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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.

Disclaimer



Learning Objectives – The WHAT

01
Explain how soil 
drying, device and 
tray design, and load 
configuration drive 
residual 
contamination and 
wet packs.

03
Apply risk-based 
criteria to point-of-use 
treatment, wet 
transport, and 
cleaning validation.

02
Identify high-risk 
features: narrow 
lumens, textured 
surfaces, hinges, and 
dense trays.

04
Describe mitigation 
strategies: timely 
cleaning, wet 
transport, better tray 
design, and audit 
metrics.
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Stand Up

If you have a question, stand up — we 

will stop and answer questions.

Ask As We Go

We'd rather answer in the moment than 

save everything for the end.

Bring Your Reality

Your facility's water, constraints, and 

risks make this conversation better.

Conversation Flow – The HOW
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Why these two voices, together

• Sarah Frank, BS — frames the risks: where device design and 

sterile processing practices break down, and what that means for 

cleaning, disinfection and sterilization outcomes.

• Co-chair, AAMI WG-61 Chemical Sterilants Hospital Practices; 

J&J voting member for most AAMI standards groups focused 

on device processing.

• Terra Kremer, PhD, BS — brings the industry research behind 

those risks, studying microbial contamination control across the 

entire supply chain, from pharmaceutical and medical device 

manufacturing all the way to patient use.

• Co-chair, AAMI WG-95 Water for Reprocessing; U.S. ISO expert 

(WG12, WG13); ASTM/AAMI/ISO and PDA TR70 contributor; 

PhD Microbiology, 20 years of lab and standards work.

Terra Kremer
Director of Microbiological Quality 

Conversation Leads – The WHO

Sarah Frank
Manager, Device Processing 
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01
Explain how soil drying, 
device and tray design, 
and load configuration 
drive residual 
contamination and wet 
packs.



Device Processing - CYCLE



MICROBIOLOGICAL QUALITY & STERILITY ASSURANCE

Spaulding Classification – MICROBIAL REDUCTION 



MICROBIOLOGICAL QUALITY & STERILITY ASSURANCE

• Remains as applicable today as it was 50 

years ago…..but some opportunities 

• Increased knowledge in microbiology 

(tolerance/resistance)

• It is a guide (varies depending on technology)

• Where things go wrong
– Not applied correctly or concerns with device (including 

IFU) design

– Cleaning problems

Spaulding Classification - OPPORTUNITIES 

McDonnell & Burke. J. Hosp. Infect. 2011; 78: 163-170.
Rowan NJ, Kremer T, McDonnell G. Sci Total Environ. 2023;878:162976. 



MICROBIOLOGICAL QUALITY & STERILITY ASSURANCE

Opportunities - CLEANING

• Spaulding and associated guidelines have 

always highlighted cleaning is essential

• It is a requirement for new and reusable 

devices

• Impact of cleaning on patient safety
– Reliability of disinfection and sterilization

– Prevent device damage

– Prevent device malfunction

– Biocompatibility (toxicity  risks)

• International harmonization of cleaning 

endpoints

• Continue to see reports of cleaning concerns 

in clinical practice
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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



12

Soiled instruments often 

wait hours before cleaning, 

letting protein dry and 

harden on surfaces

Decontamination - RECEIVING

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
Photo used with approval from Sue Klacik, HSPA

Processing - DELAYS



• Inadequate staffing due to:

• Staffing levels

• Priority issues

• Difficult to predict receipt of 

contaminated items

• Complex IFUs 

• Time to don PPE

Photo used with approval from Sue Klacik, HSPA

Processing - DELAYS
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Drying Risks

Device Processing - END-TO-END CYCLE
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• Internal – Environmentally 

Controlled Areas

• External – Environmental 

Conditions Not Controlled or 

Monitored

Transport - CONDITIONS



MICROBIOLOGICAL QUALITY & STERILITY ASSURANCE

Improper Cleaning - RESIDUAL SOIL RISK 

Kremer T, Murray N, Buckley J, Rowan NJ. Sci Total Environ. In Press



International Harmonization -  ISO TC 198 WG13

• ISO 15883 series on washer-disinfectors

• ISO 15883-5:2020 Washer-disinfectors — Part 5: Performance requirements and test 

method criteria for demonstrating cleaning efficacy

• Defined ‘clean’

• visually free of soil and quantified as being below specified levels of analytes

• Harmonized test soil and test method requirements

• Defined analyte acceptance criteria for cleaning efficacy

• Impacted other new standards such as ANSI/AAMI ST98:2022
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International Harmonization - ISO 15883-5:2020* 

*Note, in addition devices are required not to have any associated process residuals (e.g., detergent residuals) 
that would be harmful or impair further processing (typically tested by cytotoxicity).



MICROBIOLOGICAL QUALITY & STERILITY ASSURANCE

International Harmonization - ANSI/AAMI ST98:2022

21



MICROBIOLOGICAL QUALITY & STERILITY ASSURANCE

How were these DEFINED?

• Detailed literature review, including current regulatory requirements
– Note: emphasis placed on protein as protein was determined to be the highest level of 

contamination on reusable device surfaces

• Expert knowledge within the standards committee, and peer review

• Impact on patient safety
– Levels known not to impact disinfection/sterilization

– Levels practically achieved using established cleaning methods

– Clinically relevant and measurable

– Ongoing research (e.g., link to toxicity risks)



MICROBIOLOGICAL QUALITY & STERILITY ASSURANCE
23

Measured by TOC

Measured by Protein

Protein 

Safety 

Threshold 

<10µg/cm2

Acceptance Criteria Levels – 
As low as practical based on 
literature

Source: Kremer, et. al. Protein Residuals on Reusable Medical Devices and Patient Safety. 
Zentral Sterilization. 2019

Detergent 

Residual 

Threshold

<0.4%

Source: Kremer, et. al. Assessing Detergent Residuals for Reusable Device 
Cleaning Validations. Biomedical Instrumentation & Technology. 2021

Cleaning Analyte Concentrations vs PATIENT SAFETY

Measured by ProteinVerification Testing?



Post Sterilization – 
WET PACKS

• Moisture breaks the sterile barrier

• Wicking lets microbes travel into 

the pack

• Sterility cannot be assumed — 

load is not released

Causes: overloading, dense trays, 

poor drying, cold spots

Impact: delays, reprocessing costs, 

patient risk

24



• Wet pack not always visible in 

SPD

• Moisture seen after opening wrap

• Devices returned to SPD

• If late delivery, rushed processing

Wet Pack- DELAYS



MICROBIOLOGICAL QUALITY & STERILITY ASSURANCE

Opportunities - DRYING

• Condensate forms when cold surfaces 

meet steam

• Key drivers: total load mass, thermal 

conductivity

• Non-metallics (silicone, plastics) are 

insulators
– Low thermal conductivity – greater risk for 

condensate



MICROBIOLOGICAL QUALITY & STERILITY ASSURANCE

Opportunities - DRYING

• Cooling time matters
– Exterior of case cools faster than internal 

components

– Handling a warm container can act as a point of 

condensation

– See ANSI/AAMI ST79 9.7 and 10.3.1
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02
Identify high-risk 
features: narrow 
lumens, textured 
surfaces, hinges, 
and dense trays.



Device Performance - RESPONSIBILITY



Manufacturer’s Responsibility - CLEANING VALIDATION

Consultation
Extraction 
Method 

Validation

Simulated 
Use Cycling

Test Soil 
Application

Cleaning Extraction
Analyte 

Detection
Report

• Automated Cleaning Validation ~ 
30K

• Two quantitative analytes
• Protein ≤ 6.4 µg/cm2

• Total Organic Carbon (TOC) ≤ 
12 µg/cm2

• Data Variability
• Standard deviation added to 

the highest value must be less 
than acceptance criteria



MICROBIOLOGICAL QUALITY & STERILITY ASSURANCE

Device Feature Cleaning Validation – The APPROACH

Current Practice: Whole Device Surface Area Future Practice: Cumulative Device Feature

May DILUTE DETECTION in worst case location

10

WORST Case



MICROBIOLOGICAL QUALITY & STERILITY ASSURANCE

Device Testing vs FEATURE TESTING
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MICROBIOLOGICAL QUALITY & STERILITY ASSURANCE

Device Feature Approach - VALIDATION
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Test Soil - SELECTION

Test Soil Recipe

Modified 
Coagulated 
Blood Soil

100 ml fresh egg yolk, 0.1 ml heparin per 100 ml of sheep blood and 2 g 
dehydrated hog mucin mixed using a blender. Soil should be stored at 4°C to 
8°C and brought to room temperature prior to coagulation. Pour 
the mixture into a bowl, add ~0.05 ml of protamine sulphate to each 5 ml of 
blood and mix well. Blood should be applied immediately and coagulate in 
approximately 10 min to 15 min.

• Demonstrated to be the most challenging soil

• Validated using Annex B of ISO 15883-5

• Contains both water soluble and non-water-soluble 

proteins (fibrin)

T. Kremer, R. Bancroft, Z. Patel, M. Owen, G. McDonnell, “A Standardized Method for Evaluating Test Soils Used to 
Demonstrate Cleaning Efficacy,” Journal of Hospital Infection, pp. 52-55, 2022.

T. Kremer, A. Tortora, Y. Yeung and G. McDonnell, “Material Adhesion Comparison of Test Soils for 
Reusable Device Cleaning Efficacy,” Zentralsterilization, vol. 29, no. 3, pp. 166-172, 2021. 



Soil Dry Time - SELECTION

• Most Cleaning Validations are performed when soil is dry to 

the touch ~1hr

• Solubility is statistically similar from 1hr to 8hr (pvalue=0.066) 

• 72hr Soil Dry results in lowest soil solubility

Soil Retention on Surrogate Device

A. Kimble, C. Ratanski and T. Kremer, "Chemical Changes Over Time Associated with Protein Drying," Biomedical Instrumentation & 
Technology, pp. 52-57, 2023. 
T. Kremer, C. Carfaro and S. Klacik, "Effects of Time, Temperature, and Humidity on Soil Drying on Medical Devices," Biomedical 
Instrumentation & Technology, pp. 58-66, 2023. 



Extraction Method - ADDITIVE EXTRACTION

• Soil contains both water-soluble and non-water- 
soluble proteins.

• Water alone is not sufficient

• Other analytes (e.g., TOC, ATP) are not compatible 
with pH 10 SDS

• Additive extraction results in total protein remaining

T. Kremer, A. Kimble and C. Ratanski, “Improving Protein Assay Methods to More Accurately Assess Medical Device 
Cleanliness,” Biomedical Instrumentation & Technology, pp. 29-35, 2023. 

Additive Extraction = 
1st Extraction w/ Water + 2nd Extraction w/ Alkaline SDS



• Most conservative validation approach

• Most challenging feature is representative of a 

whole device challenge

• Cleaning validation data is normally distributed

T. Kremer, F. Felgar, N. Rowan and G. McDonnell, "Validation of the Device 
Feature Approach for Reusable Medical Device Cleaning Evaluations," 
Biomedical Instrumentation & Technology, pp. 98-107, 2023. 

Device Feature Approach Validation - CONCLUSIONS



23 Features – Challenge to Point of Failure
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Challenge to Point of Failure - 23 FEATURE TEST PLAN

72hr Soil Dry 2hr Soil Dry
2hr Dry No Brush/

Flush

1hr Soil Dry

< 3.2 µg/cm2 yes

no

72hr Soil Dry 2hr Soil Dry
2hr Dry No Brush/

Flush

1hr Soil Dry

< 3.2 µg/cm2 yes

no72hr Soil Dry 2hr Soil Dry
2hr Dry No Brush/

Flush

1hr Soil Dry

< 3.2 µg/cm2 yes

no
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03
Apply risk-based 
criteria to point-of-
use treatment, wet 
transport, and 
cleaning validation.



Risk Assessment - QUALITATIVE

2. Lack of Precision:
Qualitative assessments may lack precision in estimating the 
magnitude and likelihood of risks. This can make it 
challenging to prioritize and allocate resources effectively.

3. Limited Quantitative Data:
It may not fully leverage available quantitative data, 
potentially missing out on valuable insights that can be 
obtained through numerical analysis.

1. Subjectivity:
The qualitative approach is more subjective, and different 
experts may perceive risks differently, leading to potential 
inconsistencies.



©2024 AAMI

1.  Precision:

Provides a more precise and quantitative measure of risks, allowing for 
better prioritization and allocation of resources based on numerical 
data.

2. Objective Analysis:

Quantitative assessments are generally more objective and less 
dependent on individual judgments, reducing the impact of biases.

3. Data-Driven Decision-Making:

Enables data-driven decision-making by incorporating numerical data, 
which can be especially beneficial in complex situations involving 
multiple variables.

4. Comparative Analysis

Allows for the comparison of risks across different scenarios, facilitating 
a more comprehensive understanding of the overall risk landscape.

Risk Assessment - QUANTITATIVE
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Quantitative Cleaning 
Classification - DEVELOPMENT

• Collaboration between Johnson & Johnson & The 

Technological University of the Shannon (TUS)

• <200 Cleaning Validations

• $2.4M Endowment from J&J

• Open Access Supporting Publications

• Open Access PhD Dissertation 

• Literature Review

• Materials & Methods

• Results

• Justification of Classification 

[Source: T. Kremer, N. Rowan and G. McDonnell, “A proposed cleaning classification 
system for reusable medical devices to complement the Spaulding Classification,” Journal 
of Hospital Infection, 2023] 
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ISO 14971 - RISK RUBRIC

Hazard

Device Design (Features and 
Geometry)

Material of Construction

Intended Use

Instructions for Use

Hazardous Situation

Inability to Execute the 
Instructions for Use

Processing Time

IFU comprehension

Equipment and Resource 
Requirements

How to measure “clean”

Harm

Potential Infection

Toxic Reaction from Process 
Residuals

Improper Device Function / 
Device Damage

Delayed or Cancelled Surgery

Tissue Damage

Surgery Complications

Risk 
Evaluation
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Compounding - RISK RUBRIC



Device Feature - Risk Value 

• Performed using additive extraction (2nd extraction with pH 10 SDS)

• Minimum N=5 (passing results were run in duplicate n=10)

• T-test performed to calculate 99% confidence interval of the data set

• High value of confidence interval used as worst case to assign risk value
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Device Feature Risk Calculation - EXAMPLE

Device Feature 7
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Ball Detent / Ball Bearing 67.310% 4 5 40.710 3 33.300 3 1.171 1 3.139 2 NA 0 NA 0 4.637 -1 25.74 0 17

Ball Seal Springs 55.170% 5 0 15.010 3 15.340 3 0.379 1 4.113 2 NA 0 NA 0
0.055

33
-2 6.516 0 12

Buttons - Exposed Springs 45.750% 6 0 0.885 1 2.935 1 0.058 1 4.881 2 NA 0 NA 0 0.058 -2 4.231 -1 8

Hinges, Joints, Pivot Points 79.900% 3 0 112.400 3 202.700 3 5.565 2 8.530 3 2.946 1 7.820 3 NA 0 NA 0 18



Device Feature Cleaning Challenge - RANKING



Ranking of Device Feature Performance

Device Feature
Total Risk 

Categorization

Ball Detent / Ball Bearing 17

Ball Seal Springs 12

Blind Slot 25

Button w/ Spring 15

Buttons - Exposed Springs 8

Captured Screw 12

Hinges, Joints, Pivot Points 18

Leaf Springs 9

Mated Surfaces 15
Mated Surfaces Small 
Clearance 8

O-rings - External O-ring 4

O-rings - Internal O-ring 18

Device Feature
Total Risk 

Categorization

Rough Surface 8
Screws Threaded Rod / Threaded Thru 
Hole 5
Screws Threaded Rod/ Threaded Blind 
Hole 16

Sliding Shaft Short 12

Sliding Shafts Long 15

Smooth Blind Lumen 20

Smooth Through Lumen 24

Snap Rings 12

Spring Internal 25

Threads Blind Hole 24

Through Slot 25
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04
Describe mitigation 
strategies: timely 
cleaning, wet transport, 
better tray design, and 
audit metrics.



Microbiological Control Level (MQL) – 4 ELEMENTS

Critical 
Quality 

Attributes

Quality Risk 
Management

State of 
Control

Reduce 
Patient 

Risk

1. Use Quality Risk Management (QRM) to minimize the 
probability of microbiological contamination

2. Ensure the product’s Critical Quality Attributes (CQA) are 
achieved

3. Quantify the State of Control by measuring the 
microbiological risk associated with independent steps of 
the manufacturing process

4. Demonstrate reduced microbiological risk to the patient 
through process control

Slide courtesy of Stephen Langille, PhD
Senior Microbiology Consultant - ValSource



MICROBIOLOGICAL QUALITY & STERILITY ASSURANCE

Kremer’s Cleaning Classification - MITIGATING RISK 

MIN MOD Max

Minimal Moderate Maximal

High risk: complex features 

with high risk of soil retention

Intermediate risk: device 

features requiring specific 

intervention (e.g., lumens and 

mated surfaces)

Low risk: all surfaces 

exposed for cleaning
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Cleaning in Device Processing - RISK CLASSIFICATION 
Question

What is the most challenging to clean medical device feature that is exposed to soil?

Is the material in the most challenging feature absorbing (e.g., Stainless steel, Nitinol, 
Aluminum, Titanium) or repelling (e.g., silicone, PEEK, Delrin)?

What contact does the feature have with the patient?

Does the device come in contact with high-risk tissue (e.g., the brain, spinal cord and eye)? 

How is the soil exposed to the most challenging feature?

Will the soil be exposed to heat (e.g., cauterization)?

Will the soil be exposed to chemical during use (e.g., saline, chlorine, iodine, simethicone)?

Does the device have a lumen length greater than 270mm?

Does the device contain a housing that cannot be removed or accessed by fluid without 
flushing for cleaning where soil can migrate?

Is the device powered (Powered instruments, which can entrap debris that can later be 
aerosolized during a surgical procedure)?

Does the device have internal movable parts such as multiple cables (e.g., robotic 
instruments, elevator shaft) that may have exposure to soil? 

Is the device a microsurgical instrument?

Can the device be fully submerged? (Facilitation of water exposure to residual soil)

Do the cleaning instructions as part of the IFU contain instructions that prevent soil from 
drying on the device while awaiting full decontamination processes?

1. Risk value assigned to each question. 

2. Sum of risk values deliver total risk value.

Classification 
Category Category Description

Total 
Risk 
Value

Minimal 

Low risk reusable medical 
devices where all features are 
exposed without specific 
intervention for cleaning.

<20

Moderate 

Accessible device features that 
require specific intervention 
(e.g., brushing or flow through 
lumens, mated surfaces requiring 
disassembly or opening/closing 
to ensure access).

20 - 39

Maximal 

Complex device features with a 
high probability of soil 
accumulation with a medical 
device.

>40



Compounding Hazards - DESIGN



Compounding Hazards - CONTAMINATION



Compounding Hazards – PATIENT USE



Compounding Hazards – CLINICAL USE



Compounding Hazards – CLINICAL USE



Compounding Hazards - CLEANING
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Cleaning in Device Processing - RISK CLASSIFICATION 
Question

What is the most challenging to clean medical device feature that is exposed to soil?

Is the material in the most challenging feature absorbing (e.g., Stainless steel, Nitinol, 
Aluminum, Titanium) or repelling (e.g., silicone, PEEK, Delrin)?

What contact does the feature have with the patient?

Does the device come in contact with high-risk tissue (e.g., the brain, spinal cord and eye)? 

How is the soil exposed to the most challenging feature?

Will the soil be exposed to heat (e.g., cauterization)?

Will the soil be exposed to chemical during use (e.g., saline, chlorine, iodine, simethicone)?

Does the device have a lumen length greater than 270mm?

Does the device contain a housing that cannot be removed or accessed by fluid without 
flushing for cleaning where soil can migrate?

Is the device powered (Powered instruments, which can entrap debris that can later be 
aerosolized during a surgical procedure)?

Does the device have internal movable parts such as multiple cables (e.g., robotic 
instruments, elevator shaft) that may have exposure to soil? 

Is the device a microsurgical instrument?

Can the device be fully submerged? (Facilitation of water exposure to residual soil)

Do the cleaning instructions as part of the IFU contain instructions that prevent soil from 
drying on the device while awaiting full decontamination processes?

1. Risk value assigned to each question. 

2. Sum of risk values deliver total risk value.

Classification 
Category Category Description

Total 
Risk 
Value

Minimal 

Low risk reusable medical 
devices where all features are 
exposed without specific 
intervention for cleaning.

<20

Moderate 

Accessible device features that 
require specific intervention 
(e.g., brushing or flow through 
lumens, mated surfaces requiring 
disassembly or opening/closing 
to ensure access).

20 - 39

Maximal 

Complex device features with a 
high probability of soil 
accumulation with a medical 
device.

>40



Classification Example – SCALPEL

Device: Scalpel
# Question Answer Risk Value

1 What is the most challenging to clean feature that is 

exposed to soil? Rough Surface 8
2 Is the material in the most challenging feature adsorbing 

(e.g., Stainless steel, Nitinol, Aluminum, Titanium) or 

repelling (e.g., silicone, PEEK, Delrin)? adsorbing 1
3 What contact does the feature have with the patient? Circulating Blood 5
4 Does the device come in contact with high-risk tissue such as 

the brain, spinal cord and eye? Yes 1
5 How is the soil exposed to the most challenging feature? Partial Submersion 3
6 Will the soil be exposed to heat (e.g., cauterization)? No 0
7 Will the soil be exposed to chemicals during use (e.g., saline, 

chlorine, iodine, simethicone)? No 0
8 Does the device have a lumen greater in length than 

270mm? No 0
9 Does the device contain a housing that cannot be removed 

or accessed by fluid without flushing for cleaning where soil 

can migrate? No 0
10 Is the device powered (Powered instruments, which can 

entrap debris that can later be aerosolized during a surgical 

procedure)? No 0
11 Does the device have internal movable parts such as 

multiple cables (e.g., robotic instruments, elevator shaft) 

that may have exposure to soil? No 0
12 Is the device a microsurgical instrument? No 0
13 Can the device be fully submerged? (Facilitation of water 

exposure to residual soil) Yes 0
14 Do the cleaning instructions as part of the IFU contain 

instruction that prevent soil from drying on the device while 

awaiting full decontamination processes? Yes -5
Total Risk Value 13

Low risk: all surfaces 

exposed for cleaning



Classification Example – FEMORAL REAMER

Intermediate risk: device 

features requiring specific 

intervention (e.g., lumens and 

mated surfaces)



Classification Example – DUODENOSCOPE

High risk: complex features 

with high risk of soil retention



MICROBIOLOGICAL QUALITY & STERILITY ASSURANCE

Reusable Medical Devices - MICROBIOLOGICAL 
QUALITY RISK

• Microbiological
– Critical: Sterilization

– Semi-critical: Sterilization (where high-

level disinfection can be acceptable, 

when applicable)

– Non-critical: Disinfection
• Based on risk

• Effective cleaning may be appropriate

• Efficacy against blood-borne pathogens 

in higher-risk applications

• Cleaning
– Maximal (High risk): complex features (high 

risk of soil retention)

– Moderate (Intermediate risk): device features 

requiring specific intervention (e.g., lumens 

and mated surfaces)

– Minimal (Low risk): all surfaces exposed for 

cleaning

Spaulding Kremer
Device feature risk-based approachPatient exposure risk-based approach



Kremer’s Classification - SUPPORTING PUBLICATIONS



MICROBIOLOGICAL QUALITY & STERILITY ASSURANCE

ISO 17664-3 - CONCEPTS TO CONSENSUS



MICROBIOLOGICAL QUALITY & STERILITY ASSURANCE 67

ISO 17664-3 - CONCEPTS TO CONSENSUS



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



69

Questions?
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