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Abstract: Emerging pollutants pose significant threats to Uganda's ecosystems and public health amidst rapid
urbanization, industrial growth, and intensified agriculture. This systematic review comprehensively assessed
these pollutants by analyzing existing Ugandan literature and research studies, revealing various types in
different environmental compartments. These pollutants, including pharmaceuticals, personal care products,
pesticides, industrial chemicals, heavy metals, radionuclides, biotoxins, disinfection byproducts,
hydrocarbons, and microplastics, originate from urban, industrial, and agricultural regions. Wastewater and
improper waste disposal are major contributors. From an initial search of 794 articles across multiple databases
such as PubMed, African Journal Online (AJOL), Web of Science, Science Direct, and Google Scholar, 138 were
found relevant. The review underscores potential ecological and health impacts, including antibiotic resistance,
endocrine disruption, and carcinogenicity. Existing monitoring and regulation efforts are discussed, alongside
the need for specific regulations, improved data collection, and public awareness campaigns.
Recommendations include advanced wastewater treatment, sustainable agriculture, and source control
measures. Emphasis is placed on further research to address knowledge gaps and develop effective policies
and interventions. Uganda can mitigate these risks by implementing comprehensive monitoring, robust
regulations, and sustainable practices, safeguarding the environment and public health.

Keywords: Emerging pollutants in Uganda; East Africa; Pharmaceuticals; Personal care products;
Heavy metals; Pesticides; microplastics; persistent organic pollutants; PFAs

1. Introduction

Environmental pollution, with its multifaceted dimensions, is a growing concern worldwide,
with developing countries often facing the brunt of its consequences (1-4). This has escalated due to
the rapid industrialization, urbanization, and modernization processes taking place across the world
(1,2). These activities have led to the release of a diverse array of pollutants into various
environmental compartments, giving rise to the concept of "emerging pollutants” (5). These
pollutants, often originating from new technologies, industrial processes, and urban activities, have
the potential to pose significant ecological and human health risks (6,7). Understanding their
presence, distribution, and potential impacts is crucial for sustainable environmental management
and public health protection.

Unlike regulated pollutants, “emerging pollutants” are substances that are not currently subject
to specific regulations or monitoring requirements but have the potential to adversely affect the
environment and human health (8-10). These pollutants, often characterized by their persistence,
bioaccumulation, and toxicity, include a diverse range of substances such as industrial byproducts,
pharmaceutical residues, pesticides, personal care products, persistent organic pollutants (POPs),
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flame retardants, polycyclic aromatic hydrocarbons (PAHs), polychlorinated compounds,
mycotoxins, heavy metals, and microplastics (4,11). These substances can enter water bodies, soil,
and air through various pathways, such as industrial discharges, agricultural runoff, improper waste
disposal, and atmospheric deposition. Once released, they can persist in the environment for long
periods, accumulating in organisms and potentially causing adverse effects (4,5,12-14).

Possible Sourcesof emerging contaminats in ugandg

\\

Figure 1. Sources, pathways, and distribution of emerging contaminants in different environmental
compartments in Uganda.

Uganda, known for its rich biodiversity and stunning landscapes, faces mounting challenges
due to the emergence of “emerging pollutants” that pose significant threats to its ecosystems, public
health, and socio-economic development (4,15,16). According to (16) and (17), rapid urbanization,
industrial growth, and agricultural intensification have contributed to the release of various
pollutants into the environment, triggering concerns about long-term sustainability (16,18,19). The
effects of emerging pollutants can be detrimental to both the environment and human health. They
have been associated with ecosystem disruption (20), biodiversity loss, hormonal imbalances in
wildlife, and reproductive impairments (3,15,21,22). In humans, exposure to these pollutants has been
linked to various health issues, including endocrine disruption, developmental abnormalities,
neurological disorders, and increased risks of certain cancers (23,24).

While there have been significant efforts to monitor and regulate traditional pollutants such as
heavy metals and other organic contaminants, the knowledge about other different types of emerging
pollutants and their impact on Ugandan ecosystems and public health is still limited. The persistence
and potential adverse effects of emerging pollutants are a matter of concern. Some pollutants,
previously identified as "legacy persistent organic pollutants,” have been restricted under the
Stockholm Convention due to their environmental persistence, wide distribution, bioaccumulation
potential, and toxicity to humans and wildlife (25). However, emerging pollutants are characterized
by their diverse behavior and sources of production, making their detection and characterization
challenging. The identification and quantification of emerging pollutants require sophisticated
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analytical techniques capable of detecting trace levels of these compounds in environmental matrices.
In Uganda, researchers have employed various analytical methods, including liquid
chromatography-mass spectrometry (LC-MS), gas chromatography-mass spectrometry (GC-MS),
and high-performance liquid chromatography (HPLC), to assess the presence and concentrations of
emerging pollutants in different environmental compartments (26). The diverse nature of emerging
pollutants necessitates a comprehensive investigation of their occurrence in various matrices. These
matrices encompass surface water bodies (lakes, rivers, and wetlands), groundwater, sediments,
soils, air, and biota (aquatic and terrestrial organisms). Understanding the distribution and
concentrations of emerging pollutants in different environmental compartments is crucial for
assessing their potential risks and designing effective management strategies.

To date, several studies have been conducted in Uganda to investigate the presence and
concentrations of emerging pollutants in different environmental systems in Uganda for example in
water (27,28), sediments (27,29), surface waters (30-32), food crops (33,34), edible insects (35),
breastmilk (36) and in fish (30). These studies have identified a range of compounds, including
pharmaceutical residues (e.g., antibiotics, analgesics) (26,37,38), personal care products (e.g.,
fragrances, UV filters) (39), pesticides (e.g., herbicides, insecticides) (27,35,40,41), industrial chemicals
(e.g., flame retardants, plasticizers) (36,39,42), microplastics and heavy metals (43-45). The
concentrations of emerging pollutants reported in the literature vary depending on the sampling
location, environmental matrix, and analytical techniques used. For instance, studies have detected
antibiotics in surface waters at concentrations ranging from 1 ng/L to 5600 ng/L, highlighting the
potential impact of pharmaceutical pollution on aquatic ecosystems (26,38). Large volumes of
pharmaceuticals are produced and consumed annually, but not all medications are properly used or
disposed of. This leads to the accumulation of potentially toxic substances in water and soil.
However, there is a sparsity of information on the disposal methods and protocols used by healthcare
professionals, including community pharmacists, in Uganda (38).The lack of sufficient information
and a strong national guideline for medication disposal and poor compliance with existing guidelines
increases the risk of environmental contamination and the ingestion of toxic pharmaceutical waste
by humans and animals. Similarly, the presence various chemicals, including pesticides (27,46),
perfluorinated alkylated substances (PFAS) (47), personal care products (39), and persistent organic
pollutants (POPs) (36), has been documented in surface waters, with concentrations exceeding
regulatory limits in some cases, indicating potential risks to agricultural productivity and human
health (19,38,48). Their contamination poses a significant public health concern as it can be
detrimental to freshwater resources, similar to the concerns raised in previous studies (38).

Wastewater treatment plant (WWTP) effluents have been identified as important sources of
contamination in Uganda (37,38,48,49). These WWTPs serve as receptacles for anthropogenic
pollution, and due to the lack of specific treatment methods for organic pollutants, some compounds
remain poorly degraded (48,50). High levels of PFAS have been observed in wastewaters, surface
water, soil and crops (47,48) and the contribution of hospitals and households to pharmaceutical
contamination in WWTPs is a concern (26,51). Additionally, urban discharges, including separate or
combined sewer overflows, can also impact receiving waters in Uganda, similar to the situation in
other regions. In urban areas of Uganda, pollutants such as polycyclic aromatic hydrocarbons
(PAHS), alkylphenols, and pesticides have been quantified in urban stormwaters (16,37,38,47-49,52).
This highlights the presence of various contaminants in stormwater runoff, further contributing to
the contamination of surface waters in urban settings. Additionally, Uganda faces challenges related
to the importation and management of electronic waste (E-waste). With a desire for modern
technology but limited affordability, Uganda becomes a destination for used electrical and electronic
equipment from developed countries, resulting in the annual importation of a significant amounts of
E-waste (53). The country's recycling infrastructure for managing E-waste is poor, leading to reliance
on informal sectors that employ crude dismantling and artisanal recycling techniques (54-56). As a
consequence, the soil, water, and air in Uganda are polluted with substances such as brominated
flame retardants, non-dioxin-like polychlorinated biphenyls (PCBs), polycyclic aromatic
hydrocarbons (PAHs), polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans
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(PBDFs), and dioxin-like polychlorinated biphenyls (DL-PCBs) (31,36,39,42,57,58). The crude
activities involved in E-waste management, including dumping the waste in agricultural farmlands
and water bodies, further exacerbate the environmental pollution in Uganda (53,56).

Beyond the context of Uganda, these compounds have also been identified in various African
regions, encompassing approximately 17 percent of countries across the con-tinent. Notably, 59
percent of these occurrences stem from studies originating in South Africa, with contributions of 9
percent each from Tunisia and Nigeria, along with 7 percent from Kenya (24,59-62). Despite the
limitations in available research, the documentation of emerging pollutants ex-tends throughout the
African landscape, involving sediments, sludge, treated drinking water, surface water, wastewater,
groundwater, and solid deposits. The limited knowledge of contaminant sources, pathways,
properties, and analytical detection techniques hinders the systematic inclusion of emerging
pollutants in groundwater monitoring and protection policies. Improper disposal practices further
exacerbate the emerging pollutant issue in Uganda (23,50,55). Expired medications and electronic
waste pose additional risks to the environment and human health (54,55). Indiscriminate disposal of
pharmaceutical waste and inadequate protocols for drug disposal contribute to the potential
contamination of water and soil. Improper recycling and open burning of electronic waste introduce
substances such as brominated flame retardants, polycyclic aromatic hydrocarbons, and dioxins into
the environment, polluting soil, water, and air (31,63).

The review aimed to provide a comprehensive understanding of the status, sources, and impacts
of emerging pollutants in Uganda, offering valuable insights for policymakers, researchers, and
stakeholders. It is hoped that the findings of this review will guide the development of evidence-
based interventions and foster sustainable practices that protect Uganda's natural resources and
promote a healthier environment for future generations.

2. Methodology

2.1. Study Design

This systematic review followed a comprehensive and structured approach to assess the state of
emerging pollutants in Uganda. The review was guided by the established methodologies for
systematic reviews, including a systematic search strategy, data extraction, and quality assessment
of selected studies.

2.2. Search Strategy

A systematic search of relevant literature was conducted to identify studies on emerging
pollutants in Uganda. Multiple electronic databases, such as PubMed, Scopus, Web of Science, and
Google Scholar, were searched using appropriate keywords and Boolean operators. The search terms
included combinations of "emerging pollutants," "contaminants of emerging concern," "Uganda," and
related terms. The search was limited to studies published in English up until the cutoff date of this

review (September 2023).

2.3. Study Selection

The inclusion and exclusion criteria were predefined to ensure the selection of studies relevant
to the topic. Studies that focused on the identification, characterization, and assessment of emerging
pollutants in Uganda were included. Both peer-reviewed articles and grey literature, such as reports
and conference proceedings, were considered. Studies that did not specifically address emerging
pollutants in Uganda or lacked sufficient data were excluded.

2.4. Data Extraction

Data were extracted from the selected studies using a standardized data extraction form. The
information collected included study characteristics (e.g., authors, year of publication), study design,
sampling methods, analytical techniques, types of emerging pollutants investigated, pollutant


https://doi.org/10.20944/preprints202309.0494.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 September 2023 doi:10.20944/preprints202309.0494.v1

sources and concentrations, and any reported impacts or observations. The extracted data were
organized systematically for further analysis and synthesis.

2.5. Quality Assessment

The quality and reliability of the selected studies were assessed to ensure the inclusion of robust
and valid data. Quality assessment criteria were developed based on established guidelines for
systematic reviews. The criteria included study design, sample representativeness, data collection
methods, analytical techniques, and reporting clarity. Each study was independently evaluated by
two reviewers, and any discrepancies were resolved through discussion and consensus.

2.6. Data Analysis and Synthesis

The extracted data were analyzed and synthesized to provide a comprehensive overview of the
state of emerging pollutants in Uganda. The data were summarized descriptively, highlighting key
findings regarding the nature, sources, distribution, and potential impacts of the identified
pollutants. Where applicable, quantitative data were synthesized using appropriate statistical
methods. The results were presented in tables, figures, and narrative summaries.

2.7. Limitations

It is important to acknowledge the potential limitations of this systematic review. The inclusion
of only English-language studies may introduce language bias. Moreover, the review is limited to the
available literature up until September 2023, and newer studies may not be included. Additionally,
variations in study methodologies and data reporting across different studies may pose challenges
in data synthesis and comparison. In addition, as this study is a systematic review based on existing
literature, no ethical approval was required. However, all selected studies were conducted in
accordance with ethical guidelines and obtained appropriate ethical clearance if applicable.

3. Results

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart
(64) was used to guide the study selection process and provide a transparent overview of the search
and screening process (Figure.2). A total of 794 articles were identified through the initial search from
various electronic databases. After removing duplicates, 786 articles remained. The titles and
abstracts of these articles were screened for relevance, resulting in the exclusion of 113 articles that
did not meet the inclusion criteria. After the exclusion of irrelevant articles, the remaining 673 articles
were sought for retrieval and 342 articles were not retrieved. The full texts of the remaining 331
articles were then assessed for eligibility. Following a careful evaluation, an additional 193 articles
were excluded due to inadequate data or irrelevance, leaving 138 studies for inclusion in the
systematic review. The characteristics of the included studies are summarized in (Table 2), which
provides details such as author names, publication year, classes of pollutants investigated, their areas
of detection, their sources and concentrations in different environmental systems. The selected
studies encompassed a wide range of research approaches, including laboratory analyses, field
studies, and monitoring programs.
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Identification of new studies via databases and registers

[ =4
o
§ Records identified from: Records removed before screening:
= Databases (n =794) ll Duplicate records (n = 8)
5
k)
Records screened Records excluded
(n =786) (n=113)
E’ Reports sought for retrieval Reports not retrieved
s (n=673) (n =342)
)
Reports excluded:
Reports assessed for eligibility Notrelevant to Uganda (n = 56)
(n =331) No relevance to emerging pollutants (n = 69)
Lack sufficientdata (n = 68)
§ New studies included in review
é (n=138)

Figure 2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow

diagram for the literature survey.


https://doi.org/10.20944/preprints202309.0494.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 September 2023

do0i:10.20944/preprints202309.0494.v1

Pesticides

Pharmaceutical ‘
residues and

Hospital
wastes
Persistent
organic
Biotoxins - pollutants
myco-toxins (POP)
Polycyclic
aromatic
hydrocarbons
(PAHSs)

Figure 3. Major groups of emerging pollutants in Uganda.

Table 1. Major groups of emerging pollutants, their description and componentsdetected in uganda.

Category of pollutant Description Components
Medicinal compounds, including Antibiotics, Analgesics,
prescription and over-the-counter Hormones, Antidepressants, Beta-

Pharmaceuticals drugs, that enter the environment Blockers, Diuretics,
through human excretion and Antihypertensive, Fibrate, and
wastewater. Antiparasitic
Chemical substances used to control
Pesticides pests in agriculture, which can leach Insecticides, Herbicides,

into soil and water, impacting non-  Fungicides, and Rodenticides
target organisms.
Organic compounds that resist
degradation, such as certain

pesticides and industrial chemicals, Pol}‘lch‘lormated Biphenyls (PCBs),
Dioxins, Furans, among others

Persistent Organic

Pollutants (POTs) with potential long-range transport

effects.

Chemicals found in cosmetics,

shampoos, soaps, and perfumes that Fragrances, UV Filters,
Personal Care Products . . .
can be washed into water bodies Preservatives, and Surfactants
and contribute to water pollution.
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Metallic elements like lead,
mercury, cadmium, and chromium
that can accumulate in the
environment and pose health risks
to living organisms.
Organic compounds derived from
petroleum, including polycyclic
aromatic hydrocarbons (PAHs),
which are often associated with oil
spills.

Toxins produced by organisms like
fungi (mycotoxins) and harmful
algae, which can contaminate water
and food sources, posing health
risks.

Heavy metals

Hydrocarbon Compounds

Biotoxins - Mycotoxins

Radioactive elements and non-
Radionuclides and
Electromagnetic radiations that can impact human health and
the environment.
Various emerging contaminants,
like flame retardants and

Other emerging pollutants . .
nanomaterials, whose impacts on

of concern
the environment and health are
under investigation.
Tiny plastic particles resulting from
. . the breakdown of larger plastic
Microplastics gerp

waste, which can be ingested by
organisms and enter the food chain.
Chemical compounds formed when
disinfectants like chlorine react with
organic matter in water, potentially
leading to health risks.
Tiny solid particles or liquid
droplets suspended in the air,
which can have adverse health
effects when inhaled by humans
and animals.

Disinfection byproducts

Particulates

Lead (Pb), Mercury (Hg),
Cadmium (Cd), Chromium (Cr),
Nickle (Ni) among others

Polycyclic Aromatic
Hydrocarbons (PAHs), and
Benzene

Aflatoxins, Ochratoxins, and
Fusarium Toxins

Uranium (U), Thorium (Th), 40-K
ionizing electromagnetic radiation and Radon (Rn), Radiofrequency

(RF), Microwaves,
Electromagnetic Fields,

Flame Retardants, Nanomaterials,

and Emerging Contaminants

Microplastic particles, and
Microfibers,

Trihalomethanes (THMs)

PM2.5 (Fine Particulate Matter),
PM10 (Coarse Particulate Matter),

Gases, Sulphur dioxide (SO2),

Ozone (Os) and Nitrogen dioxide

(NO2)
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Table 2. Categories, classes and the detected concentrations of emerging pollutants in Uganda.

Concentratio
Category of Place of
Group/Class Name Uses Sources ns ud References
stu
pollutant detected Y
Sulfamethoxazole Pharmaceutical 1-5600 ngL1
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Ciprofloxacin Pharmaceutical 2.0-41 ngl!
Levofloxacin Pharmaceutical 1.8 -29 ngL!
Norfloxacin Pharmaceutical 1.9 - 26 ngL!
Enoxacin Pharmaceutical 5.9 -51 ngl!
Ampicillin Pharmaceutical 1350 ngL! Bwaise
Wobulenzi
city
Chlortetracycline Pharmaceutical 394 ngL suburbs,
Wastewater Kampala,
effluents as Uganda
well as
. . . 4
Ciprofloxacin Pharmaceutical shallow 340 ngL (38,65,66)
groundwate
Enrofloxacin Pharmaceutical 17 ngL?
r, leachates
and run-offs
Metacycline Pharmaceutical 17 ngL!
Nalidixic acid Pharmaceutical 2,340 ngL!
Oxytetracycline Pharmaceutical 17 ngL?
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Penicillin G

11

Pharmaceutical 800 ngL!
(benzylpenicillin)
Sulfathiazole Pharmaceutical 140 ngL!
Tetracycline Pharmaceutical 47.3 nglL
Ibuprofen Pharmaceutical 5.9 -780 ngL!
Analgesic/Anti- 100 - 500
. Diclofenac Pharmaceutical
inflammatory ngl!
Nakivubo
Acetaminophen Pharmaceutical 1.6 - 27 ng/L sewer
channel,
Industrial 200 -1300 Murchison
and nglL1 Bay on L.
Antiepileptics/antidepres . . 8 y
Carbamazepine Pharmaceutical municipal Victoria
sant (26,37)
runoffs and  346.496 pgL and
Wastewater CEC Bugolobi
effluents wastewater
Atenolol Pharmaceutical 24-380 ngL! treatment
Beta-Blockers plant,
Metoprolol Pharmaceutical 0.4-21 ngL! Uganda
. . . 160 — 1300
Diuretics Furosemide Pharmaceutical
nglL1
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L . 230 -1350
Hydrochlorothiazide Pharmaceutical
nglL1
100 - 160
Antihypertensive Losartan Pharmaceutical
ngl!
190 - 800
Fibrate Gemfibrozil Pharmaceutical
ngl!
. . . . . 8.4-14.0
Antiparasitic Pyrimethamine Pharmaceutical L
ngL-
Herbicide,
. . 0.82-5.62 ug
Endosulfan sulfate insecticides and
o kgt d.w.
fungicides
0.22 -15.96
Aldrin Herbicide, insecticide Air, 4 bays of
] ug kgt d.w.
sediment the Uganda
. . i (19,27,70,30,35,41,46,49,
Pesticides Organonitrogen and surface side of L. 67-69)
Soil insecticide and water Victoria,
£ trol samples Uganda
oF contro 0.94-7.18 ug
Dieldrin
kgt d.w.
of mosquitoes.
3.82-35.6
Chlordane Insecticide
pgm=

5
i)
=3
2
0
s
s
=
T
=
(]
O
=
=
—3
w
o
=
S
<
o
—
)
m
m
0
)
m
=
m
=
m
O
)
(]
(7]
=3
1]
=
~
(7]
D
T
=3
@
=
o
@
-
N
(=]
N
w

LIA'Y670°60€C02SIULIdaId/1602 0} -10P



https://doi.org/10.20944/preprints202309.0494.v1

Hexachlorocyclohexanes Insecticide
Heptachlor Insecticide
Insecticide. Used for
fire ant
Heptachlor epoxide
control in power
transformers
p, p-DDE
p, p-DDD
Organochlorine p, p-DDT Insecticides
o, p-DDE
o, p-DDT

3.72-81.8
pgm~

0.81 pgkg-!

d.w.

3.19 ugkg-

d.w.

0.11-3.59

ugkg-1 d.w.

0.38 - 4.02

ugkg-1 d.w.

0.04-1.46

ugkg- d.w.

0.07-2.72

ugkg-t d.w.

0.01-1.63

ugkg-1 d.w.
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Total Endosulfan

Isomer of Endosulfan.

Insecticide and

acaricide

Total DDT related Insecticide used in
compounds agriculture

Soil insecticide and

Dieldrin for control of
mosquitoes
Insecticide and
Endosulphan sulphate .
acaricide

Lindane Insecticide

12.3-282 pg
m-3
Air and
water
samples of
Lake
228130 Victoria
pgm Northern — (27,41,46,65,67,68,71—
shore water 74)
shed, areas
0.0148 + of Kakira
0.0023 pgkg-! and
dw. Entebbe,
Uganda
0.82-5.62
ugkg-1 d.w.
0.74 £0.11
and 0.87 +
0.09 g kg Napoleon
Gulf on L.
Victoria,
(MRL=05  Uganda
mg kg™)
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Aldrin

a-Endosulfan

Dieldrin

1.17 and 1.79
ng kg (MRL
=0.1mg
kg™)

7.59 and 6.00
ug kg

(MRL =0.1
mg kg)

2.22 and 1.88
Hg kg (MRL
=0.1mg
kg™)

(30,46,68,75)

15

p, p’-1,1-dichloro-2,2-bis-(4-
chlorophenyl) ethylene (p,
p’-DDE)

Organochlorine

Air,
Sediments,
Surface
Insecticide waters
samples as
well as Fish

species

6.10 and 3.44
pg kgt

Napoleon
Gulf on L.
e (27,41,73)
Victoria,

Uganda
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p, p’-1,1,1-trichloro-2,2-bis-
(4-chlorophenyl) ethane (p,

p’-DDT)

>DDTs

YOCPs

Lindane

Endosulfans

Chlorpyrifos

16

Chlorthalonil

Fungicide

Metribuzin

Trifluralin

Herbicides

7.34 and 4.30
g kg
(MRL =0.1
mg kg™)
503'3‘25 ke Abandoned
T pesticide
14'4d}‘1i.kg 1 store in
—————— Masindi -74
14 pgke? district in
L western
1 .55dpg ke Uganda
R
93.5 ng/m? .
Air samples
<0.10-24.0 from Kakira
pg m-3 and
Entebbe, (67,74,76)
<002-053  Morthem
ng m3 shore of L.
Victoria,
0.02-0.32 pg Uganda
m-3
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Malathion

p, pDDE

Dieldrin

p, p’DDD

p, p, DDT

o, p’DDT

oa-HCH

B-HCH

Lindane

Carbofuran

17

<0.08-193 pg
m- 3
125 mg/kg
123 mg/kg
Kampala
24 mg/kg and Iganga (40,77)
13 mg/kg districts in ’
_ Bmghks  Uganda
54 mg/kg
Insecticide M
7 mg/kg
Kakira and
Entebbe,
northern
83.3 pg/m? shore of L.
Victoria,
Uganda
-68
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18

Total
22.8-130
Dichlorodiphenyltrichloroet
pg/m?
hane (ZDDTs)
Total
3.72-81.8
hexachlorocyclohexanes
pg/m?’
(ZHCHs)
12.3-282
Carbamates Total Endosulfan (XEndo)
pg/m?
polybrominated diphenyl 9.84 pg gt "
ethers (PBDEs) dry weight Napoleon
Gulf and
Are used as coolants
Persistent Thurston
) and lubricants in .
organic Sediment Bay on
transformers,
pollutants Dioxin-like polychlorinated capacitors, and other samples northern
(POP) . ’ 136 pg g'dwW  shore of L. (36,42,57,78)
biphenyls (PCBs) electrical equipment
Victoria,
Uganda
polychlorinated dibenzo-p- 441 pgg! (36,57.78)
dioxins/furans (PCDD/Fs) dw Y
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Flame Retardants
(brominated flame
retardants (BFRs))

polychlorinated
dibenzofurans (PCDFs)

0.07-5.53 pg
Toxic
Equivalent
Factors
(TEQ) g dw

19

0.07 - 5.61 pg
g-1dw
(36,57,78)
0.01-0.23 pg
TEQ g dw

Organochlorine

pesticides

Pymetrozine

Methabenzthiazuron

Metazachlor

Fenimorph

Pesticide

Edible

Insects

Fludioxonil

Metalaxyl

Fungicide

0.02 pg g-1
dw

0.08 pg g-1
dw

1.4+0.03 pg

-1
gl dw Ugandan

district
004+003pg o

g-1dw

0.29 pg g-1

dw

0.01x0.01 pg
g-1dw
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Tricresyl phosphate

Used as a plasticizer

Tris-(2-chloroethyl)
phosphate

Triphenyl phosphate

Organophosphorus flame
retardants (OPFRs)
Tris-(2-ethylexyl) phosphate

2-ethylhexyl diphenyl
phosphate

Tricresyl phosphate

Widely used as a
plasticizer, fire

retardant and solvent

25 -8100
ngl!
24 — 6500
nglL1
54 — 4300
nglL1
Waters,
sediments
and soil

samples 4300 ngL*

7.7 - 730 ngL-

1

8100 ngL-!

Napoleon
gulf,
Murchison,
Waiya,
Entebbe,
and
Thurston
bays,
Uganda

(27,39,40,46,67,69,72—
74)
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L)
I
)
2
5
@
21 g
s
=
S
=
Tris-(2-chloroisopropyl 3
( propy) 25 - 600 ngL" B
phosphate )
=3
Used as plasticizers Z
d antif t -
Tributyl phosphate and antifoath agents 29 ngL1 e
i
m
. 9.6 - 500 ngL- <
Triethyl phosphate ) g
m
o
o
Are added to =
. 350 — 16000 3
Dibutyl phthalate polymers to ease L 5
ol
processing and to & &
o
Napoleon 3
o
gulf, @
Murchison, §
e Waters, N
enhance flexibility Waiya,
Phthalate ester . sediments 210 -23000
Bis-(2-ethylhexyl) phthalate ~ and toughness of the Entebbe, -39
plasticizers (PEP) . and soil nglL1
final product and
samples o
Thurston o
bays, 8
N
, 6.8-400ngl-  Uganda 2
Dimethyl phthalate ) IS
)
, 38-1100 £l
Diethyl phthalate 3
nglL-1 S
S
=
(=4
©
=
=
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22

. 350 - 16000
Dibutyl phthalate
nglL1
N-butyl benzenesulfonamide 7.5200 ngL!
. . 12 - 6100
Bis-(2-ethylhexyl) adipate
nglL1
Antimicrobial Tricl Antibiotic in soaps, 89 — 1400
ntimicrobia riclosan
toothpaste, detergents 1, 4.1strial ngL1 Napoleon
gulf,
wastewater
Murchison,
effluents .
. Waiya,
Personal Care from highly
Prod o dustrialt Entebbe, -39
roducts B h Protect the products industrializ 36 — 1300 and
enzophenone iti
p from UV light ed localities ngl Thurston
of the two
Organic sunscreens bays bays,
Uganda
4-methylbenzylidine . . 21 -1500
Organic UV filters
camphor ngL1
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Phenolic antioxidants

Used as an
antioxidant in
Butylated hydroxytoluene i
cosmetic product

formulations

Used in cleaning and

washing agents,

Synthetic musk
Musk ketone surface treatments,
fragrances .
and lubricants and
additives
Used to be applied as
a preservative and
Preservatives Chlorophene disinfectant in

personal care

products

14 - 750 ngL-
1

7.3 - 460 ngL-
1

21 - 310 nglL"

23
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Masking agent

Acetophenone

Covers the unpleasant
scents of other

ingredients

3-methylindole

I used as a flavoring

ingredient

Insect repellents

N, N-diethyltoluamide

Is an active ingredient
in many insect

repellent products

Preservatives

3-tert-butyl-4-hydroxy

anisole

Is used as an
antioxidant and

preservative

2.2 -100 ngL-

1

1.8-130 ngL-

1

3.9-98 ngL!

7.3 -100 ngL-

1

24
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Is used as stabilizers,

free-radical

25

Antioxidant 2,6-di-tert-butylphenol 66 nglL!
scavengers and
antioxidants
Water,
sediments,
. Battery assembling, in ~ milk and 79 -138.18
Post-transition metals Pb )
gasoline beef mg/kg
products
samples .
Nakivubo
channelized
stream
Water, .
sediments (28,30,85-90,43,44,79—
Heavy metals Find applications in sediments, i
and in 84)
batteries, alloys, Road side
} ) Kampala
coatings soils,
0.84 -1.04 markets,
Transition metals Cd (electroplating), solar surface
. } mg/kg Uganda
cells, plastic films and
stabilizers, and selected
pigments vegetable
weeds
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26

Sludge at
NWSC, Nakivubo
Milk, beef, stream,
soil, crops, Southweste
borehole rn Uganda,
water, Kilembe
Find applications in Industrial copper
electrical wiring, effluents, mines, Jinja
. i . 28.84 - 38.01 (28,29,91-
Transition metals Cu roofing, plumbing, Herbal steel
i _ . mg/kg . 98,32,43,79,80,84,88-90)
and industrial medicine, rollings and
machinery. rain water, Osukuru
sediments, phosphate
roasted mines,
peanuts, Kampala
water markets, L.
sediments, Victoria
dumpsites
Road side
soils,
) surface Kampala
Smelting and ] 177.89 - .
Trace element Zn o films and city roads, (43,79,85,97,98)
galvanization 442 .40 mg/kg
selected Uganda
vegetable
weeds
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. i Kampala
. Welding, making Cereal .
Transition metals Mn 363.47 mg/kg city, (29,44,49,70)
structural alloys crops,
Uganda
Nakivubo
Open wells,
. stream,
soils, )
Kilembe
borehole 30085.33 -
. . copper
Transition metal Fe Making alloy steels waters, 5835.00 ] (29,81,82,91,95,99)
mines,
stream mg/kg
) southweste
sediments
rn Uganda
and crops.
areas
Jinja steel
rollin
Soils, ] 8
mills, areas
surface ”
o
. . Use in alloying such water, 2.2-9.40
Transition metal Ni ] ) southweste (89,94,95)
as in armour plating herbal ppm
o rn Uganda
medicines
and
and cereals
Kampala
markets
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Roofings
rolling

mills, steel

) and tube
Used as an allowing Up and . .
) industries
agent as well as in Downstrea .
i in Nakawa
making of glass, m waters,
Metalloid As . ) . 0.5-4.6 ppm Industrial (43,81,82,89)
pigments, textiles and  soil, surface .
area and in
both metal and wood water and
areas of
adhesives plants )
Kilembe
copper
mines,
Uganda
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29

R.
Nyamwam
) . Surface )
Making alloys, find ba areas in
waters,
applications in kasese,
. ] vegetables
Transition metals Co magnets and is also i 0.233 g/mL  southweste (29,88,94)
and in
used as a catalyst in rn Uganda
. ) herbal
petroleum industries. . parts and
medicines )
soroti
district
Soils,
) o ) Kampala,
Find applicationsin =~ Cocoyam:s, .
] Wakiso and
. gold extraction and roasted 0.05+0.01 )
Transition metals Hg ) Busia (30,43,99)
also used in peanuts and ppm Lo
] districts,
manometers in stream
Uganda
waters
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Steel and
Tube
) industrial
Raw bovine
area,
Applied in milk, herbal i
o Roofings
. manufacture of steel ~ medicines, . _
Transition metals Cr . . . 156.9 ppm  rolling mills -28,100
as well as hardening  soils, grains
area,
steel and stream
Kampala
waters. .
and Soroti
districts,
Uganda
Industrial
effluents in
Stream
. Kampala
sediments, .
. and soroti
soils, o
districts,
surface 64.05 - )
Nakivubo
Transition metal Fe Making alloy steels waters and 147.40 (81,82,89)
stream, and
dumpsites, mg/Kg
Osukuru
cereal
i phosphate
crops, rain _
mines
water.
areas,
Uganda
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Hydrocarbon

Compounds

High and Low molecular
Polycyclic aromatic
hydrocarbons (PAHs)

Used to prepare
naphthalene

dicarboxylic
Acenaphthene .
anhydride,

which is a precursor

to dyes

Used to make
electrically
Acenaphthylene

conductive polymers

Used in the
manufacture of red
dye
Anthracene

alizarin, wood

preservation,

1,020 ng/L

Bwaise and

Leachates Wobulenzi
and Ground towns in
water Kampala
samples 92 ng/L district,
Uganda

340 ng/L

(63,65,101)

31
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insecticide, coating of

material

Benzol[a]pyrene

No known uses

Benzo[k]fluoranthene

Majorly used for

research purposes

Used to make some

Chrysene
dyes.
No found uses but is
produced
Fluoranthene
by some plants.
Used to make dyes,
plastics
Fluorene
and pesticides.
Naphthalene Industrial solvent

405 ng/L

1.1 ng/L
180 ng/L
226 ng/L

102 ng/L

224 ng/L

550 ng/L

580 ng/L

480 ng/L

240 ng/L

570 ng/L

32
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33

258 ng/L
Used to make dyes,
. 220 ng/L
plastics
Phenanthrene
and pesticides,
. 1,050 ng/L
explosives and
drugs
Used to produce dyes,
plastics
Pyrene 40 - 687 ng/L
and pesticides.
Benzene Industrial solvent 86.7 ng/L
BTEX compounds Ethylbenzene Industrial solvent 5-960 ng/L
Xylene Industrial solvent 410 ng/L
184-239ng  The White
Naphthalene Naphthalene BEHRERSH

gldw Nile
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L)
3
S
=
S
7y
u e
s
=
environmen g
Used to make t near melut 5
=
. . electrically 16-20.5ng oil fields, g
cenaphthylene ot dw South %
Sudan, =
conductive polymers Uganda 9
T
and E
Napol -
Used to make dyes, apoteon #
lasti Gulf and <
astics M
P 148-156ng  Murchison =
Fluorene m
g'dw Bays e
T
d pesticides. o
Low and High Molecular and pesticides Sediments =
Polycyclic aromatic and fish 2'
; (7))
hydrocarbons (PAHs) Used in the artificial species 8,
3
<3
o
manufacture of red N
N
dye (%)
79.3-112ng
Anthracene .
alizarin, wood gl dw
preservation,

insecticide, coating of

material
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No found uses and is E)

(7]

said to be produced 2.46 -8.73 ng o

Fluoranthene <

g'dw =

2

(@)

by some plants. ;

m

m

B

Used to produce dyes, i

<

lasti m

plastics 2.09-57ng Z

Pyrene m

gldw o

and pesticides. §
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N

Can be found in coal @

tar, roasted coffee,
smoked foods, and 05-13ngg
Benzo[a]anthracene

automobile exhaust 1dw

and is used in

research laboratories
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L)
I
S
3
3
@
36 s
s
=
T
)
Used to make some 8.4-25ng g kS
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Dioxin-like Polychlorinated 136 pg g1 d.
bisphenyls (di-PCBs) w
16.0£3.6 Kitgum
Sorghum e (103-106)
ug/kg district
. 1.9+09 .
Maize Kitgum and
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Lamwo
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S " districts,
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effects on biological
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Aflatoxin B2 (AFB2)

Aflatoxin G1 (AFG1)
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Lake
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Peanuts " markets,
Heks Uganda
Southweste
11.5+0.43
Peanut rn Uganda -106,110
ug/kg
markets
Sorghum Southweste
15.2+0.20
(flour and rn Uganda -88,104
. nelkg
porridge) markets
Millet (flour Southweste
14.0+1.22
and rn Uganda -106
. ng/kg
porridge) markets
Cassava 16.0 +1.66 Southweste
-104,106
flour ug/kg rn Uganda

5
i)
=
2
0
s
s
=
T
=
(]
O
=
=
—3
w
o
=
S
<
o
—
)
m
m
0
)
m
=
m
=
m
O
)
(]
(7]
=3
1]
=
~
(7]
D
T
=3
@
=
o
@
-
N
(=]
N
w

LIA'Y670°60€C02SIULIdaId/1602 0} -10P



https://doi.org/10.20944/preprints202309.0494.v1

Aflatoxin G2 (AFG2)
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Eshabwe
) 18.6 +2.40 Southweste
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Kampala
Peanut
0-540 ug/kg  markets, -97,103
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Masindi
72+199
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He/ke Uganda
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8.5+2.56
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Kalerwe
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He/ke Uganda
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Millet 0.76 ug/kg
Sorghum 4402 pg/kg
Isused asa
mycotoxin to induce  Groundnuts  0.153 pg/kg
cytotoxicity in porcine North
orthern
jejunal epithelial cells s of
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Trichothecene Vomitoxin / Deoxynivalenol and study the S d (109,113-115)
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protective effects of 8 et
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Saccharomyces
cerevisiae on the cell
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Radionuclides
and
electromagnet

ic radiations

Primordial radionuclides
(naturally occurring

noble gases)

Used in making

nuclear

weapons as a ‘tamper’

material.
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Hotel

28 +1 Bgm

TLT Hotel
in Eastern

Uganda

Residential

houses

92 + 4 Bgm?

Residential
houses
(closed) in
Eastern

Uganda

Homestead

45+1Bgqm?

Houses (Far
away) in
Eastern

Uganda
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Outdoor
dose rates
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Okra 343.78 Bg/kg
Moringa 379.21 Bq/kg
African
. 363.99 Bq/kg
Basil
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Soil mine
. 391.5+46.3
tailings
Used in making 355-147.0  Southweste
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Other
emerging
pollutants of

concern

Per- and polyfluoroalkyl
substances (PFASs)

Perfluorooctane sulfonic acid
(PFOS)

Perfluorooctanoate (PFOA)

Food package
material, stain- and
water-repellent

fabrics,

non-stick products
(e.g., Teflon), polishes,

waxes, paints,

cleaning products,
fire-fighting foams,

industrial facilities

(e.g., chrome plating,
electronic goods, and

oil recovery),

Wastewater 1.3-2.4ng
effluent Lt
600 — 3000
Soils : P8
g
Surface 1.5-2.4ng
water Lt
480-910
Soils Pg
gLldw
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Perfluotohexanesulfonate
(PFHXS)

Perfluoroheptanoate
(PFHpA)

Perfluorohexanoic acid
(PFHxA)

Average Perfluoroalkane
sulfonates () PFSAs)

Landfill wastewater
treatment plant, and

living

organisms (e.g. fish,
animals, and humans)

due to accumulation

and persistence over

time
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Wastewater
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Plant
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Soils PE
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soil pg gtdw
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) ) 1600 — 4900
Maize soil
pg gL-dw
Surface
Plastic materials Surface 0.69-2.19 water of
Microplastics Microplastics <1 mm size utilized by water of L. o northern L. -121
o o particles/m? o
communities Victoria Victoria,
Uganda
Uses as an extraction
Chloroform 23.07 pg/L
solvent
Ggaba
water
treatment
Disinfection Was formerly used as Drinking plant and
Trihalomethanes -122
byproducts a flarne retardant but water water
now is used as a istributi
Bromodichloromethane 10.5 pg/L distribution
reagent or an lines,
intermediate in Uganda

organic chemistry.
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Total trihalomethane

Used in the treatment

of water to kill

54

. . 32.89 ug/L
(TTHM) disease-causing
microorganisms.
Help in Kampala,
implementation of Jinja,
1 3
Particulate matter PMzs effective pollution 152.6 ug/m Mbarara,
) control measures and ) kyebando
Particulates . Air samples (98,123-126)
public health and
interventions to Rubindi
protect people and districts,
improve air quality Uganda
Long-term particulate
PMio 208 pg/m?

matter
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NO2

Used in the
production of nitric
acid, lacquers, dyes,

and other chemicals

Gas Phase Pollutants

SOz

Used in the
preparation of
sulfuric acid, sulfur

trioxide, and sulfites

Os

Is extensively applied
for decontamination

purposes

249 ug/m?

3.7 ug/md

11.4 pg/m3

55

CEC - Critical Environmental concentration values (38).
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4. Results and Discussion

In this systematic review, a comprehensive analysis of a total of 137 articles pertaining to the
presence and concentrations of emerging pollutants in Uganda was conducted. This investigation
successfully identified more than 194 pollutants of emerging concern in Uganda (see Table 2) and
subsequently grouped them into 12 major classifications (depicted in Figure 3). These encompass
pharmaceuticals, pesticides, persistent organic pollutants (POPs), personal care products, heavy
metals, hydrocarbon compounds, biotoxins, radionuclides, electromagnetic radiations, microplastics,
disinfection byproducts, and particulates (as detailed in Tables 1 and 2). The findings from these
studies offer valuable insights into the state of emerging pollutants in Uganda and their potential
implications for human and environmental health. This diversity reflects the complex nature of
pollution sources, including urbanization, industrial activities, agricultural practices, and improper
waste management. The identification of these pollutants highlights the need for comprehensive
monitoring and assessment programs to better understand their occurrence, behavior, and potential
risks to the environment and human health.

The reviewed studies revealed that pharmaceutical compounds, including antibiotics,
analgesics, hormones, and antidepressants, have been detected in various environmental matrices
such as water bodies and soils. These compounds enter the environment primarily through
wastewater discharge and improper disposal of unused medications. The presence of
pharmaceuticals in the environment raises concerns about potential ecological impacts and the
development of antibiotic resistance (26,38).

In addition, numerous studies highlighted the widespread use of pesticides in agricultural
practices in Uganda. These studies identified various classes of pesticides, including insecticides,
herbicides, and fungicides, in soil and water samples (46,74,76). Pesticide residues were detected in
crops (40), posing risks to both human health and the environment. The findings underscore the need
for proper pesticide management practices and the promotion of sustainable agriculture.

The systematic review identified reports on the occurrence of persistent organic pollutants, such
as polychlorinated biphenyls (PCBs), dioxins, and furans, in the Ugandan environment (31,36). These
toxic compounds, known for their resistance to degradation, were found in sediments and aquatic
organisms. The accumulation of POPs in the food chain raises concerns about potential health effects
on humans consuming contaminated fish and other aquatic products.

Studies revealed the presence of personal care products, including fragrances, UV filters, and
preservatives, in water sources and aquatic ecosystems. These compounds are commonly used in
cosmetics and personal care products and enter the environment through various pathways. The
detection of these chemicals in the environment emphasizes the importance of proper wastewater
treatment to prevent their release into water bodies.

The review encompassed studies examining heavy metal contamination in Uganda, with a focus
on metals such as lead (Pb), mercury (Hg), cadmium (Cd), and chromium (Cr). These metals were
detected in water, soil, and biological samples (29,43,45). Elevated concentrations of heavy metals
were attributed to industrial activities, mining, and urbanization. The accumulation of heavy metals
in the environment can lead to adverse health effects on humans and ecological disruptions.

Studies indicated the presence of hydrocarbon compounds, including polycyclic aromatic
hydrocarbons (PAHs) and benzene, in soil and air samples in Uganda (63,65). These compounds are
released from activities such as vehicle emissions, industrial processes, and burning of biomass. The
potential carcinogenic and toxic effects of hydrocarbon compounds underscore the importance of air
quality management and emission control measures.

The review also highlighted the occurrence of biotoxins, particularly mycotoxins, in agricultural
products and food items. Aflatoxins and other fungal toxins were detected in crops such as maize
and groundnuts (97,110,111,127). Consumption of mycotoxin-contaminated foods can pose
significant health risks, including liver damage and cancer.

The reviewed studies revealed the presence of natural radionuclides such as uranium and
thorium in soil and water samples (117,120). Additionally, concerns were raised about potential
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exposure to electromagnetic radiations, including radiofrequency and microwaves, from sources
such as mobile communication towers (53-55).

Several studies highlighted the presence of microplastics in water bodies, including lakes and
rivers, as well as in fish species consumed by humans (121). The ubiquitous distribution of
microplastics in the environment raises concerns about their impact on aquatic ecosystems and
potential ingestion by humans through the food chain.

The review identified reports on disinfection byproducts, such as trihalomethanes (THMs), in
drinking water supplies (122). In addition, particulate matter, including fine and coarse particulates
(PM2.5 and PM10), was also a subject of investigation in air quality studies (98,124,125).

4.1. Sources and Distribution Patterns

The review identified urban areas, industrial zones, and agricultural regions as major sources of
emerging pollutants in Uganda (29,48,97,103). Rapid urbanization and inadequate waste
management practices contribute to the discharge of pollutants into water bodies, leading to
contamination of surface and groundwater resources (23,70,128). Industrial activities generate
various chemical byproducts that can contaminate the surrounding environment (37,44,47,89).
Agricultural practices involving the use of pesticides and fertilizers contribute to soil and water
pollution (65,73,74,76). Understanding these sources and distribution patterns is crucial for targeted
interventions and pollution control strategies.

4.2. Emerging Pollutants in Surface Water

The findings of the systematic review revealed a widespread occurrence of emerging pollutants
in surface water bodies across Uganda. Pharmaceuticals, including antibiotics and hormones, with
concentrations of 1 — 5600 ngL-' were frequently detected in surface water samples at Murchison bay
of Lake Victoria (26,38), indicating their presence as contaminants of emerging concern. The
discharge of untreated or inadequately treated wastewater from domestic, industrial, and healthcare
facilities into water bodies is a significant contributing factor to pharmaceutical contamination. A
concentration of 100 — 500 ngL-! of diclofenac was detected in the wastewater effluents of Bugolobi
WWTP which is the main wastewater treatment plant in Uganda (37,38). These contaminants can
have adverse effects on aquatic organisms and ecosystems, potentially leading to the development of
antibiotic resistance and disruption of endocrine systems (37,129).

4.3. Wastewater as a source of Emerging Pollutants

Wastewater was identified as a significant source of emerging pollutants in Uganda (39,49,130).
Pharmaceuticals, personal care products, and various chemical compounds in wastewater samples
were detected in the industrial and municipal wastewater from Kampala city via Nakivubo channel,
and Bugolobi WWTP effluents. 89 — 1400 ngL-! of Triclosan an antibiotic in soaps, toothpaste and
detergents was detected in the effluents from Bugolobi WWTP (39). In addition, 0.84 — 1.04 mg/Kg of
cadmium a toxic heavy metal was detected in the water and sediments of Nakivubo channel and its
increased concentration is attributed to the untreated industrial effluents in this drainage channel
(29). Inadequate wastewater treatment infrastructure and practices contribute to the release of these
contaminants into the environment, especially in urban areas and regions with high population
densities. The presence of emerging pollutants in wastewater calls for the implementation of
improved treatment technologies and stringent regulatory measures to ensure the removal or
reduction of these contaminants before discharge.

4.4. Emerging Pollutants in Sediments

Sediments serve as a sink for pollutants, accumulating various emerging contaminants over
time. The systematic review identified the presence of heavy metals (45), pesticides (27), and
microplastics (52) in sediment samples from different water bodies in Uganda. Industrial activities,
mining, and agricultural runoff were identified as major sources of sediment pollution (100). A study
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conducted by (29) detected a concentration of 79 — 138.18 mg/Kg of lead in water and sediments of
Nakivubo channel. The persistence of these pollutants in sediments raises concerns about potential
long-term impacts on benthic organisms and the potential for their re-entry into the water column.
Effective sediment management strategies, including remediation efforts and the implementation of
best management practices in industrial and agricultural sectors, are crucial to minimize the impacts
of emerging pollutants on sediments and associated ecosystems.

4.5. Ambient Air as a transport medium for Emerging Pollutants

While the systematic review focused primarily on emerging pollutants in water, it is important
to note that some contaminants can also be transported through the air. Airborne particles and gases
can carry pollutants such as persistent organic pollutants (POPs) and microplastics over long
distances, leading to their deposition in ecosystems, including water bodies and soils. Study
conducted by (124,125), 152.6 pg/m3 of PM2s and 208 ug/m? of PMio were measured in air samples
around the districts of Kampala, Jinja and Mbarara in Uganda. This review identified that a few
studies investigating airborne emerging pollutants have so far been done. However, considering the
industrial growth, vehicular emissions, and open burning practices prevalent in certain regions,
further research is warranted to assess the potential presence and impacts of airborne emerging
pollutants in Uganda.

4.6. Emerging Pollutants in Foods

Although the systematic review primarily focused on environmental matrices, it is essential to
consider the potential transfer of emerging pollutants into the food chain. Contaminated water, soil,
and sediments can contribute to the accumulation of pollutants in crops, aquatic organisms, and
livestock. 0.5 — 4.6 ppm of arsenic was detected in processed peanuts (97) and also 156.9 ppm of
chromium were detected in raw bovine milk and herbal medicines in Kampala and Wakiso districts
in Uganda. This can pose risks to human health through the consumption of contaminated food
products. The presence of pesticides, heavy metals, and pharmaceutical residues in food items can
lead to acute or chronic health effects, such as pesticide toxicity or the introduction of antibiotic-
resistant bacteria. Robust monitoring programs and adherence to good agricultural practices are
necessary to ensure food safety and minimize the exposure of consumers to emerging pollutants. The
systematic review on emerging pollutants in Uganda provides valuable insights into the nature,
sources, distribution, and potential impacts of these contaminants in the country. The discussion of
the results focuses on key findings, their implications, and recommendations for future research and
policy interventions.

5. Environmental and Health Impacts

The reviewed studies have underscored the environmental impact of emerging pollutants on
ecosystems and biodiversity. These pollutants, including pharmaceuticals, personal care products,
heavy metals, and pesticides, have been identified in surface waters, posing significant risks to
aquatic organisms. They have the potential to disrupt endocrine systems and reproductive processes
(26,28,29,38,58). Additionally, pesticide residues found in soils can adversely affect soil health,
microbial communities, and non-target organisms, contributing to ecological imbalances (68,73).

Waterborne exposure to emerging pollutants through drinking water sources can have enduring
consequences, such as antibiotic resistance and endocrine disruption (26,36,38). Contaminants
accumulating in biota can propagate risks through the food chain, potentially causing acute toxicity,
chronic health conditions, and further endocrine disruption (4,45,131). Moreover, occupational
exposure to these emerging pollutants, particularly among workers in agriculture and waste
management sectors, has been linked to various acute and chronic health effects.

The presence of pharmaceuticals and personal care products detected in Lake Victoria, a primary
source of drinking water in Uganda, raises concerns regarding antibiotic resistance development and
water resource contamination (26,68,73). In agricultural areas like Kakira and Entebbe, pesticide
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residues have been identified in soils, surface waters, and crops, signifying ecological disruption and
human exposure risks (27,68,73). Urban areas have reported the presence of microplastics in various
environmental compartments, including water bodies, soils, and the air. These findings suggest
potential impacts on human health and the environment (121).

It is evident from these studies that addressing emerging pollutants is imperative to safeguard
ecosystems, biodiversity, and human health in Uganda. However, these risks are not confined to
aquatic environments. Airborne emerging pollutants, encompassing volatile organic solvents,
different particles like microplastics and engineered nanoparticles, and bio-aerosols, can infiltrate the
human body through inhalation, dermal contact, or ingestion, leading to a range of health issues
(3,4,12,132).

Waterborne emerging pollutants, primarily stemming from agricultural, industrial, and
domestic activities, can contaminate surface water, groundwater, municipal wastewater, and
drinking water sources (5,12). Microplastics, a notable emerging pollutant in water, accumulate
various contaminants as they traverse the food chain, amplifying the risk (5,52,121,133). The
contamination of surface waters, including rivers and lakes, with emerging pollutants like pesticides,
pharmaceuticals, perfluorinated alkylated substances, and personal care products, has become a
growing concern due to its potential harm to freshwater resources and public health. Furthermore,
emerging pollutants can also jeopardize groundwater quality, which serves as a critical source of
fresh water for various purposes. While traditional pollutants are well-regulated, the emergence of
new substances with uncertain immediate effects presents a substantial challenge for groundwater
protection.

6. Current Monitoring and Regulation Efforts

In Uganda, various efforts have been undertaken to monitor and assess emerging pollutants to
comprehend their presence, concentrations, and potential environmental and human health risks.
Monitoring initiatives encompass collaborations with institutions like the National Environment
Management Authority (NEMA), which plays a pivotal role in environmental management and
hotspot identification(17). The Ministry of Water and Environment, specifically the Directorate of
Water Resources Management, conducts routine water quality assessments, encompassing emerging
pollutants, in surface waters, groundwater, and drinking water sources. Additionally, academic and
research institutions, including universities and research centers, actively contribute to monitoring
by evaluating emerging pollutants in diverse environmental compartments and offering valuable
scientific insights for policymaking.

While Uganda has made substantial strides in monitoring emerging pollutants, certain
challenges persist in effectively regulating and managing these substances. Existing regulatory
mechanisms, spearheaded by NEMA, establish a foundation for addressing emerging pollutants
through environmental regulations, guidelines, and standards (17,134). Nevertheless, opportunities
for enhancement exist, particularly in the formulation of comprehensive, targeted regulations
dedicated to emerging pollutants and improved data collection and accessibility. Constraints in
monitoring capacity and resource availability hinder the implementation of comprehensive, routine
monitoring programs. Consequently, there is a pressing need for expanded research efforts to deepen
our understanding of the prevalence, fate, and impacts of emerging pollutants. Access to
comprehensive data is pivotal for the development of effective mitigation strategies.

Strengthening technical expertise and monitoring capabilities concerning emerging pollutants
is paramount, necessitating advanced analytical techniques and fostering collaboration between
research institutions and regulatory bodies. Additionally, refining regulatory frameworks to address
emerging pollutants specifically, including the formulation of guidelines and standards, is vital.
Raising awareness among the public, policymakers, and industries is also imperative. This can be
achieved through educational and outreach programs that promote responsible practices and
sustainable alternatives. By addressing these gaps and challenges, Uganda can enhance its
monitoring, regulation, and management of emerging pollutants more effectively.
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7. Mitigation Strategies and Future Direction

Effective approaches and technologies are crucial for mitigating the impacts of emerging
pollutants in Uganda. Upgrading wastewater treatment systems with advanced technologies like
advanced oxidation, activated carbon adsorption, and membrane filtration can remove
pharmaceuticals, personal care products, and other emerging pollutants (4,135-137). Promoting
sustainable agriculture practices, such as integrated pest management (IPM) techniques and organic
farming, can reduce pesticide use. Implementing source control measures and improving waste
management practices can prevent the release of emerging pollutants. Encouraging the use of green
chemistry principles and developing eco-friendly alternatives can minimize the generation and
release of emerging pollutants.

To enhance monitoring, regulation, and enforcement of emerging pollutants in Uganda, specific
regulations targeting emerging pollutants should be established, along with guidelines, standards,
and monitoring requirements. Increasing funding and resources for monitoring programs,
strengthening the capacity of regulatory agencies and research institutions, and improving data
collection and sharing mechanisms are essential. Conducting public awareness campaigns to educate
the public about emerging pollutants and promoting responsible practices and sustainable
alternatives are important. These policy recommendations will contribute to effective monitoring,
regulation, and management of emerging pollutants in Uganda.

Research gaps in studying emerging pollutants in Uganda include investigating their occurrence
and impacts in the air, assessing ecological effects on different ecosystems, studying their presence
and accumulation in food crops and livestock, understanding their fate and transport mechanisms in
various environmental compartments, and conducting comprehensive studies on the potential health
risks associated with exposure. Addressing these gaps will provide a better understanding of
emerging pollutants and inform the development of effective policies and interventions to minimize
their environmental and health impacts in Uganda.

8. Conclusions

This systematic review presented a comprehensive assessment of the state of pollution from the
emerging pollutants in Uganda, shedding light on the nature, sources, distribution, and potential
impacts of these contaminants. The findings underscore the urgent need for action to address the
challenges posed by emerging pollutants to Uganda's ecosystems and public health. This systematic
review revealed that a diverse range of emerging pollutants, including pharmaceuticals, personal
care products, pesticides, industrial chemicals, and microplastics, are present in various
environmental compartments in Uganda (Table. 2). Studies have identified specific compounds
within each category of emerging pollutants, with varying concentrations reported across different
matrices. The spatial and temporal distribution of emerging pollutants indicates higher
concentrations in urban areas, agricultural regions, and near industrial zones. Additionally, the
review identified the potential sources and pathways of these pollutants, such as industrial
discharges, agricultural practices, domestic wastewater, and improper waste disposal (26,37). Rapid
urbanization, inadequate waste management practices, industrial activities, and agricultural
practices contribute to the release of these contaminants into the environment.

The findings of this systematic review have significant implications for environmental
management and public health in Uganda. First, the presence of emerging pollutants in
environmental compartments raises concerns about their adverse effects on ecosystems, biodiversity,
and ecosystem services. They can persist in the environment, accumulate in living organisms, and
enter the food chain, leading to adverse effects on aquatic ecosystems, biodiversity loss, soil
degradation, and potential health issues such as endocrine disruption, antibiotic resistance, and
carcinogenicity. To address the challenges posed by emerging pollutants, it is crucial to implement
robust policies, regulations, and mitigation measures. Strengthening waste management systems,
promoting sustainable agricultural practices, and implementing pollution control measures in
industrial sectors are essential steps to reduce the release of emerging pollutants into the
environment. Additionally, the establishment of monitoring programs is necessary to track pollutant
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levels and assess their long-term impacts. These measures should be supported by research
endeavors that focus on understanding the fate, transport, and ecological impacts of emerging
pollutants in specific regions of Uganda.

Addressing emerging pollutants in Uganda is of utmost importance to safeguard the
environment and protect public health. The systematic review highlights the need for continued
research and action in several areas. Further research is required to fill the existing gaps in
knowledge, including the assessment of ecological effects, emerging pollutants in air, fate and
transport mechanisms, and the long-term impacts on human health. It is crucial to strengthen
monitoring programs, enhance technical capacity, and promote data sharing and accessibility.
Additionally, there is a need to improve regulatory frameworks specifically targeting emerging
pollutants, raise public awareness, and promote sustainable practices across various sectors in
Uganda and Africa. Taking proactive measures to address emerging pollutants will contribute to
sustainable environmental management, protect ecosystems and biodiversity, and minimize risks to
public health. It requires collaboration among government agencies, research institutions, industries,
and the public. By prioritizing research, implementing effective mitigation strategies, and refining
regulatory frameworks, Uganda can work towards minimizing the release and impact of emerging
pollutants, ensuring a cleaner and healthier environment for present and future generations.

Supplementary Materials: N/A.

Author Contributions: GB: Literature editing, manuscript writing, and conceptualization, BG: Literature search
and Draft manuscript, A.G: Draft manuscript, H.T: Literature search and editing, W.A: Literature search, and
P.O: Literature search.

Funding: This work received no funding.
Ethics of Approval and Consent to Participate: Not Applicable.
Consent for publication: All authors have read and given consent to the publication of this article.

Data Availability Statement: All data generated or analyzed during this review has been included in this
published article.

Acknowledgments: Authors are thankful to the University of Nevada Las Vegas and Kampala International
University for their commitment in encouraging research in the area of public health, risk assessment, and
toxicology.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any commercial or
financial relationships that could be constructed in this published article.

References

1.  AJ. M. The urban environment and health in a world of increasing globalization: Issues for developing
countries. Vol. 78, Bulletin of the World Health Organization. 2000.

2. Santhakumari M, Sagar N. The Environmental Threats Our World Is Facing Today. In: Handbook of
Environmental Materials Management. 2020.

3. Bunke D, Moritz S, Brack W, Herraez DL, Posthuma L, Nuss M. Developments in society and implications
for emerging pollutants in the aquatic environment. Vol. 31, Environmental Sciences Europe. 2019.

4. Gavrilescu M, Demnerova K, Aamand J, Agathos S, Fava F. Emerging pollutants in the environment:
Present and future challenges in biomonitoring, ecological risks and bioremediation. N Biotechnol.
2015;32(1).

5. Geissen V, Mol H, Klumpp E, Umlauf G, Nadal M, van der Ploeg M, et al. Emerging pollutants in the
environment: A challenge for water resource management. Int Soil Water Conserv Res. 2015;3(1).

6. Calvo-Flores FG, Isac-Garcia ], Dobado JA. Emerging Pollutants: Origin, Structure and Properties.
Emerging Pollutants: Origin, Structure and Properties. 2017.

7. XuZ WangC, LiH, XuS, DuJ, Chen, et al. Concentration, distribution, source apportionment, and risk
assessment of surrounding soil PAHs in industrial and rural areas: A comparative study. Ecol Indic.
2021;125.

8.  Liu B, Zhang S, Chang C-C. Emerging Pollutants - Part II: Treatment. Water Environ Res. 2018;90(10).

9. Bell KY, Bandy ], Beck S, Keen O, Kolankowsky N, Parker AM, et al. Emerging Pollutants — Part II:
Treatment. Water Environ Res. 2012;84(10).


https://doi.org/10.20944/preprints202309.0494.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 September 2023 doi:10.20944/preprints202309.0494.v1

63

10. Ahmed MB, Zhou JL, Ngo HH, Guo W, Thomaidis NS, Xu ]. Progress in the biological and chemical
treatment technologies for emerging contaminant removal from wastewater: A critical review. ] Hazard
Mater. 2017;323.

11. Pitarch E, Cervera MI, Portolés T, Ibaniez M, Barreda M, Renau-Prufionosa A, et al. Comprehensive
monitoring of organic micro-pollutants in surface and groundwater in the surrounding of a solid-waste
treatment plant of Castellén, Spain. Sci Total Environ. 2016;548-549.

12.  Vasilachi IC, Asiminicesei DM, Fertu DI, Gavrilescu M. Occurrence and fate of emerging pollutants in
water environment and options for their removal. Vol. 13, Water (Switzerland). 2021.

13.  Kumar A, Singh K, Dixit U, Ahmad Bhat R, Prakash Gupta S. Removal of Arsenic - “A Silent Killer” in the
Environment by Adsorption Methods. In: Arsenic Monitoring, Removal and Remediation. 2022.

14. Patel AB, Shaikh S, Jain KR, Desai C, Madamwar D. Polycyclic Aromatic Hydrocarbons: Sources, Toxicity,
and Remediation Approaches. Vol. 11, Frontiers in Microbiology. Frontiers Media S.A.; 2020.

15. Murray F, McGranahan G, Kuylenstierna JCI. Assessing health effects of air pollution in developing
countries. Water Air Soil Pollut. 2001;130(1-4 IIT).

16. Pierre F, Wondwosen S. Assessment of the environment pollution and its impact on economic cooperation
and integration initiatives of the IGAD region; National environment pollution report — Djibouti. Res Gate.
2016;

17.  Environmental management in Uganda: A reflection on the role of NEMA and its effectiveness in
implementing Environment Impact Assessment (EIA) of the Greater Kampala Metropolitan Area (GKMA).
J Adv Res Soc Sci Humanit. 2020;5(1).

18. Matagi SV. Some issues of environmental concern in Kampala, the capital city of Uganda. Environ Monit
Assess. 2002;77(2):121-38.

19. Akurut M, Niwagaba CB, Willems P. Long-term variations of water quality in the Inner Murchison Bay,
Lake Victoria. Environ Monit Assess. 2017;189(1).

20. DulioV, van Bavel B, Brorstrom-Lundén E, Harmsen J, Hollender ], Schlabach M, et al. Emerging pollutants
in the EU: 10years of NORMAN in support of environmental policies and regulations. Vol. 30,
Environmental Sciences Europe. 2018.

21. Sharma VK, Zboril R, McDonald TJ. Formation and toxicity of brominated disinfection byproducts during
chlorination and chloramination of water: A review. ] Environ Sci Heal - Part B Pestic Food Contam Agric
Wastes. 2014;49(3).

22. Lee Y]. Potential health effects of emerging environmental contaminants perfluoroalkyl compounds.
Yeungnam Univ ] Med. 2018;35(2).

23. Kulabako RN, Nalubega M, Wozei E, Thunvik R. Environmental health practices, constraints and possible
interventions in peri-urban settlements in developing countries - A review of Kampala, Uganda. Vol. 20,
International Journal of Environmental Health Research. 2010.

24. Haddaoui I, Mateo-Sagasta J. A review on occurrence of emerging pollutants in waters of the MENA
region. Vol. 28, Environmental Science and Pollution Research. 2021.

25. LiX, GaoY, Wang Y, Pan Y. Emerging persistent organic pollutants in Chinese Bohai sea and its coastal
regions. Vol. 2014, The Scientific World Journal. 2014.

26. Nantaba F, Wasswa ], Kylin H, Palm WU, Bouwman H, Kiimmerer K. Occurrence, distribution, and
ecotoxicological risk assessment of selected pharmaceutical compounds in water from Lake Victoria,
Uganda. Chemosphere. 2020;239.

27. Wasswa ], Kiremire BT, Nkedi-Kizza P, Mbabazi ], Ssebugere P. Organochlorine pesticide residues in
sediments from the Uganda side of Lake Victoria. Chemosphere [Internet]. 2011;82(1):130-6. Available
from: http://dx.doi.org/10.1016/j.chemosphere.2010.09.010

28. Baguma G, Musasizi A, Twinomuhwezi H, Gonzaga A, Nakiguli CK, Onen P, et al. Heavy Metal
Contamination of Sediments from an Exoreic African Great Lakes’” Shores (Port Bell, Lake Victoria),
Uganda. Pollutants. 2022;2(4):407-21.

29. Sekabira K, Origa HO, Basamba TA, Mutumba G, Kakudidi E. Assessment of heavy metal pollution in the
urban stream sediments and its tributaries. Int ] Environ Sci Technol. 2010;7(3).

30. Ogwok P, Muyonga JH, Sserunjogi ML. Pesticide residues and heavy metals in Lake Victoria Nile Perch,
Lates niloticus, Belly Flap Oil. Bull Environ Contam Toxicol. 2009;82(5).

31. Ssebugere P, Sillanpaa M, Kiremire BT, Kasozi GN, Wang P, Sojinu SO, et al. Polychlorinated biphenyls
and hexachlorocyclohexanes in sediments and fish species from the Napoleon Gulf of Lake Victoria,
Uganda. Sci Total Environ. 2014;481(1).

32. Abondio RB, Komakech AJ, Kambugu RK, Kiggundu N, Wanyama J, Zziwa A, et al. Assessment of
Municipal Organic Solid Waste, as a Potential Feedstock for Briquette Production in Kampala, Uganda. J
Sustain Bioenergy Syst. 2020;10(02).

33. Khalid S, Shahid M, Niazi NK, Murtaza B, Bibi I, Dumat C. A comparison of technologies for remediation
of heavy metal contaminated soils. ] Geochemical Explor. 2017;182.


https://doi.org/10.20944/preprints202309.0494.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 September 2023 doi:10.20944/preprints202309.0494.v1

64

34. Amusan AA, Ige DV, Olawale R. Characteristics of Soils and Crops” Uptake of Metals in Municipal Waste
Dump Sites in Nigeria. ] Hum Ecol. 2005;17(3).

35. Labu S, Subramanian S, Cheseto X, Akite P, Kasangaki P, Chemurot M, et al. Agrochemical contaminants
in six species of edible insects from Uganda and Kenya. Curr Res Insect Sci. 2022;2.

36. Matovu H, Li ZM, Henkelmann B, Bernhoft S, De Angelis M, Schramm KW, et al. Multiple persistent
organic pollutants in mothers’ breastmilk: Implications for infant dietary exposure and maternal thyroid
hormone homeostasis in Uganda, East Africa. Sci Total Environ. 2021;770.

37. Dalahmeh S, Bjornberg E, Elenstrom AK, Niwagaba CB, Komakech A]. Pharmaceutical pollution of water
resources in Nakivubo wetlands and Lake Victoria, Kampala, Uganda. Sci Total Environ. 2020;710.

38. Kayiwa R, Kasedde H, Lubwama M, Kirabira JB, Kayondo T. Occurrence and toxicological assessment of
selected active pharmaceutical ingredients in effluents of pharmaceutical manufacturing plants and
wastewater treatment plants in Kampala, Uganda. Water Pract Technol. 2022;17(4).

39. Nantaba F, Palm WU, Wasswa J, Bouwman H, Kylin H, Kiimmerer K. Temporal dynamics and
ecotoxicological risk assessment of personal care products, phthalate ester plasticizers, and
organophosphorus flame retardants in water from Lake Victoria, Uganda. Chemosphere. 2021;262.

40. Kampire E, Kiremire BT, Nyanzi SA, Kishimba M. Organochlorine pesticide in fresh and pasteurized cow’s
milk from Kampala markets. Chemosphere. 2011;84(7).

41. Oltramare C, Weiss FT, Staudacher P, Kibirango O, Atuhaire A, Stamm C. Pesticides monitoring in surface
water of a subsistence agricultural catchment in Uganda using passive samplers. Environ Sci Pollut Res.
2023;30(4).

42.  Arinaitwe K, Muir DCG, Kiremire BT, Fellin P, Li H, Teixeira C. Polybrominated diphenyl ethers and
alternative flame retardants in air and precipitation samples from the Northern Lake Victoria Region, East
Africa. Environ Sci Technol. 2014;48(3).

43. Pule S, Barakagira A. Heavy Metal Assessment in Domestic Water Sources of Sikuda and Western Division
Located in Busia District, Uganda. Curr ] Appl Sci Technol. 2022;

44. Mbabazi ], Wasswa ], Kwetegyeka J, Bakyaita GK. Heavy metal contamination in vegetables cultivated on
a major Urban wetland inlet drainage system of Lake Victoria, Uganda. Int ] Environ Stud. 2010;67(3).

45. Baguma G, Musasizi A, Twinomuhwezi H, Gonzaga A, Nakiguli CK, Onen P, et al. Heavy Metal
Contamination of Sediments from an Exoreic African Great Lakes” Shores (Port Bell, Lake Victoria),
Uganda. Pollutants. 2022;2(4).

46. Kasozi GN, Kiremire BT, Bugenyi FWB, Kirsch NH, Nkedi-Kizza P. Organochlorine Residues in Fish and
Water Samples from Lake Victoria, Uganda. ] Environ Qual. 2006;35(2).

47. Arinaitwe K, Keltsch N, Taabu-Munyaho A, Reemtsma T, Berger U. Perfluoroalkyl substances (PFASs) in
the Ugandan waters of Lake Victoria: Spatial distribution, catchment release and public exposure risk via
municipal water consumption. Sci Total Environ. 2021;783.

48. Dalahmeh S, Tirgani S, Komakech AJ, Niwagaba CB, Ahrens L. Per- and polyfluoroalkyl substances
(PFASs) in water, soil and plants in wetlands and agricultural areas in Kampala, Uganda. Sci Total Environ.
2018;631-632.

49. Atwebembeire ], Andama M, Yatuha J, Lejju JB, Rugunda GK, Bazira J. The Physico-Chemical Quality of
Effluents of Selected Sewage Treatment Plants Draining into River Rwizi, Mbarara Municipality, Uganda.
J Water Resour Prot. 2019;11(01).

50. Okot-Okumu J, Nyenje R. Municipal solid waste management under decentralisation in Uganda. Habitat
Int. 2011;35(4).

51. Petrie B, Barden R, Kasprzyk-Hordern B. A review on emerging contaminants in wastewaters and the
environment: Current knowledge, understudied areas and recommendations for future monitoring. Water
Res. 2015;72.

52. Komakech AJ, Banadda NE, Kinobe JR, Kasisira L, Sundberg C, Gebresenbet G, et al. Characterization of
municipal waste in Kampala, Uganda. ] Air Waste Manag Assoc. 2014;64(3).

53. Report F. e-Waste Assessment in Uganda. Analysis. 2008;(May).

54. Sansa-Otim ]S, Lutaaya P, Kamya T, Lubega SM. Analysis of mobile phone e-waste management for
developing countries: A case of Uganda. In: Lecture Notes of the Institute for Computer Sciences, Social-
Informatics and Telecommunications Engineering, LNICST. 2013.

55. Nuwematsiko R, Oporia F, Nabirye ], Halage AA, Musoke D, Buregyeya E. Knowledge, Perceptions, and
Practices of Electronic Waste Management among Consumers in Kampala, Uganda. ] Environ Public
Health. 2021;2021.

56. Schluep M, Wasswa ], Kreissler B, Nicholson S. e-Waste generation and management in Uganda. Waste
Manag Conf. 2008;(April).

57. Ssebugere P, Kiremire BT, Henkelmann B, Bernhoft S, Kasozi GN, Wasswa ], et al. PCDD/Fs and dioxin-
like PCBs in fish species from Lake Victoria, East Africa. Chemosphere. 2013;92(3).


https://doi.org/10.20944/preprints202309.0494.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 September 2023 doi:10.20944/preprints202309.0494.v1

65

58. Wang S, Steiniche T, Romanak KA, Johnson E, Quirds R, Mutegeki R, et al. Atmospheric Occurrence of
Legacy Pesticides, Current Use Pesticides, and Flame Retardants in and around Protected Areas in Costa
Rica and Uganda. Environ Sci Technol. 2019;53(11).

59. Olaitan JO, Anyakora C, Adetifa IO, Adepoju-bello AA. A Screening for Selected Human Pharmaceuticals
in Water Using SPE-HPLC , Ogun State , Nigeria. African ] Pharm Sci Pharm. 2017;5(1).

60. Koreje KO, Kandie FJ, Vergeynst L, Abira MA, Van Langenhove H, Okoth M, et al. Occurrence, fate and
removal of pharmaceuticals, personal care products and pesticides in wastewater stabilization ponds and
receiving rivers in the Nzoia Basin, Kenya. Sci Total Environ. 2018;637-638.

61. Belhaj D, Athmouni K, Jerbi B, Kallel M, Ayadi H, Zhou JL. Estrogenic compounds in Tunisian urban
sewage treatment plant: occurrence, removal and ecotoxicological impact of sewage discharge and sludge
disposal. Ecotoxicology. 2016,25(10).

62. Egbuna C, Amadi CN, Patrick-Iwuanyanwu KC, Ezzat SM, Awuchi CG, Ugonwa PO, et al. Emerging
pollutants in Nigeria: A systematic review. Vol. 85, Environmental Toxicology and Pharmacology. 2021.

63. Kerebba N, Ssebugere P, Kwetegyeka J, Arinaitwe K, Wasswa J. Concentrations and sources apportionment
of polycyclic aromatic hydrocarbons in sediments from the Uganda side of Lake Victoria. Environ Sci
Process Impacts. 2017;19(4).

64. Haddaway NR, Page M]J, Pritchard CC, McGuinness LA. PRISMA2020: An R package and Shiny app for
producing PRISMA 2020-compliant flow diagrams, with interactivity for optimised digital transparency
and Open Synthesis. Campbell Syst Rev. 2022;18(2).

65. Twinomucunguzi FRB, Nyenje PM, Kulabako RN, Semiyaga S, Foppen JW, Kansiime F. Emerging organic
contaminants in shallow groundwater underlying two contrasting peri-urban areas in Uganda. Environ
Monit Assess. 2021;193(4).

66. Mukonzo JK, Namuwenge PM, Okure G, Mwesige B, Namusisi OK, Mukanga D. Over-the-counter
suboptimal dispensing of antibiotics in Uganda. ] Multidiscip Healthc. 2013;6.

67. Ntirushize B, Wasswa J, Ntambi E, Adaku C. Analysis for Organochlorine Pesticide Residues in Honey
from Kabale District, South-Western Uganda. Am ] Anal Chem. 2019;10(10).

68. Arinaitwe K, Kiremire BT, Muir DCG, Fellin P, Li H, Teixeira C, et al. Legacy and currently used pesticides
in the atmospheric environment of Lake Victoria, East Africa. Sci Total Environ. 2016;543.

69. Sserunjoji JMS. A study of organochlorine insecticide residues in Uganda, with special reference to dieldrin
and DDT. In: INTATOMENERGY AGENCY VIENNA. 1974.

70. Nsubuga FB, Kansiime F, Okot-Okumu J. Pollution of protected springs in relation to high and low density
settlements in Kampala - Uganda. Phys Chem Earth. 2004;29(15-18 SPEC.ISS.).

71. Staudacher P, Fuhrimann S, Farnham A, Mora AM, Atuhaire A, Niwagaba C, et al. Comparative Analysis
of Pesticide Use Determinants Among Smallholder Farmers From Costa Rica and Uganda. Environ Health
Insights. 2020;14.

72.  Wandiga SO. Use and distribution of organochlorine pesticides. The future in Africa. In: Pure and Applied
Chemistry. 2001.

73. Henry L, Kishimba MA. Pesticide residues in Nile tilapia (Oreochromis niloticus) and Nile perch (Lates
niloticus) from Southern Lake Victoria, Tanzania. Environ Pollut. 2006;140(2).

74. Ben Mukiibi S, Nyanzi SA, Kwetegyeka J, Olisah C, Taiwo AM, Mubiru E, et al. Organochlorine pesticide
residues in Uganda’s honey as a bioindicator of environmental contamination and reproductive health
implications to consumers. Ecotoxicol Environ Saf. 2021;214.

75. Ssebugere P, Kiremire BT, Kishimba M, Wandiga SO, Nyanzi SA, Wasswa J. DDT and metabolites in fish
from Lake Edward, Uganda. Chemosphere. 2009;76(2).

76. Ssebugere P, Wasswa J, Mbabazi ], Nyanzi SA, Kiremire BT, Marco JAM. Organochlorine pesticides in soils
from south-western Uganda. Chemosphere. 2010;78(10).

77. Ejobi F, Kanja LW, Kyule MN, Miiller P, Kriiger J, Nyeko JHP, et al. Organochlorine pesticide residues in
cow’s milk in Uganda. Bull Environ Contam Toxicol. 1996;56(4).

78. Van den Berg M, Birnbaum LS, Denison M, De Vito M, Farland W, Feeley M, et al. The 2005 World Health
Organization reevaluation of human and mammalian toxic equivalency factors for dioxins and dioxin-like
compounds. Vol. 93, Toxicological Sciences. 2006.

79. Nabulo G, Oryem-Origa H, Diamond M. Assessment of lead, cadmium, and zinc contamination of roadside
soils, surface films, and vegetables in Kampala City, Uganda. Environ Res. 2006;101(1).

80. Tumwine ], Nassanga HB, Kateregga J, Tumwine G, Kitimbo J. An Experimental Study Determining Levels
of Lead Contamination of Dioscorea Spp. (Yams) From Selected Regions of Kampala Capital City, Uganda.
Student’s ] Heal Res Africa. 2022;3(3).

81. Mpewo M, Kizza-Nkambwe S, Kasima ]JS. Heavy metal and metalloid concentrations in agricultural
communities around steel and iron industries in Uganda: implications for future food systems. Environ
Pollut Bioavailab. 2023;35(1).

82. William W, Njenga H. Investigation of Levels of Some Selected Heavy Metals in Raw Bovine Milk from
Oyam District, Uganda and Estimation of Potential Health Risks View project Geochemistry of fluoride


https://doi.org/10.20944/preprints202309.0494.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 September 2023 doi:10.20944/preprints202309.0494.v1

66

contamination in Ndali-Kasenda Crater lakes View project. 2007;6(1):1-167. Available from:
http://en.wikipedia.org/wiki/Creative_Commons

83. Kasozi KI, Otim EO, Ninsiima HI, Zirintunda G, Tamale A, Ekou ], et al. An analysis of heavy metals
contamination and estimating the daily intakes of vegetables from Uganda. Toxicol Res Appl. 2021;5.

84. Fuhrimann S, Stalder M, Winkler MS, Niwagaba CB, Babu M, Masaba G, et al. Microbial and chemical
contamination of water, sediment and soil in the Nakivubo wetland area in Kampala, Uganda. Environ
Monit Assess. 2015;187(7).

85. Mbabazi J, Twinomuhwezi H, Wasswa ], Ntale M, Mulongo G, Kwetegyeka J, et al. Speciation of heavy
metals in water from the Uganda side of Lake Victoria. Int ] Environ Stud. 2010;67(1).

86. Twinamatsiko R, Mbabazi J, Twinomuhwezi H. Toxic Metal Levels in Food Crops Grown From Dump-
Sites Around Gulu Municipality, Northern Uganda. Int ] Soc Sci Technol. 2016;1(1).

87. Mbabazi ], Bakyayita G, Wasswa J, Muwanga A, Twinomuhwezi H, Kwetegyeka ]. Variations in the
contents of heavy metals in arable soils of a major urban wetland inlet drainage system of Lake Victoria,
Uganda. Lakes Reserv Res Manag. 2010;15(2).

88. Kasozi KI, Natabo PC, Namubiru S, Tayebwa DS, Tamale A, Bamaiyi PH. Food Safety Analysis of Milk
and Beef in Southwestern Uganda. ] Environ Public Health. 2018;2018.

89. Namuhani N, Cyrus K. Soil Contamination with Heavy Metals around Jinja Steel Rolling Mills in Jinja
Municipality, Uganda. ] Heal Pollut. 2015;5(9).

90. Mongi R, Chove L. Heavy metal contamination in cocoyam crops and soils in countries around the lake
Victoria basin (Tanzania, Uganda and Kenya). Tanzania ] Agric Sci. 2021;19(2).

91. Tagumira A, Biira S, Amabayo EB. Concentrations and human health risk assessment of selected heavy
metals in soils and food crops around Osukuru phosphate mine, Tororo District, Uganda. Toxicol Reports.
2022;9.

92. Kasozi KI, Namubiru S, Kamugisha R, Eze ED, Tayebwa DS, Ssempijja F, et al. Safety of Drinking Water
from Primary Water Sources and Implications for the General Public in Uganda. ] Environ Public Health.
2019;2019.

93. Kasozi KI, Hamira Y, Zirintunda G, Alsharif KF, Altalbawy FMA, Ekou J, et al. Descriptive Analysis of
Heavy Metals Content of Beef From Eastern Uganda and Their Safety for Public Consumption. Front Nutr.
2021;8.

94. Ssempijja F, Iceland Kasozi K, Daniel Eze E, Tamale A, Ewuzie SA, Matama K, et al. Consumption of Raw
Herbal Medicines Is Associated with Major Public Health Risks amongst Ugandans. ] Environ Public
Health. 2020;2020.

95. Abraham MR, Susan TB. Water contamination with heavy metals and trace elements from Kilembe copper
mine and tailing sites in Western Uganda; implications for domestic water quality. Chemosphere. 2017;169.

96. Oliver Ahimbisibwel*, Denis Byamugisha 1, Paul Mukasa 1, Timothy Omara2, 3 EN. No TitleLeaching of
Lead, Chromium and Copper into Drinks Placed in Plastic Cups at Different Conditions.
Https://WwwScirpOrg/Journal/Ajac [Internet]. 2022;19(2156-8278):19. Available from:
https://www.scirp.org/pdf/ajac_2022021516283502.pdf

97. Baluka SA, Schrunk D, Imerman P, Kateregga JN, Camana E, Wang C, et al. Mycotoxin and metallic
element concentrations in peanut products sold in Ugandan markets. Cogent Food Agric. 2017;3(1).

98. Bakamwesiga H, Mugisha W, Kisira Y, Muwanga A. An Assessment of Air and Water Pollution Accrued
from Stone Quarrying in Mukono District, Central Uganda. ] Geosci Environ Prot. 2022;10(05).

99. Omara T, Karungi S, Kalukusu R, Nakabuye BV, Kagoya S, Musau B. Mercuric pollution of surface water,
superficial sediments, Nile tilapia (Oreochromis nilotica Linnaeus 1758 [Cichlidae]) and yams (Dioscorea
alata) in auriferous areas of Namukombe stream, Syanyonja, Busia, Uganda. Peer]. 2019;2019(10).

100. Muwanga A, Barifaijo E. Impact of industrial activities on heavy metal loading and their physico-chemical
effects on wetlands of lake Victoria basin (Uganda). African J Sci Technol. 2010;7(1).

101. Ssebugere P, Kiremire BT, Henkelmann B, Bernhoft S, Wasswa J, Kasozi GN, et al. PCDD/Fs and dioxin-
like PCBs in surface sediments from Lake Victoria, East Africa. Sci Total Environ. 2013;454-455.

102. Abayi JJM, Gore CT, Nagawa C, Bandowe BAM, Matovu H, Mubiru E, et al. Polycyclic aromatic
hydrocarbons in sediments and fish species from the White Nile, East Africa: Bioaccumulation potential,
source apportionment, ecological and health risk assessment. Environ Pollut. 2021;278.

103. Kaaya AN, Harris C, Eigel W. Peanut Aflatoxin Levels on Farms and in Markets of Uganda. Peanut Sci.
2006;33(1).

104. Osuret ], Musinguzi G, Mukama T, Halage AA, Natigo AK, Ssempebwa JC, et al. Aflatoxin contamination
of selected staple foods sold for human consumption in kampala markets, Uganda. ] Biol Sci. 2016;16(1).

105. Lukwago FB, Mukisa IM, Atukwase A, Kaaya AN, Tumwebaze S. Mycotoxins contamination in foods
consumed in Uganda: A 12-year review (2006-18). Vol. 3, Scientific African. 2019.

106. Kitya D, Bbosa GS, Mulogo E. Aflatoxin levels in common foods of South Western Uganda: A risk factor to
hepatocellular carcinoma. Eur J Cancer Care (Engl). 2010;19(4).


https://doi.org/10.20944/preprints202309.0494.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 September 2023 doi:10.20944/preprints202309.0494.v1

67

107. Kaaya AN, Eboku D. Mould and aflatoxin contamination of dried cassava chips in Eastern Uganda:
Association with traditional processing and storage practices. ] Biol Sci. 2010;10(8).

108. Echodu R, Maxwell Malinga G, Moriku Kaducu J, Ovuga E, Haesaert G. Prevalence of aflatoxin, ochratoxin
and deoxynivalenol in cereal grains in northern Uganda: Implication for food safety and health. Toxicol
Reports. 2019;6.

109. Wokorach G, Landschoot S, Anena ], Audenaert K, Echodu R, Haesaert G. Mycotoxin profile of staple
grains in northern Uganda: Understanding the level of human exposure and potential risks. Food Control.
2021;122.

110. Onen P, Watmon J, Omara T, Ocira D. Aflatoxin content and health risks associated with consumption of
some herbal products sold in Kampala, Uganda. French-Ukrainian ] Chem. 2021;9(1).

111. Sserumaga JP, Ortega-Beltran A, Wagacha JM, Mutegi CK, Bandyopadhyay R. Aflatoxin-producing fungi
associated with pre-harvest maize contamination in Uganda. Int ] Food Microbiol. 2020;313.

112. Taligoola HK, Ismail MA, Chebon SK. Toxigenic fungi and aflatoxins associated with marketed rice grains
in Uganda. ] Basic Appl Mycol. 2010;1.

113. Atukwase A. Atukwase, A ., C. Muyanja and A . N . Kaaya . 2012 . Potential for fumonisin production by
strains of Gibberella fujikurioi species comples isolated from maize produced in Uganda . Journ ...
2014;(May).

114. Namulawa VT, Mutiga S, Musimbi F, Akello S, Nganga F, Kago L, et al. Assessment of fungal
contamination in fish feed from the Lake Victoria Basin, Uganda. Toxins (Basel). 2020;12(4).

115. Atukwase A, Kaaya AN, Muyanja C, Vismer H, Rheeder JP. Diversity of Gibberella fujikuroi Species
Complex Isolated from Maize Produced in Uganda. Int ] Plant Pathol. 2011;3(1).

116. Kumar P, Lava S, Vera R, Waliyar F. Management of aflatoxins in maize. 2000.

117. Biira S, Ochom P, Oryema B. Evaluation of radionuclide concentrations and average annual committed
effective dose due to medicinal plants and soils commonly consumed by pregnant women in Osukuru,
Tororo (Uganda). ] Environ Radioact. 2021;227.

118. Background Radiations and Radon Concentrations in the Dormitories of Secondary Schools in Otuke
District, Uganda. ] Radiat Nucl Appl. 2020;5(3).

119. Biira S, Kisolo AW, D'ujanga FM. Concentration levels of radon in mines, industries and dwellings in
selected areas of Tororo and Busia districts, Eastern Uganda. Adv Appl Sci Res. 2014;5(6).

120. Silver TER, Jurua E, Oriada R, Mugaiga A, Enjiku B. Determination of Natural Radioactivity Levels due to
Mine Tailings from Selected Mines in Southwestern Uganda. ] Environ Earth Sci. 2016;6(6).

121. Egessa R, Nankabirwa A, Ocaya H, Pabire WG. Microplastic pollution in surface water of Lake Victoria.
Sci Total Environ. 2020;741.

122. Nshemereirwe A, Zewge F, Malambala E. Evaluation of formation and health risks of disinfection by-
products in drinking water supply of Ggaba waterworks, Kampala, Uganda. ] Water Health. 2022;20(3).

123. Galiwango R, Bainomugisha E, Kivunike F, Kateete DP, Jjingo D. Air pollution and mobility patterns in
two Ugandan cities during COVID-19 mobility restrictions suggest the validity of air quality data as a
measure for human mobility. Environ Sci Pollut Res. 2023;30(12).

124. Onyango S, Parks B, Anguma S, Meng Q. Spatio-temporal variation in the concentration of inhalable
particulate matter (PM10) in Uganda. Int ] Environ Res Public Health. 2019;16(10).

125. Kirenga B], Meng Q, Van Gemert F, Aanyu-Tukamuhebwa H, Chavannes N, Katamba A, et al. The state of
ambient air quality in two ugandan cities: A pilot cross-sectional spatial assessment. Int ] Environ Res
Public Health. 2015;12(7).

126. Kiggundu AT. Capabilities and gaps assessments of urban air quality management in Uganda. Vol. 47,
Indonesian Journal of Geography. 2015.

127. Omara T. Aflatoxigenic contamination of freshly harvested white maize (Zea mays L.) from some selected
Ugandan districts. Peer ] Prepr. 2019;1(1).

128. Kinobe JR, Niwagaba CB, Gebresenbet G, Komakech AJ, Vinnerds B. Mapping out the solid waste
generation and collection models: The case of Kampala City. ] Air Waste Manag Assoc. 2015;65(2).

129. Landecker H. Antimicrobials before antibiotics: war, peace, and disinfectants. Palgrave Commun.
2019;5(1).

130. Hanigan D, Truong L, Simonich M, Tanguay R, Westerhoff P. Zebrafish embryo toxicity of 15 chlorinated,
brominated, and iodinated disinfection by-products. ] Environ Sci (China). 2017;58.

131. Jarup L. Hazards of heavy metal contamination. Vol. 68, British Medical Bulletin. 2003.

132. LeiM, Zhang L, Lei], Zong L, Li ], Wu Z, et al. Overview of emerging contaminants and associated human
health effects. Vol. 2015, BioMed Research International. 2015.

133. Ivy N, Bhattacharya S, Dey S, Gupta K, Dey A, Sharma P. Effects of microplastics and arsenic on plants:
Interactions, toxicity and environmental implications. Vol. 338, Chemosphere. 2023.

134. Uganda. THE REPUBLIC OF UGANDA NATIONAL IMPLEMENTATION PLAN II ( NIP II ) FOR THE
STOCKHOLM CONVENTION ON PERSISTENT ORGANIC POLLUTANTS ( POPs ). 2016.


https://doi.org/10.20944/preprints202309.0494.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 September 2023 do0i:10.20944/preprints202309.0494.v1

68

135. Rivera-Utrilla J, Sanchez-Polo M, Ferro-Garcia MA, Prados-Joya G, Ocampo-Pérez R. Pharmaceuticals as
emerging contaminants and their removal from water. A review. Vol. 93, Chemosphere. 2013.

136. Rodriguez A, Rosal R, Perdigén-Melén JA, Mezcua M, Agiliera A, Hernando MD, et al. Ozone-based
technologies in water and wastewater treatment. Handb Environ Chem Vol 5 Water Pollut. 2008;5 S2.

137. Barbosa MO, Moreira NFF, Ribeiro AR, Pereira MFR, Silva AMT. Occurrence and removal of organic
micropollutants: An overview of the watch list of EU Decision 2015/495. Vol. 94, Water Research. 2016.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202309.0494.v1

