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Teaching in a Time of Crisis

One limitation to engaging K–12 students and the public with microorganisms is the inability to cultivate 
and dispose of bacterial and fungal samples safely without expensive equipment or services. This barrier has 
been amplified with remote learning modalities and laboratory closures driven by safety precautions due to 
the COVID-19 pandemic. At-home lab kits are being used to bring hands-on experience in microorganism 
cultivation to students learning remotely, but these kits often fail to take into full consideration the safety 
aspects or the costs associated with microorganism disposal, limiting which experiments can be performed 
at home. Here, we outline a method that makes cultivating and deactivating microorganisms accessible to 
the public through low-cost and readily available equipment. This method reduces exposure to microorgan-
isms by forgoing the need to open petri plates for chemical deactivation with sanitizing reagents. This tech-
nique may benefit remote K–12 and postsecondary students, students wishing to get hands-on microbiology 
research experience, and members of the public interested in cultivating microorganisms to contribute to 
citizen science efforts or for creative art applications. 
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INTRODUCTION

Despite the importance microorganisms have to our 
fundamental understanding of ecology, biodiversity, nutrient 
cycling, and our own health, K–12 students have limited 
exposure to microbiology or cultivating microorganisms (1, 
2). With the COVID-19 pandemic and the shift to remote 
learning for K–12 and postsecondary students due to school 
and laboratory dedensification, even fewer opportunities 
exist for hands-on microbiology experience. Despite the 
relative ease of acquiring tools and reagents for cultivation 
(e.g., at-home lab kits available commercially or through 
educators) and the increasing amount of educational mate-
rial to assist teachers with integrating microorganisms into 
the curriculum (1, 3), safety concerns and limited equipment 
for aseptic technique and disposal of cultivated microor-
ganisms prevent incorporation of hands-on microbiology 
experience (2, 4). 

Research universities often have access to autoclave 
equipment or professional biohazard waste-removal ser-
vices. However, these measures are prohibitively expensive 
for many K–12 school systems or for people who wish to 
cultivate microbes at home, and few alternative equipment 
and practices are available. Some methods for at-home 
microbial deactivation include using kitchen pressure 
cookers (5) or submerging open petri plates in a chemical 
disinfectant solution (6). Petri plates are usually left open 
during the addition of sodium hypochlorite (bleach), leading 
to potential microbe exposure [particularly to spores and/or 
aerosols (7)], putting educators, their students, and/or the 
custodial staff at risk. Additional effective and cost-efficient 
methods for deactivating microorganisms growing on solid 
media would therefore aid in education efforts, as well 
as science and engagement efforts that require at-home 
microorganism cultivation [e.g., citizen scientist–assisted 
research (8), course-based research opportunities (9), or 
creative “agar art” initiatives (10)]. 

We have devised a method to chemically deactivate 
cultured microorganisms in plastic petri plates that reduces 
the chance of microorganism exposure. This protocol is 
cost-effective, uses readily available household items and 
reagents, and allows for the safe disposal of deactivated 
microorganisms in standard household waste. We provide 
a protocol for this “Growsafe” method and further test the 
efficacy of this method in deactivating a variety of bacterial 
and fungal species. This method is appropriate for labora-
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tories, classrooms, and homes, provided that the area is 
well-ventilated and sufficient safety measures are taken.

PROCEDURE

Materials

A list of materials and reagents and detailed instructions 
are available in Appendix 1. The materials needed are low-
cost and are available from common grocery or retail stores.

Protocol

Briefly, petri plates containing viable microorganisms 
on a solid nutrient medium are deactivated with a chemical 
disinfectant applied through a created portal in the petri 
plate. The petri plate is sealed with electrical tape and placed 
in a glass baking dish (or other fire-resistant container). In 
a well-ventilated space, the wide diameter hole of a metal 
Bismarck-style frosting tip is covered with aluminum foil to 
create a barrier (Fig. 1); this barrier is necessary to reduce 
exposure to aerosolized particles. Holding the covered tip 
with kitchen tongs, the narrow end of the frosting tip is 
heated with a kitchen lighter and is then immediately pressed 
down into the plastic top of the petri plate, forming a pore 
into the plate. After allowing the tip to cool completely, 

a condiment squeeze-bottle containing 20% bleach (1.5% 
sodium hypochlorite) is used to pierce the foil barrier and 
slowly dispense the bleach until the plate is filled with bleach 
solution. The bottle, foil, and metal tip are sequentially 
removed from the petri plate, leaving a ~4-mm-diameter 
hole. The plate is then left in a well-ventilated area (using a 
fan or with windows and doors open) for 24 hours and can 
then be disposed in household trash; municipal guidelines 
for bleach disposal should be consulted. The foil, metal tip, 
and the condiment bottle should all be disinfected prior to 
disposal or being reused. 

Efficacy testing

We tested the microbial deactivation efficacy of this 
method on petri plates containing confluent growth of a 
gram-positive bacterium, a gram-negative bacterium, a 
fungus with a yeast morphology, or a spore-forming fila-
mentous fungus. After implementing the method on each 
sample in duplicate, we used replica plating methods to 
transfer microorganisms from the bleach-exposed petri 
plate to a fresh petri plate and growth medium. We then 
incubated these plates and checked for growth. Our testing 
revealed the Growsafe method is effective at deactivating 
the microorganisms tested after 24-hour exposure to the 
chemical disinfectant. See Appendix 2 for full methods, 
results, and discussion. 

FIGURE 1. Brief schematic of Growsafe method to deactivate cultivated microorganisms through a sealed petri 
plate. (A) A metal Bismarck frosting tip with a foil barrier is heated, (B) gently pushed through the lid of a sealed 
petri dish, and (C) filled with a 20% bleach solution through the foil barrier using a condiment bottle. (D) Frosting 
tip can be removed and reused. (E) After 24 hours in a well-ventilated area, the dish can be disposed in a standard 
trash bin without any additional biohazard concerns.
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Safety issues

When performed as written, this method aligns with 
the American Society for Microbiology (ASM) Guidelines 
for Biosafety in Teaching Laboratories (6) and OSHA safety 
guidelines on minimizing chemical and burn risk. Proper 
safety measures should be taken throughout the culturing 
process, as well; educators and home microbiologists should 
review the ASM supplemental considerations for at-home 
microbiology kits (11). To prevent exposure to volatilized 
compounds from melting plastic or bleach vapor, this method 
should be performed by an adult in a well-ventilated area, and 
the metal tip should be completely cooled before addition 
of bleach solution. Care should be taken when using this 
method with alternative media (especially those with high 
concentrations of ammonium) where chemical reactions 
between the media and sodium hypochlorite may produce 
unwanted byproducts. While we have sought to reduce the  
risks of fire and burns, the frosting tip should be carefully 
examined for flammable plastic carry-over if it is to be 
reused. This method is recommended for biohazard level 
1 microorganisms. 

CONCLUSION

We describe a method for at-home microbial deactiva-
tion that uses readily available kitchen supplies. This method 
can be used in conjunction with activities in the classroom 
or at home that include observing growing microorgan-
isms. It can also be used to teach associated STEM skills 
such as dilution plating, plate spreading, proper handling 
and cultivation techniques, isolation from mixed cultures, 
and even creative endeavors such as microbial agar art ini-
tiatives (10). It may also be useful in remote research field 
situations where access to electricity (such as required for 
alternative sterilization procedures) is unavailable. This 
method therefore increases the accessibility of growing 
microorganisms by lowering a normally cost- and safety-
prohibitive obstacle. This method includes risks and is not 
highly scalable due to the time and care it takes to create 
the portal, but we hope that sharing this method further 
fosters innovation in tools, equipment, and practices to make 
microbial cultivation more accessible. Ultimately, we believe 
the development of methods such as this will increase the 
safe use of microorganism-associated education initiatives.

SUPPLEMENTAL MATERIALS

Appendix 1: � Materials and detailed protocol for the 
Growsafe method

Appendix 2: � Efficacy testing of the Growsafe method

ACKNOWLEDGMENTS

The authors thank M. R. Pellegrini for assistance with 
devising the initial supply list and the USDA ARS NRRL 
culture collection for providing the tested microorganisms. 
Financial support for this study was provided by the Tufts 
University Biology Department. The authors have no con-
flicts of interest to declare.

REFERENCES

	 1.	 Redfern J, Burdass D, Verran J. 2015. Developing microbio-
logical learning materials for schools: best practice. FEMS 
Microbiol Lett 362(6):fnv020. doi:10.1093/femsle/fnv020

	 2.	 Redfern J, Burdass D, Verran J. 2013. Practical microbiology in 
schools: a survey of UK teachers. Trends Microbiol 21:557–559.

	 3.	 McKenney E, Flythe T, Millis C, Stalls J, Urban JM, Dunn RR, 
Stevens JL. 2016. Symbiosis in the soil: citizen microbiology 
in middle and high school classrooms. J Microbiol Biol Educ 
17:60–62.

	 4.	 Genne-Bacon EA, Wilks J, Bascom-Slack C. 2020. Uncover-
ing Factors influencing instructors’ decision process when 
considering implementation of a course-based research 
experience. CBE Life Sci Educ 19:ar13.

	 5.	 Swenson VA, Stacy AD, Gaylor MO, Ushijima B, Philmus 
B, Cozy LM, Videau NM, Videau P. 2018. Assessment and 
verification of commercially available pressure cookers for 
laboratory sterilization. PLOS One 13:e0208769.

	 6.	 Byrd JJ, Emmert E, Maxwell R, Townsend H, ASM Task Com-
mittee on the Revision of the 2012 Laboratory Biosafety  
Guidelines. 2019. Guidelines for biosafety in teaching laboratories  
version 2.0: a revised and updated manual for 2019. J Microbiol 
Biol Educ 20. doi:10.1128/jmbe.v20i3.1975

	 7.	 Miller JM, Astles R, Baszler T, Chapin K, Carey R, Garcia L, 
Gray L, Larone D, Pentella M, Pollock A, Shapiro DS, Wei-
rich E, Wiedbrauk D, Biosafety Blue Ribbon P, Centers for 
Disease Control and Prevention. 2012. Guidelines for safe 
work practices in human and animal medical diagnostic labo-
ratories. Recommendations of a CDC-convened, Biosafety 
Blue Ribbon Panel. MMWR Suppl 61:1–102.

	 8.	 Irwin A. 2018. No PhDs needed: how citizen science is trans-
forming research. Nature 562:480–482.

	 9.	 Genne-Bacon EA, Bascom-Slack CA. 2018. The PARE 
project: a short course-based research project for national 
surveillance of antibiotic-resistant microbes in environmental 
samples. J Microbiol Biol Educ 19. doi:10.1128/jmbe.v19i3.1603

	10.	 Charkoudian LK, Fitzgerald JT, Khosla C, Champlin A. 2010. 
In living color: bacterial pigments as an untapped resource in 
the classroom and beyond. PLOS Biol 8. doi:10.1371/journal.
pbio.1000510

	11.	 Byrd JJ, Emmert E, Maxwell R, Townsend H. 2020. ASM 
guidelines for biosafety in teaching laboratories: biosafety 
considerations regarding at-home or DIY microbiology 
kits. https://asm.org/ASM/media/Education/ASM-Biosafety-
Considerations-with-At-Home-Microbiology-Kits-1.pdf. 


