0 Enhancing Clean in Place
PAPER: Systems with Chlorine Dioxide

Clean-In-Place (CIP] systems are integral to maintaining hygiene and sanitation standards in
diverse industries, including dairy, beverage, pharmaceutical, and food processing. CIP systems
allow thorough cleaning and sanitization of processing equipment without disassembling or
manually cleaning the components.

This process typically involves circulating chemical solutions through equipment at controlled
temperatures and flow rates to remove residues and microbial contaminants. Effective sanitization
is directly linked to product quality, regulatory compliance, and overall operational efficiency.
Traditional CIP methods typically employ chlorine-based compounds or other chemical
disinfectants, which, while widely used, face significant limitations. These include the

persistent formation of microbial biofilms, corrosiveness, limited pH stability, and the

generation of undesirable disinfection by-products, which can pose risks to both product

integrity and human health.

CHALLENGES OF TRADITIONAL CIP SANITIZERS

One of the most substantial challenges faced by conventional CIP sanitizers is the formation
and persistence of biofilms. Biofilms are protective layers produced by microorganisms,
significantly reducing the efficacy of disinfectants. These biofilms create environments
conducive to the survival and proliferation of pathogens, leading to severe contamination
risks and subsequent product recalls or quality issues.

In addition to biofilms, traditional chlorine-based sanitizers often present a risk of corrosion,
especially to stainless steel equipment frequently used in industrial processing. Corrosive
damage compromises equipment durability, leading to higher maintenance costs, frequent
downtime, and reduced operational lifespan.

Furthermore, chlorine-based
sanitizers can react with organic
and inorganic materials to
produce harmful by-products,
such as trihalomethanes (THMs)
and haloacetic acids (HAAs),
complicating regulatory
compliance and negatively
affecting product safety.
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CHLORINE DIOXIDE AS A SUPERIOR ALTERNATIVE ~_ .yl
Chlorine dioxide (ClO,) has emerged as an exceptional alternative to conventional CIP I W A
sanitizers. It is a selective oxidant, capable of effectively addressing and overcoming the
limitations associated with traditional methods. Unlike typical chlorine-based sanitizers, ClO,
exhibits consistent antimicrobial efficacy across a broad pH range, significantly reducing the
formation of harmful disinfection by-products.
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One of the key advantages of ClO, is its gaseous nature, which allows deep penetration into biofilms,
providing thorough sanitation. Its potent oxidizing capabilities effectively dismantle biofilm structures
and eradicate microbial populations, significantly enhancing microbial control within industrial
equipment. Unlike chlorine, ClO, maintains its effectiveness at lower concentrations, which reduces
the risk of corrosive damage and minimizes environmental impacts.

Research published in BMC Oral Health confirms the superior performance of ClO, against biofilms,
showing a marked reduction in the prevalence of pathogens such as Staphylococcus aureus and
Escherichia coli at relatively low concentrations (20 mg/L).’

Furthermore, comprehensive analyses by the U.S. Environmental Protection Agency (EPA) have
underscored ClO,’s advantages, particularly its ability to effectively neutralize bacteria and viruses
without producing significant quantities of harmful disinfection by-products.?

Further reinforcing its efficacy, a study published in Frontiers in Sustainable Food Systems
demonstrated chlorine dioxide’s ability to substantially mitigate microbial contamination in
recirculated process waters within food processing environments, highlighting its potential to
improve sanitation practices significantly.?

CASE STUDY: DAIRY PROCESSING FACILITY*

A practical example demonstrating the effectiveness

of chlorine dioxide is seen in a dairy processing facility

in the Western U.S. The facility faced persistent bacterial
contamination despite standard CIP protocols, including
caustic cleaning, rinsing, and acid treatments.

£ € Intervention involved
treating the 4000-gallon
CIP system with 10 ppm
chlorine dioxide solution
recirculated for 45 minutes,

Intervention involved treating the 4000-gallon CIP followed by additional fumigation.
system with 10 ppm chlorine dioxide solution This treatment successfully
recirculated or 45 minutes, followed by additional eliminated biofilm and
fumigation. This treatment successfully eliminated bacterial contaminants. JJ
biofilm and bacterial contaminants.

Additionally, clogged filters, previously overlooked as - ’
contamination sources, were identified and addressed. ! .

This case highlights chlorine dioxide’s superior ability  — S .

to resolve microbial contamination challenges in . -

real-world applications effectively.
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IMPLEMENTATION AND PRACTICAL CONSIDERATIONS

The adoption of chlorine dioxide in CIP systems offers flexibility, allowing facilities to utilize it either
as a concentrated solution or through on-site electrochemical generation methods. This versatility
enables precise dosing, tailored to specific operational requirements, enhancing sanitation efficacy
and economic efficiency. By significantly reducing corrosive impacts compared to chlorine-based
alternatives, chlorine dioxide extends equipment lifespan, lowers maintenance costs, and improves
overall operational reliability.

Nevertheless, proper implementation requires careful management of safety and regulatory
considerations. Facilities must adhere to established guidelines for handling and application,
including adequate employee training, implementation of robust dosing and monitoring controls,
and rigorous adherence to safety standards. Regular monitoring ensures consistent performance
and efficacy, safeguarding both equipment and product quality.

CONCLUSION

The integration of chlorine dioxide into CIP systems represents a substantial advancement in
industrial sanitization practices. Its ability to effectively penetrate and eliminate biofilms, combined
with reduced corrosion risk and minimal production of harmful by-products, positions it as a superior
alternative to traditional disinfectants. Industries adopting chlorine dioxide can realize significant
benefits, including enhanced microbial control, increased operational efficiency, reduced maintenance
expenses, and improved compliance with regulatory standards. Ultimately, chlorine dioxide presents a
compelling solution for industries seeking optimal hygiene and sanitation outcomes.

If you would like to learn more about chlorine dioxide’s ability to significantly improve Clean in
Place (CIP) practices, or have questions about any of our processes, please contact PureLine today!
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