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This study develops an objective multi-criteria decision-making framework to evaluate the
environmental vulnerability of smallholder peri-urban horticultural sites facing intensive pesticide
use in Togo and Kenya. Based on field surveys and systematic observations across 54 sites,
comprising 42 perimeters in Togo and 12 in Kenya, the final dataset encompasses 438 individual
producers, with 324 respondents in Togo and 114 in Kenya. Individual data were spatially
aggregated and modeled using parallel objective weighting methods, including CRITIC, correlation-
corrected entropy algorithms, and PCA, validated through Kendall’s coefficient of concordance (W
=0.796; p < 0.001), and merged via the Borda consensus technique. The results show that exposure
risks depend on site-specific biophysical factors rather than country-level contrasts. Kenyan sites
exhibit a uniform aero-hydrological risk pattern driven by sloped terrains (64.91%), overhead
sprinkler irrigation (61.40%), and immediate residential proximity within 50 meters (43.86%).
Conversely, Togolese perimeters present highly localized, fragmented hotspots due to flat plots
(55.17%) established in strict contiguity with fragile waterbodies, with 57.68% of plots located less
than 5 meters from the water resource. While overall territorial vulnerability remains moderate for
53.57% of the areas, these distinct transfer pathways highlight the failure of generic national
guidelines and underscore the urgent need for site-specific mitigation strategies. Ultimately, this
structural screening index provides agricultural authorities with an operational tool to prioritize local
field interventions and support safe agroecological transitions in sub-Saharan Africa.
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Introduction

The rapid expansion of urban and peri-urban horticulture
has become an important strategy for improving food
security, generating income, and meeting the growing
demand for fresh vegetables in developing countries
(Diédhiou & Ndiaye, 2021; Thomas et al., 2024; Zezza
& Tasciotti, 2010). However, this intensification is
frequently associated with widespread and poorly
regulated pesticide use, raising major concerns for human
health and environmental sustainability, particularly in
smallholder production systems (Pretty & Bharucha,
2015; Slaby et al., 2023). In many sub-Saharan African
countries, vegetable producers often apply pesticides
without adequate training or compliance with good
agricultural practices, including excessive application
frequency, overdosing, non-compliance with pre-harvest
intervals, and limited use of personal protective
equipment (Kanda et al., 2009; Marete et al., 2021). In
Togo and Kenya, several pesticides currently used in
horticulture, including some unregistered products, are
classified as Highly Hazardous Pesticides (HHPs)
according to FAO/WHO criteria (Kombieni et al., 2026;
Onyando et al., 2023; PAN, 2024). Because production
sites are frequently located near residential areas, roads,
and water bodies, these practices may increase
environmental contamination and human exposure risks
(Md Meftaul et al., 2020; Ryberg & Gilliom, 2015; Yera
& Vasconcellos, 2021; Zhou et al., 2025).

Pesticide risk results from the interaction between
intrinsic chemical hazards and context-specific exposure
conditions shaped by agricultural practices and
environmental vulnerability (Buonsenso, 2025; Damalas
& Eleftherohorinos, 2011; El Afandi & Irfan, 2024).
Conventional risk assessment approaches are generally
based on standardized toxicological indicators, such as
LDso, NOAEL, or Risk Quotients (RQ), and are widely
used in regulatory contexts (Lewis et al., 2016; A. Li et
al., 2022; Solomon et al, 2000). However, these
approaches often inadequately capture real-world
exposure conditions in smallholder farming systems
because they rarely integrate pesticide use practices, site-
specific environmental characteristics, and spatial
variability of exposure pathways (Galimberti et al., 2024;

Hendriks et al, 2019; Schifer et al, 2019).
Consequently, important determinants of pesticide-
related risks, including irrigation systems, slope,

proximity to water bodies, and farmer handling practices,
remain insufficiently considered. Integrated multicriteria
approaches combining toxicological information, field
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survey data, and geospatial variables are increasingly
recommended to improve pesticide risk prioritization
under heterogeneous agricultural conditions (Galimberti
et al., 2024; Msibi et al, 2023). Nevertheless, few
studies in sub-Saharan Africa simultaneously integrate
intrinsic pesticide toxicity, farmer practices, occupational
exposure, and environmental vulnerability within a
unified assessment framework. The present study
addresses this gap by developing a standardized multi-
criteria assessment framework capable of objectively
modeling the biophysical and geographical vulnerability
of horticultural territories facing contaminant fluxes in
Togo and Kenya.

Materials and Methods
Study area

The study was conducted between September 2024 and
July 2025 in wurban and peri-urban horticultural
production areas located in Togo and Kenya. In Togo,
the study covered sites distributed across the five
administrative regions - Savanes, Kara, Centrale,
Plateaux, and Maritime - whereas in Kenya, the study
focused on Kisumu and Siaya counties. These areas were
selected because of their high concentration of vegetable
production and intensive pesticide use. Attention was
given to production sites located near environmentally
and socially sensitive features, including residential
areas, water bodies, and road networks, which may
influence pesticide dispersion and exposure pathways.

Data Collection

A larger number of horticultural sites were initially
surveyed during field campaigns. However, only sites
meeting predefined inclusion criteria were retained for
the final analysis. Site inclusion required: (i) active
vegetable production during the study period, (ii)
confirmed use of synthetic pesticides, (iii) availability of
at least three independent producers for interview, and
(iv) physical availability of pesticide products for
verification. Following this rigorous screening process,
fifty-four horticultural production sites were successfully
selected for the final analysis, comprising forty-two sites
distributed across Togo and twelve sites located in Siaya
and Kisumu counties in Kenya. The final expanded
sample comprised four hundred and thirty-eight
individual producers, divided between three hundred and
twenty-four respondents in Togo and one hundred and
fourteen in Kenya, with a field density ranging tightly
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between six and eleven
individual horticultural site.

surveyed producers per

Data were collected through semi-structured face-to-face
interviews conducted among horticultural producers
using a respondent-driven sampling approach based on
peer recruitment from an initial core group of farmers.
The questionnaire was developed through literature
review of pesticide exposure studies (L. Y. Li et al,
2010; Megson et al., 2016). Systematic field observations
were carried out to document six biophysical and
geographical variables driving environmental
vulnerability, including the localization zone, the
topography of the terrain, proximity to habitations,
proximity to road networks, the type of plan or course of
water, and immediate proximity to water bodies. Each
variable was normalized into three ordinal classes
corresponding to low (1), moderate (2), and high (3)
hazard levels (Table 1).

Statistical framework for multi-criteria modeling

Since the number of surveyed producers varied across
sites, individual responses describing physical and
operational characteristics underwent spatial aggregation
by calculating the arithmetic mean of the scores per site.
This essential step neutralized the bias associated with
intra-site sampling and provided spatially homogeneous
geographical units, establishing each horticultural site as
a single assessment entity. For each criterion, the scoring
was ordered so that a high value systematically reflected
a higher level of risk or vulnerability (Table 1).

To eliminate subjectivity related to arbitrary expert
weight assignments, the relative importance of the six
environmental descriptors was calculated in parallel
using three multi-criteria decision-making algorithms.
The Shannon entropy method measures the intrinsic
discriminant power of each criterion by evaluating the
amount of useful information through the diversification
of normalized scores across the sample (Mazurek &
Strzatka, 2022; Odu, 2019; Wu et al, 2022). The
correlation-corrected entropy method applies a statistical
correction to classical entropy weights by exploiting a
linear correlation matrix to neutralize the impact of
informational redundancies among criteria
(Mukhametzyanov, 2021). Finally, the CRITIC (Criteria
Importance Through Intercriteria Correlation) method
simultaneously integrates the intrinsic discriminant
capacity of each variable through its standard deviation
and its degree of conflict with other criteria using the
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linear correlation coefficient, thereby overweighting
highly variable and weakly correlated descriptors
(Diakoulaki et al., 1995; Odu, 2019). In addition, a
Principal Component Analysis (PCA) was conducted to
geometrically validate the variance-covariance structure
of the environmental data, retaining principal
components with an eigenvalue greater than or equal to
one according to the Kaiser criterion (Dugger et al.,
2022a, 2022b; Guan et al., 2024). The coherence and
structural convergence of the ranking grids derived from
the three weighting methods were statistically tested
using Kendall’s coefficient of concordance (Field, 2005;
Franceschini & Maisano, 2021; Kraska-Mlller, 2013),
which was subsequently validated by a Chi-squared test.

Multi-criteria rank aggregation and consensual
vulnerability classification

The synthesis of the three independent weighting
approaches was operated through the Borda consensus
voting technique, specifically adapted for the fusion of
multi-criteria rankings. For each individual weighting
method, the evaluated horticultural sites received a total
number of points inversely proportional to their
respective exposure rank. Under this voting convention,
the horticultural site exhibiting the highest risk profile
was allocated the maximum number of points, equivalent
to the total number of sites in the sample, while the least
critical perimeter was assigned a single point (Herrero &
Villar, 2021; Saari, 2023). The global consensual Borda
score for each specific horticultural site was subsequently
derived by calculating the direct linear sum of the points
accumulated across the three separate statistical methods,
namely the points derived from the CRITIC method, the
correlation-corrected entropy method, and the PCA
(Franceschini & Maisano, 2021; Mohammadi & Rezaei,
2020; Saari, 2023). The monitored horticultural sites
were then organized in descending order based on their
cumulative global scores to generate the final definitive
Borda rank.

To standardize the mathematical outputs, the aggregated
Borda scores underwent a linear scale transformation to
be projected into a Consensual Intrinsic Vulnerability
Index (CIVI), which establishes a continuous evaluation
scale bounded strictly between zero and one hundred
(Dua et al., 2024). Within this standardized indicator, a
value of zero corresponds precisely to the least
threatened horticultural site identified within the
agricultural sample, whereas a value of one hundred
isolates the most critical territory. This normalization



Int.J.Curr.Microbiol. App.Sci (2026) 15(10): 47-61

procedure effectively neutralizes the scaling effects and
mathematical heterogeneities inherent to each distinct
algorithm while strictly preserving the ordinal structure
of the consensual ranking. To prevent any arbitrary
threshold adjustments or subjective segmentation, the
classification of the geographic units was derived directly
from the empirical distribution of the consensual index
through the statistical calculation of the first quartile, the
median, and the third quartile (Reus et al, 2002). This
mathematical partitioning divides the entire territorial
sample into four intervals of strictly equal sizes, defining
entirely objective vulnerability classes. These relative
boundaries outline the low vulnerability class extending
from zero to the first quartile, the moderate vulnerability
class running from the first quartile to the median, the
high vulnerability class spanning from the median to the
third quartile, and the very high vulnerability class
grouping all sites positioned between the third quartile
and the maximum value of one hundred. This relative
categorization framework allows to rigorously isolate the
most critical production areas within the upper quartile,
thereby completing the comprehensive environmental
vulnerability profiling of the horticultural sites.

Results and Discussion

Hydrological characteristics and

techniques

irrigation

The comparative analysis highlights highly significant
structural  differences between the horticultural
ecosystems of Kenya and Togo regarding water supply,
distances, and distribution techniques. Surface
watercourses such as rivers predominate in both
countries, accounting for 54.39% of water intakes in
Kenya and 41.80% in Togo. Secondary strategies diverge
sharply, as Togo relies heavily on groundwater via
boreholes and wells for 31.58% and dams for 17.65%,
whereas Kenya mobilizes artificial water ponds for
17.54% and lakes for 7.02%. Togolese gardeners display
an extreme spatial proximity to water resources, with
79.31% of cultivated plots established less than 25
meters from the water intake, including 57.68% within
less than 5 meters, while more than a third of Kenyan
producers are located at distances exceeding 100 meters.
Mechanically, Kenya is dominated by overhead sprinkler
irrigation with 61.40%, which involves an aerial spraying
of water over the crops, while the Togolese landscape is
structured around the manual bucket system for 59.13%
and the watering can for 33.44%.
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Topography and territorial proximity indicators

Biophysical and territorial characteristics also reveal
marked geographic disparities between the two countries.
The topography of the sites displays statistically inverse
configurations. Kenyan horticulture is established mostly
on sloped terrains at 64.91%, accentuating surface runoff
risks, whereas Togolese activity takes place
preferentially on flat reliefs for 55.17%. In both
countries, the activity is intrinsically peri-urban, grouping
89.47% of sites in Kenya and 74.61% in Togo. In
contrast, the distance separating the plots from the
nearest habitations shows a critical divergence. In Kenya,
43.86% of the plots are located within 50 meters of
dwellings, marking immediate proximity, while in Togo,
the distance class greater than 500 meters remains the
most represented with 40.56%, despite the persistence of
34.32% of sites within 100 meters of houses. Road
infrastructures border or cross the site for a large
majority of respondents in both contexts, showing
comparable  distributions without a statistically
significant gap.

Multi-criteria analysis and vulnerability mapping

The weight allocation matrices highlight the theoretical
complementarities of the statistical approaches exploited.
Methods based on classical and corrected entropy
designate the localization zone as by far the most
discriminant variable of the model, capturing between
54.86% and 56.25% of the total importance, followed by
site topography with a share oscillating between 17.46%
and 19.18%. The CRITIC algorithm rebalances
dispersion by prioritizing relief and hydrological
proximity variables, placing the immediate proximity to
water bodies at 19.04% and topography at 17.56% at the
head of the risk factors. The Principal Component
Analysis geometrically confirms this structuration, as the
first two factor axes explain 54.3% of the total
cumulative variance of the geographical profiles, equally
distributed between the first axis for 27.8% and the
second axis for 26.5% (Figure 1).

The statistical concordance test validates a very strong
and highly significant structural coherence among the
three ranking grids with a concordance coefficient of
0.796, fully justifying the merging process. The analysis
of the Consensual Vulnerability Index reveals that the
moderate tier dominates on a global scale with 53.57% of
the sites, (29 horticultural perimeters). The remaining
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sites are distributed among the low vulnerability class
(16.67%; 9 sites), the very high vulnerability class
(11.11%; 6 sites), and the high vulnerability class
(18.52%; 10 sites)

Spatial analysis by country highlights deeply contrasted
territorial dynamics. The Kenyan sample falls mainly in
the moderate category, accounting for 58.33% (7 sites),
followed by the high category at 33.33% (4 sites). The
North Sarkwa perimeter in Siaya County is the only site
presenting very high vulnerability, representing 8.33% (1
site) (Figure 2). Conversely, the Togolese context
displays broader distribution of vulnerability classes,
with the moderate tier accounting for 52.38% (22 sites),
the low tier for 28.57% (12 sites), the high tier for 9.52%
(4 sites), and the very high tier for 9.52% (4 sites)
(Figure 3). The absolute ranking of the ten sites showing
the highest biophysical frailties highlights the Togolese
perimeters of Kara in the first position, Agbédrafo in the
third position, Alédjo-Kadara in the fourth position,
Avépozo in the sixth position, and Kpogan in the seventh
position, alongside the Kenyan site of North Sarkwa in
the second position within the very high vulnerability
tier. The sites of Atakpamé in Togo, Kolwa Central in
Kenya, Watchalo in Togo, and Kévé in Togo complete
this selective list within the high vulnerability category.

The hydrological, topographic, and irrigation disparities
observed between Togo and Kenya do not imply a simple
binary opposition between a well-managed country and a
poorly managed one but rather reveal two distinct
structural profiles of pesticide vulnerability. These
findings address three interconnected critical issues
namely terrain-driven transport, peri-urban residential
exposure pathways, and the systemic validity of multi-
criteria consensus vulnerability indices. Overall, the field
data align strongly with established literature showing
that urban and peri-urban horticultural systems located
near surface waterbodies and relying on unmonitored
irrigation practices favor rapid pesticide transfers toward
the water, soils, and adjacent riparian populations
(Loughlin et al., 2017; Tachie-Menson et al., 2025;
Weiss et al., 2023). Rather than analyzing risk through a
generic country-level contrast, these results support a
site-level interpretation where specific combinations of
biophysical variables and agricultural choice’s structure
localized environmental fates (Dabrowski er al, 2002;
Hendriks et al., 2019; Ochoa-Cueva et al., 2021).

The extreme proximity of Togolese agricultural plots to
water resources represents a major signal of
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environmental vulnerability, as the physical distance to
riverbanks or extraction sources acts as a direct
determinant of contaminant transfers via surface runoff
and airborne drift (Pappalardo et al., 2022; Tachie-
Menson et al, 2025). Advanced modeling studies
indicate that riparian buffer strips located within five to
twenty meters of intensive cultivation remain particularly
exposed to heavy spray contamination and rapid
hydrological  transport, which  provides strong
environmental plausibility to the high risks documented
when more than half of the Togolese plots sit within less
than five meters of a waterbody (Pappalardo et al., 2022).

Empirical field data globally confirm that peri-urban
horticulture can heavily contaminate adjacent small
freshwater streams. For instance, in a comparable small-
scale horticultural basin in Argentina, thirty percent of
water samples exceeded ecotoxicological risk thresholds
for aquatic biota by more than a thousand times
(Loughlin et al., 2017), while severe lethal and sublethal
impacts were observed on benthic fauna due to high
insecticide accumulations (Loughlin ef al., 2017).

Under tropical climates, monitoring campaigns have
tracked active insecticide concentrations, such as
chlorpyrifos and cypermethrin, exceeding chronic water
quality standards by more than a hundredfold across all
monitored catchment sites, proving that diffuse transfer
pathways can span the entire cultivated landscape (Weiss
et al., 2023).

This high connectivity emphasizes that critical risk
mapping must be interpreted at the broader catchment
scale rather than focusing on isolated plots, particularly
within fragmented peri-urban matrices (Pappalardo et al.,
2022).

Conversely, the topographic and technical configuration
of Kenyan horticulture shifts the vulnerability profile
toward an aero-hydrological risk pattern. The
significantly higher proportion of sloped farmlands
documented in Kenya directly accelerates overland water
flow, soil detachment, and off-site particle-bound
transport during heavy tropical rainfall events (Commelin
et al., 2022; Tang et al., 2012). In African smallholder
settings, steep slope gradients are repeatedly identified as
key spatial controls driving pesticide runoff and
downstream aquatic accumulation, as particle-bound
chemicals can persist and erode well beyond the initial
application periods (Chen et al., 2024; Dabrowski et al.,
2002; Hendriks et al., 2019).
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Figure.1 Principal Component Analysis (PCA) of environmental risk descriptors.
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horticultural sites in Kenya.
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Figure.3 Spatial distribution and territorial mapping of environmental vulnerability classes across
horticultural sites in Togo.
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Table.1 Hydrographic factors and plot irrigation techniques in Kenyan and Togolese horticultural systems.

Site characteristics Frequency (%) Statistical test and p-
_ value

Water supply source

Borehole/Well 12.28 31.58

17.54 6381
Mixed (River + Well) 175 2.17
38.60 33.44 Fisher; p <0.001

Flexible hose ("'baladeur') “ 59.13

Distance to the water source

>100 m
Note: Percentages were calculated using the total number of surveyed producers in each country as the denominator (Togo: n =
323; Kenya: n = 114).

Table.2 Topography, localization zone, and proximity factors of horticultural production sites.

Site characteristics Frequency (% Statistical test and p-value

Site topograph

|
55,09 54.49

89.47 74.61 %> =2.94; p=0.086 (ns)

Distance to the nearest house

Bo-tom  os e
|

702% 050

31.58 17.03 x?=4.93; p=0.085 (ns)

34.67 %
(ns): non-significant difference at the 5% threshold. Note: Percentages were calculated using the total number of surveyed
producers in each country as the denominator (Togo: n = 323; Kenya: n = 114).
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Table.3 Operational scoring matrices, safety classifications, and scientific justifications for the six environmental vulnerability
parameters integrated into the entropy, CRITIC, and principal component analysis models

Variable 1 (Low risk) 2 (Moderate risk) 3 (High risk) Justification

Proximity to >100 m 50-100 m <50m Shorter distances increase risks of runoff and
water bodies contamination of aquatic systems.

Proximity to > 100 m 50-100 m <50 m Nearby populations are more exposed to spray
residences drift and contaminated dust.

Bl

Topography Flat terrain Gentle slope Steep slope Steep slopes increase erosion and surface
runoff, facilitating pesticide dispersion.

55



Int.J.Curr.Microbiol. App.Sci (2026) 15(10): 47-61

This topographic risk is critically exacerbated by the
technical dominance of overhead sprinkler irrigation in
Kenya (61.40%), which creates a risk profile heavily
oriented toward atmospheric drift and direct worker
exposure, since contact with aerial water droplets and
chemical mists constitutes a primary pathway for dermal
and respiratory occupational toxicity (Damalas &
Koutroubas, 2016). Furthermore, because high-slope
areas require significantly wider vegetative buffer strips
than flat terrains to effectively attenuate runoff toxicity
(Yorlano et al, 2022), the spatial overlap of sloping
fields and overhead sprinkler systems in Kenya
magnifies off-target dispersion even when plots are
physically farther from the primary water source than in
Togo.

The massive concentration of these agricultural
perimeters within peri-urban areas across both nations
demonstrates that pesticide risk is simultaneously an
ecological threat and a severe public health issue.
Populations living near treated agricultural lands
systematically exhibit higher non-dietary pesticide
exposure than those residing farther away, with
measurable chemical drift impacts commonly detected
within surrounding radii ranging from thirty to seven
hundred and fifty meters (Galimberti et al, 2024;
Teysseire et al., 2021). Consequently, the large share of
Kenyan plots located within less than fifty meters of
active residential dwellings points to an elevated
potential  for direct community contamination
(Dereumeaux et al., 2020; Howe et al., 2025; Teysseire
et al., 2021). While the Togolese residential pattern
appears more spatially dispersed, the substantial fraction
of sites maintaining a strict proximity of less than one
hundred meters to surrounding households still indicates
a meaningful local exposure risk (Dereumeaux et al.,
2020; Habran et al, 2024). On the other hand, the
manual irrigation techniques dominant in Togo, such as
buckets, watering cans, and mobile hoses, suggest less
broad atmospheric drift but induce a high risk of
localized, repetitive chemical contact with the
immediately adjacent banks and soils. In these manually
irrigated systems, water is applied frequently and
intensively, which can accelerate the direct leaching and
localized runoff of persistent molecules toward fragile
aquatic environments (Tachie-Menson et al, 2025).
These West African irrigation choices are primarily
dictated by water availability and immediate operational
costs rather than environmental risk management (Obour
et al, 2025), forcing urban farmers to utilize
heterogeneous, low-quality, or waste-impacted water
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sources due to a lack of safe agricultural infrastructures
(Abdulai et al., 2025; Ashie et al., 2024; Tuffour et al.,
2023).

On a methodological level, the results of multi-criteria
mapping make solid theoretical sense. Entropy-based
algorithms effectively capture variables holding high
discriminatory information and eliminate the biases of
arbitrary expert weightings, while the CRITIC method
properly prioritizes variables that exhibit high intrinsic
variance and weak correlation with the rest of the
environmental system (Das & Behera, 2024; Tanim et
al., 2022). The strong concordance coefficient (W =
0.796) calculated in this study strongly justifies the
multi-method rank aggregation, as multi-algorithm
agreement represents the exact requirement to make
consensus spatial mapping defensible in territorial
vulnerability studies (Das & Behera, 2024; Ochoa-
Cueva et al., 2021; Rossetto et al., 2020). Furthermore,
the overwhelming dominance of the moderate
vulnerability class, coupled with a narrow, distinct set of
very high-vulnerability hot spots, is typical of regional
risk modeling where most territorial units cluster around
intermediate categories while a limited number of
critical hot spots concentrate the maximum
environmental fragility (Das & Behera, 2024; Ochoa-
Cueva et al., 2021; Taiba et al, 2025). While Kenya
appears more uniformly exposed through its combined
slope gradients and residential proximity factors, Togo
contains a more spatially heterogeneous distribution
marked by sharper local hot spots, which explains why
several specific Togolese perimeters still rank at the
absolute top of the global vulnerability hierarchy
(Ochoa-Cueva et al., 2021; Parker et al., 2019). The
primary interpretive limitation of this research is that our
framework describes a structural, intrinsic vulnerability
index rather than quantified chemical residue
concentrations. Past monitoring efforts show that even
when irrigation water quality parameters appear
acceptable, adjacent soils and vegetable crops can
accumulate pesticide contaminants far above safe
regulatory thresholds, meaning that spatial screening
indices must be validated by multi-matrix environmental
measurements over time (Gosa, 2026; Navarro et al.,
2026). Ultimately, the structural contrasts documented
between Togo and Kenya justify highly differentiated
territorial mitigation strategies. For the flat, water-
contiguous hot spots of Togo, management priorities
must focus on mandatory riverbank controls and the
establishment of dense, grassed vegetative buffer strips
to block immediate vertical and horizontal runoff
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(Pappalardo et al.,, 2022; Tachie-Menson et al., 2025).
Conversely, for the sloped, residential perimeters of
Kenya, mitigation policies must prioritize strict technical
training on overhead sprinkler calibrations, the
deployment of anti-drift technologies, and the
enforcement of residential setbacks to minimize non-
occupational community (Lorenz ef al., 2026; Teysseire
etal., 2021).

In conclusion this study establishes an objective multi-
criteria framework mapping pesticide vulnerability in
Togo and Kenya without subjective expert weights. The
results show that exposure risks depend on site-specific
factors rather than country-level contrasts. Kenyan sites
face uniform aero-hydrological risks from sloped
terrains, sprinkler irrigation, and residential proximity,
whereas Togolese perimeters present local hotspots due
to flat plots in immediate contiguity with fragile water
bodies and their proximity to water resources. While
overall vulnerability remains moderate, these distinct
transfer pathways require site-specific policies instead of
generic national guidelines. Mitigating risks demands
enforcing riverbank setbacks and vegetative buffers in
Togo, while prioritizing sprinkler drift reduction and
residential barriers in Kenya. Ultimately, this structural
index offers agricultural authorities an operational
screening tool to prioritize local field interventions and
support safe agroecological transitions in sub-Saharan
Affica.

Acknowledgements

The authors express their deep appreciation to the
MAINSTREAM coordination teams at JOOUST,
Kenya, and the University of Kara, Togo, for their
continuous support throughout this research project.

Funding: This research received no external funding.
Authors’ Contributions

Emmanuel Kombieni and Komla Sanda conceived and
designed the study. Emmanuel Kombieni carried out
literature reviews, data collection, and statistical
analyses. Komla Sanda and Gbénonchi Mawussi
provided supervision and scientific guidance. Emmanuel
Kombieni drafted the manuscript. All authors critically
reviewed, revised, and approved the final version of the
manuscript.

Competing Interests: The authors declare no conflicts

57

of interest related to the research conducted or the data
presented in this manuscript.

Data Availability

The datasets generated during and/or analyzed during the
current study are available from the corresponding
author on reasonable request.

Declarations

Ethical Approval Not applicable.
Consent to Participate Not applicable.
Consent to Publish Not applicable.

Conflict of Interest The authors declare no competing
interests.

References

Abdulai, M., Tanko, M., & Andani, A. (2025). Impact of
municipal wastewater use on urban and peri-urban
agricultural productivity: the endogenous treatment-
effects approach. World Development Sustainability,
6, 100224.
https://doi.org/10.1016/j.wds.2025.100224

Ashie, W. B., Awewomom, J., Ettey, E. N. Y. O., Opoku,
F., & Akoto, O. (2024). Assessment of irrigation
water quality for vegetable farming in peri-urban
Kumasi. Heliyon, 10(3), €24913.
https://doi.org/10.1016/j.heliyon.2024.e24913

Buonsenso, F. (2025). Scientific and Regulatory
Perspectives on Chemical Risk Assessment of
Pesticides in the European Union. Journal of
Xenobiotics, 15(5), 173.
https://doi.org/10.3390/j0x15050173

Chen, J., Zhao, L., Wang, B., He, X., Duan, L., & Yu, G.
(2024). Uncovering global risk to human and
ecosystem health from pesticides in agricultural
surface water using a machine learning approach.
Environment International, 194, 109154.
https://doi.org/10.1016/j.envint.2024.109154

Commelin, M. C., Baartman, J. E. M., Zomer, P., Riksen,
M., & Geissen, V. (2022). Pesticides are
Substantially Transported in Particulate Phase,
Driven by Land use, Rainfall Event and Pesticide
Characteristics—A Runoff and Erosion Study in a
Small Agricultural Catchment. Frontiers in
Environmental Science, 10.
https://doi.org/10.3389/fenvs.2022.830589



https://doi.org/10.1016/j.wds.2025.100224
https://doi.org/10.1016/j.heliyon.2024.e24913
https://doi.org/10.3390/jox15050173
https://doi.org/10.1016/j.envint.2024.109154
https://doi.org/10.3389/fenvs.2022.830589

Int.J.Curr.Microbiol. App.Sci (2026) 15(10): 47-61

Dabrowski, J., Peall, S., Vanniekerk, A., Reincke, A., Day,
J., & Schulz, R. (2002). Predicting runoff-induced
pesticide input in agricultural sub-catchment surface
waters:  linking  catchment  variables and
contamination. Water Research, 36(20), 4975-4984.
https://doi.org/10.1016/S0043-1354(02)00234-8

Damalas, C. A., & Eleftherohorinos, I. G. (2011). Pesticide
Exposure, Safety Issues, and Risk Assessment
Indicators. International Journal of Environmental
Research and Public Health 2011, Vol. 8, Pages
1402-1419, 8(5), 1402-1419.
https://doi.org/10.3390/IJERPH8051402

Damalas, C. A., & Koutroubas, S. D. (2016). Farmers’
Exposure to Pesticides: Toxicity Types and Ways of
Prevention. Toxics 2016, Vol. 4, Page 1, 4(1), 1.
https://doi.org/10.3390/TOXICS4010001

Das, U., & Behera, B. (2024). Geospatial assessment of
ecological vulnerability of fragile Eastern Duars
Forest integrating GIS-based AHP, CRITIC and
AHP-TOPSIS models. Geomatics, Natural Hazards
and Risk, 15(1).
https://doi.org/10.1080/19475705.2024.2330529

Dereumeaux, C., Fillol, C., Quenel, P., & Denys, S. (2020).
Pesticide exposures for residents living close to
agricultural lands: A  review. Environment
International, 134.
https://doi.org/10.1016/j.envint.2019.105210

Diakoulaki, D., Mavrotas, G., & Papayannakis, L. (1995).
Determining objective weights in multiple criteria
problems: The critic method. Computers &
Operations Research, 22(7), 763-770.
https://doi.org/10.1016/0305-0548(94)00059-H

Diédhiou, S. O., & Ndiaye, T. M. N. (2021).
Caractérisation des catégories d’espaces et
contribution du maraichage a la sécurité alimentaire
dans la ville de Ziguinchor au Sénégal.
http://rivieresdusud.uasz.sn/xmlui/handle/123456789
/1632

Dugger, Z., Halverson, G., McCrory, B., & Claudio, D.
(2022a). Principal Component Analysis in MCDM:
An exercise in pilot selection. Expert Systems with
Applications, 188, 115984.
https://doi.org/10.1016/j.eswa.2021.115984

Dugger, Z., Halverson, G., McCrory, B., & Claudio, D.
(2022b). Principal Component Analysis in MCDM:
An exercise in pilot selection. Expert Systems with
Applications, 188, 115984.
https://doi.org/10.1016/j.eswa.2021.115984

El Afandi, G., & Irfan, M. (2024). Pesticides Risk
Assessment Review: Status, Modeling Approaches,
and Future Perspectives. Agronomy, 14(10), 2299.
https://doi.org/10.3390/agronomy14102299

58

Field, A. P. (2005). Kendall’s Coefficient of Concordance.
In Encyclopedia of Statistics in Behavioral Science.
Wiley. https://doi.org/10.1002/0470013192.bsa327

Franceschini, F., & Maisano, D. (2021). Aggregating
multiple ordinal rankings in engineering design: the
best model according to the Kendall’s coefficient of
concordance. Research in Engineering Design,
32(1), 91-103. https://doi.org/10.1007/s00163-020-
00348-3

Galimberti, F., Bopp, S., Carletti, A., Catarino, R.,
Claverie, M., Florio, P., Ippolito, A., Jones, A.,
Marchetto, F., Olvedy, M., Pistocchi, A.,
Verhegghen, A., Van Der Velde, M., Vieira, D., &
d’Andrimont, R. (2024). From parcels to people:
development of a spatially explicit risk indicator to
monitor residential pesticide exposure in agricultural
areas. Scientific Reports, 15(1).
https://doi.org/10.1038/s41598-025-96928-1

Gosa, A. S. (2026). A Systematic Review of Irrigation
Water Quality, Vegetable Contamination, and Food

Safety Concerns in Peri-Urban Addis Ababa,
Ethiopia. Journal of Agribusiness and Rural
Development, 79(1).

https://doi.org/10.17306/].jard.2026.1.0003912

Guan, X., Guo, K., Zhang, R.,, & Han, X. (2024).
Unsupervised Identification for 2-Additive Capacity
by Principal Component Analysis and Kendall’s
Correlation Coefficient in Multi-Criteria Decision-
Making. Mathematics, 13(1), 23.
https://doi.org/10.3390/math13010023

Habran, S., Philippart, C., Van Bol, V., D’Andrimont, R.,
& Breulet, H. (2024). Quantifying residents’
exposure to agricultural pesticides using new
geospatial approaches. Heliyon, 10(22), e40050.
https://doi.org/10.1016/j.heliyon.2024.e40050

Hendriks, C. M. J., Gibson, H. S., Trett, A., Python, A.,
Weiss, D. J., Vrieling, A., Coleman, M., Gething, P.
W., Hancock, P. A., & Moyes, C. L. (2019).
Mapping Geospatial Processes Affecting the
Environmental Fate of Agricultural Pesticides in
Africa. International Journal of Environmental
Research and Public Health 2019, Vol. 16, Page
3523, 16(19), 3523.
https://doi.org/10.3390/IJERPH16193523

Herrero, C., & Villar, A. (2021). Group decisions from
individual rankings: The Borda—Condorcet rule.
European Journal of Operational Research, 291(2),
757-765. https://doi.org/10.1016/].ejor.2020.09.043

Howe, M. E., Essandoh, Y. E., Romanak, K., Xia, C.,
Alvarado, G. B., Bravo, G. S., Wasserman, M.,
Wiley, A. S., & Venier, M. (2025). Determinants of
pesticide exposure among girls in rural Costa Rica:
A silicone wristband study. Environmental



https://doi.org/10.1016/S0043-1354(02)00234-8
https://doi.org/10.3390/IJERPH8051402
https://doi.org/10.3390/TOXICS4010001
https://doi.org/10.1080/19475705.2024.2330529
https://doi.org/10.1016/j.envint.2019.105210
https://doi.org/10.1016/0305-0548(94)00059-H
http://rivieresdusud.uasz.sn/xmlui/handle/123456789/1632
http://rivieresdusud.uasz.sn/xmlui/handle/123456789/1632
https://doi.org/10.1016/j.eswa.2021.115984
https://doi.org/10.1016/j.eswa.2021.115984
https://doi.org/10.3390/agronomy14102299
https://doi.org/10.1002/0470013192.bsa327
https://doi.org/10.1007/s00163-020-00348-3
https://doi.org/10.1007/s00163-020-00348-3
https://doi.org/10.1038/s41598-025-96928-1
https://doi.org/10.17306/j.jard.2026.1.00039r2
https://doi.org/10.3390/math13010023
https://doi.org/10.1016/j.heliyon.2024.e40050
https://doi.org/10.3390/IJERPH16193523
https://doi.org/10.1016/j.ejor.2020.09.043

Int.J.Curr.Microbiol. App.Sci (2026) 15(10): 47-61

Pollution, 380,
https://doi.org/10.1016/j.envpol.2025.126577

Kanda, M., Wala, K., Batawila, K., Djaneye-Boundjou, G.,
Ahanchede, A., & Akpagana, K. (2009). Le
maraichage périurbain & Lomé : Pratiques culturales,
risques sanitaires et dynamiques spatiales. Cahiers
Agricultures, 18(4), 356-363.
https://doi.org/10.1684/agr.2009.0319

Kombieni, E., Magwanga, R. O., Sourassou, N. F., Andika,
D. O., Mawussi, G., & Sanda, K. (2026). A Cross-
Country Study on the Use and Regulatory
Frameworks of Highly Hazardous Pesticides in
Urban and Peri-Urban Horticulture: Evidence from
Togo and Kenya. International Journal of
Environmental Research, 20(4), 153.
https://doi.org/10.1007/s41742-026-01114-4

Kraska-Mlller, M. (2013). Nomnparametric Statistics for
Social and Behavioral Sciences. Chapman and
Hall/CRC. https://doi.org/10.1201/b16188

Lewis, K. A., Tzilivakis, J., Warner, D. J., & Green, A.
(2016). An international database for pesticide risk
assessments and management. Human and
Ecological Risk Assessment, 22(4), 1050-1064.
https://doi.org/10.1080/10807039.2015.1133242

Li, A., Zheng, G., Chen, N., Xu, W., Li, Y., Shen, F.,
Wang, S., Cao, G., & Li, J. (2022). Occurrence
Characteristics and Ecological Risk Assessment of
Organophosphorus Compounds in a Wastewater
Treatment Plant and Upstream Enterprises. Water
(Switzerland), 14(23), 3942.
https://doi.org/10.3390/W14233942/S1

Li, L. Y., Iwayemi, A., Li, F., Komives, T., & Chakrabarti,
T. (2010). Persistent  Organic  Pollutants:
Contaminated Site Investigation and Management
Toolkit. UNIDO  (United Nations Industrial
Development Organization). www.unido.org

Lorenz, S., Dominic, A. R., Stihler, M., Strassemeyer, J., &
Heinz, M. (2026). Event-driven monitoring reveals
multi-pesticide contamination of small standing
waters beyond adjacent de facto farming practice
risks. Hydrobiologia.
https://doi.org/10.1007/s10750-026-06130-1

Loughlin, T. M. M., Peluso, L., & Marino, D. J. G. (2017).
Pesticide impact study in the peri-urban horticultural
area of Gran La Plata, Argentina. Science of The
Total Environment, 598, 572-580.
https://doi.org/10.1016/j.scitotenv.2017.04.116

Marete, G. M., Lalah, J. O., Mputhia, J., & Wekesa, V. W.
(2021). Pesticide usage practices as sources of

126577.

occupational exposure and health impacts on
horticultural farmers in Meru County, Kenya.
Heliyon, 7(2).

https://doi.org/10.1016/j.heliyon.2021.e06118

59

Mazurek, J., & Strzatka, D. (2022). On the Monte Carlo
weights in multiple criteria decision analysis. PLOS
ONE, 17(10), ¢0268950.
https://doi.org/10.1371/journal.pone.0268950

Md Meftaul, 1., Venkateswarlu, K., Dharmarajan, R.,
Annamalai, P., & Megharaj, M. (2020). Pesticides in
the urban environment: A potential threat that
knocks at the door. Science of The Total
Environment, 711, 134612.
https://doi.org/10.1016/J.SCITOTENV.2019.134612

Megson, D., Reiner, E. J., Jobst, K. J., Dorman, F. L.,
Robson, M., & Focant, J.-F. (2016). A review of the
determination of persistent organic pollutants for
environmental forensics investigations. Analytica
Chimica Acta, 941, 10-25.
https://doi.org/10.1016/j.aca.2016.08.027

Mohammadi, M., & Rezaei, J. (2020). Ensemble ranking:
Aggregation of rankings produced by different
multi-criteria decision-making methods. Omega, 96,
102254.
https://doi.org/10.1016/j.omega.2020.102254

Msibi, S. S., Su, L. J., Chen, C. Y., Chang, C. P., Chen, C.
J., Wu, K. Y., & Chiang, S. Y. (2023). Impacts of
Agricultural Pesticide Contamination: An Integrated
Risk Assessment of Rural Communities of Eswatini.
Toxics, 11(9), 770.
https://doi.org/10.3390/TOXICS11090770/S1

Mukhametzyanov, I. (2021). Specific character of objective
methods for determining weights of criteria in
MCDM problems: Entropy, CRITIC and SD.
Decision Making: Applications in Management and
Engineering, 4(2), 76-105.
https://doi.org/10.31181/dmame210402076i1

Navarro, M., Mac Loughlin, T. M., Alonso, L. L., Ramos,
M., Miglioranza, K., & Apartin, C. (2026). Co-
occurrence of ionophore polyether antibiotics and
pesticides in peri-urban horticultural streams: multi-
matrix monitoring, partitioning, and risk assessment.
Chemosphere, 396, 144861.
https://doi.org/10.1016/j.chemosphere.2026.144861

Obour, P. B., Ntajal, J., Owusu, K., Mak-Mensah, E.,
Tuffour, M., Niang, O., & Kwang, C. (2025). Soil
and water conservation practices and challenges in
vegetable farming: A case study of urban and
peri-urban Accra, Ghana. Urban Agriculture &
Regional Food Systems, 10(1).
https://doi.org/10.1002/uar2.70025

Ochoa-Cueva, P. A., Arteaga, J., Arévalo, A. P., & Kolok,
A. S. (2021). A potential pesticides exposure index
(PPEI) for developing countries: Applied in a
transboundary basin. [Integrated Environmental
Assessment and Management, 18(1), 187-197.
https://doi.org/10.1002/ieam.4470



https://doi.org/10.1016/j.envpol.2025.126577
https://doi.org/10.1684/agr.2009.0319
https://doi.org/10.1007/s41742-026-01114-4
https://doi.org/10.1201/b16188
https://doi.org/10.1080/10807039.2015.1133242
https://doi.org/10.3390/W14233942/S1
http://www.unido.org/
https://doi.org/10.1007/s10750-026-06130-1
https://doi.org/10.1016/j.scitotenv.2017.04.116
https://doi.org/10.1016/j.heliyon.2021.e06118
https://doi.org/10.1371/journal.pone.0268950
https://doi.org/10.1016/J.SCITOTENV.2019.134612
https://doi.org/10.1016/j.aca.2016.08.027
https://doi.org/10.1016/j.omega.2020.102254
https://doi.org/10.3390/TOXICS11090770/S1
https://doi.org/10.31181/dmame210402076i
https://doi.org/10.1016/j.chemosphere.2026.144861
https://doi.org/10.1002/uar2.70025
https://doi.org/10.1002/ieam.4470

Int.J.Curr.Microbiol. App.Sci (2026) 15(10): 47-61

Odu, G. 0. (2019). Weighting methods for multi-criteria
decision making technique. Journal of Applied
Sciences and Environmental Management, 23(8),
1449. https://doi.org/10.4314/jasem.v23i8.7

Onyando, Z. O., Omukunda, E., Okoth, P., Khatiebi, S.,
Omwoma, S., Otieno, P., Osano, O., & Lalah, J.
(2023). Screening and Prioritization of Pesticide
Application for Potential Human Health and
Environmental Risks in Largescale Farms in
Western Kenya. Agriculture 2023, Vol. 13, Page
1178, 13(6), 1178.
https://doi.org/10.3390/AGRICULTURE13061178

PAN. (2024). PAN International List of Highly Hazardous
Pesticides. 7th Edition, Dec 2024, Pesticide Action
Network International.
efaidnbmnnnibpcajpcglclefindmkaj/https://pan-
international.org/wp-content/uploads/PAN-
Consolidated-List-ExplanatoryNote-

2024 FINAL.pdf

Pappalardo, S. E., Ferrarese, F., Pizarro, P. M., Loddo, D.,
& De Marchi, M. (2022). Pesticide contamination of
freshwater ecosystems: mapping vulnerable areas
and mitigation scenarios in the Prosecco DOCG
wine production area. Environmental Research
Letters, 17(10), 104037.
https://doi.org/10.1088/1748-9326/ac939¢

Parker, L., Bourgoin, C., Martinez-Valle, A., & Laderach,
P. (2019). Vulnerability of the agricultural sector to
climate change: The development of a pan-tropical
Climate Risk Vulnerability Assessment to inform
sub-national decision making. PLOS ONE, 14(3),
e0213641.
https://doi.org/10.1371/journal.pone.0213641

Pretty, J., & Bharucha, Z. P. (2015). Integrated Pest
Management for Sustainable Intensification of
Agriculture in Asia and Africa. Insects 2015, Vol. 6,
Pages 152-182, 6(1), 152-182.
https://doi.org/10.3390/INSECTS6010152

Reus, J., Leendertse, P., Bockstaller, C., Fomsgaard, I.,
Gutsche, V., Lewis, K., Nilsson, C., Pussemier, L.,
Trevisan, M., van der Werf, H., Alfarroba, F.,
Blimel, S., Isart, J., McGrath, D., & Seppild, T.

(2002). Comparison and evaluation of eight
pesticide environmental risk indicators developed in
Europe and recommendations for future use.

Agriculture, Ecosystems & Environment, 90(2),
177-187. https://doi.org/10.1016/S0167-
8809(01)00197-9

Rossetto, R., Sabbatini, T., & Silvestri, N. (2020).
Assessing  Specific  Vulnerability of Shallow
Aquifers to Pesticide Using GIS Tools. Data Needs
and Reliability of Index-Overlay Methods: An
Application to the San Giuliano Terme Agricultural

60

Area (Pisa, [Italy). Agronomy, 10(7), 985.
https://doi.org/10.3390/agronomy10070985

Ryberg, K. R., & Gilliom, R. J. (2015). Trends in pesticide
concentrations and use for major rivers of the United
States. Science of The Total Environment, 538, 431—
444,
https://doi.org/10.1016/J.SCITOTENV.2015.06.095

Saari, D. G. (2023). Selecting a voting method: the case for
the Borda count. Constitutional Political Economy,
34(3), 357-366. https://doi.org/10.1007/s10602-022-
09380-y

Schifer, R. B., Liess, M., Altenburger, R., Filser, J.,
Hollert, H., RoB-Nickoll, M., Schiffer, A., &
Scheringer, M. (2019). Future pesticide risk
assessment: narrowing the gap between intention
and reality. Environmental Sciences Europe, 31(1),
1-5. https://doi.org/10.1186/S12302-019-0203-
3/FIGURES/1

Slaby, S., Catteau, A., Le Cor, F., Cant, A., Dufour, V.,
Turétig, A., Turies, C., Palluel, O., Bado-Nilles, A.,
Bonnard, M., Cardoso, O., Dauchy, X., Porcher, J.
M., & Banas, D. (2023). Chemical occurrence of
pesticides and transformation products in two small
lentic waterbodies at the head of agricultural
watersheds and biological responses in caged
Gasterosteus aculeatus. Science of The Total
Environment, 904, 166326.
https://doi.org/10.1016/J.SCITOTENV.2023.166326

Solomon, K., Giesy, J., & Jones, P. (2000). Probabilistic
risk assessment of agrochemicals in the
environment. Crop Protection, 19(8-10), 649-655.
https://doi.org/10.1016/S0261-2194(00)00086-7

Tachie-Menson, J. W., Owusu, C., Yeboah, F. K., Odoi-
Yorke, F., Abbey, A. A., Ackah, F. K., & Darko, R.
0. (2025). Environmental impact of pesticide runoff
in irrigated agriculture: evidence from Gomoa West
field, Ghana. Discover Environment, 3(1), 105.
https://doi.org/10.1007/s44274-025-00268-w

Taiba, J., Beseler, C., Kolok, A., Zahid, M., Bartelt-Hunt,
S., & Rogan, E. (2025). Risk-based mapping of
pesticide usage and social vulnerability in the
contiguous United States. BMC Public Health,
26(1), 225. https://doi.org/10.1186/s12889-025-
25277-5

Tang, X., Zhu, B., & Katou, H. (2012). A review of rapid
transport of pesticides from sloping farmland to
surface waters: Processes and mitigation strategies.
Journal of Environmental Sciences, 24(3), 351-361.
https://doi.org/10.1016/S1001-0742(11)60753-5

Tanim, A. H., Goharian, E., & Moradkhani, H. (2022).
Integrated socio-environmental vulnerability
assessment of coastal hazards using data-driven and
multi-criteria  analysis  approaches.  Scientific



https://doi.org/10.4314/jasem.v23i8.7
https://doi.org/10.3390/AGRICULTURE13061178
https://doi.org/10.1088/1748-9326/ac939e
https://doi.org/10.1371/journal.pone.0213641
https://doi.org/10.3390/INSECTS6010152
https://doi.org/10.1016/S0167-8809(01)00197-9
https://doi.org/10.1016/S0167-8809(01)00197-9
https://doi.org/10.3390/agronomy10070985
https://doi.org/10.1016/J.SCITOTENV.2015.06.095
https://doi.org/10.1007/s10602-022-09380-y
https://doi.org/10.1007/s10602-022-09380-y
https://doi.org/10.1186/S12302-019-0203-3/FIGURES/1
https://doi.org/10.1186/S12302-019-0203-3/FIGURES/1
https://doi.org/10.1016/J.SCITOTENV.2023.166326
https://doi.org/10.1016/S0261-2194(00)00086-7
https://doi.org/10.1007/s44274-025-00268-w
https://doi.org/10.1186/s12889-025-25277-5
https://doi.org/10.1186/s12889-025-25277-5
https://doi.org/10.1016/S1001-0742(11)60753-5

Int.J.Curr.Microbiol. App.Sci (2026) 15(10): 47-61

Reports, 12(1),
https://doi.org/10.1038/s41598-022-15237-7

Teysseire, R., Manangama, G., Baldi, 1., Carles, C.,
Brochard, P., Bedos, C., & Delva, F. (2021).
Determinants of non-dietary exposure to agricultural
pesticides in populations living close to fields: A
systematic review. Science of The Total
Environment, 761, 143294,
https://doi.org/10.1016/j.scitotenv.2020.143294

Thomas, A., Alpha, A., Barczak, A., & Zakhia-Rozis, N.
(2024). Durabilite des systemes pour la sécurité
alimentaire. Combiner les approches locales et
globales. (Que). Synthéses.

Tuffour, M., Sedegah, D. D., & Asiama, R. K. (2023).
Seasonal water sources at irrigated urban vegetable
production sites in Ghana. lrrigation and Drainage,
72(3), 864-879. https://doi.org/10.1002/ird.2814

Weiss, F. T., Ruepert, C., Echeverria-Saenz, S., Eggen, R.
I. L., & Stamm, C. (2023). Agricultural pesticides
pose a continuous ecotoxicological risk to aquatic
organisms in a tropical horticulture catchment.
Environmental Advances, 11, 100339.
https://doi.org/10.1016/j.envadv.2022.100339

Wu, R. M. X,, Zhang, Z., Yan, W, Fan, J., Gou, J., Liu, B.,
Gide, E., Soar, J., Shen, B., Fazal-e-Hasan, S., Liu,
Z., Zhang, P., Wang, P., Cui, X., Peng, Z., & Wang,
Y. (2022). A comparative analysis of the principal
component analysis and entropy weight methods to

11625.

establish the indexing measurement. PLOS ONE,
17(1), €0262261.
https://doi.org/10.1371/journal.pone.0262261

Yera, A. M. B., & Vasconcellos, P. C. (2021). Pesticides in
the atmosphere of urban sites with different
characteristics. Process Safety and Environmental
Protection, 156, 559-567.
https://doi.org/10.1016/J.PSEP.2021.10.049

Yorlano, M. F., Demetrio, P. M., & Rimoldi, F. (2022).
Riparian strips as attenuation zones for the toxicity
of pesticides in agricultural surface runoff: Relative
influence of herbaceous vegetation and terrain slope
on toxicity attenuation of 2,4-D. Science of The
Total Environment, 807, 150655.
https://doi.org/10.1016/j.scitotenv.2021.150655

Zezza, A., & Tasciotti, L. (2010). Urban agriculture,
poverty, and food security: Empirical evidence from
a sample of developing countries. Food Policy,
35(4), 265-273.
https://doi.org/10.1016/j.foodpol.2010.04.007

Zhou, W., Li, M., & Achal, V. (2025). A comprehensive
review on environmental and human health impacts
of  chemical pesticide usage. Emerging
Contaminants, 11(1), 100410.
https://doi.org/10.1016/J. EMCON.2024.100410

How to cite this article:

Emmanuel Kombieni, Essolakina Magnim Bokobana, Richard Odongo Magwanga, Atti Tchabi, Agnassim Banito,
Gbénonchi Mawussi and Komla Sanda. 2026. Multi-Criteria Modeling of Environmental Vulnerability to Intensive
Pesticide Use: A Comparative Analysis of Urban and Peri-Urban Horticultural Systems in Togo and Kenya.
Int.J.Curr.Microbiol. App.Sci. 15(10): 47-61. doi: https://doi.org/10.20546/ijcmas.2026.1510.006

61



https://doi.org/10.1038/s41598-022-15237-z
https://doi.org/10.1016/j.scitotenv.2020.143294
https://doi.org/10.1002/ird.2814
https://doi.org/10.1016/j.envadv.2022.100339
https://doi.org/10.1371/journal.pone.0262261
https://doi.org/10.1016/J.PSEP.2021.10.049
https://doi.org/10.1016/j.scitotenv.2021.150655
https://doi.org/10.1016/j.foodpol.2010.04.007
https://doi.org/10.1016/J.EMCON.2024.100410
https://doi.org/10.20546/ijcmas.2026.1510.006

	Multi-Criteria Modeling of Environmental Vulnerability to Intensive Pesticide Use: A Comparative Analysis of Urban and Peri-Urban Horticultural Systems in Togo and Kenya
	ABSTRACT
	Introduction
	Materials and Methods
	Study area
	Data Collection
	Statistical framework for multi-criteria modeling
	Multi-criteria rank aggregation and consensual vulnerability classification
	Results and Discussion
	Hydrological characteristics and irrigation techniques
	Topography and territorial proximity indicators
	Multi-criteria analysis and vulnerability mapping
	Figure.1 Principal Component Analysis (PCA) of environmental risk descriptors.
	Figure.2 Spatial distribution and territorial mapping of environmental vulnerability classes across horticultural sites in Kenya.
	Figure.3 Spatial distribution and territorial mapping of environmental vulnerability classes across horticultural sites in Togo.
	Table.1 Hydrographic factors and plot irrigation techniques in Kenyan and Togolese horticultural systems.
	Table.2 Topography, localization zone, and proximity factors of horticultural production sites.
	Table.3 Operational scoring matrices, safety classifications, and scientific justifications for the six environmental vulnerability parameters integrated into the entropy, CRITIC, and principal component analysis models

	Acknowledgements
	Authors’ Contributions
	Data Availability
	Declarations
	References

