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All –

Please find attached the revised Test Plan (dated 1/9/2023) regarding the upcoming
Ethylene Oxide Emissions Compliance Test Program to be conducted at Professional
Contract Sterilization in Taunton, MA. This document contains revisions made in response
to EPA’s series of comments received via email on 12-23-2022.

Should you have any questions/comments, please do not hesitate to contact me. 

Best Regards,

Anthony Stratton, QSTI
Client Project Manager
Montrose Air Quality Services, LLC
2 New Pasture Road, Unit 5
Newburyport, MA 01950
M: 508-989-8996
O: 978-499-9300 x11304
astratton@montrose-env.com 
www.montrose-env.com 

CONFIDENTIALITY NOTICE: The contents of this email message and any attachments are intended solely for the
addressee(s) and may contain confidential, proprietary and/or privileged information and may be legally
protected from disclosure. If you are not the intended recipient of this message or their agent, or if this message
has been addressed to you in error, please immediately alert the sender by reply email and then delete this
message and any attachments and the reply from your system. If you are not the intended recipient, you are
hereby notified that any disclosure, use, dissemination, copying, or storage of this message or its attachments is
strictly prohibited.
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Montrose Newburyport Office 


2 New Pasture Road, Unit #5 


Newburyport, MA 


T: 978.499.9300 www.montrose-env.com 


January 9, 2023 


Subject: Test Plan: 2023 Ethylene Oxide Emissions Compliance Test Program 


Client/Test Site: Professional Contract Sterilization, Inc. – Taunton, MA 


Montrose Document Number NE013AS-022211-PP-505R 


Please find enclosed the Test Plan (Revision 1) for the test program listed above. 
The Test Plan documents the details of the testing to be performed at a mutually 
agreeable time. The distribution for the Test Plan is as follows:


Name Company/Agency 
Hard 
Copy 


Electronic Copy 


Mr. Gary Cranston, 
President 


Professional Contract 
Sterilization, Inc. 


40 Myles Standish Blvd. 
Taunton, MA 02780 


-- Emailed PDF, 1/9/23 


gcranston@pcsinc.org 


Mr. Howard Humphreys 
EnviroMechanics 
7345 35th Court 


Vero Beach, FL 32967 
-- 


Emailed PDF, 1/9/23 


enmech@aol.com 


Ms. Sandra Schwartz 
Mr. Darren Fortescue 


USEPA Region 1 
Enforcement and Compliance 


Assurance Division 
5 Post Office Sq, 


 Suite 100 
Boston, MA 02109-3912 


1 
(S. 


Schwartz) Emailed PDF 1/9/23 
Fortescue.Darren@epa.gov 


Mr. Dan DiSalvio 
Massachusetts DEP, SERO 


20 Riverside Drive 
Lakeville, MA 02347 


-- 
Emailed PFD 1/9/23 


dan.disalvio@mass.gov 


Mr. Robert A. Fasanella 
Rubin and Rudman LLP 


53 State Street 
Boston, MA 02109 


Emailed PFD 1/9/23 
RFasanella@rubinrudman.com 


Should you have any questions/comments, please do not hesitate to contact me at (508) 
989-8996 (mobile). 


Sincerely, 


Anthony Stratton, QSTI 
Client Project Manager 
Montrose Air Quality Services, LLC 
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REVIEW AND CERTIFICATION 


I certify that, to the best of my knowledge, the information contained in this document is complete 
and accurate and conforms to the requirements of the Montrose Quality Management System 
and ASTM D7036-04. 


 


Signature: 
 


Date: January 9, 2023 


Name: Anthony Stratton Title: Client Project Manager 


 


 
  


Document No. NE013AS-022211-PP-505R1 
Document Date: 1/9/23


Page 2 of 80







Professional Contract Sterilization – Taunton, MA 
2023 Ethylene Oxide Emissions Compliance – Test Plan 


 


TABLE OF CONTENTS 


SECTION PAGE 
 


1.0 PROGRAM OBJECTIVE AND OVERALL SUMMARY ......................................................... 5 
1.1 PROGRAM OBJECTIVES ........................................................................................... 5 
1.2 PROJECT CONTACTS ............................................................................................... 9 


1.2.1 Test Personnel and Responsibilities .................................................................... 9 
1.3 TEST PLAN ORGANIZATION ....................................................................................11 


2.0 FACILITY AND PROCESS DESCRIPTION ........................................................................12 
2.1 FACILITY DESCRIPTION ..........................................................................................12 


2.1.1 Overview ............................................................................................................ 12 
2.1.2 Damas Corporation Tri-Phase Ethylene Oxide Scrubber ................................... 12 
2.1.3 Anguil Environmental Systems Catalytic Thermal Oxidizer ................................ 13 


2.2 PROCESS CONDITIONS FOR SCV/SCRUBBER  TESTING ....................................13 
2.2.1 General .............................................................................................................. 13 
2.2.2 Sterilization Phase Steps During Testing ........................................................... 14 
2.2.3 Sterilization Chamber Phase Cycle Detail .......................................................... 14 
2.2.4 EtO Emissions and DRE Equation Summary ..................................................... 15 
2.2.5 Scrubber Baseline Operating Parameters .......................................................... 15 


2.3 PROCESS CONDITIONS FOR ARV TESTING ..........................................................15 
2.3.1 Sterilization Schedule for Aeration Room Product Loading ................................ 15 


3.0 SAMPLING LOCATIONS ....................................................................................................17 
3.1 OVERVIEW ................................................................................................................17 


3.1.1 Damas Scrubber Outlet Sampling Location ........................................................ 17 
3.1.2 Anguil Catalytic Oxidizer Outlet Sampling Location ............................................ 17 


3.2 PLANT SAFETY .........................................................................................................20 
3.2.1 Safety Responsibilities ....................................................................................... 20 
3.2.2 Safety Program .................................................................................................. 20 
3.2.3 Safety Requirements ......................................................................................... 20 


4.0 TEST PROCEDURES .........................................................................................................22 
4.1 ETHYLENE OXIDE VIA GC/FID – EPA METHOD 18 .................................................22 


4.1.1 General .............................................................................................................. 22 
4.1.2 GC/FID Instrumental Description ....................................................................... 22 
4.1.3 Calibration Gas Standards ................................................................................. 22 
4.1.4 Chromatograms ................................................................................................. 23 
4.1.5 QA/QC Measures ............................................................................................... 23 


4.2 INTEGRATED TEDLAR BAG COLLECTION – EPA Method 18 .................................24 
4.2.1 Description of Evacuated Canister Sample Collection System ........................... 24 
4.2.2 Description of Ethylene Oxide Sample Collection............................................... 25 


4.3 REFERENCE METHOD VOLUMETRIC FLOW DETERMINATION ............................25 
4.3.1 Description of Velocity and Temperature Profile ................................................ 26 


5.0 QUALITY ASSURANCE/QUALITY CONTROL ...................................................................27 
5.1 SAMPLING AND ANALYTICAL QA/QC .....................................................................27 
5.2 QUALITY CONTROL PROCEDURES ........................................................................27 


5.2.1 Equipment Inspection and Maintenance ............................................................ 27 
5.2.2 Equipment Inspection and Maintenance ............................................................ 27 


Document No. NE013AS-022211-PP-505R1 
Document Date: 1/9/23


Page 3 of 80







Professional Contract Sterilization – Taunton, MA 
2023 Ethylene Oxide Emissions Compliance – Test Plan 


 


5.2.3 Equipment Calibrations ...................................................................................... 27 
5.3 PROCESS QA/QC .....................................................................................................28 
5.4 DATA ANALYSIS, VALIDATION, AND UNCERTAINTY .............................................28 
5.5 DATA QUALITY ASSESSMENT ................................................................................28 
5.6 EMISSION RATE CALCULATIONS ...........................................................................32 


5.6.1 EtO Emission Rate Calculations ........................................................................ 32 
5.7 REPORTING ..............................................................................................................33 


5.7.1 Example Report Format ..................................................................................... 33 
 


 
LIST OF TABLES 


TABLE 1-1 TEST PARAMETERS AND METHODOLOGY ......................................................... 6 


TABLE 1-2 COMPLIANCE STANDARDS .................................................................................. 7 


TABLE 1-3 PROPOSED TEST SCHEDULE .............................................................................. 8 


TABLE 1-3 KEY PERSONNEL .................................................................................................10 


TABLE 1-4 TEST PERSONNEL AND RESPONSIBILITIES ......................................................11 


TABLE 2-1 STERILIZATION CHAMBER CAPACITY ................................................................12 


TABLE 2-2 STERILIZATION CHAMBER SCHEDULE ..............................................................16 


TABLE 4-1 GC/FID CALIBRATION CONCENTRATIONS .........................................................23 


TABLE 5-1 PROCESS PARAMETER DATA QUALITY OBJECTIVES ......................................29 


TABLE 5-2 METHOD DATA QUALITY OBJECTIVES ...............................................................30 


TABLE 5-3 TYPICAL REPORT FORMAT .................................................................................34 
 
 


LIST OF FIGURES 


FIGURE 3-1 DAMAS SCRUBBER OUTLET SAMPLING LOCATION .......................................18 


FIGURE 3-2 ANGUIL OXIDIZER OUTLET SAMPLING LOCATION .........................................19 
 
 
APPENDICES 
 
A – EXAMPLE ETO EMISSIONS / DRE CALCULATIONS AND PROCESS DATA 
 
B – EXAMPLE FIELD DATA SHEETS AND VOLUMETRIC FLOW RATE CALCULATIONS 
 
C  – EXAMPLE PROCESS DATA SHEETS  
 
D – ANGUIL OPERATING PROCEDURES AND EXAMPLE THERMOCOUPLE 


CALIBRATION RECORDS.  
 
E  – SITE-SPECIFIC SAFETY PLAN 
 
 


Document No. NE013AS-022211-PP-505R1 
Document Date: 1/9/23


Page 4 of 80







Professional Contract Sterilization – Taunton, MA 
2023 Ethylene Oxide Emissions Compliance – Test Plan 


 


1.0   PROGRAM OBJECTIVE AND OVERALL SUMMARY 


1.1 PROGRAM OBJECTIVES 


Montrose Air Quality Services, LLC (Montrose) of Newburyport, Massachusetts has been retained 
by Professional Contract Sterilization, Inc. (PCS) of Taunton, MA to perform ethylene oxide (EtO) 
emissions compliance testing on EtO abatement processes operating at the facility. 


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 Corporation tri-phase ethylene oxide scrubber (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 Environmental Systems Catalytic 
Thermal Oxidizer (Anguil catalytic oxidizer). 


The test program objectives are as follows: 


1) Conduct three 60-minute test runs at the ARV Anguil catalytic oxidizer chamber outlet for 
ethylene oxide, concentration only, in accordance with EPA Method 18. GC/FID onsite 
analysis of ethylene oxide is required. The maximum normal operating condition for the 
aeration rooms that will be achieved for this test series is 80-90 pallets.   


2) Conduct three 30-minute (approximate duration) test runs (with approximately 120 
minutes between runs) at the SCV Damas scrubber outlet for ethylene oxide concentration 
and volumetric flow rate in accordance with EPA Method 1, 2C, 4 (modified), and 18.  In 
accordance with 40CFR 60.365(b)(1), all EtO sterilization chamber testing will be 
conducted using empty chambers. Each test run will commence at the beginning of the 
first EtO evacuation of all five sterilization chambers. GC/FID onsite analysis of ethylene 
oxide is required. Volumetric flow rate (velocity and temperature) will be measured 
continuously, and the data will be logged at 2-second intervals in one-minute averages via 
datalogger.  The maximum normal EtO charge mass that will be achieved for each test 
run on all five chambers is listed in Table 2-1 of this protocol. 


3) Conduct three 7-minute (approximate duration) test runs (with approximately 90 minutes 
between runs) at the SCV Damas scrubber outlet for ethylene oxide concentration and 
volumetric flow rate in accordance with EPA Method 1, 2C, 4 (modified), and 18. In 
accordance with 40CFR 60.365(b)(1), all EtO sterilization chamber testing will be 
conducted using empty chambers. Each test run will commence at the beginning of the 
first EtO evacuation of sterilization chamber No. 5. GC/FID onsite analysis of ethylene 
oxide is required. Volumetric flow rate (velocity and temperature) will be measured 
continuously, and the data will be logged at 2-second intervals in one-minute averages via 
datalogger.  The maximum normal EtO charge mass that will be achieved for each test 
run on Chamber 5 is listed in Table 2-1 of this protocol. 


4) In accordance with 40CFR, Paragraph 63.365(e)(2), the baseline operating parameter for 
the scrubber is defined as the scrubber liquor tank level.  The baseline parameter will  be 
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established by measuring the tank liquor level at the completion of the final test run on this 
process. 


5) All testing will be conducted at maximum normal operating conditions/loads for both the 
aeration rooms and the sterilization chambers.    


A summary of the key personnel involved in this test program is presented in Section 1.2 of this 
protocol. A summary of the test program parameters and run configuration is presented in Table 
1-1.  A proposed field schedule is presented in Table 1-2. 


All testing will be conducted in strict accordance with 40CFR Part 63, Subpart O – “Compliance 
Demonstration for Ethylene Oxide Emissions Standards for Sterilization Facilities”. Testing will 
also adhere to the approved Test Protocol, US EPA Region 1 requirements, Massachusetts 
Department of Protection (MassDEP) SERO requirements, the EPA Quality Assurance Handbook 
Vol. III, and the individual EPA Methods as found in 40 CFR 60, Appendix A, except as noted 
otherwise, as applicable.  


TABLE 1-1 TEST PARAMETERS AND METHODOLOGY 


Test Location Test Condition Parameters 
Test 


Methods1 
Test Runs 


Aeration Room Vent 


(ARV) Anguil Catalytic 


Oxidizer Outlet  


Maximum Normal 
Ethylene 


Oxide 
EPA 18 


Three 60-


minute test 


runs 


Sterilization Chamber 
Vent (SCV) Damas 


Scrubber Outlet 


First evacuation with 
all five sterilization 


chambers  
empty of product 


(maximum normal EtO 
charge – 5 chambers) 


Ethylene 
Oxide 


Volumetric 
Flow Rate 


EPA 18 


EPA 1, 
2C, 4 
(mod.) 


Three approx. 


30-minute test 


runs (with 


approx.120 


min. between 


runs) 


Sterilization Chamber 
Vent (SCV) Scrubber 


Outlet 


First evacuation with 
one sterilization 


chamber (#5)  empty 
of product (maximum 
normal EtO charge – 


Chamber 5) 


Ethylene 
Oxide 


Volumetric 
Flow Rate 


EPA 18 


EPA 1, 
2C, 4 
(mod.) 


Three approx. 


7-minute test 


runs (with 


approx. 90 


min. between 


runs) 


1 EPA Method 3/3A - The molecular weight of scrubber outlet gas is ambient, and therefore 
  EPA Methods 3/3A are not necessary. EPA Method 4 - Moisture will be measured using wet 
  bulb/dry bulb psychrometry. 
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TABLE 1-2 COMPLIANCE STANDARDS 


Test Location 
Compliance 
Parameters 


Compliance 
Standard 


Applicable 
Citation 


Aeration Room 


Vent (ARV) 


Anguil Catalytic 


Oxidizer Outlet  


Minimum 


Catalyst Bed 


Temperature – 


260°F 


1 ppm EtO 
maximum 


outlet conc. 


40CFR 


63.362(d) 


Sterilization 
Chamber Vent 
(SCV) Damas 


Scrubber Outlet 


Scrubber 
Liquor Level 


>99% 


Emission 


Reduction1 


40CFR 


63.362(c) 


 
1 Inlet mass emissions will be calculated using production data. Please refer to 
  APPENDIX A. 
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TABLE 1-3 PROPOSED TEST SCHEDULE 


Day Activity Time 


Day 1 


➢ Mobilize to site, perform site walk down, 


attend safety training. 


➢ Initial equipment setup.  


➢ 09:00 – 17:00 


Day 2 


➢ Conduct initial calibration of gas 


chromatograph (GC/FID).  


➢ Conduct three 60-minute runs for ethylene 


oxide only at the ARV catalytic oxidizer 


outlet. 


➢ Conduct GC/FID post-calibrations and any 


required Tedlar bag spikes.  


➢ 07:00 – 11:00 


➢ 12:00 – 17:00 


➢ 17:00 – 18:00  


Day 3 


➢ Conduct daily calibration check of GC/FID. 


Prepare chambers for SCV testing. 


➢ Conduct three runs for ethylene oxide and 


volumetric flow rate at the SCV scrubber 


outlet during EtO simultaneous evacuation of 


five sterilization chambers. Allow 


approximately 120 minutes between runs. 


➢ Conduct GC/FID post-calibrations and 


required Tedlar bag spikes  


➢ 07:00 – 09:00 


➢  09:00 – 14:30 


➢  15:00 – 16:00   


Day 4 


➢ Conduct daily calibration check of GC/FID. 


➢ Conduct three runs for ethylene oxide and 


volumetric flow rate at the SCV scrubber 


outlet during EtO evacuation of sterilization 


chamber #5 only.  Allow approximately 90 


minutes between runs. 


➢ Conduct GC/FID post-calibrations and 


required Tedlar bag spikes 


➢ 07:00 – 09:00 


➢ 09:00 – 12:45 


➢ 13:15 – 14:15 
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1.2 PROJECT CONTACTS 
 
In order to facilitate any necessary communications, a summary of the primary parties involved in 
this test program is presented in Table 1-3 below.  


1.2.1 Test Personnel and Responsibilities 


The test team will consist of one Client Project Manager, one GC/FID Chemist, and one field 
technician. The Client Project Manager will be responsible for overseeing all aspects of the test 
program.  Anthony Stratton, QSTI, will be assigned to the role of Client Project Manager for this 
test program.  He will be assisted by a qualified GC/FID chemist/operator (to be named) and a 
qualified Field Technician (to be named).  Additionally, Mr. Howard Humphreys, consultant to 
PCS, will collect all process data during testing and will coordinate the process operation with 
testing.  Table 1-4 details the roles and responsibilities of the test team. 


Montrose is qualified to conduct this test program and has established a quality management 
system that led to accreditation with ASTM Standard D-7036 (Standard Practice for Competence 
of Air Emission Testing Bodies).  Montrose completed multiple functional assessments for ASTM 
D7036-04 which were conducted by the American Association for Laboratory Accreditation 
(A2LA).  All testing is overseen and supervised on site by at least one Qualified Individual (QI), 
as defined in 40 CFR 72.2. 
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TABLE 1-3 KEY PERSONNEL 


Facility Information 
Source Location: Professional Contract Sterilization, inc. 
 40 Myles Standish Blvd. 


Taunton, MA  02780 


Project Contact: Gary Cranston  
Role: President  
Telephone: 508-822-5524  
Email: gcranston@pcsinc.com   
    
Agency Information 
Regulatory Agency: USEPA Region 1 Massachusetts DEP, SERO 


Enforcement and            20 Riverside Drive 
Compliance Assurance Division                 Lakeville, MA 02347 
5 Post Office Sq, Suite 100 
Boston, MA 02109-3912 


Agency Contact: Mr. Darren Fortescue Mr. Dan DiSalvio 
Email: Fortescue.Darren@epa.gov dan.disalvio@mass.gov 
 
 
Consultant Information 
Consulting Firm:  EnviroMechanics 


 7345 35th Court   
 Vero Beach, FL 32967 


Contact:    Mr. Howard Humphreys 
Telephone:    508-868-4256 
Email:     enmech@aol.com 
 
 
Testing Company Information 
Testing Firm: Montrose Air Quality Services, LLC   Enthalpy Analytical, LLC 


2 New Pasture Road, Unit 5 800-1 Capitola Drive 
Newburyport, MA 01950 Durham, NC 27713-4385 


 
Contact/Onsite QI: 


 
Anthony Stratton, QSTI/QI 


 
Ashley Miller 


Title: Client Project Manager Senior Project Manager 
Telephone: 508-989-8996 (mobile) 919-850-4392 x12202 
Email: astratton@montrose-env.com ashley.miller@enthalpy.com 
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TABLE 1-4 TEST PERSONNEL AND RESPONSIBILITIES 


 
Mr. Anthony Stratton, client project manager of Montrose, will be responsible for coordinating all 
testing and analytical activities. Mr. Gary Cranston, President of PCS, will be responsible for all 
facility operations. Howard Humphreys of EnviroMechanics will be responsible for coordinating 
process operation with the testing, and also collecting process and control device data during 
testing. All personnel will be equipped with VHF radios to facilitate continuous communication and 
coordination. Each day will commence with a pretest meeting between all project personnel in 
order to discuss the daily objectives, schedules and communication protocols. 
 


1.3 TEST PLAN ORGANIZATION 


The remainder of this Test Protocol is organized into additional sections.  Section 2 presents 
facility, source process  descriptions.  Section 3 contains a description of the sampling locations 
as well as site safety considerations.  A description of the monitoring procedures is provided in 
Section 4, while Section 5 addresses the quality assurance/quality control aspects of the program.  
Lastly, example calculations, field data sheets, and a Site Safety Plan are presented in the 
appendices. 
  


Role 
Primary 


Assignment 
Additional 


Responsibilities 


Client PM 
Coordination and Field Team 


Leader 
Reporting 


GC/FID Chemist GC/FID Operation Preparation, Data Reduction 


Technician 
Conducting Flow 
Measurements 


Calibrations and mobilization 


Consultant Process Data Collection  EtO Inlet loading calculations 
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2.0  FACILITY AND PROCESS DESCRIPTION  


2.1 FACILITY DESCRIPTION 


2.1.1 Overview 
 
Professional Contract Sterilization, Inc. (PCS) is a commercial ethylene oxide (EtO) 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 and direct the gas to a Damas Corporation tri-phase ethylene oxide scrubber 
abatement system for destruction of EtO. Product is then transferred to two aeration rooms for 
final off-gassing. Aeration Room Vents (ARV) emissions are controlled by an Anguil 
Environmental Systems Catalytic Thermal Oxidizer. 
 
Table 2-1 provides detail on the sterilization chambers.   


TABLE 2-1 STERILIZATION CHAMBER CAPACITY 


Chamber ID 
Chamber 
Volume 


Pallet Capacity Pallet Dimensions 
EtO Maximum 
Normal Charge 


Mass (lbs) 


Chamber 1 1140 cubic feet 10 pallets 48”L x 48”W x 72”H 61 


Chamber 2 670 cubic feet 6 pallets 40*L x 40”W x 72”H 26 


Chamber 3 405 cubic feet 6 half-pallets 42”L x 40”W x 48”H 14 


Chamber 4 250 cubic feet 2 pallets 44”L x 48”W x 72”H 9.5 


Chamber 5 30 cubic feet ¼ pallet 56”L x 24”W x 36”H 1.5 


 


2.1.2 Damas Corporation Tri-Phase Ethylene Oxide Scrubber 


PCS uses a Damas Corporation Tri-Phase Ethylene Oxide Scrubber to control Sterilization 
Chamber Vent (SCV) emissions. The scrubber consists of two identical tanks that are joined by a 
common liquor recirculation system. Each tank holds a bladder equipped with 420 glass frit tubes that 
produce very small diameter gas bubbles  that maximize the volume-to-surface ratio for maximum 
contact between the EtO-laden gas and the scrubbing solution. 
 
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 common scrubber 
liquor level of the two tanks in inches on one tank.   
 
The scrubber liquor is recirculated between the two tanks to maintain liquor equilibrium.   An air wash 
is used to entrain scrubber tank off-gases, and route them to a common manifold which is then 
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exhausted to the ID fan and stack. A mist eliminator, located in the common manifold, captures mist 
droplets which drain back into the tanks.  


2.1.3 Anguil Environmental Systems Catalytic Thermal Oxidizer 


An Anguil Environmental Systems Catalytic Thermal Oxidizer (CTO) is used to control Aeration 
Room Vent (ARV) emissions from the facility’s two aeration rooms. The oxidizer is fired by natural 
gas. Induced draft fans transport EtO-laden ARV gases to the Anguil Catalytic Thermal Oxidizer 
where it is destroyed in an accelerated thermal oxidation reaction. In the chemical process of 
catalytic oxidation, EtO laden process gas is passed through a catalyst bed heated to a 
temperature where a rapid oxidation reaction takes place. This breaks the bonds that hold the 
EtO molecules together and converts them to combinations of carbon dioxide and water vapor 
while also releasing heat. 


The manufacturer’s minimum oxidation temperature is 260°F or 126.7°C. 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°F  


The manufacturer’s recommendations and thermocouple calibrations can be found in Appendix D 
of this Test Protocol. This information includes the documentation of the manufacturer’s  recommended 
minimum catalyst inlet temperature. Please note that during testing on the CTO, the catalyst bed 
temperature will be no less than the minimum temperature recommended by the manufacturer. 


The Final Report will include all applicable temperature plots for the catalyst bed oxidation temperature, 
as well as calculated average temperatures from each run conducted for the aeration room vent 
performance test.  The temperature plots will be clearly annotated to indicate when test runs are started 
and ended and will include the test run number.    


2.2 PROCESS CONDITIONS FOR SCV/SCRUBBER  TESTING 
 
The following describes the process and test conditions for the scrubber and sterilization phases. 


2.2.1 General 


PCS follows a strict protocol for the complete sterilization cycle.  The mass of EtO loaded into 
each chamber is determined gravimetrically by weighing the EtO storage drum before and after 
the EtO injection phase of the cycle on a calibrated scale. PCS will rent two calibrated scales, 
each with a precision of 45 grams, to perform all  gravimetric determinations. These calibration 
certificates will be available onsite during testing, and will be included in the Final Report. Logbook 
sheets will be provided documenting the charge rate of EtO used during the performance test. All 
cycle data is recorded on four individual data sheets that can be found in Appendix C of this Test 
Protocol as follows: 1) Daily Operating Checklist summarizes routine operating data. 2) 
Sterilization Record logs the setup information for the sterilization cycle. 3) Cycle Checklist 08008 
(for Chambers 2, 3 and 4)  records the cycle data required by FDA.  4) Load Release Checklist 
10002 (for Chambers 1 and 5) records the cycle data required by FDA. In addition, the EtO cycle 
accountability log includes EtO cycle control numbers for each cycle run (kept in the EtO logbook). 
The 08008 and 10002 checklists are kept in the client files and also batch files. Chambers 1 and 
5 may also use the 08008 Cycle Checklist during other routine sterilization runs.   
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2.2.2 Sterilization Phase Steps During Testing 
 
The following is a description of the Sterilization Phase during testing. PCS will operate 5 
chambers during testing (except Chamber 5 during the single chamber test series). For each test 
run, the chambers will be loaded with the maximum  EtO mass as listed in Table 2-1, representing 
maximum normal conditions. Chamber 1 and 5 will be run with Cycle 10002, and Chambers 2, 3 
and 4 will be run with Cycle 08008 (please refer to Appendix C for cycle parameters). The 
Sterilization cycles employed by PCS all conform to the following phases starting with closure of 
the chamber door. A range of approximate time ranges are listed for each step (depending on the 
chamber). 
 


1. Initial dilution evacuation – 7 to 30 minutes  


2. Nitrogen injection – 7 to 10 minutes  


3. Second dilution evacuation – 10 to 15 minutes  


4. Humidity injection – 20 minutes plus 10 to 15 minutes dwell time 


5. EtO injection – 20 to 30 minutes  


6. Product exposure (there will be no product in the chambers) 


7. Abort sterilization cycle in all 5 chambers simultaneously to initiate first EtO evacuation 


(purge). At this time a test run will commence – 7 to 30 minutes  


8. Additional nitrogen and air evacuations to complete cycle – as required 


9. Return to Step 1 – 20 to 30 minutes. 


SCV emissions sampling at the scrubber outlet will commence upon the start of the first EtO 
evacuation (purge) of the chambers (Step 7 above). All sterilization test runs will be conducted 
during the first EtO evacuation (purge) of all sterilization chamber cycles. Sterilization cycles will 
be completed and a new sterilization cycle started for each test run. All test runs will be conducted 
for the duration of the first EtO purge. Test runs will start and end when the first purge cycles start 
and end, and these start and end times will be coordinated with facility operators.  
 
Chamber pressure and temperature will be recorded at the completion of each cycle phase. 
Please refer to the example PCS Chamber SCV Test Data sheet in Appendix C of this Test 
Protocol.  
 
Testing during the 5-chamber series will consist of three test runs, with the duration of each run 
matching the duration of the “Step 7” EtO evacuation of all five chambers. In addition to the 5-
chamber test, a second 3-run test series will be conducted with only Chamber 5 in operation.  This 
second test series will consist of three test runs, with the duration of each test runs matching the 
duration of the “Step 7” EtO evacuation of Chamber 5.   In all cases, the chamber(s) will not be 
loaded with product for the SCV test. 


2.2.3 Sterilization Chamber Phase Cycle Detail 
 
The following will provide additional details of the sterilization process conditions during testing: 
 


1. Close all chamber doors 


2. Pull down vacuum in chambers to 1.2 inches Hg of pressure 
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3. Inject N2 to 4 inches Hg for each chamber 


4. Pull down vacuum to 1.2 inches Hg 


5. Inject humidification steam to 2.8 inches Hg in each chamber 


6. Humidity Dwell: This phase, normally one hour, is shortened in test cycles 


7. EtO injection to 13.7 inches Hg 


8. Begin chamber exposure phase at 13.7 inches Hg 


9. Abort all chamber exposure cycles simultaneously to trigger chamber first evacuations.    


10. Pull vacuum to 1.5 inches Hg in each chamber to complete the test run.  


11. Residual EtO is removed by nitrogen and air washes, at which point it is safe to open the 


chamber doors.  


12. The sterilization cycle can now be restarted in preparation of runs 2 and 3. 


Approximately 90-120 minutes will be required to prepare the chambers for the next test 


runs. 


13. At the completion of the three-run test series, the scrubber liquid level will be measured 


and recorded in accordance with 40CFR 63.362(c). 


2.2.4 EtO Emissions and DRE Equation Summary 
 
During each chamber phase, temperature and pressure are used to calculate the mass of gas 
constituents.  During testing of all chambers, these calculations will be completed for each 
chamber.  Appendix A summarizes the sequence of calculations needed to calculate ethylene 
oxide emissions at the scrubber inlet.   


2.2.5 Scrubber Baseline Operating Parameters 
 


a) The specific baseline operating parameter for the scrubber is scrubber tank liquor level, 
as specified in by 40CFR 63.362(c).  


b) For the purposes of this test, the scrubber liquor level will be measured at the conclusion 
of SCV testing. This data will be recorded by Mr. Howard Humphreys on the PCS 
Chamber SCV Test Data sheet that can be found in Appendix C of this protocol. 


c) All raw data associated with the process will be included in the Final Report, including 
copies of any applicable logbooks used to record data. 


d) The final operating parameter will be determined by measuring the scrubber tank liquor 
level.  This will represent the new maximum allowable tank level which must not be 
exceeded.   


2.3 PROCESS CONDITIONS FOR ARV TESTING 


2.3.1 Sterilization Schedule for Aeration Room Product Loading 
 
In order to test the ARV CTO under maximum normal conditions, there will need to be sufficient 
sterilized product to fill the two rooms.  It is planned that the combined rooms will contain 80 to 90 
pallets (contingent on availability of customer product), 20 to 24 of which will be considered “hot” 
or freshly removed from the five sterilization chambers on the morning of the ARV test. This will 
consist of the five sterilization chambers undergoing four complete sterilization cycles each. The 
following in Table 2-2 is an anticipated sequence for product sterilization: 
  


Document No. NE013AS-022211-PP-505R1 
Document Date: 1/9/23


Page 15 of 80







Professional Contract Sterilization – Taunton, MA 
2023 Ethylene Oxide Emissions Compliance – Test Plan 


 


TABLE 2-2 STERILIZATION CHAMBER SCHEDULE 


Day of 
Sterilization Cycle 


Number of Chambers 
Approximate No. of 


Pallets 


1 5 20 to 24 


2 5 20 to 24 


3 5 20 to 24 


4 5 20 to 24 


  Note: A fifth day of sterilization may be needed to achieve maximum capacity for aeration  


 
At the completion of each cycle of the five chambers, the sterilized product will be transferred to 
the two aeration rooms.  At 10:00 a.m. of the ARV test day (Tuesday), the products of final (fourth) 
sterilization batch of the five chambers will be transferred to the aeration rooms immediately upon 
the completion of the cycle. These will be considered the “hot” pallets. It is intended to start the 
first run of the ARV CTO immediately following the last load into the aeration rooms. During the 
week prior to testing, PCS will process product to assure that a maximum normal condition of 
aeration is achieved for the ARV test.   
 
All sterilization run logs associated with product preparation (indicating when runs occurred and 
how many pallets were sterilized) will be completed and included in the Final Report.   
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3.0  SAMPLING LOCATIONS 


3.1 OVERVIEW 


Ethylene oxide sampling will occur at two locations: 1) the outlet of the Anguil Environmental 
Systems catalytic oxidizer, and 2) the outlet of the Damas Corporation scrubber. 


3.1.1 Damas Scrubber Outlet Sampling Location 


The Damas scrubber outlet sampling location consists of a vertical, round duct with an inside 
diameter of 7.75 inches.  Two sampling ports are located 90° apart on a duct cross section that 
is greater than 6 feet upstream from the stack exit and approximately 6 feet downstream from the 
scrubber fan. Based on the requirements of EPA Method 1, the flow probe will initially be placed 
at a total of 8 traverse point (4 per port) during the preliminary traverse, followed by a single point 
of average velocity for the duration of the test. The EtO sampling probe will be positioned at the 
duct centroid during all testing. Figure 3-1 depicts the sampling location. All dimensions will be 
verified prior to sampling.  


3.1.2 Anguil Catalytic Oxidizer Outlet Sampling Location 


The Anguil oxidizer outlet sampling location consists of a vertical, round duct with an inside 
diameter of 23.5 inches.  Two sampling ports are located 90° apart on a duct cross section that 
is approximately 6 feet upstream from the stack exit and approximately 8 feet downstream from 
the fan transition.  Figure 3-2 depicts the sampling location. All dimensions will be verified prior to 
sampling. Please note that no volumetric flow traverses will be conducted at this location.  The 
EtO sampling probe will be positioned at the duct centroid during all testing.  
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FIGURE 3-1 DAMAS SCRUBBER OUTLET SAMPLING LOCATION 


 


 Note: All dimensions will be verified prior to testing. 


Outlet Configuration 


Description Distance 
Equivalent 
Diameters 


Distance A > 6 feet > 9.3 


Distance B ≈ 6 feet ≈ 9.3 


Diameter C 7.75 inches NA 


Number of Ports 2 NA 


Flow Traverse Points (per diameter) 


Traverse Points % Diameter Distance (inches) 


1 6.7 0.5 


2 25.0 1.9 


3 75.0 5.8 


4 93.3 7.2 


Sampling Points: 


• EtO will be sampled at a single point within the
centroidal area of the stack.


• Following an initial flow traverse, the pitot tube will be
located at a single traverse point of average velocity.


Sampling Ports 


Exit 


B 


From Scrubber 


Flow 


C 
A 
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FIGURE 3-2 ANGUIL OXIDIZER OUTLET SAMPLING LOCATION 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


       Note: All dimensions will be verified prior to testing. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Outlet Configuration 


Description Distance 
Equivalent 
Diameters 


Distance A ≈ 6 feet ≈ 3.1 


Distance B ≈ 8 feet ≈ 4.1 


Diameter C 23.5 inches NA 


Sampling Points: 


• EtO will be sampled at a single point within the 
centroidal area of the stack. 


• No flow will be measured at the oxidizer outlet. 


Sampling Ports 


Exit  


B 


From Oxidizer 


Flow 


C 
A 
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3.2 PLANT SAFETY 


Safety is a priority at Montrose. A discussion of the field safety measures which will be employed 
on this project are discussed below.  A detailed Site Safety Plan is attached to this test plan in 
Appendix C. 


3.2.1 Safety Responsibilities 


As per 40 CFR 60 Subpart A, Section 60.8, the facility should provide the following provisions at 
each sample location: 


• Sampling ports, which meet EPA minimum requirements for testing. The caps 
should be removed or be capable of being removed with reasonable force. 


• Safe sampling platforms 


• Safe access to the platforms and test ports, including any scaffolding or man lifts 


• Sufficient utilities to perform all necessary testing 


Montrose will comply with all safety requirements at the facility. The facility plant safety 
coordinator is responsible for ensuring routine compliance with plant entry, health, and safety 
requirements.  The facility plant site safety coordinator has the authority to impose or waive facility 
restrictions.  The Montrose test team leader has the authority to negotiate any deviations from the 
facility restrictions with the plant site safety coordinator.  Any deviations must be documented. 


3.2.2 Safety Program 


Montrose has a comprehensive health and safety program that satisfies State and Federal OSHA 
requirements.  The program includes an Illness and Injury Prevention Program, site-specific 
safety meetings, and training in safety awareness and procedures.  The basic elements include: 


• Written policies and procedures 


• Routine training of employees and supervisors 


• Medical monitoring as necessary, including Hearing Conservation 


• Use of personal protection equipment (PPE) 


• Hazard communication 


• Pre-test and daily safety meetings 


• Routine surveillance and inspection of on-going work 


• Near-miss and accident reporting procedures 


• Following Federal Motor Carrier Safety Administration (FMCSA) regulations, as 
applicable 


Montrose will provide all PPE to its employees.  The PPE will include, but is not limited to, hard 
hats, safety shoes, safety glasses with side shields (or goggles), hearing protection, and hand 
protection. 


3.2.3 Safety Requirements 


All on-site personnel will adhere to the following standard safety measures: 
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• All OSHA and facility mandated safety training and accreditation will be 
completed before arrival. This will include MSHA, OSHA 10-hr, TWIC, Aerial 
Work Platform, etc., as required. 


• Complete any site-specific training as necessary  


• Complete Site Safety Plan before work activities begin 


• Daily Tool Box Meetings 


• Confine themselves to the testing and administration areas only 


• Wear all mandated PPE 


• Know the location of first aid equipment and fire extinguishers 


• Smoke only in designated areas 
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4.0  TEST PROCEDURES 


This section provides detail to each of the test components that as a whole will comprise this test 
program. 


4.1 ETHYLENE OXIDE VIA GC/FID – EPA METHOD 18 


4.1.1 General 


Ethylene oxide will be measured utilizing onsite gas chromatography/flame ionization detection 
(GC/FID).  Samples will be introduced to the GC/FID from integrated Tedlar bag samples that will 
be collected from the two subject sources over specified time periods.   
 
Samples collected in Tedlar bags will be analyzed via EPA Method 18 against a minimum of a 3 
point calibration curve.  The standards used in the calibration curve will be traceable to a third 
party verified calibration standard.  Each calibration standard to be used in the curve will be 
analyzed in triplicate with method required +/-5% reproducibility for each analyte.  If reproducibility 
requirements are not met, the standard shall be reanalyzed.  If the standard continues to fail, 
maintenance may be required.  Samples shall not be analyzed until reproducibility requirements 
of the curve are met.   Samples will be analyzed in triplicate with method required +/-5% 
reproducibility for each analyte as well.  If a sample does not meet reproducibility requirements, 
it will be analyzed again before additional investigation is performed.    
 
One sample per source or condition will have a spike & recovery performed where ~50% of the 
native concentration of each analyte (or ~10 ppm if the analyte is non-detect) is added to one of 
the bags.  The spiked bag will be run at a time that matches the time from sample collection to 
initial analysis.   


4.1.2 GC/FID Instrumental Description  


Samples will be analyzed by gas chromatography using an Agilent 6890 gas chromatograph 


(GC) equipped with  a Flame Ionization Detector (FID) and heated sample loops. Gas in the 


sample loops is injected into the GC Inlet by the gas sampling valve. Sample loops are 


maintained above 100 ˚C.  The Method Detection Limit (MDL) of the gas chromatograph will 


be determined analytically while onsite. Enthalpy Analytical will follow the guidelines in 40 CFR 


136 Appendix B to determine the detection limit. 


4.1.3 Calibration Gas Standards 


Certified cylinders of calibration standard, EtO in nitrogen, will be obtained from a third-party 


vendor, as required by EPA Method 18.  It is anticipated that the GC/FID will be calibrated on 


a range of 0-256.5 ppm EtO. Please refer to Table 4.1 for a list of the anticipated calibration 


concentrations. Also, please note that if the sample concentration is outside this calibration 


range, Enthalpy will dilute the sample and reanalyze within the calibration range. The calibration 


curve will be obtained by blending the certified standard with nitrogen using an Environics 


Model S-4040 calibration gas dilution system. The gas dilution system will be calibrated in 


house by Enthalpy Analytical within one year of the field test program using a certified primary 


gas flow standard with an uncertainty of <0.25%.  All instrument calibration documentation will 
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be included in the Final Report, and will be made available onsite. Calibration standards will be 


analyzed by direct cylinder injection and on site gas blending, 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 triplicate average value. A linear calibration curve will be generated using 


Agilent Chemstation.   


TABLE 4-1 GC/FID CALIBRATION CONCENTRATIONS 


  


Airgas CC717193 (Exp 05-
19-2023) – 256.50 ppm EtO    


  k factor k factor N2 Diluent cal gas dilution Ethylene Oxide 


  N2 cal gas ccm ccm factor ppm 


ENV(1=0,3=400) EO5 1 1 0 400 1 256.50 


ENV(1=800,3=200) EO4 1 1 800 200 0.2 51.30 


ENV(1=1900,3=100) EO3 1 1 1900 100 0.05 12.83 


ENV(1=3950,3=50) EO2 1 1 3950 50 0.0125 3.206 


ENV(1=4900,3=18) EO1 1 1 4900 18 0.003660024 0.939 


An EPA Method 205 field evaluation of the gas blending system will be run onsite for each test 


series calibration range in accordance with Section 3.2 of Method 205. The system must pass 


the criteria of Section 3.2 of the Method to be allowed for use in onsite gas blending of 


calibration gas standards. Enthalpy will use propane-in-nitrogen calibration gas standards to 


verify the accuracy and precision of the Environics on site in strict accordance with EPA Method 


205 (900ppm propane for calibration and an approximately 90ppm propane for challenge). This 


data will be included in the Final Report. 


4.1.4 Chromatograms 


Chromatograms are generated by Agilent Chemstation and SampleManager software.  All 


chromatograms related to calibration, QA, and sample analysis will be included in the final 


report.  Chromatograms also include injection time, analytical method, and total area response 


such that the calibration curves and reported analytical results can be verified. 


4.1.5 QA/QC Measures 


4.1.5.1 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.  


4.1.5.2 Tedlar Bag Spiking and Recovery 
Each bag sample will be analyzed immediately after the sample run. Triplicate analyses will be 


performed until each sample analysis agrees with the mean value by 5% or less. After samples 
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are collected and analyzed, the sample bag recovery study will be performed as per §8.4.2. 


using a spike concentration of EtO that is equivalent to 40 to 60 percent of the average 


concentration observed in the bag to be spiked. If EtO is not detected, the spike concentration 


shall be 5 times the limit of detection or ~3 times the limit of quantification. Each spike sample 


will be allowed age for the same amount of time required to perform the original sample 


analysis. It is anticipated that three spike recovery studies will be conducted – one for each 


source. A sample recovery fraction of 0.7 to 1.3 will be considered valid. All bag sample results 


will be corrected to the resulting recovery fraction of the study by dividing the results by the 


recovery fraction. Should moisture be observed in the bag samples, the sample run will be 


considered invalid and shall be repeated. All sampling system components, including the Tedlar 


bag sample will be protected from direct sunlight. 


4.2 INTEGRATED TEDLAR BAG COLLECTION – EPA METHOD 18 
 
All ethylene oxide samples will be collected in virgin Tedlar bags following the general procedure 
outlined in EPA Method 18, Section 8.2.1.1.2 (modified to measure sample volume collected).  
This procedure will involve drawing a sample from a source through a probe and sample line into 
a Tedlar bag without coming in contact with the sample pump or flow control devices.  Samples 
will be drawn into the Tedlar bag at a constant collection rate which measuring the volume using 
the dry gas meter associated with the sampling module.  
 
To avoid condensation in the Tedlar bag, a canister heater will be wrapped around the canister, 
and heated to approximately 80°F.   
 


4.2.1 Description of Evacuated Canister Sample Collection System 


What follows is a description of the evacuated canister/integrated Tedlar bag collection system 
that will be utilized to collect all ethylene oxide samples. 


• Probe – The probe will consist of ¼” OD stainless steel or Teflon line. The probe will be inserted 
into the centroid of the stack immediately prior to sampling.  The line/probe will be purged 
immediately prior to being connected to the evacuated canister. 


• Heated Sample Line - A short, heated Teflon sample line will be used to deliver the gas sample 
from the probe to the Tedlar bag contained in the evacuated canister. The sample line will be 
heated to approximately 250°F.       


• Evacuated Canister/Drum - A stainless steel drum equipped with a removable lid will be 
utilized during this test program for sample collection.  The lid is equipped with two ¼" quick 
connects, one quick connect is utilized for connecting the sampling line to the sampling 
collection bag while the second is utilized for connecting the sampling pump which evacuates 
the drum and causes the bag to fill with stack gas. 


• Canister Heater – A heating belt, wrapped around the canister, will maintain the Tedlar bag 
temperature at approximately 80°F. A thermocouple located in the roof of the canister will be 
used to monitor the canister temperature.  


• Sample/Tedlar Bag - All samples will be collected in virgin 10-20-liter Tedlar bags during this 
test program.  The bags will be connected via a short piece of Tygon or silicone tubing to a 
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Teflon/stainless steel stem that is connected to the quick connect on the bottom portion of the 
drum lid.   


• Sample Pump – A Method 30B sampling console module will be used to evacuate the 
canisters at a constant rate, causing sample gas to flow directly into the Tedlar bag. The 
console is equipped with a diaphragm pump, a rotameter to regulate the collection rate, and a 
digital dry gas meter which will be used to record the volume of sample being drawn into the 
Tedlar bag.     


4.2.2 Description of Ethylene Oxide Sample Collection 


 
Both the Sterilization Chamber Vent (SCV) scrubber outlet and Aeration Room Vent (ARV) 


catalytic oxidizer outlet ethylene oxide samples will be collected in Tedlar bags utilizing a leak-


free evacuation canister and a metering console equipped with a dry gas meter, a rotameter, 


and a diaphragm pump. For each source a stainless-steel 1/4” OD probe will be installed in the 


centroid of the duct. The probe will be connected to a short, heated Teflon line which will deliver 


the sample from the probe to the Tedlar bag.  Please note that the sample will not come into 


contact with any other sampling train components other than stainless steel probe, the short, 


heated Teflon line, and the Tedlar bag.  


Prior to sampling, a sample collect rate will be established that will allow the Tedlar bag to be 


filled to approximately 80% of capacity by the end of each test run.  For the Damas scrubber, 


it is anticipated that the outlet flow rate will diminish over the duration of the first evacuation, 


and therefore the sample collection rate will be reduced proportionally with the outlet volumetric 


flow rate.  


Prior to sampling, the sampling system will be leak-checked to ensure it is leak free. Then just 


prior to commencement of sampling, the probe/jumper will be purged, and then connected to 


the Tedlar bag.  Sampling will then commence. 


The volume of sample collected in the Tedlar bag will be determined by the volume of air 


evacuated from the canister. The volume will be measured using the sampling console digital 


dry gas meter.      


4.3 REFERENCE METHOD VOLUMETRIC FLOW DETERMINATION 


Concurrent with ethylene oxide sampling on the Damas SCV scrubber outlet,  Montrose will make 
continuous volumetric flow measurements at the SCV scrubber outlet sampling location in 
accordance with EPA Methods 1 and 2C.  This data will be used to calculate the mass emission 
rate of ethylene oxide. Volumetric flow rate (velocity and temperature) will be measured 
continuously, and the data will be logged at 2-second intervals in one-minute averages via 
datalogger. 


The design specifications for this train meet all the criteria of EPA's Reference Method 1 and 2C 
as found in the Federal Regulations under Section 40CFR60 Appendix A, as amended. The 
following is a description of the individual components that comprised the sampling train. 
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4.3.1 Description of Velocity and Temperature Profile 


Montrose will conduct volumetric flowrate determinations during this test program in accordance 
with procedures delineated in EPA Methods 1 and 2, 40CFR60, Appendix A.  The system 
components necessary to conduct this testing are detailed below.  


• Pitot Tube - A standard pitot tube constructed of stainless steel tubing will be used to measure 
velocity.  The pitot tube will meet all of the dimensional criteria set forth in Method 2C for 
standard pitots , therefore a coefficient of 0.99 will be used.   


• Thermocouple - A "K" type thermocouple will be used to monitor the stack temperature.   


• Pitot Lines/Thermocouple Wire - The pitot tube/thermocouple assembly will be connected to 
a digital pressure transducer / temp readout via leak free Tygon and/or polypropylene tubing 
equipped with K-type thermocouple wire.  


• Pressure Transducer / Temperature Readout – A digital pressure transducer will be used to 
measure the velocity pressure of the exhaust gas.  The unit is also equipped with a 
thermocouple temperature readout.  The voltage output of the instrument will be connected to 
a computer datalogger which will allow continuous recording of gas velocity and temperature.  
The datalogger collected data at 2-second intervals, and records the data in 1-minute 
averages.   


• Static Pressure – Static pressure of the duct will be determined utilizing the S-type pitot tube.  
The probe will be rotated until a null reading is observed and then the negative or positive side 
is opened in order to ascertain the static pressure of the stack.  If removing the negative pitot 
results in a positive deflection, then the static pressure is recorded as a positive. Conversely, 
if the positive pitot is removed in order to ascertain a positive deflection then the static pressure 
is recorded as a negative. 


• Barometric Pressure - The barometric pressure will be determined from the National Weather 
Service (NWS), with sea level pressure corrected to sampling port elevation.  


• Gas Molecular Weight Determination – As this source is essentially considered ambient, a 
dry molecular weight of 29.0 will be used. 


• Moisture – Moisture will be measured using wet bulb/dry bulb psychrometry, yielding percent 
relative humidity.  This value will be compared to the saturation moisture value at the measure 
dry gas temperature to obtain percent moisture (BWS).  


It should be noted that all pre and post-test leak-checks will be conducted as follows: (1) blow 
through the pitot impact opening until at least 7.6 cm (3.0 in.) H20 velocity head registers on the 
manometer; then, close off the impact opening. The pressure shall remain stable for at least 15 
seconds; (2) do the same for the static pressure side, except using suction to obtain the minimum 
of 7.6 cm (3.0 in.) H20. 
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5.0  QUALITY ASSURANCE/QUALITY CONTROL 


5.1 SAMPLING AND ANALYTICAL QA/QC 


Montrose has instituted a rigorous QA/QC program for its air quality testing.  Quality assurance 
audits are performed as part of the test program to ensure that the results are calculated using 
the highest quality data available.  This program ensures that the emissions data we report are 
as accurate as possible.  The procedures included in the cited reference methods are followed 
during preparation, sampling, calibration, and analysis.  Montrose will be responsible for 
preparation, calibration, and cleaning of the sampling apparatus. Montrose will also perform the 
sampling, sample recovery, storage, and shipping.  Approved contract laboratories may perform 
some of the preparation and sample analyses, as needed. 


5.2 QUALITY CONTROL PROCEDURES 


Montrose calibrates and maintains equipment as required by the methods performed and 
applicable regulatory guidance.  Montrose follows internal procedures to prevent the use of 
malfunctioning or inoperable equipment in test programs.  All equipment is operated by trained 
personnel.  Any incidence of nonconforming work encountered during testing is reported and 
addressed through the corrective action system. 


5.2.1 Equipment Inspection and Maintenance 


Our Quality Assurance Program is in place to ensure consistent standards for our equipment 
maintenance, calibration schedule, quality control acceptance limits, and any necessary 
corrective action.  Below are specific examples of our control system. 


5.2.2 Equipment Inspection and Maintenance 


• Each critical piece of field equipment is assigned a unique identification number to 
allow tracking of its calibration history. 


• All field equipment is visually inspected prior to testing and includes pre-test calibration 
checks. 


• Glassware is visually inspected prior to testing. 


• Preliminary stack flow and temperature measurements will be taken to assure 
correct isokinetic sampling. 


• Reagents are made fresh daily, when required. A new reagent blank is retained for 
every new stock of reagent. 


5.2.3 Equipment Calibrations 


Montrose’s meter boxes, pitot tubes, thermocouples and barometers are maintained in 
accordance with specifications set forth in EPA "Quality Assurance Handbook for Air Pollution 
Measurement Systems - Volume III Stationary Source Specific Methods" Section 3.3.5 dated 
January 15, 1980 and with manufactures suggested procedures.  A summary is presented below: 


• Thermocouples - All type K thermocouples are calibrated against an NIST-traceable 
digital thermometer at either two or three points, depending on the application of the 
thermocouple.  
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• Standard Pitot Tubes - All standard pitot tubes are designed to meet the dimensional 
criteria set forth in Method 2C, therefore a coefficient of 0.99 (standard) will be used. 


5.3 PROCESS QA/QC 
 


a) The EtO tank scale to be used for weighing the amount of EtO injected into the sterilization 
chambers will possess valid calibration which will be properly documented.  This data will 
be included in the Final Report. 


b)  Documentation supporting that maximum normal operating conditions (as described in 
the Test Plan) were achieved during all testing will be included in the Final Report. 


c) Documentation supporting that CTO oxidation thermocouple calibrations were valid during 
CTO testing will be included in the Final Report. 


d) Documentation that the minimum CTO oxidation requirement was met during CTO testing 
will be included in the Final Report. 


5.4 DATA ANALYSIS, VALIDATION, AND UNCERTAINTY 


Montrose will convert the raw field, laboratory, and process data to reporting units consistent with 
the permit or subpart.  Calculations will be made using proprietary computer spreadsheets or data 
acquisition systems.  One run of each test method is also verified using a separate example 
calculation.  The example calculations are checked against the spreadsheet results and are 
included in the final report.  The “Standard Conditions” for this project are 29.92 inches of mercury 
and 68 °F. 


Both qualitative and quantitative factors contribute to field measurement uncertainty and should 
be taken into consideration when interpreting test results.  Whenever possible, Montrose Air 
Quality Services personnel reduce the impact of these uncertainty factors using approved and 
validated test methods.  In addition, Montrose personnel perform routine instrument and 
equipment calibrations and ensure that the calibration standards, instruments, and equipment 
used during test events meet, at a minimum, test method specifications as well as the 
specifications of our Quality Manual and ASTM D 7036-04. The limitations of the various methods, 
instruments, equipment, and materials utilized during a test are reasonably considered, but the 
ultimate impact of the cumulative uncertainty for each project cannot be fully identified. 


5.5 DATA QUALITY ASSESSMENT 


The QA/QC data assessment for this program will be used to determine that all data quality 
objectives were met for this program.  This will include assessment of test data/procedures and 
control device/process data. The criteria for assessing validity of the overall test program are 
summarized in Tables 5-1 and 5-2 on the following pages.  
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TABLE 5-1 PROCESS PARAMETER DATA QUALITY OBJECTIVES 


Sterilization 
Cycle/Process 


Data 


 


Facility 
 


Process 
 


Parameter 
 


Frequency 


Total mass 
ethylene oxide 
loaded to each 


chamber 


Professional 
Contract 


Sterilization, 
Inc. 


 
Chambers 
1,2,3,4 & 5 


Vent 


Use of properly 
calibrated scales 


and recorded 
weights to the 


nearest 0.1 
pound. 


Before and 
after every 
sterilization 


cycle. 


 
 


Residual mass of 
ethylene oxide in 
each chamber 


 
 
Professional 


Contract 
Sterilization, 


Inc. 


 
 


Chamber 
1,2,3,4 & 5 


Vent 


Use of redundant 
data entry into two 


separate 
spreadsheets to 
verify the results 
are the same and 
all data entry is 


accuracy 


 
 


After all 
testing is 
complete 


Total mass of 
ethylene oxide at 


the inlet to the 
Damas 


Corporation tri- 
phase ethylene 
oxide scrubber 


 


Professional 
Contract 


Sterilization, 
Inc. 


 
 


Chamber 
1,2,3,4 & 5 


Vent 


Use of redundant 
data entry into two 


separate 
spreadsheets to 
verify the results 
are the same and 
all data entry is 


accurate. 


 
 
After all 
testing is 
complete 


 


The mass of 
ethylene oxide 


emitted from the 
Damas 


Corporation tri- 
phase ethylene 
oxide scrubber 


outlet 


 
 


Professional 
Contract 


Sterilization, 
Inc. 


 


 
Chamber 


1,2,3,4 & 5 
Vent 


Use of redundant 
data entry into two 


separate 
spreadsheets to 
verify the results 
are the same and 
all data entry is 


accuracy 


 


 
After all 
testing is 
complete 


 
 


 
Scrubber liquor 
tank level 


 


 
Professional 


Contract 
Sterilization, 


Inc. 


 
 
 


Chamber 
1,2,3,4 & 5 


Vent 


 


 
Monitor maximum 
liquor level during 
the test program to 
the nearest inch. 


Before and 
after the test 


program, 
using the 
maximum 
liquor level 


as the 
baseline for 
compliance. 


 


Pallets in aeration 


Professional 
Contract 


Sterilization, 
Inc. 


 


Aeration 
Room Vent 


Count, verify and 
document the 


pallets in aeration 


 
Before ARV 
testing 


 


Catalyst bed 
temperature 


Professional 
Contract 


Sterilization, 
Inc. 


 


Aeration 
Room Vent 


Verify and record 
temperature from 
properly calibrated 


thermocouple. 


Before and 
after ARV 
testing. 
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TABLE 5-2 METHOD DATA QUALITY OBJECTIVES 


 


Method Parameter Acceptance Criteria Frequency 


USEPA 
1 


Sample port and 
traverse point locations 


Verify measurements 
onsite 


Once, prior to 
testing 


 


 
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 


 


 
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 


USEPA 
4 (mod.) 


Determination of 
Moisture Content in 


Stack Gases 


Use calibrated 
thermocouples to obtain 
the wet bulb/dry bulb 
temperature of the stack 
gas. 


Once per test 
run 


 
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 


 


 
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 


 


 
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 


 


 
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 
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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 


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% 


 


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 


first sample is 


analyzed 


 


 


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 using 
a mid- range calibration 


gas. 


 


Pre-test before 


any samples is 


analyzed 
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5.6 EMISSION RATE CALCULATIONS 


The following equations will be followed when calculating compliance emission rates during this 


test program.  


5.6.1 EtO Emission Rate Calculations 


The efficiency of the sterilization vent follows the Subpart O calculations:   


The amount of EtO charged to the chamber, Wc,  is determined by weight.  63.365(b)(1)(A) 


The residual mass of EtO, Wr, remaining in the chamber after the first evacuation is calculated 


by: 


Wr = (MW x %EOv x P x V) / (R x T).  63.365(b)(1)(ii) 


The weight percent of ethylene oxide, %EOv is calculated by: 


%EOv  =  WEO / (WEO + (Wx x MW/MWx)).  63.365(b)(1)(i)(C) 


The values of Wx and MWx are determined following Ideal Gas Law calculations using chamber 


conditions of temperature and pressure at the various chamber phases discussed in Appendix 


A.  Wx is the sum of the mass of oxygen, nitrogen and moisture in the chamber prior to EtO 


injection.  MWx is the sum of the molecular weight percentages of same. 


The total mass of EtO at the scrubber inlet, Wi, is calculated by subtracting Wr from Wc. 


63.365(b)(1)(iii) 


The mass of EtO emitted from the scrubber, Wo, is calculated by: 


Wo – C x V x MW/SV x 10
-6


  63.365(b)(1)(iv)(B)(2) 


The removal efficiency, %Eff, is calculated by: 


%Eff =( (Wi – Wo)/Wi) x 100  63.365(b)(1)(v) 


More detail and example calculations are included in Appendix A 
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5.7 REPORTING 


Montrose will prepare a final report to present the test data, calculations/equations, descriptions, 
and results.  Prior to release by Montrose, each report will be reviewed and certified by the project 
manager and their supervisor, or a peer.  Source test reports will be submitted to the facility or 
appropriate regulatory agency (upon client approval) within 30 days of the completion of the field 
work.  The report will include a series of appendices to present copies of the intermediate 
calculations and example calculations, raw field data, laboratory analysis data, process data, and 
equipment calibration data. 


5.7.1 Example Report Format 


The report will be divided into various sections describing the different aspects of the source 
testing program.  Table 5-3 presents a typical Table of Contents for the final report.  Prior to 
release by Montrose, each report will be reviewed and certified by the project manager and their 
supervisor, or a peer. 
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TABLE 5-3 TYPICAL REPORT FORMAT 


Cover Page 
Certification of Report 
Table of Contents 


Section 


1.0 Introduction and Summary (includes summary tables of average results) 
2.0 Discussion of Results 


2.1 Detailed Discussion of Results (includes summary tables of individual run results) 
2.2 Discussion of Problems/Deviations/Exceptions 


3.0 Source Location Information 
3.1 Facility Description, including CEMS and DAS Description (if applicable) 
3.2 Sampling Location 


4.0 Test Program Description 
4.1 Test Program Objectives 
4.2 Test Conditions 
4.3 Test Program Schedule 
4.4 Test Procedures 


5.0 Quality Assurance and Reporting 
5.1 Sampling and Analytical QA/QC 
5.2 Quality Control Requirements 
5.3 Data Reduction Procedures 


Appendices 
A Emission Calculations and Field Data Sheets 
B Laboratory Analyses 
C Quality Assurance  
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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. Anthony Stratton 


Title: Client Project Manager 


Region: Northeast 


Email: astratton@montrose-env.com 


Phone: 508-989-8996 (Mobile) 


Name: Mr. David Caron 


Title: Client Project Manager 


Region: Northeast 


Email: dcaron@montrose-env.com 


Phone: 978-499-9300 (x11303) 
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