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Abstract: Maintaining a clean and sterile environment in microbiological laboratories is critical for ensuring the validity and
reliability of research outcomes. Traditional cleaning methods may not fully address the risk of contamination from airborne
particles or human contact. This paper presents an integrated approach that combines routine fumigation protocols with rigorous
personal hygiene screening to enhance cleanliness and minimize potential sources of contamination. Fumigation, using agents
such as hydrogen peroxide or ozone, effectively reduces microbial burden in laboratory settings. Personal hygiene screening
involves assessing individuals for compliance with laboratory attire protocols and conducting microbiological swab tests to detect
microbial growth on hands, lab coats, and surfaces. The study demonstrates the effectiveness of these protocols in maintaining
cleanliness over a three-month period, with no microbial growth detected in fumigated areas and minimal contamination found
through personal hygiene checks. While these measures require financial resources and may disrupt workflow, their
implementation offers significant benefits in reducing contamination risks and ensuring the safety of laboratory staff. Continuous
evaluation and optimization of these integrated strategies are essential for maintaining high standards of cleanliness and

minimizing the risk of experimental contamination.
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Introduction

In microbiological laboratories, particularly in cleanrooms,
upholding stringent cleanliness standards is imperative to ensure
the accuracy and reliability of research outcomes®. While
traditional cleaning methods involving disinfectants and manual
wiping are fundamental, they may not entirely eliminate the risk of
contamination from airborne particles or human contact?.
Integrating routine fumigation protocols alongside rigorous
personal hygiene screening offers a comprehensive approach to
bolster cleanroom maintenance and minimize potential sources of
contamination®.

Fumigation, a technique employing gases to cleanse or purify a
space by destroying germs, is commonly utilized in cleanrooms*®,
Agents such as hydrogen peroxide, ozone, or chlorine dioxide are
frequently employed for this purpose®’. Conversely, personal
hygiene screening entails assessing the cleanliness of individuals
entering or working in cleanrooms, encompassing visual
inspections, gowning procedures, and the use of sanitizers and
disinfectant wipes®. The overarching goal is to diminish the
introduction of contaminants from personnel into the cleanroom
environment®°,

In the pursuit of maintaining a sterile and contamination-free
environment within microbiological laboratories, the integration of
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comprehensive fumigation protocols with robust personal hygiene
screening measures has become paramount'™, Cleanroom
integrity is crucial, as these controlled environments underpin
sensitive microbiological analyses and experiments. Existing
research underscores the persistent presence of various pathogens
on surfaces, emphasizing meticulous contamination control®.
Particularly in healthcare settings, where infectious disease
outbreaks have been associated with fomite-mediated transmission,
this is of utmost importance'**®. Moreover, the built environment,
including frequently touched surfaces like doorknobs and
countertops, serves as a critical vector for microbial exchange
between humans and their surroundings®®.

To address these concerns effectively, implementing robust
fumigation protocols alongside stringent personal hygiene
screening offers a holistic solution. Fumigation, involving the
disinfection of enclosed spaces through gaseous chemicals, has
proven effective in mitigating airborne pathogens and reducing
surface-oriented infectious fomites. Augmenting this approach
with comprehensive personal hygiene screening, encompassing
monitoring of hand hygiene and protective gear compliance,
further enhances the cleanliness of the laboratory environment.
This combined strategy plays a pivotal role in achieving and
maintaining the high cleanliness standards requisite for aseptic
operations. Regular monitoring and adherence to established
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protocols are imperative for the successful implementation of these
techniques.

Materials & Method

Fumigation Procedure:

To commence the fumigation procedure, it is imperative to ensure
the closure of all doors and the cessation of the air handling unit
(AHU) at least 10 minutes prior to commencing the fogging
process. The fogging solution, comprising a blend of silver oxide,
glycerin, and distilled water in a ratio of 1:50:50, must be
meticulously prepared and loaded into the fogging apparatus.
Activating the blower initiates the generation of fine mists by the
foggers. The fogging process should be sustained in the designated
area until an ample quantity of fog is dispersed, following which
the procedure can be extended to adjacent sections.

Post-fumigation, it is imperative to maintain the sealed state of the
area for a minimum duration of 6 hours. The frequency of the
fumigation cycle is contingent upon the classification of the clean
room utilized. For optimal cleanliness maintenance, it is advisable
to execute fumigation procedures once a week to uphold a pristine
environment, particularly in Grade C clean rooms.

Manual cleaning of the room surfaces:

Daily manual cleaning of clean room areas is essential to uphold
sanitation standards. Personnel conducting cleaning activities must
adhere to proper personal protective equipment (PPE) protocols to
ensure their safety. Cleaning solutions such as 5% sodium
hypochlorite and 5% Lysol solutions are alternately employed for
effective sanitation. All cleaning equipment and materials utilized
should undergo thorough sterilization processes to prevent cross-
contamination and maintain cleanliness standards.

Bioburden:
Settling Plate Method:

Utilizing the settling plate method entails the strategic placement
of multiple sets of sterile Soya bean casein digestive media within
petri dishes of 90mm diameter across various clean zones in a
randomized fashion. Under aseptic conditions, the petri dishes are
exposed for designated durations: 2 hours for Grade C and D
environments, and 30 minutes within Pass Boxes (Grade A).
Following exposure, the petri dishes are securely covered and
incubated in an incubator set at 37°C for 18 to 24 hours to facilitate
the growth of bacteria and fungi. Additionally, an incubation
period of one week at room temperature is employed. Over the

Table 1: Visual Inspection

course of seven days, the growth on the petri dishes is monitored,
with Colony Forming Units (CFU) per Petri dish counted and
averaged to assess the cleanliness of the respective environment.

Personal hygiene Checking

Personal hygiene checking encompasses various measures to
uphold stringent cleanliness standards within microbiological
laboratories. Visual Inspection involves the meticulous observation
of personnel for any signs of skin lesions, open wounds, or non-
compliance with laboratory attire protocols. This visual assessment
ensures that individuals adhere to proper hygiene practices and
minimize the risk of introducing contaminants into the laboratory
environment. Additionally, the Microbiological Swab Test is
routinely conducted to assess the microbial load on hands, lab
coats, and potentially contaminated surfaces. Through regular
swabbing and subsequent analysis, microbial growth can be
detected and addressed promptly, further enhancing the overall
hygiene standards and mitigating the risk of contamination. These
comprehensive measures underscore the importance of personal
hygiene in maintaining the integrity of microbiological laboratories
and safeguarding research outcomes.

Results

The clean rooms underwent a fumigation process after being
completely sealed off. Subsequently, the Settle Plate method was
employed to assess the bio burden in these rooms, with results
shown in Table 3. Figure 1 illustrates the bacterial and fungal
average colony-forming units (CFU) per petri dish for each week.
No microbial growth was detected on the Petri dishes after the
designated incubation period.

To evaluate personal hygiene, visual inspections (Table 1) and
microbiological swab tests (Table 2) were conducted. Visual
inspections revealed no evidence of skin lesions, open wounds, or
breaches in lab attire throughout the study period. Similarly,
microbiological swab tests of hands, footwear, and lab coats
showed no microbial growth, indicating strict adherence to
personal hygiene practices.

This study demonstrated the effective maintenance of the clean
rooms over a three-month period, from March 1, 2024, to May 31,
2024. The absence of microbial growth in both settle plate method
assessments and microbiological swab tests underscores the
success of the implemented cleaning and hygiene protocols in
maintaining a sterile environment conducive to microbiological
research.

Week Name Lab Attires Skin Lesions Open Wounds
Clothing Footwear Nails
W1 Person 1 Ok Ok Ok
Person 2 Ok Ok Ok
Person 3 Ok Ok Ok
Person 4 Ok Ok Ok




Table 2: Microbiological Analysis

Week Name Swab Hand Swab Footwear Swab Lab Coat
w1 Person 1 No Growth No Growth No Growth
Person 2 No Growth No Growth No Growth
Person 3 No Growth No Growth No Growth
Person 4 No Growth No Growth No Growth
Table 3: Settle Plate Method
Weeks | Area Clean Room Pass Box 1 Pass Box 2
Bacterial Fungal Bacterial Fungal
Avg CFU/Petridish Avg CFU/Petridish Avg CFU/Petridish Avg CFU/Petridish
W1 <50 <1 0 0
W2 <50 <1 0 0
W3 <50 <1 0 0
w4 <50 <1 0 0

Figure: 1(Showing the results of no growth in clean rooms)

Figure: 3 (Showing the results of microbial growth in clean rooms)




Discussion

Our study underscores the effectiveness of integrating personal
hygiene checks with fumigation methods in reducing the presence
of airborne microorganisms and minimizing contamination risks in
microbiological laboratories. This approach aligns with recent
research findings that highlight the importance of multifaceted
strategies for maintaining clean and safe laboratory environments.

Recent studies have emphasized the role of personal hygiene in
mitigating contamination risks in laboratory settings. For example,
research by Smith et al. (2023) demonstrated that regular
handwashing and adherence to proper gowning procedures
significantly reduced the transmission of pathogens in healthcare
facilities*”. Similarly, the findings of Jones et al. (2022) highlighted
the importance of strict adherence to personal protective equipment
(PPE) protocols in minimizing the spread of infectious agents in
laboratory settings'®. Our study builds upon these findings by
integrating personal hygiene checks into routine laboratory
maintenance protocols, thereby further enhancing contamination
control measures.

In addition to personal hygiene, recent research has also explored
the efficacy of fumigation methods in reducing microbial
contamination in cleanroom environments. Studies by Chen et al.
(2024) and Wang et al. (2023) demonstrated that the use of
hydrogen peroxide vapor and ozone gas effectively eliminated
airborne pathogens and surface contaminants in laboratory
settings'®®. These findings support our observations that
fumigation methods can complement personal hygiene checks in
achieving comprehensive contamination control.

Furthermore, recent advancements in automated disinfection
technologies have facilitated the implementation of fumigation
protocols with greater efficiency and precision. Research by Lee et
al. (2023) demonstrated the effectiveness of robotic systems
equipped with ultraviolet (UV) light for decontaminating
laboratory surfaces®. Similarly, the study by Kim et al. (2024)
explored the use of autonomous drones for delivering disinfectants
in large laboratory facilities??. These technological innovations
offer promising solutions for streamlining fumigation procedures
and enhancing laboratory cleanliness.

However, it is important to acknowledge the limitations and
challenges associated with integrating personal hygiene checks and
fumigation methods in laboratory settings. Resource constraints,
logistical considerations, and the need for ongoing training and

education are factors that may impact the successful
implementation of these protocols. Additionally, the effectiveness
of fumigation methods may vary depending on factors such as the
type of fumigant used, concentration levels, and exposure timesZ.

In conclusion, our study contributes to the growing body of
evidence supporting the integration of personal hygiene checks
with fumigation methods for enhanced contamination control in
microbiological laboratories. By leveraging insights from recent
research findings and advancements in disinfection technologies,
we can further optimize these integrated protocols to ensure the
cleanliness and safety of laboratory environments. Moving
forward, continued collaboration between researchers, laboratory
managers, and industry stakeholders will be essential for refining
and implementing effective contamination control strategies in
microbiological laboratories.
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