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1. Summary 

On July 28, 2021 ClorDiSys Solutions, Inc (CSI) performed testing with chlorine dioxide (CD) gas in a 
one pallet sterilizer (100 ft3, 2.83m3) to determine the whether CD gas exhibits fugitive emissions off 
cardboard at the end of a CD gas sterilization cycle.  
The sterilizer was loaded with 27.2 lbs (12.34 kg) of 
empty cardboard boxes.   

For the test run, a gas concentration level of 3.5 
mg/L (1260 ppm) and a target dosage of 3900 ppm-
hrs was used, mimicking a currently used and 
validated medical device sterilization cycle.   Off 
gassing was measured at 1 minute, 15 minutes, 30 
minutes, and 60 minutes post-aeration with the 
chamber door closed.  At all intervals, no detectable 
levels of CD gas (0.0 ppm) were measured.  Once 
the chamber door was opened, no odor was 
detected and the chamber interior was measured at 
0.0 ppm.  The interior of multiple closed boxes were 
also measured with the ATI sensor as well, with no 
detectable levels of CD gas found. 

It was found that when a thorough aeration is 
completed there is NO fugitive emissions of CD gas 
from corrugated cardboard boxes.  Measurements 
taken prove that there is no CD gas off gassing that 
will be a safety hazard for workers unloading product 
into chlorine dioxide gas sterilizers.   

2. Introduction  

The chlorine dioxide sterilization process consists of 
the following steps; humidification to soften bacterial spore walls, the introduction of chlorine dioxide 
(CD) gas to reach the desired concentration (charge), a dwell period called exposure where the gas 
sits for a period of time in order to obtain the desired kill level, and finally, aeration to remove the gas. 

The humidification range to soften the spore walls is 60% or higher with an optimal level of 65 – 75%. 
The exposure level and time that ClorDiSys targets to obtain a 6-log sporicidal reduction under 
ambient pressure conditions is 1 mg/liter (360ppm) for 2 hours. This equates to 720 ppm-hours of 
exposure (360 ppm x 2 hours).  At the end of exposure, the gas is aerated until the concentration 
drops to 0.1 ppm, this is the 8-hour safety level as well as the odor threshold level. Concentrations 
and dosages vary with sterilizer cycles due to different loads patterns and load makeup.   

The CD concentration is monitored throughout the process via the Steridox-VP Sampling system, 
which is located outside of the vacuum chamber.  Sample tubing is run inside the chamber allowing a 
continuous sample to be pulled from the chamber so that the gas concentration is monitored and 
controlled at all times. This ensures a successful cycle each time and it assures that people are 
alerted if the desired gas concentration was not reached and therefore complete deactivation of 
spores did not occur.  Aeration is completed by bringing the chamber pressure up to 85 KPa when 
exposure is completed.  Once this is accomplished, the pressure is typically lowered to 20-40 KPa 
(25 KPa was used for this test).   When the pressure reaches this set point the chamber is then 

Figure 1: Pallet sterilizer filled with 27.2lbs 

(12.34kg) of various corrugated cardboard boxes. 
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brought to 85 KPa again.  These vacuum/break cycles are continued until the CD gas concentration 
is at or below 0.5mg/L.  Once this is done a fixed number of vacuum/break cycles (8 was used for this 
test) is completed and the chamber is considered aerated and the cycle is completed.   

3. Method 

3.1. Material and Equipment 

3.1.1. Steridox-VP 100 ft3 / 2.83 m3 (serial #: SVP-05A-2021) 

3.1.2. CSI CD Cartridges (Lot #: 07142021A) 

3.1.3. ATI C-16 PortaSens III Gas Detector – chlorine dioxide (Serial #: H10-12-0756-00 & 
H10-12-0961-00) see calibration sheets attached.   

3.1.4. WeighMax Shipping Scale (Serial #: S140236907) 

3.1.5. Boxes 27.2 lbs. (12.34kg) of corrugated cardboard, (see 
figure 1) 

3.2. Procedure and Results 

3.2.1. Procedure 

Test Run: Boxes were assembled, weighed and placed 
inside the sterilizer (see figure 1).  After boxes were placed 
inside the one pallet sized sterilizer the door was closed and 
the cycle started.  The RH SP was 75%, Concentration SP 
was 3.5mg/L (1260 ppm) and the dosage set for 3900 ppm-
hrs.  Aeration vacuum break cycles was set to 8 cycles after 
concentration is below 0.5mg/L.   See attachment 3 for all 
cycle parameters.  After the cycle completed aeration (final 
dosage of 3944 ppm-hrs), the side chamber cam-lock 
fitting was removed and 2 separate ATI PortaSens III 
sensors measured cardboard box off gassing at three 
time points.     

• At 1 minute post exposure 0.0 ppm was measured 
on 2 ATI sensors.    

• At 15-minute post 
exposure 0.0 ppm was 
measured on 2 ATI 
sensors.   

• At 30-minute post 
exposure 0.0 ppm was 
measured on 2 ATI 
sensors.    

• At 60-minute post 
exposure 0.0 ppm was 
measured on 2 ATI 
sensors. 

After 60 minutes post 
exposure the chamber was 
opened and CD gas was 
again sensed at 0.0 PPM 
and there was no residual 
odor detected.  Additionally, a box was tested by inserting the ATI PortaSens tip into the 

Figure 2: Measurement of CD off gassing 

30 minutes post aeration with chamber 

door closed and NO exhaust on. 0.0 PPM 

was measured using both sensors.  

Figure 3: Measurement of CD off gassing inside chamber after 

opening the door (left) and also inside 1 box (right).  0.0PPM was 

measured on both locations. 
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box to measure any off-gassing inside the box and 0.0 PPM was measured.   Actual run 
data can be seen in below attachments.   

  

4. Conclusion 

Corrugated cardboard boxes adsorb chlorine dioxide gas.   A test run was performed at ClorDiSys 
Solutions, Inc’s facility in Branchburg NJ to test for the fugitive emission of CD gas from corrugated 
cardboard after a sterilization cycle.  It was found that when a thorough aeration is completed, there 
are no fugitive emissions of CD gas from corrugated cardboard boxes.  No measurable levels of CD 
gas were detected up to 1 hour after aeration within the closed sterilizer chamber or within the 
cardboard boxes.   

5. Approvals 

Final Report Approvals 

Name Title Signature Date 

Mark Czarneski Director of Technology 
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Attachment 1 – Calibration sheets for Porta-Sens Low Level Sensors 
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Attachment 2 – Sterilization Cycle Printout Run Reports 
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Attachment 3 – Sterilization Cycle Run Reports 
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Attachment 4 – Sterilization Cycle Data 
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Run 2, 3944 PPM-Hrs Cardboard Box

CH_CD CONCENTRATION_REAL CH_RH_REAL CH_TEMP_REAL CH_VAC_PRESS_REAL


