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Importance of  Environmental Conditions During Transport and 
Storage of  Soiled Medical Devices



Disclaimer
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This presentation is intended for educational purposes only 
and does not replace independent professional judgment. 
Statements of fact and opinions expressed are those of the 
participant individually and, unless expressly stated to the 
contrary, are not the opinion or position of Johnson & 
Johnson or its affiliates.



Chemistry Changes2

Environmental Impacts of Drying3

Risk of Dried Soil1

Objectives



Device Performance Responsibility
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Decontamination Processes 
Manual Cleaning & Preparation 
for Mechanical Cleaning

Photo used with approval from Sue Klacik, HSPA

• Remove gross soil

• Instruments opened & disassembled

• Use of fresh cleaning solution 

• Use non-linting clean cloths & 
appropriately sized clean brushes

• Rinse with critical water

• Dry with clean non-linting cloths & 
critical final water rinse 
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Process for Ultrasonic Cleaner

Used for fine cleaning to remove soil 
from joints, crevices, lumens, and 
other areas that are difficult to 
clean by other methods.

Instruments placed:

• in an open position & 
disassembled

• remove rubber or silicone mats

• when required, connect lumen 
devices to flushing ports by 
tubing and adapters

Photos used with approval from Sue Klacik, HSPA



• Instruments opened & disassembled

Process for Washer-Disinfector

Photo used with approval from Sue Klacik, HSPA

• Instruments placed into wire baskets
• Separate multi-level sets 

• Items placed for spray cleaning & 
drainage 

• Hold down screens used for 
lightweight items

• Spinning arms checked for clearance 
and spray obstruction 

• Correct cycle selected 



Bottleneck Washer Capacity Issues

• Automated washer cycle time 
averages 35 minutes

Photo used with approval from Sue Klacik, HSPA

• Average amount of instrument sets 
per load 6-8

• Loaned sets are completely 
disassembled including the outer 
containment system & lid are 
processed separately. 



10

Open-source image: https://particle3d.com/biofilms-and-
their-medical-importance/

What is Bioburden?



Microorganism
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Residual Soil
Patient Safety - Disease

Blood Serum 
Albumin Protein
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Kremer et. al., Protein Residuals on Reusable Medical Devices and Patient Safety 
Impact. Zentralsterilization. 27 (3). 2019. 178-183

How Clean is Clean?
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Sample 
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Application

Cleaning 
Agent
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Detection

Cleaning 
InstructionsIFU

Manufacturer’s Cleaning Validation

*Validation 
Excludes Point of 
Use Cleaning

Mitigating Risk
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• Remove visual blood and/or debris from device following the surgical 
procedure by wiping and/or immersion with water or a detergent solution 
labelled and prepared for use for devices

Don’t let the soil dry!

IFU Example Wording – Point of  Use Cleaning

• Flush all lumens with water or a detergent solution labelled and prepared for 
use for devices

• Prevent residual soil from drying on surfaces by either removing at the point 
of use, covering with a towel dampened with purified water, or equivalent 
procedure (e.g., immersion in water or a detergent-based product). 
Reprocessing should be initiated as soon as possible following use.



Minimum of 1hr
Visually Dry
Dry to the Touch
No Cracking / Lifting
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How Dry is Dry in a Cleaning Validation?
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Step 1: Devices 
Prepped
•Cleaned Devices
•Weighed 

Step 2: Devices Soiled
•Max thickness – 0.22g
•Worst Case Soil –

Modified Coagulated 
Blood

Step 3: Devices Dried
•N=25 for each time 

point
•Time (hr.)= 0.5, 1 ,2, 3, 

4, 6, 19, 24, 48, 72

Step 4: Devices 
Weighed
•Weighed at each time 

point tested

Step 5: Loss on Drying 
Calculation
•At what point does the 

weight become 
statistically stable?

Surrogate Device Coupon

Problem Statement: How long 
does is take for water to 
evaporate from soil under 
ambient conditions?

How Dry is Dry Really?
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Experiment Conclusion: No statistical difference for 
change in moisture after 1 hour dry (p-value= 0.134) for 
the coupons and 4 hours dry (p-value= 0.277) for 
surrogate device. 

Most water evaporates 
from the soil during the 

first 30 minutes. 

How Dry is Dry Really?
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Drying 
Risks

End-to-End Device Processing Cycle
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Contaminated instruments 
may sit for long periods of 
time before undergoing 
cleaning processes to remove 
protein

Receiving in Decontamination

Photo used with approval from Sue Klacik, HSPA



Does DRY 
time matter 

for Cleaning?



• Soil Composition

• Water

• Cleaning Agents 

Solubility: The ability to be 
dissolved, especially in water.

Cleaning is Chemistry
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Once soil is dry the challenge to cleaning does not change.

Dry is Dry
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Step 1: Devices 
Prepped
•Cleaned Devices
•Weighed 

Step 2: Devices Soiled
•Max thickness – 0.22g
•Worst Case Soil –

Modified Coagulated 
Blood

Step 3: Devices Dried
•N=12 for each time 

point
•Time (hr.)= 1 ,2, 4, 6, 8, 

15, 19, 24, 48, 72

Step 4: Solubility
•Devices Weighed
•Soak devices in 45°C 

water for 60 min

Step 5: Post Extraction 
•Dried samples >24 

hours
•Devices Weighed

Problem Statement: What effect 
does time have on the solubility 
of dry soil?

Step 6: % Soil Remaining
• Calculate % soil 

remaining.  

Is Dry Really Dry?

Surrogate Device Coupon
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Experiment Conclusion: No statistical difference for change in 
solubility between 1 and 8 hours of dry (pvalue =0.041 for surrogate). 
A statistical difference was demonstrated between 8 and 15 hours. 
The most retention of the soil was observed at 72 hours. 

Dry is dry for the first 8 hours, 
and then the solubility of soil 

changes.

Is Dry Really Dry?
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• Internal – Transported in 
minutes to hours after use

• Transported by carts or 
containers

• Smooth floors
• External - Transported 

hours after use
• Transported by carts or 

containers
• Transported over roadways

Transport - Time

Photo used with approval from Sue Klacik, HSPA



• Unpredictable receiving volume
• Completion of surgical cases
• Receipt of loaned instrumentation 
• Equipment from nursing units
• Instrumentation from nursing 

units
• L&D instrument sets
• Crash cart 
• Instrumentation from clinics
• Flexible endoscope processing

Processing Delays

Photo used with approval from Sue Klacik, HSPA



• Loaned Instrumentation
• Unpredictable receipt volume
• Unpredictable receiving time
• Complex instruments
• Vague IFUs
• Cleaned & transported in 

uncontrolled conditions
• If late delivery, rushed processing

Processing Delays

Photo used with approval from Sue Klacik, HSPA



• Inadequate staffing due to:
• Staffing levels
• Priority issues
• Difficult to predict receipt 

of contaminated items
• Complex IFUs 
• Time to don PPE

Processing Delays

Photo used with approval from Sue Klacik, HSPA



Do Environmental
Conditions Matter 

for Cleaning?
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Devices are stored under ambient conditions during all 
phases of  device processing cycle.

Ambient Conditions

Photo used with approval from Sue Klacik, HSPA
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Step 1: Devices 
Prepped
•Cleaned Devices
•Weighed 
•N=25 for each temp

Step 2: Devices Soiled
•Max thickness – 0.22g
•Worst Case Soil –

Modified Coagulated 
Blood

Step 3: Devices Dried 
24hr / 50%RH  
•Temp (°C)= 4, 11, 22, 35, 
45, 55

•Temp (°F)= 39, 51, 71, 
95, 113, 131

Step 4: Solubility
•Devices Weighed
•Soak devices in 45°C 

water for 60 min

Step 5: Post Extraction 
•Dried samples >24 

hours
•Devices Weighed

Problem Statement: What effect 
does temperature have on the 
solubility of dry soil?

Step 6: % Soil Remaining
• Calculate % soil 

remaining.  

Does Temperature Matter?

Surrogate Device Coupon
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Experiment Conclusion: No statistical difference for change in solubility 
between 4°C and 22°C (pvalue= 0.214 for surrogate). After 22°C soil 
retention increased from 21.9% to 69.3% (surrogate) at the 35°C mark 
and continued to increase at higher temperatures . 

Yes - As the temperature rises after 
22°C/71.2°F the solubility decreases. 

Does Temperature Matter?
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Step 1: Devices 
Prepped
•Cleaned Devices
•Weighed 
•N=25 for each temp

Step 2: Devices Soiled
•Max thickness – 0.22g
•Worst Case Soil –

Modified Coagulated 
Blood

Step 3: Devices Dried 
24hr / 45°C
•Humidity = 30%, 50%, 

80%, 100%

Step 4: Solubility
•Devices Weighed
•Soak devices in 45°C 

water for 60 min

Step 5: Post Extraction 
•Dried samples >24 

hours
•Devices Weighed

Problem Statement: What effect 
does humidity have on the solubility 
of dry soil?

Step 6: % Soil Remaining
• Calculate % soil 

remaining.  

Does Humidity Matter?

Surrogate Device Coupon
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Experiment Conclusion: After 50% RH the soil retention decreases with a 
negative correlation to increase in humidity.  At 100% humidity the soil 
did not dry. 

Yes - As the humidity increases after 50% 
RH the solubility increases. 

Does Humidity Matter?
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Environmental  
Risks

End-to-End Device Processing Cycle



37

• Internal – Environmentally 
Controlled Areas

• External – Environmental 
Conditions Not 
Controlled or Monitored

Transport - Conditions

Photo used with approval from Sue Klacik, HSPA



The drying process is a combination of degradation, 
polymerization and aggregation as water is removed and 
protein-protein interactions are enabled. The molecular 
weight distribution changes over time affecting the 
solubility.

Water Albumin Lysozyme Mucin

How is the Soil Chemistry Changing?



Change to IFU instruction 
validation plan (dry time/ temp) 
= More Processing Steps

Increase to cleaning process for 
Sterile Process = Longer 
Cleaning Times

Less throughput in SPD 
= More Resources 
Needed To Process The 
Same Number Of 
Cases

1. 2. 3.

The Domino Effect of  Change:



Key Lessons…

Align with 
manufacturer’s 

cleaning validation for 
cleaning at point of use

Don’t Let Soil 
Dry

Clean dried soil 
immediately Dried soil should be 

cleaned within 8 
hours.

Temperature & 
Humidity should 

be controlled Control Conditions 
during transport
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Questions?
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