
Abstract
Food safety is a top priority in food processing facilities to prevent contamination by harmful microorganisms such as 
Cronobacter spp., Listeria monocytogenes, and Salmonella spp. Among decontamination technologies, chlorine dioxide gas 
(ClO2) has been registered as a sterilant with the EPA since 1988 and has emerged as a highly effective and versatile agent for 
microbial remediation. This whitepaper evaluates the efficacy, advantages, and limitations of ClO2 gas compared to other 
commonly used decontamination agents, such as liquid chlorine, hydrogen peroxide, ozone, and UV radiation. The findings 
highlight chlorine dioxide gas as an optimal solution for ensuring food safety in both dry and wet environments.

Introduction
Microbial contamination in food processing plants poses significant public health risks and financial liabilities. Many microbial 
contaminants thrive in both low- and high-moisture environments and can resist conventional cleaning methods¹. Effective 
sanitation protocols must address hard-to-reach surfaces, biofilms, and sensitive processing environments. Chlorine dioxide gas 
offers unique properties that make it particularly well-suited for these challenges².
 
Properties of Chlorine Dioxide Gas
Chlorine dioxide gas is a selective oxidizing agent with strong antimicrobial activity. It works by oxidizing amino acids, lipids, and 
nucleotides, leading to irreversible microbial cell damage. Key properties include:
• Broad-spectrum efficacy: Effective against bacteria, viruses, fungi, and biofilms³.
• Gas phase delivery: Penetrates cracks, crevices, and inaccessible areas4.
• Low corrosivity: Less damaging to equipment than chlorine or bleach, with no discernible corrosion to most    
 metals, plastics, or rubbers except for unpainted mild steel5.
• No residue: Breaks down into harmless byproducts (chlorite and chloride ions) and requires no post-treatment    
 sanitation prior to restarting operations6.
• Active in low humidity: Ideal for dry environments where traditional liquid sanitizers are ineffective7.
 
Applications of Chlorine Dioxide Gas in Food Processing
Chlorine dioxide gas can be used for:
• Surface Disinfection: Sanitizing machinery, food contact surfaces, and walls8.
• Biofilm Removal: Breaking down biofilms on equipment and in pipelines9.
• Airborne Decontamination: Reducing microbial load in air and HVAC systems10.
• Dry Food Environments: Particularly effective in facilities processing powdered infant formula, milk powder, 
 and spices¹¹.
• Wet Clean Environments: Useful in areas where stubborn microbial contaminants impede safe 
 and effective food processing operations¹².

 

Whitepaper: A Comparison of Microbial 
Decontamination Agents for Food Processing Facilities

Comparative Analysis of Decontamination Agents
Chlorine Dioxide Gas
 • Strengths:
  - Effective in both wet and dry environments¹³.
  - Penetrates hard-to-reach areas and biofilms.
  - Non-corrosive at recommended concentrations.
  - Leaves no residues and requires no post-treatment sanitation14.
 • Limitations:
  - Requires specialized equipment for generation and monitoring. Chlorine dioxide gas must be generated    
  on-site and cannot be compressed or cylinderized15.
  - Must be handled carefully due to toxicity at high concentrations.

Liquid Chlorine and Bleach
 • Strengths:
  - Inexpensive and widely available16.
  - Effective on surfaces with direct contact.
 • Limitations:
  - Highly corrosive to equipment.
  - Limited effectiveness against biofilms17.
  - Produces harmful byproducts like trihalomethanes.
  - Not a selective oxidizer and cannot be used for airborne microbial remediation18.

Hydrogen Peroxide Vapor (HPV)
 • Strengths:
  - Effective in enclosed spaces and against biofilms.
  - Leaves water and oxygen as byproducts19.
 • Limitations:
  - Requires high humidity to be effective. Ineffective in low moisture/dry process environments where raising relative   
  humidity is not an option20.
  - Can corrode certain materials such as aluminum, copper, and brass²¹.

Peracetic Acid (PAA)
 • Strengths:
  - Broad-spectrum antimicrobial activity.
  - Biodegradable into acetic acid, water, and oxygen.
  - USDA/FDA approved for meats, poultry, and produce.
  - Effective in low temperatures and with organic load.
 • Limitations:
  - Corrosive to several metals and plastics.
  - Strong, unpleasant residual odor in treatment area.
  - No residual antimicrobial activity.
Ozone
 • Strengths:
  - Strong oxidizing agent with broad antimicrobial efficacy.
  - Decomposes into oxygen, leaving no residue²².
 • Limitations:
  - Highly corrosive to most metals²³.
  - Ineffective in dry environments.

UV Radiation
 • Strengths:
  - Non-chemical method with no residues.
  - Effective for air and surface disinfection24.
 • Limitations:
  - Limited penetration; ineffective for shadowed or creviced areas.
  - No residual antimicrobial effect25.

Bacteriophages
 • Strengths:
  - Highly specific: Targets only the suspected bacterial pathogen (e.g., Listeria, Salmonella, E. coli).
  - Safe and natural: FDA GRAS status; no chemical residues.
  - Effective in wet and dry environments.
  - Effective against biofilms on food-contact surfaces.
 • Limitations:
  - Must come into direct contact with their target bacteria to be effective; is not an airborne gas or vapor
  - Not a gas or aerosol that diffuse widely in the environment — they are biological particles, usually applied in liquid form.
  - Inactivated by exposure to UV light, desiccation, or high temperatures.
  - Narrow host range; requires pathogen-specific phage cocktails.
  - No effect on mold.
  - Risk of pathogen resistance with overuse.

Environmental Considerations
Chlorine dioxide gas is environmentally friendly when used properly:
 • Use: Gas concentration and exposure time must be carefully monitored and controlled with sophisticated     
  measurement systems to optimize efficacy26.
 • Environmental Impact: Chlorine dioxide decomposes into non-toxic byproducts, reducing environmental risks    
  compared to chlorine-based agents27.

For more information, visit indfumco.com/chlorinedioxide or call 800-477-4432
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Conclusion: Chlorine dioxide gas is a highly effective and versatile decontamination agent for food processing plants, 
particularly in addressing microbial contamination in low-moisture and hard-to-reach environments. Compared to 
traditional decontamination methods, it offers superior efficacy against biofilms, minimal equipment damage, and low 
residual byproducts. While requiring specialized equipment and safety protocols, its advantages make it an optimal 
choice for facilities committed to food safety.
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