues observed within the
study area’s catchment, which are often associated with microplastic contamination.

2.5 Ethical Considerations
Ethical research standards were observed, ensuring informed consent from all participants and

confidentiality of personal data. Laboratory procedures followed established safety protocols
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for handling environmental samples (WHO, 2021). Furthermore, permits for conducting
research were obtained from respective authorities at national, regional and district level.

A\\ M acrot h in k Journal of Environment and Ecology

2.6 Data Analysis

Qualitative data from the questionnaires, document analysis guide and laboratory were
processed using IBM SPSS Statistics software (IBM Corp., 2022). Descriptive statistics,
including frequencies and percentages, were generated to summarize raw data for
interpretation and discussion.t-test was run to compare means of microplastics concentrations
between locations that differed in human interaction to find out if there was significant
statistical difference. On the other hand, multiple comparison test was employed to compare
means from different sampling points to find out if there were points that statistically differed
significantly.

3. Results
3.1 Possible sources of direct MPs- pollution relating to public health issues in the study area

The survey results revealed notable patterns in participation to practices which can be
potentially harmful with regards to MPs exposure as indicated in Figure 1. Majority of the
participants (87.5%) reported serving hot foods in plastic containers and the rest did not
(question a). Similarly, 93.5% of respondents consumed fish from the NWR and 6.5% were
not used to (, question b). Regarding water usage, 75.1% acknowledged that water of NWR
was used for drinking and cooking, whereas 6.7% negated usage, and 18.2% were uncertain
(question c). Concerning waste management practices, 76.6% considered burning plastics
waste to be a proper method for managing them while the rest disagreed (question d). Also,
our analysis on environmental samples indicated notable differences in microplastic
contamination between fish and water sources. Out of 22 fish samples examined, majority of
them (54%) were found polluted, with mean Concentrations of 3.05 £3.13679 MP per fish.
with respect to water samples, all of them (100%) were contaminated with microplastics.
water Samples from locations with high human interaction had mean concentration of 7.1320
+3.29661 MP per sample, while those samples from locations with low human interaction
had mean concentration of 4.3300 £1.80801MP per sample. Thus, average concentration of
microplastics per water sample was 5.731 £2.55231 MP (Table 1). Since fish and water of
NWR were being consumed by majority of the participants, this could be another possible
source of direct poisoning to the public and might be associated with to related public health
issues in the catchment of the reservoir, that are usually linked with MP pollution.

3.2 Human interaction with the reservoir

Though the independent samples t-test for the means of the two groups with respect to water
samples, one from location with high human interaction and the other from location with low
human interaction (Table 1) gave (t (28) =1.610, p=0.119, with a mean difference of 2.8 MP,
at 95% confidence level. Since the p-value is greater than 0.05, the difference between the two
groups was generally not statistically significant. Although water samples from areas with
high human activities (Group One) had, on average, 2.8 more microplastic particles than
samples from areas with low human activities (Group Two), but this difference was not strong
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enough to conclude a measurable effect of human activity on water microplastic concentrations.
However, when multiple comparison test of all means of sampling points was run, at two
sampling points of contrasting sampling points (i.e. one from area with high human interaction,
and the other from an area with minimal human interaction) differed significantly (p=0.047)
indicating that to some extent human interaction with NWR contributed to the reservoir’s
contamination with MP.

3.3 Polymer abundance in samples and dynamics

The identified polymers in samples of fish and water and their abundances are shown in
Figure 2. Abundance in fish was based on 61 MP that were extracted from fish samples for
water based on 100 MP extracted from water that were analyzed by FTIR, respectively. The
results show that several types of MP polymers were identified in samples of water and fish,
including low density polyethylene (LDPE), high density polyethylene (HDPE) which were
comparatively the most abundant in the two types of samples. Others were polystyrene (PS),
Polypropylene (PP), Poly vinyl chloride (PVC), polyester (PST). Their average abundances
in samples (samples considered together) was respectively 54.6%, 21.6%, 9.8%, 9.1%, 2.1%,
and 3.0%. Note that low density polymers (LDPE, PP and PS) were more dominant in water
than were high density polymers (PVC and PST). Drawing from these results, it means that
the identified polymers were ingested together with fish and water by majority of the
community participants as it was observed in Figure 1. It further means that people who were
used to consuming water and fish of NWR were at risk of incurring the implicated health
issues posed by the identified polymers once ingested. It is noted that almost all types of
polymers were found in both types of samples with the exception of PST. This is a hint to the
dynamics of MP between water and biota and may eventually get into human body through
the food chain.

B Yes No Not Sure
93.5

87.5
80 1 75.1 76.6

60- XXX,

40

Percentage (%)

(c) Questions

Figure 1. Public Responses to Questions relating to risky practices that can negatively and
directly impact human health due to MPs poisoning
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3.4 Public health issues in the catchment of Nyumba-ya-MunguWater Reservoir

Health records from sample hospitals in the NWR catchment area over three consecutive
years (2021, 2022 and 2023) revealed varying frequencies of public health issues potentially
associated with microplastic exposure as summarized in Table 2. Intestinal disorders were
reported most frequently in 75% of cases, with occasional occurrence in 25% and rare
occurrence in another 25%. Carcinogenic conditions appeared frequently in 50% of cases and
occasionally in another 50%, with rare occurrence in 25%. These results provide evidence of
increasing cancer cases reported in the catchment probably because of life style changes
associated with MP pollution. Neural disorders were less common, with frequent and
occasional occurrences, each accounting for 25%, while 50% were classified as rare.
Respiratory issues demonstrated a relatively high prevalence, occurring frequently in 50% of
cases and occasionally in another 50%, with no reports of rare or absent cases. Reproductive
health problems were never reported as frequent but appeared occasionally in 50% of cases,
while rare occurrences accounted for the remaining 50% (Table 4). Notably, diabetes and
cardiac conditions were consistently reported as frequent in 100% of cases.

Furthermore, the prevalence of public health issues as reported by medical doctors in
hospitals within the catchment area varied considerably (Table 3). Intestinal and respiratory
conditions were reported most frequently, each by 57.9% of respondents, while diabetes
mellitus showed the highest occurrence overall, with 89.5% reporting it as frequent. Cardiac
conditions were also common, reported as frequent by majority of doctors (78.9%). whereas
carcinogenic issues were predominantly occasional (68.4%), neural disorders were largely
occasional (42.1%), and reproductive health issues were less frequent, with nearly half
(47.4%) reporting it occasional in occurrence. These findings suggest a predominance of
chronic conditions such as diabetes and cardiac diseases compared to other health issues
linked to MP exposure. Note that cardiac and diabetes health issues were consistently
frequent in the catchment area according to both health records and medical experts.
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Figure 2. Polymers identified in samples of fish and water and their abundance (%) in based

on the number of microplastics analyzed by FTIR per sample type

Table 1. Sample types, extent of pollution means and Standard deviations, and sampling
points of water and fish samples of NWR

Sample Sampling point N  Pollution Mean Std.
type type extent Concentration Deviation
(%) of MP per
sample
1. H¥gh human 15 100 71320 3.29661
interaction
Water 2. L.ow hurr.lan 15 100 43300 1.80801
interaction
Fish Random 22 54 3.0500 3.13679
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Table 2. Prevalence of public health issues linked to MP pollution in the catchment area from
the 4 sample hospitals based on health records for three consecutive years (2021, 2022 and
2023).

Rate of occurrence of health issue (frequency

Health issue (percentage)

Frequent Occasional Rare Never
Intestinal 3 (75%) 1(25%) 1(25%) 0 (0%)
Carcinogenic 2 (50%) 2 (50%) 1(25%) 0 (0%)
Neural 1(25%) 1 (25%)  2(50%) 0 (0%)
Respiratory 2 (50%) 2 (50%) 0 (0%) 0 (0%)
Reproductive 0 (0%) 2 (50%) 2 (0%) 0 (0%)
Diabetes 4 (100%) 0(0%)  0(0%) 0 (0%)
Cardiac 4(100%) 0(0%)  0(0%) 0 (0%)

Table 3. Prevalence of public health issues as reported by sample medical doctors from
sample hospitals in the catchment of NWR, based on experience of not less than four years at
respective hospitals (frequency and (percentage).

Health issue Rate of occurrence of health issue (frequency (percentage)
Frequent Occasional Rare Never
Intestinal 11 (57.9) 7 (36.8) 1(5.3) 0 (0.0)
Carcinogenic 2 (10.5) 13 (68.4) 3(15.8) 1(5.3)
Neural 5(26.3) 8(42.1) 5(26.3) 1(5.3)
Respiratory 11 (57.9) 7 (36.8) 1(5.3) 0(0.0)
Reproductive 1(5.3) 9(47.4) 7 (36.8) 2 (10.5)
Diabetes 17 (89.5) 1(5.3) 0 (0.0) 1(5.3)
mellitus
Cardiac 15 (78.9) 2 (10.5) 2 (10.5) 0 (0.0)

4. Discussion
4.1 Risky practices that put health of the study population at risk of microplastics poisoning

Our findings indicate that most participants in the study area considered direct burning of
plastic waste as an acceptable and proper disposal method. The observations may be driven by
convenience, lack of infrastructure, and awareness. However, the practice poses severe
environmental and health risks. Burning plastics releases hazardous pollutants, including
bisphenols and phthalates, which disrupt endocrine, neural, and reproductive functions.
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Additionally, combustion produces carcinogenic compounds such as dioxins and furans, which
can be inhaled and absorbed into the body (Sarkingobir et al., 2021; Velis & Cook, 2021).
These risks are not unique to the study area; similar findings reported that in low- and
middle-income countries where open burning remains the common practice because of
inadequate waste management systems (UNEP, 2025; Ramadan et al., 2023). Globally, the
World Health Organization has warned that exposure to dioxins from plastic burning
contributes to long-term health problems, including cancer and developmental disorders (Baca
et al., 2023).

Another risky practice observed was serving hot food in plastic containers. Heat accelerates
polymer degradation, releasing microplastics and toxic additives into food (Babayemi et al.,
2019; Chen et al., 2020; G. Liu et al., 2022). This aligns with studies from Asia and Africa,
where food-contact plastics are widely used despite evidence linking them to chemical
leaching and chronic diseases (Banerjee & Khan, 2020; Hussain et al., 2023; Hyman et al.,
2025; Muncke et al., 2025; Obuzor & Onyedikachi, 2023; Sheriff et al., 2025). In high-income
countries, regulatory frameworks such as the European Union (EU) REACH and FDA
guidelines restrict certain additives, yet enforcement gaps persist globally, especially in
informal markets (Amore & Smaoui, 2025; Mubarak et al., 2024). The persistence of these
practices in our study area suggests a significant gap in public awareness, a trend corroborated
by research in Nigeria, India, and Brazil, where knowledge deficits fuel unsafe plastic use
(Chilote & Dhakal, 2025; Khanam et al., 2019; Ojonuba et al., 2025; Soares et al., 2021).

Collectively, these findings highlight the need to integrate interventions, strengthening public
education, enforcing food safety regulations, and promoting sustainable waste management
alternatives. Lessons can be drawn from successful initiatives in countries like Rwanda, which
implemented strict plastic bans (Danielsson, 2017), and the EU, which adopted circular
economy strategies to reduce plastic pollution (European Commission, 2018). Without such
measures, the health and ecological risks associated with plastics will continue to escalate
globally. On the aspect of policy makers, our findings underscore the urgent need for integrated
policy interventions. Public education campaigns should target behavioral change regarding
plastic use and disposal, while regulatory frameworks must enforce safer alternatives for food
packaging and prohibit open burning. Investments in waste management infrastructure, such as
community recycling programs and extended producer responsibility schemes, are critical.
These actions align with Sustainable Development Goals (SDGs), particularly SDG 3 (Good
Health and Well-being), SDG 6 (Clean Water and Sanitation), SDG 12 (Responsible
Consumption and Production), and SDG 14 (Life Below Water) (United Nations, 2024).
Addressing plastic pollution through these measures will not only protect human health but
also safeguard aquatic ecosystems and promote sustainable resource use.

4.2 Fish and water resources of Nyumba-ya-Mungu Water Reservoir are contaminated with
different polymers

The findings of this study have indicated that a significant proportion of the population in the
catchment of NWR consumes fish and water sourced from the reservoir. Further analysis
revealed that these resources were contaminated with multiple MP polymers, which have
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several implicated health issues. Once ingested, these substances can interfere with critical
physiological systems, contributing to respiratory, cardiovascular, endocrine, reproductive, and
carcinogenic health complications, as previously highlighted by Wright & Kelly (2017).
Specific health issues associated with each type of polymer are highlighted herein. Notably,
most of the health problems associated with the identified polymers were reported within the
catchment area by medical experts and sample hospitals. This concurrence suggests an
associative relationship between MP pollution and public health outcomes in the catchment.
The link may be reinforced by risky practices observed including open-air burning of plastics,
serving hot food in plastics, and consumption of contaminated fish and water.. High-density
polyethylene (HDPE) and low-density polyethylene (LDPE) have been linked to respiratory
disorders, carcinogenic effects, and endocrine disruption (Krasucka et al., 2022).
Polypropylene (PP) is associated with respiratory and reproductive toxicity, as well as
carcinogenic health complications( Mishra et al., 2025; Woo et al., 2023)). Polyvinyl chloride
(PVC) presents several risks, including carcinogenicity, reproductive harm, and endocrine
disruption (Campisi et al., 2025; Dhaka et al., 2022). Furthermore, Polystyrene (PS) is
implicated in carcinogenic, cardiac, and reproductive health issues (Hwang et al., 2020).
Additionally, polyester (PST) is linked to respiratory complications, endocrine disruption, and
carcinogenicity (Singh & Bhalla, 2017;)). It was also noted that almost all types of he identified
polymers were found in both fish water samples signifying possibility of transfer of
microplastics from water into fish. This observation concurs with that of Biginagwa et al.
(2016) who found out that polymers of MP size that were identified in sample fish collected
from Lake Victoria were of polymeric type of the nets usually used to catch fish in Lake
Victoria. This implies that MPs are dynamics and potentially bio accumulate in the food chain
and cost human health. In this study the most dominant polymer was PE in its two forms (low
and high density). The major sources are the single use plastic bags, packages materials and
house hold items and fishing gear (Richardson et al., 2019; Jambeck et al., 2015;). This
dominance concurs with other researches in Tanzania (Kundu et al., 2021; Nchimbi et al.,
2022) and globally (Zahari, et al., 2022)

4.3 Concentrations of Microplastics in fish and water samples should not be underestimated

So far, there are no globally set safe levels of MPs in human consumables. The discovered
concentrations may apparently appear low. However, it should be noted that the identified
polymers contain additives. Moreover, one of the special characteristics of MPs is the ability to
adsorb and concentrate contaminants like POPs and heavy metals (Mushumbusi et al., 2025).
Additionally, long-term ingestion of MP leads to bioaccumulate (Dzierzynski, et al., 2025;
Roslan et al., 2024) and amplifying their negative effects to human health.

4.4 Human interaction with Nyumba-ya-Mungu Water Reservoir contributes to its pollution
with microplastics.

The fact that there was significant statistical difference between the means of two sampling
points that differed in human interaction is a proof that anthropogenic activities around NWR
to some extent contribute to the reservoirs’ contamination with MP. This finding is in line with
most of the studies in Tanzania on MP pollution which found out that MP pollution is a
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human-based problem (Mushumbusi et al., 2025). Thus, incorporating the study of the
human-dimension with respect to environmental sustainability in the battle towards mitigating
the global problem of MP pollution, is indispensable (Pahl, & Wyles, 2017; Deng et al.,2022).

4.5 The prevalence of Microplastic-related public health issues in the catchment of NWR is
noteworthy

The analysis of hospital records and expert opinions from the NWR catchment area highlights
a notable prevalence of health conditions that may be linked to MP pollution. Intestinal and
respiratory disorders emerged as the most common, while chronic diseases such as diabetes
and cardiac conditions were consistently reported as frequent. Although carcinogenic, neural,
and reproductive disorders appeared less frequently, their presence cannot be overlooked given
the documented toxicological properties of plastic-derived chemicals. These findings are
consistent with global evidence indicating that MPs and associated additives can disrupt
gastrointestinal integrity, impair respiratory function, and contribute to systemic inflammation
(Chartres et al., 2024; Kumar et al., 2025; Ravindra et al., 2025). Inhalation of airborne
microplastics has been associated with pulmonary inflammation and fibrosis (Bora et al., 2024;
Mtega et al., 2023; Prata, 2018; Prata et al., 2020), while ingestion through contaminated food
and water can alter gut microbiota and increase cancer risk (Abbas et al., 2025; Al Mamun,
2025; Prata et al., 2020). Endocrine-disrupting chemicals such as bisphenols and phthalates,
commonly found in plastics, have been linked to metabolic disorders, reproductive dysfunction,
and cardiovascular disease (Hwang et al., 2020; Lucas et al., 2022; Ohore & Zhang, 2019). The
high prevalence of diabetes and cardiac conditions in the study area may reflect these
mechanisms, although causality needs to be established.

Globally, similar patterns have been observed in regions with high plastic pollution. Studies in
Asia and North America report elevated rates of cardiometabolic diseases and gastrointestinal
disorders in populations exposed to microplastics through seafood and drinking water (Pal,
2005; Gosavi et al., 2025; Makwana et al., 2025; Yuan et al., 2022). Given that the majority of
the public in the catchment consume fish and water of NWR, bioaccumulation of microplastics
in aquatic ecosystems represents a critical exposure pathway, mirroring trends documented
elsewhere (Ghosh, 2025; X. Li et al., 2023; Sharma et al., 2021).

These health risks underscore the broader sustainability challenge posed by plastic pollution.
MP contamination threatens multiple Sustainable Development Goals, including SDG 3 (Good
Health and Well-being), SDG 6 (Clean Water and Sanitation), and SDG 14 (Life Below Water).
UNERP projects report that without decisive action, plastic leakage into aquatic systems could
increase by 50% by 2040, amplifying health and ecological impacts (UNEP, 2025; UNEP,
2024). Addressing these risks requires integrated strategies: strengthening regulatory
frameworks on food-contact plastics, promoting circular economy models, and implementing
public awareness campaigns to reduce plastic dependency and exposure.

4.6 The implications on public health status for NWR its catchment and Kilimanjaro Region

The implications for public health in the catchment of NWR and the whole of Kilimanjaro
Region need special attention. Communities in this area rely heavily on local water sources and
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fish from NWR ecosystems vulnerable to MP contamination. For Kilimanjaro, where tourism
(Kilungu, 2023) and agriculture are key economic drivers, plastic pollution could also
undermine food safety and water quality, posing broader socio-economic challenges. These
findings underscore the urgent need for integrated interventions. Public health strategies
should prioritize awareness campaigns on the dangers of burning plastics and using plastic
containers for hot food, as these practices accelerate chemical leaching and microplastic
formation. Regulatory measures must enforce safer alternatives for food packaging and
improve waste management systems to reduce open burning. Furthermore, monitoring
programs should be established to assess microplastic levels in water, fish, and human tissues,
coupled with longitudinal studies to clarify causal links between exposure and chronic
diseases.

5. Conclusions

Our study identified several practices in the NWR catchment area that may directly
contribute to MP pollution, including open-air burning of plastics, serving hot foods in plastic
containers, and consumption of fish and water contaminated with MPs. Health records and
expert reports revealed a range of conditions potentially associated with such exposure,
notably cardiac, endocrine, respiratory, and carcinogenic disorders. The coexistence of risky
plastic-handling behaviors, environmental MP contamination, and corresponding health
issues suggests a plausible associative link between microplastic exposure and adverse health
outcomes that were evident in the catchment. Polymers that were identified in samples
collected from NWR have serious health implications, and their concentrations should not be
underestimated. Last but not least, human interaction with Nyuma-ya-Mungu Water
Reservoir contributes to its contamination.
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