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3.0 Distribution List 

Amy Robinson, EGLE-AQD; David Gregory, EGLE-AQD; Eric Hansen, EGLE-AQD; 
Susan Kilmer EGLE-AQD; Brain Hughes EGLE-AQD. 

4.0 Project/Task Organization 

Table 1: Roles & Responsibilities 

Individual(s) 
Assigned 

Responsible for: Authorized to: 

Amy Robinson • Project Manager
• QAPP

revisions/approval, data
analysis, data validation,
report

• Communicate findings
to USEPA

• Collect, document,
ship/deliver samples

• Determine whether
DQOs are met

• Liaison between ERG
and EGLE

Amy Robinson, Eric 
Gafner, Doreen Lehner, 
Doug Lytwyntec, Erica 
Wolf, and Matt Riselay 

• Field Operations
• QC on field sampling

• Collect, document,
ship/deliver samples

Eastern Research Group 
(ERG) (Julie Swift) 

• Laboratory Analysis
• Laboratory QC

• Analyze samples

Eric Gafner • Sample Custodian • Ship and receive
canisters

Doreen Lehner • Toxicology Review • Report Toxicology
Results

Susan Kilmer • QA Review • Flag Data for QA
reasons

Figure 1: Organization Chart  
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5.0 Problem Definition/Background 

Healthcare facilities and commercial sterilization facilities like Centurion Medical Products Corp. 
(Centurion) use Ethylene Oxide (EtO) to sterilize heat-sensitive medical instruments. In December 
2016, the United States Environmental Protection Agency (USEPA) updated EtO from a “probable 
human carcinogen” to a “human carcinogen” and increased its lifetime inhalation cancer risk 
estimate. The EGLE’s previous Initial Risk Screening Level (IRSL), 0.03 µg/m3 was established on 
September 22, 1982. The updated IRSL (January 17, 2017) for EtO is 0.0002 µg/m3, which is 
150 times lower than the previous IRSL. As a result of this change, sterilization facilities have come 
under new scrutiny even if operating within the limits of their current permit. Centurion’s permit 
(Permit #24-94B) for the sterilization process was issued August 17, 2017, using the previous IRSL 
of 0.03 µg/m3.  Centurion is located at 301 Catrell Drive, Howell, Michigan. 

Figure 2: Modeling Results for Centurion Medical Products and Study Map 

The objective of the ambient air monitoring activities is to reliably detect and quantify ambient air 
EtO concentration near the Centurion facility with USEPA Method TO-15. The monitoring will be 
conducted in phases. Phase I is intended to be a screening phase to identify whether EtO persists 
in the ambient air at detectable levels.  A set of 24-hr canisters will be deployed on one sampling 
day around the facility. This will provide a basis for determining where additional monitoring 
should be conducted to characterize human exposure to EtO. Phase II will be conducted for a 
longer time period to help determine the impact that EtO emission from Centurion has in the 
surrounding community. After the completion of each phase, the data will be analyzed to see if 
more work needs to be performed. 
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6.0 Project/Task Description 

EGLE will follow the monitor siting criteria detailed in the Code of Federal Regulations (CFR) 
Chapter 40 Section 58, Appendix E, where possible, relevant, and appropriate for this monitoring 
study. EGLE will consider monitor placement guidelines such as the following: 

• Locating the canister in an area that has an unobstructed air flow, especially in the
direction of any recognized sources of target analytes (following EGLE's Sampling Plan
for this study and any specific instructions from ERG that accompany the canisters).

• Avoiding locations that are directly influenced by nearby, adjacent, biasing emission
sources to the extent possible.

• Avoiding locations where reactive surfaces may cause chemical changes in the air
sampled.

• Documenting the sampler siting location with information such as digital pictures of the
site from the eight cardinal directions, sampler height, and Global Positioning System
(GPS) coordinates (Using the Sampling Location Identification Table for this study).

Phase I Monitoring: 

One (1) sampling day in the Spring of 2021, with multiple canisters deployed, should provide data 
regarding the ambient concentrations of EtO in the area. Phase I canister analysis will be 
conducted by ERG, national contractor for the National Air Toxics Trend Sites (NATTS) program. 
Measured ambient EtO concentrations above the minimum detection limit (MDL) of 0.0453 ppbv 
or 0.0819 µg/m3 will trigger a second, more extensive monitoring effort. 

Each sample will consist of one Summa canister with an accompanying critical orifice to be 
installed on the canister prior to deployment and according to instructions from ERG. The orifice 
will restrict the flow so that when the canister (starting under vacuum) is opened, it will slowly 
fill over a 24-hour period of time. A field operator will manually open and close each 
canister, documenting, among other information, sample location, time the canister is 
opened, time the canister is closed, and will make observations about site conditions and 
meteorology. 

Samples will be logged on a chain of custody form, and the form and sample will be sent to 
ERG once all samples are collected. The samples will be analyzed using method TO-15 for 
Volatile Organic Compounds (VOCs). Primary and duplicate samples will be clearly labeled. 

One sampling event will be conducted. The dataset will consist of 5-8 Summa canisters 
being placed around the facility, with one site having a co-located canister to provide duplicate 
results. An additional canister will be placed away from the facility to determine 
background EtO concentration for the area. 

Upwind and downwind will be determined using meteorology data from the Livingston County 
Airport. 

Phase II Monitoring: 

The Phase II monitoring effort will be designed based on the results of Phase I with respect to 
the number and location of the samples. The purpose for this phase of EtO sampling is to 
provide 
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sufficient data for inverse models. The goal of the inverse modeling is to determine an annual EtO 
emission rate for Centurion.  

This phase will have 11 sites around the Howell area. Each event will consist of 10 sampling sites, 
5 upwind and 5 downwind of the facility. The results from phase I sampling were used to determine 
the downwind sampling sites. The sampling will start once all canisters are deployed. The teams 
involved with setting up the canisters will communicate with the sampling lead person and then 
the teams will start the sampling event by opening the canisters they deployed.  

Downwind Canister Placement: The 5 downwind canisters will be placed to capture the gradient 
of EtO in the picture below. These should be scattered through the isopleth gradually getting 
farther away from the source. 

Figure 2: Isopleth map of air modeling around Centurion Medical Products 

The 5 upwind canisters should be placed to obtain background EtO concentrations in the general 
area. One canister will be placed at the same background site from phase I sampling. There will 
be a 6th site that will be placed on Centurion property to try and determine the amount of EtO 
coming onto their property. 
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Figure 3: Maps of sites where monitoring took place at increased levels of detail. 

7.0 Quality Objectives & Criteria 

The first objective of sampling is to determine whether ethylene oxide is detectable near the 
Centurion facility. Other objectives are to determine how the ambient levels compare to the 2014 
NATA and more refined AERMOD modeled concentrations. Data should be of sufficient quantity 
and quality to address these questions. 

If the following criteria are met, the data will be considered of sufficient quantity and quality: 
• Data completeness is 75% for each phase of the study.

• MDLs are 0.0453 ppbv or 0.0819 µg/m3 for EtO.

• Sufficient samples are collected when the predominant wind direction is from the source
in question.
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8.0 Special Training/Certification 

Field support staff from the EGLE are trained on collecting the samples, chains of custody 
procedures as well as process for shipping the canisters to ERG. No additional training is 
expected. The sampling plan will be followed in the collection of all canister samples in addition 
to any instructions provided by ERG. 

9.0 Documents and Records 

The project manager will have responsibility to ensure all QAPP revisions are shared with project 
participants. Each revision of the QAPP will be numbered and dated and saved on the AQD 
shared drive (S: Drive), as necessary and appropriate.  

Each sample collected will be numbered, and the following will be recorded: 
• date and time sample collection started and ended,

• initial and final gauge reading,

• site name or location, and

• sample collection.

A Compendium Method TO-15 Canister Sampling Field Test Data Sheet will be completed for 
each sample. A chain of custody form will accompany each sample. Sample forms will be scanned 
and saved on the AQD shared drive (S: Drive) in a folder created for this project. 

The project manager will create a database for the sample results which will be used for the data 
analysis. The database will incorporate the meteorological data from Livingston County Airport. 

The project manager will write the final report, which will summarize the details of the samples 
collected, the results of the analysis of those samples, outline the analysis performed, and any 
final conclusions/recommendations. 

All documents will be archived and retained for 10 years. 

To summarize, the following is a list of documents/records and any subsequent revised versions 
relevant to this study. Documents/records will be maintained on the AQD shared drive (S: Drive) 
in a folder created for this project: 

• QAPPs (all relevant QAPPs)
• SOPs (all relevant SOPs)
• Sampling Plan(s)
• Method TO-15 Canister Sampling Field Test Data Sheet
• Sample Site Photos
• Database/spreadsheet of results
• Final Report



Centurion Medical Products Ethylene Oxide Monitoring 
Version 1.0 

8/04/2021 
Page 11 

10.0 Sampling Process Design 

For Phase I, one VOC sampling event in Spring 2021 near the Centurion facility in Howell, 
Michigan, with speciation for ethylene oxide, will allow characterization of current ambient 
concentrations of ethylene oxide. Sampling will be conducted in accordance with this QAPP, 
Howell, Michigan. Locations will be determined on the sampling day based on meteorological 
data from the Livingston County Airport. 

11.0 Sampling Methods 

Each sample will consist of one Summa canister attached to a critical orifice. The orifice will 
restrict the flow so that when the canister (starting under vacuum) is opened it will slowly fill over 
a 24-hour period of time. A field operator will manually open and close each canister, documenting 
sample location, date and time canister is opened and closed, initial and final gauge vacuum, and 
local observations. The field operator will follow EGLE AQD’s Standard Operating 
Procedure found in the AMU QAPP Volume II, Section 8.17, “VOC Fixed Orifice Sampling,” 
dated October 2, 2018. 

Samples will be logged on a chain of custody form, and the form and samples will be sent to ERG 
during Phase I and Phases II and III, if necessary, within 10 days of collection. The samples will 
be analyzed using method TO-15 for VOCs.  

The Livingston County Airport will be used meteorological measurements of wind speed/wind 
direction. 

12.0 Sampling Handling & Custody 

Physical air samples for VOCs will be collected in Summa canisters which have been cleaned 
and evacuated according to strict SOPs. ERG has developed and qualified SOPs and QAPPs 
(Support for the EPA National Monitoring Programs (UATMP, NATTS, CSATAM, PAMS, and 
NMOC Support) Contract No. EP-D-14-030 2018 Quality Assurance Project Plan Category 1) for 
the TO-15 analytical method. Chain of custody forms will accompany the canisters to and from 
the lab and will be completed by the field staff as the samples are collected. The chain of custody 
form is included in the Sample Plan for this project. 

13.0 Analytical Methods 

Method TO-15 will be used to analyze the samples. ERG has SOPs in place for this method as 
well as a QAPP. (UATMP, NATTS, CSATAM, PAMS, and NMOC Support) Contract No. EP-D-
14-030 2018 Quality Assurance Project Plan Category 1).

14.0 Quality Control 

Analytical precision is calculated by comparing the differences between replicate analysis (two 
analyses of the same sample) from the arithmetic mean of the two results as shown below. 



Centurion Medical Products Ethylene Oxide Monitoring 
Version 1.0 

8/04/2021 
Page 12 

Replicate analysis with low variability have a lower Relative Percent Difference (RPD) (better 
precision), whereas high variability samples have a higher RPD (poorer precision). 

𝑅𝑅𝑅𝑅𝑅𝑅 =
|𝑋𝑋1 − 𝑋𝑋2|

𝑋𝑋
∗ 100 

Where: 
X1 = Ambient Air concentration of a given compound measured in one sample; 
X2 = Concentration of the same compound measured during replicate analysis; 
X  = Arithmetic mean of X1 and X2. 

15.0 Instrument/Equipment Testing, Inspection, and Maintenance 

ERG will inspect all canisters and orifices prior to sending them to the field; the lab will look for 
any defects or damage to the equipment and will ensure all components are clean. 

Field operators will inspect all equipment upon receipt, to initiating the sample, at sample 
collection, and prior to shipping the sample back to the lab. Operators will want to look for damage 
that occurred during the shipping of sampling, and also to look for cleanliness of the equipment, 
especially the inlets of the orifices. 

Field operators should also take care that the orifices are not cross-threaded when attaching the 
Summa canister. The operators will also want to ensure that the connection is tight. 

Any problems with the orifices or canisters should be documented and communicated to the lab 
and the principal investigator. 

16.0 Instrument/Equipment Calibration and Frequency 

The Summa canisters and sampling orifices calibration method and frequency are documented 
in the ERG QAPPs and SOPs. (UATMP, NATTS, CSATAM, PAMS, and NMOC Support) Contract 
No. EP-D-14-030 2018 Quality Assurance Project Plan Category 1). 

17.0 Inspection/Acceptance of Supplies & Consumables 

Upon receipt of the Summa canisters ERG will visually inspect the canisters to look for any 
damage that may have occurred during shipping, per ERG QAPPs and SOPs. (UATMP, NATTS, 
CSATAM, PAMS, and NMOC Support) Contract No. EP-D-14-030 2018 Quality Assurance 
Project Plan Category 1). 

18.0 Non-direct Measurements 

The placement of the Summa canisters is, in part, being guided by AQD inspection reports written 
by AQD staff and updated modeling, using verified company data. During inspections, AQD 
inspectors determined fugitive emission points and collected data from EtO monitors inside the 
facility, so that new AERMOD modeling could conducted that accounted for fugitive emissions. 
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19.0 Data Management 
 
Record keeping begins when the samples leave the lab and go to the field collectors. Field staff 
will record information about the samples (dates, time, etc.) and continue filling in the chain of 
custody. The samples and information will go back to the lab, and the samples will be analyzed. 
The QA Manager will then quality assure the data, ensuring that the data is valid, and then pass 
the data on to the project manager. The project manager will then consolidate the results into a 
database for analysis. This data, and the analysis, will be included in the final report. ERG’s QAPP 
also addresses data management with respect to the canister preparation and analysis and is 
addressed in ERG’s QAPP in section 15.0. 
 
Meteorological data from the Livingston County Airport will be used for this project. This data and 
the analysis will be included in the final report and maintained in a database on the AQD shared 
drive (S: Drive). 
 
In addition to the data files that will be kept for this project, records that will be kept will include 
the following: 
 

1. Field Study Logbook – used to record field activity, including but not limited to sample 
collection (canister/orifice numbers, start/stop dates and times, gauge vacuum, sampling 
location, local observations, etc.) 

2. QAPP and SAP – a copy of this QAPP and the Project Sampling Plan will be available at 
all times on AQD shared drive (S: Drive) 

3. Laboratory analysis results and any related data analysis 
4. Final Report 

 
Individuals identified in section 4.0 will have access to the project’s location on the AQD shared 
drive (S: Drive) and will be notified as necessary and appropriate, via email when the QAPP or 
other relevant documents are revised. 

20.0 Assessments and Response Actions 
 
An assessment is defined as an evaluation process used to measure the performance or 
effectiveness of the quality system or the establishment of the monitoring network and sites and 
various measurement phases of the data operation. The results of quality assurance assessments 
indicate whether the control efforts are adequate or need to be improved. Documentation of all 
quality assurance and quality control efforts implemented during the data collection, analysis, and 
reporting phases is important to data users, who can then consider the impact of these control 
efforts on the data quality. ERG performs a number of quality assurance/quality control exercised 
in order to ensure and document the integrity of the data analyses. Since there is no network, per 
se, for this project, a network siting review may not be appropriate. However, location of canister 
sampling will be documented along with meteorological conditions and will be available for any 
QA manager/staff to review. 
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21.0 Reports to Management 
 
The project manager will summarize data results after all sampling events are completed and 
analysis results are received from ERG. The report could address performance evaluation and 
audits, as well as include a data quality assessment. The final report will consolidate any QA 
findings and address the primary study questions. The project managers will provide a final report 
to management within EGLE. 

22.0 Data Review, Verification and Validation 
  
Prior to performing any statistical calculations, the reported data from the chain of custody forms 
will be checked to ensure accurate transcription. ERG will also perform data review, verification, 
and validation according to the procedures in their SOPs and QAPP. (UATMP, NATTS, CSATAM, 
PAMS, and NMOC Support) Contract No. EP-D-14-030 2018 Quality Assurance Project Plan 
Category 1). 

23.0 Verification and Validation Methods 
 
At least 10% of the data points will be checked to verify validity. Items checked could include 
original data sheets, checks of all calculations (from calibration to sample analysis), and data 
transfers. As the data are checked, corrections are made to the database as errors or omissions 
are encountered. If errors are located, all the data is checked to verify data quality. Documentation 
of equipment and instrument calibration and other procedures are detailed in the laboratory’s 
SOPs and QAPPs. 

24.0 Reconciliation with User Requirements 
 
Per the Data Quality Objectives (DQOs) in Section 7.0, data will be rejected if MDLs for EtO are 
not met. The project manager will conduct a preliminary data review to uncover potential 
limitations to using the data, to reveal outliers, and generally to explore the basic structure of the 
data. The first step is to calculate basic summary statistics, generate graphical presentations of 
the data, and review these summary statistics and graphs. The project manager will calculate 
statistics for data completeness and precision. Data will be qualified and used if criteria for 
completeness and precision are not met. 
 
Finally, refer to Section 18, data validation and usability, in ERG’s QAPP. 
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