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MOTIONS  
 

No. Motion STATUS 
1 the minutes from the October 10th EHC Fall Meeting be approved PASSED 

2 
EHC recommends to Technology Council, that they recommend to the BOD 
that the Rules of the Board (ROB) be revised as shown: 
 

PASSED 

3 that EHC recommends Technology Council reaffirm the Filtration and Air 
Cleaning Position Document (PD). 

PASSED 

4 
EHC recommends Technology Council reaffirm the Unvented Combustion 
Devices and Indoor Air Quality Position Document (PD). 
 

PASSED 

5 that EHC approve a new emerging issue brief on Potential Microbial 
Contaminants in Biowall Water Systems 

PASSED 

 
LIST OF ATTACHMENTS 

 
No. Attachment 
A 2017-2018 MBO’s status report 
B BOD Ex-O presentation 
C Comparison of international IEQ standards 
D Filtration and Air Cleaning Position Document 
E Unvented Combustion Devices and Indoor Air Quality Position Document 
F Potential Microbial Contaminants in Biowall Water Systems 
G EHC program topics 
H EHC research roadmap 
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LIST OF ACRONYMS 
 

AID Airborne Infectious Diseases  IAQA Indoor Air Quality Association 
AIVC Air Infiltration and Ventilation Centre  IAQP Indoor Air Quality Procedure 

AMORTS 
Assistant Manager of Research and 
Technical Services 

 
IEQ Indoor Environmental Quality 

ASHRAE 

American Society of Heating, 
Refrigerating and Air Conditioning 
Engineers 

 

IEQ-GA Indoor Environmental Quality Global Alliance 
BOD Board of Directors  MBO Management by Objectives 
CO Coordinating Officer  MOP Manual of Procedures 
CO2 Carbon Dioxide  MTG Multi-disciplinary Task Group 
CNV Chair Not Voting  PASA Procedures for ASHRAE Standards Actions 
DOE Department of Energy  PD Position Document 
DRSC  Document Review Subcommittee  PMS Project Monitoring Subcommittee 
EH Environmental Health  RAC Research Administration Committee 
EHC Environmental Health Committee  ROB Rules of the Board 
EIB Emerging Issue Brief  RP Research Project 
ENDS Electronic Nicotine Delivery Systems  RTAR Research Topic Acceptance Request 
EPA Environmental Protection Agency  SGPC Standing Guideline Project Committee 
ETS Environmental Tobacco Smoke  SSPC Standing Standard Project Committee 
ExO Ex-Officio  TC  Technical Committee 
H&A  Honors and Awards Committee  TPS Title Purpose and Scope 

HVAC 
Heating, Ventilating and Air 
Conditioning 

 
VOC Volatile Organic Compound 

IAQ Indoor Air Quality  WS Work Statement 
 

 
 

ACTION ITEMS FROM 2018 WINTER MEETING 

No. Responsibility Action Item Page 

1 
EHC Read and become familiar with the current chapter F10 to 

suggest changes  
 

3 

2 
Lucas, Stewart, 
Janet Stout 

Reach out to PD chair to help make progress on 
Legionellosis PD.  3 

3 
Policy SubC chair Help find chair for the Filtration and Air Cleaning PD 

committee 4 

4 
Sherman, Pat 
Mason-Fritz and 
Brendan Burley 

Explore idea for a PD on Indoor Environmental Impact of 
Climate Change and to develop a TPS as appropriate.  4 

5 
Research SubC 
chair 

Follow up with Jovan Pantelic to see what progress has 
been made on WS 1657.  
 

7 

6 
Research SubC Discuss Light’s MTG proposal with TRG and make 

recommendation for approval 7 
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ACTION ITEMS FROM 2017 FALL MEETING 

No. Responsibility Action Item Status 

FA-1 
Sun  Write email explanation to TC 2.3 on why EHC didn’t 

approve co-sponsoring their RTAR 
Complete 

FA-2 
Education 
Subcommittee 

Review current environmental health award eligibility system 
to see what improvements could be made.  

Ongoing 

FA-3 
Horner, Cooper, 
Persily, Sekhar, 
Sherman & Sun 

Discuss ASHRAE’s IAQ Policy subcommittee and make 
suggestions for EHC action  

Complete 

FA-4 
Policy 
Subcommittee 

Review current emerging issue briefs for Chicago meeting 
and recommend revisions or deletion.  

Ongoing 

FA-5 
EHC Review revised ENDS brief to ensure previous comments 

were addressed  
Complete 

FA-6 
Staff Compile comments on Biowall brief and send to author 

 
Complete 

FA-7 
Research 
Subcommittee 

Review and comment on 3 environmental health related 
RAC RTARs 

Complete 

FA-8 
Persily, Bohanon, 
Conlan Sekhar & 
Sherman 

Develop summary to frame the discussion on SSPC 62.1 
questions to EHC.  

Complete 
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1.   CALL TO ORDER & INTRODUCTIONS  
Chair Nguyen-Weekes called the meeting to order at just after 2:15 PM. Members and guests 
introduced themselves.  

 
2.  ETHICS 

Nguyen-Weekes read and reminded all of the ASHRAE Code of Ethics. 
 
3. REVIEW OF AGENDA  

No changes were made to the agenda sent prior to meeting. Baker emphasized subcommittee 
reports would focus on motions and discussion items from subcommittee meetings, versus 
information items.  
  

4.   MINUTES  
It was moved (MS) and seconded (CS) that, 
 
(1) the minutes from the October 10th EHC Fall Meeting be approved. 
 
MOTION 1 PASSED: 12-0-0, CNV  
 
BACKGROUND: Draft minutes were sent to committee in October 24th email.  

 
5.  CHAIR’S REPORT (Nguyen-Weekes) 

A. The following motions from past EHC meetings required higher body approval: 
• Motion to approve Don Weekes as IAQ PD committee chair [Passed DRSC & Tech Council] 
• Motion to approve IAQ PD committee roster [Passed DRSC & Tech Council] 
• Letter Ballot motion to recommend EH Award winner to Honors & Awards committee [ballot 

closed January 19. EHC selected a winner for recommendation to H&A committee]  
 

B. Summary of Action Items 
• Action items will be reviewed as they arise on agenda.  

  
C. 2017-2018 MBO’s – Status Report (Attachment A).  

• Report on MBOs (10, 11)  
EHC will report final status of MBOs in report to Operations Subcommittee.  
 

D. Indoor Environmental Quality – Global Alliance (IEQ-GA) 
Sherman reported that the IEQ-GA is progressing towards becoming an independent organization 
and separate legal entity. The alliance is meeting tomorrow at 400-530 PM and Sherman invited 
all to attend. One IEQ-GA activity could be organization of the ASHRAE IAQ conference series. 
EHC was in support of this transition to IEQ-GA organization.   
 

E. WELL Building Standard 
Nicholas Clements gave a quick update noting that a community standard was developed and is 
now available here. The standard has adopted to various building types. Details are available from 
the IWBI (www.wellcertified.com).    
 
 

6.  VICE-CHAIR’S REPORT (Horner) 
A. ROB/MOP/Reference Manual 

An ad hoc committee of EHC met to discuss ROB 1.2011.004.9 on Indoor Air Quality or Ventilation 
Standards. There was concern over a conflict with PASA. The subcommittee developed a 
proposed change for EHC’s consideration.  

http://www.ashrae.org/about-ashrae/ashrae-code-of-ethics
https://www.wellcertified.com/en/resources/well-community-standard-pilot
http://www.wellcertified.com/
https://www.ashrae.org/society-groups/committees/environmental-health-committee-ehc#commdocs
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It was moved (EH) and seconded (WC) that, 
 
(2) EHC recommends to Technology Council, that they recommend to the BOD that the Rules of 

the Board (ROB) be revised as shown: 
 

1.201.004.9 Indoor Air Quality or Ventilation Standards. Any existing and all future ASHRAE 
indoor air quality or ventilation code-intended standards must meet the following requirements: 

 A.   The standard shall specify concentration limits of only those specific contaminants for 
which a nationally or internationally recognized authority (such as US EPA, OSHA or the 
World Health Organization) has established a maximum permissible concentration limit and 
for which standardized test procedures have been established. Nationally or internationally 
recognized authorities and procedures may be those developed by ANSI consensus 
procedures for private standards-setting organizations, those established by statute, or those 
duly adopted regulations issued by governmental agencies. 

B.   The standard may specify means and methods for limiting concentration of pollutants, 
provided they are related to contaminants normally considered in the design of HVAC systems 
serving the relevant space type. 

 C.   The standard shall not require the measurement of contaminant or other airborne 
concentrations except those that can be measured using standardized test equipment and 
procedures in accordance with ASHRAE Standard 111 (or its successor) or other consensus 
Methods of Test. Standardized test equipment is defined as equipment normally available in 
the HVAC&R industry to test-and-balance technicians or that is common in building ventilation 
assessment. 

 D.   The standard shall not make any claims or guarantees that compliance will provide 
health, comfort or occupant acceptability, but shall strive for those objectives, consistent with 
ASHRAE policy. 

 E.   The standard may contain factors for use in design of calculations such as mixing 
efficiencies and air change effectiveness, as long as it is the consensus of the standards-
writing body that these factors are important to providing acceptable indoor air quality. 

BACKGROUND: This ROB was developed many years ago in response to a series of 
membership votes on indoor air quality issues and reports from presidential ad hoc committees, 
driven by the concerns on the part of some ASHRAE members that our indoor air quality standards 
were inappropriately addressing health issues. The ad hoc committee findings and other BOD-
level discussions concluded that it was entirely appropriate for ASHRAE standards to be motivated 
by health, as they had been for many years. The rule proposed for deletion was developed to quell 
some remaining concerns. However, this rule has not been invoked since its adoption and it is 
inconsistent with the key ANSI principle that the consensus body (the standard project committee 
in the case of ASHRAE) be solely responsible for the content of a standard.  
 
MOTION 2 PASSED: 8-0-0 CNV 
 

B. Budget 
No changes were requested to EHC budget.  
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C. Environmental Health Award 
EHC’s letter ballot to vote on a winner closed December 19. A recommendation for the ASHRAE 
Environmental Health Award was submitted to Honors & Awards Committee. If approved, 
notification will be sent to the winner after the Winter Meeting.  
 

7.  BOARD OF DIRECTORS (BOD) EX-OFFICO (ExO) & COORDINATING OFFICER (CO) REPORT  
A. BOD EX-Officio - Lawrence 

Lawrence reviewed his Ex-O presentation (Attachment B). Highlights include: 
• Members are asked to nominate committee members at www.ashrae.org/nominate 
• New Region XIV with 8 new chapters throughout Europe.  
• ASHRAE is exploring regional staff support 
• Global Training Center for Building Excellence established in Dubai 
• Young Engineers in ASHRAE switching to Grassroots Committee 
• ASHRAE developing 2019-2024 Strategic Plan 

 
8.  IAQ CONFERENCE 

A. IAQ 2020  
Planning is underway for ASHRAE’s IAQ 2020 conference. Bill Bahnfleth and Max Sherman have 
agreed to co-chair the event which may be organized with AIVC, IAQA and IEQ-GA. An advisory 
committee will work to identify a steering committee to plan the conference. The target location at this 
time is Athens, Greece for September 2020. Sherman noted the long term vision is for IEQ-GA to take 
lead on organizing IAQ 2023 and future conferences with ASHRAE as the Secretariat.   
 
Bahnfleth added that a special edition of the Science and Technology for the Built Environment was 
published featuring 8 papers from ASHRAE’s IAQ 2016.  
 

9.  SUBCOMMITTEE REPORTS  
A. Handbook Subcommittee (Leung) 

1. 2021 Fundamentals chapter F10 
There is a January 2019 deadline for changes to the 2021 volume. EHC will need to review 
and make changes ahead of this date. Leung noted his plan was to review and suggest 
changes to electronic version of the chapter well ahead of this deadline.  He noted there is a 
new ASHRAE portal for handbook review that can be utilized. Leung asked all members to 
read and become familiar with the current chapter to suggest changes (AI #1).   
 
Leung developed a comparison of international IEQ standards from 17 countries (Attachment 
C). Leung will continue to update and share with EHC. Ideas for inclusion in the next 
handbook chapter include the following: 
• International IEQ standard comparison 
• Exposure to full spectrum light 

 
B. Policy Subcommittee (Sekhar) 

1. Position Documents (PD) 
A. Legionellosis  

There has been no progress on revision to Legionellosis PD. This PD is expired and 
has been pulled from the ASHRAE website for some time. It was confirmed that a 
revised PD was still desired with publication of Standard 188 and development of 
Guideline 12. Lucas, Stewart, and Janet Stout agreed to reach out to PD chair to 
help make progress (AI #2).  

  

http://www.ashrae.org/nominate
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B. Filtration and Air Cleaning 
EHC discussed the pending expiration of the PD and suggested reaffirmation. A revision 
was already authorized by ExCom. This revision should started as soon as possible. Policy 
Subcommittee agreed to find PD chair (AI #3).  
 

(3) It was moved (CS) and seconded (WT) that EHC recommends Technology Council 
reaffirm the Filtration and Air Cleaning Position Document (PD). 

 
BACKGROUND: The current PD (Attachment D) expires January 29, 2018. A revision has 
been approved by BOD ExCom but reaffirmation is necessary to assure information is 
available until revision is completed. 
 
MOTION 3 PASSED: 7-0-0 CNV 

 
C. Indoor Air Quality (IAQ) 

The new Indoor Air Quality PD chair and committee was approved. PD chair Don 
Weekes reported the committee will next meet in February to revise the PD and that 
his goal for completion was June 2019. The current PD expires June 2020.  
 

D. Environmental Tobacco Smoke (ETS) 
The committee revising the Environmental Tobacco Smoke PD has been meeting. Schoen 
anticipates a much shorter document and estimates a draft will be ready for approval in 
Spring 2018. 
 

E. Unvented Combustion Devices and IAQ 
This PD expired in 2017. Former chair Paul Francisco recommended a reaffirmation as no 
major changes were needed at this time.  
 

(4)  It was moved (CS) and seconded (WC) that EHC recommends Technology Council 
reaffirm the Unvented Combustion Devices and Indoor Air Quality Position Document 
(PD). 

 
BACKGROUND: The current PD (Attachment E) expired June 16, 2017. EHC reviewed 
and determined the content is still current and of interest, so it does not need a revision, 
but should not be withdrawn.  EHC will explore revisions in next cycle.  
 
MOTION 4 PASSED: 7-0-0 CNV 

 
F. Energy Efficiency in Buildings 

A draft is developed and the committee is scheduled to meet in Chicago. Roger Hedrick is 
the EHC representative.  
 

G. Airborne Infectious Diseases (AID) 
The committee to revise the Airborne Infectious Diseases PD has met several times and is 
developing a revision. They estimate a draft will be ready for approval for Annual Meeting in 
2018.  The PD committee is meeting after the EHC meeting (same room) here in Chicago.  
 

H. New PDs 
Sherman, Pat Mason-Fritz and Brendan Burley agreed to explore an idea for a PD 
on Indoor Environmental Impact of Climate Change and to develop a TPS as 
appropriate (AI #4).  It was noted an ASHRAE PD on Climate Change is in 
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development and nearly complete. This should be reviewed to ensure this is not 
already covered.  

 
2. Emerging issue briefs (EIB) 

A. Review of current emerging issue briefs 
No changes were made to currently published EIBs.  
 

B. Other/New Reports 
o Electronic Nicotine Delivery Systems (ENDS) – Schoen 

Schoen noted the last round of comments has not been addressed by authors so it is not 
ready for approval.   
 

o Microbial Contaminants in Biowall Water Systems – Weekes  
Many comments were offered by EHC members in last review. All comments have been 
incorporated.  

 
(5) It was moved (CS) and seconded (WT) that EHC approve a new emerging issue 

brief (EIB) on Potential Microbial Contaminants in Biowall Water Systems  
 

BACKGROUND: All comments were addressed by the author and the brief is ready for 
approval. The final brief is shown as Attachment F.   
 
MOTION 5 PASSED: 8-0-0 CNV 

 
o Design Consideration for Ambient Air Contaminants 

Leung submitted a draft of this EIB to policy subcommittee. Some comments were 
generated and sent back to Leung for consideration in a revised draft.  

 
o The following EIBs are on list for possible future development:  

o Physiological Impact of CO2 (Wargocki) 
o Dermal Pathways and IAQ (Sekhar/Wargocki) 

 
C. ASHRAE IAQ Policy review 

This was discussed in Vice Chair report. 
 

C. Education/Program Subcommittee (Conlan) 
1. EHC Sponsored or cosponsored the following programs for the Winter Meeting.  

A. Chicago program  
 Seminar 19 - Navigating the Changing Landscape of Regulations, Codes and "Best 

Practices" Around Legionella and Building Water Safety 
 Debate 3 - Environmental Health Is of Little Concern to the Designer 

 
B. Houston program 

EHC discussed the following programs for future ASHRAE meetings. A summary is 
included as Attachment G.  
 

2. ASHRAE Journal IEQ Applications Column – Persily 
Persily was not in attendance but sent a summary sheet before meeting. There are articles in 
the queue through April so he is seeking commitments for future articles. 
 

Issue Draft due Author Topic 
January 2017 Published Kennedy/Horner Dampness and health 

http://www.ashrae.org/society-groups/committees/environmental-health-committee-ehc#emerging
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February 2017 Published Siegel IAQ and cannabis legislation 
March 2017 Published Offermann Flooring and formaldehyde 
April 2017 Published Lawrence Thermal comfort and demand 

response 
May 2017 Published Bahnfleth IAQ 2016 summary 
June 2017 Apr 8 Fritz/Horner Classifying indoor spaces for PM 
July 2017 May 8 Persily CO2 generation rates 
August 2017 Jun 8 Besselink Micro-climate control 
September 2017 July 8 Tanabe ISO IEQ standards 
October 2017 Aug 8 Bahnfleth UVGI – cooling coil irradiation 
November 2017 Sept 8 LanChi Nguygen Legionella management/directives 
December 2017 Oct 8 Jensen  Model aquatic health code 
    
January 2018 Nov 8 Zaatari Closing OA dampers 
February 2018 Dec 8 Sun Clean room ventilation 
March 2018 Jan 8 Horner, Zaatari LEED IAQ pilot 
April 2018 Feb 8 Wargocki iAQ and sleep 
May 2018 Mar 8   
June 2018 Apr 8   
July 2018 May 8   
August 2018 June 8   
September 2018 July 8   
October 2018 August 8   
    
Other potential columns that have been mentioned 
George Araj sent AtmEnv article on Narghile waterpipe and cig smoking 
Wargocki, cognitive impacts of CO2  
Max Sherman, Smart Ventilation 
Stewart – air cleaners and health claims 
Siegel – Residential filtration research project 
New topic from CHI - Thomann/Bohanon – electronic air cleaners 

 
 

D. Research Subcommittee (Sun) 
Sun noted he is seeking more members for research subcommittee. Focus of subcommittee will be 
development of RTAR ideas.  
 
1. Active Research Projects (RP) 

A. RP - 1663 – Residential IAQ Guide 
• Schoen noted the project is slightly behind schedule but the product is good.  A new 

member was added to the team as a technical editor. Draft about ready for a PMS 95% 
review at the end of January. The 100% review is a few months out, targeting July. The 
EPA and DOE are both interested in promoting the publication with their IAQ and 
Building American programs. A 5 minute video will be developed as well.  
 

2. Work Statements (WS) 
A. Draft WS 1657 - Effective Ventilation Systems for Airborne Infection Isolation Rooms to 

Reduce Potential Cross Infection 
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Research chair will follow up with Jovan Pantelic to see what progress has been made (AI 
#5).  
 

B. WS 1579 - Testing and Evaluation of Ozone Filters for Improving IAQ. 
This committee co-sponsored TC 2.3 project. This was not approved by RAC so the project 
is currently in review.   
 

C. TC 3.6 WS on potable hot water temp 
Stout noted research subcommittee of TC 3.6 is reviewing for revisions and will need to be 
resubmitted. WS sent to RAC, returned with comments.  
 

3. RTARs 
A. Studying Thermal Comfort and IAQ in meetings at conference environments – Stewart 

Stewart has not heard from project proposers (Clements, Lau, Zhang) so there’s not been 
progress. EHC decided to keep this project on the list for possible future development. 
There was an idea to add an IAQ survey to the ASHRAE meeting app if possible. It was 
noted TC 2.1 and SGPC 10 may have interest in this as well.  
 

B. The application of real-time small sensors to gas-cleaning systems for commercial and 
residential HVAC systems (TC 2.3) 
Zhang reported the TC is working on comments from EHC.  
 

C. New/Other RTAR ideas from EHC members 
Sun spent time reviewing the EHC research roadmap (Attachment H) and brainstorming 
RTAR ideas. The following were mentioned for further discussion:  
• Can plants create healthier indoor environment? How? (TC 2.1) 
• What contaminants are generated/emitted in healthcare settings? (Brendan) (TC 9.6) 
• What is the impact of dry coil on health? (No filters) is not having a filter justified? – 

Brendan (TC 5.3) 
• e-cigarette use impact on air quality (TC 2.3) 
• TC 2.3 impact of marijuana cultivation facilities on IAQ 
 
Members were encouraged to attend related TC meetings as outreach and support for 
research of interest to environmental health. All RTAR leads should reach out to TCs for 
their support and participation. The research breakfast may be a nice opportunity to do this.  

 
D. EHC review of RAC RTARs for environmental health issues 

There were 3 reviewed for RAC Fall meeting, but none for the RAC Winter meeting.  
 

E. Other  
Ed Light discussed MTG proposal sent ahead of EHC meeting. This was discussed at last 
EHC meeting and addressed comments submitted at that time. EHC agreed to discuss with 
TRG and make recommendations later (AI #6). Zhang noted this MTG and TC 2.3 are 
interested in measuring individual VOCs. An RTAR for a multidisciplinary review of VOC 
and health impacts may be appropriate.  

 
10.  STANDARDS ACTIVITIES 

A. Standard 188  
Stewart reported that SSPC 188 is considering three addenda at this meeting and asked all to 
participate when they are put out for public review.   
 

B. Standard 55 
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It was reported that the Standard 55 committee is working a number of addenda through the 
process. They are related to eliminating the graphical method of compliance and adding a new 
prescriptive compliance path.  
 

C. Standard 62.1 
Bohanon noted he’d received input on SSPC 62.1 questions posed to EHC at Annual Meeting on 
the IAQP in 62.1.  Bohanon noted the standard committee expects to delete Appendix C and 
references to CO2 levels shortly.   
 
Bohanon showed examples for misuse of the IAQP in ASHRAE Standard 62.1. Such misuse is 
quite common. Thomann suggested the IAQ PD committee consider a reminder to designers to be 
careful when reducing ventilation rates through IAQP.  
 

D. Standard 62.2 
Proposals being considered by committee include removal of unvented combustion devices. 
Proposal requiring new multifamily units be balanced.  

 
E. Standard 170 

Standard 170 -2017 was published recently. FGI guidelines incorporates 170 entirely. Discussion on 
Taylor paper on relative humidity and flexibility (will send to EHC).  

 
F. ASHRAE/IAQA Standard Guideline 2210-201X, Guideline for Initial Residential Mold Assessment 

Standard 
Horner noted the committee met in Chicago. Been out for public review. Homes standard on hold til 
school version addressed.  The mold assessment in schools publication held a public review which 
closed Dec. 25th.  
 

G. Guideline 42P committee (no EHC assignment) 
This guideline is related to Standard 62.1. Some writing has been done by the committee here in 
Chicago.  There is currently a February deadline for draft completion. All were encouraged to 
participate.  
 

H. Guideline 27P public review (Baker) 
Kerr working on this. No other developments. Going through review comments. AIHA proceed 
significant, constructive comments.    
 
 

11. STRATEGIC DISCUSSION 
A. ASHRAE IAQ Policy review (Horner ad hoc) 

The recommendation of the ad hoc was reported to EHC earlier.  Proposed ROB changes 
were approved and will be reported to Operations Subcommittee of Tech Council.  
 

B. Topic for Houston 
a. RP1663 – Residential IAQ Design Guide 
b. Role, scope, goals of EHC 

i. Get Wane notes from recent program to build upon 
c. Marketing/branding of environmental health committee? Getting more visible and in 

front of work. 
 

12. NEW BUSINESS 
A. NEXT MEETING 

1. Spring Conference Call  
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2. Annual Meeting, Houston TX, June 25, 2018 
 
13. OTHER 

Horner asked all to nominate members to EHC from their contact lists. Don Weekes suggested an 
IAQA member be added to EHC as well. Please think if there are other organizations that should be 
represented on EHC.  

 
14. ADJOURNMENT 

The Environmental Health Committee meeting was adjourned at approximately 5:15 PM.  



Item # MBO Date Due Assigned To
Applicable Strategy 

#
MBO Comments MBO Status

1
Support EH‐related ASHRAE 
Research

ongoing Research Subc.
3C, 4A, 4B

5A

EHC will identify top priority research activities that will support ASHRAE's strategic 
plan but are not currently being conducted through TCs.  EHC will support 2 new 
RTARs and their champions through this process, and will coordinate with applicable 
TCs/private sectors to co‐sponsor these projects.  Biowalls and Waterborne Infection 
RTAR is to be developed by the end of 2017. Additionally, EHC will continue to 
monitor existing project (RP‐1663).

New RTARs will be requested from EHC members, plan to 
submit several new RTARs to RAC after Chicago meeting. 
Items 1 & 3 for research MBO can be possibly added to 
MOP.

2
Identify process for EHC 
involvement in research

6/30/2018 Research Subc.

Review EHC involvement in research ‐ should EHC generate RTARs and how EHC will 
connect and be involved with RTARs from TCs ?

More effective mechanisms (submit, review, co‐
sponsorship) to involve in society research will be further 
discussed in Chicago.

5
ASHRAE Chicago and Houston 
Programs

30‐Jun‐18
Conlan, 

Education Subc.
Identify and support program submissions on behalf of EHC

2 programs sponsored or co‐sponsored by EHC in Chicago.  
A number of potential programs (5) identified for Houston. 

6 ASHRAE IAQ Conference ‐ 2020
Conlan, 

Education Subc.

Identify conference chair and support program development on behalf of EHC. 
participate in discussion with CEC about the future of the conference and 
potential co‐sponsoring with IAQ‐GA

Max Sherman and Bill Bahnfleth co‐chairing advisory 
committee to plan IAQ 2020 and appoint steering 
committee. 
September 2020 conference in Athens, Greece tentatively 
planned on. 
No objections from EHC on eventual tranferral of 
conference to IEQ‐GA. 

EHC will continue to maintain and produce EH‐related position documents and 
emerging issue briefs.  

Position documents: 
The following are under revision: Legionellosis, IAQ, ETS and Airborne Infectious 
Diseases and could be completed this Society Year. PDs could be completed this SY.
A decision on the Combustion of Solid Fuels and IAQ in Primarily Developing 
Countries is due this SY. 

Policy

Education/Program

4
Enhance EHC Education and 
Outreach Program

ongoing Persily 1C, 3D

Articles covering environmental health issues have been placed in most issues of the 
ASHRAE Journal for a few years.  Contributions are slowing ‐‐ this activity needs to be 
revitalized and continued with an aim of 7 articles per year.  Additionally, in order to 
ensure that EH issues and perspectives are available to the ASHRAE membership, 
EHC will submit session abstracts for every conference and work with CEC to ensure 
that EHC issues have a presence in the conference programs. Finally, EHC will 
continue to promote the IAQ Guide.

An IAQ column has appeared in every issue of the Journal in 
2017. The current queue is good until April 2018 issue. 

Environmental Health Committee 2017‐2018
Lan Chi Nguyen Weekes, Chair

1/10/2018

Research

3
Support ASHRAE Research by 
providing an EH perspective

ongoing Wei Sun 4B, 5A

Review all RTARS to provide inputs to RAC on environmental health related projects.  
This activity will continue, to ensure that important EH issues of which RTAR authors 
may not be aware are considered.

The sub‐committee has selected 3 RTARs related with EHC 
from a wide range of RTARTs provided from RAC, the sub‐
committee members have reviewed and provided EH‐
perspective comments back to RAC for improvement and 
inclusion, this support for RAC will continue, more EHC 
members are welcome to join RTAR‐review activity.
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Emerging issue briefs will be maintained and new emerging issues will be identified 
and briefs will be developed (at least 2). 
The following briefs are currently published:
• Indoor Passive Panel Technologies for Air Cleaning in Buildings, • Nano 
Environmental Health and Safety, • Ozone and Indoor Chemistry, • Biological agents 
and airborne transmission, • Ventilation, Humidity Control & Health Effects in 
Buildings using Split System AC Equipment, • Vector Borne Disease, Climate Change 
and the Challenges to ASHRAE

The following are in development:
• E‐cigarettes, • Design Criteria for Ambient Air Contaminants, • Weatherization 
Impact on Health and Physiological Impact of CO2, • Dermal Pathways and IAQ.    • 
Link EIBs with articles in Journal.       

8
Fundamentals, Handbook and 
ASHRAE‐wiki (review and 
definition of terms);

30‐Jul‐16 Leung 1C Document summative of IAQ guidelines/standards/codes throughout the world document has been prepared

9
Liaison to EH‐related Standards 
and Guidelines 

ongoing
Various 
individuals, see to 
right

2C, 3C
Standards 55 (t.b.d), 62.1 Sekhar,  62.2 Francisco, 170 Stewart, 188 Lucas, 189.1 
Persily,  2210 Horner, Guidelines 10 Sekhar, 12 Lucas, 27P Baker, 42P

10
Revise committee meeting 
structure for efficiency

on‐going Exec. Committee 2A, 2B

Full committee meetings have included significant re‐stating of details from 
subcommittee meetings.  Subcommittee reports will be restructured to focus on 
items requiring votes, high‐level information items, and an opportunity for 
questions.  This will allow a greater amount of time for other issues and ensuring 
that all topics are addressed. Get subcommittee chairs to send in summaries of 
important issues prior to subcommittee meetings. Encourage online meetings 
betweent the main meetings (winter and summer).

EHC continues with restructured formal. Strategic 
Discussion topic for Chicago was ASHRAE's IAQ Policy Rule 
of the Board.  Three possible topics for Houston were 
identified. 

11
Maintain continuity by making 
Immediate Past Chair a formal 
position

30‐Jun‐18
Vice Chair, Exec. 
Committee

2A, 2B
Revise EHC MOP and propose ROB change ‐‐  include Immediate Past Chair as an 
official member when the immediate past chair has rolled off the committee 
following their year as chair.

The only reasons for changing a ROB are to get rid of a 
limitation or to add a new responsibility ‐ EHC has 
determined formal ROB not necessary. 

Chair: Lan Chi Nguyen Weekes
Vice‐Chair: Dr. Elliott Horner
Consultant: Wane Baker

Subcommittees
Research committee: Sun (chair)
Policy committee: Sekhar (chair)
Handbook committee: Leung (?) (chair)
Education/Program committee: Conlan (Chair)

Handbook and Publications

Administration

7
Support ASHRAE policy relating 
to EH

30‐Jun‐18 Policy Subc. 3C, 4A, 4B
EHC voted to reaffirm Filtration and Air Cleaning PD, 
reaffirm Unvented Combustion Devices and IAQ PD, and to 
approve EIB on biowall systems. 
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ASHRAE UPDATE

ExO Report to Committees 
2018 Winter Conference

ASHRAE Wants YOU!

• Standing committee appointments sought for 
2018‐19

• Join President‐Elect Shelia Hayter as she works 
to position ASHRAE to be the industry leader in 
the transition toward fully optimizing building 
energy performance

• ashrae.org/nominate
• Nominations due by February 15

Presidential Initiatives –
Extending Our Community
President’s Luncheon Preview

• Global community

• Technological horizon 

• Value to members 

Presidential Initiatives –
Extending Our Global Community

President’s Luncheon Preview

• Partnership Award from the UN Environment Ozone Secretariat: Held in Toronto,
Canada, November 2017

• Second Developing Economies Conference: Held in Delhi, India, November 2017
‐ Brought together engineers, building professionals and policymakers
‐ Addressed infrastructure and urbanization challenges in developing 

economies. 
• First CRC Region XIV Europe: Held in Belgrade, Serbia, December 2017
• ASHRAE Associate Society Alliance (AASA): Brussels, Belgium, April 22‐23, 2018 

‐ First meeting outside of North America
‐ A forum where 65 professional societies from around the world exchange 

knowledge and ideas in the arts and sciences of HVAC&R from a global 
perspective.

‐ Currently investigating an evolution into a Global HVAC&R Alliance

U.S./Canada (45,000+)
Global (12,000+)
300+ Student Branches

Presidential Initiatives –
Extending Our Global Community

President’s Luncheon Preview

NEW ‐ Region XIV
• Established July 1, 2017
• 1,800 members
• Close collaboration with 

REHVA and CIBSE

Additional chapters coming in 2018

15 Regions
180+ Chapters
130+ Countries 

Chapters:
• Cyprus
• Greece
• Ireland
• Portugal
• Spain
• United Kingdom – Midlands
• United Kingdom – London and 

South‐East
• Danube

Presidential Initiatives –
Extending Our Technological Horizons

President’s Luncheon Preview
• Multi‐Family Residential Research Project/90.2: To deliver 
residential building energy performance that is at least 50 % more
efficient than the energy efficiency defined by the 2006 
International Energy Conservation Code.

• IAQ Conference Series Extended: Goal of partnering with the new 
Indoor Environmental Quality Global Alliance (IEQ‐GA).

• Air Infiltration and Ventilation Center Partnership (Coming Soon):
To give ASHRAE members full access to their growing library of 
information.
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Presidential Initiatives –
Extending Value To Our Members
President’s Luncheon Preview

• ASHRAE Technology Portal: Subscriber based access 
to all conference papers in Chicago as well as 
transactions from Long Beach and other conferences.

• ASHRAE’s Reinvestment of Research Dollars: Of the 
almost $2.7 million raised in Society Year 2016‐2017, 
$2 million went to research projects.
‐ ASHRAE matched this amount doubling the 

support for research.
• Solar Decathlon: Eleven teams participated. ASHRAE 

was a sponsor and provided judges.

Presidential Initiatives –
Extending Value To Our Members
President’s Luncheon Preview

• New Building EQ Portal: Launched December 2017
• New ASHRAE Website: Launching February 2018
• New Standard 90.1 Portal: Launched January 2018
• ASHRAE Leadership Academy: May 18‐19, 2018, Atlanta, GA

‐ Rising chapter leaders network & learn best practices
• Global Giveback: April 22‐28, 2018

‐ Service‐oriented sustainability events during a one‐week period to 
generate excitement at the local level and increase chapter visibility

Presidential Ad Hocs
Ethics Enforcement Procedures Task Group

Ethics Enforcement Procedures Task Group will review and 
recommend changes to ROB 3.980 Enforcement Procedures for 
Violation of the ASHRAE Code of Ethics. In addition, the Task Group 
will address procedures for Ethics allegations against Officers 
and/or BOD members. The Task Group may also consider making 
the review investigation more independent from ASHRAE 
leadership.

Task Group Meeting: During the Winter Conference

Presidential Ad Hocs
Regional Staff Support Analysis Task Group

The Regional Staff Support Analysis Task Group is to study the placement 
of hired representatives (regional staff) in ASHRAE Regions to support 
volunteer programs, with particular focus on advocacy. 

Preliminary Report to the Board: During the Winter Conference

Nomination Process Ad Hoc
The purpose of the Nomination Process Ad Hoc is to:
• Reviews all documents of the Nominating Committee including the

By‐laws, Board‐Approved Rule’s and Nominating Committee Manual 
of Procedure and reference manual for current relevance.

• Review election procedures of similar organizations (ASME, ASHE, 
etc.).

• Determine if one nominee per office on the member ballot is 
appropriate.

• Determine if we should consider cancelling the tenet of “the job seeks 
the person, the person does not seek the job.”

• Determine if the balance of at‐large and regional members of the 
Nominating Committee is optimal.

Final Report Due: April 2018

Global Training Center for Building Excellence ‐Dubai
• Opened: September 2017
• Purpose: To provide relevant self‐supporting training to 

members and nonmembers in the Middle East and North 
Africa (MENA) and chapters in the Region at Large.

• Regional instructors and courses modified for the region
• Recognition: Individuals attending 42 hours of 

instruction and passing a course exam may earn the 
ASHRAE Building Excellence Credential MENA.
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Global Training Center for Building Excellence ‐Dubai

Three courses have been held in Dubai:
• HVAC Design Training (twice)
• VRF Applications

GTC is reaching out to chapters in the RAL to 
schedule instructors from local engineering societies 
and universities including:
• Saudi Council of Engineers (SCE)
• Bahrain Society of Engineers (BSE)
• The British University in Egypt (BUE)
• Egyptian Engineers Syndicate (EES)

YEA

• Members Council and the ASHRAE Board approved the 
Young Engineers in ASHRAE (YEA) Committee transition 
to a grassroots committee, effective July 1, 2018

• Change: YEA RVCs will now be nominated through each 
Region’s CRC nomination caucus

• Change: YEA Chapter Chair position will become a 
required chapter position that receives transportation
reimbursement to CRC. 

STEM Scouts

• Sub‐committee members will reach out to one chapter 
SAC chair in their area responsible for one of the eight 
STEM Scout groups that were provided as stronger 
groups.

• Goal: To have the chapter SAC chair and STEM Scouts 
liaison pilot a partnership.

• Pilot Goal: 3 to 5 chapters involved in pilot
• Timeline: 2 months to reach out for partnership and report

2019‐2024 Strategic Plan
Timeline

• November 2017 ‐ December 2017: Select Strategic Plan consultant & negotiate contract 
Complete ‐ McKinley Advisors

• January 2018: Consultant presentation to BOD at ASHRAE Winter Meeting
• March 2018: Board strategic planning session
• June 2018: Board reviews first draft of Strategic Plan
• November 2018: Board reviews and approves revised draft of Strategic Plan
• December 2018 ‐ March 2019: Stakeholder review of and feedback on revised draft  of Strategic 

Plan 
• June 2019: BOD approve Strategic Plan 2019‐24 at ASHRAE Annual Meeting
• July 2019 ‐ June 2014: Plan is implemented, tracked, and updated as necessary with status reported 

to the membership with Dashboard

Recent Publications and Standards
• ASHRAE Design Guide for Dedicated Outdoor Air Systems ASHRAE 

GreenGuide: Design, Construction, and Operation of Sustainable 
Buildings, 5th Edition

• ASHRAE Pocket Guide for Air Conditioning, Heating, Ventilation,
Refrigeration, 9th Edition

• ASHRAE Design Guide for Cleanrooms: Fundamentals, Systems, and 
Performance

• ASHRAE Design Guide for Air Terminal Units: Selection, Application,
Control, and Commissioning

• IT Equipment Power Trends, 3rd Edition
• Fundamentals of Design and Control of Central Chilled‐Water Plants

• Standard 90.1 Users Manual (both the printed book and online with an 
online version of the standard and redline)

• Standard 170‐2017: Ventilation of Health Care Facilities Principles of 
HVAC

Join Us

• ACREX India 2018, Bangalore, India, February 22‐24
• Canadian Mechanical & Plumbing Exposition, Toronto, Canada, March 21‐23
• USA Science & Engineering Festival Expo, Washington, D.C., April 7 & 8 
• CHR 2018 – China Refrigeration 2018, Beijing, China, April 9‐11 
• ASHRAE Webcast, Making Energy Efficiency a Reality, April 19
• 2018 ASHRAE Annual Conference, Houston, TX, June 23‐27
• ASHRAE 2017 Building Performance Analysis Conference, Chicago, IL,

September 26‐28
• AHR Expo Mexico, Mexico City, Mexico, October 2‐4
• Third International Conference on Efficient Building Design, Beruit, Lebanon, 

October 4‐5
• Chillventa 2018, Nurnberg, Germany, October 16‐18
• Greenbuild 2018, Chicago, IL, November 14‐15
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Loose
regulation

Strict
regulation

World
unit Time / Rank WHO USA Canada Germany UK Bergium Denmark Finland JAPAN CHINA Hong Kong Singapore Korea Malaysia Australia Kwait WELL

15min Ave 30000(15min) 15000(15min) 30000(15min)  30000(15min)

1h Ave 10000(1h)
2500(1h) Level1
3500(1h) Level2

5000(1h)

8h Ave ‐ 24h Ave 5000(8h) 5000(8h) 5000(8h) 1000(8h) 1000(24h) 1000(8h) 5000(8h) 1400(24h)
Excellent level 600(high comfort level) 700(S1) 800(8h) Excellent
Good level 800(Preferred) 1200(S3) 1000(8h)Good

others 1000
700 above outdoor

40000(IDLH)
3500

(Long Term Exposure)
1000

1000
(Ceiling level)

2800(3h) 800

15 ‐ 30 min Ave 90(15min), 50(30min) 60(30min)
1h Ave 25(1h) 35(1h) 25(1h) 8.7(1h) 8.7(1h) 25(1h)
8h Ave 10(8h) 9(8h) 11(8h) 30(8h) 9(8h) 1.7(8h) 10(8h) 10(8h) 8.7(8h) 10(8h) 9, 30(8h)
Excellent level 10(8h)(strategy) 1.7(S1) 1.7(8h) (Excellent class)
Good level 30(8h)(limit) 7(S3) 8.7(8h)(Good Class)

others
200(MAX or Ceiling)
1374mg/m3(IDLH)

10

5 ‐ 30minAve  0.081(30min) 0.081(30min) 1(5min) 2(15min) 0.08(30 min) 2.1(15min)

1h Ave
0.076(1h)
0.045(1h)

0.1(1h) 0.08 (1h)

8h Ave 
0.027(8h)
0.0073(8h)

0.04(8h) 0.3(8h) 0.1(8h) 0.1(8h) 1(8h)

Excellent level 0.05(target level) u4shi4oh 0.024(S1) 0.025(Excellent Class)(8h)
Good level 0.1(Action Level) 0.08(S3) 0.081(Good Class)(8h)

others
0.1, 0.3(ceilinglevel)

20(IDLH)
0.12

0.1(Ceiling Level)
0.08(short‐ duration)

0.1(max limit) 0.027

TSP
microgram

/m3
15(8h) 90(1h)

230(24h)
75(1y)

1h Ave SPM 200(1H)  90(1h)

8h Ave 10,000(8h) 4000(8h) 20(8h) SPM 150(8H)
20(8h)(Excellent class)
180(8h)(Good class)

150(8h)

24h Ave 50(24h)  150(24 h) SPM 100(24H) 150(24h)
1year Ave 20(1y) 50(1y)
others 150 150 50
1h Ave 100(1h)
8h Ave ‐ 24h Ave 25(24h) 35(24h) 40(8h) 35(24h) 37.5 (24h)
1year Ave 10(1y) 15(1y) 15(1y)
others 15
15min Ave 5(15min) , 1(15min) 5.01(15min) 0.37(30min)
1h Ave 0.1 (1h) 0.25(1h) 0.1(1h) 0.13 (1h) 0.1(1h) 0.11(1h)

8h Ave ‐ 24h Ave 3(8h) 0.05(8h) 0.06(24h)

2.99(8h)
0.021(8h)(excellent class)
0.08(8h)(Good Class)

0.027(8h)

0.06(24h)

1year Ave 0.02 (1y) 0.05(1y) 0.02(1y) 0.04 (1y) 0.16(1y) 0.05(1y)

others
20(IDLH)

5(ceiling level)
0.2
0.03

10‐15min Ave 0.5(10min) 13(15min) 0.7(10min)
1‐3 h Ave 0.35(1h) 1.3(3h) 0.26(1h) 0.5(1h) 0.57(1h)
8h Ave ‐ 24h Ave 0.125(24h) 5.2(8h),  0.365(24h) 1.3(8h) 0.1(24h) 
1 year 0.031(1y) 0.08(1y) 0.06(1y)
others 2.6(never exceeded)
1h Ave 0.12(1h) 0.12(1h) 0.06(1h) 0.08(1h) 0.1(1h) 0.11(1h)

4h Ave ‐ 24h Ave 0.064 (8h) 0.05, 0.08, 0.1 (8h) 0.05(8h) 0.05(8h) 0.06(8h) 0.05(8h) 0.08(4h)
0.1(8h)
0.06(24h)

Excellent level 0.01(S1) 0.025(8h)(excellent class)
Good level 0.04(S3) 0.061(8h)(Good class)
others 0.05(Maximum Level) 0.1(ceiling level) 0.03(1y) 0.051
1 ‐ 8 h Ave 300(8h) 600(8h) 6900(8h) 500(1h)
Excellent level 200(comfort level) 200(S1) 600(8h)(excellenrt class)
Good level 500(building standard) 600(S3) 3000(8h)(good class)
others +200outsideair 400(interim) 6900(Toluene) 500 500

Asebestos fibers/cc 0.1 (OSHA) 0.01 0.1
Rn pCi/L 4 (yr, EPA) 5.4 10.8 5.4 4 5.4 4

Bacteria CFU/m3 500 2500 1000 800
1h Ave 1000 (30min)
8h Ave ‐ 24h Ave 100 (1week)
3mon‐1year Ave 0.5 (1y) 1.5(3months)
others 50, 100

Lead
(Pb)

microgram
/m3

TVOC
microgram

/m3

NO2 ppm

SO2
mg
/m3

O3 ppm

HCHO ppm

PM10
microgram

/m3

PM2.5
microgram

/m3

CO ppm 

OthersAmerica Europe Asia

ppm CO2 
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unit USA Organization Reference Reference

CO2  ppm 

30000(15min)
5000(8h)
600(high comfort level)
700 above outdoor
800(Preaferred)
600(high comfort level)
30000(15min)
5000(8h)
40000(IDLH)
5000(8h)
700 above outdoor
800

ACGI

ASHRAE

IDPH
NIOSH

OSHA
TDH
USEPA

ACGIH,1995; Eweda,2012
ACGIH,1995
Air Duct Cleaners, 2013
ANSI/ASHRAE,2004
Schuh,2000
ANSI/ASHRAE,2004

ANSI/ASHRAE,2004
TDH,2003
Environmental policy working group,1999

atmospheric pollution research6 2015 151‐767
Sabah ahmed abdul‐wahab et,.al

CO ppm 

9(8h)
35(1h)
9(8h)
35(8h)
200(MAX or Ceiling)
1374mg/m3(IDLH)
50(8h)
35(1h)
9(8h)

ASHRAE
NAAQS/EPA

NIOSH

OSHA
US EPA

Air Duct Cleaners,2013
ANSI/ASHRAE,2004

ANSI/ASHRAE,2004
Hedrick2010

ANSI/ASHRAE,2004
Berenguer

atmospheric pollution research6 2015 151‐767
Sabah ahmed abdul‐wahab et,.al

HCHO ppm

0.3(ceilinglevel)
0.081(30min)
0.076(1min)
0.027(8h)
0.4
0.1(ceiling level)
0.016(1week)
20(IDLH)
2
0.75(1week)
0.016(outside)
0.045(1h)
0.0073(8h)

ACGIH
ASHRAE

NAAQS/EPA
NIOSH

OSHA

U.S.EPA
Cal‐EPA, OEHHA

Light house Sustainable Building Center,2007
ANSI/ASHRAE,2004

Light house Sustainable Building Center,2007
ANSI/ASHRAE,2004

ANSI/ASHRAE,2004

ANSI/ASHRAE,2004
ANSI/ASHRAE,2013

atmospheric pollution research6 2015 151‐767
Sabah ahmed abdul‐wahab et,.al

ANSI/ASHRAE,2013

TSP microgram/m3 15(8h) OSHA ANSI/ASHRAE,2004
atmospheric pollution research6 2015 151‐767
Sabah ahmed abdul‐wahab et,.al

PM10 microgram/m3

10,000(8h)
150(24 h)
150(24 h)
150(24 h)
50(1y)
150(24 h)
50(1y)

ACGIH
ASHRAE
IDPH
NAAQS/EPA

US EPA

ANSI/ASHRAE,2004; Charles et al., 2005
Air Duct Cleaners,2013 
Schuh,2000;Sebesta,2011
ANSI/ASHRAE,2004; Charles et al., 2005

ANSI/ASHRAE,2013

atmospheric pollution research6 2015 151‐767
Sabah ahmed abdul‐wahab et,.al

PM2.5 microgram/m3

15(1y)
35(24h)
5000

NAAQS/EPA

OSHA

ANSI/ASHRAE,2013

ANSI/ASHRAE,2013

ANSI/ASHRAE,2013

ANSI/ASHRAE,2013

NO2 ppm

5(15min)
3(1week)
0.05(1y)
1(15min)
20(IDLH)
5(ceiling level)
0.053(Time weighted average)

ACGIH

NAAQW/EPA
NIOSH

OSHA
USEPA

ACGIH,1995;ANSI/ASHRAE,2004

ANSI/ASHRAE,2004
ANSI/ASHRAE,2004

ANSI/ASHRAE,2004
ANSI/ASHRAE,2004

atmospheric pollution research6 2015 151‐767
Sabah ahmed abdul‐wahab et,.al

SO2 mg/m3

0.08(1y)
13(15min)
5.2(8h)
0.365(24h)
0.08(1y)
13(15min)
5.2(8h)
5(8h)
1.3(3h)
0.365(24h)
0.08(1y)

ASHRAE
ACGIH

NAAQS/EPA

NIOSH

OSHA
USEPA

ANSI/ASHRAE,2004
ANSI/ASHRAE,2004;Charles et al., 2005

ANSI/ASHRAE,2004

ANSI/ASHRAE,2004

ANSI/ASHRAE,2004;Charles et al., 2005
Berenguer,2011

atmospheric pollution research6 2015 151‐767
Sabah ahmed abdul‐wahab et,.al

O3 ppm

0.05(8h)
0.12(1h)
0.08(8h)
0.1(ceiling level)
0.1(8h)
0.12(1h)
0.08(8h)

ASHRAE
NAAQS/EPA

NIOSH
OSHA
US EPA

ANSI/ASHRAE,2004
ANSI/ASHRAE,2004

ANSI/ASHRAE,2004
ANSI/ASHRAE,2004
Berenguer,2011;Air Duct Cleaners,2013 

atmospheric pollution research6 2015 151‐767
Sabah ahmed abdul‐wahab et,.al

TVOC microgram/m3 ‐
Asebestos fibers/cc 0.1 (OSHA)
Rn pCi/L 4 (yr, EPA)
Bacteria CFU/m3 ‐

Temp　Summer

22.5‐26
24.5‐28.0(30%RH)
20‐24(60%RH)
22.5‐26

ASHRAE
ASHRAE

TDH

TSI,2013
Govermnment of Alberta,2009

TDH,2003

atmospheric pollution research6 2015 151‐767
Sabah ahmed abdul‐wahab et,.al

Temp　Winter
20.0‐23.5
20.0‐23.5

ASHRAE
TDH

TSI,2013
TDH,2003

atmospheric pollution research6 2015 151‐767
Sabah ahmed abdul‐wahab et,.al

Humi　Summer ％

30‐60(comfort level)
20‐60

ASHRAE
IDPH

Air Duct Cleaners,2013 
Schuh,2000

atmospheric pollution research6 2015 151‐767
Sabah ahmed abdul‐wahab et,.al

Humi　Winter ％

40‐60(comfort level)
20‐60

ASHRAE
IDPH

Air Duct Cleaners,2013 
Schuh,2000

Aair flow rate m/s ‐

EHC Minutes 18.W - Attachment C



ASHRAE
1791 Tullie Circle, NE • Atlanta, Georgia 30329-2305
404-636-8400 • fax: 404-321-5478 • www.ashrae.org

ASHRAE Position Document on
Filtration and Air Cleaning

Approved by ASHRAE Board of Directors

January 29, 2015

Expires

January 29, 2018

EHC Minutes 18.W - Attachment D

http://www.ashrae.org


EHC Minutes 18.W - Attachment D
COMMITTEE ROSTER

The ASHRAE Position Document on Filtration and Air Cleaning was developed by the Society's Filtration and Air
Cleaning Position Document Committee formed on January 6, 2012, with Pawel Wargocki as its chair.

Pawel Wargocki, Chair
Technical University of Denmark

Kongens Lyngby, Denmark

Thomas H. Kuehn

University of Minnesota
Minneapolis, MN

H.E. Barney Burroughs

Building Wellness Consultancy, Inc.
Johns Creek, GA

Christopher O. Muller

Purafil Inc.
Doraville, GA

Ernest A. Conrad

BOMA International
Washington DC

Dean A. Saputa

UV Resources
Santa Clarita, CA

William J. Fisk

Lawrence Berkeley National Laboratory
Berkeley, CA

Jeffrey A. Siegel

The University of Toronto
Toronto, ON, Canada

Mark C. Jackson

The University of Texas at Austin
Austin, TX

Alan Veeck

National Air Filtration Association
Virginia Beach, VA

Other contributors:

Dean Tompkins

Madison, WI
for his contribution on photocatalytic oxidizers

Paul Francisco, Ex-Officio
Cognizant Committee Chair

Environmental Health Committee
University of Illinois

Champaign, IL

ASHRAE is a registered trademark in the U.S. Patent and Trademark Office, owned by the American Society of
Heating, Refrigerating and Air-Conditioning Engineers, Inc.



EHC Minutes 18.W - Attachment D
HISTORY OF REVISION/REAFFIRMATION/WITHDRAWAL DATES

The following summarizes this document’s revision, reaffirmation, or withdrawal dates:

01/29/2015—BOD approves Position Document titled Filtration and Air Cleaning

Note: ASHRAE’s Technology Council and the cognizant committee recommend revision,
reaffirmation, or withdrawal every 30 months.

Note: ASHRAE position documents are approved by the Board of Directors and express the views of the Society
on a specific issue. The purpose of these documents is to provide objective, authoritative background information
to persons interested in issues within ASHRAE’s expertise, particularly in areas where such information will be
helpful in drafting sound public policy. A related purpose is also to serve as an educational tool clarifying
ASHRAE’s position for its members and professionals, in general, advancing the arts and sciences of HVAC&R.



EHC Minutes 18.W - Attachment D
CONTENTS

ASHRAE Position Document on Filtration and Air Cleaning

SECTION PAGE

Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1

Executive Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2

1 The Issue. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4

1.1 Justification of Need . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4

1.2 Purpose and Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4

2 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5

2.1 Mechanical and Electronic Air Filters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5

2.2 Sorbent Air Cleaners. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7

2.3 Air Cleaners Using Photocatalytic Oxidation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8

2.4 Air Cleaners Using Ultraviolet Germicidal Energy (UV-C). . . . . . . . . . . . . . . . . . . . . .10

2.5 Packaged Air Cleaners Using Multiple Technologies . . . . . . . . . . . . . . . . . . . . . . . . .11

2.6 Ozone-Generating Air-Cleaning Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11

2.7 Filtration and Air Cleaning Versus Ventilation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .12

2.8 Maintenance, Commissioning, and Long-Term Performance of
Filtration and Air-Cleaning Devices. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13

3 Conclusions and Recommendations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13

3.1 Summary Statements on Performance of Filtration and Air-Cleaning Devices. . . . . .14

3.2 Positions on the Use of Filtration and Air-Cleaning Devices . . . . . . . . . . . . . . . . . . . .15

3.3 Recommendations on Future Developments of Filtration and Air-Cleaning Devices. . .15

4 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .16

5 Bibliography. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .21



EHC Minutes 18.W - Attachment D
ABSTRACT

Filtration and air cleaning are used to improve indoor air quality and occasionally to enable
a reduction in rates of outdoor air ventilation. This Position Document addresses the health
consequences of filtration and air cleaning. Data from refereed archival literature are used to
form summary statements on performance as well as the positions with respect to specific tech-
nologies. One key statement is that, at present, there is only significant evidence of health bene-
fits for porous media particle filtration systems. For a few other technologies, there is evidence
to suggest health benefits, but this evidence is not sufficient to formulate firm conclusions. A key
position is that filtration and air-cleaning technologies are not recommended for use if they
produce significant amounts of contaminants that are known or expected to be harmful for
health. Finally, it is stated that there are limited data documenting the effectiveness of gas-phase
air cleaning as an alternative to ventilation. ASHRAE should continue supporting research and
standardization of contemporary filtration and air-cleaning technologies and should focus on
performance testing, maintenance procedures, and development of new innovative technolo-
gies.
ASHRAE Position Document on Filtration and Air Cleaning 1
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EXECUTIVE SUMMARY

ASHRAE needs to address heating-, ventilation-, and air-conditioning- (HVAC) related tech-
nologies that change exposures to airborne contaminants harmful for humans. As part of
ASHRAE's mission, it is imperative to assess the effectiveness of HVAC technologies in reduc-
ing exposures so that the risks for harmful effects on health and comfort are minimized and to
establish and promote the Society’s positions that will guide ASHRAE membership and the
public in technology selection and use. This need applies to filtration and air-cleaning technol-
ogies because they traditionally are part of the HVAC system, their use is included and/or
required in many guidelines and ventilation standards published by ASHRAE, and they are
addressed by technical committees within ASHRAE. Evaluation and guidance are also needed
because of the increasing number and variety of filtration and air-cleaning alternatives available
on the market and because filtration and air cleaning are considered attractive alternatives to
outdoor air ventilation by providing exposure control with less energy use.

Various filtration and air-cleaning technologies are available, depending on the type of
contaminants removed and the principle of contaminant removal. This Position Document
briefly characterizes these technologies and their applications. The focus is to summarize and
examine the existing archival literature describing the direct effects of application of these tech-
nologies in public and residential buildings (excluding health-care facilities) on the health of
building occupants. Based on the accumulated information, statements on the effectiveness
and use of different technologies are proposed and are briefly summarized as follows:

• Mechanical filters have been shown to reduce significantly indoor concentrations of air-
borne particles. Modest empirical evidence shows that their use will have positive effects
on health.

• Electronic filters have been shown to range from being relatively ineffective to very effec-
tive at removing indoor airborne particles. Studies of ionizers have shown results ranging
from no benefit to some benefit for acute health symptoms.

• There are some sorbent air cleaners that have been shown to substantially reduce the
concentrations of gaseous contaminants. There are minimal empirical data that indicate
the effects of sorbent air cleaners on health.

• Photocatalytic oxidation technologies have been shown to remove harmful contaminants,
to be ineffective in removing contaminants, and/or to generate harmful contaminants dur-
ing the air-cleaning process. There are no data on how their use affects health.

• Ultraviolet germicidal energy (UV-C) has been shown to inactivate viruses, bacteria, and
fungi. A few studies have shown that air-cleaning technologies using UV-C disinfection
(also termed ultraviolet germicidal irradiation [UVGI]) produce beneficial health effects.
There are also studies that have failed to detect health benefits.

• Many types of packaged stand-alone air cleaners using combinations of air-cleaning tech-
nologies are available. Scientific data addressing the effects of these air cleaners on
health are sparse and inconclusive.

• Negative health effects arise from exposure to ozone and its reaction products. Conse-
quently, devices that use the reactivity of ozone for cleaning the air should not be used in
occupied spaces. Extreme caution is warranted when using devices in which ozone is not
used for the purpose of air cleaning but is emitted unintentionally during the air-cleaning
process as a by-product of their operation.
ASHRAE Position Document on Filtration and Air Cleaning 2
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• There has been much research done on ventilation providing the solution to contamination
by dilution, while the body of research on using air cleaning as an effective, energy-saving
alternative to ventilation has not been equally large, especially as regards gas-phase air
cleaning. Still it should be noted that the information on the effective use of air cleaning as
an alternative to ventilation is growing. Limited data exist documenting the effectiveness of
air cleaning as an alternative to ventilation. This applies in particular to gas-phase air clean-
ing. All filtration and air-cleaning technologies should be accompanied by data documenting
their performance in removal of contaminants. These data should be based on established
industry test standards or third-party evaluations.

The Position Document advocates that ASHRAE lead efforts in research and standardiza-
tion of filtration and air cleaning. First priority should be given to advancing methods for testing
performance of filtration and air-cleaning technologies, in particular the emerging technologies.
Second priority should be given to maintenance procedures of filtration and air-cleaning tech-
nologies.
ASHRAE Position Document on Filtration and Air Cleaning 3
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1. THE ISSUE

1.1 Justification of Need

Air in buildings contains various classes of contaminants: particulate matter (some biolog-
ical in origin), gases, and vapors. Sources for many of these contaminants may be located either
indoors (building components, occupants, and occupant activities), outdoors, or both indoors
and outdoors. Filtration and air-cleaning technologies are used to reduce exposures to these
contaminants in buildings by intentionally removing them from the air. The contaminants are
either physically removed or participate in chemical reactions (i.e., are transformed with the
intent of producing innocuous compounds). Different filtration and air-cleaning technologies are
in use, depending on the class of contaminants that needs to be removed.

Filtration and air cleaning are methods for reducing exposures to contaminants indoors and
thus improving indoor air quality. These methods may create viable alternatives and/or supple-
ments to other methods for exposure reduction by supporting dilution via outdoor air ventilation
by ensuring that the outdoor and/or recirculated air supplied indoors by HVAC systems is less
contaminates and by improving ventilation efficacy by removing contaminants that have an
indoor origin. Because these methods reduce concentrations, and thus, exposures to contam-
inants, many conclude that their application allows reducing outdoor airflow levels for ventila-
tion; this belief is especially valid when outdoor air is heavily contaminated or is burdened with
high humidity and thermal loads and when these technologies can remove contaminants at a
lower cost than through ventilation alone.

Abundant published data show the effectiveness of different filtration and air-cleaning tech-
nologies in removing contaminants from indoors and outdoors. However, few studies document
the direct effects of these technologies on health and their long-term performance, as well as
their potential limitations and shortcomings. A recent comprehensive review (Zhang et al.,
2011) reaffirms these observations.

1.2 Purpose and Scope

This document informs ASHRAE membership and the public about the positive, benign, or
negative effects of filtration and air-cleaning technologies on health. Health effects, in the
context of this position document, are understood as the effects on biomarkers, quality of life,
physiological impact, symptoms, clinical outcomes, or mortality (American Thoracic Society
2000).

The document briefly characterizes the major categories of filtration and air-cleaning tech-
nologies, and their applications for removing contaminants from outdoor air brought into build-
ings and/or indoor air. The air-cleaning effects of plants and new air-cleaning technologies, for
which there is very limited scientific and technical literature, are not considered.

The archival studies are reviewed to examine measurable health effects associated with the
application of various filtration and air-cleaning technologies in public and residential buildings
(excluding health-care facilities) and the extent to which cleaning and filtration technologies can
offset ventilation with outdoor air for acceptable indoor air quality.

This document also describes the role and health implications of optimal use of air cleaners
and the maintenance and replacement of air-cleaning media. The health issues related to
disposal of filters and the elements of air cleaners are not considered.
ASHRAE Position Document on Filtration and Air Cleaning 4
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Packaged stand-alone air cleaners using one or multiple technologies and air-cleaning and
filtration systems integrated in the ventilation systems are considered as well as technologies
available to and used by commercial or residential consumers.

2. BACKGROUND

2.1 Mechanical and Electronic Air Filters

2.1.1 Principles of Efficiency and Use. Mechanical filters use media with porous structures
that contain fibers or stretched membrane material in a variety of fiber sizes, densities, and
media extension configurations to remove particles from airstreams. A portion of the particles
in the air entering a filter attaches to the media and is removed from the air as it passes through
the filter. Removal occurs primarily through particle impaction, interception, and Brownian
motion/diffusion, depending on particle size. Some filters have a static electrical charge applied
to the media to increase particle removal.

Electronic filters include a wide variety of electrically connected air-cleaning devices that
are designed to remove particles from airstreams. Removal typically occurs by electrically
charging the particles using corona wires or through generation of ions (e.g., using pin ioniz-
ers) and by collecting the particles on oppositely charged deposition plates (precipitators)
or by the particles’ enhanced removal to a conventional media filter or to room surfaces.

The fraction of particles removed from air passing through the filter is termed particle
removal efficiency or simply filter efficiency or single-pass filter efficiency (e.g., provided by
the minimum efficiency reporting value [MERV]). For electronic filters that are portable and
self-contained, the rate of particle removal from air passing through the filter is expressed
as clean air delivery rate (CADR), which is approximately equal to the product of airflow rate
and the contaminant removal efficiency. For most technologies, the lowest particle removal
efficiency typically occurs for particles with an aerodynamic diameter of approximately 0.2
or 0.3 µm; the removal efficiency increases above and below this particle size. The effi-
ciency of mechanical and electronic air filters varies with filter design and particle size. The
efficiency of electronic air cleaners also depends on how they are maintained.

The overall effectiveness of reducing indoor particle concentrations depends on several
factors that are either related or independent of a filtration system such as the following:
single-pass particle removal efficiency of the filter, the rate of airflow through the filter, loca-
tion of the filter, and size of the particles. The latter include outdoor air ventilation rate, rate
of deposition to surfaces, and total volume of the indoor space and related air change rate,
particularly important for stand-alone (portable) air cleaners (see Section 2.5). Recircula-
tion of indoor air through filters and refiltering blended outdoor air with return air are partic-
ularly effective for maximizing filter system effectiveness. Filtering the incoming outdoor air
before this air enters the occupied space is effective in reducing indoor air concentrations
of outdoor air particles, especially in airtight buildings.

ANSI/ASHRAE Standard 52.2, Method of Testing General Ventilation Air-Cleaning
Devices for Removal Efficiency by Particle Size (2012a), provides a method of measuring
the particle removal efficiency of particle filters for particles that range in size from 0.3 to
10 µm and provides a scale for ranking filters, based on their particle removal efficiencies,
called MERV; similar test methods and ranking scales are also available from other orga-
nizations. Indoor Air Quality Guide: Best Practices for Design, Construction, and Commis-
ASHRAE Position Document on Filtration and Air Cleaning 5
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sioning (2009a) and Chapter 29 in the 2012 ASHRAE Handbook—HVAC Systems and
Equipment (2012b) and provide additional information on particle filtration technologies and
test methods.

2.1.2 Evidence on Health Effects. An extensive body of epidemiological research indicates
that death rates, hospital admissions, and asthma exacerbations, as well as other adverse
health effects increase with increased concentrations of particles in outdoor air (e.g.,
Brunekreef and Forsberg 2005; Delfino et al. 2005; Pope and Dockery 2006). Because much
of a person’s exposure to outdoor air particles occurs indoors and because this exposure can
be reduced by filtration, it is reasonable to expect associated health benefits from particle filtra-
tion that is effective in removing particles having outdoor origin.

Published relationships between outdoor air particle concentrations and adverse health
effects have been used in models to predict the related health benefits of particle filtration. The
resulting papers, reviewed by Fisk (2013), indicate substantial health benefits associated with
filtration, with benefits generally proportional to the reduction in total exposure to particles less
than 2.5 µm in diameter. The models considered numerous health or health-related outcomes,
including mortality, cardiac or respiratory-related emergency room visits or hospital admissions,
chronic bronchitis, and asthma exacerbation. Because most of these health outcomes occur in
a small portion of the population, very large empirical studies would thus be needed to confirm
these predictions, and such studies have not been performed. Two studies found statistically
significant improvements with filtration in biomarkers that predict future adverse coronary
events (as cited in Fisk 2013), providing some empirical support for the model predictions of
health benefits.

Many studies have experimentally investigated whether the use of particle filtration systems
in homes reduces self-reported symptoms of allergies or asthma or improves related objectively
measured health outcomes such as forced expiratory volume or biomarkers of inflammation in
people who are allergic or asthmatic. Most of these studies used stand-alone (portable) fan filter
systems incorporating high-efficiency particle air (HEPA) filters that can remove particles with
a minimum efficiency of 99.97% for 0.3 µm particles. A few studies investigated whether use
of particle filtration systems in offices or schools reduce nonspecific self-reported health symp-
toms, often called sick-building syndrome (SBS) symptoms, in the general population. The
origin of the particles removed was not identified. Most of these studies report reduced indoor
air particle concentrations of 20% to 80%, and 50% a typical reported value. Nearly all of the
studies used mechanical filters. A recent review on the effects of air filtration (Fisk 2013) consid-
ered the recently published literature and the results of prior reviews (IOM 2000; Reisman 2001;
McDonald et al. 2002; Wood 2002; Sublett et al. 2010; Sublett 2011). It concluded that particle
filtration could be modestly effective in reducing adverse allergy and asthma outcomes, partic-
ularly in homes with pets. It also concluded that particle filtration systems that deliver filtered
air to the breathing zone of sleeping allergic or asthmatic persons might be more consistently
effective in improving health than use of room or whole-house filtration systems. The review
additionally concluded that the limited available evidence suggests that particle filtration in
buildings (homes, offices and schools) is not very effective in reducing acute health symptoms
(SBS symptoms) in persons without asthma and allergies.

Several communicable respiratory diseases are transmitted, in part, by inhalation of small
airborne particles containing infectious virus or bacteria produced during coughing, sneezing,
singing, and talking. The portion of total disease transmission that occurs via this mechanism
ASHRAE Position Document on Filtration and Air Cleaning 6
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is uncertain and debatable. Particle filtration systems can reduce indoor airborne concentra-
tions of these particles by removing them from the airstream but not by inactivating infectious
species. Filtration may thereby reduce the incidence of the associated communicable respira-
tory diseases, provided the airstream transports the particles to the filtration system.The results
of modeling suggest that having filters in HVAC systems, relative to having no filters, will
substantially decrease the portion of disease transmission caused by these small particles
(Azimi and Stephens 2013). However, the model assumptions and inputs have a high level of
uncertainty. In addition, experimental data outside of health-care facilities are not available to
confirm the predictions; there are no strong studies empirically documenting that filtration
reduces respiratory infections in people outside of a health-care environment with highly
susceptible patients.

The data on the health consequences of electronic particle air cleaners are sparse, but it is
reasonable to expect that electronic air cleaners affect health similarly to mechanical filters of
equivalent particle removal performance.There are electronic air cleaners (e.g., ion generators)
that produce ozone and thus may cause deleterious health effects, as described in Section 2.6,
Ozone-Generating Devices. One class of particle air cleaners, ion generators, has been inves-
tigated for its ability to reduce acute health symptoms (SBS symptoms), but the literature is
unclear as regards the presence and size of effects on symptoms. Of the eight studies on the
subject, there are an approximately equivalent number of findings of a positive effect and of no
significant effect (or a negative effect) on one or more SBS symptoms (Hawkins and Barker
1978; Fishman 1981; Laws 1982; Hawkins and Morris 1984; Wyon 1992; Shaughnessy et al.
1994; Rosen and Richardson 1999; Richardson et al. 2001). Variations in sample size, pres-
ence or lack of a placebo, and presence of a control group make it difficult to form conclusions
that are more definitive.

2.2 Sorbent Air Cleaners

2.2.1 Principles Efficiency, and Use. Sorbent air cleaners involve physical adsorption (physi-
sorption) and chemisorption to remove gaseous contaminants from airstreams. Physisorption
is adsorption of gaseous contaminants onto solid porous materials due to Van der Waals forces
(nuclear attraction) and condensation in the small pores.This is a reversible process due to rela-
tively weak forces: gases once adsorbed can later desorb back into the airstream. The most
common adsorbent used is activated carbon; others include activated aluminas (aluminum
oxides), natural and synthetic zeolites in granular form, oxides of silicon, molecular sieves, and
various polymers. Chemisorption involves both adsorption and instantaneous irreversible
chemical reactions on the sorbent surface to which specific chemical additives or impregnates
are added during the manufacturing process to make them more or less specific for individual
contaminants or contaminant types (e.g., acid gases). Common adsorbents include activated
alumina impregnated with potassium or sodium permanganate and activated carbons impreg-
nated with acidic or basic compounds. Desorption of target contaminants, once adsorbed and
chemically reacted, does not occur.

An air-cleaning system using a single gas-phase (or dry-scrubbing) air-filtration medium
may not be adequate for the control of multiple contaminants (Muller and England 1994, 1995).
Thus, it is common to have a system that uses a combination of both physical and chemisorptive
media to provide removal of a wide range of gaseous contaminants.

Adsorbent materials do not adsorb all contaminants equally. The adsorption capacity for
nonpolar organics increases with the boiling point, molecular weight, and concentration of the
ASHRAE Position Document on Filtration and Air Cleaning 7
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air contaminant. Low molecular weight (less than 50 u [previously termed amu]) and/or highly
polar compounds such as formaldehyde, methane, ethanol, etc., will not be readily adsorbed
at low concentrations. Compounds with molecular weight >80 u and nonpolar compounds may
be preferentially adsorbed over lower molecular weight and polar compounds. In physical
adsorption, polar gas molecules are best removed by polar adsorbents, while nonpolar adsor-
bents are best for removing nonpolar gases (e.g., activated carbon has a nonpolar surface). The
initially adsorbed compounds with lower molecular weight and nonpolar compounds may also
be desorbed when a higher molecular weight and polar compounds are present through compet-
itive adsorption. A sufficient depth of sorbent bed may re-adsorb some displaced molecules.

Adsorbent-based systems can remove a broad range of contaminants with moderate to high
efficiency.The net rate of adsorption depends on the rate at which contaminant molecules reach
the surface of the media, the percentage of those making contact, which are adsorbed, and the
rate of desorption.

Some evidence is available on the long-term performance of sorbents in commercial build-
ings in studies that have examined the performance and effectiveness of air-cleaning systems
that have been in continuous use for up to 30 years (Bayer et al. 2009; Lamping and Muller 2009;
Burroughs et al. 2013). Relatively accurate estimates of sorbent lifetimes can be obtained when
target contaminants are identified and by using their known or expected concentrations in air
and the individual removal capacities for each (Muller 2012). Actual sorbent life may be deter-
mined by taking periodic samples for life testing or through direct contaminant monitoring. More
often, though, sorbents are replaced based on routine maintenance cycles or fiscal consider-
ations. Although there exist physisorbents that may be regenerated, this is not economically
viable for the amounts typically contained in commercial HVAC systems and portable air clean-
ers; thus, they need to be periodically replaced.

Other details regarding removal of gaseous air contaminants can be found in ASHRAE
Handbook—HVAC Applications, Chapter 45, Control of Gaseous Indoor Air Contaminants
(2011) and in ASHRAE Handbook—Fundamentals, Chapter 11, Air Contaminants (2013a).

2.2.2 Evidence on Health Effects. At present, almost no empirical data are available to enable
drawing conclusions about the health benefits of using sorbents in typical buildings, other than
anecdotal data describing ancillary benefits of air cleaning on elementary school studies and
human embryos (Cohen et al. 1997; Hall et al. 1998; Lamping et al. 2009).

There are, on the other hand, data from laboratory studies that investigated the effects of
sorbent air cleaning on initial perceptions of air quality immediately upon entering a laboratory
or upon smelling air drawn from a test system (i.e., on perceptions of unadapted individuals,
such as visitors to a space, and not on perceptions of adapted persons, such as occupants stay-
ing for an extended time in a space) (e.g., Shaughnessy et al. 1994; Fang et al. 2008; Bekö et
al. 2008, 2009). These studies showed significantly improved ratings of acceptability or satis-
faction with air quality and odor intensities with sorbents. Although perception of air quality
comfort is not a health outcome, it may be considered an indicator of a potential subsequent
effects of exposures on health.

2.3 Air Cleaners Using Photocatalytic Oxidation

2.3.1 Principles Efficiency and Use. Photocatalytic oxidation (PCO) is defined as a light-
mediated, redox reaction of gases and biological particles adsorbed on the surface of a solid
pure or doped metal oxide semiconductor material or photocatalyst. The most common
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photocatalyst is TiO2 (titanium dioxide), while zinc oxide (ZnO), tungsten trioxide (WO3),
zirconium dioxide (ZrO2),cadmium sulfide (CdS), and iron (III) (Fe(III)-doped TiO2), among
others, are also used. Dopants (e.g., iron [Fe], platinum [Pt], silver [Ag]) can have a beneficial
effect on the performance of the metal oxide photocatalyst. The photocatalyst generates
oxygen species (or reactive oxygen species [ROS]) that remain surface-bound when exposed
to light of particular wavelengths in the ultraviolet (UV) range. The oxygen species are highly
reactive with adsorbed gases and biological particles. A variety of UV light sources can be used
in PCO, including black lights (UV-A: long-wave; 400 to 315 nm), germicidal lamps (UV-C:
short-wave; 280 to 200 nm), and lamps that generate ozone (vacuum UV [UV-V]: under 200 nm).
Under reaction conditions allowing for deep oxidation (referred to as mineralization), carbon,
hydrogen, and oxygen atoms in the reacting species are converted completely via chemical reac-
tion to water vapor and carbon dioxide. In case the conditions do not promote deep oxidation, for
example, due to insufficient residence time because of increased airflow through reactor or the
presence of halogenated compounds, PCO can produce intermediate species (by-products) that
remain bound to the surface of the photocatalyst or desorb and become airborne.

Nearly all organic, gaseous indoor air contaminants and microbes are subject to PCO decom-
position (e.g., Zhang et al. 2011; Dalrymple et al. 2010). The efficiency of catalytic oxidizers
depends partially on the functional group of contaminants passing through the PCO device. Higher
efficiency is observed for oxygenated compounds such as alcohols, ketones, and some aldehydes;
intermediate efficiency for aromatics; and lower efficiencies for chlorocarbons. The PCO conver-
sion rates (or fraction of contaminant removed in a single pass) vary depending on the contaminant
and the system design from 0% to nearly 100%, with longer residence times needed to achieve
higher (single-pass) efficiencies. Efficiencies of PCO air cleaners and by-products formed by them
depend on the design of the device, the indoor air setting (e.g., contaminant composition, relative
humidity, temperature) in which they are used, and how the device is maintained.

A systematic parametric evaluation of several performance variables was reported for two
styles of PCO air filters: TiO2 coated on fiberglass fibers (TiO2/FGFs) and TiO2 coated on
carbon cloth fibers (TiO2/CCFs) (Zhong et al. 2013). The contaminant destruction rates varied
with contaminant class and type of UV source, while formation of by-products correlated with
PCO reaction mechanisms for each VOC.

The advantages of PCO are the relatively low pressure drop, ability to treat a wide variety
of compounds, and theoretically long life cycle of the reactive process (the self-cleaning or
regenerating feature of a photocatalyst). The disadvantages include the lamp energy, lamp
replacement costs, and the likelihood of ozone generation depending on lamp source em-
ployed (e.g. UV-V lamps ~185 nm produces ozone (O3). (It has been shown by Ohtani et al.
[1992] that irradiation greater than 200 nm and less than 400 nm, in particular UV-C (254 nm),
over TiO2 will decompose O3. There is also the potential of an incomplete oxidizing process,
which produces by-products of reaction that can be more toxic or harmful than the original
constituents (e.g., formaldehyde). The catalysts can be contaminated (poisoned) by airborne
reagents and/or products of oxidation, which results in reduced or total efficiency failure of the
process. Incomplete decomposition of some organic contaminants and net production of form-
aldehyde, acetaldehyde, formic acid, and acetic acid were shown by Hodgson et al. (2007), who
investigated PCO using mixtures of up to 27 organic contaminants in concentrations reflecting
the levels typically occurring indoors. Chemisorbent media positioned downstream of a UVPCO
air cleaner effectively counteracted the generation of aldehydes due to incomplete oxidation of
volatile organic compounds (VOCs) in UVPCO reactors (Hodgson et al. 2007).
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Other details about PCO can be found in reviews (e.g., Mo et al. 2009) as well as ASHRAE
RP-1134 (Tompkins et al. 2005).

2.3.2 Evidence on Health Effects. No studies are available with respect to the direct health effects
associated with the use of PCO air-cleaning equipment in indoor environments. Some studies
looked at the effects of PCO on perceived air quality, which, as mentioned above, may be considered
as an indicator of potential subsequent effects of exposures on health. These studies found signi-
icant reductions in the percentages of persons dissatisfied with air quality in rooms contaminated
by nonhuman sources of contamination during operation of PCO (Kolarik and Wargocki 2010;
Kolarik et al. 2010). However, when the air was contaminated by human bioeffluents, the percent-
ages of persons dissatisfied with air quality significantly increased, suggesting that the air quality
was considerably worsened (Kolarik and Wargocki 2010). It was suggested that the alcohols that
are a major part of human bioeffluents and their incomplete oxidation are responsible for the
observed results.

2.4 Air Cleaners Using Ultraviolet Germicidal Energy (UV-C)

2.4.1 Principles of Efficiency and Use. Ultraviolet (UV-C) disinfection (also called ultraviolet
germicidal irradiation [UVGI]) is used to degrade organic material and inactivate microorgan-
isms.The system is not a filter; thus, inactive particles remain in the airstream, which, in the case
of dead fungal spores, may still cause a negative human response to their integral mycotoxins.
The most effective wavelength range for inactivation of microorganisms is between 220 and
300 nm, with peak effectiveness near 265 nm. The typical source of UV-C in commercial and
residential air and water systems is low-pressure mercury vapor lamps, which emit mainly near-
optimal 253.7 nm. UV-C systems may be installed inside HVAC systems, irradiate air near the
ceiling, or be incorporated in a stand-alone (portable) air cleaner.

The effectiveness of a UV-C system to inactivate microorganisms in the air and/or on
surfaces has been amply demonstrated; the best results were obtained for the long-term irra-
diation of downstream coil surfaces to avoid fungal amplification on wet surfaces. Experience
suggests that control of a moving airstream does not provide favorable killing rates because of
the short dwell time. Under ideal conditions, inactivation and/or killing rates of 90% or higher
can be achieved but depend on the following: the type of microbial contaminant; specific
species; physical or mechanical factors such as UV-C intensity, exposure/dwell time, lamp
distance and placement, and lamp life cycle and cleanliness; air movement and patterns;
temperature; relative humidity; and air mixing. Airborne removal is best applied in conjunction
with filtration of particles with prefiltration in order to protect lamps and mechanical filtration
downstream for microbial particles.

Proposed ASHRAE Standard 185.1 provides a method for testing UV-C lights for use in air-
handling units or air ducts to inactivate airborne microorganisms, and ASHRAE Standard
185.2-2014 provides a method of testing ultraviolet lamps for use in HVAC units or air ducts to
inactivate microorganisms on irradiated surfaces.

Chapter 17 in the 2012 ASHRAE Handbook—HVAC Systems and Equipment (2012b)
provides additional information on ultraviolet lamp systems.

2.4.2 Evidence on Health Effects. Several studies have addressed the application of UV-C
systems in health-care facilities. Some of these studies show health benefits for highly suscep-
tible patients (Miller et al. 2002; CDC/NIOSH 2009; Memarzadeh et al. 2010). However, there
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is limited evidence on the direct effects of UV-C on health, particularly when applied outside of
health-care settings. Menzies et al. (2003) showed a significant reduction in work-related, self-
reported acute health symptoms (SBS symptoms) when the UV-C system in ventilation ducts
was irradiating cooling coils and drain pans, compared to when it was powered off. Bernstein
et al. (2006) irradiated particles (not the cooling coils or drain pans) using UV-C systems in air
moving through the ventilation ducts of homes of mold-sensitized, allergic children. Operation
of UV-C, relative to a placebo system containing a blue light produced significant alleviation of
several asthma outcomes. Upper-room air UV-C systems applied in studies in schools, military
barracks, and homeless shelters provide inconsistent effects on tuberculosis, measles, influ-
enza, and common colds (Kowalski 2009).

Fungal contamination found in ventilation systems may contribute to fungal infections in indi-
viduals with compromised immune systems, may release contaminants to occupied spaces
(Ahearn et al. 1997; Ezeonu et al. 1994; Levetin et al. 2001; Mahoney et al. 1979; Mendell and
Smith 1990; Samson 1985), and may possibly contribute to SBS symptoms and other building-
related diseases, such as hypersensitivity pneumonitis, allergic rhinitis, and asthma exacerba-
tion (Burge 1990; Lacey 1991; Levetin 1985). UV-C has been shown to be effective in reduction
of microbial and endotoxin agents (Menzies et al. 2003), which can breed and accumulate in
ventilation systems, especially where condensation of water vapor occurs; however, no direct
evidence of health benefits exists other than the study cited above (Menzies et al. 2003).

UV-C systems have been shown to reduce tuberculosis infection in guinea pigs housed in
cages ventilated with air drawn from tuberculosis wards (Riley et al. 1957, 1962; Escombe et al.
2009). In the laboratory studies, UV-C has been effective in removing bacterial aerosols and viral
aerosols (Xu et al. 2003).To this end, UV-C for upper air, in-duct, and in-room systems was named
by ASHRAE's 2014 Position Document on Airborne Infectious Diseases as among the two highest
research priorities for developing engineering control to reduce infectious disease transmission
(ASHRAE 2014b).

2.5 Packaged Air Cleaners Using Multiple Technologies

Many air-cleaning devices use a combination of filters (i.e., particle air-cleaning technolo-
gies and gas-phase air-cleaning technologies). The devices are often stand-alone (portable),
incorporate a fan, and are intended for residential use. These devices are frequently called air
purifiers or clean-air delivery (CAD) devices, but many other names are used as well.

Many packaged air cleaners using multiple technologies are tested using the protocol of the
Association of Home Appliance Manufacturers (AHAM) (AHAM 2013) to determine performance
reported as the clean-air delivery rate (CADR) for specific contaminants (usually dust, tobacco
smoke, and pollen).The performance is a function of the inherent efficiency of the air-cleaning tech-
nologies used and the device airflow rate, as well as the indoor setting (see previous sections
[Sections 2.1 to 2.4] for the factors influencing effectiveness of air cleaning process).

Presently, minimal data are available on the health consequences of using packaged air
cleaners employing multiple technologies.

2.6 Ozone-Generating Air-Cleaning Devices

Certain air cleaners produce ozone by design to achieve air-cleaning effects and the
removal of contaminants. Additionally, ozone can be produced as a by-product of air-cleaning
processes. Any air-cleaning device that uses electricity during air cleaning process has the
potential to generate ozone. In practice, ozone generation is associated with air cleaners that
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use high-voltage coronas or pin ionizers (e.g., some precipitators or ionizers), UV light of a suffi-
ciently small wavelength (some photocatalytic oxidizers and UV-C air cleaners), and by some
plasma air cleaners. Packaged air cleaners employing different air-cleaning technologies may
use or produce ozone; examples include ozone generators or ionizers.

Ozone is harmful for health and exposure to ozone creates risk for a variety of symptoms
and diseases associated with the respiratory tract (Koren et al. 1989; Touloumi et al. 1997; Bell
et al. 2004). Many products of ozone homogeneous and heterogeneous reaction processes
also create risks for health, including formaldehyde, unsaturated aldehydes (produced during
the reaction of ozone with ketones and alcohols), and ultrafine particles (secondary organic
aerosols) (Weschler 2006).

Ozone emission is thus undesirable. However, there is no consensus on the safe level of
ozone. For example, ASHRAE’s Environmental Health Committee (2011b) issued an emerging
issue brief suggesting “safe ozone levels would be lower than 10 ppb” and that “the introduction
of ozone to indoor spaces should be reduced to as low as reasonably achievable (ALARA)
levels.” Still, even widely used guidelines are not entirely consistent with all available epidemi-
ological literature on the effects of ozone, and there is relatively little known about the long-term
effects of exposure to low concentrations of ozone.

The current state of the science regarding the health effects of ozone strongly suggests that
the use of air cleaners that emit ozone by design should not be permitted; the same information
and advice is given by the U.S. EPA, among others (EPA 2013).There is more uncertainty about
recommendations for air cleaners that do not use ozone by design for air cleaning but produce
ozone unintentionally, as a by-product of their operation. There are devices that emit ozone but
at the same time reduce concentrations of other harmful contaminants. The state of the science
does not allow making highly certain trade-offs between increased exposure to ozone and the
ozone reaction by-products and reduced exposure to other contaminants.

In the absence of robust information regarding safe levels of ozone, the precautionary principle
should be used. Any ozone emission (beyond a trivial amount that any electrical device can emit)
should be seen as a negative and use of an ozone-emitting air cleaner, even though the ozone
is an unintentional by-product of operation, may represent a net negative impact on indoor air
quality and thus should be used with caution. If possible, non-ozone-emitting alternatives should
be used.

Attention must be paid to certain air-cleaning technologies that claim to produce radicals (e.g.,
hydroperoxy, peroxy, and hydroxyl radicals) that become airborne (gaseous state) as a means of
effecting air cleaning/treatment.These species are ROS and are well known to be very short-lived
in the gas-phase (airborne). Few studies in the peer-reviewed literature, if any, have measured
these radicals in the gas phase as a means of an effective air treatment with such air-cleaning
technologies.

2.7 Filtration and Air Cleaning Versus Ventilation

Filtration and air cleaning reduce exposures to selected air contaminants generated indoors,
similar to outdoor air ventilation. Unlike ventilation, these methods can also reduce exposures
to contaminants in outdoor air. The effectiveness of filtration and air cleaning is frequently
expressed as the equivalent rate of outdoor air ventilation intake flow that would have to be
provided to achieve the same effect. However, unlike outdoor air ventilation (essentially reduc-
ing concentrations and exposure to the majority of indoor-generated contaminants), filters and
air cleaners (unless integrated) deal with one group of contaminants: either with particles, some
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types of gases, or microbial contaminants. The effectiveness is consequently the removal effi-
ciency for a single contaminant, a class of contaminants, or a mixture of contaminants (Zhang
et al. 2011).

To be expedient, the size of the effect obtained by filtration and air cleaning must be weighed
against efficiency of other removal mechanisms (Nazaroff 2000) (i.e., outdoor air ventilation and
removal by deposition to surface, see Section 2.1.1). For example, in the case of portable
household electric room air cleaners, the product of single-pass efficiency and airflow due to
air cleaning should be four times the sum of removal by ventilation and by deposition to meet
the target of 80% continuous removal of particles (i.e., 20% or less of the initial particle load in
a room, as defined by AHAM Air Cleaner Council [2013]). Furthermore, the cost and energy
implications must be taken into account when comparing the effect obtained by filtration and air
cleaning with outdoor air ventilation.

The Indoor Air Quality (IAQ) Procedure of ASHRAE Standard 62.1 (2013b) allows that filtra-
tion and air cleaning, together with recirculation, can be used as a substitute for a portion of
outdoor air ventilation. This is conditional upon detailed analysis of contaminant sources, rates
of contaminant removal by air-cleaning systems, contaminant concentration targets, and
perceived acceptability targets (Burroughs 2006; Lamping and Stanley 2008; Grimsrud et al.
1999, 2011; Stanley et al. 2007; Dutton et al. 2013). There is, however, only limited scientific
evidence showing that outdoor air ventilation intake flow can be partially or completely replaced
by filtration and air cleaning.

One consideration that warrants discussion is that the overlap between contaminants with
indoor sources versus those with external (outdoor) sources is relatively small and the use of
increased ventilation air without filtration and air cleaning can result in substituting one set of
contaminants (internally generated) with a different set (externally generated) with any asso-
ciated health effects. This is especially important in regions that do not meet national or regional
air quality standards for one or more criteria pollutants (i.e., ozone, PM10, PM2.5) or where
there may be local sources of air pollution. In these instances outdoor ventilation air should be
cleaned before being introduced into the building.

2.8 Maintenance, Commissioning, and Long-Term Performance
of Filtration and Air-Cleaning Devices

At the design phase, filters and air cleaners are generally assumed to be installed and oper-
ating correctly. In actual installations, there could be air and contaminant bypass around air-
cleaning devices (Ward and Siegel 2005), degradation in the performance of some technologies
over time (Lehtimäki et al. 2002), and potential for the emission of primary and/or secondary
by-products (Zhao et al. 2007; Rim et al. 2013).

Commissioning, active maintenance, and monitoring of filtration and air-cleaning devices
are needed to ensure design performance. Additionally, filtration and air cleaners should be
tested for extended durations to examine the possible change of performance in time of oper-
ation and the minimum period at which regular performance checks should be made. Informa-
tion on these aspects is nearly nonexistent, and there are nearly no documents regulating and
necessitating examination of long-term performance of filtration and air cleaning devices.

Indoor Air Quality Guide: Best Practices for Design, Construction, and Commissioning
(ASHRAE 2009a), as well as NAFA's Installation, Operation and Maintenance of Air Filtration
Systems (2012), provides guidance on maintenance and commissioning of filtration and air
cleaning.
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3. CONCLUSIONS AND RECOMMENDATIONS

3.1 Summary Statements on Performance of Filtration and Air-Cleaning Devices

The following statements on filtration and air cleaning are proposed taking into account the
evidence in the literature on their effects on health outcomes in public and residential buildings
(excluding health-care facilities which were briefly summarized in the preceding chapters).The
positions do not define minimum efficiency levels at which the effect of filtration and air cleaning
can be regarded as providing health benefits, because the magnitude of the effects obtained
by filtration and air-cleaning technologies depends on the design, operation, and setting in
which these technologies are operated in a building. Also, in many cases there are no thresh-
olds available for health effects, and regulatory exposure limits vary greatly among different
cognizant authorities. Finally, the statements do not take any position on whether certain types
of filtration and air-cleaning technologies should or should not be used in the built environment
and under which conditions (except the position on ozone-generating devices and the long-term
performance of filtration and air-cleaning devices); it was not the objective of the present doc-
ument. It is regarded that the decision on this matter belongs to other committees setting out
regulatory and guiding documents (codes, standards, and guidelines).

• Filtration technologies, in which particles are removed by attaching them to the media
(often called mechanical or media filters), have been documented to be capable in many
cases of reducing particle concentrations substantially, including reductions from levels
being above to levels being below the associated regulatory exposure limits for reducing
health risk set by recognized cognizant authorities. Modest empirical evidence suggests
that mechanical filters will have positive effects on health, especially for reducing adverse
allergy or asthma outcomes, but not on acute health symptoms in the general population,
often called sick-building syndrome (SBS) symptoms. Models predict large reductions in
morbidity and mortality associated with reduction of indoor exposures to particles from
outdoor air, but these health benefits have not been verified empirically.

• Filtration technologies that generate electrical fields and/or ions, often called electronic fil-
ters, have been documented to range from relatively ineffective to very effective in reduc-
ing particles substantially, including reductions from levels being above to levels being
below the associated regulatory exposure limits for reducing health risks set by recog-
nized cognizant authorities. Within this broad characterization of air cleaners, ionizers
have been evaluated to either show benefits or no benefits for acute health symptoms.
Many electronic air cleaners emit significant ozone and are thus subject to special atten-
tion as advised by Position 1 in Section 3.2.

• There are sorbent air cleaners that have been documented to reduce concentrations of
harmful gaseous contaminants substantially, including reductions from levels being above
to levels being below the associated regulatory exposure limits for reducing health risks
set by recognized cognizant authorities. There are very limited data on long-term effec-
tiveness of these air cleaners for indoor air applications with mixtures of contaminants at
low concentrations. Minimal empirical data exist on the health effects of using sorbent-
based air-cleaning technologies.

• Air cleaners using photocatalytic oxidation (PCO) have been documented to remove
harmful contaminants to levels being below the associated regulatory exposure limits for
reducing health risks set by recognized cognizant authorities. However, there are PCO
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technologies that are ineffective in reducing concentrations significantly, and there are
PCO technologies that have also been shown to generate harmful contaminants during
the air-cleaning process. No empirical data exist on the health effects of using PCO tech-
nologies. Different UV lamps used in many PCO devices can emit significant ozone and
are thus subject to special attention as advised by Position 1 in Section 3.2.

• Short-wave ultraviolet (UV-C) energy has been documented to inactivate viruses, bacte-
ria, and fungi. Some air-cleaning technologies using UV-C disinfection (also termed ultra-
violet germicidal irradiation [UVGI]) have been documented, in a few studies, to show
beneficial health effects when upper-room air, ventilation ducts, and evaporator coil sur-
faces were irradiated with UV-C. Some studies have failed to detect health benefits. Some
UV lamps can emit significant ozone and are thus subject to special attention as advised
by Position 1 in Section 3.2.

• Packaged air cleaners using multiple filtration and air-cleaning technologies are room air
appliances intended for residential and small-space application. Their performance is sub-
ject to the advantages and disadvantages of the filtration and air-cleaning technology
incorporated within the devices. Scientific documentation of the health effects of these
devices on occupants is sparse and inconclusive. Some of the technologies incorporated
into these devices either produce or rely on ozone for application and are thus subject to
special attention as advised by Position 1 in Section 3.2.

• Filtration and air-cleaning technologies are often regarded as an attractive alternative to
ventilation, enabling a reduction of outdoor air ventilation rate. The Indoor Air Quality (IAQ)
Procedure of ASHRAE Standard 62.1 allows lower ventilation rates if alternative methods
are used to reduce exposures to contaminants of concern, including the use of filtration or
air cleaning. Limited data exist documenting the effectiveness of air cleaning, in particular
gas-phase air cleaning, as an alternative to ventilation.

3.2 Positions on the Use of Filtration and Air-Cleaning Devices

ASHRAE holds the following positions on filtration and air-cleaning devices:

1. Devices that use the reactivity of ozone for the purpose of cleaning the air should not be
used in occupied spaces because of negative health effects that arise from exposure to
ozone and its reaction products. Extreme caution is warranted when using devices that
emit a significant amount of ozone as by-product of their operation, rather than as a
method of air cleaning. These devices pose a potential risk to health.

2. All filtration and air-cleaning technologies should be accompanied by data documenting
their performance regarding removal of contaminants; these data should be based on
established industry test standards. If not available, scientifically controlled third-party
evaluation and documentation should be provided.

3.3 Recommendations on Future Developments of Filtration and Air-Cleaning Devices

Further development of filtration and air cleaning is needed, particularly in the following
areas:

1. Quality control of operation of filtration and air-cleaning technologies, especially regarding
data on their long-term performance.

2. Development of regulatory and guiding documents supporting design, operation, and
maintenance of filtration and air cleaning devices.
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3. Modification of methods of charging particles by electronic air cleaners to reduce the gen-
eration of ozone.

4. Integration of different filtration and air-cleaning technologies.
5. Development of air-cleaning technologies that support ventilation by removing air contam-

inants for which ventilation is less effective, such as proven and practical systems for
removing ozone and possibly other gaseous pollutants from the air entering buildings.

6. Research on and application of intermittent use of filtration and air cleaners to deal with
peak loads or unexpected releases of contaminants.

7. The extent to which air cleaning can enable reduction in outdoor air ventilation rates.

4. REFERENCES

AHAM. 2013. ANSI/AHAM AC-1, The Method for Measuring Performance of Portable House-
hold Electric Cord-Connected Room Air Cleaners. New York: American National Stan-
dards Institute.

Ahearn, D.G., S.A. Crow, R.B. Simmons, D.L. Price, S.K. Mishra, and D.L. Pierson. 1997.
Fungal colonization of air filters and insulation in a multi-story office building: produc-
tion of volatile organics. Current Microbiology 35:305–8.

American Thoracic Society. 2000. What constitutes an adverse health effect of air pollution?
American Journal of Respiratory and Critical Care Medicine 161.

ASHRAE. 2009a. Indoor Air Quality Guide: Best Practices for Design, Construction, and
Commissioning. Atlanta: ASHRAE.

ASHRAE. 2009c. Indoor Air Quality Guide: Best Practices for Design, Construction, and
Commissioning. Atlanta: ASHRAE.

ASHRAE. 2011a. ASHRAE Handbook—HVAC Applications, Chapter 45, Control of Gaseous
Indoor Air Contaminants. Atlanta: ASHRAE.

ASHRAE. 2011b. Environmental Health Committee (EHC) Emerging Issue Report: Ozone
and Indoor Chemistry. Atlanta: ASHRAE.

ASHRAE. 2012a. ANSI/ASHRAE Standard 52.2-2012, Method of Testing General Ventilation
Air-Cleaning Devices for Removal Efficiency by Particle Size. Atlanta: ASHRAE.

ASHRAE. 2012b. ASHRAE Handbook—HVAC Systems and Equipment. Chapter 29, Air
Cleaners for Particulate Contaminants. Atlanta: ASHRAE.

ASHRAE. 2013a. ASHRAE Handbook—Fundamentals, Chapter 11, Air Contaminants.
Atlanta: ASHRAE.

ASHRAE. 2013b. ANSI/ASHRAE Standard 62.1-2013, Ventilation for Acceptable Indoor Air
Quality. Atlanta: ASHRAE.

ASHRAE. 2014a. ANSI/ASHRAE Standard 185.2, Method of Testing Ultraviolet Lamps for
Use in HVAC&R Units or Air Ducts to Inactivate Microorganisms on Irradiated Sur-
faces. Atlanta: ASHRAE.

ASHRAE. 2014b. Position Document on Airborne Infectious Diseases. Atlanta: ASHRAE.
AWWA. 1971. Water Quality and Treatment. McGraw-Hill, New York.
Azimi, P. and B. Stephens. 2013. HVAC filtration for controlling infectious airborne disease

transmission in indoor environments: Predicting risk reductions and operational costs.
Building and Environment 70:150–60.

Bayer, C.W., H.E. Burroughs, and C. Muller. 2009. Demonstration of ASHRAE IAQ-procedure
effectiveness for improved IAQ and greater energy efficiency. Proceedings of Healthy
ASHRAE Position Document on Filtration and Air Cleaning 16



EHC Minutes 18.W - Attachment D
Buildings 2009, the 9th International Healthy Buildings Conference and Exhibition.
Syracuse, NY.

Bekö, G., G. Clausen, and C.J. Weschler. 2008. Sensory pollution from bag filters, carbon fil-
ters and combinations. Indoor Air 18:27–36.

Bekö, G., M.O. Fadeyi, G. Clausen, and C.J. Weschler. 2009. Sensory pollution from bag-
type fiberglass ventilation filters: Conventional filter compared with filters containing
various amounts of activated carbon. Building and Environment 44: 2114–20.

Bell, M.L., A. McDermott, S.L. Zeger, J.M. Samet, and F. Dominici. 2004. Ozone and short-
term mortality in 95 US urban communities, 1987–2000. Journal of the American Med-
ical Association 292: 2372–8.

Bernstein, J.A., R.C. Bobbitt, L. Levin, R. Floyd, M.S. Crandall, R.A. Shalwitz, A. Seth, and M.
Glazman. 2006. Health effects of ultraviolet radiation in asthmatic children’s homes.
Journal of Asthma 43:255–62.

Brunekreef, B., and B. Forsberg. 2005. Epidemiological evidence of effects of coarse airborne
particles on health. European Respiratory Journal 26:309–18.

Burge, H. A. 1990. Bioaerosols: Prevalence and health effects in the indoor environment.
Journal of Allergy and Clinical Immunology 86:687–701.

Burroughs, H.E. 2006. Role of filtration and air cleaning in sustaining acceptable indoor air
quality though ventilation air replacement. Presented at the 2006 EPA Regional, State,
and Local Dispersion Modelers’ Workshop, May 16–18, San Diego, CA.

Burroughs, H.E., C. Muller, W.L. Yao, and Q.L. Yu. 2013. An evaluation of filtration and air
cleaning equipment performance in existing installations with regard to acceptable IAQ
attainment. Proceedings of ISHVAC 2013, the 8th International Symposium on Heat-
ing, Ventilating and Air Conditioning. 262: 267-275. Xi'an University of Architecture and
Technology, Xi'an, China.

CDC/NIOSH. 2009. Environmental control for tuberculosis: basic upper-room ultraviolet ger-
micidal irradiation guidelines for healthcare settings. Atlanta: Centers for Disease Con-
trol and Prevention/National Institute for Occupational Safety and Health.

Cohen, J., Gilligan, A., Esposito, W., Schimmel, T., and Dale, B. 1997. Ambient air and its
potential effects on conception in vitro. Human Reproduction 12(8):1742—1749.

Dalrymple, O.K., E. Stefanakos, M.A. Trotz, and D.Y. Goswami. 2010. A review of the mecha-
nisms and modelling of photocatalytic disinfection. Applied Catalysis B: Environmental
98:27–38.

Delfino, R.J., C. Sioutas, and S. Malik. 2005. Potential role of ultrafine particles in associa-
tions between airborne particle mass and cardiovascular health. Environmental Health
Perspectives 113:934–46.

Dutton, S.M., W.R. Chan, M.J. Mendell, M. Barrios, S. Parthasarathy, M. Sidheswaran, D. Sul-
livan, E. Eliseeva, and W.J. Fisk. 2013. Evaluation of the indoor air quality procedure
for use in retail buildings. LBNL-6079E Report. Berkeley: Lawrence Berkeley National
Laboratory.

EPA. 2013. Ozone Generators that are Sold as Air Cleaners. http://epa.gov/iaq/pubs
/ozonegen.html.

Escombe, A.R., D.A.J. Moore, R.H. Gilman, M. Navincopa, E. Ticona, B. Mitchell, C. Noakes,
and C.A. Evans. 2009. Upper-room ultraviolet light and negative air ionization to prevent
tuberculosis transmission. PLoS Medicine. 6:e43 DOI: 10.1371/journal.pmed.1000043.
ASHRAE Position Document on Filtration and Air Cleaning 17



EHC Minutes 18.W - Attachment D
Ezeonu, I.M., J.A. Noble, R.B. Simmons, D.L. Price, S.A. Crow, and D.G. Ahearn. 1994. Effect
of relative humidity on fungal colonization of fiberglass insulation. Applied and Environ-
mental Microbiology 60:2149–51.

Fang, L., G. Zhang, and A. Wisthaler. 2008. Desiccant wheels as gas-phase absorption
(GPA) air cleaners: Evaluation by PTR-MS and sensory assessment. Indoor Air 18:
375–85.

Fishman, D.S. 1981. Subjective comfort associated with negative air ions. Heating & Ventilat-
ing Engineer 13–15.

Fisk, W.J., H. Destaillats, and M.A. Sidheswaran. 2011. Saving energy and improving IAQ
through application of advanced air cleaning technologies. HVAC Journal: REHVA
May:27–9.

Fisk, W.J. 2013. Health benefits of particle filtration. Indoor Air. DOI: 10.1111/ina.12036.
Grimsrud, D.T., B.B. Bridges, N.G. Carlson, and D.E. Hadlich. 1999. Ventilation requirements

in a retail store. Proceedings of the Indoor Air 99, the 8th International Conference on
Indoor Air Quality and Climate, 8–13. Scotland: Edinburgh.

Grimsrud, D.T., N. Carlson, B. Bridges, T. Springman, and S. Williams. 2011. Indoor Air 2011.
Investigation of appropriate ventilation rates for retail stores. CD-ROM. Austin, TX:
Paper 961.

Hall, J., A. Gilligan, T. Schimmel, T. Cecchi, and J. Cohen. 1998. The origin, effects and con-
trol of air pollution in laboratories used for human embryo culture. Human Reproduc-
tion 13(4).

Hawkins, L.H., and T. Barker. 1978. Air ions and human performance. Ergonomics 21:273–8.
Hawkins, H.L., and L. Morris. 1984. Air ions and the sick building syndrome. Proceedings of

the 3rd International Conference on Indoor Air Quality and Climate. Sweden: Stock-
holm.

Hodgson, A.T., H. Destaillats, D.P. Sullivan, and W.J. Fisk. 2007. Performance of ultraviolet
photocatalytic oxidation for indoor air cleaning applications. Indoor Air 17:305–16.

IOM. 2000. Clearing the Air: Asthma and Indoor Air Exposures. Washington, D.C.: Institute of
Medicine, National Academy of Sciences, National Academy Press.

Kolarik, J., and P. Wargocki. 2010. Can a photocatalytic air purifier improve the perceived air
quality indoors? Indoor Air 20:255–62.

Kolarik, B., P. Wargocki, A. Skorek-Osikowska, and A. Wisthaler. 2010. The effect of a photo-
catalytic air purifier on indoor air quality quantified using different measuring methods.
Building and Environment 45:1434–40.

Koren, H.S., R.B. Devlin, D.E. Graham, R. Mann, M.P. Mcgee, D.H. Horstman, W.J. Kozumbo,
S. Becker, D.E. House, W.F. McDonnell, and P.A. Bromberg. 1989. Ozone-induced
inflammation in the lower airways of human subjects. American Review of Respiratory
Disease 139:407–15.

Kowalski, W.J. 2009. Ultraviolet Germicidal Irradiation Handbook: UVGI for Air and Surface
Disinfection. New York: Springer.

Lacey, J. 1991. Aerobiology and health: The role of airborne fungal spores in respiratory dis-
ease. In D. L. Hawksworth (ed.), Frontiers in Mycology. Wallingford: C.A.B. Interna-
tional, Oxon. 157–85.

Lamping, G.A., D. Rhodes, and R. Clary. 2009. Detecting and Reducing Aerosols to Improve
IAQ in the Class-room. Proceedings of Indoor Air Quality Association—12th Annual
Meeting and In-door Air Expo. TX: Fort Worth.
ASHRAE Position Document on Filtration and Air Cleaning 18



EHC Minutes 18.W - Attachment D
Lamping, G.A., and Stanley, W.B.M. 2008. Applying the IAQ Procedure of ASHRAE 62.1-
2007 at K-12 Educational Facilities. Globalcon 2008 Proceedings. GA: Atlanta.

Laws, C.A. 1982. Air ions in the working environment. Heating & Ventilating Engineer 18–20.
Lehtimäki, M., A. Säämänen, and A. Taipale. 2002. Investigation of mechanisms and operat-

ing environments that impact the filtration efficiency of charged air filtration media.
Technical Report RP-1189. Atlanta: ASHRAE.

Levetin, E. 1995. Fungi in H. Burge (ed.), Bioaerosols. Boca Raton: Lewis Publishers, CRC
Press. 87–120.

Levetin, E., R. Shaughnessy, C. Rogers, and R. Scheir. 2001. Effectiveness of germicidal UV
radiation for reducing fungal contamination within air handling units. Applied and Envi-
ronmental Microbiology 67:3712–5.

Mahoney, D.H., C.P. Steuber, K.A. Starling, F.F. Barrett, J. Goldberg, and D. J. Fernbach.
1979. An outbreak of aspergillosis in children with acute leukemia. Journal of Pediat-
rics 95:70–2.

McDonald, E., D. Cook, T. Newman, L. Griffith, G. Cox, and G. Guyatt. 2002. Effect of air fil-
tration systems on asthma: A systematic review of randomized trials. Chest 122:1535–
42.

Memarzadeh, F., R.N. Olmsted, and J.M. Bartley. 2010. Applications of ultraviolet germicidal
irradiation disinfection in health care facilities: Effective adjunct, but not stand alone
technology. American Journal of Infection Control 38:13–24.

Mendell, M.J., and A.H. Smith. 1990. Consistent pattern of elevated symptoms in air-conditioned
office buildings: a re-analysis of epidemiologic studies. American Journal of Public Health
80:1193–99.

Menzies, D., J. Popa, J. Hanley, T. Rand, and D. Milton. 2003. Effect of ultraviolet germicidal
lights installed in office ventilation systems on workers’ health and wellbeing: Double-
blind multiple cross over trial. Lancet 363:1785–92.

Miller, S.L., M. Hernandez, K. Fennelly, J. Martyny, J. Macher, E. Kujundzic, P. Xu, P. Fabian,
J. Peccia, and C. Howard. 2002. Efficacy of ultraviolet irradiation in controlling the
spread of tuberculosis. NIOSH final report, Contract 200–97–2602; NTIS publication
PB2003-103816. Cincinnati, OH: U.S. Department of Health and Human Services,
Centers for Disease Control and Prevention.

Mo, J., Y. Zhang, Q. Xu, J.J. Lamson, and R. Zhao. 2009. Photocatalytic purification of volatile
organic compounds in indoor air: A literature review. Atmospheric Environment 43:
2229–46.

Muller, C. 2012. Is it time to change my media? Air Pollution Control 2(1): 28–33.
Muller, C.O., and W.G. England. 1994 Gas-phase air filtration: Single media or multiple media

systems. Which should be used for IAQ applications? Proceedings of IAQ '94 Confer-
ence. MO: St. Louis.

Muller, C.O., and W.G. England. 1995. Achieving your indoor air quality goals—Which filtra-
tion system works best? ASHRAE Journal 37(2):24–31.

NAFA. 2012. Installation, Operation and Maintenance of Air Filtration Systems, 3rd ed. Vir-
ginia Beach: National Air Filtration Association.

Nazaroff, W.W. 2000. Effectiveness of air cleaning technologies. In: Proceedings of Healthy
Buildings 2000 2:49–54.
ASHRAE Position Document on Filtration and Air Cleaning 19



EHC Minutes 18.W - Attachment D
Ohtani, B., S.-W. Zhang, S.-I. Nishimoto, and T. Kagiya. 1992. Catalytic and photocatalytic
decomposition of ozone at room temperature over titanium(IV) oxide. Journal of the
Chemical Society, Faraday Transactions 88(7):1049–1053.

Pope, C.A., III and D.W. Dockery. 2006. Health effects of fine particulate air pollution: lines
that connect. Journal of the Air & Waste Management Association 56:709–42.

Reisman, R.E. 2001. Do air cleaners make a difference in treating allergic disease in homes?
Annals of Allergy, Asthma & Immunology 87:41–43.

Richardson, G., D.J. Harwood, S.A. Eick, F. Dobbs, and K.G. Rosen. 2001. Reduction of fine
airborne particulates (PM3) in a small city centre office, by altering electrostatic forces.
The Science of the Total Environment 269: 145–55.

Riley, R.L., W.F. Wells, C.C. Mills, W. Nyka, and R.L. McLean.1957. Air hygiene in tuberculo-
sis: Quantitative studies of infectivity and control in a pilot ward. American Review of
Tuberculosis and Pulmonary Disease 75:420–31.

Riley, R.L., C.C. Mills, F. O’Grady, L.U. Sultan, F. Wittstadt, and D.N. Shivpuri. 1962. Infec-
tiousness of air from a tuberculosis ward. Ultraviolet irradiation of infected air: Compar-
ative infectiousness of different patients. American Review of Respiratory Disease 85:
511–25.

Rim, D., D. Poppendieck, L. Wallace, and A. Persily. 2013. Effectiveness of an in-duct electro-
static precipitator in nanoparticle removal with consideration of ozone emissions. Pro-
ceedings of ASHRAE IAQ 2013. Canada: Vancouver.

Rosen, K.G., and G. Richardson. 1999. Would removing indoor air particulates in children's
environments reduce rate of absenteeism—A hypothesis. The Science of the Total
Environment 234:87–93.

Samson, R.A. 1985. Occurrence of moulds in modern living and working environments. Euro-
pean Journal of Epidemiology 1:54–61.

Shaughnessy, R.J., E. Levetin, J. Blocker, and K.L. Sublette. 1994. Effectiveness of portable
indoor air cleaners—Sensory testing results. Indoor Air 4:179–88.

Stanley, W.B.M., and G. Lamping. 2007. Case study: Applying the IAQ procedure with pres-
ent technology at a high school facility. Proceedings IAQ 2007 Healthy and Sustain-
able Buildings. MD: Baltimore.

Sublett, J.L., J. Seltzer, R. Burkhead, P.B. Williams, H.J. Wedner, and W. Phipatanakul. 2010.
Air filters and air cleaners: Rostrum by the American Academy of Allergy, Asthma &
Immunology Indoor Allergen Committee. Journal of Allergy and Clinical Immunology
125:32–38.

Sublett, J.L. 2011. Effectiveness of air filters and air cleaners in allergic respiratory diseases:
A review of the recent literature. Current Allergy and Asthma Reports 11:395–402.

Tompkins, D.T., B.J. Lawnicki, W.A. Zeltner, and M.A. Anderson. 2005. Evaluation of photoca-
talysis for gas-phase air cleaning—Part 1: Process, technical, and sizing consider-
ations. ASHRAE Transactions 111:60–84.

Touloumi, G., K. Katsouyanni, D. Zmirou, J. Schwartz, C. Spix, A.P. Deleon, A. Tobias, P.
Quennel, D. Rabczenko, L. Bacharova, L. Bisanti, J.M. Vonk, and A. Ponka. 1997.
Short-term effects of ambient oxidant exposure on mortality: A combined analysis
within the APHEA project. American Journal of Epidemiology 146:177–85.

Ward, M., and J.A. Siegel. 2005. Filter bypass: Implications for filter efficiency. ASHRAE
Transactions 111:1091–100.
ASHRAE Position Document on Filtration and Air Cleaning 20



EHC Minutes 18.W - Attachment D
Weschler, C.J. 2006. Ozone's impact on public health: Contributions from indoor exposures to
ozone and products of ozone-initiated chemistry. Environmental Health Perspectives
114: 1489–96.

Wood, R.A. 2002. Air filtration devices in the control of indoor allergens. Current Allergy and
Asthma Reports 2:397–400.

Wyon, D.P. 1992. Sick buildings and the experimental approach. Environmental Technology
13:313–22.

Xu, P., J. Peccia, P. Fabian, J.W. Martyny, K. Fennelly, M. Hernandez, and S.L. Miller. 2003.
Efficacy of ultraviolet germicidal irradiation of upper-room air in inactivating bacterial
spores and Mycobacteria in full-scale studies. Atmospheric Environment 37:405–19.

Zhang, Y., J. Mo., Y. Li, J. Sundell, P. Wargocki, J. Zhang, J.C. Little, R. Corsi, Q. Deng, M.
Leung, L. Fang, W. Chen, J. Li, and Y. Sun. 2011. Do commonly-used air cleaning
technologies improve indoor air quality? A literature review. Atmospheric Environment
45:4329–43.

Zhao, P., J.A. Siegel, and R. Corsi. 2007. Ozone removal by HVAC filters. Atmospheric Envi-
ronment 41:3151–60.

Zhong, L., F. Haghighat, C-S. Lee, and N. Lakdawala. 2013. Performance of ultraviolet photo-
catalytic oxidation for indoor air applications: systematic experimental evaluation. Jour-
nal Hazardous Materials 261:130–38.

5. BIBLIOGRAPHY

List of selected research projects sponsored by ASHRAE and dealing with the topic of filtra-
tion and air cleaning:

• ASHRAE. 1984. RP-268, Development of test method for gaseous contamination removal
devices. Atlanta: ASHRAE.

• ASHRAE. 1993. RP-625, Matching filtration to health requirements, Phase I. Atlanta:
ASHRAE.

• ASHRAE. RP-625, Matching filtration to health requirements, Phase II. Atlanta: ASHRAE.
• ASHRAE. 1994. RP-674, Evaluation Of Gas Phase Air Filtration Equipment As Used In

Common Building Applications. Atlanta: ASHRAE.
• ASHRAE. 2004. RP-791(TRP-1098), Field test methods to measure gaseous contami-

nant removal effectiveness of gas phase air filtration equipment. Atlanta: ASHRAE.
• ASHRAE. 1997. RP-792, Evaluation of test methods for determining the effectiveness and

capacity of gas phase air filtration equipment for indoor air applications (Phase II). Atlanta:
ASHRAE.

• ASHRAE. 1995. RP-804, Identification Of Contaminants, Exposures, Effect And Control
Options For Construction/Renovation Activities, Phase I. Atlanta: ASHRAE.

• ASHRAE. 2001. RP-961, Identification Of Contaminants, Exposures, Effect And Control
Options For Construction/ Renovation Activities, Phase II (804-RP). Atlanta: ASHRAE.

• ASHRAE. 2004. RP-1098, Field Test Methods To Measure Contaminant Removal Effec-
tiveness Of Gas Phase Air Filtration Equipment; Phase II Of 791-RP. Atlanta: ASHRAE.

• ASHRAE. 2003. RP-1134, Evaluation Of Photocatalytic Air-Cleaning Capacity. Atlanta:
ASHRAE.

• ASHRAE. n.d. RP-1457, By-product Production from Photocatalytic Oxidation Associated
with Indoor Air-Cleaning Devices. Atlanta: ASHRAE.
ASHRAE Position Document on Filtration and Air Cleaning 21



EHC Minutes 18.W - Attachment D
• ASHRAE. 2013. RP-1557, Evaluation Lab Comparison of Relative Performance of Gas
Phase Filtration Media at High and Low Challenge Concentrations. Atlanta: ASHRAE.

List of ASHRAE Standards dealing with filtration and air cleaning:

• ASHRAE. 2008. ANSI/ASHRAE Standard 145.1-2008, Laboratory Test Method for
Assessing the Performance of Gas-Phase Air-Cleaning Systems: Loose Granular Media.
Atlanta: ASHRAE.

• ASHRAE. 2011. ANSI/ASHRAE Standard 145.2-2011, Laboratory Test Method for
Assessing the Performance of Gas-Phase Air-Cleaning Systems: Air-Cleaning Devices.
Atlanta: ASHRAE.

• ASHRAE. 2012. ANSI/ASHRAE Standard 52.2-2012, Method of Testing General Ventila-
tion Air-Cleaning Devices for Removal Efficiency by Particle Size. Atlanta: ASHRAE.

• ASHRAE. 2013. ANSI/ASHRAE Standard 62.2-2013, Ventilation and Acceptable Indoor
Air Quality in Low-Rise Residential Buildings. Atlanta: ASHRAE.

• ASHRAE. ND. ASHRAE Standard 185.1P, Method of Testing UVC Lights for use in Air
Handling Units or Air Ducts to Inactivate Airborne Microorganisms. Atlanta: ASHRAE.

• ASHRAE. 2011. ANSI/ASHRAE/USGBC/IES Standard 189.1-2011, Standard for the
Design of High-Performance Green Buildings, Except Low-rise Residential Buildings.
Atlanta: ASHRAE.

List of ASHRAE Guidelines and User’s Manuals dealing with filtration and air cleaning:

• ASHRAE. 2012. ASHRAE Guideline 26-2012, Guideline for Field Testing of General Ven-
tilation Filtration Devices and Systems for Removal Efficiency In-Situ by Particle Size and
Resistance to Airflow. Atlanta: ASHRAE.

• ASHRAE. 2010. 62.1 User’s Manual. Atlanta: ASHRAE.
• ASHRAE. 2009. ASHRAE Guideline 29, Guideline for Risk Management of Public Health

and Safety in Buildings. Atlanta: ASHRAE.
• ASHRAE. 2009. The Indoor Air Quality Guide: Best Practices for Design, Construction

and Commissioning. Atlanta: ASHRAE.

List of ASHRAE cognizant committees:

• TC 2.3, Gaseous Air Contaminants and Gas Contaminant Removal Equipment
• TC 2.4, Particulate Air Contaminants and Particulate Contaminant Removal Equipment
• SSPC 52.2, Method of Testing General Ventilation Air Cleaning Devices for Removal Effi-

ciency by Particle Size
• SSPC 62.1, Ventilation for Acceptable Indoor Air Quality
• SPC 62.2, Ventilation and Acceptable Indoor Air Quality in Low-Rise Residential Build-

ings
• SPC 90.1, Energy Standard for Buildings Except Low-Rise Residential Buildings
• SSPC 145, Test Method for Assessing the Performance of Gas Phase Air Cleaning Equip-

ment
• SPC 170, Ventilation of Health Care Facilities
• SPC 180, Standard Practice for Inspection and Maintenance of Commercial-Building

HVAC Systems
ASHRAE Position Document on Filtration and Air Cleaning 22



ASHRAE
1791 Tullie Circle, NE • Atlanta, Georgia 30329-2305
404-636-8400 • fax: 404-321-5478 • www.ashrae.org

ASHRAE Position Document on
Unvented Combustion Devices and

Indoor Air Quality

Approved by ASHRAE Board of Directors
January 25, 2012

Reaffirmed by ASHRAE Technology Council
June 16, 2014

Expires
June 16, 2017

EHC Minutes 18.W - Attachment E

http://www.ashrae.org


COMMITTEE ROSTER

The ASHRAE Position Document on Unvented Combustion Devices and Indoor Air Quality was developed by the
Society’s Unvented Combustion Devices Position Document Committee formed on April 13, 2007.

Paul W. Francisco

University of Illinois at Urbana—Champaign
Champaign, IL

David Delaquila

Air Conditioning, Heating and Refrigeration Institute (AHRI)
Arlington, VA

Steven J. Emmerich

National Institute of Standards and Technology (NIST)
Gaithersburg, MD

Roger Hedrick

Architectural Energy Corporation
Boulder, CO

Michael Hodgson, MD, MPH

Veterans Health Administration
Washington, DC

FORMER MEMBERS AND CONTRIBUTORS

Richard A. Charles, PE (Former Chair)

Oakland, CA

Shelly L. Miller, PhD (Former Chair)

University of Colorado—Boulder
Boulder, CO

Ted Lemoff

National Fire Protection Association (NFPA)
Quincy, MA

The chairperson) of the ASHRAE Environmental Health Committee, Larry Schoen and Jianshun Zhang, also
served as ex-officio members.

EHC Minutes 18.W - Attachment E



HISTORY OF REVISION/REAFFIRMATION/WITHDRAWAL DATES

The following summarizes this document’s revision, reaffirmation, or withdrawal dates:

1/25/2012—BOD approves Position Document titled Unvented Combustion Devices and
Indoor Air Quality

6/16//2014—Technology Council approves reaffirmation of Position Document titled
Unvented Combustion Devices and Indoor Air Quality

Note: ASHRAE’s Technology Council and the cognizant committee recommend revision,
reaffirmation, or withdrawal every 30 months.

Note: ASHRAE position documents are approved by the Board of Directors and express the views of the Society
on a specific issue. The purpose of these documents is to provide objective, authoritative background information
to persons interested in issues within ASHRAE’s expertise, particularly in areas where such information will be
helpful in drafting sound public policy. A related purpose is also to serve as an educational tool clarifying
ASHRAE’s position for its members and professionals, in general, advancing the arts and sciences of HVAC&R.

EHC Minutes 18.W - Attachment E



ABSTRACT

This document provides information and ASHRAE’s positions based on the current state of
knowledge of unvented combustion appliances. These appliances may be found in almost any
occupancy. ASHRAE’s position is that appliance standards and technology should be reviewed
in light of increased knowledge of usage patterns and evolving air quality standards related to
combustion by-products; a public information program should be developed that improves the
knowledge of owners of these appliances with regard to usage and the importance of profes-
sional installation and maintenance; and research should be performed on these appliances to
answer remaining questions about their impact on indoor air quality. Specific research ques-
tions relate to particle emissions, nitrogen dioxide emissions, the relative impact of cooking
versus heating, and denatured alcohol kerosene appliances.

Note: ASHRAE position documents are approved by the Board of Directors and express the views of the Society
on a specific issue. The purpose of these documents is to provide objective, authoritative background information
to persons interested in issues within ASHRAE’s expertise, particularly in areas where such information will be
helpful in drafting sound public policy. A related purpose is also to serve as an educational tool clarifying
ASHRAE’s position for its members and professionals, in general, advancing the arts and sciences of HVAC&R.
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EXECUTIVE SUMMARY

This position document has been written to provide ASHRAE’s membership and other inter-
ested persons with information about the effect of unvented combustion devices on indoor air
quality and to provide recommendations for the proper use of these devices.

ASHRAE’s sole objective is to advance the arts and sciences of heating, refrigeration, air
conditioning and ventilation, and their allied arts and sciences and related human factors, for
the benefit of the public. Therefore, the impact and proper use of unvented combustion devices
are relevant to ASHRAE.

ASHRAE’s positions at present are:

• Users should properly operate unvented appliances installed in the home and get an
annual inspection by a qualified service technician.

• A public education program should be developed that reinforces the health and safety
information contained in industry literature.

• Unvented combustion appliances should never be used as the primary/sole source of
heating.

• Consumers who want to reduce the risk of adverse health effects due to exposure to com-
bustion products should not use unvented appliances.

• Carbon monoxide (CO) alarms should be installed in all homes regardless of heating fuel
type.

• Gas cooking appliances with electronic ignitions should be selected when possible.
• Permanently mounted unvented combustion appliances should be installed according to

the manufacturers’ installation instructions and local codes and installation should be per-
formed by a qualified installer.

• A reassessment of ventilation should be made when air-sealing measures have been
implemented to a building containing an unvented appliance, with ventilation added when
appropriate.

• Unvented gas-fired room heaters listed to a pre-1983 edition of ANSI Z21.11.2 and not
equipped with an Oxygen Depletion Safety (ODS) device should be replaced immediately.

• Unvented kerosene room heaters should be removed unless listed to UL 647 and new
installations should be avoided unless future research demonstrates adequate indoor air
quality when they are used.

• Unvented denatured alcohol appliances should be removed unless listed to UL 1370 and
new installations should be avoided unless future research demonstrates adequate indoor
air quality when they are used.

• Research should be performed that investigates the effects of unvented space heater
combustion on indoor air quality in residential buildings. Particular questions of interest
include:

1. the suitability of the ANSI Z21.11.2 emission standards for nitrogen dioxide (NO2)
2. the performance of units subject to ANSI Z21.11.2-2005 or later in the field with regard

to NO2
3. particle emissions and their effect

• Research should be performed on kerosene and denatured alcohol appliance emissions
and resulting indoor air quality.
1
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• Research should be performed that investigates the effects of gas cooking combustion on
indoor air quality in residential and commercial buildings. Particular questions of interest
include:

1. disaggregating the gas combustion from the cooking process
2. emissions of NO2, CO, and particles from modern units
3. differences between range top cooking compared to oven cooking

• Industry sizing and installation guidance should be revisited in light of changes in housing
stock.

• Code- and standard-making entities should require that installers be certified.
• Appliance standards should be reviewed and updated as needed in light of more recent

understanding and standards/guidelines on acceptable levels of NO2.
• Appliance standards should be reviewed and updated as needed in light of evidence that

extended use is not uncommon and can result in unacceptable levels of CO, with consid-
erations made to incorporating controls that prevent excessive durations of uninterrupted
operation. These standards should also require that product information include language
on the risks from extended use.
2
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1. ISSUES

This position document discusses the effect of using unvented liquid and gas fuel combus-
tion devices on indoor air quality. It addresses the various constituents within the products of
combustion that are emitted from unvented combustion appliances into the indoor space and
the appropriate measures that should be considered in order to maintain acceptable indoor air
quality. Historically, indoor air quality problems from combustion devices have been related to
their not being properly installed and maintained by a qualified service person and not being
used in accordance with manufacturers’ instructions.

Various appliances are designed to operate on different fuel types or are intended to be used
for different space heating or cooking applications. Safety standards covering these products
differ in the maximum allowable emissions of certain combustion by-products. Because of these
differences, each type of device is addressed separately throughout this document.

Unvented combustion emissions from candles, incense, and devices that burn solid fuels
are excluded from this position document.

2. BACKGROUND

Unvented combustion equipment may be found in almost any occupancy classification,
although some are more common than others. Unvented heaters are permitted to be installed
in most jurisdictions, but prohibitions or restrictions exist in some locations. All state codes
permit the installation of unvented cooking appliances.

The National Fuel Gas Code, ANSI Z223.1/NFPA 54 published jointly by the National Fire
Protection Association (NFPA) and the American Gas Association (AGA), governs the instal-
lation of unvented gas-fired room heaters, but prohibits installation in certain occupancies,
which include residential board and care or health care (ANSI Z223.1/NFPA 54-2009). The
International Fuel Gas Code, published by the International Code Council (ICC), also governs
the installation of unvented gas-fired room heaters but prohibits installation in assembly, educa-
tional, and institutional occupancies (ICC 2012). NFPA 501, Standard on Manufactured Hous-
ing prohibits the installation of unvented room heaters in manufactured housing as part of the
construction code (NFPA 501-2010). Once the manufactured home is sited, unvented gas-fired
room heaters can be installed where allowed by state and local code.

The Life Safety Code (NFPA 101-2012), allows gas-fired room heaters that are in compli-
ance with ANSI Z223.1/NFPA 54 but prohibits the use of unvented fuel-fired heating equipment,
including kerosene and denatured alcohol, from being used in educational, day care, rooming/
lodging, hotel/dormitory, apartment, and health care occupancies. Portable space heating
devices are prohibited in detention/correctional facilities.

Unvented combustion heaters, including propane and natural gas-fired heaters listed to the
Standard for Gas-Fired Room Heaters, Vol. II, Unvented Room Heaters (ANSI Z21.11.2-2007),
and kerosene heaters listed to the Standard for Unvented Kerosene-Fired Room Heaters and
Portable Heaters (UL 647-1993), are most commonly found in residential occupancies.

Gas-fired room heaters, especially gas log types, are sometimes used in hotel/lodging
common areas and assembly occupancies, such as restaurants, for their aesthetic effect.

In commercial building and storage occupancies the use of unvented combustion room heat-
ers is very rare, although not prohibited by NFPA 101 or the International Fuel Gas Code (IFGC).
Unvented infrared radiant heaters can be found in industrial occupancies, such as aircraft hang-
ers, repair garages, or similar large open spaces requiring localized heating for the workers.
3
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The Third National Health and Nutrition Examination Survey (NHANES III) estimated that
13.7 million adults have at some time used an unvented combustion space heater. Since 1992,
use of unvented combustion heaters has increased because in many states, regulations prohib-
iting the use of these devices have been rescinded (MMWR 1997).

About 170 people in the United States die every year from carbon monoxide (CO) produced
by non-automotive consumer products. These products include malfunctioning fuel-burning
appliances such as furnaces, gas ranges, water heaters, room heaters, engine-powered equip-
ment such as portable generators, solid-fuel burning fireplaces, and charcoal that is burned in
homes and other enclosed areas (CPSC 2011b). Since 1984 the U.S. Consumer Product
Safety Commission (CPSC) staff has collected data on fatal CO poisonings and is not aware
of any documented incident associated with a gas-fired space heater complying with ANSI
Z21.11.2-1982, though such an incident was not precluded (Switzer 2005).

The installation and usage of these appliances have an impact on indoor air quality. When
improperly installed or maintained or misused the potential for harmful emissions being
released into the living space increases.

3. PRODUCTS OF COMBUSTION

The primary products of combustion that are of concern for natural gas are CO, oxides of
nitrogen including nitrogen dioxide (NO2), and water. Carbon dioxide (CO2) is also a primary
product of combustion but is of less concern. Other fuels may produce greater quantities of other
pollutants such as respirable particulate matter (PM10 and PM2.5), several carcinogenic
compounds (e.g., polycyclic aromatic hydrocarbons, benzene), and aldehydes (Girman et al.
1982; Traynor et al. 1990; Rogge et al. 1993; Moschandreas et al. 1986). This section describes
the primary products of combustion, their potential health impacts, and the thresholds estab-
lished by cognizant authorities.

3.1 Health Effects and Thresholds

Various organizations around the world have established standards and guidelines for
combustion by-products. Some of these have been established in the context of outdoor thresh-
olds but are often applied to indoor environments. The health effects of these pollutants depend
on the concentration and exposure time in addition to other factors such as personal suscep-
tibility.

3.1.1 Carbon Monoxide
Carbon monoxide is an odorless, colorless gas that can cause illness, loss of conscious-

ness, and even death. The most common symptoms of CO poisoning are headache, dizziness,
weakness, nausea, vomiting, chest pain, and confusion. Unless suspected, CO poisoning can
be difficult to diagnose because the symptoms mimic other illnesses. People who are sleeping
or intoxicated can die from CO poisoning before ever experiencing symptoms.

The toxic effects of carbon monoxide are usually associated with acute exposure. However,
low-level exposure to carbon monoxide may produce long-term effects without producing the
typical symptoms associated with acute exposure (HUD 2005).

The U.S. Environmental Protection Agency (EPA) has published National Ambient Air Qual-
ity Standards (NAAQS) on time-weighted CO concentrations (US EPA 2000). The current EPA
primary standards set limits to protect public health, including the health of “sensitive” popula-
tions such as asthmatics, children, and the elderly. EPA has primary standards for an 8-hour
4
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average (9 parts per million [ppm]) and for a 1-hour average (35 ppm). These standards apply
to concentrations in outdoor air; U.S. standards for indoor air have not been set. Health Canada
has residential indoor air quality guidelines for an 8-hour average (10 ppm) and for a 1-hour
average (25 ppm) (Health Canada 2011).TheWorld Health Organization (WHO) uses the same
8-hour value in their guideline as the EPA and applies it to both indoor and outdoor air.The WHO
also has a 1-hour value of 25 ppm (WHO 2000).

3.1.2 Nitrogen Dioxide
NO2 is a potential cause of respiratory disease. The NAAQS set by the U.S. EPA enacted

a primary outdoor standard for NO2 of 100 parts per billion (ppb) for a 1-hour average (EPA
2010). It should be noted that the NAAQS standard is not intended for application to indoor air
but is used as a comparative reference level. The WHO guideline is 110 ppb for a 1-hour aver-
age, which applies to both indoor and outdoor air (WHO 2000). Health Canada has residential
indoor air quality guidelines for a 24-hour average (50 ppb) and for a 1-hour average (250 ppb)
(Health Canada 2011).

3.1.3 Moisture
Dampness in buildings, even in the absence of mold, has been found to have a correlation

with illness, especially respiratory problems (e.g., IOM 2004, Mudarri and Fisk 2007, Fisk et al.
2007). However, moisture is not considered a pollutant in the way that other combustion by-
products are. Whereas less CO and NO2 are always preferable to more, it is not always pref-
erable to have less moisture in the air because of the potential for mucosal irritation.

Fungi grow in water condensed on surfaces and may generate three primary environmental
concerns in buildings: 1) adverse health of occupants, 2) decreased durability of building mate-
rials, and 3) discomfort among occupants. Assessing the indoor environment with regard to
moisture and its impact on these three topics is not straightforward, even regarding what metric
to use. Relative humidity has traditionally been used as a surrogate for water load. ASHRAE
Standard 62-1989 and earlier versions of ASHRAE Standard 55 set an upper limit of 60%
(ASHRAE 1989; ASHRAE 1992), but Standard 55 now has a variable threshold, dependent on
other factors such as temperature, and can be as high as approximately 85% (ASHRAE 2004).
ASHRAE Standard 62.1-2010 recommends 65% relative humidity as a design upper limit
(ASHRAE 2010). ASHRAE Standard 160 provides details on determining the potential for mois-
ture concerns (ASHRAE 2008). With cold surfaces and local higher relative humidities, mold
growth may occur in a room even if the center-of-room relative humidity is well below 70%.
Comparing the dew point of the air to surface temperatures is widely considered a reasonable
approach though this remains unconfirmed by systematic, empiric studies. Unvented combus-
tion can potentially produce a substantial quantity of moisture and affect both comfort and build-
ing durability. Still, in general, if there are moisture problems on building surfaces in localized
areas within the building, the most likely cause is a thermal bridge such as missing insulation,
which should be the target of any remedy. If condensation or other moisture problems are wide-
spread, then the focus of remediation should be on the various sources of moisture found in the
home. Such sources are primarily bulk moisture intrusion through the envelope or water system
leaks, but also include an unvented combustion appliance.

3.1.4 Particles
Many of the particles produced by unvented combustion appliances are ultrafine particles

(i.e., particle diameters of less than 100 nm). Ruiz et al. (2010) measured higher ultrafine parti-
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cle concentrations in homes with unvented combustion compared to those with electric heaters.
Ultrafine particles have recently been linked to health effects such as oxidative damage to DNA
and mortality (Stölzel 2008; Knol et al. 2009; Vinzents et al. 2005). There are currently no stan-
dards or guidelines on ultrafine particles.

4. UNVENTED COMBUSTION EQUIPMENT

This section describes types of unvented combustion equipment and the standards to which
they are held.

4.1 Natural and Propane Gas-Fired Unvented Room and Hearth Heaters

Unvented gas-fired room heaters are designed for permanent installation to a gas piping
system and securely mounted in a fixed position. Various designs include room heaters (e.g.,
infrared and blue-flame) and hearth heaters (e.g., gas logs and fireplaces). These appliances
can have single or multiple heating capacities. They can be either thermostatically or manually
controlled.

In the United States, the industry consensus product safety standard covering unvented
gas-fired unvented room heaters and hearth (fireplace) products is the American National Stan-
dard for Gas-Fired Room Heaters, Volume II, Unvented Room Heaters, ANSI Z21.11.2. Instal-
lation codes, such as the National Fuel Gas Code, require gas-fired unvented space heaters
to be listed to the Z21.11.2 standard. The Z21.11.2 standard applies to newly produced room
heaters for permanent connection to the building fuel supply system. The scope of the standard
limits the size and gas input rate to 40,000 Btu/h (11723 W), except for bedroom and bathroom
installations, where the input rate limitation is reduced to 10,000 and 6,000 Btu/h (2931 W and
1758 W), respectively.

The Z21.11.2 standard requires these appliances to be equipped with a number of safety
devices including an oxygen depletion safety shutoff device (ODS) that is designed to shut off
the gas supply to the main burner when the oxygen level in the surrounding atmosphere is
reduced to not less than 18%. In addition, each certified heater design is tested and evaluated
for combustion and burner operating characteristics. Laboratory combustion testing limits the
emissions of CO to 0.02% air-free, and NO2 to 0.002% air-free. In addition, a heater cannot
produce CO in excess of 0.025% in a room with no air changes occurring during combustion
of the amount of gas necessary to reduce the oxygen content of the room to 15.1% by volume.

4.2 Natural and Propane Gas-Fired Cooking Appliances

Gas-fired residential cooking equipment is inherently unvented. In some cases, range hoods
which are vented to the outside will partially serve the venting function, but range hoods are
installed primarily to vent emissions from the cooking process, e.g., smoke, grease, steam, and
odors. For this reason, where they are required by code, they are required for both electric and
fuel-fired appliances. It should also be noted that many range hoods do not vent to the outdoors,
but are recirculating hoods which are primarily intended to remove grease and other large parti-
cles from the airstream.

In the United States, the industry consensus product safety standard covering gas-fired
cooking appliances is the American National Standard for Household Cooking Gas Appliances,
ANSI Z21.1-2010. National, state, and local codes, such as the National Fuel Gas Code and
6
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the U.S. Manufactured Home Construction and Safety Standard, govern the proper installation
of these appliances.

ANSI Z21.1 standard requires that an appliance shall not produce a concentration of CO in
excess of 0.08 percent in an air-free sample of the flue gases when the appliance is tested in
a room having approximately a normal oxygen supply. ASHRAE Standard 62.2 (ASHRAE 2010)
includes a requirement for local exhaust in the kitchen, which should be operated whenever
cooking appliances are used to assist in the removal of smoke and effluents produced by the
cooking process.

4.3 Portable Kerosene Unvented Room Heaters

In the United States, kerosene-fired unvented room heaters are primarily designed to
provide localized space heating that can be either permanently mounted in a fixed location or
portable and capable of being relocated to different areas of a home as needed. Local codes
typically require that these heaters meet the requirements of the Standard for Unvented Kero-
sene-Fired Room Heaters and Portable Heaters (UL 647-1993). This standard limits the maxi-
mum fuel input rate for fixed-mounted space heaters to 30,000 Btu (31.65 MJ) per hour and
25,000 Btu (26.38 MJ) per hour for portable heaters. The UL 647 standard specifies maximum
levels of certain emissions for the following constituents: CO (air-free) is 0.04% at maximum
burner setting and 0.08% at minimum burner setting; NO2 is 0.0003 in3/Btu (0.005 cm3/kJ) at
all settings. The standard also limits the smoke in the combustion products not to exceed a No.
1 Smoke Spot. This test is similar to the smoke spot test specified in oil-fired heating equipment
for heating fuel oil. Lastly, UL 647 requires portable kerosene heaters to meet a tip test at an
angle of 20 degrees. There are currently five manufacturers that have product listed to UL 647.

The National Kerosene Heater Association, the American Petroleum Institute, and the
Consumer Product Safety Commission recommend only 1-K kerosene be used in these heaters
(CPSC 2001a). The Consumer Products Safety Commission provides additional operating
recommendations for these products (CPSC 2001a).

4.4 Decorative Denatured Alcohol Appliances

In the United States, decorative denatured alcohol burning unvented appliances are
designed primarily for decorative purposes and not intended to provide significant heat to the
living space. These appliances are expected to meet the UL Standard 1370, Outline for
Unvented Alcohol Fuel Burning Decorative Heating Appliances (UL 2011).

UL Standard 1370 requires all floor-mounted appliances to be a minimum width of 36 in.
(91.4 cm) and a minimum weight of 100 lb (45.36 kg). In addition, floor or freestanding appli-
ances are required to be mounted in place. These size, weight, and mounting requirements are
intended to discourage consumers from readily relocating the appliance from its intended loca-
tion. The standard limits the input rate to a maximum 0.25 gallons per hour (0.95 liters per hour)
and the total volume of all fuel reservoirs and combustion chamber to a maximum of 1.3 gallons
(5 liters). There are currently five manufacturers that have product listed to UL 1370. Fuel oils,
kerosene, gasoline, and other non-alcohols are not covered by these requirements.

With respect to combustion emissions testing, the UL Subject 1370 requires a “closed room”
test, whereby the concentration of CO within the room shall not exceed 0.025% and the oxygen
concentration shall not be reduced to 15.1% or less by volume. The standard also requires
combustion testing in an open room whereby the concentration in the combustion gases,
measured air-free, shall not exceed 0.02% of CO or 0.002% of NO2.
7
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5. EMISSIONS AND INDOOR AIR CONCENTRATIONS

This section details measured emission rates and indoor concentrations from published
studies.

5.1 Natural and Propane Gas-Fired Unvented Heaters

A study by Francisco et al. (2010) measured indoor air concentrations in 30 homes that used
unvented gas heaters manufactured since 1980. This study found that 20% of homes exceeded
the EPA and WHO threshold for an 8-hour average CO level of 9 ppm, primarily when they were
used for continuous, extended periods of time. This usage pattern is contrary to industry recom-
mendations, which state that unvented heaters should be used as supplemental heaters, not
primary heaters or for excessive periods of time. The study also showed that 80% of units
produced NO2 levels greater than the WHO 1-hour levels. The same number of units also
exceeded the EPA outdoor standard 1-hour reference level, though the sampling time of 3–4
days is less than the method of test duration of 3 years required by the EPA standard. The EPA
standard was not intended for indoor spaces. ANSI Z21.11.2, which requires that appliances
comply with a maximum NO2 level, was based on a 300 ppb level that had been recommended
by the Consumer Products Safety Commission at the time. Francisco et al. found that 60% of
homes met the 300 ppb for a 1-hour average. (It should be noted that the 300 ppb standard went
into effect after most units in the study had been manufactured.)

Francisco et al. also found that regardless of unvented fireplace usage pattern, the relative
humidity rarely exceeded 50% in 30 homes tested in Central Illinois. Francisco et al. commented
that winter humidity levels in Central Illinois are low. Whitmyre and Pandian (2004) used model-
ing to show that, given assumptions about usage and house characteristics, unvented heating
appliances did not produce enough moisture to result in indoor relative humidity levels that
promote mold growth in United States DOE Climate Zones 2–5, and only in about 5% of cases
in Climate Zone 1.

The potential for moisture concerns in a home is complex. It depends on sources, local venti-
lation, temperature conditions at surfaces, etc. It also depends on the time of year and the mois-
ture-generating processes undertaken at those times of year. Gas-fired cooking appliances
may be used throughout the year, regardless of background humidity levels. Gas-fired heating
equipment will be used primarily in the winter, when conditions are dry in many but not all loca-
tions. All of these factors must be taken into account when assessing the potential for any
source, including unvented combustion, to promote moisture conditions of concern.

Hedrick and Krug (1995) measured emissions from unvented gas-fired space heaters that
used different heat transfer technologies. The different device types are intended to reduce
emission rates of one pollutant or another. A blue-flame heater allows the combustion process
to continue to its natural completion. This results in low CO emissions but the combustion
process’s extended time at high temperature increases NO and NO2 emissions. A radiant tile
heater and a perforated tube heater both impinge the flame onto surfaces, quenching the
combustion. The quenching terminates the production of NO2, but it also terminates the forma-
tion of CO2, resulting in increased CO emissions relative to the blue-flame heater. A fan-forced
heater requires an electrical connection, which the others do not, but the fan allows the design-
ers to better control the combustion and reduce emissions. This unit had low emissions of all
contaminants, but the unit tested was only available in Japan, where use of unvented heaters
is common.
8
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5.2 Cooking Appliances

Past studies have identified cooking as being an important source of indoor pollutants
(Wallace 1996) and have established links to respiratory health impacts (e.g., Jarvis et al 1998;
Wong et al. 2004). However, these studies have not differentiated between pollutants generated
by the fuel combustion process and those produced from the cooking itself.

Traynor et al. (1996) reported on an extensive literature review of residential natural gas
appliance pollutant emission factors including cooking appliances. Most of the data were from
laboratory tests conducted under a variety of conditions. Relative to ovens and broilers, they
found that range burners had similar emission factors for NOx, higher emission factors for CO
and fine particles, and lower emission factors for formaldehyde.

More recently, Singer et al. (2010) analyzed cooking appliances along with other devices as
part of a study aimed at evaluating the impact of natural gas on pollutant emissions. The study
included both laboratory and field tests and found that baseline emissions (with line gas) varied
widely across and within burner groups and with burner operational model. Based on the range
of values for different pollutants, broilers had lower NOx emissions than cooktop burners and
ovens; cooktop burners had higher NO2 emissions than ovens and broilers; broilers had lower
CO emissions, though there were some cooktop burners and ovens with low CO emissions;
ovens had higher formaldehyde emissions than cooktop burners or broilers; and broilers had
the highest particle emissions, with cooktop burners somewhat higher than ovens. Also,
Wallace et al. (2008) reported ultrafine particle emissions from a gas stove cooktop and oven
burners in a test house that ranged from 0.3 x 1012 per minute to 13 x 1012 per minute.

A primary indoor air quality impact of cooking comes from the food itself, which occurs with
both electric and fuel-fired appliances. Fuel-fired appliances will have some additional emis-
sions from the gas combustion.

A number of older studies showed health effects associated with the presence of gas cook-
ing appliances. The cooking appliances all had standing gas pilots, and the health effects may
have arisen primarily from emissions from the pilots which operated continuously.

6. VENTILATION CONSIDERATIONS

In addition to fuel, the operation of any combustion system requires the provision of oxygen
and the removal of products of combustion. At a basic level, these processes are required
simply to allow combustion to occur. For an unvented combustion appliance, the provision of
oxygen occurs by drawing in room air to the combustion zone, and the products of combustion
are dispersed into the room. Over time, without providing adequate make-up, combustion, and
ventilation air, the oxygen in the room is consumed and the concentration drops, while products
of combustion accumulate with concentrations increasing. The result is decreasing indoor air
quality.

Ventilation of the room is one means by which this decrease in indoor air quality can be
controlled. Ventilation of the room provides outdoor air, including oxygen, to replace the oxygen
that is consumed. Additionally, ventilation removes air from the space, including the products
of combustion.

The indoor air quality in a space containing an unvented combustion appliance is thus deter-
mined by two primary factors: pollutant emission rates and the ventilation rate. Emission rates
are the time-averaged amount of fuel combustion (fuel input rate × fractional on-time) multiplied
by the individual emission factors for the specific contaminants. Volume of the space is a
9
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secondary factor which affects the indoor air quality level for dynamic (non-steady state)
processes, which includes most real world applications.

Of the factors that affect indoor air quality, in general, only two are under the control of the
user. The on-time of the appliance is controlled by the user, either directly or through the setting
of a thermostatic control. The ventilation rate is also controllable, in some circumstances and
to some extent, by the user. This control might be through window opening, or through ensuring
that a primary ventilation system is operating. Excessive appliance operation will increase the
amount of contaminants in the space, degrading the air quality. Provision of adequate ventilation
will provide air for proper combustion, remove contaminants, and improve air quality.

A key component of high quality installation is ensuring that a space has adequate ventila-
tion and make-up air. If the provision of adequate ventilation is dependent on the operation of
fans, windows, or doors, etc., then it is critical that the user has access to these and understands
their proper use. Failure to provide adequate ventilation can result in elevated contaminant
concentrations and increase the risk of poor indoor air quality, health impacts, water conden-
sation, and other adverse consequences.

7. POSITIONS OF OTHER COGNIZANT AUTHORITIES

While treatment of these devices under U.S. building codes has been addressed above, it
is helpful to consider the positions of other knowledgeable governmental and private bodies that
have published documents addressing this issue. In some cases, a single agency has
addressed the issue in more than one document. Typically, these documents do not include
technical analysis detailing the reasons for the various positions and recommendations.

In Publication 466 Carbon Monoxide Fact Sheet (CPSC 2001b), the U.S. Consumer Product
Safety Commission (CPSC) recommends making sure appliances are installed and operated
according to the manufacturer’s instructions and local building codes; installed by qualified
professionals; having heating systems professionally inspected and serviced annually to
ensure proper operation; never operating unvented fuel-burning appliances in any room where
people are sleeping; installing CO alarms in all homes; never using gas appliances such as
ranges, ovens, or clothes dryers to heat a home; and not covering the bottom of natural gas or
propane ovens with aluminum foil. Additionally, in Publication 450 The Inside Story A Guide to
Indoor Air Quality (CPSC 2001a), CPSC recommends taking special precautions when oper-
ating fuel-burning unvented space heaters, installing and using exhaust fans over gas cooking
stoves and ranges, and keeping the burners properly adjusted.

The U.S. EPA Energy Star with Indoor Air Package does not permit decorative gas logs or
unvented combustion appliances except for kitchen-type cooking devices which are required to
have exhaust ventilation like all cooking appliances (EPA 2007). In the Inside Story: A Guide to
Indoor Air Quality, the EPA recommends taking “special precautions” when operating unvented
space heaters (including opening a window and a door to the rest of the house) and suggests
consumers consider purchasing a vented space heater when replacing an unvented one (EPA
1993). The U.S. Department of Housing and Urban Development (HUD) also advises occu-
pants to open a window when using unvented heaters or vent-free fireplaces and warns not to
use them while sleeping (HUD 2003). Additionally, HUD recommends having CO alarms in all
homes, whether or not there are unvented devices.

The U.S. Department of Energy’s (DOE) Building America program has published best prac-
tice handbooks that recommend not using “non-vented” combustion appliances except for
cooking appliances (US DOE 2012).
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In addition, a few non-governmental entities have taken relevant positions on unvented
combustion appliances. For example, the U.S. Green Building Council’s LEED for Homes
Rating System (USGBC 2008) allows no unvented combustion heating appliances as a prereq-
uisite. In a March 2005 Consumer Reports article (CU 2005), the Consumers Union repeats
many of the same recommendations as governmental bodies such as making a vented appli-
ance a preferred choice, observing sizing guidelines, limiting usage, opening a window in the
space, and using CO alarms with any combustion appliance.

The New York State Department of Health (NYSDH) does not make the same recommen-
dations as the aforementioned agencies (NYSDH 2000). The NYSDH does warn that unvented
gas heaters should be installed by a professional, should not be oversized, should be inspected
and serviced regularly, and should never be used as a main heat source, even during power fail-
ures.

8. RECOMMENDATIONS

• Users should properly operate unvented appliances installed in the home and get an
annual inspection by a qualified service technician.

• A public education program should be developed that reinforces the health and safety
information contained in industry literature.

• Unvented appliances should not be used as the primary/sole source of heating.
• Consumers who want to reduce the risk of adverse health effects due to exposure to com-

bustion products should not use unvented appliances.
• CO alarms should be installed in all homes regardless of heating fuel type.
• Gas cooking appliances with electronic ignition should be selected when possible.
• Permanently mounted unvented combustion appliances should be installed according to

manufacturers installation instructions and local codes and performed by a qualified
installer.

• A reassessment of ventilation should be made when air-sealing measures have been
implemented to a building containing an unvented appliance, with ventilation added when
appropriate.

• Unvented gas-fired room heaters listed to a pre-1983 edition of ANSI Z21.11.2 and not
equipped with an Oxygen Depletion Safety (ODS) device should be replaced immediately.

• Unvented kerosene room heaters should be removed unless listed to UL 647 and new
installations should be avoided unless future research demonstrates adequate indoor air
quality when they are used.

• Unvented denatured alcohol appliances should be removed unless listed to UL 1370 and
new installations should be avoided unless future research demonstrates adequate indoor
air quality when they are used.

• Research should be performed that investigates the effects of unvented space heater
combustion on indoor air quality in residential buildings. Particular questions of interest
include:

1. the suitability of the ANSI Z21.11.2 emission standards for NO2
2. the performance of units subject to ANSI Z21.11.2-2005 or later in the field with regard

to NO2
3. particle emissions and their effect
11
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• Research should be performed on kerosene and denatured alcohol appliance emissions
and resulting indoor air quality.

• Research should be performed that investigates the effects of gas cooking combustion on
indoor air quality in residential and commercial buildings.

• Particular questions of interest include:

1. disaggregating the gas combustion from the cooking process
2. emissions of NO2, CO, and particles from modern units
3. differences between range top cooking compared to oven cooking

• Industry sizing and installation guidance should be revisited in light of changes in housing
stock.

• Code- and standard-making entities should require installers to be certified.
• Appliance standards should be reviewed and updated as needed in light of more recent

understanding and standards/guidelines on acceptable levels of NO2.
• Appliance standards should be reviewed and updated as needed in light of evidence that

extended use is not uncommon and can result in unacceptable levels of CO, with consid-
erations made to incorporating controls that prevent excessive durations of uninterrupted
operation. These standards should also require that product information include language
on the risks from extended use.

• Ventilation standards, particularly those concerned with residential buildings, should con-
sider addressing unvented combustion appliances and establishing appropriate technical
requirements.
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Environmental Health Committee (EHC) Emerging Issue Brief: 

Potential Microbial Contaminants in Biowall Water and Soil Systems 

What is the issue? 

Potential Benefits 

Increasingly, plant-based features called biowalls, or greenwalls, are being installed in buildings 
as architectural features (Arsenault and Darlington, 2013). Biowall systems can be passive, 
consisting of potted plants arranged vertically on a wall, and may include both automated watering 
and lighting systems. Biowall technologies can also be active, with air pushed or pulled through 
the soil media, which can humidify and clean the air (Wang and Zhang, 2011; Abdo, 2017). Active 
biowalls can be installed as stand-alone recirculation units or as part of the supply or return air in 
a mechanical ventilation system (Aydogan, 2012; Soreanu et al., 2013; Torpy et al., 2015). 

While the mechanisms of air cleaning in biowall systems continue to be investigated (Wolverton 
et al., 1989; Wood et al., 2006; Yang et al., 2009; Kim et al., 2010; Wang et al., 2012; Llewellyn 
and Dixon, 2011; Kim et al., 2016), removal efficiency testing demonstrates these systems can 
reduce concentrations of volatile organic compounds (VOCs, Darlington et al., 2001; Orwell et al, 
2006; Tarran et al., 2007; Guieysse et al., 2008; Irga et al., 2013; Waring, 2016; Torpy et al., 
2017) and particulate matter (Pettit et al., 2017; Irga et al., 2017b). There are also psychological 
benefits (e.g. mood) associated with exposure to nature (Brooks et al., 2017; De Young et al., 
2017; Frumkin et al., 2017; Korpela et al., 2017; Wyles et al., 2017; Zhang et al., 2017). 

Potential Risks 

Investigations have demonstrated how soil microbial communities respond to VOC absorption 
(Orwell et la., 2004; Huang et al., 2012; Irga et al., 2013; Russel et al., 2014; Weyens et al., 2015; 
Sriprapat and Strand, 2016) however, there are currently no studies describing or quantifying the 
potential for pathogen proliferation and transmission in biowall water and soil systems. There is a 
lack of knowledge about how commercially available biowall water systems are designed to limit 
water- and soil-borne pathogen proliferation and how these systems are tested to ensure they 
operate as intended. While fungal bioaerosol emissions from biowalls were found to be low in 
previous studies, the potential for bacterial emissions from biowall systems has not be 
characterized and the emission rates of microbes from biowalls remain poorly parameterized 
(Zhang et al., 2010; Mahnert et al., 2015; Irga et al., 2017b). Further, many treatment approaches 
for controlling microbial contaminants may not be conducive with use in a plant watering system 
(e.g. chlorination, high water temperature, ozone; Prussin et al., 2017).  

Given the long history of Legionella outbreaks associated with aerosolization of the pathogen 
from water-based building features (Prussin et al., 2017), it is critical that the potential for 
transmission of water-borne pathogens from biowalls be characterized. Other water- and soil-
borne pathogens, such as nontuberculosis mycobacteria, are also of concern (Johnson and Odell, 
2014). Active biowalls are of specific interest, as the potential for aerosolization of microbes from 
contaminated water and soil is suspected to be higher with this design.  

What does it mean to ASHRAE? 

Biowall systems are being considered by building engineers as a component in the humidification 
and air cleaning strategies in buildings. As other architectural features with water systems have 
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repeatedly been implicated in outbreaks of water-borne pathogens, such as Legionella, it is 
imperative to assess the potential for biowalls to act as a reservoir and vector for water- and soil-
borne pathogen transmission in buildings.  

What action should be considered? 

As biowalls are a relatively new technology, it is important that ASHRAE actively participate in 
expanding the scientific understanding of the health and safety concerns associated with biowall 
water and soil systems. To accomplish this, ASHRAE should: 

1. Develop an understanding of the range of biowall designs, specifically a description of water, 
soil, and air movement systems, and how these systems are treated to reduce the risk of 
water- or soil-borne pathogen proliferation. 

2. Develop an understanding of the risk of microbial contamination and pathogen transmission 
from active and passive biowall systems. 

3. Develop an emission rate parameterization for the aerosolization of particles and bioaerosols 
(e.g. bacterial and fungal) from biowall systems. 

4. Develop recommendations for the design, management, and cleaning of biowall systems in 
buildings, specifically biowall water and soil systems, to reduce the risk of water- and soil-
borne pathogen proliferation and transmission. 

5. Develop recommendations for how biowall systems can be safely leveraged by architects and 
building engineers as architectural features and possibly supplemental humification and air 
cleaning systems. 

References 

1. Arsenault PJ, Darlington A. Hydroponic Living Plant Walls: Creating reliable living indoor environments. 
McGraw-Hill Construction – Continuing Education. 2014. 

2. Wang Z, Zhang JS. Characterization and performance evaluation of a full-scale activated carbon-based 
dynamic botanical air filtration system for improving indoor air quality. Building and Environment. 2011, 46: 
758-768. 

3. Abdo R. Living Wall Retrofit. ASHRAE Journal. 2017, 59(4): 72-78. 
4. Aydogan A. Building-Integrated Active Modular Phytomediation System. PhD Thesis, Rensselaer Polytechnic 

Institute. 2012. 
5. Soreanu G, Dixon M, Darlington A. Botanical biofiltration of indoor gaseous pollutants – A mini-review. 

Chemical Engineering Journal. 2013; 229: 585-594. 
6. Torpy FR, Irga PJ, Burchett MD. Chapter 8: Reducing Indoor Air Pollutants Through Biotechnology. 

Biotechnologies and Biomimetics for Civil Engineering. 2015. 
7. Wolverton BC, Johnson AJ, Bounds K. Interior Landscape Plants for Indoor Air Pollution Abatement. NASA, 

MS 39529-6000. 1989. 
8. Wood RA, Burchett MD, Alquezar R, Orwell RL, Tarran J, Torpy F. The Potted-Plant Microcosm Substantially 

Reduces Indoor Air VOC Pollution: I. Office Field-Study. Water, Air, and Soil Pollution. 2006; 175: 163-180. 
9. Yang DS, Pennisi SV, Son K-C, Kays SJ. Screening Indoor Plants for Volatile Organic Pollutant Removal 

Efficiency. HortScience. 2009; 44(5): 1377-1381. 
10. Kim KJ, Jeong MI, Lee DW, Song JS, Kim HD, Yoo EH, Jeong SJ, Han SW. Variation in Formaldehyde 

Removal Efficiency among Indoor Plant Species. HortScience. 2010; 45(10): 1489-1495. 
11. Wang Z, Pei J, Zhang JS. Modeling and simulation of an activated carbon-based botanical air filtration system 

for improving indoor air quality. Building and Environment. 2012; 54: 109-115. 
12. Llewellyn D, Dixon M. 4.26 –Can Plants Really Improve Indoor Air Quality? Reference Module in Life Sciences, 

Comprehensive Biotechnology (Second Edition). 2011; 4: 331-338. 
13. Kim KJ, Kim HJ, Khalekuzzaman M, Yoo EH, Jung HH, Jang HS. Removal ratio of gaseous toluene and 

xylene transported from air to root zone via the stem by indoor plants. Environ Sci Pollut Res. 2016; 23(7): 
6149-6158.  

EHC Minutes 18.W - Attachment F



14. Darlington AB, Dat JF, Dixon MA. The Biofiltration of Indoor Air: Air Flux and Temperature Influences the 
Removal of Toluene, Ethylbenzene, and Xylene. Environmental Science and Technology. 2001; 35: 240-246. 

15. Orwell RL, Wood RA, Burchett MD, Tarran J, Torpy F. The Potted-Plant Microcosm Substantially Reduces 
Indoor Air VOC Pollution: II. Laboratory Study. Water, Air, and Soil Pollution. 2006; 177: 59-80. 

16. Tarran J, Torpy FR, Burchett MD. Use of living pot-plants to cleanse indoor air – research review. Proceedings 
of Sixth International Conference on Indoor Air Quality, Ventilation & Energy Conservation in Buildings – 
Sustainable Built Environment, Sendai, Japan. 2007; Volume III: 249-256. 

17. Guieysse B, Hort C, Platel V, Munoz R, Ondarts M, Revah S. Biological treatment of indoor air for VOC 
removal: Potential and challenges. Biotechnology Advances. 2008; 26: 398-410. 

18. Irga PJ, Torpy FR, Burchett MD. Can hydroculture be used to enhance the performance of indoor plants for 
the removal of air pollutants? Atmospheric Environment. 2013; 77: 267-271. 

19. Waring, MS. Bio-walls and indoor houseplants: Facts and Fictions. Microbiomes of the Built Environment: 
From Research to Application, Meeting #3. University of California, Irvine. 2016. 

20. Torpy F, Clements N, Pollinger M, Dengel A, Mulvihill I, He C, Irga P. Testing the single-pass VOC removal 
efficiency of an active green wall using methyl ethyl ketone (MEK). Air Quality, Atmosphere & Health. 2017. 

21. Pettit T, Irga PJ, Abdo P, Torpy FR. Do the plants in functional green walls contribute to their ability to filter 
particulate matter? Building and Environment. 2017; 125: 299-307. 

22. Irga PJ, Paull NJ, Abdo P, Torpy FR. An assessment of the atmospheric particle removal efficiency of an in-
room botanical biofilter system. Building and Environment. 2017; 115: 281-290. 

23. Brooks AM, Ottley KM, Arbuthnott KD, Sevigny P. Nature-related mood effects: Season and type of nature 
contact. Journal of Environmental Psychology. 2017, 54: 91-102. 

24. De Young R, Scheuer K, Brown T, Crow T, Stewart J. Some Psychological Benefits of Urban Nature: Mental 
Vitality from Time Spent in Nearby Nature. Advances in Psychological Research. 2017, 116 (Chapter 4). 

25. Frumkin H, Bratman GN, Breslow SJ, Cochran B, Kahn PH Jr., Lawler JJ, Levin PS, Tandon PS, Varanasi U, 
Wolf KL, Wood SA. Nature Contact and Human Health: A Research Agenda. Environmental Health 
Perspectives. 127(7): 075001. 

26. Korpela K, Nummi T, Lipiainen L, De Bloom J, Sianoja M, Pasanen T, Kinnunen U. Journal of Environmental 
Psychology. 2017, 52: 81-91. 

27. Wyles KJ, White MP, Hattam C, Pahl S, King H, Austen M. Are Some Natural Environments More 
Psychologically Beneficial than Others? The Importance of Type and Quality in Connectedness to Nature and 
Psychological Restoration. Environment and Behavior. First Published October 31, 2017. 

28. Zhang X, Lian Z, Wu Y. Human physiological responses to wood indoor environment. Physiology & Behavior. 
2017, 174: 27-34. 

29. Orwell RL, Wood RL, Tarran J, Torpy F, Burchett MD. Removal of Benzene by the Indoor Plant/Substrate 
Microcosm and Implications for Air Quality. Water, Air, and Soil Pollution. 2004; 157; 193-207. 

30. Huang W-H, Wang Z, Choudhary G, Guo B, Zhang J, Ren D. Characterization of microbial species in a 
regenerative bio-filter system for volatile organic compound removal. HVAC&R Research. 2012; 18(1-2): 169-
178. 

31. Russell JA, Hu Y, Chau L, Pauliushchyk M, Anastopoulos I, Anandan S, Waring MS. Indoor-Biofilter Growth 
and Exposure to Airborne Chemicals Drive Similar Changes in Plant Root Bacterial Communities. Applied and 
Environmental Microbiology. 2014; 80(16): 4805-4813. 

32. Weyens N, Thijs S, Popek R, Witters N, Przybysz A, Espenshade J, Gawronska H, Vangronsveld J, Gawronski 
SW. The Role of Plant-Microbe Interactions and Their Exploitation for Phytoremediation of Air Pollutants. Int 
J Mol Sci. 2015; 16(10): 25576-25604. 

33. Sriprapat W, Strand SE. A lack of consensus in the literature findings on the removal of airborne benzene by 
houseplants: Effect of bacterial enrichment. Atmospheric Environment. 2016; 131: 9-16. 

34. Zhang J, Wang Z, Ren D. Myths and Facts: Botanical Air Filtration. ASHRAE Journal. 2010; Dec: 138-140. 
35. Mahnert A, Moissl-Eichinger C, Berg G. Microbiome interplay: plants alter microbial abundance and diversity 

within the built environment. Front Microbiol. 2015; 6: 887.  
36. Irga PJ, Abdo P, Zavattaro M, Torpy FR. An assessment of the potential fungal bioaerosol production from an 

active living wall. Building and Environment. 2017; 111: 140-146. 
37. Prussin AJ II, Schwake DO, Marr LC. Ten questions concerning the aerosolization and transmission of 

Legionella in the built environment. Building and Environment. 2017; 123: 684-695. 
38. Johnson MM, Odell JA. Nontuberuclosis mycobacterial pulmonary infections. Journal of Thoracic Disease. 

2014, 6(3): 210-220. 

EHC Minutes 18.W - Attachment F



Environmental Health Committee ‐ Programs Tracker

Conference ‐ Long Beach www.ashrae.org/longbeach Tracks
Type Track Lead for EHC Alternate Co‐Sponsor? Session Name Speakers 1 Systems and Equipment Franck Schambach
Accepted 2 Fundamentals and Applications

Debate 3 7 Wane Baker College of Fellows Environmental Health is of Little Concern to the Designer.
Larry Spielvogel, Katherine Hammock, 
Larry Schoen, Bill Bahnfleth, Don Beaty, 

Tuesday 1:30 in Adams L6 3 Standards, Guidelines and Codes Dennis Alejandro

Seminar 19 3 TC 3.6 Y to TC 3.6
Navigating The Changing Landscape of Regulations, Codes and "Best Practices" Around Legionella 
and Building Water Safety

Joshua Ince, Janet Stout, William 
Pearson, Time Keane 

Monday 8am, Chicago Room 4 Earth, Wind & Fire

5 Transportation IAQ and Air Conditioning

Submitted Not Accepted 6 Tall Buildings

Panel 2.3
SSPC 62.1 / SSPC 
145/ 2.9 / TRG4

The Effectiveness of Electronic Air Cleaners Against VOCs and Other Gaseous Chemical 
Contaminants

Not selected ‐ not sure we were 
aware we were co‐sponsor?

7 Modeling Throughout the Building Life Cycle Jennifer Leach

workshop/seminar 62.1 Erica  62.1 and the IAQ Procedure: Myths and Misapplications Rectified co‐sponsor only 8 Heat Exchange Equipment Vikrant Aute

Debate 3 TC 3.6 Wade Conlan Std 188, Guideline 12
Mock Trial: Importance of a Water Management Plan
  Done 2 ways with and without WMP

TC 3.6 has all speakers and it is Co‐
Sponsorship only

9 Refrigerant Mini Track @ Expo

10 Residential Mini Track @ Expo

Not Submitted

Seminar 3 Lucas
Guideline 12 and 188 ‐ same as submitted for Vegas   ‐  Real World Risk Management for 
Legionellosis: Operating and Designing for ASHRAE Standard 188

Carrie Anne Crawford

Seminar 9 Kevin Kennedy Neil Leslie Residential Energy Retrofits ‐ IAQ in Existing Homes
Kevin Kennedy suggested a few names 
including Dave Jacobs

Alan Neely

Panel 6 Wade Conlan
Wane Baker
Luke Leung

9.12?

Impact of High Rises on the Environmental Health for Occupants
       Chicago survey via Luke
       Singapore study via Chandra
       188 and Water ‐ Janet or Bill?
        Council on Tall Bldgs in Urban Habitat ‐ Hans?

Seems Like Luke is presenting his piece 
in Seminar 11 on Sunday at 1:30

Wade to work with group to get lined 
up ‐ if still required?

Melanie Derby

Seminar 3 Andy Persily 189?
Indoor Enviromental Quality in Green Building Standards: Low Energy Use and High Occupant 
Satisfaction

Andy to determine Dennis Alejandro

Seminar TC 1.12 Lan Chi
Airplane Humidification and Impact on IEQ
    Boeing 787

co‐sponsor only Jason DeGraw

Kim Pierson
Ann Peratt

Conference ‐ Houston  2018 www.ashrae.org/houston
Type Track Lead Alternate Co‐Sponsor? Session Name Speakers Action

Debate 1 Jeff Siegel

IAQ Solutions for Cannabis

 ‐ lack of research  Pro ‐ Good or Bad for ASHRAE Members
Is Cannabis Legalization good for ASHRAE Members
The highs and lows of Canabis Legalization for ASHRAE Members.

Bud Offerman
need to see if CEC will cover 
travel for non‐ASHRAE member

Tracks Cindy Moreno ‐ Conference Prog

Seminar 5 Jeff Siegel Paul Fansisco Energy Retrofits ‐ IAQ in Existing Homes
Kevin Kennedy suggested a few names 
including Dave Jacobs

RESUBMIT ‐ WADE TO GET 
ORIGINAL TO KEVIN

1 HVAC&R Systems and Equipment Frank Schambach

Forum 1 or 2 Don Snell Wade Conlan
First Do No Harm, A Contractor’s Risks When Their Work & Standard of Care Involve Environmental 
Health 

Don Snell EHC co‐sponsor? 2 Fundamentals and Applications
Dennis Alejandro

Seminar 4 Wade Neil Little
Residential Buildings 
Committee
IAQA?

Impact of Flooding on Your Building

Reach out to IAQA with restoration ‐ war stories (Elliott has IAQA name)
Proactive hardening of systems
what was the impact

Follow up if selected is ‐ solutions

TBD Need speakers 3 District Energy and Cogeneration Plants

Kim Pierson

Debate 2 or 4 Luke Leung as 9.12 EHC Are people healthier in Tall Buildings?    EHC as co‐sponsor
need speakers ‐ Chandra will 
check with his Vice Dean

4 Safeguarding Your HVAC&R System
Rich Rose

Debate / Seminar
Wayne Thomann
62.1

EHC

Achieving acceptability in minim adverse health effects through ventilation: what you thought you 
knew
    Airborne Disease Transmission
    Vent Health
     Best practice of guidelines

just co‐sponsor EHC co‐sponsor? 5 Residential – Modern Buildings in Hot and Humid Climates

Dimitris Charalambopoulos
EIB  Larry Schoen ENDS and ENNDS 6 Professional Skills Kevin Marple

seminar Kishor as MTG EHC
Air Change Rate and Ventilation Effectiveness MTG ‐ seminar for Houston

Commercial IAQ, Labs, HC, Cleanroom

Chandra, Wei Sun, Brendon Burley as 
potential speakers

EHC co‐sponsor? 7 Research Summit
Melanie Derby

Eric Adams or 
Mark Jackson

EHC

IEQ Interactions – When does 3+3=10?

GPC 10 ‐ Forum ‐ Indoor Environmental Quality Interactions when does 3 + 3 = 10
  talk about different interaction in a building and how it impacts occupants ‐ more research, 
pulication needed?

EHC co‐sponsor? 8 HVAC&R Control Freaks

Gary Debes

TBD Erica Stewart
Legionella ‐ new standard

Will confirm with 188 after they are done
See if there are any to co‐sponsor 9 HVAC&R Analytics

Debate 3 TC 3.6 Wade Conlan Std 188, Guideline 12
Mock Trial: Importance of a Water Management Plan
  Done 2 ways with and without WMP

TC 3.6 has all speakers and it is Co‐
Sponsorship only

TC 3.6 evaluate if they are going 
to re‐submit

Forum on IAQ Hoy Bohanon on the Guideline for best practices ‐ Sunday at 1pm at 62.1 meeting June 24th Info ONLY

Conference ‐ Atlanta 2019 ‐ Winter www.ashrae.org/chicago
Type Track Lead for EHC Alternate Co‐Sponsor? Session Name Speakers
Workshop Marwa Zaatari Wayne Thomann EHC to 62.1 / 62.2 Human Contributions to Contaminants in the Indoor Environment Andy Persily, Pawel Wargocki Pushing to ATL with new research

Vikrant Aute
Tracks

1 HVAC&R Systems and Equipment
Future Locations 2 Fundamentals and Applications

2019 Annual Kansas City 3 Refrigeration
2020 Winter Orlando 4 Construction, Operation, and Maintenance of High Performing Systems
2020 Annual Austin, TX 5 Common System Options and Misapplications

Past Presentations 6 207.2 (55+62.1+90.1) The Convergence of Comfort, IAQ, and Energy Efficiency
Type Confernce Session Name 7 Building Integrated Renewables and Natural Systems
Sem 10 Orlando 2016 Legionella Codes, Standards and Guidelines 8 The Engineer's Role in Architecture
Sem 19 Orlando 2016 Standards Application: Legionella in Building Water Systems Corey Metzger
Sem 51 Orlando 2016 Electronic Cigarettes: An emerging Issue for ASHRAE Ashish Rakheja
Sem 60 Orlando 2016 Do you know what you are breathing?  Contaminants of Emerging Concern Dimitris Charalambopoulos
Sem 26 Las Vegas 2017 Small Stuff, Big Problems: Origins and Exposures to nanoparticles
Sem 57 Long Beach 2017 Dampness and Mold in Homes: Update on Health Effects and Environmental Assessments that are Useful for Physicians
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EHC Research Roadmap
Rank Topics Ave 

Score 
Sources Past or Ongoing   

ASHRAE Projects 
Gap 
Identification 

Grp 1: HVAC and infectious disease transmission 
1 General role of HVAC (ventilation, RH and temp) in 

spread of infectious disease transmission. 

Role of HVAC in spread of infectious diseases - Develop 
a strategic research agenda to address the role of HVAC 
systems in the spread of infectious disease 

Understand the role of ventilation, filtration, UVGI or 
other air treatment, temperature and humidity in 
transmission of communicable respiratory diseases 
such as influenza and common colds  

84.3; 

82.4 

Indoor Air Quality 

(Position 
Document); 

Airborne Infectious 
Diseases (Position 

Document); 

RP-776 -- Investigate and Identify Means of 
Controlling Virus in Indoor Air by 
Ventilation, Filtration Or Source Removal 
(1993) 

RP-397 -- The Effect of Indoor Relative 
Humidity on Survival of Airborne 
Microorganisms and the Related 
Absenteeism in Schools (1985) 

2 Filtration and UVGI as engineering control/control 
practice to reduce infectious disease transmission. 

Understand the role of ventilation, filtration, UVGI or 
other air treatment, temperature and humidity in 
transmission of communicable respiratory diseases 
such as influenza and common colds  

Conduct studies on engineering controls to reduce 
infectious disease transmission, particularly. Table 3 
summarizes the control strategies available and the 
occupancy categories in which these controls can be 
used. The research priority for each control is provided. 
Filtration and UVGI controls research are given top 
priority because less is known about how these controls 
can be applied in buildings and HVAC systems to 
decrease disease events.  

ASHRAE should consider implementing an investigation 
into current evidence based infection control practices 

82.4; 

80. 6;

67.7. 

Indoor Air Quality 
(Position 

Document); 
Airborne Infectious 

Diseases (Position 
Document); 

Biological Agents 

in Context of 
Globalisation and 

Pandemic 
Influenza and 

Airborne 
Transmission 

(Emerging Issue) 

RP-1509 -- Study the Degradation of 
Typical HVAC Materials, Filters and 
Components Irradiated by UVC Energy 
(2010) 

RP-12 -- Air Sterilization by Solid Sorbents 
(1958) 
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to provide its membership a greater appreciation and 
understanding of such in order to support the necessary 
guidance required to prevent risk of infection from 
airborne transmission within these identified facilities. 

3 Reduced energy footprint of buildings impact on 
infectious disease transmission. 
 
Further research be conducted to understand how 
reducing the energy footprint of buildings will impact 
infectious disease transmission 

70.8 Biological Agents 

in Context of 
Globalisation and 

Pandemic 

Influenza and 
Airborne 

Transmission 
(Emerging Issue) 

  

4 Disease transmission and risk factor research in the 
built environments 

67.7 Vector Borne 

Disease, Climate 
Change and the 

Challenges to 
ASHRAE 

(Emerging Issue) 

  

Grp 2: Impacts of ventilation rate on health and performance  

1 Impact of ventilation rates on work and people’s 
health, especially in other climates 
 
Relationships of ventilation rates to people’s health 
and work and school performance. 
 
Expand the scope of studies on the relationship 
between ventilation rates and health to more diverse 
regions of the world, particularly in buildings in hot and 
humid climates where a significant fraction of global 
population is found. Special attention should be paid to 
the different ways indoor environments are ventilated 
and conditioned. These studies should include all the 
building types where people spend extensive time. In 
this context, there is a growing need to address the 
challenges presented by increasing pressures from 
sustainability and energy considerations. 

81.0 
 
79.2 

URP 1443  

 

Indoor Air Quality 
(Position 

Document) 

RP-1443 -- Ventilation Rates and Health: 
Report of an Interdisciplinary Review of the 
Scientific Literature (2007) 

 

2 Impact of ventilation on health in building with 
outdoor pollution 
 

77.8 URP 1443   
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There is a need to examine the health effects of 
ventilation in locations with highly polluted outdoor 
air, especially those with high concentrations of PM2.5 
and ozone. 

3 Impact of ventilation rates on work and school 
performance 
 
Relationships of ventilation rates to people’s health and 
work and school performance 
 
Schools, day care centres and homes need to be 
studied more extensively everywhere. 

81.0 
 
 

76.3 

URP 1443 

 
 

URP 1443 

RP-1257 -- Indoor Environmental Effects 
On The Performance Of School Work By 
Children (2009) 

 
RP-700 -- Determine and Test Research 
Protocols for Evaluating the Relationship 
Between HVAC Systems and Productivity 
(1996) 

 

 

 

4 Ventilation in operating rooms   RP-202 -- Ventilation Requirements in 
Operating Rooms (1984) 

 

Grp 3: Impacts of air-conditioning and health 

1 Etiology of Building Related Symptoms in Air-
conditioned Buildings 
 
A long-standing question is why Building-related 
symptom (BRS) rates (also often referred to as SBS 
symptom prevalence rates) are higher in air-
conditioned buildings than in buildings without air-
conditioning. Air flow rate is important, not type of 
system, but cooling and humidification may introduce 
problems... In the largest study of ventilation (?), the 
Northern Sweden Office Illness Study the most healthy 
buildings had mechanical exhaust and supply systems.. 
what was important was the outdoor air flow rate, not 
the type of system (but we do not have cooling and 
humidification in northern Sweden!). So air 
conditioning may be the problem (cooling and 
humidification), not the mechanical system  
 
Study the reasons for the apparent increase in risks of 
health symptoms in buildings with air conditioning 

77.3 
 
 
 

74.5 

BRS and 
mechanical 

ventilation/air flow 
rate (EHC 

Discussion) 

 
Indoor Air Quality 

(Position 
Document) 

RP-142 -- Relating Indoor Pollutant 
Concentrations of Ozone and Sulfur Dioxide 
to Those Outside (1981) 

 
RP-93 -- Effects of Air Conditioning 
Equipment on Pollution in Intake Air (1970) 

 

EHC Minutes 18.W - Attachment H 

http://www.techstreet.com/ashrae/products/1714963
http://www.techstreet.com/ashrae/products/1714963
http://www.techstreet.com/ashrae/products/1714963
http://www.techstreet.com/ashrae/products/1715195
http://www.techstreet.com/ashrae/products/1715195
http://www.techstreet.com/ashrae/products/1715195
http://www.techstreet.com/ashrae/products/1715022
http://www.techstreet.com/ashrae/products/1715022
http://www.techstreet.com/ashrae/products/1715001
http://www.techstreet.com/ashrae/products/1715001
http://www.techstreet.com/ashrae/products/1715001
http://www.techstreet.com/ashrae/products/1715253
http://www.techstreet.com/ashrae/products/1715253


2 Impact of Split System Air Conditioning Equipment on 
Health 
 
A cross section study of the health effects in a targeted 
population 

62.5 

Ventilation, 

Humidity Control 
and Health Effects 

in Buildings using 

Split System Air 
Conditioning 

Equipment (EHC 
Discussion) 

RP-1449 -- Energy Efficient and Cost 
Assessment of Humidity Control Options 
for Residential Buildings (2013) 

 

3 Temp and humidity effects on PAQ – air contaminated 
by materials 

  

RP-695 -- Effects of Temperature And 
Humidity On Perceived Indoor Air Quality, 
Phase I: Air Contaminated By Materials 
(1995) 

 

4 IAQ in office buildings 

  

RP-525 -- Indoor Air Quality Evaluations of 
Three Office Buildings (1989) 

 
RP-124 -- Methods of Improving Air 
Quality in Air Conditioned Spaces (1972) 

 
RP-86 -- Field Study of Air Quality in Air 
Conditioned Spaces (1970) 

 

5 Removal and control of hazardous gases and vapors in 
hospital labs 

  

RP-313 -- Design Criteria and Methods of 
Removal and Control of Certain Potentially 
Hazardous Gases and Vapors in Hospital 
Labs (1982) 

 

6 PAQ – odor intensity and time-course olfactory 
adaptation 

  

RP-108 -- Perception of Odor Intensity and 
the Time-Course of Olfactory Adaptation 
(1973) 

 
RP-74 -- Odor Identification in Occupied 
Spaces (1969) 

 

Grp 4: Thermal Comfort and Health/Performance  

1 Occupant responses and energy use with moderately 
drifting temperatures 

  

RP-1269 -- Occupant Responses and Energy 
Use in Buildings with Moderately Drifting 
Temperatures (2009) 

 

2 Low Humidity and human exposures 

  

RP-1160 -- Limited Criteria for Human 
Exposure to Low Humidity (2002) 

 

3 Window performance for human thermal comfort 

  

RP-1162 -- Window Performance for 
Human Thermal Comfort (2005) 

 

4 TC models and complaint frequencies 

  

RP-1129 -- Thermal Comfort Models and 
"Call Out" (Complaint) Frequencies (2003) 
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5 TC in hot arid climate 

  

RP-921 -- Field Study Of Occupant Comfort 
And Office Thermal Environments In A Hot 
Arid Climate (1998) 

 

6 Adaptive comfort models 

  

RP-884 -- Developing an Adaptive Model of 
Thermal Comfort and Preference (1997) 

 

7 TC in cold climate 

  

RP-821 -- Field Study of Occupant Comfort 
and Office Thermal Environments in a 
[Cold] Climate (1996) 

 

8 TC in hot humid climate 

  

RP-702 -- Field Study of Occupant Comfort 
and Office Thermal Environments in a Hot-
Humid Climate (1993) 

 

9 Humidity effects on TC during step changes 

  

RP-503 -- Impact of Air Humidity on 
Thermal Comfort During Step Changes 
(1988) 

 

10 TC of the elderly  

  

RP-421 -- Thermal Comfort of the Elderly: 
Effect of Indoor Microclimate, Clothing, 
Activity Level and Socioeconomics (1984) 

 
RP-460 -- Thermal Comfort of the Elderly: 
Behavioral Strategies and the Effect of 
Activity (1987) 

 

11 TC in office buildings – A Data Base 

  

RP-462 -- A Study to Establish A Data Base 
on Existing Thermal Environments in Office 
Buildings (1988) 

 

 

12 TC – Human response to low level air currents and 
asymmetric radiation at lower boundary of comfort. 

  

RP-353 -- A Study to Determine Subjective 
Human Response to Low Level Air Currents 
and Asymmetric Radiation at Lower 
Boundary of Human Comfort (1986) 

 

13 TC and worker productivity 

  

RP-207 -- Relationship Between Measures 
of Thermal Environment and Measures of 
Worker Productivity (1981) 

RP-57 -- Determination of the Effect of 
Thermal Environment on Productivity & 
Learning in Commercial Industrial & 
School Activities (1970) 

 

14 Interactions of Thermal, Visual and Acoustic 
environments on comfort and acceptance    

RP-243 -- Interaction of the Visual and 
Thermal Environments on the Comfort and 
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Acceptance of Indoor Space (1980) 

RP-1128 -- Combined Effects of Noise and 
Temperature on Human Comfort and 
Performance (2009) 

15 TC – discrete exposures to 3 different thermal 
conditions 

RP-194 -- Thermal Comfort Following 
Discrete Exposures of Different Durations 
to Three Thermal Conditions (1976) 

16 TC in moderate temperatures RP-43 -- Thermal Sensations of Sedentary 
Man in Moderate Temperatures (1970) 

Grp 5: Particulate/Gas phase filtration and health 

1 Effects of particle and gaseous filtration system 
characteristics on people’s health 

64.1 Indoor Air Quality 

(Position 
Document) 

RP-1287 -- Particle Counter Specifications 
for Use with Filter Performance Test 
Standard ANSI/ASHRAE Standard 52.2 
(2010) 

RP-1134 -- Evaluation of Photocatalytic Air 
Cleaning Capability (2003) 

RP-1097 -- Modeling VOC Sorption of 
Building Materials and Its Impact On Indoor 
Air Quality (2005) 

RP-1098 -- Field Test Methods to Measure 
Contaminant Removal Effectiveness of Gas 
Phase Air Filtration Equipment; Phase II of 
791RP (2004) 

RP-909 -- Determine the Efficacy of 
Antimicrobial Treatments of Fibrous Air 
Filters (1996) 

RP-880 -- Evaluation of Biofiltration of Air, 
an Innovative Air Pollution Control 
Technology (1996) 

RP-791 (TRP-1098) -- Field Test Methods 
to Measure Contaminant Removal 
Effectiveness of Gas Phase Air Filtration 
Equipment, Phase II (2004) 
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RP-792 -- Evaluation of Test Methods for 
Determining the Effectiveness and Capacity 
of Gas Phase Air Filtration Equipment for 
Indoor Air Applications (Phase II) (1996) 

 
RP-671 -- Define a Fractional Efficiency 
Test Method That Is Compatible With 
Particulate Removal Air Cleaners Used in 
General Ventilation (1993) 

 
RP-112 -- Ability of Air Conditioning 
Systems to Remove Pollutants Under 
Controlled Conditions of Pollutant Level 
and Air Flow (1971) 

 
RP-169 -- Destruction of Ozone (1976) 

 
RP-183 -- Organic Contaminants in Indoor 
Air and Their Relationship to Outdoor 
Contaminants (1982) 

 
RP-97 -- A Study of Techniques for 
Evaluation of Airborne Particle Matter 
(1975) 

Grp 6: IAQ and health in Transportation Environments  

1 IAQ in Transportation environments  

 

 RP-1262 -- Relate Air Quality and Other 
Factors to Comfort and Health Symptoms 
Reported by Passengers and Crew on 
Commercial Transport Aircraft (Part I) 
(2004) 

 
RP-959 -- Determine Aircraft Supply Air 
Contaminants in the Engine Bleed Air 
Supply System on Commercial Aircraft 
(2000) 

 
RP-978 -- Interaction of Room Air Motion 
and the Human Body in Confined Spaces 
(2000) 
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RP-957 -- Relate Air Quality and Other 
Factors to Symptoms Reported by 
Passengers and Crew on Commercial 
Aircraft (1999) 

Grp 7: Other health related topics 

1 An improved scientific underpinning for the IAQ-
related elements of green building certification 
systems 73.6 

Indoor Air Quality 

(Position 
Document) 

  

2 Acceptable indoor air pollutant concentrations for non-
industrial work places and homes 

69.9 

Indoor Air Quality 

(Position 
Document) 

RP-1321 -- Modeling VOC Sorption of 
Building Materials and Its Impact on Indoor 
Air Quality - Phase II (Second Phase of RP-
1097) (2010) 

 

3 Non-dietary exposure can still be very important for 
relatively light SVOCs 

66.7 

Indoor SVOC and 

health (EHC 
Discussion) 

  

4 Noise levels and their impact on perception and 
productivity 

  

RP-1322 -- Productivity and Perception 
Based Evaluation of Indoor Noise Criteria 
(2013) 

 
RP-879 -- Determination of the Relationship 
Between Low-frequency HVAC Noise and 
Comfort in Occupied Spaces Psycho-
Acoustic Phase (2004) 

 
RP-714 -- Determination of the Relationship 
Between Low-Frequency HVAC Noise and 
Comfort in Occupied Spaces (1994) 

 

5 Enhancements to localized air distribution 
effectiveness in the occupied zones for improved IAQ 

  

RP-1373 -- Air Distribution Effectiveness 
with Stratified Air Distribution Systems 
(2009) 

 

6 Ultrafine indoor airborne particulate matter 

  

RP-1281 -- Identification, Classification, 
And Correlation Of Ultrafine Indoor 
Airborne Particulate Matter With Outdoor 
Values (2006) 

 

7 MVOCs 

  

RP-1243 -- Detection and Removal of 
Gaseous Effluents and By-Products of 
Fungal Growth That Affect Environments 
â€ “  Phase II: Development of a MVOC 
Database (2009) 

 
RP-760 -- Investigation and Identify Indoor 
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Allergens and Biological Toxins That Can 
Be Removed by Filtration (1994) 

8 Construction and renovation activities on IAQ RP-961 -- Identification of Contaminants, 
Exposures, Effect and Control Options for 
Construction/ Renovation Activities, Phase 
II (804-RP -- Phase I) (2001) 

RP-804 -- Identification of Contaminants, 
Exposures, Effects and Control Options for 
Contstruction/Renovation Activities, Phase 
1 (1995) 

9 Air contaminant transport into buildings RP-903 -- Experimental Validation of 
Multizone Models for Predicting Air 
Contaminant Transport in High Rise 
Buildings (2003) 

10 Legionella RP-610 -- Control of Legionella Strains in 
Non-Cooling Tower Reservoirs (1995) 
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