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[bookmark: _Toc225161977]B.  Collections of Information Employing Statistical Methods
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: _Toc106009802][bookmark: _Toc106009819][bookmark: _Toc106009917][bookmark: _Toc225161978]B.1	Respondent universe and sampling methods
The respondent universe of interest for the proposed study includes healthcare workers aged 18 or older who are currently working in postanesthetic care units (PACUs) within human hospitals or veterinary hospitals (VHs). Six human hospitals and one veterinary hospital, identified during the project funding proposal phase, have agreed to participate. Recruitment of individual participants at these sites will take place following a detailed explanation of the study, including the potential risks and benefits of participation.

In order to achieve the objectives, it is necessary to evaluate occupational exposure to waste anesthetic gases (WAGs) and to administer post-shift questionnaires. Sample size calculations were performed separately for the exposure assessment and the administration of the post-shift questionnaire. 

For the exposure assessment, we assume that we are interested in the impact of a particular determinant (grouping variable) on mean exposure changes, modeled on the lognormal scale to maintain the normality assumption. Sample size requirements were examined across power levels of 80%, 85%, 90%, and 95%, while varying the effect size, measured as the partial R-squared (the proportion of variance explained by the determinant). Partial R-squared values ranged from 0.05 to 0.30, consistent with values commonly reported in exposure assessment studies. All calculations assumed a two-sided significance test with an alpha of 0.05. The resulting overall sample sizes ranged from fewer than 25 to 251 participants. As expected, higher power demands larger sample sizes, whereas larger effect sizes (higher partial R-squared) reduce the number of observations needed. In most sample size cases, we assume 80% power. To detect a partial R-squared of 0.10, which is typical, a total sample size of 73 observations is required (this refers to the overall sample size, not per group). This calculation assumed no repeated measures; if repeated measures are included, the required sample size would decrease due to partitioning of variability into within- and between-subject components. Since the study intends to analyze PACUs and VHs separately, it was determined that at least 73 participants should be recruited within each group to adequately assess exposure determinants in each setting.

For the administration of post-shift questionnaire, we look to determine if prevalence of migraine headaches is significantly different among human healthcare and veterinary workers than the prevalence observed in the general population. We selected this symptom because of the availability of prevalence data for both healthcare workers and the general population, which allows us to calculate an effect size (i.e., prevalence of healthcare group minus prevalence of overall population). Based on the previous literature, the prevalence of migraines in the overall population is 0.134. Using a one sample difference in proportions from constant test, we determined the total sample size required for our study assuming a two-tailed test with alpha of 0.05 with various power levels (0.80, 0.85, 0.90) and effect sizes (difference in proportions). Previous research suggests that we should expect an effect size of 0.14 between the overall population and healthcare workers (= prevalence of healthcare group (0.274) – prevalence of overall population (0.134)). Given this effect size (0.14) with 80% power, two-sided alpha level of 0.05, 64 participants would be needed. Again, since we hope to look at participants separately within PACUs and VHs, this sample size calculation suggests that at an effect size of 0.14, power of 80%, and alpha of 0.05, 64 subjects for each setting should be collected.  

To be statistically conservative, we elected to use at least 150 participants (75 PACU subjects and 75 VHs subjects) based on the exposure determinant sample size calculation of 73 per group (as this was higher than the one found from the health outcome calculation of 64 per group). By using 75 subjects in both PACU and VH settings, we should have adequate power (at alpha of 0.05 and for two-sided significance tests) to detect differences in exposure within each group and detect differences in prevalence of acute health symptoms from the general population. 

However, in practice, some healthcare workers might participate in the exposure assessment without completing the post-shift questionnaire, and vice-versa. If this occurs, we need 150 participants (75 from PACUs and 75 from VHs) to complete the exposure assessments, regardless of their participation in the questionnaire and at least 130 participants to complete the questionnaires (65 from PACUs and 65 from VHs) regardless of their involvement in the exposure assessment. Therefore, the maximum sample size for this study will be 280 participants—150 subjects for the exposure assessment (75 each with PACUs/VHs) and 130 for the post-shift questionnaire (65 each with PACUs/VHs)— (in the unlikely event that the 150 that complete the exposure assessment are different from the 130 that complete the post-shift questionnaires).

This is a new information collection request. Approval is being requested for a three-year period.
[bookmark: _Toc106009803][bookmark: _Toc106009820][bookmark: _Toc106009918][bookmark: _Toc225161979]B.2	Procedures for the collection of information
The target population for the data collection will be healthcare personnel who are 18 years or older currently working in PACUs and VHs. For each participating site, the NIOSH study team will work with a designated hospital liaison to identify site-specific approval requirements and submission processes. NIOSH investigators will comply with all hospital policies related to safety, privacy, and data protection and will complete any site-mandated training (e.g., HIPAA privacy training, data handling requirements) or credentialing prior to initiating on-site activities. No data collection will occur at a site until all required approvals are in place.

Each hospital visit is expected to last four days. On Day 1 of our visit, participants will be recruited and informed consent will be obtained. From Day 2 through Day 4, the study team will conduct personal and area exposure monitoring and/or administer post-shift questionnaires (see below for details of these activities). Recruitment will continue on Days 2 and 3, during which consent will be obtained for participation on the following day, along with ongoing data collection.

Participant recruitment will occur after providing a detailed explanation of the study, including its potential risks and benefits. Written informed consent will be obtained during site visits for participation in personal air sampling and/or questionnaire assessments. To streamline the process and reduce form length, two separate consent forms will be used: one for the exposure assessment and another for the post-shift questionnaire. Essential study details will be presented in the Key Information Summary section of the consent forms and explained to participants during the consenting process. Healthcare workers will have the opportunity to ask questions about the consent forms or any aspect of the study. All consent procedures will take place in a private room at each hospital.
[bookmark: _Toc106009804][bookmark: _Toc106009821][bookmark: _Toc106009919][bookmark: _Toc225161980]B.2.1   Collection of exposure assessment data
Upon arrival at the facility on Day 1, NIOSH staff will work with the facility liaison to identify an appropriate location for conducting study activities. Beginning on Day 2, NIOSH staff will conduct comprehensive field evaluations, including measurements of personal exposures and area air concentrations of WAGs. 

[bookmark: _Hlk214439334]Personal monitoring will use time-integrated sampling methods, including passive badges for full-shift measurements and active sorbent tubes for task-based sampling lasting up to one hour. For the active sampling, sorbent tubes will be replaced hourly to quantify exposures to halogenated agents. Findings from a pilot study indicated that PACU nurses experience their highest exposure during the first 15 minutes after patients are transferred to recovery areas and begin outgassing. To characterize exposures during this critical period, extra passive badges—one for a halogenated agent and one for nitrous oxide (N2O) (if used)—will be used to collect samples during the first 15 minutes of patient care (PACU only). Each participant will complete this short-term sampling no more than twice per day. Furthermore, we will ask one worker per day to wear a sampling port connected to a Fourier Transform Infrared (FTIR) analyzer for approximately 20 minutes during patient care. The FTIR will be mounted on a mobile cart, which NIOSH staff will transport to avoid disrupting the worker’s task. NIOSH staff will also record the visualized flow pattern of WAGs from patients using an infrared camera while the worker provides patient care. If N2O is used along with a halogenated agent, both agents will be sampled from FTIR. 

Area air concentrations will be collected using passive samplers and FTIRs to measure halogenated agents and N2O (if used during surgery). Sampling duration will vary based on environmental conditions. During the field survey, room airflow will be measured where appropriate, and detailed contextual information (e.g., removal of airway device in OR, PACU, or kennel areas, use of N2O, worker’s role/task) on workplace characteristics, ventilation system, worker activities, and personal protective equipment (PPE) use will be systematically collected on standardized forms. 

The anticipated duration of worker contact is approximately 20 minutes: 10 minutes for obtaining the informed consent form and 10 minutes for putting on and raking off sampling devices. No personally identifiable information (PII) will be recorded; instead, each worker will be assigned a unique ID in place of their name.
[bookmark: _Toc225161981]B.2.2 Collection of interview data
NIOSH staff will administer post-shift questionnaires using a CDC laptop, where all survey questions will be input into an application called EQuestionnaire, which is installed on the device. On the first day of participation, a full version of the questionnaire will be administered, followed by a shorter version from the second day that will focus solely on post-shift acute health symptoms. If any unexpected issues occur with the CDC laptop, such as a login failure, a paper version of the questionnaire will be utilized instead.
The EQuestionnaire application, which is part of the Field Data and Reporting System (FDCRS) (ESC ID: 2366), was developed using Microsoft Visual Studio. All responses will be stored in a local SQL database on the same computer. During the process, NIOSH staff will read each question to the participants and directly record their responses on the laptop. Wi-Fi connectivity is not required to use this tool. The CDC computer will be password-protected and kept in the possession of staff, stored in a locked box between questionnaire administration periods. In cases where a paper questionnaire is used, completed forms will be secured in a locked box while at the facility, and both the CDC laptop and the locked box containing paper questionnaires will be removed from the facility at the end of each day. Furthermore, we will securely erase the link between workers' names and unique identifiers from the field computer after study personnel return to the secured CDC offices and transfer all data to the secure system (i.e., a sub-share on the NIOSH_RHD_FSB_ResearchProjects MUST share).

The anticipated duration of worker contact is approximately 35 minutes: 10 minutes for obtaining the informed consent form, 20 minutes for completing the full post-shift questionnaire, and five minutes for completing the questionnaire that focuses solely on acute health symptoms.  
[bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: _Toc106009806][bookmark: _Toc106009823][bookmark: _Toc106009921][bookmark: _Toc225161982]B.3	Methods to maximize response rates and deal with nonresponse
To maximize response rates, the following strategies will be implemented to encourage participation:
1. Established collaborations with participating sites – Six human hospitals and one veterinary hospital were recruited during the project proposal phase and have agreed to participate in this study. In addition, ongoing engagement with professional organizations (e.g., the American Society of PeriAnesthesia Nurses, the American Industrial Hygiene Association, and the West Virginia Veterinary Medical Association) will support outreach efforts and help promote participation.
2. Streamlined questionnaires – Questionnaires have been designed to minimize respondent burden by including only items essential to the study objectives. Questions are organized in a clear, logical sequence to facilitate ease of completion.
3. Trained and experienced data collectors – NIOSH staff conducting data collection will be trained and experienced in administering questionnaires in workplace settings. Their training will help ensure a smooth process, reduce respondent burden, and improve the likelihood of complete responses.
4. Recruitment materials and communication – A recruitment email and accompanying fact sheet will be distributed to potential participants. These materials will clearly describe the purpose of the study and emphasize the importance of participation.

To address potential nonresponse, if response rates are lower than anticipated, we will compare available characteristics of respondents and non-respondents (e.g., job role or work area, if available) to assess the potential for nonresponse bias. If meaningful differences are identified, they will be considered in the interpretation of study findings.
[bookmark: _Toc106009807][bookmark: _Toc106009824][bookmark: _Toc106009922][bookmark: _Toc225161983]B.4	Tests of procedures or methods to be undertaken
The study design, including the exposure assessment and post-shift questionnaire, was reviewed and refined in consultation with NIOSH researchers with expertise in veterinary medicine, industrial hygiene, exposure assessment and control, ventilation assessment, behavior research, and biostatistics. These subject matter experts have extensive experience developing questionnaires to assess respiratory health, occupational exposures in veterinary settings, and WAG exposures among healthcare workers. Consultations regarding the type of information to be collected began in 2023 and have continued throughout project planning and protocol development. No unresolved issues related to data collection methods or frequency were identified during this process. 
[bookmark: _Toc106009808][bookmark: _Toc106009825][bookmark: _Toc106009923][bookmark: _Toc225161984]B.5	Individuals consulted on statistical aspects and individuals collecting and/or analyzing data
Contact information for those responsible for design, collection, and analysis of survey data. 

Individuals who designed data collection
Eun Gyung Lee, PhD, CIH, CSP
Industrial Hygienist 
Field Studies Branch
Respiratory Health Division, NIOSH
Phone: 304-285-6146
E-mail: dtq5@cdc.gov

R. Reid Harvey, DVM, MPH, DACVPM
Supervisory Research Epidemiologist
Field Studies Branch, Respiratory Health Division, NIOSH, CDC
Phone: 304-285-6377
Email: iez1@cdc.gov

Suzanne E. Tomasi, DVM, MPH, DACVPM
Epidemiologist
Field Studies Branch, Respiratory Health Division, NIOSH, CDC
(Currently in USDA)

Allyson O’Connor, PhD
Epidemiologist
Field Studies Branch, Respiratory Health Division, NIOSH, CDC
(Currently in USDVA)

Caroline P. Groth, PhD
Assistant Professor (Biostatistics) & Program Director for MS in Biostatistics
Department of Epidemiology and Biostatistics, School of Public Health, West Virginia University
Phone: 
Email: 

Individuals who will collect the data
Eun Gyung Lee, PhD, CIH, CSP
Industrial Hygienist 
Field Studies Branch
Respiratory Health Division, NIOSH
Phone: 304-285-6146
E-mail: dtq5@cdc.gov

R. Reid Harvey, DVM, MPH, DACVPM
Supervisory Research Epidemiologist
Field Studies Branch, Respiratory Health Division, NIOSH, CDC
Phone: 304-285-6377
Email: iez1@cdc.gov

Anne Foreman, PhD
Epidemiologist
Field Studies Branch, Respiratory Health Division, NIOSH, CDC
Phone: 304-285-6169
Email: vpc3@cdc.gov

Alyson Fortner, PhD
Industrial Hygienist
Field Studies Branch, Respiratory Health Division, NIOSH, CDC
Phone: 304-285-5851
Email: yqa0@cdc.gov 

George Sims, MS
Industrial Hygienist
Field Studies Branch, Respiratory Health Division, NIOSH, CDC
Phone: 304-285-5863
Email: gos5@cdc.gov 

Mike Beaty
Physical Scientist
Field Studies Branch, Respiratory Health Division, NIOSH, CDC
Phone: 304-285-5744
Email: mtb5@cdc.gov 

Alberto Garcia, MS, PhD
Mechanical Engineer
DFSE, NIOSH, CDC
Phone: 513-841-4596
Email: doq0@cdc.gov 

Carissa M. Rochelean, PhD
Epidemiologist
DSI, NIOSH, CDC
Phone: 513-841-4110
Email: ike9@cdc.gov 


Individuals who will analyze the data
Eun Gyung Lee, PhD, CIH, CSP
Industrial Hygienist 
Field Studies Branch
Respiratory Health Division, NIOSH
Phone: 304-285-6146
E-mail: dtq5@cdc.gov

R. Reid Harvey, DVM, MPH, DACVPM
Supervisory Research Epidemiologist
Field Studies Branch, Respiratory Health Division, NIOSH, CDC
Phone: 304-285-6377
Email: iez1@cdc.gov

Caroline P. Groth, PhD
Assistant Professor (Biostatistics) & Program Director for MS in Biostatistics
Department of Epidemiology and Biostatistics, School of Public Health, West Virginia University
Phone: 
Email: 

