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Abstract Urban pests have become increasingly challenging to manage in this era due to high levels of
insecticide resistance and the decreased availability of sustainable products. Easily accessible DIY
insecticides also contribute to the buildup of insecticide resistance due to their low efficacy and the increased
selection pressure they create. There is significant public demand for low-risk insecticides and other
sustainable alternative technologies. This presentation will highlight environmentally friendly alternatives
and explore the future potential for their use in urban pest control and resistance management.
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INTRODUCTION

The pest control industry heavily relies on insecticides for urban pest management. However,
persistent and prolonged use of these chemicals has caused several species to develop high levels
of resistance to multiple classes of insecticides (Lee et al., 2018; Gondhalekar and Scharf, 2021).
In particular, bed bugs and German cockroaches have presented significant challenges due to
widespread reports of insecticide resistance globally (Romero, 2018; Scharf and Gondhalekar,
2021). Additionally, residents often use various DIY insecticide products, which have worsened
resistance issues (Gordon et al., 2024).

Multiple mechanisms are involved in insecticide resistance such as target site
insensitivity, elevated enzyme activity, cuticle thickening, and behavioral resistance (Romero,
2018; Scharf and Gondhalekar, 2021). To address and manage insecticide resistance in
cockroaches and bed bugs, integrated pest management (IPM) strategies are recommended.
These include physical or non-chemical control measures, environmentally friendly botanical
chemicals and desiccants, the use of synergists, and insecticide rotation with different modes of
action. Below are some of the commonly used and proven environmentally friendly alternatives
for bed bug and cockroach control.

DISCUSSION
Plant essential oils and their derived compounds have demonstrated promising results against
bed bugs and cockroaches in laboratory experiments. Gaire et al. (2019, 2020) showed that both
essential oils and their derived compounds can kill susceptible and pyrethroid-resistant bed bugs.
Furthermore, Gaire et al. (2021) found that essential oils can restore pyrethroid toxicity by
inhibiting cytochrome P450 enzymes in highly resistant bed bugs. However, despite the known
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toxicities of essential oils, only a few market products have proven effective against bed bugs
(Singh et al., 2014), indicating the need for robust research and development.

Essential oils have also been shown to be toxic to various cockroach species, including
Turkestan and German cockroaches (Phillips et al., 2010; Gaire et al., 2017). Additionally,
certain essential oils exhibit repellency against both bed bugs and cockroaches (Gonzalez-
Morales et al., 2021; Gaire et al., 2017; Appel et al., 2001).

Heat treatments are a widely used control method for bed bugs globally (Kells, 2018).
Bed bugs are highly susceptible to heat, whether through whole-home heating, localized
compartment heating, or steam treatments. However, high heat treatments can negatively affect
buildings and household items (Kells, 2018; Puckett et al., 2013; Wang et al., 2018). Freezing
temperatures can also kill bed bugs, but their efficacy has been inconsistent in existing products
(Kells, 2018). While both heat and cold can kill cockroaches, their use has not been as
extensively studied or implemented compared to bed bug treatments (Gondhalekar et al., 2021).

Gaseous treatments, such as carbon dioxide (CO2), ozone, and ultra-low oxygen, have
shown effectiveness against bed bugs in small compartments (Wang et al., 2012; Feston et al.,
2012; Liu and Haynes, 2016). However, their large-scale application remains challenging due to
side effects, and similar limitations apply to their use for cockroach control.

Desiccant dusts containing agents such as silica and diatomaceous earth are popular for
bed bug and cockroach control. These products degrade the insect cuticle and accelerate water
loss (Singh et al., 2016; Scharf and Gondhalekar, 2021). Mechanical or physical control
methods, such as vacuuming, trapping, and physical removal, are also effective for managing
bed bugs and cockroaches (Wang and Bennett, 2006; Wang et al., 2011). Traps are particularly
useful for monitoring and removing pests, as well as reducing allergens from pest feces and
exuviae (Gondhalekar et al., 2021; Kells, 2018).

Emerging concepts, such as microbiome and genetic approaches, have been studied
extensively in recent decades for controlling various urban pests including bed bugs and
cockroaches (Doggett et al., 2018; Wang et al., 2021). Entomopathogenic fungi have shown
efficacy against these pests (Barbarin et al., 2012; Ulrich et al., 2014; Zhang et al., 2021). For
example, a product based on Beauveria bassiana has gained popularity for bed bug control,
although its large-scale implementation faces challenges related to precise use, handling, and
cost.

RNA interference (RNAi) methods have also been employed to knock down genes
associated with resistance development in bed bugs and cockroaches (Romero, 2018; Scharf and
Gondhalekar, 2021). However, no products based on RNAi are commercially available yet, and
regulatory policies for indoor use remain unclear (Doggett et al., 2018; Scharf and Gondhalekar,
2021; Gondhalekar et al., 2021).

In conclusion, several studies have demonstrated the effectiveness of alternative control
methods for both susceptible and resistant bed bugs and German cockroaches. Incorporating
these methods into IPM strategies can help reduce the overuse of synthetic pesticides, ultimately
mitigating urban pest pressures and insecticide resistance issues.
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