
From: Robert A. Fasanella
To: Wagner, Michael; Fortescue, Darren; Vasconcelos, Davianna; McGuire, Karen
Cc: chris@lchconsulting.com; "Howard Humphreys"; "marie pcsinc.org"; "gcranston pcsinc.org"
Subject: RE: PCS Stack Test Protocol 2nd Draft
Date: Tuesday, June 7, 2022 4:50:34 PM
Attachments: PCS Subpart O Performance Test Protocol 2022 - LCH P050622 final version.pdf

Mr. Wagner, Fortescue and Others:

I am submitting the PCS Subpart O Performance Test Protocol as requested by EPA prepared by LCH
Consulting Inc. on behalf of PCS and in response to the EPA Notice of Violation (NOV) dated 5/26/22
and prior EPA letter request dated 4/7/22.

PSC reserves its rights to further respond to the NOV and does not admit to the allegations
contained within the NOV but would appreciate the opportunity to make a more formal response to
the alleged violations set forth in the NOV following EPA’s review of the Stack Test Protocol and
other information previously submitted to EPA in response to its letter dated 5/26/22 and additional
information to be submitted following the NOV.

I am also responding to the email from Darren Fortescue suggesting I contact you Mr. Wagner to
schedule a conference call to discuss the 4/7/22 letter and NOV.   I would like Chris Heilner and
Howard Humphreys of LCH  to join that conference call as well as my clients. We look forward to
hearing from you and others at EPA and discussing this matter further and hopefully reaching a
resolution quickly.

Thank you, 

Robert A. Fasanella, Esq.
Rubin and Rudman LLP
53 State Street
Boston, MA 02109
617-330-7018 (T)
617-330-7550 (F)
rfasanella@rubinrudman.com
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June 7, 2022 
 


     Re: Clean Air Act Testing Requirements 


 


Gary Cranston, President 


Professional Contract Sterilization, Inc. 


40 Myles Standish Blvd, 


Taunton, MA 02780 


Dear Mr. Cranston: 


Attached is a draft copy of the test protocol for the above referenced testing program. This is in 


response to the letter dated April 6th, 2022, and signed by Karen McGuire, Director of 


Enforcement and Compliance Assurance Division of Region 1 of the United States 


Environmental Protection Agency. The following tables summarize the test and data objectives. 


Should there be any questions concerning the enclosed protocol, please contact me at (484) 252-


4335. 


 


Respectfully, 


 


L. Christopher Heilner 


Owner, LCH Consulting Associates, LLC 
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USEPA 40CFR Part 63 Subpart O Compliance Demonstration for 
Ethylene Oxide Emissions Standards for Sterilization Facilities  


 
Submitted to: 
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Boston, MA 02109 


 
Prepared by: 
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CERTIFICATION OF ACCURACY AND COMPLETION 


 


I, Mr. L. Christopher Heilner, as the LCH Consulting Associates report author, certify under 


penalty of law the information provided in this document is true, accurate and complete. I am 


aware that there are significant civil and criminal penalties, including the possibility of fine or 


imprisonment, or both, for submitting false, inaccurate, or incomplete information.  


 


 


 


Signed: _____________________________ Date: ____________ 


 


L. Christopher Heilner 


Owner 


 LCH Consulting Associates 


 Telephone: (484) 252-4335 


 


June 7, 2022







1.0 EXECUTIVE SUMMARY 


Professional Contract Sterilization (PCS) is a commercial ethylene oxide sterilization facility 


providing sterilization of pharmaceutical products and medical devices. This protocol and resulting 


stack test and subsequent report aim to satisfy the April 6, 2022, Clean Air Act Testing 


Requirement from the United States Environmental Protection Agency – Region I (EPA), 


reference Section 114(a)(1) of the Act, 42 U.S.C. § 7414(a)(1). LCH Consulting Services, LLC 


(LCH) of Pottstown, Pennsylvania, has been retained to prepare this protocol, perform the 


compliance stack test and resulting final test report. The following provides contact, facility, 


permit, and source information: 


1.1 Contact Summary  


Facility (PCS) Responsible Official 
Gary Cranston, President 
Professional Contract Sterilization, Inc. 
40 Myles Standish Blvd 
Taunton, MA 02780 
Phone: (508) 822-5524 
Email:  gcranston@pcsinc.com 
 
Regulatory Agency (EPA) Contact 
Darren Fortescue 
Senior Enforcement Coordinator, Air Compliance Section 
Enforcement & Compliance Assurance Division 
US EPA – Region 1 
5 Post Office Square, Suite 100 
Mail code: 04-2 
Boston, MA 02109-3912 
Phone: (617) 918-1162 
Email: Fortescue.Darren@epa.gov 
 
Regulatory Agency (MassDEP) Contact 
Dan DiSalvio 
Massachusetts Department of Environmental Protection 
Southeast Regional Office 
20 Riverside Drive 
Lakeville, MA 02347 
Phone: (508) 207-6027 
Email: dan.disalvio@mass.gov 
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Stack Test Contractor 
Mr. L. Christopher Heilner, Owner 
LCH Consulting Services, LLC 
88 Glocker Way PMB 287 
Pottstown, PA 19465 
Phone: (484) 252-4335 
Email: chris@lchconsulting.com 
 


Table 1 Test Summary 


 


 


 


 


 


 


 


 


 


 


Facility Process Air Pollution 
Control Device Regulation Compliance 


Standard 
Compliance Test 


Method(s) 


Professional 
Contract 


Sterilization, 
Inc. 


Chambers 
1,2,3,4 & 


5 Vent 


Damas 
Corporation 


tri-phase 
ethylene oxide 


scrubber 


40 CFR 
Part 63 


Subpart O 
(up to date 


as of 
5/18/22) 


Table 1 of 
§63.362 


99% emission 
reduction 


USEPA Methods 
1,2, 3, 4 and 18 


and 40 CFR 
§63.365(b)(1)(v) 


Professional 
Contract 


Sterilization, 
Inc. 


Chamber 
5 Vent 


Damas 
Corporation 


tri-phase 
ethylene oxide 


scrubber 


40 CFR 
Part 63 


Subpart O 
(up to date 


as of 
5/18/22)  


99% emission 
reduction 


USEPA Methods 
1,2, 3, 4 and 18 


and 40 CFR 
§63.365(b)(1)(v) 


Professional 
Contract 


Sterilization, 
Inc. 


Aeration 
Room 
Vent 


Anguil 
Environmental 


Systems 
catalytic 
oxidizer 


40 CFR 
Part 63 


Subpart O 
(up to date 


as of 
5/18/22)  


1 ppm 
maximum 


outlet 
concentration 


or 99% 
emission 
reduction 


USEPA Methods 
1,2, 3, 4 and 18 


and 40 CFR 
§63.365(c)(2) 
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Table 2 Process Data to be Monitored 


Facility Process 
Air Pollution 


Control 
Device 


Regulation 
Sterilization 


Cycle/Process 
Data 


Reference 


Professional 
Contract 


Sterilization, 
Inc. 


Chambers 
1,2,3,4 & 


5 Vent 


Damas 
Corporation 


tri-phase 
ethylene oxide 


scrubber 


40 CFR 
Part 63 


Subpart O 
(up to date 


as of 
5/18/22)  


Total mass 
ethylene oxide 
loaded to each 


chamber 


40 CFR 
§63.365(b)(1)(i) 


Professional 
Contract 


Sterilization, 
Inc. 


Chamber 
1,2,3,4 & 


5 Vent 


Damas 
Corporation 


tri-phase 
ethylene oxide 


scrubber 


40 CFR 
Part 63 


Subpart O 
(up to date 


as of 
5/18/22)  


Residual mass 
of ethylene 


oxide in each 
chamber 


40 CFR 
§63.365(b)(1)(ii) 


Professional 
Contract 


Sterilization, 
Inc. 


Chamber 
1,2,3,4 & 


5 Vent 


Damas 
Corporation 


tri-phase 
ethylene oxide 


scrubber 


40 CFR 
Part 63 


Subpart O 
(up to date 


as of 
5/18/22)  


Total mass of 
ethylene oxide 
at the inlet to 
the Damas 


Corporation 
tri-phase 


ethylene oxide 
scrubber 


40 CFR 
§63.365(b)(1)(iii) 


Professional 
Contract 


Sterilization, 
Inc. 


Chamber 
1,2,3,4 & 


5 Vent 


Damas 
Corporation 


tri-phase 
ethylene oxide 


scrubber 


40 CFR 
Part 63 


Subpart O 
(up to date 


as of 
5/18/22)  


The mass of 
ethylene oxide 
emitted from 
the Damas 


Corporation 
tri-phase 


ethylene oxide 
scrubber outlet 


40 CFR 
§63.365(b)(1)(iv) 


Professional 
Contract 


Sterilization, 
Inc. 


Chamber 
1,2,3,4 & 


5 Vent 


Damas 
Corporation 


tri-phase 
ethylene oxide 


scrubber 


40 CFR 
Part 63 


Subpart O 
(up to date 


as of 
5/18/22)  


Scrubber 
liquor tank 


level 


40 CFR 
§63.365(e)(2) 


Professional 
Contract 


Sterilization, 
Inc. 


Chamber 
1,2,3,4 & 


5 Vent 


Damas 
Corporation 


tri-phase 
ethylene oxide 


scrubber 


40 CFR 
Part 63 


Subpart O 
(up to date 


as of 
5/18/22)  


All “CEMS” 
data collected 
by the PID GC 


system 


USEPA Region 1 
Letter dated 


04/06/22 – PCS 
EPA Testing 
Requirement 







 


Table 3 Method Data Quality Objectives 


Method Parameter Acceptance Criteria Frequency Consequence if not 
met 


USEPA 
1 


Sample port and 
traverse point locations 


Verify measurements 
onsite 


Once, prior to 
testing 


Invalidation of  test 
program 


USEPA 
2C 


Determination of Gas 
Velocity and 


Volumetric Flow Rate 
in Small Stacks or 


Ducts (Standard Pitot 
Tube) 


Verification of proper 
construction such that a 
pitot coefficient of 0.99 


can be assigned 


Twice, prior 
to and after 
test program 


Invalidation of  test 
program 


USEPA 
2C 


Determination of Gas 
Velocity and 


Volumetric Flow Rate 
in Small Stacks or 


Ducts (Standard Pitot 
Tube) 


Maintain level and 
zeroed manometer, pitot 


leak check performed 


Before, after, 
and as 


necessary 
during the 


test program 


Invalidation of  test 
run/program 


USEPA 
3A 


Oxygen and Carbon 
Dioxide Concentration 


– Instrumental 


Use of three certified 
EPA Traceability 


Protocol gases (0, 40-60, 
100) % of span 


Once, prior to 
testing 


Invalidation of  test 
run/program 


USEPA 
3A 


Oxygen and Carbon 
Dioxide Concentration 


– Instrumental 


Calibration error test 
within ±2% Once daily Invalidation of  test 


run/program 


USEPA 
3A 


Oxygen and Carbon 
Dioxide Concentration 


– Instrumental 


System bias test within 
±5% 


Before and 
after each test 


run 


Invalidation of  test 
run/program 


Professional 
Contract 


Sterilization, 
Inc. 


Aeration 
Room 
Vent 


Anguil 
Environmental 


Systems 
catalytic 
oxidizer 


40 CFR 
Part 63 


Subpart O 
(up to date 


as of 
5/18/22)  


All “CEMS” 
data collected 
by the PID GC 


system 


USEPA Region 1 
Letter dated 


04/06/22 – PCS 
EPA Testing 
Requirement 


Professional 
Contract 


Sterilization, 
Inc. 


Aeration 
Room 
Vent 


Anguil 
Environmental 


Systems 
catalytic 
oxidizer 


40 CFR 
Part 63 


Subpart O 
(up to date 


as of 
5/18/22)  


Pallets in 
aeration 


USEPA Region 1 
Letter dated 


04/06/22 – PCS 
EPA Testing 
Requirement 


Professional 
Contract 


Sterilization, 
Inc. 


Aeration 
Room 
Vent 


Anguil 
Environmental 


Systems 
catalytic 
oxidizer 


40 CFR 
Part 63 


Subpart O 
(up to date 


as of 
5/18/22)  


Catalyst bed 
temperature 


USEPA Region 1 
Letter dated 


04/06/22 – PCS 
EPA Testing 
Requirement  


40 CFR 
§63.364(c)(4) 







USEPA 
3A 


Oxygen and Carbon 
Dioxide Concentration 


– Instrumental 


System calibration drift 
within ±3% 


After each 
test run 


Invalidation of  test 
run/program 


USEPA 
4 


Determination of 
Moisture Content in 


Stack Gases 


Use of calibrated 
metering console system 


Before and 
after each test 


program 


Invalidation of test 
program 


USEPA 
4 


Determination of 
Moisture Content in 


Stack Gases 


System leak rates <0.2 
DSCFM 


Before and 
after each test 


run 


Invalidation of test 
run/program 


USEPA 
4 


Determination of 
Moisture Content in 


Stack Gases 


Use of calibrated scale 
with >0.5g resolution 


Before and 
after each test 


run 


Invalidation of test 
program 


USEPA 
4 


Determination of 
Moisture Content in 


Stack Gases 


Maintain impinger exit 
temperature <68°F 


During each 
test run 


Invalidation of test 
program 


USEPA 
18 


Measurement of 
Gaseous Organic 


Compound Emissions 
by Gas 


Chromatography 


Use of Ultra-High Purity 
carrier gas and FID fuels 


During entire 
test program 


Elevation of detection 
limit 


USEPA 
18 


Measurement of 
Gaseous Organic 


Compound Emissions 
by Gas 


Chromatography 


Use of three certified 
calibration gases to 


develop three 
chromatograms per 


calibration gas within 
5% of their average 
instrument response  


Daily 
Repeat analyses until 


the 5% precision 
criteria is met 


USEPA 
18 


Measurement of 
Gaseous Organic 


Compound Emissions 
by Gas 


Chromatography 


Use of three certified 
calibration gases to 


develop a calibration 
curve response in the 
range of 5-10 relative 


standard deviation 


Daily, Pre-
test 


Repeat analyses until 
the 5-10 RSD is met 


USEPA 
18 


Measurement of 
Gaseous Organic 


Compound Emissions 
by Gas 


Chromatography 


Use of three certified 
calibration gases to 


develop a calibration 
curve response in the 
range of the expected 


emissions 


Daily 


Invalidation of data 
until calibration gas 


above emissions 
concentrations is 


introduced into the 
calibration curve 


USEPA 
18 


Measurement of 
Gaseous Organic 


Compound Emissions 
by Gas 


Chromatography 


Use of mid-level 
certified calibration gas 
to determine calibration 
drift within  5% or less 


Daily, after 
all samples 
have been 
analyzed 


If calibration drift is 
<5%, the daily pre-


test calibration curve 
will be used 


USEPA 
18 


Measurement of 
Gaseous Organic 


Compound Emissions 
by Gas 


Chromatography 


Use of three certified 
calibration gases to 


develop a calibration 
curve response in the 
range of 5-10 relative 


standard deviation 


Post-test, if 
mid-level 
calibration 
gas drifts 


>5% 


The daily pre-test and 
post-test calibration 
curve will be used 







USEPA 
18 


Measurement of 
Gaseous Organic 


Compound Emissions 
by Gas 


Chromatography 


§8.4.2.1 Recovery Study 
for Bag Sampling yields 
recovered fraction (R) 


0.7≤R≤1.30 


Post-test after 
all samples 


are analyzed 


Collection media is 
not valid for 


compound. Another 
collection technique 
must be evaluated. 


USEPA 
18 


Measurement of 
Gaseous Organic 


Compound Emissions 
by Gas 


Chromatography 


§8.4.1 Recovery Study 
for Direct Interface or 


Dilution Interface 
Sampling response 


within 10% of initial 
analyzer response 


Pre-test 
before any 
samples are 


analyzed 


Inspect and repair 
sampling system for 
leaks until criteria is 


met. 


 


1.2 Permit and Source Summary 


1.2.1 Applicable Regulation – 40CFR63.360 Subpart O: Ethylene Oxide Emissions 
Standards for Sterilization Facilities 


1.2.2 Process Description – Professional Contract Sterilization, Inc. (PCS) is a commercial 


ethylene oxide sterilization facility providing sterilization of pharmaceutical products and medical 


devices. Product to be sterilized is processed in a pre-conditioning room with elevated temperature 


and humidity. Conditioned product is loaded into one of five chambers for exposure to EtO, 


nitrogen and humidity. Sterilization Chamber Vent (SCV) vacuum pumps remove sterilant gas 


from the chambers to a Damas acid gas wet scrubber abatement system for destruction of EtO. 


Product is then transferred to aeration rooms for final off-gassing. Aeration Room Vents (ARV) 


emissions are controlled by an Anguil Catalytic Thermal Oxidizer.  


Sterilization Equipment Description –   


Chamber No. 1 - Vacudyne - 10 pallet 1040 ft3  


Chamber No. 2 - Amsco - 6 pallet 670 ft3  


Chamber No. 3 - Amsco - 4 pallet 405 ft3  


Chamber No. 4 -Castle - 2 pallet 250 ft3  


Chamber No. 5 – Beverly Pacific <1 pallet 30 ft3  


 


Aeration Room 1 10,515 ft 3 – 36-54 Pallet Capacity heated to 110 -120 o F 


Aeration Room 2 10,515 ft 3 – 36-54 Pallet Capacity heated to 110 -120 o F 







1.2.3 Abatement Systems Description 


1.2.3.1 Damas Corporation tri-phase ethylene oxide scrubber  
PCS uses a Damas acid gas wet scrubber to control Sterilization Chamber Vent (SCV) 


emissions. Vacuum pumps transfer EtO laden SCV gases to the Damas where it is chemically 


converted to ethylene glycol in the presence of sulfuric acid and water. PCS monitors the 


scrubber liquor level in inches in two tanks, the liquor temperature and the chiller tank 


temperature in degrees Fahrenheit.  


1.2.3.2 Anguil Catalytic Thermal Oxidizer 
An Anguil Catalytic Thermal Oxidizer to control Aeration Room Vent (ARV) emissions. 


Induced draft fans transport EtO laden ARV gases to the Anguil Catalytic Thermal Oxidizer 


where it is destroyed in an accelerated thermal oxidation reaction. The chemical process of 


catalytic oxidation is VOC laden process gas is heated to a VOC catalyst reaction temperature 


and then passed through a catalyst, where a rapid oxidation reaction takes place. This breaks the 


bonds that hold the VOC molecules together and converts them to combinations of carbon 


dioxide and water vapor, while also releasing heat.  


The manufacturer’s maximum oxidation temperature is 265℉ or 129.4℃. The catalyst bed 


temperature is monitored by an Omega Type J Thermocouple located in the center of the catalyst 


bed. The recordkeeping device is a Honeywell Trueline chart recorder. The thermocouple probe is 


calibrated twice every calendar year against a collocated NIST traceable reference thermocouple. 


The accuracy of the thermocouple shall be maintained at ±10℉. 


The following are the proposed test methods to be used for SCV and ARV tests: 


USEPA Method 1 – Sampling Point Determination and Cyclonic Flow Checks 


USEPA Method 2 – Volumetric Flow Rate Determination 


USEPA Method 3 – Stack Gas Molecular Weight Determination 


USEPA Method 4 - Moisture Content of Stack Gas 


USEPA Method 18 – Volatile Organic Compound Determination by Gas Chromatograph 


Subpart O 40CFR63.365 (b) – Calculations 
 







3.0 SCOPE AND OBJECTIVES 


The objective of the testing program is demonstrated compliance with 40 CFR Part 63 Subpart O 


(up to date as of 5-18-22) §63.362 Table 1 and EPA Region 1 letter dated 040622 regarding PCS 


EPA Testing Requirement. 


The performance of the Damas Corporation tri-phase ethylene oxide scrubber will be determined 


by testing the SCV. The test procedures of 40CFR63.365 (b)(1)(v) will be used to demonstrate the 


compliance status. During the sample runs EtO samples will be obtained for analysis by GC/FID 


and volumetric flow rates will be determined at the outlet of the scrubber. The total mass at the 


inlet to the scrubber will be determined using the procedures described in 40CFR 


§63.365(b)(1)(iii). Outlet concentrations will include SCV exhaust emissions and calculated using 


40CFR §63.365(b)(1)(iv). Damas Corporation tri-phase ethylene oxide scrubber emissions 


reductions will be calculated on a three-run average for two different scenarios. The first scenario 


is all five chambers, charged with an average amount of ethylene oxide and empty of product, 


advanced simultaneously to the sterilant removal phase and released to the scrubber. The second 


scenario is chamber five, charged with an average amount of ethylene oxide and empty of product, 


advanced to the sterilant removal phase and released to the scrubber. The scrubber is held to 99% 


emission reduction as per Table 1 of §63.362 of 40CFR. 


 


The performance of the Anguil Environmental Systems catalytic oxidizer will be determined by 


testing the ARV. The test procedures in 40CFR §63.365(c)(2) will be used demonstrate 


compliance on an outlet concentration. The aeration room will be loaded to within 90% of the 


maximum normal operating capacity of the aeration room. The aeration has a capacity of 36-54 


pallets. The oxidizer is held to ethylene oxide emissions of 1ppm or less as Table 1 of §63.362 of 


40CFR. 


4.0 FIELD TESTING PROGRAM 


4.1 Testing Location and Program Summary Description 


Sampling will be conducted at two locations: the outlet of the Damas Corporation tri-phase 


ethylene oxide scrubber and the outlet of the Anguil Environmental Systems catalytic oxidizer. 


Both locations will be accessed with ladders. The gas (EtO) sampling probes will be installed at 







the centroid of the ducts. Before testing the scrubber, two ports will be used, maximum eight points 


per port resulting in a maximum sixteen-point velocity traverse. The stack inside geometry will be 


determined for Method 1 compliant traverse points. Traverse point locations will be determined 


on site. A preliminary traverse will yield the point of average velocity at the outlet. This point of 


average velocity will be used for flow determinations during each scrubber SCV sampling run. 


Heated sampling lines and probes will be used for both bag sampling (SCV) and direct interface 


sampling (ARV).  


4.2 Sampling Procedures 


The following sections provide descriptions of sampling procedures and the sampling trains that 


will be used for emissions testing. 


4.2.1 Gas Flow and Temperature Measurements 


EPA methods 1 and 2 will be used to determine velocity and temperature measurements during 


each SCV test run. EPA Subpart O regulations require ΔPs and temperature at the outlet of the TO 


to be measured every minute for the duration of the test run. A standard pitot and an oil-filled 


manometer with sensitivity of 0.001”H2O.  


4.2.2 Oxygen and Carbon Dioxide Emission Concentration Determinations 


The dry molecular of the SCV gas will be assumed to be 28.00 as it is steam-heated nitrogen. 


Oxygen and Carbon Dioxide Emission Concentration measurements of the ARV will be conducted 


following procedures of Method 3A. A California Analytical Inc, Model 700 NDIR 


CO2/Parametric O2 analyzer will be used to monitor oxygen and carbon dioxide concentrations 


during each sample ARV sample runs. Prior to testing and daily a calibration error test as EPA 


Method 7E will be conducted. Calibration error within 2.0% of the calibration gas span value will 


be considered acceptable. Once the calibration error test is complete and before any sampling has 


occurred a system bias test will be conducted. System bias error within 5.0% of the analyzer 


calibration span will be considered acceptable. System bias will be calculated after every test run. 


Calibration drift will be calculated after every run. Calibration drift within 3.0% will be considered 


acceptable. 







4.2.3 Moisture Content Sampling 


Moisture content of the SCV sample gas will be determined by comparison of stack temperature 


to a psychometric chart. The sample gas will be considered saturated at that temperature. 


4.2.4 Determination of Ethylene Oxide Emissions 


Procedures outlined in 40 CFR 60 Methods 18 and Subpart O 40CFR63.365 calculations will be 


used to determine Ethylene Oxide emission concentrations (if applicable), and are discussed as 


follows: 


SCV ETO samples will be collected in sample bags and analyzed using the procedures described 


in §8.2.1.2 Direct Pump Sampling Procedures. Prior to test, new, unused Tedlar sample bags will 


be leak-checked and labeled for use as per §8.2.1. One sample bag will be filled with nitrogen and 


aged for 24 hours or longer to determine desorption of organics from the bag. Each bag sample 


will be analyzed immediately after the sample run. Triplicate analyses will be performed until each 


sample analysis agrees with the median value by 5% or less. After all samples are collected and 


analyzed, the sample bag recovery study will be performed as per §8.4.2. A sample recovery 


fraction of 0.7 to 1.3 will be considered valid. Should moisture be observed in the bag samples, 


the first course of action will be to consider using direct interface sampling technique for the SCV. 


ARV ETO samples will be collected and analyzed using the Direct Interface Sampling and 


Analysis Procedure of Method 18 section 8.2.2. A stainless-steel shrouded glass lined sample 


probe will be placed in the Anguil Environmental Systems catalytic thermal oxidizer outlet sample 


port. A heated Teflon sample line will connect to a Teflon lined diaphragm pump. A sample rate 


of two liters per minute will be established. A slip stream of approximately ten milliliters per 


minute of the sample will be connected to the gas chromatograph sample loop. An analysis will be 


conducted once per three-minutes for the duration of the test run. LCH uses dedicated, unused 


Teflon sample lines for each low-level ethylene oxide source test.  Several ambient samples will 


be analyzed pulling through the Teflon sample system to ensure clean background analyses before 


stack analyses are conducted. Sample lines will be replaced if background analyses are not 


acceptable. Prior to sampling, and after each day, the direct interface recovery study will be 


performed as per §8.4.1. If the mean of the calibration gas response sampled through the probe is 


within 10% of the analyzer response, the sample system will be considered valid and leak-free. If 







it is greater than 10% the sample system will be checked for leaks, repaired and the recovery study 


will be repeated. 


 


4.3 Sample Analysis 


All samples will be analyzed onsite by an experienced LCH technician operating a GC FID. All 


QA/QC measures inherit to the analyzer and the methodology will be followed. 


4.3.1 GC Description 


Samples will be analyzed by gas chromatography using an SRI 8610C gas chromatograph with 


dual column, dual detector (PID and FID) with heated sample loops, injectors, and 3-meter packed 


columns. Gas in the sample loops is injected directly into the GC’s analytical columns by the gas 


sampling valve. The GC will be operated with carrier gas flow of 15 to 18 ml/minute and column 


temperature of 130˚C. The carrier gas is ultra-high purity helium. Hydrogen and air are used to 


maintain the FID. Nitrogen is used to flush and zero the GC. The MDL of the SRI 8610C gas 


chromatograph using the FID detector has been previously determined at 0.5ppm. LCH will follow 


the guidelines in 40 CFR 136 Appendix B Revision 2 user friendly stand-alone document of 


December 2016 to determine the detection limit. 


4.3.2 Calibration Standards 


Three cylinders of calibration standard, ETO in nitrogen, in a range of concentrations will be used 


to create the most appropriate calibration curve to calculate ETO concentration in ppm given 


instrument response in millivolts. The low range calibration gases available are 1.0ppm, followed 


by 5.0ppm and 10.0ppm ethylene oxide in nitrogen for ARV emissions. The high range calibration 


gases available are 100, 500 and 1000ppm ethylene oxide in nitrogen for SCV emissions. 


Calibration standards will be analyzed, by direct cylinder injection, in triplicate and the average 


value of the samples will be calculated. An analytical result is considered valid if its value is within 


5% of the average value. A calibration curve will be generated using Microsoft Excel chart 


function by constructing a linear XY-Scatter graph that solves the quadratic equation of the line 


Y=mX+b where “y” is the calculated concentration of EtO, “x” is the instrument response, “m” is 


the constant and “b” is the y-coordinate intercept. The option forcing the graph through zero will 


be enabled so “b” = zero. The least squares R2 value and the equation of the line will be shown. 







An R2  value of 95% is acceptable according to Method 18. The gas chromatograph routinely 


exceeds the 95% R2 value. 


4.3.3 Chromatograms 


The chromatogram log sheet is a Microsoft Excel spreadsheet that transposes run information in 


an easy-to-read format that also provides the calculating capabilities to assess the QA/QC 


requirements of the method. The chromatograms are logged by the file path directory of the hard 


drive storage. 


The chromatograms are automatically printed at the conclusion of each analysis in .pdf format. 


Each chromatogram includes information identifying the type of analysis, i.e., set up, calibration, 


sample, recovery study, date and time of analysis, comments, retention time and integrated peak 


area. The results are in units of millivolts. The operator will initiate field corrections. 


4.3.4 QA/QC Measures 


4.3.4.1 Calibration Drift Assessment 
The mid-range calibration standard will be analyzed daily at the conclusion of testing and the 


results will be compared to the initial analysis to determine if calibration drift has occurred. A 5% 


deviation between results is allowable. Should excessive calibration drift be observed all 


calibration standards will be re-analyzed and a new calibration curve using the pre-test and post-


test data will be generated following the procedures of Method 18. The SRI gas chromatograph 


has historically met the 5% criteria. 


4.3.4.2 Direct Interface Sampling Train Recovery Study 
Once the initial calibration standards have been recorded the mid-range standard will be introduced 


at the probe end of the sample train. The mean of the calibration gas response sampled through the 


probe shall be within 10 percent of the analyzer response. If the results show a deviation greater 


than 10%, the sample train will be checked for leaks or other causes and analysis will be repeated. 


The sample trains have historically met the 10% criteria. The recovery study shall be performed 


prior to and at the end of each test day. 


 







5.0 DATA EVALUATION AND REPORT PREPARATION 


5.1 Emission Calculations 


The destruction removal efficiency is calculated using the mass of ETO evacuated from the 


chamber and the mass at the outlet of the TO. The mass of ETO at the inlet will be calculated 


following the procedures of Subpart O section 63.365(b). Emissions will be calculated according 


to the appropriate EPA methodologies. Equations are presented in the Protocol Attachments. 


5.2 Report Preparation 


Testing and pertinent operating data will be reviewed by LCH to prepare a full comprehensive test 
report, including but not limited to, the following: 


1. Brief description of work undertaken for complete and incomplete test runs and an 
outline of sampling techniques employed. 


2. An Executive Summary, which includes a summary table and discussion comparing 
actual emissions with allowable emission limits specified in Section 3.0 of this 
protocol.  


3. Facility information. 
4. Source description and actual site information (diameters, dimensions, etc.). 
5. All raw field sampling data generated during testing. 
6. Equations utilized in calculating test results. 
7. All operating data, listed in Section 4.3 of this protocol, recorded during testing. 
8. Equipment calibration records. 


 


 


 


 


 


 


 







 


 


 


ATTACHMENT A 
EQUATIONS 


Equation 1: Outlet mass of EtO  
 
Wo = (Q * Mol.Wt. * C) / (106 * Mol.Vol.) 
Where: 


Wo  = Mass of EtO released to atmosphere (lbs) 
 Q  = Total volume of gas at the TO outlet (scf) 
 Mol.Wt. = Molecular Weight of ETO 44.05 (lb/lb-mol) 
 C  = Concentration EtO in sample (ppmv) 
 Mol.Vol. = Molar volume: 385.32 scf/lb-mol at STP 
 106  = Conversation factor for parts per million 
 
Equation 2: Mass Emission Rates 
 
Q = T * Vs * A * ((Tstd * Ps)/ (Ts * Pstd))  
Where: 
 T  = Duration of test in minutes 
 Vs  = Stack gas velocity in feet per second 
 A  = Cross-sectional area of the stack in SQFT 
 Tstd  = 528(˚R) - standard temperature 
 Ps  = Absolute stack Pressure (“Hg) 
 Ts  = Stack Temperature (˚R) 
 Pstd  = 29.92” Hg - standard pressure 
 
Equation 3: Destruction/Removal Efficiency SCV 
 
DRE = [(Wi – Wo)/Wi] * 100 
Where: 
 Wi  = Mass of EtO at inlet of TO, Subpart O Calculation plus ARV  
   = WiSCV + WoARV 
 Wo  = Mass of EtO at outlet of TO 
 
Equation 4: Destruction/Removal Efficiency ARV 
 







DRE = [(Wi – Wo)/Wi] * 100 
Where: 
 Wi  = Mass of EtO from ARV at inlet of TO  
    
 Wo  = Mass of EtO from ARV at outlet of TO 
  







 


ATTACHMENT B 
USEPA REGION 1 LETTER DATED 040622 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 























































 
ATTACHMENT C 


DAMAS CORPORATION TRI-PHASE ETHYLENE 
OXIDE SCRUBBER PICTURE AND BOILER PLATE 


INFORMATION 
 


  























ATTACHMENT D 
ANGUIL ENVIRONMENTAL SYSTEMS CATALYTIC 


THERMAL OXIDIZER PICTURE AND BOILER PLATE 
INFORMATION   



































ATTACHMENT E 
EXAMPLE PROCESS (STERILIZATION CYCLE) RUN 


RECORDS 
 


  



















ATTACHMENT F 
CALIBRATION GAS CERTIFICATES 
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