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1.0 SUMMARY OF TEST PROGRAM AND RESULTS 

1.1 TEST PROGRAM OBJECTIVES 

Montrose Air Quality Services, LLC (Montrose) was contracted by Medline Industries (Medline) 
to perform an initial performance specification (PS) relative accuracy (RA) test at their facility 
located in Waukegan, Illinois.  

The purpose of the test was to determine the relative accuracy (RA) of the ethylene oxide (EtO) 
Fourier transform infrared (FTIR) continuous emission monitoring system (CEMS) and volumetric 
flow monitoring system serving the EtO Abatement System. 

Testing was conducted in accordance with the sampling and analytical procedures presented in 
Test Plan No. 928ET-663754-PP-11R3 dated January 23, 2020. A summary of the test program 
is presented in Table 1-1. 

TABLE 1-1 
SUMMARY OF TEST PROGRAM 

      

Date Source 
Activity/ 

Parameters Test Methods 
No. of 
Runs 

Run 
Duration 

      
3/5/20 EtO Abatement System 

Common Stack 
RA Test/ 

EtO, Volumetric Flow 
1, 2, 3A, 205, 320, 

PS-6, PS-15 
9 30 Minutes 

      

Medline personnel performed the 24-hour 7-day calibration drift (CD) test and supplied the results 
to Montrose for inclusion in this report. 

1.2 TEST PROGRAM PARTICIPANTS 

A list of project participants is included below: 
    
Facility Information 

Source Location: Medline Industries 
 1160 South Northpoint Boulevard 
 Waukegan, IL 60085 

Project Contact: Mr. Jasper Titus Mr. Joe Montemurro 
Role: Director EHS Associate Director - Sterilization 

Telephone: 847-837-2784 224-572-6440 
Email: jtitus@medline.com jmontemurro@medline.com 

     
Testing Company Information 

Testing Firm: Montrose Air Quality Services, LLC 
Contact: Mr. William Craig James  

Title: Vice President, Technical  
Telephone: 847-487-1580 Ext. 12419  

Email: wjames@montrose-env.com  
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Mr. Jasper Titus and Mr. Joe Montemurro of Medline coordinated the test and monitored process 
operations during testing. Mr. Craig James, Mr. Don Chapman, Mr. Jeremy Clark, and Mr. Vannak 
Khy of Montrose performed the test. Mr. Craig James was the onsite field test supervisor and 
qualified source testing individual for the test. Mr. Kevin Mattison of the Illinois Environmental 
Protection Agency witnessed the test. 

1.3 QUALITY STATEMENT 

Montrose is qualified to conduct this test program and has established a quality management 
system that led to accreditation with ASTM Standard D7036-04 (Standard Practice for 
Competence of Air Emission Testing Bodies). Montrose participates in annual functional 
assessments for conformance with D7036-04 which are conducted by the American Association 
for Laboratory Accreditation (A2LA). All testing performed by Montrose is supervised on site by 
at least one Qualified Individual (QI) as defined in D7036-04 Section 8.3.2. Data quality objectives 
for estimating measurement uncertainty within the documented limits in the test methods are met 
by using approved test protocols for each project as defined in D7036-04 Sections 7.2.1 and 
12.10. Additional quality assurance information is presented in the report appendices. 

1.4 SUMMARY OF TEST RESULTS 

The test results are detailed in Section 4.0 of this document. The results were calculated using 
nine test runs. The analyzers performed within their applicable performance specification as 
summarized in Table 1-2. 

TABLE 1-2 
SUMMARY OF CEMS RA TEST RESULTS 

   

Parameter RA Performance Specification Allowable 

   
EtO, ppmv wb 1.48% ≤ 10%, Based on the Applicable Standard (0.200 ppmv wb) 
EtO, lb/hr 4.69% ≤ 10%, Based on the Applicable Standard (0.0205 lb/hr) 
Volumetric Flow, scfm 1.98% ≤ 20%, Based on the Mean Reference Method (RM) Value 
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2.0 SOURCE DESCRIPTION 

2.1 FACILITY AND SOURCE DESCRIPTION 

2.1.1 Overview 

Medline operates a ten-chamber sterilization facility in Waukegan, Illinois. Products to be 
sterilized are placed in a sterilization chamber and are exposed to EtO, a sterilant gas, at a 
predetermined temperature, humidity level, and pressure. The EtO penetrates product packaging 
(e.g., cardboard shipping box, plastic shrink wrap, paper box, and product wrapping) and destroys 
bacteria and viruses on the product. The product remains sterile until use because bacteria and 
viruses cannot penetrate the product wrapping. Medline operates three 26-pallet chambers, four 
13-pallet chambers, two 6-pallet chambers and one 3-pallet chamber. 

2.1.2 Process Description 

The typical sterilization cycle consists of six phases: (1) pre-sterilization conditioning, (2) 
sterilization, (3) evacuation, (4) nitrogen wash, (5) chamber exhaust, and (6) aeration. Each of 
these phases is discussed briefly below: 

After the products have been loaded into the chamber and the airtight door is sealed, a partial 
vacuum is drawn inside the chamber. This initial vacuum, or drawdown, prevents dilution of the 
EtO. The chamber temperature and relative humidity is adjusted to ensure proper sterilization and 
the EtO is introduced into the chamber to achieve the desired concentration of EtO.  

Following sufficient exposure time, the EtO is evacuated from the chamber with a vacuum pump. 
This post-cycle vacuum phase typically lasts about 25 minutes. The pressure in the chamber is 
then increased by introducing nitrogen. The combination of evacuation and nitrogen wash phases 
is repeated multiple times to remove as much of the EtO from the product as possible. The 
purpose of the nitrogen washes is to allow residual EtO to diffuse from the product. 

At the end of the sterilization cycle the chamber is returned to atmospheric pressure by introducing 
air. When the chamber door is opened to unload product, the rear chamber vent system is 
activated to prevent the sterilization operators from being exposed to elevated levels of EtO that 
may be present inside the chamber 

Following their removal from the sterilization chamber, the sterile products are placed in an 
aeration room and kept there for several hours or days depending on the product. The purpose 
of aeration is to allow further diffusion of residual EtO from the products prior to shipping in order 
to comply with the FDA and EPA guidelines for residual EtO. 

2.1.3 Control Equipment 

A simplified block process flow diagram showing the four inlet sampling locations and the stack 
sampling location is shown in Figure 2-1.  
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FIGURE 2-1 
SIMPLIFIED BLOCK DIGRAM  

 

The 10 sterilization chambers (Inlet 1) are ducted to two stage GlygenTM scrubbers in series 
(primary controls) followed by Packed Tower #2 (secondary control) for removal of EtO. The gas 
stream then enters the primary and polishing dry beds for secondary removal and polishing before 
exiting to atmosphere in the common stack. 

The backvents (Inlet 2) are ducted to Packed Tower #1 for primary removal of EtO. The gas 
stream then enters the primary and polishing dry beds and exits to the common stack. 
 
The aeration rooms (Inlet 3) are ducted to the CatOx Abator (catalytic oxidizer) for primary 
removal of EtO. The gas stream then enters the primary and polishing dry beds before exiting to 
atmosphere in the common stack. 

The hoods, sweeps and shipping area vents (Inlet 4) are ducted to Packed Tower #3 for removal 
of EtO. This gas stream vents to the common stack. 

2.2 CEMS DESCRIPTION  

2.2.1 Ethylene Oxide CEMS Description 

The EtO monitoring system is a Model EMS-10TM/eo/cart manufactured by MAX Analytical. The 
EMS-10TM/eo/cart is a fully automated emission monitoring system capable of accurately 
analyzing gas streams for EtO. The primary analyzer utilizes FTIR Spectroscopy enhanced with 
StarBoostTM technology. The integrated design incorporates complete control of all gases 
including the sample stream, zero gas and calibration gas. This system is designed for gas 
streams that must be analyzed for EtO at low ppb levels. The EMS-10TM/EO/cart can handle hot 
and wet samples using a single sampling pump and particulate filter.  
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The StarboostTM
 was also equipped with a MAX Thermal Oxidizer Module (TOM) to aid in 

collecting zeroed background interference data to enhance accurate measurements at low-level 
concentrations of volatile organic compounds. Max Analytical Technologies developed a TOM for 
zeroing of EtO CEMS with sample gas. The catalyst within the TOM is set to 125 °C to fully oxidize 
EtO without reducing the concentrations of water and methane in the sample. This allows an 
Interference Spectrum to be collected that matches the sample spectrum exceedingly well. When 
this Interference Spectrum is added to the regression matrix, zero drift and bias in the EtO 
measurement due to spectral interferences are minimized. 

The TOM contains two oxidation catalyst cores in series to ensure complete removal of EtO from 
the sample. Stack gas is either run through the catalysts in Oxidation Mode to collect an 
Interference Spectrum, or stack gas is run in Bypass Mode to measure EtO. 

The features of the EMS-10TM/EO/ are presented in Figure 2-2. 
 

FIGURE 2-2 
ETHYLENE OXIDE CEMS SCHEMATIC 
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2.2.2 Volumetric Flow CEMS Description 

The volumetric flow monitoring system, manufactured by EMRC, is acceptable to EPA as a flow 
monitoring device typically used on electrical generating utility stacks. It consists of an S-type pitot 
tube and is installed on a 4” diameter ANSI approved port with sealed flange. The device is a 
pressure differential device as typically used in the source testing industry.  

The EMRC Gas Flow Monitor is designed to measure the dynamic pressure of gas flow in a stack. 
The system was initially developed for the sole purpose of measuring gas flow in a sulfur plant 
stack or gas stream. It is designed to tolerate high temperatures (~1,500 to 2,000°F), a corrosive 
environment, and a nominal particulate loading. In addition, the techniques employed meet 
regulatory (EPA and State) measurement criteria. 

The CEMS information is provided in Table 2-1. 
 

TABLE 2-1 
CEMS INFORMATION 

    

Analyzer Type Manufacturer Model Serial Number 

    
Ethylene Oxide MKS-MAX Analytical EMS-10TM 110383419 

    
Volumetric Flow Rate EMRC, Inc. EMRC S-type Pitot Flow Monitor 644 

    

2.3 SAMPLING LOCATIONS  

The sampling location and number of velocity traverse points were as follows: 
 

Sampling 
Location 

Stack 
Diameter 
(inches) 

Port Location 
Upstream from 

Disturbance 
(inches) 

Port Location 
Downstream from 

Disturbance 
(inches) 

No. of 
Ports 

Velocity 
Traverse 

Points per 
Port 

Total 
Points 

       

Common Stack 60 120 498 2 8 16 
       

2.4 OPERATING CONDITIONS AND PROCESS DATA 

Plant personnel established the test conditions and collected all applicable unit-operating data. 

The RA test runs were performed over an approximate 8-hour period where multiple chambers 
were evacuated of EtO. A total of 508.2 lbs of EtO were used in the chambers evacuated in this 
testing window. At the beginning of the first RA test run, aeration was at 88.1% full based on pallet 
capacity and ended at 89.6% at the end of the last run.   
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3.0 TEST METHOD DETAILS 

3.1 LIST OF TEST METHODS 

Testing was conducted pursuant to the following procedures: 

• Code of Federal Regulations, Title 40, Part 60 (40 CFR 60), Appendix A, USEPA 
Methods 1, 2, and 3A 

• 40 CFR 60, Appendix B, PS-6 and PS-15 

• 40 CFR 51, Appendix M, USEPA Method 205 

• 40 CFR 63, Appendix A, USEPA Method 320 

• ASTM D6348-12 – Standard Test Method for Determination of Gaseous 
Compounds by Extractive Direct Interface FTIR Spectroscopy 

• Quality Assurance Handbook for Air Pollution Measurement Systems, Volume III, 
Stationary Source Specific Methods 

3.1.1 Sampling Locations (USEPA Method 1) 

The sampling point locations that were used for the determination of gas velocity and volumetric 
flow rate were determined following the procedural requirements of USEPA Method 1. The 
sampling location and number of velocity traverse points are provided in Subsection 2.3. 

3.1.2 Velocity and Volumetric Flow Rate (USEPA Method 2) 

Gas velocity and volumetric flow rate were determined in accordance with USEPA Method 2 
procedures. Velocity measurements were performed using a Type-S pitot tube and Dwyer inclined 
oil gauge manometer. Temperature measurements were conducted using a digital temperature 
meter and chromel-alumel thermocouple. 

3.1.3 Molecular Weight (USEPA Method 3A) 

The stack gas oxygen (O2) and carbon dioxide (CO2) concentrations were determined in 
accordance with USEPA Method 3A using a Servomex, Inc. Model 1440 combination 
paramagnetic O2 and non-dispersive infrared CO2 analyzer. 

As shown in Figure 3-1, the sampling system consisted of a heated probe with an in-stack filter 
followed by a calibration tee assembly. The probe system was connected to a heated Teflon 
sampling line that transported the gas sample through an ice-cooled condenser and an electronic 
chiller to remove moisture. The dry sample gas was then transported to a manifold system by a 
Teflon-lined sample pump and Teflon sample line. The manifold was connected with sample gas 
intake lines for the analyzers. 

The sampling system was calibrated with applicable zero, mid-range, and high-range gases as 
specified in USEPA Method 3A. The calibration gases were generated from Protocol 1 calibration 
gases using an Environics Model 4040 Gas Dilution System. The dilution system was verified on 
site in accordance with USEPA Method 205.  
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Response time, calibration error, and measurement system bias tests were performed prior to 
testing, and a pre/post calibration drift test was performed on each analyzer. The average zero 
and calibration drift values were used to correct each analyzer’s raw data for instrument zero and 
drift for each respective test run. 

The analyzer data were collected at 15-second intervals, and 1-minute averages were calculated 
by a data acquisition system consisting of an Omega OMB-DAQ-56 datalogger connected to a 
computer for digital data storage and reduction. 

3.1.4 Moisture Content 

Following the accepted alternate procedure in USEPA Method 4, Section 16.3, the moisture 
content was determined using FTIR measurements in accordance with USEPA Method 320 and 
ASTM D6348-12.  

3.1.5 Gas Dilution System Verification (USEPA Method 205) 

All analyzer diluted calibration standards were prepared using an Environics Model 4040 Gas 
Dilution System that was verified by a field evaluation at the job site following the procedures in 
USEPA Method 205.  

The Environics Model 4040 employs four mass flow controllers (MFC). MFC No. 1 is normally 
designated for the nitrogen diluent. To verify the accuracy of MFC Nos. 1 and 2, the Servomex, 
Inc. Model 1440 O2 analyzer was used. To verify the accuracy of MFC Nos. 1 and 3, the 
Servomex, Inc. Model 1440 CO2 analyzer was used. To verify the accuracy of MFC Nos. 1 and 4, 
a Thermo Environmental Instruments, Inc. Model 48H gas filter correlation carbon monoxide (CO) 

analyzer was used.  

The analyzers were pre-calibrated following the applicable methods. Following calibration, two 
diluted standards and an EPA Protocol 1 standard were alternately introduced in triplicate, and 
an average instrument response was calculated for each standard. No single response differed 
by more than ± 2% from the average response for each standard. The difference between the 
instrument average and the predicted concentration was less than ± 2% for each diluted standard. 
The difference between the certified gas concentration and the average instrument response for 
the EPA Protocol 1 standard was less than ± 2%.  

3.1.6 Ethylene Oxide and Moisture Determination (USEPA Method 320 and ASTM 
D6348-12)  

Ethylene oxide and moisture sampling was conducted using a MAX Analytical FTIR system 
enhanced with StarBoostTM technology. StarBoostTM is a MAX Analytical add-on to an existing 
MKS Model 2030 FTIR analyzer. It combines infrared filtering, signal amplification, and advanced 
software algorithms to greatly increase the signal intensity, resulting in much lower detection 
limits. The StarBoostTM meets USEPA Method 320 and ASTM D6348 criteria. As part of the 
filtering, StarBoostTM systems measure fewer gases simultaneously than standard FTIR 
analyzers. The useable IR region is determined by the targeted analytes and selected filter.  

The StarboostTM was also equipped with a TOM module to aid in collecting zeroed background 
interference data to enhance accurate measurements at low-level concentrations of volatile 
organic compounds. 
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As shown in Figure 3-2, the sample delivery system consisted of a heated stainless-steel 
sampling probe, calibration tee, heated Teflon sampling line, fast loop bypass pump, and sample 
manifold. The sample gas was withdrawn from the test location at a constant rate. The probe and 
sample line were operated at approximately 370 °F to prevent the condensation of moisture and 
EtO. The wet gas was directed to the FTIR spectrometer gas cell. Results from the analyzer are 
determined on a “wet” volume basis. 
 

A calibration transfer standard (CTS) was introduced into the system and two spectra were 
recorded at least 2 minutes apart. As long as the second spectrum was no greater than the first 
and within the uncertainty of the gas standard, it was used as the CTS spectrum. 
 

After the required pre-test procedures were performed, stack gas was sampled continuously. 
Sample interferograms, processed absorbance spectra, background interferograms, CTS sample 
interferograms, and CTS absorbance spectra were recorded. Sample conditions, instrument 
settings, and test records were also recorded throughout the test. A new CTS spectrum was 
obtained after each sampling run. The post-test CTS spectrum was compared to the pre-test 
spectrum. The peak absorbance from each spectrum must be within 5% of the mean value. 
 

A system recovery check using the analyte spiking technique was performed prior to testing. First, 
some of the effluent gas was sampled to determine native concentration of target analytes. The 
analyte spike calibration gas was introduced to the FTIR gas cell, and the results were determined 
using the analytical algorithm. Results from the calibration gas were recorded and compared to 
the certified value of the calibration gas. For reactive condensable gases, the results must be 
within 10% or 5 ppm. 
 

The analyte spike calibration gas was then directed through the entire sampling system and 
allowed to mix with effluent gas sample (or ambient air at the inlets) at a known flow rate. The 
flow ratio of calibration gas to ambient air or source effluent must be no greater than a ratio of 
1:10 (one-part calibration gas to ten-parts total flow) for the determination of sample recovery. 
The dilution factor of the analyte spike concentration gas was calculated, and the bias between 
the observed spike value and the expected response was determined. The percent recovery of 
the spiked analytes was calculated. Spike recovery results must meet the data quality objectives 
of the test program. The average spiked concentration must be within 70% - 130% of the expected 
concentration.  

3.2 MODIFICATIONS TO THE METHODS 

EtO cylinders were only available in ± 5% certifications without an alternative (Alt) testing 
procedure ALT-114 and ALT-118; “Alternative Approaches to NIST-Traceable Reference Gases”. 

https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NRMRL&dirEntryId=336073 

Ryan, J. ALT-114 and ALT-118 Alternative Approaches to NIST-Traceable Reference Gases. 
Presented at “The 41st Stationary Source Sampling and Analysis for Air Pollutants Conference, 
Tucson, AZ, April 9 - 14, 2017.” 

Montrose could not find a calibration gas manufacturer that would blend an EtO cylinder in the 
ppm range at the required EPA protocol gas accuracy certification of ± 2%. The best the current 
available gas vendors could certify their EtO gas cylinders was ± 5%. Montrose also could not 
find a vendor who would perform Alt 114 procedures for certification of the EtO gas 
concentrations. Therefore, it was requested that the EtO cylinders accuracy of ± 5% be accepted 
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in lieu of the protocol requirement of ± 2%. It should be noted that calibration cylinders of many 
organic compounds are not commercially available at ± 2% accuracy due to stability, vapor 
pressure, or reactivity issues of the specific compound. 

Additionally, because of Montrose’s experience with EtO and discussions with EPA Office of Air 
Quality Planning and Standards (OAQPS) who also indicated instability of EtO in cylinders below 
2 ppmv, a 50 ppmv cylinder was used to determine calibration stability as per PS-15, Sections 10 
and 11. Another 2 ppmv cylinder of EtO with a tracer gas of 500 ppm ethane was used to 
determine the dynamic spike dilution factor (Method 320) and was transported directly to the FTIR 
sample cell initially to provide an accurate cylinder tag value for the cylinder used for the dynamic 
spiking.   

The CTS used for the path length and associated quality control measurements in Method 320 
was 50 to 500 ppm methane. This was not a modification to the method, but is placed in this 
section to point out the difference between CTS and the tracer gas used.  

Because of the variable EtO concentration, dynamic spiking as required by Method 320 was 
conducted into ambient air and not into the sample stream. Because the sample streams are 
essentially ambient air, the sample streams have similar potential interferences. 

3.3 RELATIVE ACCURACY CALCULATIONS 

The RA was determined using the following equations: 
 

a) Arithmetic mean; calculated arithmetic mean of the difference between the RM 
results and the CEMS data:  

 

  

 
Where: 

 
n = Number of data points 

 = Algebraic sum of the individual differences di 

 
b) Standard deviation: 
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c) Confidence coefficient; 2.5% error confidence coefficient (one-tailed): 
 

 

 
Where: 
 
t0.975 = t-value as below = 2.306 for 9 runs 

 

na t0.975 na t0.975 na t0.975 

2 12.706 7 2.447 12 2.201 

3 4.303 8 2.365 13 2.179 
4 3.182 9 2.306 14 2.160 

5 2.776 10 2.262 15 2.145 

6 2.571 11 2.228 16 2.131 

 
aThe values in this table are already corrected for n-1 degrees of freedom. Use n 
equal to the number of individual values. 

 
d) Relative accuracy: 

 

 X 100 

 
Where: 
 

 =  Absolute value of the mean difference (from equation a) 

 =  Absolute value of the confidence coefficient (from equation c) 

 =  Average RM value or applicable standard 

 
 

d
0.975

S
CC = t

n

d + CC
RA = 

RM

d

CC

RM
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4.0 TEST RESULTS  

The RA test results are presented in Tables 4-1 through 4-3. 

The calculation summaries, field data, reference method monitoring data, FTIR data, Medline 
CEMS, process, and CD test data, calibration data, and test program qualifications are included 
in the appendices. 
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TABLE 4-1 
EtO ABATEMENT SYSTEM COMMON STACK EtO RA TEST RESULTS (ppmv wb) 

       

    Reference Method CEMS  
    Samples (RMi) Output (CEMi)  

Test Run  Start Stop EtO EtO (RMi – CEMi) 
No. Date Time Time ppmv wb ppmv wb Difference (d) 

       
1 3/5/2020 09:23 09:53 0.0347 0.0386 -0.0039 
2 3/5/2020 10:18 10:48 0.0202 0.0200 0.0002 
3 3/5/2020 11:30 12:00 0.0156 0.0100a 0.0056 
4 3/5/2020 12:30 13:00 0.0062b 0.0100a -0.0038 
5 3/5/2020 13:25 13:55 0.0062b 0.0100a -0.0038 
6 3/5/2020 14:20 14:50 0.0118 0.0100a 0.0018 
7 3/5/2020 15:12 15:42 0.0123 0.0137 -0.0014 
8 3/5/2020 16:09 16:39 0.0090 0.0100a -0.0010 
9 3/5/2020 17:08 17:38 0.0134 0.0100a 0.0034 
       

   
Applicable Standard: 0.200 ppmv wb 

Mean Reference Method Value: 0.0144 ppmv wb 
Mean CEMS Value: 0.0147 ppmv wb 

Average d: -0.0003 ppmv wb 
n: 9  

t0.975: 2.306  
Standard Deviation: 0.0034  

Confidence Coefficient (One-Tailed): 0.0026  
   

Relative Accuracy: 1.48% Based on the Applicable Standard 
Allowable: ≤ 10% Based on the Applicable Standard  

   

 
  

 
aCEMS concentration at system limit of detection (LOD) of 10.0 ppbv wb 
bRM concentration at method LOD of 6.2 ppbv wb 
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TABLE 4-2 
EtO ABATEMENT SYSTEM COMMON STACK EtO RA TEST RESULTS (lb/hr) 

       

    Reference Method CEMS  
    Samples (RMi) Output (CEMi)  

Test Run  Start Stop EtO EtO (RMi – CEMi) 
No. Date Time Time lb/hr lb/hr Difference (d) 

       
1 3/5/2020 09:23 09:53 0.0126 0.0137 -0.0011 
2 3/5/2020 10:18 10:48 0.0073 0.0071 0.0002 
3 3/5/2020 11:30 12:00 0.0056 0.0036a 0.0020 
4 3/5/2020 12:30 13:00 0.0022b 0.0036a -0.0013 
5 3/5/2020 13:25 13:55 0.0022b 0.0036a -0.0014 
6 3/5/2020 14:20 14:50 0.0043 0.0035a 0.0007 
7 3/5/2020 15:12 15:42 0.0044 0.0048 -0.0005 
8 3/5/2020 16:09 16:39 0.0032 0.0035a -0.0004 
9 3/5/2020 17:08 17:38 0.0048 0.0036a 0.0013 
       

   
Applicable Standard: 0.0205 lb/hr 

Mean Reference Method Value: 0.0052 lb/hr 
Mean CEMS Value: 0.0052 lb/hr 

Average d: -0.0001 lb/hr 
n: 9  

t0.975: 2.306  
Standard Deviation: 0.0012  

Confidence Coefficient (One-Tailed): 0.0009  
   

Relative Accuracy: 4.69% Based on the Applicable Standard 
Allowable: ≤ 10% Based on the Applicable Standard  

   

 
  

 
aCEMS concentration at system LOD of 10.0 ppbv wb 
bRM concentration at method LOD of 6.2 ppbv wb 
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TABLE 4-3 
EtO ABATEMENT SYSTEM COMMON STACK VOLUMETRIC FLOW RA TEST RESULTS  

       

    Reference Method CEMS  
    Samples (RMi) Output (CEMi)  

Test Run  Start Stop Volumetric Flow Volumetric Flo (RMi – CEMi) 
No. Date Time Time scfm scfm Difference (d) 

       
1 3/5/2020 09:23 09:53 53,129 51,676 1,453 
2 3/5/2020 10:18 10:48 52,582 51,515 1,067 
3 3/5/2020 11:30 12:00 51,957 52,279 -322 
4 3/5/2020 12:30 13:00 52,808 51,985 823 
5 3/5/2020 13:25 13:55 51,295 51,900 -605 
6 3/5/2020 14:20 14:50 52,766 51,653 1,113 
7 3/5/2020 15:12 15:42 51,744 51,293 451 
8 3/5/2020 16:09 16:39 51,136 51,742 -606 
9 3/5/2020 17:08 17:38 52,403 51,856 547 
       

   
Mean Reference Method Value: 52,202 scfm 

Mean CEMS Value: 51,767 scfm 
Average d: 435.7 scfm 

n: 9  
t0.975: 2.306  

Standard Deviation: 774.44  
Confidence Coefficient (One-Tailed): 595.29  

   
Relative Accuracy: 1.98% Based on the Mean RM Value 

Allowable: ≤ 20% Based on the Mean RM Value  
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CALCULATION SUMMARIES 
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REFERENCE METHOD MONITORING DATA 

  

M928ET-663754-RT-414 68 of 269



M928ET-663754-RT-414 69 of 269



M928ET-663754-RT-414 70 of 269



M928ET-663754-RT-414 71 of 269



M928ET-663754-RT-414 72 of 269



M928ET-663754-RT-414 73 of 269



M928ET-663754-RT-414 74 of 269



M928ET-663754-RT-414 75 of 269



M928ET-663754-RT-414 76 of 269



M928ET-663754-RT-414 77 of 269



M
928ET-663754-R

T-414
78 of 269



M
928ET-663754-R

T-414
79 of 269



M
928ET-663754-R

T-414
80 of 269



M
928ET-663754-R

T-414
81 of 269



M928ET-663754-RT-414 82 of 269



M928ET-663754-RT-414 83 of 269



M928ET-663754-RT-414 84 of 269



M928ET-663754-RT-414 85 of 269



M928ET-663754-RT-414 86 of 269



M928ET-663754-RT-414 87 of 269



M928ET-663754-RT-414 88 of 269



M928ET-663754-RT-414 89 of 269



M928ET-663754-RT-414 90 of 269



M928ET-663754-RT-414 91 of 269



M928ET-663754-RT-414 92 of 269



M928ET-663754-RT-414 93 of 269



M928ET-663754-RT-414 94 of 269



M928ET-663754-RT-414 95 of 269



M928ET-663754-RT-414 96 of 269



M928ET-663754-RT-414 97 of 269



M928ET-663754-RT-414 98 of 269



M928ET-663754-RT-414 99 of 269



M928ET-663754-RT-414 100 of 269



M928ET-663754-RT-414 101 of 269



M928ET-663754-RT-414 102 of 269



M928ET-663754-RT-414 103 of 269



M928ET-663754-RT-414 104 of 269



M928ET-663754-RT-414 105 of 269



M928ET-663754-RT-414 106 of 269



M928ET-663754-RT-414 107 of 269



M928ET-663754-RT-414 108 of 269



M928ET-663754-RT-414 109 of 269



M928ET-663754-RT-414 110 of 269



Medline Industries: Waukegan, Illinois 
March 2020 EtO Abatement System Common Stack Initial PS Test 

 

 

APPENDIX D 
FTIR DATA 

  

M928ET-663754-RT-414 111 of 269



M928ET-663754-RT-414 112 of 269



M
928ET-663754-R

T-414
113 of 269



M
928ET-663754-R

T-414
114 of 269



M
928ET-663754-R

T-414
115 of 269



M
928ET-663754-R

T-414
116 of 269



M928ET-663754-RT-414 117 of 269



M928ET-663754-RT-414 118 of 269



M
928ET-663754-R

T-414
119 of 269



M928ET-663754-RT-414 120 of 269



M928ET-663754-RT-414 121 of 269



M928ET-663754-RT-414 122 of 269



M928ET-663754-RT-414 123 of 269



M928ET-663754-RT-414 124 of 269



M
928ET-663754-R

T-414
125 of 269



M
928ET-663754-R

T-414
126 of 269



M928ET-663754-RT-414 127 of 269



M928ET-663754-RT-414 128 of 269



M928ET-663754-RT-414 129 of 269



M
928ET-663754-R

T-414
130 of 269



M928ET-663754-RT-414 131 of 269



M928ET-663754-RT-414 132 of 269



M928ET-663754-RT-414 133 of 269



M
928ET-663754-R

T-414
134 of 269



M928ET-663754-RT-414 135 of 269



M928ET-663754-RT-414 136 of 269



M928ET-663754-RT-414 137 of 269



M
928ET-663754-R

T-414
138 of 269



M928ET-663754-RT-414 139 of 269



M928ET-663754-RT-414 140 of 269



M
928ET-663754-R

T-414
141 of 269



M928ET-663754-RT-414 142 of 269



M928ET-663754-RT-414 143 of 269



M
928ET-663754-R

T-414
144 of 269



M928ET-663754-RT-414 145 of 269



M928ET-663754-RT-414 146 of 269



M
928ET-663754-R

T-414
147 of 269



M928ET-663754-RT-414 148 of 269



M928ET-663754-RT-414 149 of 269



M
928ET-663754-R

T-414
150 of 269



M928ET-663754-RT-414 151 of 269



M928ET-663754-RT-414 152 of 269



M928ET-663754-RT-414 153 of 269



M
928ET-663754-R

T-414
154 of 269



M
928ET-663754-R

T-414
155 of 269



Medline Industries: Waukegan, Illinois 
March 2020 EtO Abatement System Common Stack Initial PS Test 

 

 

APPENDIX E 
MEDLINE CEMS, PROCESS, AND CD TEST DATA 
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CALIBRATION DATA 

  

M928ET-663754-RT-414 225 of 269



M928ET-663754-RT-414 226 of 269



M928ET-663754-RT-414 227 of 269

Kevin.Mattison
Text Box
3.958



M928ET-663754-RT-414 228 of 269



M928ET-663754-RT-414 229 of 269



M928ET-663754-RT-414 230 of 269



M928ET-663754-RT-414 231 of 269



M928ET-663754-RT-414 232 of 269



M928ET-663754-RT-414 233 of 269



M
928ET-663754-R

T-414
234 of 269



M
928ET-663754-R

T-414
235 of 269



M928ET-663754-RT-414 236 of 269



M928ET-663754-RT-414 237 of 269



M928ET-663754-RT-414 238 of 269



M928ET-663754-RT-414 239 of 269



M928ET-663754-RT-414 240 of 269



M928ET-663754-RT-414 241 of 269



M928ET-663754-RT-414 242 of 269



M928ET-663754-RT-414 243 of 269



M928ET-663754-RT-414 244 of 269



M928ET-663754-RT-414 245 of 269



Medline Industries: Waukegan, Illinois 
March 2020 EtO Abatement System Common Stack Initial PS Test 

 

 

APPENDIX G 
TEST PROGRAM QUALIFICATIONS 
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THIS IS THE LAST PAGE OF THIS DOCUMENT 

If you have any questions, please contact one of the 
following individuals by email or phone. 

  

Name: Mr. William Craig James 

Title: Vice President, Technical 

Email: wjames@montrose-env.com 

Phone: 847-487-1580 Ext. 12419 

  

  

  

Name: Mr. Steve Flaherty 

Title: Midwest District Manager 

Email: sflaherty@montrose-env.com 

Phone: 847-487-1580 Ext. 12417 
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