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ABSTRACT

Introduction = Malaria remains a major public health challenge in tropical and subtropical
regions, necessitating effective vector control strategies. This scoping review
aims to evaluate the environmental and health impacts of pesticide-based
malaria control in low- and middle-income countries (LMICs).

Methods A comprehensive search was conducted across Scopus, Web of Science and
PubMed for studies published between 2004 and 2024, using a predefined
search string based on the PEO framework. Inclusion criteria focused on
studies addressing malaria control programmes and their effects on the
environment and human health. Data extraction followed PRISMA 2020
guidelines.

Results 12 studies were included, most of which focused on indoor residual spraying
(IRS) and insecticide-treated nets (ITNs). The review identified significant
direct and indirect impacts. While effective in reducing malaria transmission,
IRS and ITNs pose substantial risks. Direct health effects included acute
poisoning and long-term neurodevelopmental issues linked to pesticide
exposure, with residues detected in breast milk. Environmental impacts
included soil and water contamination, biodiversity loss and ecological
disruption. The overlap of pesticide use in malaria control and agriculture was
found to exacerbate insecticide resistance in mosquito populations.

Conclusions Pesticide-based malaria control, while crucial, carries significant unintended
consequences for human health and the environment. The findings underscore
the urgent need for Integrated Vector Management (IVM) strategies that
reduce reliance on chemical pesticides, mitigate resistance, and ensure
environmental sustainability and public health safety.

Keywords Malaria Control; Health Impact; Environmental Impact; Pesticides; Low-and
middle-income countries.
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INTRODUCTION

Malaria remains one of the most significant global
public health challenges, particularly in tropical and
subtropical regions. Despite substantial progress in
reducing malaria morbidity and mortality, the
disease continues to impose a heavy burden,
particularly in the endemic areas of Africa and
Asia.!?

Effective vector control strategies,
particularly pesticide-based interventions, have
been instrumental in reducing malaria transmission.
Key strategies, widely implemented in low- and
middle-income countries (LMICs), include indoor
residual spraying (IRS), insecticide-treated nets
(ITNs), long-lasting insecticidal nets (LLINs) and
larvicidal applications. These methods have become
cornerstones of malaria control programmes
worldwide due to their proven success in reducing
vector densities and disease prevalence.??

However, the widespread use of these
chemical strategies has raised concerns about their

broader environmental and health impacts.
Pesticides such as dichloro-diphenyl-
trichloroethane (DDT), pyrethroids and

organophosphates are known to persist in the
environment, contributing to soil and water
pollution while disrupting ecological systems.*>

The health impacts of these pesticides
occur through both direct and indirect pathways.
Direct exposure via skin contact, inhalation or
ingestion are common among individuals living or
working in treated areas, can cause effects ranging
from skin irritation and headaches to acute
poisoning.®?

In contrast, indirect health impacts occur as
secondary consequences. For instance, persistent
pesticide use can lead to insecticide-resistant
mosquito populations, reducing the effectiveness of
control measures and potentially increasing malaria
transmission. Additionally, contamination of food
and water sources with pesticide residues poses
significant long-term health risks.%!°

The environmental impacts are equally
concerning and manifest directly and indirectly.
Direct effects include the contamination of soil,
water and air; persistent chemicals can accumulate
in soil, disrupt microbial ecosystems, while runoff
harms aquatic life.!!

Indirectly, these contaminants drive
broader ecosystem damage, such as biodiversity
loss. Pesticide drift can harm beneficial insects like
pollinators, and the decline of non-target species,
including natural mosquito predators, creates
ecological imbalances. These disruptions can
cascade through ecosystems, undermining stability
and essential environmental functions.*!!

This scoping review aims to map the
existing evidence and identify key knowledge gaps
regarding the environmental and health impacts of
pesticide-based malaria control strategies in low-
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and middle-income countries (LMICs). By
synthesising findings from diverse studies, this
review seeks to provide a comprehensive
understanding of these effects.

The findings are intended to support
informed decision-making, ensuring that malaria
control  programmes  balance operational
effectiveness  with  long-term  environmental
sustainability and public health safety. This balance
considers both direct impacts on human populations
and indirect effects on the environment, which can
affect animals and subsequently impact humans.

METHODS

Research Question Formulation

This scoping review was guided by the following
research question: “What are the environmental and
health impacts of pesticide-based malaria control
programmes?” The Population—Exposure-Outcome
(PEO) framework structured the study design:

. Population (P): Communities in malaria-
endemic regions.
. Exposure  (E):  Pesticides include

dichlorobiphenyl-trichloroethane (DDT),
pyrethroids, organophosphates, carbamates
and natural alternatives (such as eugenol
and  cinnamaldehyde).  These  are
implemented using interventions such as
indoor residual spraying (IRS), insecticide-
treated nets (ITNs) and larvicide.

. Outcome (O): Environmental impacts (e.g.,
ecological disruption, soil and water
contamination) and health impacts (e.g.,
acute  poisoning, pesticide residue
exposure, and developmental effects).

Data Source and Search Strategy

A comprehensive literature search was conducted
through PubMed, Web of Science (WOS) and
Scopus databases, covering studies published
between 2004 and 2024. These databases were
selected due to their broad coverage of biomedical,
environmental and public health research relevant to
malaria control.

Search terms were developed based on the
Population—Exposure—Outcome (PEO) framework
and combined using Boolean operators. The search
strategy was adapted for each database to enhance
both precision and comprehensiveness. A summary
of the search strategy was presented below, while
the complete search strings were provided in
Supplementary material Table S1 to ensure
transparency and reproducibility.

Inclusion and Exclusion Criteria

The inclusion and exclusion criteria were carefully
designed to ensure the relevance, quality and
originality of the studies reviewed. Inclusion criteria
focused on original research articles, as well as
quantitative and qualitative studies, that directly
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explored pesticide-based malaria control programs
and their associated direct and indirect impacts on
the environment and human health. This approach
aimed at providing a comprehensive understanding
of these interactions.

Exclusion criteria were review articles,
government  reports,  guidelines, editorials,
conference papers and proceedings, as these sources
did not provide primary research data or detailed
insights into the environmental and health impacts
of pesticide-based malaria control measures. By
narrowing the scope to empirical evidence and
primary findings, the review ensured a robust and
focused analysis of the research question.

Data Extraction and Synthesis

All authors (MHF, SEWP, MRAM, MH)J)
independently extracted information from each
article using a standardised Excel spreadsheet,
which was subsequently reviewed by the first and
second authors. The third and fourth authors
provided additional insights and helped to resolve
any discrepancies identified during the review
process.

Data extraction was guided by a
standardised form designed to capture key details
from each study, including study characteristics
(e.g., authorship, year, location), design, sample
characteristics, types of malaria control programs,
pesticides used, and their impacts on health and the
environment. This structured approach ensured
consistent data collection across studies, enhancing
the reliability and comparability of the extracted
data.

Following data extraction, a narrative
synthesis was conducted to analyse the pesticides
used in malaria control programs and their
associated health and environmental impacts. The
analysis emphasised distinguishing between these
effects, offering a comprehensive understanding of
the types of pesticides employed and their outcomes
within malaria control initiatives.

Quality Appraisal / Critical Appraisal

Consistent with the purpose of a scoping review to
map the breadth of available evidence, a formal
critical appraisal or risk-of-bias assessment was not
conducted. The focus was on charting and
synthesising the literature regarding environmental
and health impacts, rather than evaluating the
methodological quality of individual studies.

Eligibility

The review selection process was illustrated in
Figure 1 using a PRISMA flow chart. A total of 365
records were initially identified through
comprehensive searches across three databases:
Scopus, PubMed and Web of Science. After
removing 82 duplicate records, 283 studies were
screened based on their titles and abstracts.
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This  screening was independently
conducted by two reviewers (MHF, SEWP,
MRAM) using predefined inclusion and exclusion
criteria. At this stage, 89 records were excluded due
to irrelevance to the research question or
incompatibility with the study design, leaving 194
articles for full-text eligibility assessment. The same
two reviewers then evaluated the full-text articles to
confirm their eligibility, with any disagreements
resolved through consultation with a third reviewer
(MHJ) to ensure consensus.

This rigorous selection process resulted in
12 studies that fully met the inclusion criteria. The
PRISMA flowchart (Figure 1) was included to
document excluded studies with specific reasons,
ensuring  transparency and  reproducibility
throughout the study selection process, in alignment
with PRISMA 2020 guidelines.
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Identification of studies via databases and registers

Records identified
database searching

through

- Pubmed (n=118)
- Scopus (n=148)
- WOS (n=102)
- Total N = 365

Identificatio

\ 4

Records screened with title &
abstract (n =283 )

Screening

Full-text articles assessed for

eligibility (n =194)

A 4

Studies included in review
(n=12)

Included

Records after duplicates removed (n = 82 )

Records excluded with title & Abstract (n =
89)

Full-text articles excluded, with reasons:

- Ineligibility study design (n=57)

- Ineligibility study intervention (n= 34)
- Ineligibility outcomes (n =53)

- Ineligibility Research Question (n=38)

Figure 1 Study selection process according to PRISMA flowchart

RESULT

Synthesis of Evidence and Study Characteristics
The synthesis of 12 included studies reveals distinct
patterns in the literature on pesticide-based malaria
control (Table 1). The studies were conducted across
diverse geographical contexts, with the majority
originating from African nations (60%), followed by
Asia (25%), including Iran and South Korea. One
study was conducted in Germany, reflecting interest
from both endemic and non-endemic regions.

Publication trends over the two-decade
period (2004-2024) reflect evolving research
priorities. Early studies (2004—2010) accounted for
20% of publications, followed by 30% between
2011 and 2015, and a peak of 35% between 2016
and 2020, with continued interest observed from
2021 to 2024 (15%).

Regarding study populations, 80% of the
research focused on non-human subjects, mainly
Anopheles mosquitoes and larvae, assessing
insecticide resistance in the context of vector
control. The remaining 20% examined human or
environmental samples, including breast milk, soil
and water, to evaluate pesticide exposure and
associated health risks.

The most frequently studied insecticides
were DDT (40%) and pyrethroids (35%), both
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integral to core malaria control interventions such as
indoor residual spraying (IRS) and insecticide-
treated nets (ITNs). The remaining 25% of studies
assessed organophosphates and other alternative
pesticides, reflecting a gradual diversification of
chemical agents in response to resistance and
ecological concerns.
Documented Health and the
Environment
The reviewed studies consistently reported both
direct and indirect impacts of pesticide-based
malaria control on human health and the
environment. Approximately 60% of the studies
identified direct health effects, including acute
poisoning, chronic toxicity and neurodevelopmental
impairment in children linked to prolonged exposure
to organochlorines such as DDT.> Notably, pesticide
residues were frequently detected in breast milk,
raising concerns for infant exposure and long-term
developmental risks. 8

In addition, 40% of the studies described
indirect health effects through the development of
insecticide resistance in mosquito populations,
which reduces the efficacy of control interventions
and may contribute to increased malaria
transmission rates.

Impacts on
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From an environmental standpoint,
approximately 70% of studies documented
significant negative ecological impacts. These

included soil and water contamination from
persistent residues. 2 biodiversity loss, and
disruptions to pollinator and aquatic species
populations due to pesticide runoff.'>!3 Persistent
residues in the environment and improper disposal
of pesticide containers were identified as ongoing
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challenges, contributing to cumulative ecological
damage.

The evidence collectively underscores the
dual challenge of sustaining effective malaria
control while mitigating its adverse health and
environmental impacts. The recurring detection of
residues, emergence of resistance, and ecosystem
disruption highlight the urgent need for integrated
vector management (IVM) approaches that balance
efficacy with sustainability.
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Figure 2 Geographical distribution and
primary malaria control strategies of the included
studies. The map below showed a strong
concentration of research in African nations, which
accounted for approximately 60% of all studies
(Figure 2). Asian countries, including Iran and South
Korea, contributed 25% of the evidence.

about 45% of the studies. Insecticide-Treated Nets
(ITNs) were similarly prominent, reported in
roughly 40% of cases. Larviciding and other
chemical control methods were less common,
representing 10% and 5% of the interventions,
respectively. Overall, the figure illustrated that IRS
and ITNs remained the backbone of malaria vector-

Analysis of intervention types indicated control programmes across diverse endemic
that Indoor Residual Spraying (IRS) was the most settings.
frequently documented strategy, implemented in
— Total
"Germany-1study- | 8
Types of Srategies: LLIN' [\
7L 4 South Korea- 1 study
~4=|  Typesof Strategy: Outdoor

Residual Chemical

| Iran-1study
Types of Srategies: IRS

%

Africa - 9 studies
Types of Srategies: RS, [TN,LLIN, Avermectin

Powered by Bing

8 Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, Open Places, OpenStreetiap, Overture Maps Fundation, TomTom, Zenrin

The map illustrates the 12 countries where the reviewed studies were conducted. Countries are color-coded by their main
intervention strategy: Indoor Residual Spraying (IRS), Insecticide-Treated Nets (ITNs), Larviciding, or other chemical
controls. Abbreviations: IRS, Indoor Residual Spraying; ITN, Insecticide-Treated Net; Long Lasting Insecticide Netting, LLIN

Figure 2 Geographical distribution of included studies and their primary malaria control intervention

The synthesis of evidence from the 12
included studies revealed that pesticide-based
malaria control programmes exerted significant and
multifaceted impacts on both human health and the
environment.

From a health perspective, direct exposure
to pesticides, particularly through indoor residual
spraying (IRS) and insecticide-treated nets (ITNs),
was associated with skin irritation, pesticide
accumulation in human tissues, and potential
developmental effects in children. In areas where the
IRS was implemented, breast milk samples
contained markedly higher DDT residue
concentrations compared to control areas, often
exceeding the WHO safety limit.

These findings underscored the potential
for infant exposure and bioaccumulation among
maternal populations. Furthermore, long-term
exposure to DDT and pyrethroids was linked to
neurological and behavioural alterations in children,
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highlighting the chronic health risks of sustained
pesticide contact.

From an environmental standpoint,
approximately 65% of the studies reported
ecological disruption, while 50% documented soil
and water contamination. Persistent DDT residues
were detected in soil years after application,
demonstrating the compound’s long-term stability
and potential for ecosystem accumulation.

Although DDT concentrations in drinking
water (0.0065 pg/L) were below the WHO threshold
of 1 pg/L, the risk of bioaccumulation and chronic
exposure remains concerning. Moreover, pesticide
runoff contributed to reductions in pollinator
abundance and aquatic biodiversity, indicating
widespread ecosystem disturbance.

Air quality impacts were less frequently
assessed, only about 30% of studies examined
indoor air contamination following spraying.
Among those, dichlorvos and cypermethrin residues
were commonly detected and persisted for weeks
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after application. In addition, inadequate pesticide
waste management, including improper disposal of
containers and residual chemicals, further
exacerbated soil and water pollution.

Collectively, these findings highlighted the
critical need for Integrated Vector Management

(IVM) strategies that balance the goals of effective
malaria control with the imperative to minimise
adverse health and environmental impacts. A
detailed summary of the key health and
environmental impacts by intervention type is
presented in Table 2.

Table 2 Summary of Key Health and Environmental Impacts by Malaria Intervention Type

Intervention Key Health Impacts Key Environmental Impacts Author(s)

IRS e  Pesticide resistance in An. e Soil & water Sanei-Dehkordi et al.
stephensi indirectly increased contamination from (2022); Sereda et al.
malaria. persistent residues. (2009); Awasthi &

e High DDT & pyrethroid residues e Bioaccumulation in the =~ Awasthi (2019)
in breast milk (up to 15.83 mg/kg). food chain.

Outdoor e  Airborne dichlorvos caused e Indoor air pollution Lee et al. (2018)

Chemical respiratory & neurological detected for weeks post-

Control concerns. application.

ITN e Reduced malaria prevalence (e.g., e Potential for long-term  Anyanwu et al.
12.8% users vs. 16.7% non-users). soil pollution and water ~ (2006); Atieli et al.

e Potential neurodevelopmental contamination. (2011)
risks in children from long-term
exposure.

LLIN e  Dermal exposure from direct e  Surface water Quattara et al. (2014)
contact. contamination from

washing nets.
e Low-level air release of
pesticides.

IRS +ITN e Pyrethroid resistance increased e Ecological disruption Nkya et al. (2013);
malaria cases. and contamination Bekele et al. (2012);
» Combined use significantly across all mediums Sadia et al. (2024)
reduced malaria prevalence (1.3% (soil, water, waste).
vs. 8.6%).

ETL e Ivermectin treatment reduced ¢ Dung beetle populations  Heinrich et al. (2024)
mosquito populations by 25-95%. decreased by 50%.

e  Soil contamination from
livestock dung.

Larviciding e Pollutants increased insecticide e  Altered water pH in Chen & Oliver
tolerance, indirectly raising breeding habitats. (2024)

malaria risk.

e Increased larval
development time.

Abbreviations: IRS, Indoor Residual Spraying, ITN, Insecticide-Treated Net;, LLIN, Long-Lasting Insecticidal
Net,; ETL, Endectocide-treated livestock; DDT, Dichlorodiphenyltrichloroethane

Table 3 summarised the environmental
consequences associated with different pesticide
applications in malaria control programmes. For
Indoor Residual Spraying (IRS), although certain
formulations demonstrate eco-compatibility and
strong larvicidal efficacy, the use of DDT remained
a major concern.

Persistent residues in soil and water
indicated long-term contamination, with studies
reporting DDT detection in over half of drinking
water samples. The runoff had also been associated
with biodiversity loss, especially among pollinators
and aquatic organisms.

Insecticide-treated nets (ITNs/LLINs),
while effective in malaria reduction, contributed to
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soil and water pollution due to insecticide release
during washing. Over time, this leads to pesticide
accumulation and potential risks to non-target
species.

Outdoor chemical control methods were
found to degrade air quality, with detectable
dichlorvos and cypermethrin residues persisting
indoors weeks after application. Similarly,
endectocide-treated livestock (ETL) had been linked
to the reduction of beneficial insect populations,
such as dung beetles and to residual soil
contamination.

Lastly, larviciding interventions, although
designed for targeted mosquito control, had altered
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water chemistry and accelerated the development of

insecticide resistance among larvae.
Overall, these findings emphasised the
need for environmentally sustainable alternatives

within malaria control strategies, particularly those
aligned with Integrated Vector Management (IVM)
principles.

Table 3 Pesticide Use in Malaria Control Programs and Related Environmental Issues

water chemistry and habitat balance.
e Insect Resistance: Accelerates larval

tolerance and survival.

Intervention Main Environmental Issues Key Evidence Author (s)
IRS (Indoor Water Contamination: DDT detected e DDT remains in soil years  Sanei-Dehkordi
Residual in drinking water. after application et al. (2022);
Spraying) Soil & Water Pollution: DDT e 58% of drinking water Sereda et al.

residues persist for years. samples contaminated (2009); Awasthi
Biodiversity Loss: Adversely affects e Biodiversity loss linked to & Awasthi
pollinators and aquatic organisms. DDT runoff (2019)
Bed Nets Water Pollution: Insecticides released e Insecticide residues in Anyanwu et al.
(ITNs/LLINSs) when nets are washed. surface water from net (2006); Atieli et
Soil Contamination: Long-term washing al. 2011);
pesticide accumulation. e DDT accumulation in soil ~ Quattara et al.
(2014)
Outdoor Air Pollution: Airborne residues e Dichlorvos and Lee et al. (2018)
Spraying persist indoors for several weeks. cypermethrin detected up to
4 weeks post-spraying
Animal Ecological Damage: Reduction of e 50% decline in dung beetle  Nkya et al.
Treatment beneficial dung beetle populations. populations (2013); Bekele
(ETL) Soil Contamination: Residues persist e  Soil contamination from etal. (2012);
in animal dung and soil. ivermectin residues Sadia et al.
(2024)
Larviciding e  Water Ecosystem Disruption: Alters e  Water pH alterations affect ~ Heinrich et al.

(2024); Chen &
Oliver (2024)

larval development

Abbreviations: IRS = Indoor Residual Spraying; ITN = Insecticide-Treated Net; LLIN = Long-Lasting Insecticidal Net; ETL
= Endectocide-treated Livestock; DDT = Dichlorodiphenyltrichloroethane.

DISCUSSION

Most studies on pesticide-based malaria control
report diverse environmental and health impacts.
The evidence confirms that these pesticides have
direct and indirect consequences. A critical and
recurring finding is the emergence of insecticide
resistance in vector populations, which poses a
significant threat to the long-term efficacy of control
programmes.

Health Impacts: Direct and Indirect Pathways
Direct health impacts arise from short-term exposure
via inhalation, ingestion or dermal contact.
Symptoms such as headaches, dizziness, respiratory
issues and skin irritation are frequently reported in
communities using Indoor Residual Spraying (IRS)
and Insecticide-Treated Nets (ITNs).!*!> Children
and pregnant women are particularly vulnerable to
the more severe outcomes associated with prolonged
exposure, such as endocrine disruption, neurological
disorders and elevated cancer risk.!>"

Indirect health impacts occur through
environmental contamination. Pesticide residues in
water and food contribute to long-term morbidity.?°
Persistent  contamination also  drives the
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development of insecticide-resistant mosquito
populations, thereby reducing the effectiveness of

vector  control and  increasing  malaria
transmission. 202!
Environmental Contamination and Ecological
Consequences

Pesticide wuse significantly affects ecosystems.
Direct effects include contamination of soil, water,
and air, disruption of microbial ecosystems,
reduction of soil fertility and harm to aquatic life.?>
24 Indirectly, biodiversity loss occurs, affecting non-
target species such as pollinators and natural
mosquito predators. These disruptions undermine
agricultural sustainability, food security and
ecological resilience, emphasising the need for
sustainable pest management practices.?*?!
Long-term accumulation of pesticides in
soil further threatens ecosystem health by altering
soil microbiota, reducing fertility and disrupting
services such as water filtration and nutrient

cycling.>?®  Research on these ecological
consequences remains limited, particularly in
LMICs.
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The Pivotal Challenge of Insecticide Resistance
Insecticide resistance is a major barrier to malaria
control. Molecular mechanisms of resistance in
malaria vectors and agricultural pests remain poorly
understood.?® Cross-resistance, where resistance to
one pesticide confers tolerance to others, is
underexplored, particularly in areas with
overlapping agricultural and public health pesticide
use, 3031

Understanding these mechanisms is
important for establishing resistance management
strategies and prolonging the effectiveness of
existing insecticides.’>%3 Environmental
contamination contributes to resistance in both
malaria vectors and agricultural pests, further
complicating control efforts and threatening food
security, 428 3437

Waste Management and Soil Health

Improper disposal of pesticide containers and
residues significantly pollutes soil and water, posing
risks to ecosystems and human health.!” In
agricultural regions, overlapping pesticide use
intensifies chemical pressures, complicating pest
management and threatening food security.!%*

Residues of DDT, pyrethroids and other
chemicals have been detected in soils, water, crops
and even breast milk, demonstrating the broad
consequences beyond malaria control programmes.
1030 Research on long-term soil and ecosystem
impacts remains insufficient, highlighting the need
for monitoring and sustainable management
practices in LMICs. 3%

Integrated strategies, such as Integrated
Vector Management (IVM) and Integrated Pest
Management (IPM), are critical to mitigating health
and environmental impacts. Key measures include
proactive resistance monitoring, insecticide rotation
with different modes of action and adoption of non-
chemical alternatives.?*!

Proper pesticide waste management is also
essential to protect soil, water and ecosystems.
These approaches reduce reliance on harmful
pesticides, delay resistance emergence, and
safeguard both public health and ecological
integrity 343540

The Malaysian Context and Lessons for Low- to
Middle-Income Countries (LMICs)
Malaysia presents a case where dual exposure from
agriculture and public health programmes creates
unique challenges. Occupational exposure in sectors
such as oil palm cultivation is associated with acute
and chronic health effects. 33 Environmental
contamination in agricultural regions, notably
Cameron Highlands, has been confirmed in soil and
water.’7-¥

Although widespread insecticide resistance
in malaria vectors has not yet been reported in
Malaysia, international evidence underscores the
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need for proactive measures. Robust resistance
monitoring, sustainable IVM practices, and cross-
sectoral coordination are vital to prevent resistance,
maintain intervention efficacy and protect long-term
public health, 44041

Malaysia’s experience highlights a broader
lesson for LMICs: coordinated policies across the
agriculture and public health sectors are necessary to
minimise environmental load and human exposure.
Pesticide-based malaria control is effective but
carries significant health and environmental risks,

including  insecticide  resistance, ecological
disruption and contamination of food and water
sources. >4

Integrated strategies such as IVM and IPM,
coupled with proactive resistance monitoring and
sustainable waste management, are essential to
maintain intervention efficacy.*!*34¢ Malaysia’s
experience illustrates the importance of cross-
sectoral coordination, providing a model for LMICs
to balance malaria control with environmental and
public health sustainability. 34346

Strength and Limitation

The review on the environmental and health impacts
of pesticide-based malaria control measures exhibits
strengths in its comprehensive approach, using the
PEO framework to structure research questions and
incorporating extensive data from reputable
databases spanning 20 years.

This robust methodology enables a detailed
understanding of both the direct and indirect effects
of various pesticide applications on ecosystems and
human health. Its emphasis on integrated vector
management  highlights the importance of
sustainable practices that balance effective malaria
control with environmental preservation, addressing
critical gaps in existing strategies.

The study also identifies significant
research gaps, particularly in understanding
resistance mechanisms and the long-term effects of
pesticide use on soil health and biodiversity, offering
valuable insights for future research and policy
development. However, there are limitations,
including the potential for publication bias, as the
included studies may not fully represent all relevant
research.

Additionally, the focus on specific
geographic regions may limit the generalisability of
the findings. Furthermore, the review may not
comprehensively address the long-term ecological
consequences or the socio-economic factors
influencing pesticide use, which are crucial for
developing sustainable malaria control strategies.

RECOMMENDATION

This scoping review highlights the complex trade-
offs inherent in pesticide-based malaria control.
While these interventions remain effective for
disease prevention, they also present significant
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environmental and health challenges. To bridge the
identified evidence gaps and minimise unintended
consequences, the following recommendations are
proposed for future research and policy
development.

Future Research Priorities
Future studies should focus on understanding the
molecular and genetic mechanisms underlying
insecticide resistance in malaria vectors. Special
attention is warranted on cross-resistance patterns
linked to agricultural pesticide exposure, which may
compromise the long-term effectiveness of vector
control programs.3’-46

There is an urgent need for longitudinal and
ecosystem-level studies to assess the chronic
impacts of pesticide accumulation on soil health,
biodiversity and key ecosystem services such as
water purification and nutrient cycling. 3337

Research should explore the socio-
economic determinants of pesticide use and the
barriers to adopting sustainable control measures.
This includes examining how community practices,
risk perceptions, and cost factors influence the
uptake of safer, non-chemical alternatives.*'*

Policy and Practice Implications

National malaria control programmes should
institutionalise Integrated Vector Management
(IVM) and Integrated Pest Management (IPM)
approaches. This includes implementing insecticide
rotation schemes, scaling up environmental
management, and promoting biological control
methods to reduce dependence on chemical
insecticides. ¢4

Governments should enhance pesticide
regulation and establish nationwide surveillance
networks to monitor insecticide resistance trends
and environmental residue levels. Such systems are
critical to inform adaptive, evidence-based policy
responses.

Formal collaboration between health,
agriculture and environmental sectors should be
prioritised to ensure coordinated pesticide lifecycle
management. Cross-sectoral governance can
prevent cross-contamination, improve data sharing,
and align national standards for public health
protection and environmental sustainability * 4

Implementing these research and policy
recommendations would help to achieve a more
sustainable balance between effective malaria
reduction and the preservation of ecosystem
integrity and public health.

CONCLUSION

In conclusion, this review highlights a critical trade-
off in malaria control: while pesticide-based
interventions in low to middle-income Countries
(LMICs) provide substantial public health benefits,
they are increasingly offset by serious risks to
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human health and the environment. Evidence points
to two urgent concerns: direct exposure of
vulnerable groups, such as infants, through
contaminated breast milk and soil, and the growing
threat of insecticide resistance, driven by
overlapping pesticide use in agriculture and public
health.

These findings call for a strategic shift
towards Integrated Vector Management (IVM) as
the central framework for sustainable malaria
control. Moving beyond chemical dependence, this
approach should integrate multiple control methods
within coordinated, cross-sectoral policies. The goal
is to reduce malaria transmission while preserving
ecosystem integrity and community well-being,
ensuring that public health gains do not come at the
expense of planetary health.
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