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Abstract

Inefficient, improper design and management of drainage systems in urban areas caused the water to be stagnant,
which creates a favorable environment for mosquito breeding. By increasing mosquito breeding, malaria,
dengue, and other mosquito-borne diseases are growing in society and cause serious human health hazards,
leading to the loss of lives. This study identified the most influential parameters related to drainage
infrastructure, water quality, and environmental factors for preventing mosquito breeding in the urban drainage
system. Water quality parameters (Turbidity, Temperature, TDS, pH, DO, etc), drainage parameters (sediment
accumulation, clogging, flow rate, etc.), and environmental factors like lighting, temperature, were considered as
key parameters in this study. A systematic literature review was conducted based on the selection of 30 papers
through screening of 100 journal papers. The review results show that it is possible to significantly reduce the
risk of mosquito breeding through ensuring regular water flow, maintaining water quality, appropriate design and
maintenance of drainage structures, and a sensor-based monitoring system. The results of this research will be
helpful for designing future smart drainage systems, which can automatically analyze environmental factors to
predict mosquito breeding conditions and check the initial measures to prevent their breeding.
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1 Introduction

Urban drainage systems play a vital role in managing stormwater runoff and maintaining environmental cleanliness, directly
impacting public health by preventing vector-borne diseases. When these systems malfunction or become clogged, stagnant
water accumulates, providing ideal breeding habitats for mosquitoes responsible for diseases such as dengue, malaria, and
chikungunya (Hana et al., 2016; Quijano & Bafiados, 2024). Rapid urbanization in Bangladesh and other developing
countries has exacerbated drainage infrastructure challenges, including inadequate maintenance, structural weaknesses, and
contamination buildup (Ashraf & Chowdhury, 2009). These problems contribute to frequent waterlogging in urban areas,
which promotes the proliferation of mosquito larvae and adult mosquitoes. Mosquitoes predominantly breed in stagnant or
slow-moving waters where chemical and physical properties — such as pH, dissolved oxygen, nutrient content, and organic
matter — significantly influence their reproductive success and larval development (Seidahmed & Eltahir, 2016; Lequechane
et al., 2024). Optimal breeding conditions are typically found in water with neutral to slightly alkaline pH and nutrient
enrichment, commonly resulting from poor drainage management and pollution (Bhattacharya & Basu, 2016; Moglia et al.,
2016). Structural deficiencies, including clogged drains and damaged manholes, create persistent microhabitats conducive to
mosquito breeding, thereby intensifying vector control difficulties (Jackson et al., 2009).

Addressing these challenges requires innovative and sustainable drainage solutions. Smart drainage systems integrating real-
time monitoring, sensor networks, and Geographic Information Systems (GIS) offer promising approaches to identify and
mitigate mosquito breeding sites effectively (Hana et al., 2016). However, most previous studies have focused on isolated
factors such as water chemistry or flow condition. This review integrates drainage quality, water quality, and environmental
factors to identify the most influential parameters affecting mosquito breeding.

2 Methodology

In order to identify the influential parameters that govern mosquito breeding in drainage systems and to
determine their ideal ranges for designing smart drainage, a systematic literature review was undertaken. The
methodology consisted of four main steps: (i) search strategy, (ii) inclusion criteria and selection process, (iii)
data collection, and (iv) data analysis.
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2.1 Search Strategy

A structured protocol was adopted to perform a comprehensive literature search. Based on the objectives of this
study, electronic databases including Google Scholar, ScienceDirect, Web of Science, PubMed, and ASCE
Research Library were searched for relevant publications from 2000 to 2024. The primary search keywords
included: “mosquito breeding parameters,” “drainage water quality and mosquitoes,” “stagnant water and vector
ecology,” “mosquito larvae and physico-chemical factors,” “urban drainage and mosquito control,” and
“environmental factors influencing mosquito breeding.”

ELINNT3

2.2 Inclusion Criteria and Selection Process

The review was restricted by a set of inclusion criteria to ensure that only relevant and high-quality studies were
considered. A publication was included if it satisfied the following conditions:

e Published in peer-reviewed journals, full-length, in English.

e  Published within the timeframe of 2000-2024.

e Focused on mosquito breeding, habitat suitability, or drainage water quality parameters.

e Provided quantitative or qualitative data on physical, chemical, biological, or hydrological factors
influencing mosquito breeding.
Included experimental, field-based, or observational studies.

Initially, 100 papers were identified using the above search strategy. During screening, titles and abstracts were
reviewed, and studies that did not explicitly address mosquito breeding or drainage-related parameters were
excluded. After this process, 70 studies remained. Upon detailed examination, 40 papers were excluded due to
insufficient data or lack of parameter-specific analysis. Finally, 30 papers were selected for in-depth review and
analysis.

The entire selection process was carried out systematically, and discrepancies in inclusion decisions were
resolved through full-text evaluation. A flow diagram of the selection process is provided (Figure 1).

r Literatures identified through database searching (n = 100)
‘ ¥
After title & abstract screening (n = 70)
¥
After excluding literatures \{vith insufficient data (n = 40)
v
Literatures included in final review (n = 30)

Figure 1: Flow diagram for the systematic literature search
2.3 Data Collection

From the selected 30 studies, relevant data were systematically extracted. The key information included:
e Physical parameters: water depth, flow velocity, drainage geometry, presence of vegetation, surface
condition.
e Water quality parameters: pH, temperature, dissolved oxygen (DO), turbidity, total suspended solids
(TSS), organic matter, ammonia, nitrates, phosphates, salinity.
e Drainage quality parameters: frequency of cleaning, solid waste accumulation, siltation, clogging,
and structural design features influencing stagnation.
o Biological parameters: presence of predators, microbial communities, and vegetation types that
influence mosquito larvae survival.
Each study was reviewed independently, and data were tabulated for cross-comparison.
2.4 Data Analysis

The analysis focused on identifying the ideal ranges of parameters that favor or hinder mosquito breeding.
Reported values were compiled and averaged, using mean or median where necessary. A comparative
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assessment classified each parameter as conducive or restrictive to mosquito breeding. To determine the most
influential parameters, an Average Percentage was calculated by dividing the sum of all reported percentages by
the total number of data points. Parameters with higher AP values were considered more influential.

3 Results & Discussion

The research highlights that mosquito breeding in urban drainage systems is driven by a combination of water
quality, environmental factors and drainage system conditions. Larvae were found to thrive in stagnant water
with neutral to slightly alkaline pH (6.5-8.2), peaking around 7.0-7.6 with survival rates up to 98% (Figure 2).
Dissolved oxygen (DO) showed species-specific influence, as Anopheles mosquitoes preferred moderately low
oxygen levels (<5 mg/L) (Figure 6). High biochemical oxygen demand (BOD) and chemical oxygen demand
(COD), indicators of organic pollution, promoted mosquito proliferation by increasing nutrient availability
(Figures 3 & 4). Furthermore, high turbidity and total dissolved solids (TDS), often resulting from organic
pollution, create suitable habitats by providing food sources and protection for larvae (Figures 9 & 10). Water
temperature between 26 °C and 32 °C was observed as optimal for larval development (Figure 8), while
vegetation and shaded areas provided favorable cool, humid environments (Figure 11). Sediment accumulation
in low-slope drains further exacerbates the problem by promoting stagnation (Figure 7). Flow rate also played a
vital role: larval survival was highest at 1 kgal/min and dropped to zero beyond 16 kgal/min (Figure 5),
confirming that stagnant flow favors breeding. These observations emphasize that maintaining an efficient
drainage slope and regular cleaning are essential for minimizing breeding habitats and controlling disease
transmission.

In order to determine the most influential parameter, a comparative ranking was performed (Figure-12). For each
parameter, all percentage values obtained from the literature were summed and then divided by the total number
of values. The formula applied is:
»P
AP="

N
Where,

® AP = Average Percentage of parameter
® P = Sum of all percentage values obtained for the parameter
® N = Number of values considered

Effect of pH on Mosquito Larvae Survival

pH Level

Figure 2: Effect of pH on Figure 3: Effect of BOD on Figure 4: Effect of COD on
Mosquito Larvae Survival Mosquito Breeding Mosquito Breeding

Effect of Sediment Accumulation Mosquito Breeding

Effect of DO on Mosquito Breeding

Figure 5: Effect of Flow Rate on Figure 6: Effect of DO on Figure 7: Effect of Sediment
Mosquito Breeding Mosquito Breeding Clogging on Mosquito Breeding
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Figure 12: Comparative Ranking of Parameters Influencing Mosquito Breeding

Based on this approach, pH was found to be the highest average percentage value so that we can say pH is the
most influencial parameter for mosquito breeding in urban drainage system

4 Conclusion

This review highlights a strong interconnection between drainage quality, water quality, and mosquito breeding.
Poorly maintained drains with stagnant water create ideal habitats for larvae and increase the spread of mosquito-
borne diseases. Key water quality factors like pH, dissolved oxygen, temperature, and organic matter directly
influence mosquito survival and growth. Implementing integrated strategies like proper drainage maintenance,
optimized water flow, and pollution control can significantly control mosquito proliferation. Furthermore,
integrating 10T sensors, real-time analysis, and GIS mapping into drainage systems offers a pathway toward
smarter, more efficient, and sustainable urban health management. Future work will focus integrating sensor-

based monitoring and GIS tools to design smart drainage systems that automatically detect and prevent mosquito
breeding.
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