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NOTICE

All questions or other communications relating to this document should be sent only to NFPA Head-
quarters, addressed to the attention of the Committee responsible for the document.

For information on the procedures for requesting Technical Committees to issue Formal Interpretations,
proposing Tentative Interim Amendments, proposing amendments for Committee consideration, and appeals
on matters relating to the content of the document, write to the Secretary, Standards Council, National Fire
Protection Association, 1 Batterymarch Park, PO. Box 9101, Quincy, MA 02269-9101.

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulations Govern-
ing Committee Projects shall not be considered the official position of NFPA or any of its Committees and
shall not be considered to be, nor be relied upon as, a Formal Interpretation.

Users of this document should consult applicable Federal, State and local laws and regulations. NFPA
does not, by the publication of this document, intend to urge action which is not in compliance with appli-
cable laws and this document may not be construed as doing so.

Policy Adopted by NFPA Board of Directors on December 3, 1982

The Board of Directors reaffirms that the National Fire Protection Association recognizes that the tox-
icity of the products of combustion is an important factor in the loss of life from fire, NFPA has dealt with
that subject in its technical committee documents for many years.

There is a concern that the growing use of synthetic materials may produce more or additional toxic
products of combustion in a fire environment. The Board has, therefore, asked all NFPA technical commit-
tees to review the documents for which they are responsible to be sure that the documents respond to this
current concern. To assist the committees in meeting this request, the Board has appointed an advisory com-
mittee to provide specific guidance to the technical committees on questions relating to assessing the hazards
of the products of combustion.

Licensing Provision — This document is copyrighted by the National Fire Protection Association
(NFPA).
1. Adoption by Reference — Public authorities and others are urged to reference this document in

laws, ordinances, regulations, administrative orders or similar instruments. Any deletions, additions and changes
desired by the adopting authority must be noted separately. Those using this method are requested to notify
the NFPA (Attention: Secretary, Standards Council) in writing of such use. The term ‘‘adoption by reference’”
means the citing of title and publishing information only.

2. Adoption by Transcription — A. Public authorities with lawmaking or rule-making powers only,
upon written notice to the NFPA (Attention: Secretary, Standards Council), will be granted a royalty-free
license to print and republish this document in whole or in part, with changes and additions, if any, noted
separately, in laws, ordinances, regulations, administrative orders or similar instruments having the force of
law, provided that: (1) due notice of NFPA’s copyright is contained in each law and in each copy thereof;
and, (2) that such printing and republication is limited to numbers sufficient to satisfy the jurisdiction’s lawmak-
ing or rulemaking process. B. Once this NFPA Code or Standard has been adopted into law, all printings
of this document by public authorities with lawmaking or rulemaking powers or any other persons desiring
to reproduce this document or its contents as adopted by the jurisdiction in whole or in part, in any form,
upon written request to NFPA (Attention: Secretary, Standards Council), will be granted a nonexclusive license
to print, republish, and vend this document in whole or in part, with changes and additions, if any, noted
separately provided that due notice of NFPA’s copyright is contained in each copy. Such license shall be granted
only upon agreement to pay NFPA a royalty. This royalty is required to provide funds for the research and
development necessary to continue the work of NFPA and its volunteers in continually updating and revising
NFPA standards. Under certain circumstances, public authorities with lawmaking or rulemaking powers may
apply for and may receive a special royalty when the public interest will be served thereby.

3. Scope of License Grant — The terms and conditions set forth above do not extend to the index
to this document.

(For further explanation, see the Policy Concerning the Adoption, Printing and Publication of NFPA
Documents which is available upon request from the NFPA.)

Statement on NFPA Procedures

This material has been developed under the published procedures of the National Fire Protection Associa-
tion, which are designed to assure the appointment of technically competent Committees having balanced
representation. While these procedures assure the highest degree of care, neither the National Fire Protection
Association, its members, nor those participating in its activities accepts any liability resulting from com-
pliance or noncompliance with the provisions given herein, for any restrictions imposed on materials or pro-
cesses, or for the completeness of the text.

NFPA has no power or authority to police or enforce compliance with the contents of this document

and any certification of products stating compliance with requirements of this document is made at the peril
of the certifier.
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Errata

NFPA 99

Health Care Facilities

1990 Edition

Reference: 4-7.1.1.1(j)

The Committee on Health Care Facilities notes the following error in the 1990 edition of
Standard.for Health Care Facilities, NFPA 99.

1. In 4-7.1.1.1(j), change “Figure 4-7.1.1.1(i)” to “Figure 4-7.1.1.1(j)".

2. Change designation of “Figure 4-7.1.1.1(1)” to “Figure 4-7.1.1.1(j)”. In this drawing,
change “See 4-7.1.1.1(h)” to “See 4-7.1.1.1(i)". -

Issue Date: February 27, 1990

Copyright © 1990 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION
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Errata

NFPA 99

Health Care Facilities

1990 Edition

Reference: 4-3.1.2.3

Background: It has always been the intent of the Subcommittee on Nonflammable Medical
Piped Gas Systems that gas storage rooms with less than 2000 cu ft of gas be vented. Changes
for 1990 were only intended to modify requirements for louvered openings (if used) so as to
be in concert with NFPA 101, Life Safety Code. A sentence was inadvertently omitted.

The Committee on Health Care Facilities notes the following error in the 1990 edition of
Standard for Health Care Facilities, NFPA 99:

1. In 4-3.1.2.3, insert the following, which was in the 1987 edition of NFPA 99, as sen-
tence 1:

“Doors to such locations shail be provided with louvered openings having a2 minimum 72
. 2y .
sq in. (0.05 m’) in total free area.”

Issue Date: March 23, 1990

Copyright © 1990 All Rights Reserved
NATIONAL FIRE PROTECTION ASSOCIATION



CHARLES S. MORGAN 1 "
. BRARY
NATIONAL FIRE PROTECTION ASSOCIATION
1 BATTERYMARCH PARK
QUINCY, MA 02269-910]

Copyright © 1990 NFPA, All Rights Reserved
NFPA 99

Standard for

Health Care Facilities

1990 Edition

This edition of NFPA 99, Standard for Health Care Facilities, was prepared by the Tech-
nical Committee on Health Care Facilities and acted on by the National Fire Protection
Association, Inc. at its Fall Meeting held November 13-15, 1989 in Seattle, WA. It was issued
by the Standards Council on January 12, 1990, with an effective date of February 5, 1990,
and supersedes all previous editions.

The 1990 edition of this document has been approved by the American National Stan-
dards Institute. )

Changes other than editorial are indicated by a vertical rule in the margin of the pages
on which they appear. These lines are included as an aid to the user in identifying changes
from the previous edition.
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Origin and Development of NFPA 99

The idea for this document grew as the number of documents under the original NFPA
Committee on Hospitals grew. By the end of 1980, there existed 12 documents on a vari-
ety of subjects, 11 directly addressing fire-related problems in and about health care facil-
ities. These documents were:

NFPA 3M, Manual on Health Care Emergency Preparedness,

NFPA 56A, Standard on the Use of Inhalation Anesthetics,

NFPA 56B, Standard on Respiratory Therapy,

NFPA 56C, Standard on Laboratories in Health Related Institutions,

NFPA 56D, Standard on Hyperbaric Facilities,

NFPA 56K, Standard on Hypobaric Facilities,

NFPA 56G, Standard on Inhalation Anesthetics in Ambulatory Care Facilities,

NFPA 56HM, Manual on Home Use of Respiratory Therapy,

NFPA 56K, Recommended Practice on Medical-Surgical Vacuum Systems in Hospitals,
NFPA 76A, Standard on Essential Electrical Systems for Health Care Facilities,

NFPA 76B, Standard on Safe Use of Electricity in Patient Care Areas of Health Care
Facilities,

NFPA 76C, Recommended Practice on Safe Use of High Frequency Electricity in Health Care
Facilities.

For a history on each of these documents, see “Origin and Development of NFPA 99”
in the beginning of the 1984 edition of NFPA 99.

The then Health Care Facilities Correlating Committee reviewed the matter beginning
in late 1979 and concluded that combining all the documents under its jurisdiction would
be beneficial to those who use these documents for the following reasons:

(1) The referenced documents were being revised independent of each other. As such
it was not always easy to know whether one had the latest edition of a particular docu-
ment. Combining all the individual documents into one document would place all of them
on the same revision cycle. Further, a regular revision cycle (similar to that of NFPA 70,
National Electrical Code®, and NFPA 1012, Life Safety Code®) could be established to help
users of the document.

(2) It would place in one unit many documents that referenced each other.

(3) It would be an easier and more complete reference for the various users of the doc-
ument (e.g., hospital engineers, medical personnel, designers and architects, as well as the
various types of enforcing authorities).

To learn if this proposal was desired or desirable to users of the individual documents,
the Committee issued a request for public comments in the spring of 1981, asking whether
purchasers of the individual documents utilized more than one document in the course
of their activities, and whether combining these individual documents would be benefi-
cial. Seventy-five percent of responses supported such a proposal, with 90 percent of health
care facilities and organizations supportive of it. Based on this support, the Correlating
Committee proceeded with plans to combine all the documents under its jurisdiction into
one document.
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In January 1982, a compilation of the latest edition of each of the 12 individual doc-
uments under the jurisdiction of the Correlating Committee was published. It was des-
ignated NFPA 99, Health Care Facilities Code, since it was, and still 1s, the intention of the
Health Care Facilities Committee to develop this document into a Code. The Correlat-
ing Committee also entered the document into the revision cycle reporting to the 1983
Fall Meeting for the purpose of formally adopting the document.

For the 1984 edition of NFPA 99, in addition to technical changes, the following
administrative and organizational changes have been made (following the NFPA Manual
of Style): (1) definitions from all previous individual documents (except NFPA 56HM)
were placed in Chapter 2; (2) all previous standards were designated as chapters in the
text; (3) all previous recommended practices and manuals were designated as appen-
dixes; (4) all explanatory material on specific paragraphs in chapters was placed in
Appendix A; (5) all references were grouped into Chapter 12 and Appendix B; and (6)
all additional informatory material from previous individual standards was placed in
Appendix C. The document was presented for adoption as a standard as a result of pub-
lic comments.

For the 1987 edition of NFPA 99, the third and final step in the process of combining
the previous individual documents took place — that of integrating the content of these
individual documents into a cohesive document. In addition, there were again technical
changes made. (See Section 1-6, “Organization of this Document.”) The 1987 edition also saw
the incorporation of NFPA 56F, Standard on Nonflammable Medical Piped Gas Systems, into
NFPA 99.

For this 1990 edition of NFPA 99, some structural changes were made and some
modifiers were added to make it easier to determine where requirements are applicable.
Significant technical changes made include the following:

(1) Correlation with changes made in the 1988 edition of NFPA 101, Life Safety Code
(e.g., replacement of Chapters 17 and 18 [Custodial Care Facilities and Supervisory
Facilities, respectively] with a new Chapter 17 on Limited Care Facilities);

(2) Modification of the definition of wet location;

(3) Changes in the criteria for medical air and medical air compressors of piped
medical air systems (Chapters 2 and 4); .

(4) Allowance of by-pass isolation switches for essential electrical system (Chapter 3);

() Addition of dew point criteria for piped medical air systems (Chapter 4);

(6) Recognition of and allowance for gas powered medical devices that operate at
over 200 psig (Chapter 4);

(7) Changes in by-pass valving for medical piped gas systems (Chapter 4);

(8) Changes in ventilation requirements for gas storage locations (Chapter 4);

(9) Changes in humidity requirements for nonflammable anesthetizing locations
(Chapter b5);

(10) Changes in leakage current limits for patient care electrical appliances to corre-
late more closely with an international document that includes these criteria (Chapter 7
and 9);

(11) Clarification on the construction and use of extension cords in patient care areas
(Chapter 7);

(12) Changes to make it clear that patient care areas and wet locations are mutually
exclusive (Chapter 12);

(13) Further guidance in disaster planning to take into consideration the problem of
the effects of a disaster on staff (Annex 1); and

(14) More guidance on the safety of lasers in medicine (Annex 2).

1980 Edition
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Technical Committee on Health Care Facilities

Marvin J. Fischer, Chairman
Brookdale Hospital Medical Ctr, NY

Burton R. Klein, Secretary,
National Fire Protection Association

Saul Aronow, Ph.D., Technology in Medicine
Branton B. Blount, Presbyterian Healthcare Ser-
vices, NM

Rep. American Hospital Association
Constance Bobik, B&E Fire Safety Equipment,
Inc.
J- Armand Burgun, Rogers Burgun Shahine &
Deschler Inc. Architects

Rep. T/C on Safety to Life
Bruce M. Burnett, FDA/Center for Device &
Radiology Health
Suzanne W. Conner, Children’s Hospital Med-
ical Center, OH
W. H. L. Dornette, M.D., Kensington, MD
Leo G. Foxwell, Hartford Insurance Group

Rep. American Insurance Assn.
Martin Grossman, DHHS/US Public Health Ser-
vices
William T. Guy, Jr., Elizabeth General Medical
Ctr., Nj

Rep. NFPA Health Care Section
Stanley D. Kahn, Forest Elec. Corp.

Rep. Nat'l Elec. Contractors Assn.
Ode Richard Keil, Joint Comm. on Accred. of
Health Care Organizations
James W. Kerr, P.E., Ph.D., Winter Park, FL
William E. Koffel, Jr., Koffel Associates Inc.

Douglas S. Erickson, American Hospital Assn.
(Alternate to B. B. Blount)

Harlan C. Ihlenfeldt, Kemper Group
(Alternate to J. Riess)

(Nonvoting)

Alternates

W. M. Lampe, Post-Glover, Inc.

Rep. Nat'l Electrical Mfrs. Assn.
Ralph Loeb, P.E., Sherlock Smith & Adams Inc.
Thomas D. Mattern, UCLA Neuropsychiatric
Hospital

Rep. Nat’l Assn. of Priv. Psych. Hosp.
David A. McWhinnie, Jr., Mechanical Dynam-
ics, Inc.
Ray J. Nichols, Jr., M.D., Univ. of TX Medical
Branch Rep. American Society of Anesthesiol-
ogists
Bryan Parker, Montefiore Hospital & Medical
Ctr.,, NY
Jack Riess, Kemper Group Rep. Alliance of
American Ins.
John P. Swope, M.D., George Washington Uni-
versity Medical Ctr., DC
Jack L. Taylor, The United Methodist Homes
of NJ

Rep. American Assn. of Homes for Aging
J- Michael Thompson, Gage-Babcock & Assoc.,
Inc.

Rep. American Health Care Assn.
Steven Werner, M&M Protection Consultants
Mayer D. Zimmerman, DHHS/Health Care
Finan. Admin.

Joseph E. Johnson, Hilton Head Island, SC
(Alternate to J. A. Burgun)

Subcommittee on Anesthesia Services

Dr. John P. Swope, Chairman
George Washington Univ. Med. Ctr, Washington, DC

Michael J. Albano, AIG Consultants, Inc.
James J. Claffey, McPherson Community Health
Center, MI
Rep. American Assn. of Nurse Anesthetists
David O. Elliot, Dept. of Mental Retardation, CT
Rep. American Hospital Assn.
Martin Grossman, DHHS US Public Health Ser-
vices, NY

1990 Edition

Dr. George Babe Hart, Memorial Hosp. Med.
Ctr. of Long Beach, CA

Rep. American College of Surgeons
W. M. Lampe, Post-Glover, Inc.

Rep. Nat’l Elec. Manuf. Assn.
Norman Menken, American Analgesia Society
M. T. Merrigan, Underwriters Laboratories, Inc.
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Dr. James A. Meyer, Pettis Memorial VA Hos-
pital, CA

Rep. American Society of Anesthesiology
Ray J. Nichols, Jr., M.D., Univ. of TX Medical
Branch
- Rep. American Society of Anesthesiology
Gerald M. Olderman, Am Pharmaseal

Rep. Health Indus. Manuf. Assn.

Dr. John M. Bruner, Groton, MA
(Alternate to R. J. Nichols)

William F. Doran, Square D Co.
(Alternate to W. M. Lampe)

Douglas S. Erickson, American Hospital Assn.
(Alternate to D. O. Elliot)

Hartley C. Ericson, Puritan-Bennett Corp.
(Alternate to G. L. Welyczko)

Alternates

Michael R. Shoys, Wisconsin Hospital Assn.
Rep. NFPA Health Care Section
Clevis T. Svetik, Johnson & Higgins
Gregory L. Welyczko, Ohmeda
Rep. Compressed Gas Assn.

Dr. Paul F. Leonard, Mayo Medical School, MN
(Alternate to J. A. Meyer)

Dr. S. E. Longo, Dr Salvador E. Longo & Assoc.,

Inc.
(Alternate to M. R. Shoys)

Earl J. Schlosser, Underwriters Laboratories Inc.
(Alternate to M. T. Merrigan)

Subcommittee on Disaster Planning

James W. Kerr, Ph.D., Chairman

John H. Brenner, Peninsula General Hospital
Medical Center, MD
Rep. NFPA Health Care Section
C. Roger Camplin, Camplin, Bartels and Assoc.,
Inc.
John P. Jarrett, New Paltz Nursing Home, NY
Rep. American Health Care Assn.

Douglas S. Erickson, American Hospital Assn.
(Alternate to AHA Rep.)

Winter Park, FL

Alternates

James L. Mauney, Volusia County Department
of Fire Service, FL
J. Benjamin Roy, Jr., Office of the State Fire
Marshal, DE

Rep. NFPA Fire Marshal Assn. of N. America
Clevis T. Svetlik, Johnson & Higgins
David Edward Wacher, Princeton Insurance Co.

Peter ]J. O’Hagan, Jr.,, Morristown Memorial
Hospital, NJ
(Alternate to J. H. Brenner)

Subcommiittee on Electrical Equipment

Bryan Parker, Chairman

Montefiore Hospital & Medical Center

Saul Aronow, Ph.D., Technology in Medicine
Jack Berger, ].B. Thomas Hospital, MA
Rep. New England Hospital Engineers Society
Hy Abe Bershad, Cost Control Enterprises, Inc.
Rep. American Hospital Assn.
Yadin David, Texas Childrens Hospital
Rep. Institute of Electrical and Electronics
Engineers

Floyd J. DeVore, General Electric Medical Sys.
Group

Rep. Health Indus. Manuf. Assn.
Alfred M. Dolan, Canadian Medical Engr. Con-
sultants

Rep. Canadian Standards Assn.
Kenneth J. Dragmen, Picker Corp.

Rep. Nat’l Electrical Manuf. Assn.

(Vote limited to radiographic equip.)

1990 Edition
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Dr. George Babe Hart, Memorial Hosp. Medi-
cal Center of Long Beach, CA

Rep. American College of Suregons
Alan Lipschultz, The Medical Center of Dela-
ware

Rep. Assn. for Advancement of Med. Instn
Alfred J. Longhitano, Gage-Babcock & Assoc.,
Inc.

Rep. American Health Care Assn.
M. T. Merrigan, Underwriters Laboratories Inc.

Douglas S. Erickson, American Hospital Assn.
(Alternate to H. A. Bershad)

Dr. Paul F. Leonard, Mayo Medical School, MN
(Alternate to J. A. Meyer)

Alternates

Dr. James A. Meyer, Pettis Memorial VA Hos-
pital, CA

Rep. American Society of Anesthesiology
Richard W. Nalbert, Square D Co.

Rep. Nat'l Electrical Manuf. Assn.

(Vote limited to other than radiographic
equip.)
Lawrence S. Sandler, Dept. of Veterans Affairs
(DC) Central Office

Robert D. Miller, Hospital Systems, Inc.
(Alternate to R. W. Nalbert)

Subcommittee on Electrical Systems

Ralph Loeb, Chairman

Sherlock Smith & Adams Inc.

James L. Crawford, U.S. Dept. of Health &
Human Services
Dr. George Babe Hart, Memorial Hospital Med-
ical Center of Long Beach, CA

Rep. American College of Surgeons
Lawrence F. Hogrebe, Automatic Switch Co.
Eugene A. Lakos, The Methodist Hospital, NY

Rep. Greater New York Hospital Assn.
Edward A. Lobnitz, Tilden Lobnitz & Cooper,
Inc.
Alfred J. Longhitano, Gage-Babcock & Assoc.,
Inc.

Rep. American Health Care Assn.
M. T. Merrigan, Underwriters Laboratories Inc
Dr. James A. Meyer, Pettis Memorial VA Hos-
pital, CA

Rep. American Society of Anesthesiology
Richard W. Nalbert, Square D Co.

Rep. Nat'l Electrical Manufac. Assn.

Douglas S. Erickson, American Hospital Assn.
(Alternate to F.D. Young)

Alternates

Hugh O. Nash, Jr., Smith Seckman Reid, Inc.
Rep. Institute of Electrical and Electronics
Engineers

Thomas J. O’Dea, University of MN Hospital &

Clinic

Donald E. Orner, M-E Engineers, Inc.

John M. Owen, Owen & Mayes, Inc.

Rep. Nat'l Society of Professional Engineers

Paul J. Savoie, General Electric Co.

Frank J. Schmid, U.S. Army Corp. of Engineers

Georg Stromme, Roseville, MN
Rep. Onan Corp. )

David L. Vosloh, Naval Medical Command

Herbert V. Whittall, Caterpillar, Inc.

Rep. Electrical Generating Sys. Assn.

Frank Young, Presbyterian Hospital, MN

Rep. American Hospital Assn.

David K. Norton, Dept. of Veterans Affairs
(Alternate to Veterans Affairs Rep.)

Subcommittee on Gas Equipment

Ray ]. Nichols, Jr., M.D., Chairman
University of Texas Medical Branch
Rep. American Society of Anesthesiology

M. Lee Bancroft, Beth Israel Hospital, MA
Rep. Harvard Medical School

1990 Edition

Gary Fowler, Jefferson Reg Medical Center, AR
Rep. American Hospital Assn.

Leo G. Foxwell, Hartford Insurance Group
Rep. NFPA T/C Indust. & Med. Gases
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Dr. George Babe Hart, Memorial Hospital Med- Dr. T. K. Raman, Baystate Medical Center, MA
ical Center of Long Beach, CA Rep. American College of Chief Physicians
Rep. American College of Surgeons Earl J. Schlosser, Underwriters Laboratories, Inc.
Alan Lipschultz, The Medical Center of Dela- Joseph G. Weiss, St. Luke’s/Roosevelt Hospital,
ware NY
Rep. Assn. for Adv. of Med. Instn. Rep. Greater New York Hospital Assn.
Alternates
Douglas S. Erickson, American Hospital Assn. Michael A. Kargyl, Underwriters Laboratories,
(Alternate to G. Fowler) Inc.

(Alternate to E. J. Schlosser)
Nonvoting

Delila A. Hughes, American Assoc. of Nurse Anesthetists

Subcommittee on Use of High Frequency Electricity

Saul Aronow, Ph.D., Chairman
Technology in Medicine

Dr. John M. Bruner, Groton, MA M. T. Merrigan, Underwriters Laboratories, Inc.
Rep. American Society of Anesthesiology Kenneth 1. Tobacman, Grant Hospital of Chi-

Dr. George Babe Hart, Memorial Hospital Med- cago, IL

ical Center of Long Beach, CA Rep. American Hospital Assn.
Rep. American College of Surgeons Joseph G. Weiss, St. Luke’s/Roosevelt Hospital

Dr. Paul F. Leonard, Mayo Medical School, MN Center, NY

John W. Martin, Ph.D., Cameron-Miller, Inc. Rep. Greater New York Hospital Assn.

Alternates

Gerard Bashein, University of Washington Douglas S. Erickson, American Hospital Assn.

(Alternate to J. M. Bruner) (Alternate to K. 1. Tobacman)

Subcommittee on Hyperbaric and Hypobaric Facilities

W. H. L. Dornette, M.D., Chairman
Kensington, MD
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tions Clark H. Long, Presbyterian University Hospi-
Frederick S. Cramer, Oxygen Research Foun- tal, PA ‘
dation M. T. Merrigan, Underwriters Laboratories Inc.
Michael A. Gerken, Baptist Memorial Hospital James A. Meyer, M.D., Pettis Memorial VA Hos-
Rep. American Hospital Assn. pital, CA
G. T. Greak, Keyes Offshore, Inc. - Rep. American Society of Anesthesiology
W. T. Gurnee, Hyperbaric Oxygen Therapy Sys- Stephen D. Reimers,, Reimers Engineering Inc.
tems Inc. J. Ronald Sechrist, Sechrist Industries
George Babe Hart, M.D., Memorial Hospital Paul J. Sheffield, Ph.D., Office of Surgeon Gen-
Medical Center of Long Beach, CA eral, USAF
Rep. American College of Surgeons Rep. USAF/OfI. of Surg. General
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Rep. NFPA Health Care Section
Joseph G. Weiss, St. Luke’s/Roosevelt Hospital
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Rep. Greater New York Hospital Assn.

Douglas S. Erickson, American Hospital Assn.
(Alternate to M. A. Gerken)

Alternates

Wilber T. Workman, U.S. Air Force School of
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Earl J. Schlosser, Underwriters Laboratories
Inc.
(Alternate to M. T. Merrigan)

Subcommittee on Laboratories

Suzanne W. Conner, Chairman
Childrens Hospital Medical Center, OH

Dr. Spencer Burney, Wellesley, MA

Rep. American Society of Clinical Pathologists
C. Roger Camplin, Camplin, Barteis and Assoc.,
Inc.
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Rep. American Hospital Assn.
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(Alternate to W. L. Ruff)
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Kay N. Olson, University of Minn. Hospital
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pital, Washington, DC
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James O. Wear, Veterans Administration Med-
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Rep. NFPA Health Care Section
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Health Care Facilities
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NOTICE: An asterisk (*) following the number or letter des-
ignating a paragraph indicates explanatory material on that
paragraph in Appendix A.

Information on referenced publications can be found in
Chapter 20 and Appendix B.

Further explanatory information on Chapters 1 through
19 can be found in Appendix C.

Sections of Chapter 3 identified by a dagger (1) include text
extracted from NFPA 110-1988, Standard for Emergency and
Standby Power Systems. Requests for interpretations or revisions
of the extracted text will be referred to the Technical Com-
mittee on Emergency Power Supﬁ)lies. Sections of Chapter 9
identified by a dagger (}) include figures extracted from NFPA
493-1978, Standard for Intrinsically Safe Apparatus and Associ-
ated Apparatus for Use in Class 1, Il and 111, Division 1 Hazard-
ous Locations. Requests for interpretations or revisions of the
extracted figures will be referred to the Technical Commit-
tee on Electrical Equipment in Chemical Atmospheres. Sec-
tions of Appendixes A and C identified by a dagger () include
text extracted from NFPA 30-1987, Flammable and Combusti-
ble Liquids Code. Requests for interpretations or revisions of
the extracted text will be referred to the Technical Commit-
tee on General Storage of Flammable Liquids.

Chapter 1 Introduction

1-1 Scope. The scope of this document is to establish cri-
teria to minimize the hazards of fire, explosion, and electric-
ity in health care facilities. These criteria include performance,
maintenance, testing, and safe practices for facilities, mate-
rial, equipment, and appliances and include other hazards
associated with the primary hazards.

1-2 Application. This document shall apply to all health
care facilities. Construction and equipment requirements shall
be applied only to new construction and new equipment,
except as modified in individual chapters.

Chapters 12 through 18 specify the conditions under which
the requirements of Chapters 3 through 11 shall apply in
Chapters 12 through 18.

1-3 Intended Use. This document is intended for use by
those persons involved in the design, construction, inspec-
tion, and operation of health care facilities and in the design,
manufacture, and testing of appliances and equipment used
in patient care areas of health care facilities.

1-4 Discretionary Powers of Authority Having Jurisdiction.
The authority having jurisdiction for the enforcement of this
document shall be permitted to grant exceptions to its
requirements.

Nothing in this document is intended to prevent the use
of systems, methods, or devices of equivalent or superior qual-
ity, strength, fire resistance, effectiveness, durability, and safety

to those prescribed by this document, providing technical doc-
umentation is submitted to the authority having jurisdiction
to demonstrate equivalency and the system, method, or device
is approved for the intended purpose.

1-5 Interpretations. The National Fire Protection Associ-
ation does not approve, inspect, or certify any installation,
procedure, equipment, or material. In determining the
acceptability of installations, procedures, or material the
authority having jurisdiction may base acceptance on com-
pliance with this document. To promote uniformity of inter-
pretation and application of its standards, NFPA has
established interpretation procedures. These procedures are
outlined on the inside front cover of this document. Refer
to Section 16 of the NFPA Regulations Governing Committee
Projects for complete details.

1-6 Organization of This Document.

1-6.1 The 1987 edition of NFPA 99 was a complete restruc-
turing of the 1984 edition. Its organization reflected an
attempt to make the document completely integrated and
cohesive. Having been originally developed from 12 previ-
ously independent documents, the 1987 edition of NFPA 99
restructured all the existing text in the following way:

Chapter 1 is an introductory chapter.
Chapter 2 lists all definitions.

Chapters 3 through 11 contain requirements but do not
state where they are applicable.

Chapters 12 through 18 are “facility” chapters listing
requirements from Chapters 3 to 11 that are applicable to
specific facilities. These chapters also contain any additional
requirements specific to that facility.

Chapter 19 contains safety requirements for hyperbaric
facilities (whether freestanding or part of a larger facility).

VChap[er 20 lists required references made in Chapters 1
through 19.

Appendix A contains nonmandatory information keyed to
the text of Chapters 1 through 19 (e.g., A-5-4.2 is explan-
atory information on 5-4.2).

Appendix B lists informatory references.

Appendix C contains more explanatory information on
Chapters 1 through 19, though not keyed to specific text (i.e.,
numbering is such that the first number after the letter C
indicates the chapter to which material is related, e.g., Appen-
dix C-7 contains information related to Chapter 7).

Finally, two annexes contain guidance on the following sub-
jects: disaster planning (Annex 1) and the use of high-
frequency electricity (Annex 2).

As a result of this restructuring, a reader interested in
learning, for example, what the electrical system requirements
are for a hospital would begin by first turning to Chapter 12
(“Hospital Requirements”), then to Subsection 12-3.3 (“Elec-
trical System Requirements”). Similarly, electrical system
requirements for a nursing home would be found by first
turning to Chapter 16 (“Nursing Home Requirements”), then
to Subsection 16-3.3 (“Electrical System Requirements”).
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1-6.2 Each general chapter (3 through 11) has been orga-
nized into the following sections:

-1 Scope

-2 Nature of Hazards

-3 Source

-4 Distribution

-5 Performance Criteria and Testing
-6 Administration

The major topics considered in each facility chapter (12
through 18) under “General Requirements” (e.g., 12-3, 13-
3, etc.) are arranged in the following order (for consistency
with the order of the general chapters):

3 Electrical Systems

4 Gas and Vacuum Systems
5 Environmental Systems
.6 Materials

7 Electrical Equipment

.8 Gas Equipment

1-6.3 The 1987 edition completed the original goal of com-
bining the 12 previously individual documents under the
Jurisdiction of the former Correlating Committee on Health
Care Facilities, now Technical Committee on Health Care
Facilities. Cross-referencing to the previous individual doc-
uments was possible but would have been complicated
because of the major difference between the structure of the
previous individual documents and the structure for the 1987
edition of NFPA 99.

1-7 Metric Units. While it is common practice for medi-
cal appliances to use metric units on their dials, gauges, and
controls, the components of systems within the scope of this
document, which are manufactured and used in the United
States, employ nonmetric dimensions. Since these dimensions
(such as nominal pipe sizes) are not established by the
National Fire Protection Association, the Technical Commit-
tee on Health Care Facilities cannot independently change
them. Accordingly, this document uses dimensions that are

1990 Edition

presently in common use by the building trades in the United
States. Conversion factors to metric units are included in
Appendix C-4.5.

1-8 Effective Date. The effective date of application of any
provision of this document is not determined by the National
Fire Protection Association. All questions related to applica-
bility shall be directed to the authority having jurisdiction.

1-9 Preface. This document’s genesis was a series of explo-
sions in operating rooms during surgery in the 1930s. The
problem was traced to static discharges of sufficient energy
to ignite the flammable anesthetic agents being used. A series
of recommendations to mitigate the hazard were then pro-
mulgated. In addition, a Committee on Hospitals was estab-
lished with responsibility to periodically review and revise
recommendations.

Since then, the concerns of this Committee have grown
to encompass many other fire and fire-related hazards related
to the delivery of health care services. The Committee was
also allowed to enlarge its scope to include all health care facil-
ities.

The major concerns of the Committee are those hazards
associated with operating a health care facility, treating
patients, and operating laboratories. This includes the elec-
trical system (both normal and emergency power), gas sys-
tems (both positive and negative pressure), medical
equipment (both electrical and gas powered), environmen-
tal conditions peculiar to health care facilities operation, and
the management of a facility in the event of disasters (e.g.,
fire, chemical spill) that disrupt normal patient care.

The Committee and its Subcommittees originally devel-
oped separate documents as hazards were identified. NFPA
99 is the result of a proposal to combine, organize, and inte-
grate into one document all the material contained in the
individual documents. The intent was, and still is, to provide
as useful a document as possible to its many and varied users.
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Chapter 2 Definitions

[Secretary’s Note: The letters in parentheses at the end
of each definition refer to the Technical Committee Stand-
ing Subcommittee responsible for defining the term. The key
to identifying responsibility is as follows:

(AS): Subcommittee on Anesthesia Services

(DIS):  Subcommittee on Disaster Planning

(EE): Subcommittee on Electrical Equipment

(ES): Subcommittee on Electrical Systems

(GE): Subcommittee on Gas Equipment

(HFE): Subcommittee on Use of High Frequency
Electricity

(HHF): Subcommittee on Hyperbaric and Hypobaric
Facilities

(LAB): Subcommittee on Laboratories

(MGS): Subcommittee on Nonflammable Piped Gas
Systems

(VSE):  Subcommittee on Vacuum Systems and Equip-
ment

(TC): Technical Committee on Health Care Facilities.]

For the purposes of this document, the following defini-
tions apply as indicated.

2-1 Official NFPA Definitions.

Approved. Acceptable to the “authority having jurisdic-
tion.”

NOTE: The National Fire Protection Association does not
approve, inspect or certify any installations, procedures, equip-
ment, or materials nor does it approve or evaluate testing lab-
oratories. In determining the acceptability of installations or
procedures, equipment or materials, the authority having juris-
diction may base acceptance on compliance with NFPA or
other appropriate standards. In the absence of such standards,
said authority may require evidence of proper installation, pro-
cedure or use. The authority having jurisdiction may also refer
to the listings or labeling practices of an organization con-
cerned with product evaluations which is in a position to deter-
mine compliance with appropriate standards for the current
production of listed items.

Authority Having Jurisdiction. The “authority having
jurisdiction” is the organization, office or individual respon-
sible for “approving” equipment, an installation or a proce-
dure.

NOTE: The phrase “authority having jurisdiction” is used
in NFPA documents in a broad manner since jurisdictions and
“approval” agencies vary as do their responsibilities. Where
public safety is primary, the “authority having jurisdiction”
may be a federal, state, local or other regional department
or individual such as a fire chief, fire marshal, chief of a fire
prevention bureau, labor department, health department,
building official, electrical inspector, or others having statu-
tory authority. For insurance purposes, an insurance inspec-
tion department, rating bureau, or other insurance company
representative may be the “authority having jurisdiction.” In
many circumstances the property owner or his designated
agent assumes the role of the “authority having jurisdiction”;
at government installations, the commanding officer or depart-
mental official may be the “authority having jurisdiction.”

Code. A document containing only mandatory provisions
using the word shall to indicate requirements and in a form
generally suitable for adoption into law. Explanatory mate-
rial may be included only in the form of “fine print” notes,
in footnotes, or in an appendix.

Labeled. Equipment or materials to which has been
attached a label, symbol or other identifying mark of an orga-
nization acceptable to the “authority having jurisdiction” and
concerned with product evaluation, that maintains periodic
inspection of production of labeled equipment or materials
and by whose labeling the manufacturer indicates compliance
with appropriate standards or performance in a specified
manner.

Listed. Equipment or materials included in a list pub-
lished by an organization acceptable to the “authority hav-
ing jurisdiction” and concerned with product evaluation, that
maintains periodic inspection of production of listed equip-
ment or materials and whose listing states either that the
equipment or material meets appropriate standards or has
been tested and found suitable for use in a specified man-
ner.

NOTE: The means for identifying listed equipment may vary
for each organization concerned with product evaluation, some
of which do not recognize equipment as listed unless it is also
labeled. The “authority having jurisdiction” should utilize the
system employed by the listing organization to identify a listed
product.

Manual or Guide. A document which is informative in
nature and does not contain requirements.

Shall. Indicates a mandatory requirement.

Should. Indicates a recommendation or that which is
advised but not required.

Standard. A document containing only mandatory pro-
visions using the word shall to indicate requirements. Explan-
atory material may be included only in the form of “fine
print” notes, in footnotes, or in an appendix.

2-2 Definitions of Terms Used in the Standard.

ACFM. Actual cubic feet per minute. The unit used to
express the measure of the volume of gas flowing at oper-
ating temperature and pressure, as distinct from the volume
of a gas flowing at standard temperature and pressure (see
definition of SCFM). (VSE) '

Adiabatic Heating. The temperature rise of a gas caused
only by its compression. (HHF)

Aerosol. An intimate mixture of a liquid or a solid in a
gas; the liquid or solid, called the dispersed phase, is uni-
formly distributed in a finely divided state throughout the
gas, which is the continuous phase or dispersing medium.
(GE)

Air, Oil-Free, Dry (Air for Testing). Air complying, as
a minimum, with Grade D in Compressed Gas Association,
Inc., Pamphlet G-7.1, Commodity Spectfication for Air, and hav-
ing a maximum dew point of —20°F (—28.9°C) at line pres-
sure. (MGS)
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Alternate Power Source. One or more generator sets, or
battery systems where permitted, intended to provide power
during the interruption of the normal electrical service; or
the public utility electrical service intended to provide power
during interruption of service normally provided by the gen-
erating facilities on the premises. (ES)

Ambulatory Health Care Center. A building or part
thereof used to provide services or treatment to four or more
patients at the same time and meeting either (1) or (2) below.

(1) Those facilities that provide, on an outpatient basis,
treatment for patients that would render them incapable of
taking action for self-preservation under emergency condi-
tions without assistance from others, such as hemodialysis
units or freestanding emergency medical units.

(2) Those factlities that provide, on an outpatient basis,
surgical treatment requiring general anesthesia. (EE)

Ampacity. Current-carrying capacity of electric conduc-
tors expressed in amperes. (ES)

Anesthetic. As used in this standard, applies to any inha-
lation agent used to produce relative analgesia or general
anesthesia. (AS)

Anesthetizing Location. Any area of the facility that has
been designated to be used for the administration of any flam-
mable or nonflammable inhalation anesthetic agents in the
course of examination or treatment, including the use of such
agents for relative analgesia (see definition of relative analgesia).
(AS)

Anoxia. A state of markedly inadequate oxygenation of
the tissues and blood, of more marked degree than hypoxia.
(HHF)

Antistatic. That class of materials that includes conduc-
tive materials and, also, those materials that throughout their
stated life meet the requirements of 12-4.1.3.8(f)(3) and (4).
(AS)

I

Appliance. Electrical equipment, generally other than
industrial, normally built in standardized sizes or types, which
is installed or connected as a unit to perform one or more
functions. (EE)

Applicator. A means of applying high-frequency energy
to a patient other than by an electrically conductive connec-
tion. (HFE)

NOTE: In the above sense, an applicator is not an electrode

since it does not use a conductive connection to the patient

in order to function. A radio frequency “horn” of a diathermy

machine is a typical applicator.

Area of Administration. Any point within a room within
15 ft (4.3 m) of oxygen equipment or an enclosure contain-
ing or intended to contain an oxygen-enriched atmosphere.
(GE)

Atmosphere. The pressure exerted by, and gascous com-
position of, an environment. As employed in this standard,
atmosphere may refer to the environment within or outside
of a hyperbaric facility. When used as a measure of pressure,
atmosphere is expressed as a fraction of standard air pres-
sure [14.7 psi (101.4 kPa)]. (See NFPA 99B, Appendix C-3, Pres-
sure Table, Column 1.) (HHF)

1990 Edition

Atmosphere, Absolute (ATA). (See definition of atmo-
sphere.) Two ATA = two atmospheres. (HHF)

Atmosphere, Ambient. The pressure and composition
of the environment surrounding a chamber. (HHF)

Atmosphere, Chamber. The environment inside a
chamber. (HHF)

Atmosphere of Increased Burning Rate.* Any atmo-
sphere containing a percentage of oxygen, or oxygen and
nitrous oxide, greater than the quotient of 23.45 divided
by the square root of the total pressure in atmospheres,
Le.,

23.45
\/ 'l"P‘almoﬁ
where T.P. = total pressure in atmospheres.

Automatic. Sclf-acting, operating by its own mecha-
nism when actuated by some impersonal influence as, for
example, a change in current, voltage, pressure, tempera-
ture, or mechanical configuration. (ES)

atmos

Bends. Decompression sickness, caisson worker’s dis-
ease. (See Appendix C-19.1.3.3.2.) (HHF)

Branch Circuit. The circuit conductors between the
final overcurrent device protecting the circuit and the out-
let(s). (ES)

Branch Line. (See Piping.)
Bulk Systems:

Bulk Nitrous Oxide System. An assembly of equipment
as described in the definition of bulk oxygen system that
has a storage capacity of more than 3200 Ib (1452 kg),
approximately 28,000 cu ft (793 m®) (NTP), of nitrous
oxide. (MGS)

Bulk Oxygen System. An assembly of equipment such as
oxygen storage containers, pressure regulators, pressure
relief devices, vaporizers, manifolds, and interconnecting
piping that has a storage capacity of more than 20,000 cu
fi (566 m®) of oxygen (NTP) including unconnected
reserves on hand at the site. The bulk oxygen system ter-
minates at the point where oxygen at service pressure first
enters the supply line. The oxygen containers may be sta-
tionary or movable, and the oxygen may be stored as gas
or liquid. (MGS)

Cannula, Nasal. Device consisting of two short tubes to
be inserted into the nostrils to administer oxygen or other
therapeutic gases. (GE)

Catheter, Nasal. A flexible tube for insertion through
the nose into the nasopharynx to administer oxygen or
other therapeutic gases. (GE)

Clinic. A health care facility where patients are seen on
an ambulatory basis, but where surgery involving general
anesthesia is not performed. (TC)

Cold Room. A refrigerated area large enough for per-
sonnel to enter. (LAB)

Combustible. A substance that if ignited will react with
oxygen and burn. (AS)

Combustible Liquid. Seec definition of Liquid and
Appendix C-10.2.1. (LAB) N
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Combustion. A chemical process (such as oxidation)
accompanied by the rapid evolution of heat and light. (AS)

NOTE: Combustion is not limited to a chemical reaction
always involving oxygen. Certain metals, such as calcium and
aluminum, will burn in nitrogen; nitrous oxide will support
the combustion of phosphorus and carbon; etc. However, this
document deals with the more common process of fuels burn-
ing in air.
Combustion Products. The gases, volatilized liquids and
solids, particulate matter, and ash generated by combustion.
(AS)

Conductive. Not only those materials, such as metals, that
are commonly considered electrically conductive, but also that
class of materials that, when tested in accordance with this
document, have a resistance not exceeding 1,000,000 ohms.
Such materials are required where electrostatic interconnec-
tion is necessary. (AS)

Container. A low-pressure, vacuum-insulated vessel con-
taining gases in liquid form. (GE)

Critical Branch. A subsystem of the emergency system
consisting of feeders and branch circuits supplying energy
to task illumination, special power circuits, and selected recep-
tacles serving areas and functions related to patient care and
that can be connected to alternate power sources by one or
more transfer switches during interruption of normal power
source. (ES)

Critical Equipment. That equipment essential to the
safety of the occupants of the facility. (HHF)

Critical System. A system of feeders and branch circuits
in nursing homes and custodial care facilities arranged for
connection to the alternate power source to restore service
to certain critical receptacles, task illumination, and equip-
ment. (ES)

Cylinder. A supply tank containing high-pressure gases
or gas mixtures at pressures that may be in excess of 2000
psig (13.8 kPa gauge). (GE)

Decompression Sickness. A syndrome due to evolved gas
in the tissues resulting from a reduction in ambient pressure.
(HHF)

Detonation. An exothermic reaction wherein the reac-
tion propagates through the unreacted material at a rate
exceeding the velocity of sound, hence the explosive noise.
(AS)

Direct Electrical Pathway to the Heart. An externalized
conductive pathway, insulated except at its ends, one end of
which is in direct contact with heart muscle and the other
outside the body, and is accessible for inadvertent or inten-
tional contact with grounded objects or energized, ground-
referenced sources. Electrodes, such as may be used for
pacing the heart, and catheters filled with conductive fluids
are examples of direct electrical pathways to the heart. (EE)

Double-Insulated Appliances. Appliances having an insu-
lation system comprising both basic insulation necessary for
the functioning of the appliance and for basic protection

against electric shock and supplementary insulation. The sup-
plementary insulation is independent insulation provided in
addition to the basic insulation to ensure protection against
electric shock in case of failure of the basic insulation. (EE)

Electrical Life Support Equipment. Electrically powered
equipment whose continuous operation is necessary to main-
tain a patient’s life. (ES)

Electrode. An electrically conductive connection to a
patient. Some electrodes of interest are: (EE)

Active Electrode.  An electrode intended to generate a sur-
gical effect at its point of application to the patient. (HFE)

Bipolar Electrode. An electrode consisting of adjacent con-
tacts (e.g., the two legs of a forceps) such that the high fre-
quency current passes between the pair of contacts generating
the surgical effect. (HFE)

Dispersive Electrode. An electrode intended to complete the
electrical path between patient and appliance and at which
no surgical effect is intended. It is often called the “indiffer-
ent electrode,” the “return electrode,” the “patient plate,”
or the “neutral electrode.” (HFE)

Emergency System. A system of circuits and equipment
intended to supply alternate power to a limited number of
prescribed functions vital to the protection of life and safety,
with automatic restoration of electrical power within 10 sec-
onds of power interruption. (ES)

Equipment Grounding Bus. A grounding terminal bus
in the feeder circuit of the branch circuit distribution panel
that serves a particular area. (EE)

Equipment System. A system of circuits and equipment
arranged for automatic or manual connection to the alter-
nate. power source and that serves primarily three-phase
power equipment. (ES)

Essential Electrical System. A system comprised of alter-
nate sources of power and all connected distribution systems
and ancillary equipment, designed to assure continuity of elec-
trical power to designated areas and functions of a health care
facility during disruption of normal power sources, and also
designed to minimize disruption within the internal wiring
system. (ES) :

Exposed Conductive Surfaces. Those surfaces that are
capable of carrying electric current and that are unprotected,
uninsulated, unenclosed, or unguarded, permitting personal
contact. (EE)

Failure. An incident that increases the hazard to person-
nel or patients or affects the safe functioning of electric appli-
ances or devices. It includes failure of a component, loss of
normal protective paths such as grounding, and short cir-
cuits or faults between energized conductors and the chas-
sis. (EE)

Fault Current. A current in an accidental connection
between an energized and a grounded or other conductive
element resulting from a failure of insulation, spacing, or con-
tainment of conductors. (ES)
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Feeder. All circuit conductors between the service equip-
ment or the source of a separately derived system and the
final branch-circuit overcurrent device. (ES)

Flame Resistant. The property of a material that passes
the small-scale test in NFPA 701, Standard Methods of Fire Tests
| for Flame-Resistant Textiles and Films. (HHF)

NOTE: A source of ignition alternate to the gas burner spec-
ified in NFPA 701 may be required for this test if it is to be
performed in 100 percent oxygen at several atmospheres pres-
sure.

Flammable. An adjective describing easy ignition, intense
burning, and rapid rate of flame spread during combustion.
It may also be used as a noun to mean a flammable sub-
stance. Many substances nonflammable in air become flam-
mable if the oxygen content of the gaseous medium is
increased above 0.235 ATA. (AS)

Flammable Anesthetizing Location. Any area of a facil-
ity that has been designated to be used for the administra-
tion of any flammable inhalation anesthetic agents in the
normal course of examination or treatment. (AS)

Flammable Gas. Any gas that will burn when mixed in
any proportion with air, oxygen, or nitrous oxide. (LAB)

Flammable Liquid. See definition of liquids and Appen-
dix C-10.2.1. (LAB)

Flash Point. The minimum temperature at which a lig-
uid gives off vapor in sufficient concentration to form an
ignitible mixture with air near the surface of the liquid within
the vessel, as specified by appropriate test procedures and
apparatus. (See Appendix C-10.2.2.) (LAB)

Flow-Control Valve. A valve, usually a needle valve, that
precisely controls flow of gas. (GE)

Flowmeter. A device for measuring volumetric flow rates
of gases and liquids. (GE)

Flowmeter, Pressure Compensated. A flowmeter indicat-
ing accurate flow of gas whether the gas is discharged into
ambient pressure or into a system at nonambient pressure.
(GE)

Frequency. The number of oscillations, per unit time, of
a particular current or voltage waveform. The unit of fre-
quency is the hertz. Formerly the unit of frequency was cycles
per second, a terminology no longer preferred.

NOTE: The waveform may consist of components having
many different frequencies, in which case it is called a com-
plex or nonsinusoidal waveform. (EE)

Fume Hood. An enclosure designed to draw air inward
by means of mechanical ventilation. This definition does not
include canopy hoods or recirculation laminar-flow biological-
safety cabinets that may not be designed for use with flam-
mable materials. (LAB)

NOTE: Laboratory fume hoods prevent toxic, flammable,
or noxious vapors from entering the laboratory, present a
physical barrier from chemical reactions, and serve to con-
tain accidental spills.
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Governing Body. The person or persons who have the
overall legal responsibility for the operation of a health care
facility. (See the Accreditation Manual for Hospitals, Joint Com-
mission on Accreditation of Healthcare Organizations, Chicago,
1989.) (AS)

Ground-Fault Circuit Interrupter. A device whose func-
tion is to interrupt the electric circuit to the load when a fault
current to ground exceeds some predetermined value that
is less than that required to operate the overcurrent protec-
tive device of the supply circuit. (ES)

Grounding. See grounding system.

Grounding System. A system of conductors that provides
a low-impedance return path for leakage and fault currents.
It coordinates with, but may be locally more extensive than,
the grounding system described in Article 250 of NFPA 70,
National Electrical Code. (ES)

Hazard Current. For a given set of connections in an iso-
lated power system, the total current that would flow through
a low impedance if it were connected between either isolated
conductor and ground. The various hazard currents are: (ES)

Fault Hazard Current. 'The hazard current of a given iso-
lated power system with all devices connected except the line
isolation monitor. (ES)

Monitor Hazard Current. The hazard current of the line
isolation monitor alone. (ES)

Total Hazard Current. The hazard current of a given iso-
lated system with all devices, including the line isolation mon-
itor, connected. (ES)

Hazardous Area in a Flammable Anesthetizing Location.*
The space extending 152 cm (5 ft) above the floor in a flam-
mable anesthetizing location. (See 12-4.1.3 and Appendix A-
2-2.) (AS)

Hazardous Area in Laboratories. The area inside fume
hoods or enclosures where tests or procedures are being con-
ducted under the conditions listed in-10-7.4.1. (LAB)

Hazardous Chemical.* A chemical with one or more of
the following hazard ratings as defined in NFPA 704, Stan-
dard System for the Identification of the Fire Hazards of Materi-
als: Health — 2, 3, or 4; Flammability — 2, 3, or 4; Reactivity
— 2, 3, or 4. (See Appendixes A-2-2 and C-10.2.3.) (LAB)

Hazardous Location. An anesthetizing location or any
location where flammable agents are used or stored. (AS)

Health Care Facilities. Buildings or portions of build-
ings that contain, but are not limited to, occupancies such
as: hospitals; nursing homes; limited care; supervisory care;
clinics; medical and dental offices; and ambulatory care;
whether permanent or movable. (ES)

Hood, Oxygen. A device encapsulating a patient’s head
and used for a purpose similar to that of a mask. (See defi-
nition of mask.) (HHF)

Hospital-Based. In the interpretation and application of
this document, physically connected to a hospital. (AS)
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Hospital Facility. A building or part thereof used for the
medical, psychiatric, obstetrical, or surgical care, on a 24-hour
basis, of four or more inpatients. Hospital, wherever used in
this standard, shall include general hospitals, mental hospi-
tals, tuberculosis hospitals, children’s hospitals, and any such
facilities providing inpatient care. (ES)

Humidifier. A device used for adding water vapor to
inspired gas. (GE)

Hyperbaric. Pressures above atmospheric pressure.
(HHF)

Hyperbaric Oxygenation. The application of pure oxy-
gen or an oxygen-enriched gaseous mixture to a subject at
elevated pressure. (HHF)

Hypobaric. Pressures below atmospheric pressure. (HHF)

Hypoxia. A state of inadequate oxygenation of the blood
and tissue. (HHF)

Immediate Restoration of Service. Automatic restoration
of operation with an interruption of not more than 10 sec-
onds. (ES)

Impedance. Impedance is the ratio of the voltage drop
across a circuit element to the current flowing through the
same circuit element. The circuit element may consist of any
combination of resistance, capacitance, or inductance. The
unit of impedance is the ohm. (EE)

Intermittent Positive Pressure Breathing (IPPB).
Ventilation of the lungs by application of intermittent pos-
itive pressure to the airway. (GE)

Intrinsically Safe. As applied to equipment and wiring,
equipment and wiring that are incapable of releasing sufh-
cient electrical energy under normal or abnormal conditions
to cause ignition of a specific hazardous atmospheric mix-
ture. Abnormal conditions may include accidental damage
to any part of the equipment or wiring; insulation or other
failure of electrical components; application of overvoltage;
adjustment and maintenance operations; and other similar
conditions. (HHF)

Isolated Patient Lead. A patient lead whose impedance
to ground or to a power line is sufficiently high that connect-
ing the lead to ground, or to either conductor of the power
line, results in current flow below a hazardous limit in the
lead. (EE)

Isolated Power System. A system comprising an isolat-
ing transformer or its equivalent, a line isolation monitor, and
its ungrounded circuit conductors. (See NFPA 70, National
Electrical Code.) (ES)

Isolation Transformer. A transformer of the multiple-
winding type, with the primary and secondary windings phys-
ically separated, that inductively couples its ungrounded
secondary winding to the grounded feeder system that ener-
gizes its primary winding. (ES)

Laboratory. A building, space, room, or group of rooms
located in any part of a health care facility and intended to
serve activities involving procedures for investigation, diag-

nosis, or treatment in which flammable, combustible, or oxi-
dizing materials are to be used. These laboratories are not
intended to include isolated frozen section laboratories; areas
in which oxygen is administered; blood donor rooms in which
flammable, combustible, or otherwise hazardous materials
normally used in laboratory procedures are not present; and
clinical service areas not using hazardous materials. (LAB)

Laboratory Work Area. A room or space for testing, anal-
ysis, research, instruction, or similar activities that involve the
use of chemicals. This work area may or may not be enclosed.
(LAB)

Leakage Current. Any current, including capacitively cou-
pled current, not intended to be applied to a patient but that
may be conveyed from exposed metal parts of an appliance
to ground or to other accessible parts of an appliance. (EE)

Life Safety Branch. A subsystem of the emergency sys-
tem consisting of feeders and branch circuits, meeting the
requirements of Article 700 of NFPA 70, National Electrical
Code, and intended to provide adequate power needs to
ensure safety to patients and personnel, and that can be auto-
matically connected to alternate power sources during inter-
ruption of the normal power source. (ES)

Limited Care Facility. A building or part thereof used
on a 24-hour basis for the housing of four or more persons
who are incapable of self-preservation because of age, phys-
ical limitation due to accident or illness, or mental limitations
such as mental retardation/developmental disability, mental
illness, or chemical dependency. (TC)

Limited-Combustible Material. A material (as defined in
NFPA 220, Standard on Types of Building Construction) not com-
plying with the definition of noncombustible material that,
in the form in which it is used, has a potential heat value not
exceeding 3500 Btu per pound (8141 kJ/kg),! and complies
with one of the following paragraphs (a) or (b). Materials sub-
ject to increase in combustibility or flame-spread rating
beyond the limits herein established through the effects of
age, moisture, or other atmospheric condition shall be con-
sidered combustible.!

(a) Materials having a structural base of noncombustible
material, with a surfacing not exceeding a thickness of Vg in.
(3.2 mm) and having a flame-spread rating not greater than
50.

(b) Materials, in the form and thickness used, other than
as described in (a), having neither a flame-spread rating
greater than 25 nor evidence of continued progressive com-
bustion and of such composition that surfaces that would be
exposed by cutting through the material on any plane would
have neither a flame-spread rating greater than 25 nor evi-
dence of continued progressive combustion. (MGS)

Line Isolation Monitor. A test instrument designed to
continually check the balanced and unbalanced impedance
from each line of an isolated circuit to ground and equipped
with a built-in test circuit to exercise the alarm without add-
ing to the leakage current hazard. (ES)

Liquid. Any material that has a fluidity greater than that
of 300 penetration asphalt when tested in accordance with
ASTM D571, Test for Penetration of Bituminous Materials. When

' See NFPA 259, Standard Test Method for Potential Heat of Build-
ing Materials.
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not otherwise identified, the term liguid shall include both
flammable and combustible liquids. (See Appendix C-10.2.1.)
(LAB)

mA. Milliampere.

Manifold. A device for connecting the outlets of one or
more gas cylinders to the central piping system for that spe-
cific gas. (MGS)

Mask. A device that fits over the mouth and nose (oro-
nasal) or nose (nasal), used to administer gases to a patient.
(AS)

Medical Compressed Air.* For purposes of this standard,
medical compressed air is:

(a) Air supplied from cylinders or bulk containers or that
has been reconstituted from oxygen U.S.P. and nitrogen N.F.
and that complies, as a minimum, with Grade D in ANSI
786.1, Commodity Specification for Air (CGA Pamphlet G-7.1),
or

(b) Local outside atmosphere to which no contaminants
in the form of particulate matter, odor, oil vapor, or other
gases have been added by a compressor system. Local atmo-
sphere air may not be equal in purity or dryness to the com-
modity specification Grade D reconstituted air. (MGS)

Medical-Surgical Vacuum System. A system consisting
of central-vacuum producing equipment with pressure and
operating controls, shutoff valves, alarm warning systems,
gauges, and a network of piping extending to and terminat-
ing with suitable station inlets at locations where patient suc-
. tion may be required. (VSE)

I

Mixed Facility. A facility wherein flammable anesthetiz-
ing locations and nonflammable anesthetizing locations co-
exist within the same building, allowing interchange of per-
sonnel or equipment between flammable and nonflammable
anesthetizing locations. (AS)

mV. Millivolt.

Nebulizer. A device used for producing an aerosol of
water and/or medication within inspired gas supply. (GE)

Negative Pressure. Pressure less than atmospheric. (GE)

Nitrogen. An element that, at atmospheric temperatures
and pressures, exists as a clear, colorless, and tasteless gas;
it comprises approximately four-fifths of the earth’s atmo-
sphere. (AS)

Nitrogen Narcosis. A condition resembling alcoholic ine-
briation, which results from breathing nitrogen in the air
under significant pressure. (See C-19.1.3.1.2.) (HHF)

Nitrogen, Oil-Free, Dry (Nitrogen for Testing and Sys-
tem Operation). Nitrogen complying, as a minimum, with
Grade D in Compressed Gas Association, Inc., Pamphlet
G-10.1, Commodity Specification for Nitrogen. (MGS)

Nitrous Oxide. An inorganic compound, one of the

oxides of nitrogen; it exists as a gas at atmospheric pressure
and temperature, possesses a sweetish smell, and is capable
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of inducing the first and second stages of anesthesia when
inhaled; the oxygen in the compound will be released under
conditions of combustion, creating an oxygen-enriched atmo-
sphere. (AS)

Noncombustible (Hyperbaric). Within the context of
Chapter 19, “Hyperbaric Facilities,” an adjective describing
a substance that will not burn in 95 + 5 percent oxygen at
pressures up to 3 ATA (44.1 psia). (HHF)

Noncombustible (Hypobaric). Within the context of
NFPA 99B, Standard for Hypobaric Facilities, an adjective
describing a substance that will not burn in 95 = 5 percent
oxygen at pressures of 760 mm Hg. (HHF)

Noncombustible Material. A material (as defined in
NFPA 220, Standard on Types of Building Construction) that, in
the form in which it is used and under the conditions antic-
ipated, will not ignite, burn, support combustion, or release
flammable vapors when subjected to fire or heat. Materials
reported as noncombustible, when tested in accordance with
the Standard Test Method for Behavior of Materials in a Verti-
cal Tube Furnace at 750°C, ASTM E136, shall be considered
noncombustible materials. (MGS)

Nonflammable. An adjective describing a substance that
will not burn under the conditions set forth in the definition
of flame resistant. (HHF)

Nonflammable Anesthetic Agent.* Refers to those inha-
lation agents that, because of their vapor pressure at 98.6°F
(37°C) and at atmospheric pressure, cannot attain flammable
concentrations when mixed with air, oxygen, or mixtures of
oxygen and nitrous oxide. (AS)

Nonflammable Anesthetizing Location. Any anesthetiz-
ing location designated for the exclusive use of nonflammable
anesthetizing agents. (AS)

Nonflammable Medical Gas System. A system of piped
oxygen, nitrous oxide, compressed air, or other nonflam-
mable medical gases. (See Chapter 4, “Gas and Vacuum Systems,”
Sections 4-3 through 4-6.) (MGS)

Nursing Home. A building or part thereof used for the
housing and nursing care, on a 24-hour basis, of four or more
persons who, because of mental or physical incapacity, may
be unable to provide for their own needs and safety with-
out the assistance of another person. Nursing home, wher-
ever used in this document, shall include nursing and
convalescent homes, skilled nursing facilities, intermediate
care facilities, and infirmaries in homes for the aged. (EE)

Oil-Free Air Compressor. An air compressor designed
specifically to exclude oil from the air stream and compres-
sion chamber. (MGS)

Operating Supply. The portion of the supply system that
normally supplies the piping systems. The operating supply
consists of a primary supply or a primary and secondary sup-
ply. (MGS)

Primary Supply. That portion of the equipment that is
actually supplying the system. (MGS)
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Secondary Supply. When existing, a supply that automat-
ically supplies the system when the primary supply
becomes exhausted. This is a normal operating procedure
of the equipment. (MGS)

Oxidizing Gas. A gas that supports combustion. Oxy-
gen and nitrous oxide are examples of oxidizing gases.
There are many others, including halogens. (HHF)

Oxygen. An element that, at atmospheric tempera-
tures and pressures, exists as a colorless, odorless, tasteless
gas. (AS)

NOTE: Its outstanding property is its ability to sustain life
and to support combustion. Although oxygen is nonflam-
mable, materials that burn in air will burn much more vig-
orously and create higher temperatures in oxygen or in
oxygen-enriched atmospheres.

Oxygen, Gaseous. A colorless, odorless, and tasteless gas;
and the physical state of the element at atmospheric tem-
perature and pressure. (GE)

Oxygen, Liquid. Exists at cryogenic temperature,
approximately —300°F (—184.4°C) at atmospheric pres-
sure. It retains all of the properties of gaseous oxygen, but,
in addition, when allowed to warm to room temperature at
atmospheric pressure, it will evaporate and expand to fill a
volume 860 times its liquid volume. If spilled, the liquid
can cause frostbite on contact with skin. (GE)

Oxygen Delivery Equipment. Any device used to
transport and deliver an oxygen-enriched atmosphere to a
patient. If an enclosure such as a mask, hood, incubator,
canopy, or tent is used to contain the oxygen-enriched
atmosphere, then that enclosure is considered to be oxy-
gen delivery equipment. (GE)

Oxygen-Enriched Atmosphere. An atmosphere in
which the concentration of oxygen exceeds 23.5 percent by
volume. (HHF)

Oxygen Index. The minimum concentration of oxy-
gen, expressed as percent by volume, in a mixture of oxy-
gen and nitrogen that will just support combustion of a
material under conditions of ASTM D2863. (HHF)

Oxygen Toxicity (Hyperbaric). Physical impairment
resulting from breathing gaseous mixtures containing
oxygen-enriched atmospheres at elevated partial pressures
for extended periods of time. Under the pressures and
times of exposure normally encountered in hyperbaric
treatments, toxicity is a direct function of concentration
and time of exposure. (See Appendix C-19.1.3.1.3.) (HHF)

Oxygen Toxicity (Hypobaric). Physical impairment
usually resulting from breathing gaseous mixtures contain-
ing oxygen-enriched atmospheres at elevated pressures for
extended periods of time; it may occur under the pressures
and duration of exposure normally encountered in long-
duration hypobaric exposures, since toxicity is a direct
function of concentration and time of exposure, and
involves toxicity of the lung. (HHF)

Patient Care Area. Any portion of a health care facility
wherein patients are intended to be examined or treated.
(EE)

NOTE: Business offices, corridors, lounges, day rooms,

dining rooms, or similar areas typically are not classified as
patient care areas.

Patient-Care-Related Electrical Appliance. An electrical
appliance that is intended to be used for diagnostic, thera-
peutic, or monitoring purposes in a patient care area. (EE)

Patient Equipment Grounding Point. A jack or termi-
nal that serves as the collection point for redundant ground-
ing of electric appliances serving a patient vicinity or for
grounding other items in order to eliminate electromagnetic
interference problems. (EE)

Patient Lead. Any delibérate electrical connection that
may carry current between an appliance and a patient. This
may be a surface contact (e.g., an ECG electrode); an inva-
sive connection (e.g., implanted wire or catheter); or an inci-
dental long-term connection (e.g., conductive tubing). It is
not intended to include adventitious or casual contacts such
as a push button, bed surface, lamp, hand-held appliance,
etc. (EE)

NOTE: Also see definition of isolated patient lead.

Patient Vicinity. In an area in which patients are nor-
mally cared for, the patient vicinity is the space with surfaces
likely to be contacted by the patient or an attendant who can
touch the patient. Typically in a patient room, this encloses
a space within the room 6 ft (1.8 m) beyond the perimeter
of the bed in its nominal location and extending vertically
within 7 ft 6 in. (2.3 m) of the floor. (EE)

Piped Distribution System. A system that consists of a
central supply system (manifold, bulk, or compressors) with
control equipment and piping extending to points in the facil-
ity where nonflammable medical gases may be required, with
suitable station outlet valves at each use point. (MGS)

| Piping. The tubing or conduit of the system. There are
three general classes of piping, as follows: (VSE)

| Main Lines. Those parts of the system that connect the
source (pumps, receivers, etc.) to the risers or branches, or
both. (VSE)

| Risers. The vertical pipes connecting the system main
line(s) with the branch lines on the various levels of the facil-
ity. (VSE)

Branch (Lateral) Lines. Those sections or. portions of the
piping system that serve a room or group of rooms on the
same story of the facility. (VSE)

Plug (Attachment Plug, Cap). A device that, by insertion
in a receptacle, establishes connection between the conduc-
tors of the attached flexible cord and the conductors con-
nected permanently to the receptacle. (EE)

Positive-Negative Pressure Breathing. Ventilation of the
lungs by the application of intermittent positive-negative pres-
sure to the airway. (GE)

Positive Pressure.
spheric. (GE)

Pressure greater than ambient atmo-

Pressure, Absolute. The total pressure in a system with
reference to zero pressure. (HHF)
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Pressure, Ambient. Refers to total pressure of the envi-
ronment referenced. (HHF)

Pressure, Gauge. Refers to total pressure above (or below)
atmospheric. (HHF)

Pressure, High. A pressure exceeding 200 psig (1.38 kPa
gauge)(215 psia). (GE)

Pressure, Partial. The pressure, in absolute units, exerted
by a particular gas in a gas mixture (the pressure contrib-
uted by other gases in the mixture is ignored). (HHF)

NOTE: For example, oxygen is one of the constituents of
air; the partial pressure of oxygen in standard air, at a stan-
dard air pressure of 14.7 psia, is 3.06 psia or 0.208 ATA or
158 mm Hg.

Pressure Reducing Regulator. A device that automati-
cally reduces gas under high pressure to a usable lower work-
ing pressure. In hospitals, the term regulator is frequently
used to describe a regulator that incorporates a flow-
measuring device. (RT)

Pressure, Working. A pressure not exceeding 200 psig
(11.6 kg/cm?). (GE)

NOTE: A gipeline working pressure of 50 to 55 psig (2.9
to 3.2 kg/cm®) is conventional because medical gas equipment
is generally designed and calibrated for use at this pressure.

Psia. Pounds per square inch absolute, a unit of pressure
measurement with zero pressure as the base or reference
pressure. (HHF)

Psig. Pounds per square inch gauge, a unit of pressure
measurement with atmospheric pressure as the base or ref-
erence pressure (under standard conditions, 0 psig is equiv-
alent to 14.7 psia). (HHF)

Quiet Ground. A system of grounding conductors, insu-
lated from portions of the conventional grounding of the
power system, that interconnects the grounds of electric appli-
ances for the purpose of improving immunity to electromag-
netic noise. (ES)

Reactance. The component of impedance contributed by
inductance or capacitance. The unit of reactance is the ohm.
(EE)

Reactive Material. A material that, by itself, is readily
capable of detonation, explosive decomposition, or explosive
reaction at normal or elevated temperatures and pressures.
(See Appendix C-10-2.3.3 for definitions of Reactivity 3 and Reac-
tivity 4.) (LAB)

Reference Grounding Point. A terminal bus that is the
equipment grounding bus, or an extension of the equipment
grounding bus, and is a convenient collection point for
installed grounding wires or other bonding wires where used.
(EE) :

Refrigerating Equipment. Any mechanically operated
equipment used for storing, below normal ambient temper-
ature, hazardous materials having flammability ratings of 3
or 4. It includes refrigerators, freezers, and similar equip-
ment. (LAB)

1990 Edition

Relative Analgesia. A state of sedation and partial block
of pain perception produced in a patient by the inhalation
of concentrations of nitrous oxide insufhicient to produce loss
of consciousness (conscious sedation). (AS)

Remote.* A use point and/or the gas system storage shall
be considered remote if it cannot be accessed directly by walk-
ing from the front door of the treatment facility through to
the use point or storage area without walking out through
another exit. A remote use point shall be considered a sep-
arate single treatment facility. (MGS)

Reserve Supply. When existing, that portion of the sup-
ply equipment that automatically supplies the system in the
event of failure of the operating supply. The reserve supply
only functions in an emergency and not as a normal oper-
ating procedure. (MGS)

Safety Can. An approved container, of not more than 5
gal (18.9 L) capacity, having a spring-closing lid and spout
cover and so designed that it will safely relieve internal pres-
sure when subjected to fire exposure. (LAB)

SCFM. Standard cubic feet per minute. The unit used
to express the measure of the volume of a gas flowing at stan-
dard conditions — a temperature of 68°F (20°C) and a pres-
sure of one atmosphere (29.92 in. of Hg). (VSE)

Selected Receptacles. A minimal number of receptacles
selected by the governing body of a facility as necessary to
provide essential patient care and facility services during loss
of normal power. (ES)

Self-Extinguishing. A characteristic of a matertal such that
once the source of ignition is removed, the flame is quickly
extinguished without the fuel or oxidizer being exhausted.
(HHF)

Single Treatment Facility.* A diagnostic or treatment
complex under a single management comprising a number
of use points but confined to a single contiguous grouping
of use points, i.e., do not involve widely separated locations
or separate distinct practices. For the purposes of this stan-
dard a single treatment facility will be on a single level or one
in which a person may get to a second level totally from
within the confines of the treatment area. One-, two-, or
three-level complexes in which entry to other use points is
achieved through an outer foyer or hall entry shall not be
considered single treatment facilities. (MGS)

Site of Intentional Expulsion. All points within 1 ft
(0.3 m) of a point at which an oxygen-enriched atmosphere
is intentionally vented to the atmosphere. For example: for
a patient receiving oxygen via a nasal cannula or face mask,
the site of expulsion normally surrounds the mask or can-
nula; for a patient receiving oxygen while enclosed in a can-
opy or incubator, the site of intentional expulsion normally
surrounds the openings to the canopy or incubator; for a
patient receiving oxygen while on a ventilator, the site of
intentional expulsion normally surrounds the venting port
on the ventilator.

NOTE: This definition addresses the site of intended expul-
sion. Actual expulsion may occur at other sites remote from
the intended site due to disconnections, leaks, or rupture of
gas conduits and connections. Vigilance on the part of patient-
care team is essential to assure system integrity. (GE)
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Station Inlet. An inlet point in a piped vacuum distribu-
tion system at which the user makes connections and discon-
nections. (VAC) -

Station Outlet. An outlet point in a piped medical gas
distribution system at which the user makes connections and
disconnections. (MGS)

Storage Cabinet.* A cabinet for the storage of flammable
and combustible liquids constructed in accordance with Sec-
tion 4-3 of NFPA 30, Flammable and Combustible Liquids Code.
(LAB)

Storage Location for Flammable Inhalation Anesthetics.

Any room within a consuming facility used for the storage
of flammable anesthetic or flammable disinfecting agents (see
NFPA 30, Flammable and Combustible Liquids Code), or inha-
lation anesthetic apparatus to which cylinders of flammable
gases are attached. Such a storage location shall be consid-
ered a hazardous area throughout the location. (AS)
|

Surface-Mounted Medical Gas Rail Systems.* A surface-
mounted gas delivery system intended to provide ready access
for two or more gases through a common delivery system
to provide multiple gas station outlet locations within a sin-
gle patient room or critical care area. (MGS)

Task Illumination. Provisions for the minimum lighting
required to carry out necessary tasks in the areas described
in Chapter 3, including safe access to supplies and equipment
and access to exits. (ES)

Tube, Endotracheal. A tube for insertion through the
mouth or nose into the upper portion of the trachea (wind-
pipe). An endotracheal tube may be equipped with an inflat-
able cuff. (GE)

Tube, Tracheotomy. A curved tube for insertion into the
trachea (windpipe) below the larynx (voice box) during the
performance of an appropriate operative procedure (trache-
otomy). A tracheotomy tube may be equipped with an inflat-
able cuff. (AS) ’

Unattended Laboratory Operation. A laboratory proce-
dure or operation at which there is no person present who
is knowledgeable regarding the operation and emergency
shutdown procedures. Absence for even short periods with-
out coverage by a knowledgeable person constitutes an unat-
tended laboratory operation. (LAB)

Use Point. A room, or area within a room, where med-
ical gases are dispensed to a single patient for medical pur-
poses. A use point may comprise a number of station outlets
of different gases. (MGS)

Wet Location. A patient care area that is normally sub-
ject to wet conditions while patients are present. This includes
standing fluids on the floor or drenching of the work area,
either of which condition is intimate to the patient or staff.
Routine housekeeping procedures and incidental spillage of
liquids do not define a wet location.
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Chapter 3 Electrical Systems

NOTE 1: The application of requirements contained in this
chapter for specific types of health care facilities can be found
in Chapters 12 through 18.

NOTE 2: Sections of Chapter 3 identified by a dagger (1)
include text extracted from NFPA 110-1988, Standard for Emer-
gency and Standby Power Systems. Requests for interpretations
or revisions of the extracted text will be referred to the Tech-
nical Committee on Emergency Power Supplies.

3-1* Scope.

3-1.1 This chapter covers the performance, maintenance,
and testing of electrical systems (both normal and essential)
used within health care facilities.

3-1.2 Specific requirements for wiring and installation on
equipment are covered in NFPA 70, National Electrical Code.

3-1.3 Requirements for illumination and identification of
means of egress in health care facilities are covered in NFPA
101, Life Safety Code. The alternate source of emergency
power for illumination and identification of means of egress
shall be the essential electrical system.

3-1.4 This chapter does not cover the requirements for fire
protection signaling systems except that the alternate source
of power shall be the essential electrical system.

3-1.5 This chapter does not cover the requirements for fire
pumps except that the alternate source of power shall be per-
mitted to be the essential electrical system.

3-1.6 Requirements for the installation of stationary engines
and gas turbines are covered in NFPA 37, Standard for the
Installation and Use of Stationary Combustion Engines and Gas Tur-
bines.

3-2* Nature of Hazards. The hazards attendant 1o the use
of electricity include electrical shock, thermal injury, and inter-
ruption of power. (For further information see Appendix A-3-2.)

3-2.1 Fire and Explosions. Electrical systems may be sub-
ject to the occurrence of electrical fires. Grounding systems,
overcurrent protective devices, and other subjects discussed
in this standard may be intended for fire prevention, as well
as other purposes. This aspect of electrical systems is the pri-
mary focus of other NFPA standards and will not be empha-
sized herein.

3-2.2 Shock.

3-2.2.1 General. (See A-3-2.)

3-2.2.2* Control. Control of electric shock hazard requires
the limitation of electric current that might flow in an elec-
tric circuit involving the patient’s body and is accomplished
through a variety of alternative approaches covered in Appen-
dix A-3-2.2.2.

3-2.3 Thermal. (Reserved)
3-2.4 Interruption of Power.

3-2.4.1 General. Medical and nursing sciences are becom-
ing progressively more dependent upon electrical appara-
tus for the preservation of life of hospitalized patients. For
example, year by year, more cardiac operations are per-
formed, in some of which the patient’s life depends upon arti-
ficial circulation of the blood; in other operations, life is
sustained by means of electrical impulses that stimulate and
regulate heart action; in still others, suction developed by elec-
trical means is routinely relied upon to remove body fluids
and mucus that might otherwise cause suffocation. In another
sense, lighting is needed in strategic areas in order that pre-
cise procedures may be carried out, and power is needed to
safeguard such vital services as refrigerated stores held in tis-
sue, bone, and blood banks.

Interruption of normal electrical service in health care facil-
ities may be caused by catastrophes such as storms, floods,
fires, earthquakes, or explosions; by failures of the systems
supplying electrical power; or by incidents within the facil-
ity. For all such situations, electrical systems should be
planned to limit internal disruption and to provide for con-
tinuity of vital services at all times. Outages may be corrected
in seconds or may require hours for correction. This indi-
cates that the system or protection must be designed to cope
with the longest probable outage.

Selecting vital areas and functions considered to be essen-
tial, designing safeguards to assure continuity in these cir-
cuits, and maintaining the electrical and mechanical
components of such essential services so that they will work
when called on are complex problems that warrant standard-
ized guidance for regulating agencies, governing boards, and
administrators of health care facilities and architects and engi-
neers concerned with their construction. Such guidance is
offered in this chapter.

This chapter is predicated on the basic principle of achiev-
ing dependability. It is intended to recognize the different
degrees of reliability that can result from varying approaches
to electrical design. Therefore, its requirements have been
developed to allow the designer the flexibility needed to
achieve a reliable electrical system.

3-2.4.2 Need to Maintain Power. Interruption of the sup-
ply of electric power in a facility may be a hazard. Implemen-
tation of the requirements of this chapter serves to maintain
the required level of continuity and quality of electrical power
for patient care electrical appliances.

3-2.5 RF. Interference. (Reserved)

(See Annex 2, “The Safe Use of High-Frequency Electricity in
Health Care Facilities,” at the end of this document for recommen-
dations.)

3-3 Sources.

3-3.1 Normal (AC). Each appliance of a hospital requiring
electrical line power for operation shall be supported by
power sources and distribution systems that provide power
adequate for each service.
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3-3.1.1 Power/Utility Company. (Reserved)
3-3.1.2 On-Site Generator Set. (Reserved)

3-3.2 Alternative.

3-3.2.1 On-Site Generator Set.

3-3.2.1.1* Design Considerations. Facilities whose normal
source of power is supplied by two or more separate central-
station-fed services (dual sources of normal power) experi-
ence greater reliability than those with only a single feed, and
shall be considered whenever practical, but such dual source
of normal power does not constitute an alternate power
source as defined in this chapter.

Distribution system arrangements shall be designed to min-
imize interruptions to the electrical systems due to internal
failures by the use of adequately rated equipment. Among
the factors to be considered are:

(a) Abnormal currents: current-sensing devices, phase and
ground, shall be selected to minimize the extent of interrup-
tion to the electrical system due to abnormal current caused
by overload and/or short circuits.

(b) Abnormal voltages such as single phasing of three-
phase utilization equipment, switching and/or lightning
surges, voltage reductions, etc.

(c) Capability of achieving the fastest possible restoration
of any given circuit(s) after clearing a fault.

(d) Effects of future changes, such as increased loading
and/or supply capacity.

(e) Stability and power capability of the prime mover dur-
ing and after abnormal conditions.

(f) Sequence reconnection of loads to avoid large current
inrushes that could trip overcurrent devices or overload the
generator(s).

NOTE: Careful consideration should be given to the loca-
tion of the spaces housing the components of the essential elec-
trical system to minimize interruptions caused by natural forces
common to the area (e.g., storms, floods, or earthquakes, or
hazards created by adjoining structures or activities). Consid-
eration should also be given to the possible interruption of
normal electrical services resulting from similar causes as well
as possible disruption of normal electrical service due to inter-
nal wiring and equipment failures. Consideration should be
given to the physical separation of the main feeders of the
essential electrical system from the normal wiring of the facil-
ity to prevent possible simultaneous destruction as a result of
a local catastrophe.

In selecting electrical distribution arrangements and compo-
nents for the essential electrical system, high priority should
be given to achieving maximum continuity of the electrical
supply to the load. Higher consideration should be given to
achieving maximum reliability of the alternate power source
and its feeders rather than protection of such equipment, pro-
vided the protection is not required to prevent a greater threat
to human life such as fire, explosion, electrocution, etc., than
would be caused by the lack of essential electrical supply.

(g) Consideration shall be given to properly designed and
installed bypass arrangements to permit testing and main-
tenance of system components that could not be otherwise
maintained without disruption of important hospital func-
tions.
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(h) Effects of any harmonic currents on neutral conduc-
tors and equipment.

3-3.2.1.2 Essential electrical systems shall have a minimum
of two independent sources of power: a normal source gen-
erally supplying the entire electrical system, and one or more
alternate sources for use when the normal source is inter-
rupted.

3-3.2.1.3 The alternate source of power shall be a gener-
ator(s) driven by some form of prime mover(s) and located
on the premises.

Exception:  Where the normal source consists of generating units
on the premises, the alternate source shall be either another gener-
ating set or an external utility service.

3-3.2.1.4 General. Generator sets installed as an alternate
source of power for essential electrical systems shall be
designed to meet the requirements of such service.

(a) Type I and Type II essential electrical system power
sources shall be classified as Type 10, Class X, Level 1 gen-
erator sets per NFPA 110, Standard for Emergency and Standby
Power Systems.

(b) Type III essential electrical system power sources shall
be classified as Type 10, Class X, Level 2 generator sets per
NFPA 110, Standard for Emergency and Standby Power Systems.

3-3.2.1.5 Exclusive Use for Essential Electrical Sys-
tems. The generating equipment used shall be either
reserved exclusively for such service or normally used for
other purposes. If normally used for other purposes, two or
more sets shall be installed, such that the demand and all
other performance requirements of the essential electrical sys-
tem shall be met with the largest single generator set out of
service.

Exception: A single generator set shall be permitted to operate the
essential electrical system for (1) peak demand control, (2) internal
voltage control, or (3) load relief for the external utility, provided
any such use will not decrease the mean period between service over-
hauls to less than three years.

3-3.2.1.6% Work Space or Room. Adequate space shall be
provided for housing and servicing the generator set and
associated equipment used for its starting and control. Ser-
vice transformers shall not be installed in this area. [110:
5-2.1]

3-3.2.1.7F Capacity and Rating. The generator set(s) shall
have sufficient capacity and proper rating to meet the max-
imum demand of the essential electrical system at any one
time. [110: 3-4.1]

3-3.2.1.8 Load Pickup. The generator set(s) shall have suf-
ficient capacity to pick up the load and meet the minimum
frequency and voltage stability requirements of the emergency
system within 10 seconds after loss of normal power.

3-3.2.1.9% Maintenance of Temperature. Provisions shall
be made to maintain the generator room at not less than 50°F
(10°C) or the engine water-jacket temperature at not less than
70°F (21.1°C). [110: 3-5.5.1(d), 5-7.6]
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3-3.2.1.10% Ventilating Air. Provision shall be made to pro-
vide adequate air for cooling and to replenish engine com-
bustion air.

3-3.2.1.11*%} Cranking Batteries. Internal combustion
engine starting batteries shall have sufhcient capacity to pro-
vide 60 seconds of continuous cranking. [110: 3-5.4]

3-3.2.1.121 Compressed Air Starting Devices. Internal com-
bustion engine air-starting devices shall have sufhcient capac-
ity to supply five 10-second cranking attempts, with not more
than a 10-second rest between attempts, with the compres-
sor not operating. [110: 3-5.4]

3-3.2.1.13% Fuel Supply. The fuel supply for the genera-
tor set shall be liquid with on-site fuel storage capacity. The
amount of on-site storage shall take into account past out-
age records and delivery problems due to weather, shortages,
and other geographic conditions. [110: 3-1]

Exception:  The use of other than on-site liquid fuels shall be per-
mitted when there is a low probability of a simultaneous failure of
both the off-site fuel delivery system and power from the outside elec-
trical utility company.

3-3.2.1.141 Requirements for Safety Devices. [110: 3-5.5.1]

(a) Internal Combustion Engines. Internal combustion
engines serving generator sets shall be equipped with:

(1) A sensor device plus visual warning device to indi-
cate a water-jacket temperature below those required in
3-3.2.1.9.

(2) Sensor devices plus visual prealarm warning device
to indicate:

(i) High engine temperature (above manufacturer’s rec-
ommended safe operating temperature range).

(1) Low lubricating oil pressure (below manufacturer’s
recommended safe operating range).

(3) An automatic engine shutdown device plus visual
device to indicate that a shutdown took place for:

(i) Overcrank (failed to start).

(ii) Overspeed.

(iii) Low lubricating oil pressure.
(iv) Excessive engine temperature.

(4) A common audible alarm device to warn that any one
or more of the prealarm or alarm conditions exist.

NOTE: One method to accomplish both (2) and (3) is to use
two sensors for each alarm condition set at different operat-
ing points.

(b) Other Types of Prime Movers. Prime movers, other than
internal combustion engines, serving generator sets shall have
appropriate safety devices plus visual and audible alarms to
warn of alarm or approaching alarm conditions.

(c) Liquid Fuel Supplies. Liquid fuel supplies for emergency
or auxiliary power sources shall be equipped with a sensor
device to warn that the main fuel tank contains less than a
three-hour operating supply. .

3-3.2.1.15% Alarm Annunciator. A remote annunciator,
storage battery powered, shall be provided to operate out-
side of the generating room in a location readily observed
by operating personnel at a regular work station (see NFPA
70, National Electrical Code, Section 700-12).

The annunciator shall indicate alarm conditions of the
emergency or auxiliary power source as follows:

(@) Individual visual signals shall indicate:

(1) When the emergency or auxiliary power source is
operating to supply power to load.
(2) When the battery charger is malfunctioning.

(b) Individual visual signals plus a common audible sig-
nal to warn of an engine-generator alarm condition shall indi-
cate:

(1) Low lubricating oil pressure.

(2) Low water temperature (below those required in
3-3.2.1.9).

(3) Excessive water temperature.

(4) Low fuel — when the main fuel storage tank contains
less than a three-hour operating supply.

(5) Overcrank (failed to start).

(6) Overspeed.

Where a regular work station may be unattended period-
ically, an audible and visual derangement signal, appropri-
ately labeled, shall be established at a continuously monitored
location. This derangement signal shall activate when any of

the conditions in 3-3.2.1.15(a) and (b) occur, but need not
display these conditions individually. [110: 3-5.5.1]

3-3.2.2 Battery. Battery systems shall meet all requirements
of Article 700 of NFPA 70, National Electrical Code.

3-3.2.3 Separate Utility. (Reserved)

3-4 Distribution.

3-4.1 Normal (AC) System.

3-4.1.1 Installation shall be in accordance with NFPA 70,
National Electrical Code.

3-4.1.2 All Patient Care Areas. (See Chapter 2 for definition
of patient care area.)

3-4.1.2.1* Wiring, Regular Voltage.

(ay* Circuits. Branch circuits serving a given patient vicin-
ity shall be fed from not more than one normal branch cir-
cuit distribution panel and/or one or more emergency branch
circuit distribution panel(s).

Exception:  Branch circuits serving only special-purpose outlets or
receptacles (e.g., portable X-ray receptacles) need not conform to the
requirements of this section.

(b) Grounding. )

(1) Grounding Circuitry Integrity. Grounding circuits and
conductors in patient care areas shall be installed in such a
way that the continuity of other parts of those circuits can-
not be interrupted nor the resistance raised above an accept-
able level by the installation, removal, or replacement of any
installed equipment, including power receptacles.
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(2)* Reliability of Grounding. In all patient care areas
the reliability of an installed grounding circuit to a power
receptacle shall be at least equivalent to that provided by an
electrically continuous copper conductor of appropriate
ampacity run from the receptacle to a grounding bus in the
distribution panel. The grounding conductor shall conform
to NFPA 70, National Electrical Code.

Exception:  Existing construction that does nol use a separate
grounding conductor shall be permitted to continue in use provided
that it meets the performance requirements in 3-5.2.1, “Grounding
System in Patient Care Areas.”

Where metal receptacle boxes are used, the performance
of the connection between the receptacle grounding termi-
nal and the metal box shall be equivalent to the performance
provided by copper wire no smaller than No. 12 AWG.

(©)* Grounding Interconnects. In patient care areas supplied
by the normal distribution system and any branch of the
essential electrical system, the grounding system of the nor-
mal distribution system and that of the essential electrical sys-
tem shall be interconnected.

| (d) Circuit Protection.

(1) Circuit breakers, fuses, and ground fault protection
of equipment shall be coordinated so that power interrup-
tion in that part of the circuit that precedes the interrupt-
ing device closest to a fault shall not occur.

(2) Ground Fault Circuit Interrupters (GFCIs). If used,
the GFCIs shall be approved for the purpose.

NOTE: Listed Class A ground fault circuit interrupters trip
when a fault current to ground is 6 milliamperes or more.

(e) Wiring in Anesthetizing Locations.
(1) All Anesthetizing Locations.

(i) Wiring. Installed wiring shall be in metal raceway
or shall be as required in NFPA 70, National Electrical Code,
Sections 517-60 through 517-63.

(i) Raceway. Such distribution systems shall be run in
metal raceways along with a green grounding wire sized no
smaller than the energized conductors.

(i) Grounding to Raceways. Each device connected to
the distribution system shall be effectively grounded to the
metal raceway at the device.

(iv) Installation. Methods of installation shall conform
to Articles 250 and 517 of NFPA 70, National Electrical Code.

(2) Flammable Anesthetizing Locations. Electric wiring
installed in the hazardous area of a flammable inhalation
anesthetizing location shall comply with the requirements of
NFPA 70, National Electrical Code, Article 501, Class I, Divi-
sion 1. Equipment installed therein shall be approved for use
in Class I, Group C, Division 1 hazardous areas.

3-4.1.2.2 Wiring, Low-Voltage. Fixed systems of 30 volts
(dc or ac rms) or less shall be ungrounded, and the insula-
tion between each ungrounded conductor and the primary
circuit, which is supplied from a conventionally grounded dis-
tribution system, shall provide the same protection as
required for the primary voltage.
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Exception No. 1. A grounded low-voltage system shall be permit-
ted provided that load currents are not carvied in the grounding con-
ductors.

Exception No. 2:  Wiring for low-voltage control systems and non-
emergency communications and signaling systems need not be installed
in metal raceways in nonflammable anesthetizing locations, or when
outside or above the hazardous area in flummable anesthetizing loca-
tions. (See also 12-4.1.3.)

3-4.1.2.3 Switches.

(a) Anesthetizing Locations.
|

(1) Switches controlling ungrounded circuits within or
partially within an inhalation anesthetizing location shall
have a disconnecting pole for each conductor.

(2) Electric switches installed in hazardous areas of flam-
mable anesthetizing locations shall comply with the require-
ments of Section 501-6(a) of NFPA 70, National Electrical Code.

I
3-4.1.2.4 Receptacles and Attachment Plugs.

(a)* Types of Receptacles. Each power receptacle shall pro-
vide at least one separate, highly dependable grounding pole
capable of maintaining low contact resistance with its mat-
ing plug despite electrical and mechanical abuse. Special
receptacles (such as four-pole units providing an extra pole
for redundant grounding or ground continuity monitoring;
or locking-type receptacles; or, where required for reduction
of electrical noise on the grounding circuit, receptacles in
which the grounding terminals are purposely insulated from
the receptacle yoke) shall be permitted.

(b) Minimum Number of Receptacles. 'The number of recep-
tacles shall be determined by the intended use of the patient
care area. There shall be sufficient receptacles located so as
to avoid the need for extension cords or multiple outlet
adapters. In any case, there shall be provision for the attach-

|ment of at least four separate appliances for each patient
vicinity.

Exception No. 1:
or toilet rooms.

Receptacles shall not be required in bathrooms

Exception No. 2:  Receptacles shall not be requived in areas where
medical requirements mandate otherwise; ¢.g., certain psychiatric,
pediatric, or hydrotherapy areas.

(c) Polarity of Receptacles. Each receptacle shall be wired
in accordance with NFPA 70, National Electrical Code, to ensure
correct polarity.

(d) Receptacles and attachment plugs for use in nonflam-
mable anesthetizing locations and nonhazardous areas of
flammable anesthetizing locations shall be listed for the use.

In nonflammable anesthetizing locations of new and exist-
ing construction having receptacles on isolated and grounded
power, all receptacles shall be identified as to whether they
are on isolated or grounded power.

(e) Plugs and receptacles for use with 250-volt, 50-ampere
and 60-ampere ac service shall be designed for use in non-
hazardous areas of flammable anesthetizing locations and
nonflammable anesthetizing locations and shall be so designed
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that the 60-ampere receptacle will accept either the 50-
ampere or the 60-ampere plug. Fifty-ampere receptacles are
to be designed so as not to accept the 60-ampere attachment
plug. These plugs shall be of the two-pole, three-wire design
with a third contact connecting to the (green or green with
yellow stripe) grounding wire of the electric system.

{f) Receptacles provided for other services having different
voltages, frequencies, or types on the same premises shall be
of such design that attachment plugs and caps used in such
receptacles cannot be connected to circuits of a difterent volt-
age, frequency, or type, but shall be interchangeable within
each classification and rating required for two-wire, 125-volt,
single-phase ac service.

(g) Receptacles and attachment plugs in hazardous areas
shall comply with the requirements of Section 501-12 of
NFPA 70, National Electrical Code. They shall be a part of an
approved unit device with an interlocking switch arranged
so that the plug cannot be withdrawn or inserted when the
switch is in the “on” position.

NOTE: It should be recognized that any interruption of the
circuit, even of circuits as low as eight volts, either by any
switch or loose or defective connections anywhere in the cir-
cuit, may produce a spark sufficient to ignite a flammable
anesthetic agent.

(h) Nonexplosionproof plugs shall not engage, or be ener-
gized by, the poles of Class I, Group C, Division | recepta-
cles.

NOTE: It is desirable to promote “one-way” interchange-
ability by using attachment plugs in hazardous areas that can
also mate with the nonexplosionproof receptacles in nonhaz-
ardous areas.

3-4.1.2.5 Special Grounding.

(a) Use of Quiet Grounds. A quiet ground, if used, shall
not defeat the purposes of the safety features of the ground-
ing systems detailed herein.

NOTE: Care should be taken in specifying such a quiet
grounding system since the grounding impedance is controlled
only by the grounding wires and does not benefit from any
conduit or building structure in parallel with it.

(b) Patient Equipment Grounding Point. A patient equip-
ment grounding point comprising one or more grounding
terminals or jacks shall be permitted in an accessible loca-
tion in the patient vicinity.

(c) Special Grounding in Patient Care Areas. 1n addition to
the grounding required to meet the performance require-
ments of 3-5.2.1, additional grounding shall be permitted
where special circumstances so dictate. (See A-3-2, “Nature of
Hazards.”)

NOTE: Special grounding methods may be required in
patient vicinities immediately adjacent to rooms containing
high-power or high-frequency equipment that causes electri-
cal interference with monitors or other electromedical devices.
In extreme cases, electromagnetic induction may cause the
voltage limits of 3-5.2.1 to be exceeded.

Electromagnetic interference problems may be due to a vari-
ety of causes, some simple, others complex. Such problems
are best solved one at a time. In some locations, grounding
of stretchers, examining tables, or bed frames will be help-

ful. Where necessary, a patient equipment grounding point
should be installed. This can usually be accomplished even
after completion of construction by installing a receptacle face-
plate fitted with grounding posts. Special grounding wires
should not be used unless they are found to be essential for
a particular location because they may interfere with patient
care procedures or present trip hazards.

3-4.1.2.6 Wet Locations.

| (a) Wet location patient care areas shall be provided with

special protection against electric shock because the contact
resistance of the body may be reduced by moisture, and elec-
trical insulation is more subject to failure. This special pro-
tection shall be provided by a power distribution system that
inherently limits the possible ground fault current due to a
first fault to a low value, without interrupting the power sup-
ply; or by a power distribution system in which the power
supply is interrupted if the ground fault current does, in fact,
exceed a value of 6 milliamperes.

Exception No. 1:  Patient beds, tolets, bidets, and wash basins shall
not be required to be considered wet locations.

Exception No. 2: In existing construction, the requirements of
3-4.1.2.6(a) may be waived provided that a wrilten inspection pro-
cedure, acceptable to the authority having jurisdiction, is continu-
ously enforced by a designated individual at the hospital, to indicate
that equipment-grounding conductors for 120-volt, single-phase, 15-
and 20-ampere receptacles, equipment connected by cord and plug,
and fixed electrical equipment are installed and maintained in accor-
dance with NFPA 70, National Electrical Code, and applicable per-
Jformance requirements of this chapter. The procedure shall include
electrical continuity tests of all required equipment, grounding con-
ductors, and their connections. These tests shall be conducted as fol-
lows:

Fixed receptacles, equipment connected by cord and plug, and fixed
electrical equipment shall be tested:

(1) when first installed,
(2) where there is evidence of damage,
(3) after any repairs,

(4) at intervals not exceeding six months.

(b) The use of an isolated power system (IPS) shall be per-
mitted as a protective means capable of limiting ground fault
current without power interruption. When installed, such a
power system shall conform to the requirements of 3-4.3.

(c) Where power interruption under first fault condition
(line-to-ground fault) is tolerable, the use of a ground fault
circuit interrupter (GFCI) shall be permitted as the protec-
tive means that monitors the actual ground fault current and
interrupts the power when that current exceeds 6 milliam-
peres.

3-4.1.2.7 Isolated Power. An isolated power system is not
required to be installed in any patient care area except as
specified in 12-4.1, “Anesthetizing Locations.” The system
shall be permitted to be installed, however, and when
installed, shall conform to the performance requirements
specified in 3-4.3. ‘

3-4.1.3 Laboratories. Power outlets shall be installed in
accordance with NCCLS Standard ASI-5, Power Requirements
for Clinical Laboratory Instruments and for Laboratory Power
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Sources. Outlets with two to four receptacles, or an equiva-
lent power strip, shall be installed every 1.6 to 3.3 ft (0.5 to
1.0 m) in instrument usage areas, and either installation is
to be at least 3.15 in. (8 cm) above the counter top.

3-4.1.4 Other Nonpatient Areas. (Reserved)

3-4.2 Essential System.

NOTE: It must be emphasized that the type of system
selected and its area and type of coverage should be appro-
priate to the medical procedures being performed in the facil-
ity. For example, a battery-operated emergency light that
switches “on” when normal power is interrupted and an alter-
nate source of power for suction equipment, along with the
immediate availability of some portable hand-held lighting,
would be advisable where oral and maxillofacial surgery (e.g.,
extraction of impacted teeth) is performed. On the other hand,
in dental offices where simple extraction, restorative, pros-
thetic, or hygenic procedures are performed, only remote cor-
ridor lighting for purposes of egress would be sufficient.
Emergency power for equipment would not be necessary. As
would oral surgery locations, a surgical clinic requiring use
of life support or emergency devices such as suction machines,
ventilators, cauterizers, or defibrillators would require both
emergency light and power.

3-4.2.1 General.

3-4.2.1.1% Electrical characteristics of the transfer switches
shall be suitable for the operation of all functions and equip-
ment they are intended to supply. [110: 4-2.2]

3-4.2.1.21 Switch Rating. The rating of the transfer switches
shall be adequate for switching all classes of loads to be served
and for withstanding the effects of available fault currents
without contact welding. [110: 4-2.1]

3.4.2.1.3 Automatic Transfer Switch Classification. FEach
automatic transfer switch shall be approved for emergency
electrical service (see NFPA 70, National Electrical Code, Sec-
tion 700-3) as a complete assembly.

3-4.2.1.4% Automatic Transfer Switch Features. [110: 4-2.4]

(@) General. Automatic transfer switches shall be electri-
cally operated and mechanically held. The transfer switch
shall transfer and retransfer the load automatically.

Exception:  In some installations, it may be desivable to program
the transfer switch for a manually initiated retransfer to the nor-
mal source, or for an automatic intentional “off” delay, or for an
in-phase monitor relay or similar automatic delay method, so as to
provide for a planned momentary interruption of the load. If used,
this arrangement shall be provided with a bypass feature to permit
automatic retransfer in the event that the alternate source fails and
the normal source is available.

(b) Interlocking. Reliable mechanical interlocking, or an
approved alternate method, shall be inherent in the design
of transfer switches to prevent the unintended interconnec-
tion of the normal and alternate sources of power, or any
two separate sources of power.

(c)* Voltage Sensing. Voltage sensing devices shall be pro-
vided to monitor all ungrounded lines of the normal source
of power. .
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(d) Time Delay on Starting of Alternate Power Source. A time
|delay device shall be provided to delay starting of the alter-
nate source generator. The timer is intended to prevent nui-
sance starting of the alternate source generator with
subsequent load transfer in the event of harmless momen-
tary power dips and interruptions of the normal source. The
time range must be short enough so that the generator can
start and be on the line within 10 seconds of the onset of fail-
ure.

(e) Time Delay on Transfer to Alternate Power. An adjust-
able time delay device shall be provided for those transfer
switches requiring “delayed automatic” operation. The time
delay shall commence when proper alternate source voltage
and frequency are achieved. The delay device shall prevent
transfer to the alternate power source until after expiration
of the preset delay.

(y* Time Delay on Retransfer to Normal Power. An adjust-
able timer with a bypass shall be provided to delay retrans-
fer from the alternate source of power to the normal. This
timer will permit the normal source to stabilize before retrans-
fer to the load and help to avoid unnecessary power inter-
ruptions. The bypass shall operate similarly to the bypass in
3-4.2.1.4(a).

| ()% Test Switch. A test switch shall be provided on each
automatic transfer switch that will simulate a normal power
source failure to the switch.

| (h)* Indication of Switch Position. Two pilot lights, prop-
erly identified, shall be provided to indicate the transfer switch
position.

(t) Manual Control of Switch. A means for the safe man-
ual operation of the automatic transfer switch shall be pro-
vided.

(j) Time Delay on Engine Shutdown. A time delay of 5 min-
utes minimum shall be provided for unloaded running of the
alternate power source generator set prior to shutdown. This
delay provides engine cooldown.

Exception:  Time delay need not be provided on small (15 kW or
less) aircooled prime movers or if included with the engine control
panel. [110: 4-2.4.8]

(k)* Motor Load Transfer. Provisions shall be included to
reduce excessive currents resulting from motor load trans-
fer if such currents may damage essential electrical system
equipment or cause nuisance tripping of essential electrical
system overcurrent protective devices. [110: 4-2.4.12]

() Isolation of Neutral Conductors. Provisions shall be
included for assuring proper continuity, transfer, and iso-
lation of the normal and the alternate power source neutral
conductors whenever they are separately grounded, if
needed, to achieve proper ground-fault sensing. [See NFPA
70, National Electrical Code, Section 230-95(b).1[110: 4-2.4.13]

3-4.2.1.5 Nonautomatic Transfer Device Classification.
Nonautomatic transfer devices shall be approved for emer-
gency electrical service (see NFPA 70, National Electrical Code,
Section 700-3).
3-4.2.1.6%Y Nonautomatic Transfer Device Features.
[110: 4-2.5}

(a) General. Switching devices shall be mechanically held.
Operation shall be by direct manual or electrical remote man-
ual control. Electrically operated switches shall derive their
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control power from the source to which the load is being
transferred. A means for safe manual operation shall be pro-
vided.

(b) Interlocking. Reliable mechanical interlocking, or an
approved alternate method, shall be inherent in the design
in order to prevent the unintended interconnection of the
normal and alternate sources of power, or of any two sep-
arate sources of power.

(c) Indication of Switch Position.  Pilot lights, properly iden-
tified, shall be provided to indicate the switch position.

3-4.2.1.71 Bypass-Isolation Switches. [110: 4-4.1] Bypass-
isolation switches shall be permitted for bypassing and, iso-
lating the transfer switch, and, if installed, they shall be in
accordance with the following:

(a) Bypass-Isolation Switch Rating. The bypass-isolation
switch shall have a continuous current rating and withstand
current rating compatible with that of the associated trans-
fer switch.

(b) Bypass-Isolation Switch Classification. Each bypass-
isolation switch shall be listed for emergency electrical ser-
vice as a completely factory-assembled and tested apparatus.
(See NFPA 70, National Electrical Code, Section 700-3.)

()* Operation. With the transfer switch isolated or dis-
connected or both, means shall be provided so the bypass-
isolation switch can function as an independent nonautomatic
transfer switch and allow the load to be connected to either
power source. Reconnection of the transfer switch shall be
possible with a load interruption no greater than the max-
imum time in seconds by the type of essential electrical sys-
tem.

3-4.2.2 Essential Electrical Distribution Requirements —
| Type I Systems.

3-4.2.2.1* General. Type I essential electrical systems are
comprised of two separate systems capable of supplying a lim-
ited amount of lighting and power service, which is consid-
ered essential for life safety and effective hospital operation
during the time the normal electrical service is interrupted
for any reason. These two systems are the emergency system
and the equipment system (see Appendix C-3.1).

The emergency system shall be limited to circuits essen-
tial to life safety and critical patient care. These are desig-
nated the life safety branch and the critical branch.

The equipment system shall supply major electrical equip-
ment necessary for patient care and basic Type I operation.

Both systems shall be arranged for connection, within time
limits specified in this chapter, to an alternate source of power
following a loss of the normal source.

The number of transfer switches to be used shall be based
upon reliability, design, and load considerations. Each branch
of the essential electrical system shall be permitted to be
served by one or more transfer switches. One transfer switch
shall be permitted to serve one or more branches or systems
in a facility with a maximum demand on the essential elec-
trical system of 150 kVA (120 kW).

NOTE: In new construction, careful consideration should
be given to the benefits of multiple transfer switches. How-
ever, selection of the number and configuration of transfer

switches, and associated switchgear, is to be made with con-
sideration given to the tradeoffs among reliability, transfer
switch and generator load characteristics, maintainability, and
cost.

3-4.2.2.2 Emergency System.

(a) General. Those functions of patient care depending
on lighting or appliances that are permitted to be connected
to the emergency system are divided into two mandatory
branches, described in 3-4.2.2.2(b) and (c).

(b) Life Safety Branch. The life safety branch of the emer-
gency system shall supply power for the following lighting,
receptacles, and equipment:

(1) Hlumination of means of egress as required in NFPA
101, Life Safety Code.

(2) Exit signs and exit direction signs required in NFPA
101, Life Safety Code.

(3) Alarm and alerting systems including:
(i) Fire alarms.

(i) Alarms required for systems used for the piping of
nonflammable medical gases as specified in Chapter 4, “Gas
and Vacuum Systems.”

(4)* Hospital communication systems, where used for
issuing instruction during emergency conditions.

(5) Task illumination, battery charger for emergency bat-
tery powered lighting unit(s), and selected receptacles at the
generator set location.

(6) Elevator cab lighting, control, communication, and
signal systems.

No function other than those listed above in items (1)
through (6) shall be connected to the life safety branch.

Exception:  The auxiliary functions of fire alarm combination sys-
tems complying with NFPA 724, 72B, 72C, or 72D shall be per-
mitted to be connected to the life safety branch.

(c)* Critical Branch. The critical branch of the emergency
system shall supply power for task illumination, fixed equip-
|ment, selected receptacles, and selected power circuits serv-
ing the following areas and functions related to patient care.
It shall be permitted to subdivide the critical branch into two
or more branches.

(1) Anesthetizing locations — task illumination, all recep-
tacles, and fixed equipment.

(2) The isolated power systems in special environments.

(3) Patient care areas — task illumination and selected
receptacles in:

(1) Infant nurseries.

(ii) Medication preparation areas.

(iii) Pharmacy dispensing areas.

(iv) Selected acute nursing areas.

(v) Psychiatric bed areas (omit receptacles).
(vi) Ward treatment rooms.

(vil) Nurses’ stations (unless adequately lighted by cor-
ridor luminaires).

(4) Additional specialized patient care task illumination
and receptacles, where needed.
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(5) Nurse call systems.
(6) Blood, bone, and tissue banks.
(7)* Telephone equipment rooms and closets.

(8) Task illumination, selected receptacles, and
selected power circuits for:

(i) General care beds (at least one duplex receptacle
per patient bedroom).

(ii) Angiographic labs.

(iit) Cardiac catheterization labs.

(iv) Coronary care units.

(v) Hemodialysis rooms or areas.

(vi) Emergency room treatment areas (selected).
(vii) Human physiology labs.

(viil) Intensive care units.

(ix) Postoperative recovery rooms (selected).

i (9) Additional task illumination, receptacles, and
selected power circuits needed for effective facility opera-
tion. Single-phase fractional horsepower exhaust fan
motors that are interlocked with three-phase motors on the
equipment system shall be permitted to be connected to
the critical branch.

NOTE: Care should be taken to analyze the consequences
of supplying an area with only critical branch power when
failure occurs between the area and the transfer switch.
Some proportion of normal and critical power, or critical
power from separate transfer switches, may be appropriate.

3-4.2.2.3 Equipment System.

(a) General. The equipment system shall be connected
to equipment described in 3-4.2.2.3(c) and (d). It shall be
permitted to be connected to equipment listed in Appendix
A-3-4.2.3.3(c).

(b) Connection to Alternate Power Source. The equipment
system shall be installed and connected to the alternate
power source, such that equipment described in
3-4.2.2.3(c) is automatically restored to operation at appro-
priate time lag intervals following the energizing of the
emergency system. Its arrangement shall also provide for
the subsequent connection of equipment described in
3-4.2.2.3(d) by either delayed-automatic or manual opera-
tion.

(c) Equipment for Delayed Automatic Connection. The fol-
lowing equipment shall be arranged for delayed automatic
connection to the alternate power source:

NOTE: The equipment in 3-4.2.2.3(c)(1) through (3) may
be arranged for sequential delayed automatic action to the
alternate power source to prevent overloading the genera-
tor where engineering studies indicate that it is necessary.

(1) Central suction systems serving medical and surgi-
cal functions, including controls. It shall be permitted to
place such suction systems on the critical branch.

(2) Sump pumps and other equipment required to
operate for the safety of major apparatus, including associ-
ated control systems and alarms.

(3) Compressed air systems serving medical and surgi-
cal functions, including controls.
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(d) Equipment for Delayed Automatic or Manual Connection. The
following equipment shall be arranged for either delayed
automatic or manual connection to the alternate power source
[also see Appendix A-3-4.2.3.3(c)].

(1) Heating equipment to provide heating for operating,
delivery, labor, recovery, intensive care, coronary care, nurs-
eries, infection/isolation rooms, emergency treatment spaces,
and general patient rooms.

Exception:  Heating of general patient rooms during disruption of
the normal source shall not be required under any of the following
conditions:

(a) The outside design temperature is higher than +20°F
(—6.7°C), or

(b) The outside design temperature is lower than +20°F
(—6.7°C) and a selected room(s) is provided for the needs of all con-
fined patients [then only such room(s) need be heated], or

(c) The facility is served by a dual source of normal power as
described in 3-3.2.1.1.

NOTE: The outside design temperature is based on the 97V,
percent design value as shown in Chapter 24 of the ASHRAE
Handbook of Fundamentals (1985).

(2) Elevator(s) selected to provide service to patient, sur-
gical, obstetrical, and ground floors during interruption of
normal power. [For elevator cab lighting, control, and signal sys-
tem requirements, see 3-4.2.2.2(b)(6).]

In instances where interruption of normal power would
result in other elevators stopping between floors, throw-over
facilities shall be provided to allow the temporary operation
of any elevator for the release of patients or other persons
who may be confined between floors.

(3) Supply, return, and exhaust ventilating systems for

“surgical and obstetrical delivery suites, intensive care, cor-

onary care, nurseries, infection/isolation rooms, emergency
treatment spaces, and exhaust fans for laboratory fume hoods,
nuclear medicine areas where radioactive material is used,
ethylene oxide evacuation, and anesthesia evacuation.

(4) Hyperbaric facilities.
(5) Hypobaric facilities.
(6) Automatically operated doors.

(7) Autoclaving equipment shall be permitted to be
arranged for either automatic or manual connection to the
alternate source.

(8) Other selected equipment shall be permitted to be
served by the equipment system.

NOTE 1: Consideration should be given to selected equip-
ment in kitchens, laundries, and radiology rooms and to
selected central refrigeration.

NOTE 2: It is desirable that, where heavy interruption cur-
rents can be anticipated, the transfer load may be reduced
by the use of multiple transfer devices. Elevator feeders, for
instance, may be less hazardous to electrical continuity if they
are fed through an individual transfer device.
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3-4.2.2.4 Wiring Requirements.

(a) Separation from Other Circuits. The life safety branch
and critical branch of the emergency system shall be kept
entirely independent of all other wiring and equipment.
(See. NFPA 70, National Electrical Code, for installation
requirements.)

(b) Receptacles.

(1) The number of receptacles on a single branch cir-
cuit for areas described in 3-4.2.2.2(c)(8) shall be mini-
mized to limit the effects of a branch circuit outage. Branch
circuit overcurrent devices shall be readily accessible to
nursing and other authorized personnel.

(2) The cover plates for the electrical receptacles or the
electrical receptacles themselves supplied from the emer-
gency system shall have a distinctive color or marking so as
to be readily identifiable.

NOTE: If color is used to identify these receptacles the

same color should be used throughout the facility.

(c) Switches. Switches installed in the lighting circuits
connected to the essential electrical system shall comply
with Article 700, Section E, of NFPA 70, National Electrical
Code.

(d) Mechanical Protection of the Emergency System. The
| wiring of the emergency system shall be mechanically pro-
tected by raceways, as defined in NFPA 70, National Eleciri-
cal Code.

Exception No. 1:  Flexible power cords of appliances or other uti-
lLization equipment connected to the emergency system shall not be
required to be enclosed in raceways.

Exception No. 2: Secondary circuits of transformer-powered
communication or signaling systems shall not be required to be
enclosed in raceways unless otherwise specified by Chapter 7 or 8
of NFPA 70, National Electrical Code.

3-4.2.3 Essential Electrical Distribution Requirements —
Type II Systems.

3-4.2.3.1 General. Type II essential electrical systems are
comprised of two separate systems capable of supplying a
limited amount of lighting and power service, which is con-
sidered essential for the protection of life and safety and
effective operation of the institution during the time nor-
mal electrical service is interrupted for any reason. These
two separate systems are the emergency system and the
critical system.

The number of transfer switches to be used shall be
based upon reliability, design, and load considerations.
Each branch of the essential electrical system shall be per-
mitted to be served by one or more transfer switches. One
transfer switch shall be permitted to serve one or more
branches or systems in a facility with a maximum demand
on the essential electrical system of 150 kVA (120 kW).
(Also see Appendix A-3-4.2.2.1.)

NOTE: In new construction careful consideration should
be given to the benefits of multiple transfer switches. How-
ever, selection of the number and configuration of transfer
switches, and associated switchgear, is to be made with con-
sideration given to the tradeoffs among reliability, transfer
switch and generator load characteristics, maintainability,
and cost.

3-4.2.3.2 Emergency System. The emergency system
shall supply power for the following lighting, receptacles,
and equipment:

(a) Illumination of means of egress as required in NFPA
101, Life Safety Code.

(b) Exit signs and exit directional signs required in NFPA
101, Life Safety Code.

(c) Alarm and alerting systems, including:
(1) Fire alarms.

(2) Alarms required for systems used for the piping of
nonflammable medical gases as specified in Chapter 4, “Gas
and Vacuum Systems.”

(d)* Communication systems, where used for issuing
instructions during emergency conditions.

(e) Sufficient lighting in dining and recreation areas to pro-
vide illumination to exit ways of 5 footcandles minimum.

(f) Task illumination and selected receptacles at the gen-
erator set location.

(g) Elevator cab lighting, control, communication, and sig-
nal systems.

No function other than those listed above in items (a)
through (g) shall be connected to the emergency system.

3-4.2.3.3 Critical System.

(a) General. The critical system shall be so installed and
connected to the alternate power source that equipment listed
in 3-4.2.3.3(b) shall be automatically restored to operation
at appropriate time-lag intervals following the restoration of
the emergency system to operation. Its arrangement shall also
provide for the additional connection of equipment listed in
3-4.2.3.3(c) by either delayed-automatic or manual operation.

(b) Delayed-Automatic Connections to Critical System. The fol-
lowing equipment shall be connected to the critical system
and be arranged for delayed-automatic connection to the
alternate power source:

(1) Patient care areas — task illumination and selected
receptacles in:
(i) Medication preparation areas.

(i) Pharmacy dispensing areas.
(iii) Nurses’ stations (unless adequately lighted by cor-
ridor luminaires).

(2) Sump pumps and other equipment required to oper-
ate for the safety of major apparatus and associated control
systems and alarms.

(©)* Delayed-Automatic or Manual Connections to Critical Sys-
tem. The following equipment shall be connected to the crit-
ical system and be arranged for either delayed-automatic or
manual connection to the alternate power source:

(1) Heating Equipment to Provide Heating for General
Patient Rooms. Heating of general patient rooms during dis-
ruption of the normal source shall not be required under any
of the following conditions:

(i) The outside design temperature is higher than
+20°F (—6.7°C), or

(i) The outside design temperature is lower than +20°F
(—6.7°C) and, where a selected room(s) is provided for the
needs of all confined patients, then only such room(s) need
be heated, or

1990 Edition



99-36

HEALTH CARE FACILITIES

(iii) The facility is served by a dual source of normal
power as described in 3-3.2.1.1.

NOTE: The outside design temperature is based on the 97V
percent design value as shown in Chapter 24 of the ASHRAE
Handbook of Fundamentals (1985).

(2) Elevator Service. In instances where interruptions of
power would result in elevators stopping between floors,
throw-over facilities shall be provided to allow the temporary
operation of any elevator for the release of passengers. [For
elevator cab lLighting, control, and signal system requirements, see
3-4.2.3.3(g).]

(d) Optional Connections to the Critical System. Additional
illumination, receptacles, and equipment shall be permitted
to be connected only to the critical system.

3-4.2.3.4 Wiring Requirements.

(a) Separation from Other Circuits. The emergency system
shall be kept entirely independent of all other wiring and
equipment.

NOTE: See NFPA 70, National Electrical Code, for installa-
tion requirements.

(b) Receptacles. The cover plates for the electrical recep-
tacles or the electrical receptacles themselves supplied from
the emergency system shall have a distinctive color or mark-
ing so as to be readily identifiable.

NOTE: If color is used to identify these receptacles the same
color should be used throughout the facility.

3-4.2.4 Essential Electrical Distribution Requirements —
Type III Systems.

3-4.2.4.1 General. Type III essential electrical systems are
comprised of a system capable of supplying a limited amount
of lighting and power service, which is considered essential
for life safety and orderly cessation of procedure during the
time normal electrical service is interrupted for any reason.

3-4.2.4.2 Connection to the Essential Electrical System.
The system shall supply power for task illumination that is
related to the safety of life and that is necessary for the safe
cessation of procedures in.progress.

3-4.2.4.3 Connections to Alternate Source of Power.
The alternate source of power for the system shall be spe-
cifically designed for this purpose and shall be either a gen-
erator, battery system, or self-contained battery integral with
the equipment.

3-4.2.4.4 Wiring Requirements.

(a) General. The design, arrangement, and installation
of the system shall be in accordance with NFPA 70, National
Electrical Code.

(b) Receptacles. The cover plates for the electrical recep-
tacles or the electrical receptacles themselves supplied from
the emergency system shall have a distinctive color or mark-
ing so as to be readily identifiable.
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NOTE: If color is used to identify these receptacles the same
color should be used throughout the facility.

3-4.3* Isolated Power Systems.
3-4.3.1 Isolation Transformer.

3-4.3.1.1 The isolation transformer shall be approved for
the purpose.

3-4.3.1.2 The primary winding shall be connected to a
power source so that it is not energized with more than 600
volts (nominal). The neutral of the primary winding shall be
grounded in an approved manner. If an electrostatic shield
is present, it shall be connected to the reference grounding
point.

3-4.3.1.3 Wiring of isolated power systems shall be in accor-
dance with Article 517-62 of NFPA 70, National Electrical Code.

3-4.3.2 Impedance of Isolated Wiring.

3-4.3.2.1 The impedance (capacitive and resistive) to ground
of either conductor of an isolated system shall exceed 200,000
ohms when installed. The installation at this point may
include receptacles but not lighting fixtures or components
of fixtures. This value shall be determined by energizing the
system and connecting a low-impedance ac milliammeter (0
to 1 mA scale) between the reference grounding point and
either conductor in sequence. This test may be performed
with the line isolation monitor (see 3-4.3.3) connected, pro-
vided the connection between the line isolation monitor and
the reference grounding point is open at the time of the test.
After the test is made, the milliammeter shall be removed and
the grounding connection of the line isolation monitor shall
be restored. When the installation is completed, including
permanently connected fixtures, the reading of the meter on
the line isolation monitor, which corresponds to the unloaded
line condition, shall be made. This meter reading shall be
recorded as a reference for subsequent line-impedance eval-
uation.

NOTE 1: Before conducting this test it shall be determined
in a safe manner that there is no gross fault between either
conductor or ground.

NOTE 2: It is desirable to limit the size of the isolation trans-
former to 10 kVA or less and to use conductor insulation with
low leakage to meet the impedance requirements. Keeping
branch circuits short and using insulation with a dielectric con-
stant less than 3.5 and insulation resistance constant greater
than 6100 megohmmeters (20,000 megohm-feet) at 60°F
(16°C) reduces leakage from line to ground.

NOTE 3: Keeping branch circuits short, using insulation with
a dielectric constant less than 3.5 and insulation resistance con-
stant greater than 6100 megohmmeters (20,000 megohm-feet)
at 60°F (16°C) reduces the monitor hazard current.

NOTE 4: To correct milliammeter reading to line imped-
ance: Line impedance (in ohms) = V x 1000 divided by I,
where V = isolated power system voltage and I = milliam-
meter reading made during impedance test.

3-4.3.2.2 An approved capacitance suppressor may be used
to improve the impedance of the permanently installed iso-
lated system; however, the resistive impedance to ground of
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each isolated conductor of the system shall be at least one
megohm prior to the connection of the suppression equip-
ment. Capacitance suppressors shall be installed so as to pre-
vent inadvertent disconnecton during normal use.

3-4.3.3 Line Isolation Monitor.

3-4.3.3.1 In addition to the usual control and protective
devices, each isolated power system shall be provided with
an approved continually operating line isolation monitor that
indicates possible leakage or fault currents from either iso-
lated conductor to ground.

NOTE: Protection for the patient is provided primarily by
a grounding system. The ungrounded secondary of the iso-
lation transformer reduces the maximum current in the
grounding system in case of a single fault between either iso-
lated power conductor and ground. The line isolation mon-
itor provides warning when a single fault occurs, or when
excessively low impedance to ground develops, which may
expose the patient to an unsafe condition should an additional
fault occur. Excessive current in the grounding conductors
will not result from a first fault. A hazard exists if a second
fault occurs before the first fault is cleared.

3-4.3.3.2 The monitor shall be designed so that a green sig-
nal lamp, conspicuously visible to persons in the anesthetiz-
ing location, remains lighted when the system is adequately
isolated from ground; and an adjacent red signal lamp and
an audible warning signal (remote if desired) shall be ener-
gized when the total hazard current (consisting of possible
resistive and capacitive leakage currents) from either isolated
conductor to ground reaches a threshold value of 5.0 mil-
liamperes under normal line voltage conditions. The line iso-
lation monitor shall not alarm for a fault hazard current of
less than 3.7 milliamperes.

NOTE: A 120-volt (nominal) 60-Hz ac system of moderate
ampacity is assumed for the description of the specification
of the line isolation monitor in 3-4.3.3.1. If other systems are
considered, modifications are required, e.g., for other volt-
ages or frequendies, and installed impedance; sensitivity (alarm)
levels remain the same, however.

3-4.3.3.3 The line isolation monitor shall have sufficient
internal impedance that when properly connected to the iso-
lated system the maximum internal current that can flow
through the line isolation monitor, when any point of the iso-
lated system is grounded, shall be one milliampere.

Exception:  The line isolation monitor may be of the low-impedance
type such that the current through the line isolation monitor, when
any point of the isolated system is grounded, will not exceed twice
the alarm threshold value for a period not exceeding 5 milliseconds.

NOTE: It is desirable to reduce this monitor hazard current
provided this reduction results in an increased “not alarm”
threshold value for the fault hazard current.

3.4.3.3.4 An ammeter connected to indicate the total haz-
ard current of the system (contribution of the fault hazard
current plus monitor hazard current) shall be mounted in
a plainly visible place on the line isolation monitor with the
“alarm on” (total hazard current = 5.0 milliamperes) zone
at approximately the center of the scale.

NOTE: The line isolation monitor may be a composite unit,
with a sensing section cabled to a separate display panel sec-
tion, on which the alarm and test functions are located, if the
two sections are within the same electric enclosure.

It is desirable to locate the ammeter so that it is conspic-
uously visible to persons in the anesthetizing location.

3-4.3.3.5 Means shall be provided for shutting off the audi-
ble alarm while leaving the red warning lamp activated. When
the fault is corrected and the green signal lamp is reactivated,
the audible alarm silencing circuit shall reset automatically,
or an audible or distinctive visual signal shall indicate that
the audible alarm is silenced.

3-4.3.3.6 A reliable test switch shall be mounted on the line
isolation monitor that will test its capability to operate (i.e.,
cause the alarms to operate and the meter to indicate in the
“alarm on” zone). This switch shall transfer the grounding
connection of the line isolation monitor from the reference
grounding point to a test impedance arrangement connected
across the isolated line; the test impedance(s) shall be of the
appropriate magnitude to produce a meter reading corre-
sponding to at least the total hazard current at the nominal
line voltage. The operation of this switch shall break the
grounding connection of the line isolation monitor to the ref-
erence grounding point before transferring this grounding
connector to the test impedance(s), so that making this test
will not add to the hazard of a system in actual use, nor will
the test include the effect of the line to ground stray imped-
ance of the system. The test switch shall be of a self-restoring

type.

3-4.3.3.7 The line isolation monitor shall not generate
energy of sufficient amplitude and/or frequency, as measured
by a physiological monitor with a gain of at least 10* with a
source impedance of 1000 ohms connected to the balanced
differential input of the monitor, to create interference or
artifact on human physiological signals. The output voltage
from the amplifier shall not exceed 30 millivolts when the
gain is 10*. The 1000 ohms impedance shall be connected
to the ends of typical unshielded electrode leads (which are
a normal part of the cable assembly furnished with physio-
logical monitors). A 60-Hz notch filter shall be used to reduce
ambient interference (as is typical in physiological monitor
design).

3-4.3.4 Identification of Conductors for Isolated
(Ungrounded) Systems. The isolated conductors shall be
identified in accordance with 517-160(a)(5) of NFPA 70,
National Electrical Code.

3-5 Performance Criteria and Testing.

3-5.1 Source (Up to and Including Transfer Switch).
3-5.1.1 Normal. (Reserved)

3-5.1.2 Essential.

3-5.1.2.1 Alternate Power Source Requirements.

(a) Type I Systems. The branches of the emergency sys-
tem shall be installed and connected to the alternate power
source specified in 3-3.2.1.2 and 3-3.2.1.3 so that all func-
tions specified herein for the emergency system shall be auto-
matically restored to operation within 10 seconds after
interruption of the normal source.

(b) Type II Systems. The emergency system shall be so

installed and connected to the alternate source of power spec-
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ified in 3-3.2.1.2 and 3-3.2.1.3 that all functions specified
herein for the emergency system will be automatically
restored to operation within 10 seconds after interruption
of the normal source.

| (c) Type III Systems.

(1) The emergency system shall have an alternate source
of power separate and independent from the normal source
that will be effective for a minimum of 1Y hours after loss
of the normal source.

NOTE: Consideration should be given to medical procedures
that may necessitate emergency power being supplied for
more than 1Y hours.

(2) The emergency system shall be so arranged that, in
the event of failure of normal power source, the alternate
source of power shall be automatically connected to the load
within 10 seconds.

3-5.1.2.2 Transfer Switch Operation Requirements.
| (@) Type I System.

(1) The essential electrical system shall be served by the
normal power source except when the normal power source
is interrupted or drops below a predetermined voltage level.
Settings of the sensors shall be determined by careful study
of the voltage requirements of the load.

(2) Failure of the normal source shall automatically start
the alternate source generator after a short delay [see
3-4.2.1.4(d)]. When the alternate power source has attained
a voltage and frequency that satisfies minimum operating
requirements of the essential electrical system, the load shall
be connected automatically to the alternate power source.

(3) Upon connection of the alternate power source, the
loads comprising the emergency system shall be automati-
cally reenergized. The load comprising the equipment sys-
tem shall be connected either automatically after a time delay
[see 3-4.2.1.4(e)] or nonautomatically and in such a sequen-
tial manner as not to overload the generator.

(4) When the normal power source is restored, and after
time delay [see 3-4.2.1.4(f)], the automatic transfer switches
shall disconnect the alternate source of power and connect
the loads to the normal power source. The alternate power
source generator set shall continue to run unloaded for a pre-
set time delay [see 3-4.2.1.4(j)].

(6) 1If the emergency power source should fail and the
normal power source has been restored, retransfer to the nor-
mal source of power shall be immediate, bypassing the
retransfer delay timer.

(6) 1If the emergency power source fails during a test,
provisions shall be made to immediately retransfer to the nor-
mal source.

(7) Nonautomatic transfer switching devices shall be
restored to the normal power source as soon as possible after
the return of the normal source or at the discretion of the
operator.

| (b)Y Type Il System.

(I) The essential electrical system shall be served by the
normal power source except when the normal power source
is interrupted or drops below a predetermined voltage level.
Settings of the sensors shall be determined by careful study
of the voltage requirements of the load.
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(2) Failure of the normal source shall automatically start
the alternate source generator after a short delay [see
3-4.2.1.4(d)]. When the alternate power source has attained
a voltage and frequency that satisfies minimum operating
requirements of the essential electrical system, the load shall
be connected automatically to the alternate power source.

(3) Upon connection of the alternate power source, the
loads comprising the emergency system shall be automati-
cally reenergized. The loads comprising the critical system
shall be connected either automatically after a time delay [see
3-4.2.1.4(¢)] or nonautomatically and in such a sequential
manner as not to overload the generator.

(4) When the normal power source is restored, and after
time delay [see 3-4.2.1.4(f)], the automatic transfer switches
shall disconnect the alternate source of power and connect
the loads to the normal power source. The alternate power
source generator set shall continue to run unloaded for a pre-
set time delay [see 3-4.2.1.4(j)].

(5) If the emergency power source should fail and the
normal power source has been restored, retransfer to the nor-
mal source of power shall be immediate, bypassing the
retransfer delay timer.

(6) If emergency power source fails during a test, pro-
visions shall be made to immediately retransfer to the nor-
mal source.

(7) Nonautomatic transfer switching devices shall be
restored to the normal power source as soon as possible after
the return of the normal source or at the discretion of the
operator.

| (c) Type Il Systems with Engine Generator Sets.

(1) The operation of the equipment shall be so arranged
that the load will be served by the normal source except when
the normal source is interrupted, or when the voltage drops
below the setting of the voltage sensing device. The settings
of the voltage sensing relays shall be determined by careful
study of the voltage requirements of the load.

(2) When the normal source is restored, and after time
delay [see 3-4.2.1.4(f)], the automatic transfer switch shall dis-
connect the alternate source of power and connect the loads
to the normal power source.

-

(8) If the alternate power source fails and the normal
power source has been restored, retransfer to the normal
source of power shall be immediate.

(d) Type III Systems with Battery Systems.

(1) Failure of the normal source shall automatically trans-
fer the load to the battery system.

(2) Retransfer to the normal source shall be automatic
upon restoration of the normal source.

3-5.1.2.3 Maintenance and Testing of Alternate Power
Source and Transfer Switches.

(a) Maintenance of Alternate Power Source. The generator
set or other alternate power source and associated equipment,
including all appurtenant parts, shall be so maintained as to
be capable of supplying service within the shortest time prac-
ticable and within the 10-second interval specified in 3-3.2.1.8,
3-5.1.2.1(a), 3-5.1.2.1(b), and 3-5.1.2.1(c)(2).
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(b) Inspection and Testing.

(1)* Test Interval and Load. Generator sets serving emer-
gency and equipment systems shall be inspected weekly and
shall be exercised under load and operating temperature con-
ditions for at least 30 minutes at intervals of not more than
30 days.

NOTE: Records of changes to the essential electrical system
should be maintained so that the actual connected load will
be within the available capacity.

(2) Test Conditions. The scheduled test under load con-
ditions shall include a complete simulated cold start and
appropriate automatic and manual transfer of all essential
electrical system loads.

(3) Test Personnel. The scheduled tests shall be con-
ducted by competent personnel. The tests are needed to keep
the machines ready to function and, in addition, serve to
detect causes of malfunction and to train personnel in oper-
ating procedures.

3-5.1.2.4 Maintenance and Testing of Circuitry.

(a) Crurcuit Breakers. Main and feeder circuit breakers shall
be exercised annually.

NOTE: Main and feeder circuit breakers should be period-

ically tested under simulated overload trip conditions to ensure

reliability (see Appendix C-3.2).

(b) Insulation Resistance. The resistance readings of main
feeder insulation shall be taken prior to acceptance and when-
ever damage is suspected.

3-5.1.2.5 Maintenance of Batteries. Storage batteries used
in connection with essential electrical systems shall be
inspected at intervals of not more than seven days and shall
be maintained in full compliance with manufacturer’s spec-
ifications. Defective batteries shall be repaired or replaced
immediately upon discovery of defects (see NFPA 70, National
Electrical Code, Section 700-4).

3-5.2 Distribution.

3-5.2.1 Grounding System in Patient Care Areas.

3-5.2.1.1* Grounding System Testing. The effectiveness of
the grounding system shall be determined by voltage mea-
surements and impedance measurements.

(a) New Construction. The effectiveness of the grounding
system shall be evaluated before acceptance.

(b) Existing Construction. 'The effectiveness of the ground-
ing system of existing construction shall be evaluated and doc-
umented. Such evaluation shall be repeated when major
sections are modified.

Exception No. 1:  Small wall-mounted conductive surfaces, not likely
to become energized, such as surface-mounted towel and soap dis-
pensers, mirrors, and so forth, need not be intentionally grounded
or tested.

Exception No. 2: Large metal conductive surfaces not likely to
become energized, such as windows, door frames, and drains, need
not be intentionally grounded or periodically tested.

(c) Whenever the electrical system has been altered or
replaced, that portion of the system shall be tested.

NOTE: A minimum testing interval of one year is recom-
mended.

3-5.2.1.2 Reference Point. The voltage and impedance
measurements shall be taken with respect to a reference point.
The reference point shall be one of the following:

(a) A reference grounding point (see Chapter 2, “Definitions”).

(b) A grounding point, in or near the room under test,
that is electrically remote from receptacles, e.g., an all-metal
cold water pipe.

(c) The grounding contact of a receptacle that is powered
from a different branch circuit from the receptacle under test.

3.5.2.1.3* Voltage Measurements. The voltage measure-
ments shall be made under no-fault conditions between a ref-
erence point and exposed conductive surfaces (including
ground contacts of receptacles) in a patient vicinity. The volt-
age measurements shall be made with an accuracy of = 20
percent.

NOTE: The reference point may be the reference ground-
ing point or the grounding contact of a convenient recepta-
cle.

3-5.2.14 Iﬁlpedance Measurements. The impedance mea-
surement shall be made with an accuracy of = 20 percent.

(@) New Construction. The impedance measurement shall
be made between the reference point and the grounding con-
tact of each receptacle in the patient vicinity. The impedance
measurement shall be the ratio of the 60-Hz voltage devel-
oped between a point under test and a reference point to 60-
Hz current applied to the point under test.

(b) Existing Construction. The impedance (at 60 Hz or at
dc) shall be measured between the reference point and the
grounding contact of each receptacle in the patient vicinity.
The impedance measurement shall be the ratio of the volt-
age developed between a point under test and a reference
point to a current applied to the point under test. If the test
is performed when the system is in use on a patient, it must
not endanger the patient even if the grounding circuit being
tested is faulty.

3-5.2.1.5 Test Equipment. FElectrical safety test instruments
shall be tested periodically, but not less than annually, for
acceptable performance.

(a) Voltage measurements specified in 3-5.2.1.3 shall be
made with an instrument having an input resistance of 1000
ohms * 10 percent at frequencies of 1000 Hz or less.

(b) The voltage across the terminals (or between any ter-
minal and ground) of resistance-measuring instrurmnents used
in occupied patient care areas shall not exceed 500 mV rms
or 1.4 dc or peak to peak.

3-5.2.1.6 Criteria for Acceptability.
(a) New Construction.
(1) Voltage limit shall be 20 mV.
(2) Impedance limit shall be 0.1 ohm.

Exception:  For quiet ground systems, the limit shall be 0.2 ohm.

(b) Existing Construction.
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(1) The voltage limit shall be:

| (i) 500 mV for general care areas.

NOTE: The 500-mV limit is based on physiological values.
Since the actual voltages normally measured in modern con-
struction are usually less than 10 mV with nominal construc-
tion, voltages exceeding 20 mV may indicate a deteriorating
condition and should be investigated.

(i) 40 mV for critical care areas.

NOTE: The 40-mV limit is based on physiological values.
Since the actual voltages normally measured in modern con-
struction are usually less than 10 mV with nominal construc-
tion, voltages exceeding 20 mV may indicate a deteriorating
condition and should be investigated.

(2) The impedance limit shall be 0.2 ohm.
3-5.2.2 Receptacles in Patient Care Areas.

3-5.2.2.1 Receptacle Testing.

(a) The physical integrity of each receptacle shall be con-
firmed by visual inspection.

(b) The continuity of the grounding circuit in each elec-
trical receptacle shall be verified.

(c) Correct polarity of the hot and neutral connections in
each electrical receptacle shall be confirmed.

(d) The retention force of the grounding blade of each
electrical receptacle (except locking-type receptacles) shall be
not less than 115 grams (4 oz).

3-5.2.2.2 Testing Intervals. Testing shall be performed no
less frequently than as listed below.

General care areas: 12 months Critical care areas: 6 months

Wet locations: 12 months

Exception:  Where documented performance data are available to
Justify longer intervals than those shown, such longer intervals shall
be permitted.

3-5.2.3 Ground-Fault Circuit-Interrupters (GFCIs) in Patient
Care Areas.

3-5.2.3.1 Testing. If GFCIs are used, a device or compo-
nent that causes 6 milliamperes to flow to ground shall be
momentarily connected between the energized conductor of
the power distribution circuit being protected, and ground,
to verify that the GFCI does indeed interrupt the power. If
the test is performed when the system is in use on a patient,
it must not endanger the patient even if the grounding cir-
cuit being tested is faulty.

3-5.2.3.2 Test Interval. Testing shall be performed no less
frequently than every 12 months.
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3-5.2.4 Isolated Power Systems.

3-5.2.4.1 Patient Care Areas. Ifinstalled, the isolated power
system shall be tested in accordance with 3-5.2.4.2.

3-5.2.4.2 Line Isolation Monitor Tests. The proper func-
tioning of each line isolation monitor (LIM) circuit shall be
assured by the following:

(a) The LIM circuit shall be tested after installation, and
prior to being placed in service, by successively grounding
each line of the energized distribution system through a resis-
tor of 200 X V ohms, where V = measured line voltage. The
visual and audible alarms (see 3-4.3.3.2) shall be activated.

(b) The LIM circuit shall be tested at intervals of not more
than one month by actuating the LIM test switch (see
3-4.3.3.6). Actuation of the test switch shall activate both visual
and audible alarm indicators.

(c) After any repair or renovation to an electrical distri-
bution system and at intervals of not more than six months,
the LIM circuit shall be tested in accordance with paragraph
(a) above and only when the circuit is not otherwise in use.

3-6 Administration of Electrical System.
3-6.1 Source.

NOTE: Administration is in conjunction with 3-6.2, “Distri-
bution.”

3-6.2 Distribution.
3-6.2.1 Responsibilities of Governing Body.

NOTE: See 12-2, 13-2, etc., for responsibilities within spe-
cific facilities.

3-6.2.2 Policies. (Reserved)

3-6.2.3 Recordkeeping.

3-6.2.3.1* Normal Electrical Distribution System. A record
shall be maintained of the tests required by this chapter and
associated repairs or modification. At a minimum, this record
shall contain the date, the rooms or areas tested, and an indi-
cation of which items have met or have failed to meet the per-
formance requirements of this chapter.

3-6.2.3.2 Essential Electrical Distribution System. A writ-
ten record of inspection, performance, exercising period, and
repairs shall be regularly maintained and available for inspec-
tion by the authority having jurisdiction. (See Appendix C-3
for general maintenance guide.)

3-6.2.3.3 Isolated Power System (Where Installed). A per-
manent record shall be kept of the results of each of the tests.

3-6.2.4 Information and Warning Signs. (Reserved)
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Chapter 4 Gas and Vacuum Systems

NOTE 1: The application of requirements contained in this
chapter for specific types of health care facilities can be found
in Chapters 12 through 18.

NOTE 2: Gases covered include, but are not limited to, oxy-
gen, nitrogen, nitrous oxide, air, carbon dioxide, natural gas,
ethylene oxide, hydrogen, helium, and acetylene.

NOTE 3: Sections 4-3 through 4-6 cover requirements for
pressurized centrally piped gas systems; Sections 4-7 through
4-10 cover requirements for centrally piped vacuum systems.

4-1 Scope.

4-1.1 This chapter covers the performance, maintenance,
installation, and testing of (1) nonflammable medical gas sys-
tems, (2) flammable and nonflammable laboratory gas sys-
tems, and (3) vacuum systems used within health care
facilities.

4-1.2 Wherever the term medical gas occurs in this chap-
ter, the provisions shall apply to all patient gas systems. Wher-
ever the name of a specific gas occurs, the provision applies
only to that gas.

4-1.3 This chapter does not apply to portable compressed
gas systems.

4-1.4 This chapter applies only to permanently installed,
fixed medical-surgical vacuum systems where such systems
are intended for patient drainage, aspiration, and suction and,
under the conditions set forth in 4-7.2.1, for medical labo-
ratory use. This chapter does not apply to water aspirator

systems that dispose of drainage directly into sanitary sew-
ers. This chapter does not cover suction apparatus or appli-
ances attached to the vacuum system terminals (inlets).

4-2 Nature of Hazards.
4-2.1 Gas Systems.

NOTE: See Section 8-2.

4-2.2 Vacuum Systems. There are potential fire and explo-
sion hazards associated with medical gas central piping sys-
tems and medical-surgical vacuum systems. The various
components are usually not independent isolated compo-
nents, but are parts of a larger system dedicated to total
patient care and safety.

Many of these components are covered by existing stan-
dards to minimize the fire, explosive, and patient safety haz-
ard. With the increased use of vacuum systems, the potential
for mistaken interconnection-with oxidizing gases, for inges-
tion of flammable anesthetic gases, and for undercapacity
requiring extended overheated operation all present poten-
tial hazards or compound other hazardous conditions that
should be properly addressed. While the potential for these
problems exists, the Subcommittee on Vacuum Systems and
Equipment is unaware of the actual occurrence of any sig-
nificant fire-related hazards with vacuum systems.

There are also potential hazards to patients in the
unplanned shutdown or failure of the systems secondary to
a fire and/or the inability of the system to provide adequate
levels of performance under normal or emergency situations.
There is also the potential for mistaken interconnection with
pressurized nonflammable medical gas systems described in
Sections 4-3 to 4-6.
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NOTE: Sections 4-3 through 4-6 cover requirements for
pressurized centrally piped gas systems; Sections 4-7 through
4-10 cover requirements for centrally piped vacuum systems.

4-3 Gas System Sources.
4-3.1 Patient Gas Supply — Type 1.

NOTE: For bulk oxygen systems, see NFPA 50, Standard for
Bulk Oxygen Systems on Consumer Sites.

4-3.1.1 Cylinder and Container Management.

4-3.1.1.1 Cylinders or supply containers shall be constructed,
tested, and maintained in accordance with the U.S. Depart-
ment of Transportation specifications and regulations.

NOTE: Regulations of the U.S. Department of Transpor-
tation (formerly U.S. Interstate Commerce Commission) out-
line specifications for transportation of explosives and
dangerous articles (Code of Federal Regulations, Title 49, Parts
171-190). In Canada, the regulations of the Canadian Trans-
port Commission, Union Station, Ottawa, Ontario, apply.

~

4-3.1.1.2 Cylinder contents shall be identified by attached
labels or stencils naming the components and giving their
proportions. Labels and stencils shall be lettered in accordance
with ANSI Z48.1 (CGA Pamphlet C-4), Standard Method of
Marking Portable Compressed Gas Containers to Identify the Mate-
rial Contained.

4-3.1.1.3 Contents of cylinders and containers shall be iden-
tified by reading the labels prior to use. Labels shall not be
defaced, altered, or removed.

4-3.1.2 Storage Requirements (Location, Construction,
Arrangement).

4-3.1.2.1 Nonflammable Gases (Any Quantity; In-Storage,
Connected, or Both).

NOTE: This includes oxidizing gases.

(a) Sources of heat in storage locations shall be protected
or located so that cylinders or compressed gases shall not be
heated to the activation point of integral safety devices. In
no case shall the temperature of the cylinders exceed 130°F
(54°C). Care shall be exercised in handling cylinders that have
been exposed to freezing temperature or containers that con-
tain cryogenic liquids to prevent injury to the skin.

(b) Cylinder storage or manifold enclosures shall be pro-
| vided for oxidizing agents (nitrous oxide, oxygen, oxygen
mixtures, and compressed air). Such enclosures shall be con-
structed of an assembly of building materials with a fire-
resistive rating of at least one hour and shall not communicate
directly with anesthetizing locations. Other nonflammable
(inert) medical gases may be stored in the enclosure. Flam-
mable gases shall not be stored with oxidizing agents. Stor-
age of full or empty cylinders is permitted. Such enclosures
shall serve no other purpose.

NOTE 1: Conductive fiooring is not required in cylinder
storage locations that are not a part of a surgical or obstet-
rical suite.

NOTE 2: Conductive flooring is not required for those cyl-
inder storage locations or manifold enclosures used only for
nonflammable medical gases [s¢e 4-3.1.2.4(d)).
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(¢) Provisions shall be made for racks or fastenings to pro-
tect cylinders from accidental damage or dislocation.

(d) The electric installation in storage locations or man-
ifold enclosures for nonflammable medical gases shall com-
ply with the standards of NFPA 70, National Electrical Code,
for ordinary locations. Electric wall fixtures, switches, and
receptacles shall be installed in fixed locations not less than
152 cm (5 ft) above the floor as a precaution against their
physical damage.

(e) Storage locations for oxygen and nitrous oxide shall
be kept free of flammable materials [see also 4-3.1.2.1(g)].

(f) Cylinders containing compressed gases and containers
for volatile liquids shall be kept away from radiators, steam
pipes, and like sources of heat.

(g) Combustible materials, such as paper, cardboard, plas-
tics, and fabrics, shall not be stored or kept near cylinders
containing oxygen or nitrous oxide. An exception to the rule
may be made in the case of cylinder shipping crates or car-
tons. Racks for cylinder storage may be of wooden construc-
tion. Wrappers shall be removed prior to storage.

(h) When cylinder valve protection caps are supplied, they
shall be secured tightly in place unless the cylinder is con-
nected for use.

(1) Containers shall not be stored in a tightly closed space
such as a closet [see 8-2.1.2.3(c)].

(j) Location of Supply Systems.

(1) Except as permitted by 4-3.1.2.1(j)(2), supply systems
for oxygen, nitrous oxide, or mixtures of these gases having
total capacities (connected and in storage) not exceeding the
quantities specified in 4-3.1.2.2(a) and (b) shall be located out-

|doors in an enclosure used only for this purpose or in a room
or enclosure used only for this purpose situated within a
building used for other purposes.

(2) Locations for supply systems shall not be used for stor-
age purposes other than for containers of nonflammable
gases. Storage of full or empty containers is permissible. Other
nonflammable medical gas supply systems or storage loca-
tions are permitted to be in the same location with oxygen
or nitrous oxide or both. However, care shall be taken to pro-
vide adequate ventilation to dissipate such other gases in
order to prevent the development of oxygen-deficient atmo-
spheres in the event of functioning of cylinder or manifold
pressure-relief devices.

(3) Medical air compressors and vacuum pumps shall be
located separately from cylinder gas systems or cylinder stor-
age enclosures. Medical air compressors shall be installed in
a designated mechanical equipment area, adequately venti-
lated and with required services.

(k) Construction and Arrangement of Supply System Locations.

(1) Walls, floors, ceilings, roofs, doors, interior finish,
shelves, racks, and supports of and in the locations cited in
4-3.1.2.1(j)(1) shall be constructed of noncombustible or
limited-combustible materials.

(2) Locations for supply systems for oxygen, nitrous
oxide, or mixtures of these gases shall not communicate with
anesthetizing locations or storage locations for flammable
anesthetizing agents.

(3) Enclosures for supply systems shall be provided with
doors or gates that can be locked.
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(4) Ordinary electrical wall fixtures in supply rooms
shall be installed in fixed locations not less than 5 ft (1.5 m)
above the floor to avoid physical damage.

(5) When enclosures (interior or exterior) for supply
systems are located near sources of heat, such as furnaces,
incinerators, or boiler rooms, they shall be of construction
as to protect cylinders from reaching temperatures exceed-
ing 130°F (54°C). Open electrical conductors and trans-
formers shall not be located in close proximity to enclo-
sures. Such enclosures shall not be located adjacent to
storage tanks for flammable or combustible liquids.

(6) Smoking shall be prohibited in supply system
enclosures.

(7) Heating shall be by steam, hot water, or other indi-
rect means. Cylinder temperatures shall not exceed 130°F
(54°C).

4-3.1.2.2 Additional Storage Requlrements for Nonflam-
mable Gases Greater than 2000 cu ft (57 m®).

(a) Oxygen supply systems or storage locations havmg a
total capacity of more than 20,000 cu ft (566 m®) (NTP),
including unconnected reserves on hand at the site, shall
comply with NFPA 50, Standard for Bulk Oxygen Systems at
Consumer Sites.

(b) Nitrous oxide supply systems or storage locations
havmg a total capacity of 3200 Ib (1452 kg) [28,000 cu ft
(793 m’) (NTP)] or more, including unconnected reserves
on hand at the site, shall comply with Compressed Gas
Association, Inc., Pamphlet G-8.1, Standard for the Installa-
tion of Nitrous Oxide Systems at Consumer Sites.

() The walls, floors, and ceilings of locations for supply
systems of more than 2000 cu ft (57 m®) total capacity (con-
nected and in storage) separating the supply system loca-
tion from other occupancies in a building shall have a fire-
resistance rating of at least one hour. This shall also apply
to a common wall or walls of a supply system location
attached to a building having other occupancy.

(d) Locatlons for supply systems of more than 2000 cu
ft (57 m®) total capacity (connected and in storage) shall be
vented to the outside by a dedicated mechanical ventilation
system or by natural venting. If natural venting is used, the
vent openmg or openings shall be a minimum of 72 sq in.
(0.05 m? in total free area.

4-3.1.2.3 Additional Storage Requlrements for Nonflam-
mable Gases Less than 2000 cu ft (57 m®. Doors to such
locations shall be provided w1th louvered openings having
a minimum 72 sq. in. (0.05 m®) in total free area. Where
the location of the supply system door opens onto an exit
access corridor, (a) the requirements of 4-3.1.2.2(c) and
4-3.1.2.2(d) shall be complied with; or (b) the door shall
have louver opening(s) with a minimum of 72 sq in. (0.05
m®) in total free area, and with fire damper(s) of appropri-
ate rating; or (c) the wall of the location shall be prov1ded
w1th a louver opening(s) with a minimum of 72 sq in. (0.05
m?) in total free area, and with fire damper(s) of appropri-
ate rating.

4-3.1.2.4 Flammable Inhalation Anesthetic Agents (Any
Quantity; In-Storage, Connected, or Both).

(a) Enclosures in which flammable inhalation anesthetic
agents are stored shall be individually and continuously
ventilated by gravity or by mechanical means at a rate of

jnot less than eight air changes per hour. The fresh air inlet

and the exhaust air outlet within the enclosure shall be
located as far apart as feasible consistent with the enclosure
layout. The fresh air inlet shall be located at or near the
ceiling, and the bottom of the exhaust air outlet shall be
located 3 in. (7.6 cm) above the floor. The fresh air supply
may be heated. Exhaust air shall be discharged to the exte-
rior of the building at least 12 ft (3.6 m) above grade in a
manner to prevent its reentry to the building.

(b) Exhaust fans shall have nonsparking blades. The fan
motor shall be connected into the equipment system
(either automatic or delayed restoration) (see Chapter 3,
“Electrical Systems”). All electric installations shall conform
to NFPA 70, National Electrical Code, and, when inside the
storage area or exhaust duct, shall be approved for use in
Class I, Group C, Division 2 locations. A visual signal that
indicates failure of the exhaust system shall be installed at
the entrance to the storage area.

NOTE: Exhaust fans in all new installations, and when-
ever possible in existing installations, should be located at
the discharge end of the exhaust duct.

(c) Approved fire dampers shall be installed in openings
through the required fire partition in accordance with the
requirements of NFPA 90A, Standard for the Installation of
Air Conditioning and Ventilating Systems.

| (d) Enclosures shall not be used for purposes other than
storage of flammable inhalation anesthetic agents.

(e) Flooring shall comply with 12-4.1.3.8(b)(1).

(f) Electric wiring and equipment in storage locations
for flammable inhalation anesthetic agents shall comply
with the requirements of NFPA 70, National Electrical Code,
Article 500, Class I, Division 2, and equipment used
therein shall be approved for use in Class I, Group C, Divi-
sion 1 hazardous areas (se¢ 3-5.2.1 for grounding require-
ments).

(g) The provisions of 12-4.1.3.2 for ungrounded electric
distribution systems do not apply to storage locations for
flammable agents.

(h) Storage locations for flammable anesthetics shall
meet the construction requirements stated in 4-3.1.2.1(b)
and (c), and shall be ventilated as provided in 4-3.1.2.4(a).

(i) Flammable inhalation anesthetizing agents shall be
stored only in such locations. Flammable inhalation anes-
thetizing agents shall not be stored in anesthetizing loca-
tions, except for cylinders of flammable anesthetic agents
connected to a gas anesthesia apparatus.

() Cylinders containing flammable gases (i.e., ethylene
and cyclopropane) and containers of flammable liquids
(i.e., diethyl ether, divinyl ether, ethyl chloride) shall be
kept out of proximity to cylinders containing oxidizing
gases (i.e., oxygen or nitrous oxide) through the use of
separate rooms.

(k) Storage locations for flammable inhalation agents
shall be kept free of cylinders of nitrous oxide, compressed
air, oxygen, and mixtures of oxygen.

(I) Sources of illumination and ventilation equipment in
storage locations for flammable inhalation anesthetic
agents, wherever located, and especially in storage loca-
tions that are remote from the operative suite, shall be
inspected and tested on a regular schedule. Such proce-
dures shall determine that adequate ventilation is main-
tained under supervision.
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4-3.1.3 Material — Oxygen Compatibility.

4-3.1.3.1 Oxygen system components, including, but not
limited to, containers, valves, valve seats, lubricants, fittings,
gaskets, and interconnecting equipment including hoses, shall
have adequate compatibility with oxygen under the condi-
tions of temperature and pressure to which the components
may be exposed in the containment and use of oxygen. Eas-
ily ignitible materials shall be avoided unless they are parts
of equipments or systems that are approved, listed, or proved
suitable by tests or by past experience.

NOTE: Compoatibility involves both combustibility and ease
of ignition. Materials that burn in air will burn violently in
pure oxygen at normal pressure and explosively in pressur-
ized oxygen. Also, many materials that do not burn in air will
do so in pure oxygen, particularly under pressure. Metals for
containers and piping must be carefully selected, depending
on service conditions. The various steels are acceptable for
many applications, but some service conditions may call for
other materials (usually copper or its alloys) because of their
greater resistance to ignition and lower rate of combustion.

Similarly, materials that can be ignited in air have lower
ignition energies in oxygen. Many such materials may be
ignited by friction at a valve seat or stem packing or by adi-
abatic compression produced when oxygen at high pressure
is rapidly introduced into a system initially at low pressure.

14-3.1.3.2 'The provisions of 4-3.1.3.1 also apply to nitrous
oxide, oxygen-nitrous oxide mixtures, and to other medical
gas mixtures containing more than 23.5 percent oxygen.

either/or

Line pressure
regulator
(see notes 1 and 3)

Changeover actuating

Pressure
regulator

switch (see note 2)\D

|4-3.1.4 Gas Central Supply Systems.

The central supply
system shall be a system of cylinders and necessary supply
equipment assembled as described in either 4-3.1.5 or 4-3.1.6,
or a bulk supply system (4-3.1.7), which may be of the per-
manently installed type or the trailer type. The medical com-
pressed air source, in addition to the preceding, is permitted
to be two or more compressors that deliver medical com-
pressed air and that comply with 4-3.1.2.2(b), 4-3.1.9, and
4-3.1.2.1(j)(2).

4-3.1.5 Cylinder Systems without Reserve Supply.
ure 4-3.1.5 and Appendixes C-4.1 and C-4.2.)

4-3.1.5.1 A cylinder manifold shall have two banks (or units)
of cylinders that alternately supply the piping system, each
bank having a pressure regulator and cylinders connected
to a common header. Each bank shall contain a minimum
of two cylinders or at least an average day’s supply unless nor-
mal delivery schedules require a greater supply. When the
content of the primary bank is unable to supply the system,
the secondary bank shall automatically operate to supply the
system. An actuating switch shall be connected to the mas-
ter signal panels to indicate when, or just before, the change-
over to the secondary bank occurs.

(See Fig-

4-3.1.5.2 A check valve shall be installed between each cyl-
inder lead and the manifold header to prevent the loss of
gas from the manifolded cylinders in the event the pressure
relief device on an individual cylinder functions or a cylin-
der lead (pigtail) fails. The check valve shall be of a mate-
rial suitable for the gases and pressures involved.

50 to 55 psig

7 Source shutoff valve

Pressure
relief valve

Pressure

N d
\ Check /

regulator

High pressure header \ e / High pressure header
Shutoff
\ valve /
Check valve
\ Cylinder valve
Pressure relief
device
Cylinders No. 1 bank Cylinders No. 2 bank
For SI Units: 1 psig = 6.895 kPa gauge. NOTE 1: See 4-3.8.3.
*Piping system continued on Figure 4-3.1.10. NOTE 2: See 4-4.1.1.2(b).

| NOTE 3: See 4-3.1.8.7.
Figure 4-3.1.5 Typical cylinder supply system without reserve supply (schematic). Supply systems with different
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arrangements of valves and regulators are permissible if they provide equivalent safeguards. (Type I Gas Systems)
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Actuating switch

(see note 1) \\;’

Pressure
relief valve

To outside of building

Line pressure
regulator
50 to 55

either/or psig

Operating
control unit /Check val
Secondary bank

pressure regulator regulator

Operating supply

Changeover actuating

ves Source shutoff

\-L
(see notes 4 and 5)

Reserve pressure

Operating | i
switch (see note 2)
Pressure  solactor ~| regulator
relief Bleeder back pressure valve (———Shutoff vaive
device an ! (see note 3)
q _—
Check valves

Primary supply Secondary supply
{Liquid cylinders 250 psig)
Operating supply may consist of one or more

supply units on each bank

For SI Units: 1 psig = 6.895 kPa gauge.
*Supply piping system continued on Figure 4-3.1.10.
NOTE 1. See 4-4.1.1.2(c).

Figure 4-3.1.6 Typical cylinder supply system with reserve suppl

—

ylinder valves/

Pressure relief

device
Reserve supply
{high pressure
cylinders)
2200 psig
NOTE 2: See 4-4.1.1.2(b).
NOTE 3: See 4-3.1.6.4.
NOTE 4: See 4-3.1.8.3.
| NOTE 5: See 4-3.1.8.7.

ly (schematic). Supply systems with different arrangements of

valves and regulators are permissible if they provide equivalent safeguards. (Type I Gas Systems)

4-3.1.6 Cylinder Supply Systems with Reserve Supply. (See

Figure 4-3.1.6 and Appendixes C-4.1 and C-4.2.)

4-3.1.6.1 A cylinder supply system with reserve supply shall
consist of:

(a) A primary supply, which supplies the piping system.

(b) A secondary supply, which shall operate automatically
when the primary supply is unable to supply the system. An
actuating switch shall be connected to the master signal pan-
els to indicate when, or just before, the changeover to the
secondary bank occurs.

(c) A reserve supply, which shall operate automatically in
the event that both the primary and secondary supplies are
unable to supply the system. An actuating switch shall be con-
nected to the master signal panels to indicate when, or just
before, the reserve begins to supply the piping system.

4-3.1.6.2 The reserve supply shall consist of three or more
manifolded high-pressure cylinders connected as required
under 4-3.1.8.2, and either shall be equipped with check
valves as required in 4-3.1.5.2, or shall be provided with an

actuating switch that shall operate the master signals when
the reserve supply drops to one day’s supply. (See Appendixes
C-4.1 and C-4.2.)

|4-3.1.6.3 A cryogenic liquid storage vessel shall be installed
either as indicated in Figure 4-3.1.6, or as indicated in Fig-
ure 4-3.1.5 with the addition of a reserve supply connected
as shown in Figure 4-3.1.6. (See Appendixes C-4.1 and C-4.2.)

|4-3.1.64 When cryogenic liquid storage vessels are designed

to prevent the loss of the gas produced by the evaporation
of the cryogenic liquid in the secondary supply, they shall
be designed so that the gas produced shall pass through the
line pressure regulator before entering the piped distribu-
tion system.

|4-3.1.6.5 Cryogenic liquid storage vessels shall be con-
structed to withstand high pressure {2200 psig (15.2 MPa
gauge)] or shall be provided with suitable pressure relief
devices upstream of the control unit.

4-3.1.6.6 Cylinder supply systems designed in accordance
with 4-3.1.6 do not require check valves between each cyl-
inder lead and the manifold header on the primary and sec-
ondary supplies.
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To outside of building
Line pressure Pressure relief valve
regulator
m 50 to 55 psig
elther/or .
| k=1 Check valve Shutoff valve L J‘)Q\ £
¥ " (see note 1) (see note 1) o+ Source shuto
4@ 9 I 4 f valve
Actuating switch
- ‘ (-s_ee_rl?zt_r 3)_____{-\}_ ________ (see notes 4 and 5)
Pressure
regulator Bleeder
{back pressure)
Actuating switch ﬂl valve (see note 7)
{see note 3) Lor
- — r —
e - : L]\ Actuating switch
Check : (see note 6)
valve |
&
X 3
B ~1°C
Gas or liquid Cylinder . 3. .
(single or valve Pressure relief | Oneor ]
multiple units) device = more :
| containers |
Operating supply \ ______
Reserve supply
For SI Units: 1 psig = 6.895 kPa gauge. NOTE 3: See 4-4.1.1.2(b). NOTE 6: See 4-4.1.1.2(d).

*Piping system continued on Figure 4-3.1.10.
NOTE 1: See 4-3.1.8.4.
NOTE 2: See 4-4.1.1.2(c).

NOTE 4: See 4-3.1.8.3.
| NOTE 5: See 4-3.1.8.7.

NOTE 7: See 4-3.1.7.2(c).
NOTE 8: Dotted lines are alternates.

Figure 4-3.1.7 Typical bulk supply system (schematic). Bulk supply systems with different arrangements of valves, regulators,
and gas supply units are permissible if they provide equivalent safeguards. The reserve supply shown in dotted lines indicates
the arrangements outlined in 4-3.1.7.2(b) or (c). (Type I Gas Systems)

4-3.1.7* Bulk Medical Gas Systems.

(See Figure 4-3.1.7 and
Appendixes C-4.1 and C-4.2.) .

4-3.1.7.1 The bulk system shall consist of two sources of sup-
ply, one of which shall be a reserve supply for use only in
an emergency. An actuating switch shall be connected to the
master signal panels to indicate when, or just before, the
reserve begins to supply the system. There are two types of
bulk supply systems:

(a) The alternating type with two or more units alternately
supplying the piping system. When the primary supply is
unable to supply the bulk system, the secondary supply auto-
matically becomes the primary supply and a new secondary
supply, not the reserve supply, is connected when or before
this changeover takes place. An actuating switch shall be con-
nected to the master signal panels to indicate when, or just
before, the changeover occurs.

(b) The continuous type with one or more units contin-
uously supplying the piping system while another unit
remains as the reserve supply and operates only in case of
an emergency.

4-3.1.7.2 The secondary supply and the reserve supply
referred to in 4-3.1.7.1 shall each contain at least an aver-
age day’s supply and shall consist of:

(@) Three or more manifolded high-pressure cylinders con-
nected as required under 4-3.1.5.1 and 4-3.1.8.2; or
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(b) High-pressure cylinders without check valves provided
an actuating switch, which shall operate the master alarm sig-
nal when the reserve supply is down to one day’s average
supply, is installed; or

(c) A cryogenic liquid storage unit used as the reserve for
a bulk supply system provided with an actuating switch that
shall operate the master alarm signal when the contents of
the reserve are reduced to one day’s average supply, and
another actuating switch that shall operate the master alarm
signal if the gas pressure available in the reserve unit is
reduced below the pressure required to function properly.
It shall also be designed to prevent the loss of gas produced
by the evaporation of the cryogenic liquid in the reserve and
so that the gas produced shall pass through a line pressure
regulator before entering the piped distribution system.

|4-3.1.8 General Requirements for Gas Central Supply
Systems.

4-3.1.8.1 Cylinders shall be designed, constructed, tested,
and maintained in accordance with 4-3.1.1.1. Cylinders in
service shall be adequately secured. Cylinders in storage shall
be secured and located to prevent them from falling or being
knocked over.

4-3.1.8.2 Manifolds shall be of substantial construction and
of a design and materials suitable for the gases and pressures
involved. Mechanical means shall be provided to assure the
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connection of cylinders containing the proper gas to the man-
ifold. Cylinder valve outlets and manifold or regulator inlet
connections shall comply with the American National-
Canadian Standard for Compressed Gas Cylinder Valve Outlet and
Inlet Connections, ANSI B57.1, CSA B96 (Compressed Gas
Association, Inc., Pamphlet V-1). When any nonflammable
medical gases or gas mixtures are to be piped, care shall be
taken to assure noninterchangeability of cylinders or equip-
ment. Manifolds shall be obtained from and installed under
the supervision of a manufacturer or supplier familiar with
proper practices for their construction and use.

4-3.1.8.3 Pressure regulating equipment shall be installed
in the supply main upstream of the final line-pressure relief
valve (see 4-3.1.8.5).

4-3.1.8.4 A manually operated shutoff valve shall be installed
upstream of each pressure regulator, and a shutoff valve or
a check valve shall be installed downstream.

~
4-3.1.8.5 Each central supply system shall have a pressure
relief valve set at 50 percent above normal line pressure,
instalied downstream of the pressure regulator and upstream
of any shutoff valve. This pressure relief valve may be set at
a higher pressure provided another pressure relief valve set
at 50 percent above normal line pressure is installed in the
main supply line. All pressure relief valves shall close auto-
matically when excess pressure has been released. Pressure

Aftercooler bypass

Filter-muffier intakeﬂ

~—— Mounting —s

|37 s 2
Compressor No. 1

Compressor No. 2

For SI Units: 1 psig = 6.895 kPa gauge.
*See paragraph 4-3.1.9.7 for details regarding alternate aftercooler and/or dryer.
**Piping system continued on Figure 4-3.1.10.

* Automatic drain

relief valves set at 50 percent above normal line pressure shall
be vented to the outside if the total capacity of the supply
system is in excess of 2000 cu ft (57 m®) of gas. Pressure relief
valves shall be of brass or bronze and especially designed for
the gas service involved.

(a) The pressure relief valve downstream of the line pres-
sure regulator in nitrogen systems, used to provide power
for gas-driven medical tools, instruments, or other systems,
that vary from the normal 50-55 psig (345-380 kPa gauge)
line pressure (for example, systems supplying medical gases
to hyperbaric chambers), shall be set at 50 percent above line
pressure or 200 psig (1.4 MPa gauge), whichever is lower.

4-3.1.8.6 Supply systems complying with 4-3.1.6 or 4-3.1.7
(see Figures 4-3.1.6 or 4-3.1.7) shall have a check valve in the
primary supply main, upstream of the point of intersection
with the secondary or reserve supply main.

4-3.1.8.7 All final line regulators shall be duplexed with iso-
lating valves or placed in a three-valve bypass to permit ser-
vice to the regulator without completely shutting down the
piped gas system. The choice of duplex or three-valve bypass
shall be made based on the ability of the source equipment
to provide normal line pressure during isolation of the reg-
ulator.

4-3.1.9 Medical Air Compressor Supply Systems. (See Fig-
ure 4-3.1.9.)

Sample
connection
valve

50-55 psig

Air filters

Pr re relief valves
essu | Source shutoff

valves 5 z elther/or valve
Aftercooler T L T Line
) pressure
Pressure relief 1 {alternate)* ® X ® ® requlator
& N, b ¢
PaN valves 2 , > Note: See 4-3.1.9.7
[
i
} Flexible
: connector
} .
} Isolation valves
I Gauge
| ™ Check valves’rV
l{..\';(‘r./* et P ]
L3
~—Flexiple — T L L
=Y T connector~ 1 “1 Bypass valves
T
Vibration

Receiver

Automatic drain
Dryer

(alternate}*

|NOTE: Flow schematics that differ may be acceptable as long as they meet intent of standard.

] Figure 4-3.1.9 Typical duplex medical air compressor system (schematic). (Type I Gas Systems)
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4-3.1.9.1* The medical air compressor shall be an oil-free
air compressor as defined in Chapter 2. The medical air com-
pressor shall take its source from the outside atmosphere and
shall not add contaminants in the form of particulate mat-
ter, odor, or other gases. It shall be connected only to the
medical air piping distribution system and shall not be used
for any other purpose. Maintenance programs in accordance
with the manufacturer’s recommendations shall be established
for the medical air compressor supply system as connected
in each individual installation.

4-3.1.9.2 Except as provided in 4-3.1.9.2(a), the intake to
medical air compressors shall be located outdoors above roof
level a minimum distance of 10 ft (3 m) from any door, win-
dow, other intake, or opening in the building, and a mini-
mum distance of 20 ft (6 m) above the ground. Intakes shall
be turned down and screened or otherwise be protected
against the entry of vermin or water. (See Appendix C-4.2.6.)

(a) If a source is available that is equal to or better than
outside air (air already filtered for use in operating room ven-
tilating systems, for example) it may be used for the medi-
cal air compressors.

(b) The compressor air intake shall be located where no
contamination from engine exhausts, fuel storage vents, vac-
uum system discharges, particulate matter, or odor of any
type is anticipated.

Air intakes for separate compressors may be joined
together to one common intake, provided such intake is
appropriately sized. Where this is done, open inlet piping
to a compressor removed for service shall be isolated by man-
ual or check valve, blind flange, or pipe cap to prevent back-
flow.

4-3.1.9.3 Two or more air compressors shall be used with
provisions for operation alternately or simultaneously depen-
dent on demand. When two compressors are used, each unit
shall be capable of maintaining the supply of air to the sys-
tem at peak calculated demand. When more than two com-
pressors are provided, the peak calculated demand shall be
met with the largest compressor out of service. An automatic
means shall prevent backflow through off-cycle units.

4-3.1.9.4 Each compressor system shall be provided with
disconnect switches, motor starting devices with overload pro-
tection, automatic alternation of the units dividing usage
evenly, and an automatic means to activate the additional
units should the in-service unit be incapable of maintaining
adequate pressure.

(a) Manual alternation of larger units is permissible if the
system is provided with an automatic means to activate the
additional units should the in-service unit be incapable of
maintaining adequate pressure.

(b)* Alocal audible and visual signal shall be provided to
indicate when the reserve or off-duty air compressor is in
operation.

4-3.1.9.5 The power source for medical air compressors shall
be the equipment system of the essential electrical system as
described in Chapter 3, “Electrical Systems.”
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4-3.1.9.6* The receiver shall be equipped with a safety valve,

|automatic drain, sight glass, and pressure gauge and shail
have the capacity to ensure practical on-off operation. The
receiver shall comply with Section VIII (“Unfired Pressure
Vessels”) of the ASME Boiler and Pressure Vessel Code. Piping
between compressors and source shutoff valve shall be in
accordance with 4-4.1.2.1(a).

4-3.1.9.7* Compressor systems for medical air shall be
equipped with intake filter-mufflers of the dry type, after-
cooler and/or air dryers, line filter(s) appropriate for the
intake air conditions and compressor type, and pressure reg-
ulators to ensure the delivery of medical compressed air (see
definition of medical compressed air in Section 2-2).

The medical air receiver shall be provided with a three
valve bypass to permit service to this device without shutting
down the medical air system.

Aftercoolers, where required, and dryers shall be duplex
and valved to permit the isolation of a device and the con-
tinued operation of the system in the event of failure of the
unit in service. Under normal operation, only one dryer or
aftercooler shall be open to air flow, with the second valved
off.

Aftercoolers, where provided, shall be provided with a con-
densate trap and shall not rely on the receiver drain to
remove aftercooler condensate.

When more than two devices are provided, the peak cal-
culated demand shall be met with the largest single unit out
of service.

Medical air filters shall be duplexed with appropriate valves
to permit service to these devices-without shutting down the
medical air system. Each of the filters shall be sized for 100
percent of the system peak calculated demand at design con-
ditions.

All final line regulators shall be duplexed with isolating
valves or placed in a three-valve bypass to permit service to
the regulator without completely shutting down the piped
gas system. The choice of duplex or three valve bypass shall
be made based on the ability of the source equipment to pro-
vide normal line pressure during isolation of the regulator.

4-3.1.9.8% The monitoring of air quality downstream of the
dryers and upstream of the piping system, and the monitor-
ing system response when air quality cannot be maintained,
shall be in accordance with Table 4-3.1.9.8. )
Exception:  Existing piping systems, provided such piping systeﬁs
do not constitute a distinct hazard to life.

Table 4-3.1.9.8 Analytical Tests

Dew Point
Type of
Compressor Frequency Alarm
Liquid ring Continuous line monitoring Required
Reciprocating:
Nonlubricated
Teflon Ring  Continuous line monitoring Required

Rotary Vane Continuous line monitoring Required

See Section 4-5.1.5 for performance criteria.
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]4-3.1.9.9* The following tests shall be conducted:

(a) The operation of the system control sensors such as
dew point, air temperature, and all other air-quality mon-
itoring sensors and controls shall be checked for proper oper-
ation and function before the system is put into service.

(b) The quality of medical compressed air as delivered by
the compressor air supply shall be verified upon installation
and after 24 hours of operation at a sample point downstream
of the pressure regulator and upstream of the piping system
as defined in Figure 4-3.1.9.

|4-3.1.9.10  If required by equipment dynamics or location,
anti-vibration mountings, in accordance with manufacturer’s
recommendations, shall be installed under components, and
flexible couplings shall interconnect the air compressor units,
the receiver, intake lines, and the supply line from the stor-
age receiver.

4-3.1.10 Emergency Oxygen Supply Connection. Where
the oxygen supply, cryogenic or other, is located outside of
the building served, there shall be incorporated in the pip-
ing system an inlet for connecting a temporary auxiliary
source of supply for emergency or maintenance situations.
The inlet shall be located on the exterior of the building
served and shall be physically protected to prevent tamper-
ing and unauthorized access. It shall be labeled “Emergency
Low Pressure Gaseous Oxygen Inlet.” This connection shall
be installed downstream of the shutoff valve on the main sup-
ply line [see 4-4.1.2.2(c)] and be suitably controlled with the
necessary valves to allow emergency supply of oxygen and
isolation of the pipeline to the normal source of supply. It
shall have one check valve in the main line between the main
line shutoff valve and the tee’d connection and one check
valve between the tee’d connection and the emergency sup-
ply shutoff valve. (See Figure 4-3.1.10.)

(a) The emergency-oxygen-supply-connection piping
assembly shall be provided with a pressure relief valve of ade-
quate size to protect the downstream piping system and
related equipment from exposure to pressures in excess of
50 percent higher than normal pipeline pressure.

4-3.2 Patient Gas Supply — Type IIL.

4-3.2.1 Cylinders shall comply with 4-3.1.1. Cylinders in ser-
vice shall be adequately secured. Cylinders in storage shall
be secured or located to prevent falling or being knocked
over.

4-3.2.2 Supply system and storage locations shall comply
with 4-3.1.2.1(j); 4-3.1.2.1(k) [except 4-3.1.2.1(k)(3)]; 4-3.1.2.2
[except 4-3.1.2.2(d)]; and 4-3.1.2.3.

4-3.2.2.1* Enclosures for supply systems shall be provided
with doors or gates. If the enclosure is outside and/or remote
from the single treatment facility, it shall be kept locked. If
the storage area is within the single treatment facility (i.e.,
is not remote), it may be unlocked.

|4-3.2.3 Dental Air Compressor Supply System. (Reserved)

4-3.3 Laboratory Gas Supply.

4-3.3.1 Cylinder and Container Management.
ments shall be in accordance with 4-3.1.1.

Require-

4-3.3.2 Storage Requirements (Location, Construction,
Arrangement; Any Quantity; Flammable and Nonflammable
Gases).

4-3.3.2.1 Storage shall be in cylinders complying with
4-3.1.1.

4-3.3.2.2 Flammable gas cylinder storage for a laboratory,
if inside any health care facility, shall be (except as permit-
ted in 4-4.3.1) in a separate room or enclosure reserved exclu-
sively for that purpose, having a fire-resistance classification
of at least two hours, and ventilated in accordance with Sec-
tion 4-3.1.2.4. Cylinders in storage shall be kept in racks or
secured in position.

4-3.3.2.3 Rooms or enclosures for storage of cylinders shall
be well ventilated. Electrical equipment in flammable-gas stor-
age areas shall comply with NFPA 70, National Electrical Code,
for Class 1, Division 2 locations.

4-3.3.2.4 Enclosures for storage of nonflammable gases shall
have at least one-hour fire-resistive construction, in accor-
dance with 4-3.1.2.1.

|14-3.3.3 Capacity of Cylinders. The capacities of individ-
ual cylinders, in pounds or cubic feet free gas at one atmo-
sphere, shall not exceed:

(a) LP-Gases — 5 1b (2.27 kg)
(b) Acetylene — 350 cu ft (9.9 cu m)

(c) Other flammable gases — 356 cu ft (10 cu m) or water
volume of 0.6 cu ft (0.017 cu m).

4-3.4 Other Gases.
NOTE: Refer to NFPA 54, National Fuel Gas Code.

4-4 Gas System Distribution.

4-4.1 Patient Gas Distribution — Type I (Manifold, Piping,
Valving/Controls, Outlets/Terminals, Alarms).

|4-4.1.1 Gas Warning Systems,

4-4.1.1.1 General. (See Appendix C-4.2.)

(a) Alarm signals and pressure gauges shall be located to
assure continuous responsible surveillance. Each signal device
and gauge shall be appropriately labeled.

(b) A master alarm system shall be provided to monitor

" the operation and condition of the source of supply, the

reserve (if any), and the pressure in the main line of the med-
ical gas system. (See Appendixes C-4.1 and C-4.2.)

(c) An area alarm system shall be provided in anesthetiz-
ing and other critical care locations to monitor the pressure
in the local supply line.
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Figure 4-3.1.10 Location of valves, pressure switches, and piping for medical gas systems (schematic). (Type I Gas Systems)
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(d) The power source for warning systems shall be the life
safety branch of the emergency system as described in Chap-
ter 3, “Electrical Sytems.”

(e) The connection of the master alarm system to a cen-
tralized computer (e.g., a building management system) is
permitted. The computer shall not constitute one of the mas-
ter alarm signal panels required in 4-4.1.1.2(a).

|4-4.1.1.2 Master Alarm Systems for Gases.

(a) To assure continuous responsible observation, the mas-
ter alarm signal panels shall be located in two separate warn-
ing locations, wired in parallel to a single sensor for each
condition. Audible and noncancellable visual signals shall be
installed in the office or principal working area of the indi-
vidual responsible for the maintenance of the medical gas sys-
tem and, to assure continuous surveillance, at the telephone
switchboard, the security office, or at another suitable loca-
tion. Separate visual signals, as required, shall be pro-
vided for each of the conditions described in 4-4.1.1.2(b)
through ().

(b) A signal shall be provided for all medical gas systems
when the piping system is supplied by a manifold or an
alternating-type bulk system that has as part of its normal
operation a changeover from one portion of the operating
supply to another portion. An audible and noncancellable
visual signal shall indicate when, or just before, this change-
over occurs. (See Appendixes C-4.1 and C-4.2.)

(¢) When a manifold or bulk supply consists of one or
more units that continuously supply the piping system while
another unit remains as the reserve supply and operates only

A

in case of emergency, audible and noncancelluble visual
signals shall indicate when, or just before, the reserve sup-
ply goes into operation. (See Appendixes C-4.1 and C-4.2.)

(d)* When check valves are not provided for each cylin-
der lead of the reserve supply for a manifold or bulk sup-
ply system, an audible and noncancellable visual signal
shall indicate when the reserve supply is reduced to one
average day’s supply. If check valves are provided in each
cylinder lead this signal shall not be used. (See Appendixes
C-4.1 and C-4.2.)

(e) All medical gas piping systems shall be provided with
audible and noncancellable visual signals to indicate if the
pressure in the main line increases or decreases from the
normal operating pressure. The actuating switch for these
warning signals shall be installed in the main line immedi-
ately downstream (on the piping distribution side) of the
main-line shutoff valve. (See Appendix C-4.1.)

(f) All of the individual alarms as required in 4-3.1.9.8
shall be provided with audible and manually resettable
visual signals in accordance with 4-4.1.1.2(a). A manually
resettable alarm for each monitored parameter (see Table
4-3.1.9.8) shall be provided at the air dryer site.

|4-4.1.1.3 Area Alarm Systems for Gases.

(a) Warning signals shall be provided for all medical gas
piping systems supplying anesthetizing locations and oth-
ervital life support and critical care areas such as postanes-
thesia recovery, intensive care units, coronary care units,
etc., to indicate if the pressure in the piping system
increases or decreases from the normal operating pressure.

| (See Appendix C-4.1.)

Table 4-4.1.1.2 Required Master Alarm Signals

Reserve Reserve Reserve Dewpoint
Source Equipment Changeover in Use Failure Low High
Manifolds Yes NA No Note A No
Manifolds with Reserve Yes Yes No Note A No
Cryogenic Bulk Gas Units (VIE)
with Cryogenic Reserve Yes Yes Yes Yes No
Cryogenic Bulk Gas Units (VIE)
with Cylinder Reserve Yes Yes No Note A No
Air Compressors No No No No Yes
Vacuum Pumps No No No No No
Reference(s) 4-3.1.5.1 4-3.1. ( ) 4-3.1.7.2(c) 4-3.1.6.2 -3.1.9.8
4-3.1.6.1(b) 4-3.1. 4-3.1.7.2(b)
4-3.1.7.1(a) 4-3.1.

Note A: This signal is required only where cylinder reserves have no check valves for each cylinder lead.

High Pressure

Low Pressure

Pipeline or Vacuum or Vacuum Reference(s)
All Pressure Gas Systems Yes Yes 4-4.1.1.2(e)
Vacuum Systems No Yes 4-8.1.1.7(a) and (e)
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(b) The audible and nori¢ancellable visual signal shall be
activated by an actuating switch installed in the individual
line supplying each such specific area. indicate if the pres-
sure in the piping system increases or

(0)* The actuating switch for anesthetizing locations shall
be in the specific line supplying the operating or delivery
room suites, with the individual room shutoff valve being the
only one between the actuating switch and the room outlets.

(d)* The area alarm actuating switch for each vital life sup-
port and critical care unit shall be in the specific line serv-
ing that area. No shutoff valve shall be installed between the
actuating switch and the outlets.

(e) The appropriately labeled warning signal panel for area
alarms shall be installed at the nurses’ station or other suit-
able location near the point of use that will provide respon-
sible surveillance.

|4-4.1.1.4 Pressure Gauges for Gases.

(a) A pressure gauge shall be installed in the main line
adjacent to the actuating switch required in 4-4.1.1.2(e). It
shall be appropriately labeled and be readily visible from a
standing position. (See Appendix C-4.2.)

(b) An appropriately identified pressure gauge, connected
to the line being monitored, shall be installed at each area
alarm panel location. It shall be appropriately labeled and
be readily visible from a standing position. (See Appendix
C-4.2)

4-4.1.2 Gas Piping Systems (General).

4-4.1.2.1 Gas Piping.

(a)* Piping shall be seamless Type K or L (ASTM B88)
copper tubing, seamless ACR (ASTM B280) copper tubing,
or standard weight (Schedule 40) brass pipe. Piping shall be
joined using listed or approved fittings. Piping for all non-
flammable medical gas systems shall be cleaned in accordance
with 4-4.1.4.1 prior to installation. Pipe sizes shall be in con-
formity with good engineering practice for proper delivery
of maximum volumes specified. Gas piping shall be supported
directly from the building structure with pipe hooks, metal
pipe straps, bands, or hangars suitable for the size of pipe,
and of proper strength and quality at proper intervals, so that
piping cannot be moved accidentally from the installed posi-
tion as follows:

¥g-in. pipe or tubing 6 ft (2 m)
Yo-in. pipe or tubing 6 ft (2 m)
¥4-in. or l-in. pipe or tubing 8 ft (2.4 m)
1Y4-in. or larger (horizontal) 10 ft (3 m)

1Y/4-in. or larger (vertical) every floor level.

(b) Except as provided in 4-4.1.2.1(c) and (d), fittings used
for connecting copper tubing shall be of copper, brass, or
bronze suitable for making brazed connections. Brass pipe
shall be assembled with screw-type brass fittings or with
bronze or copper brazing-type fittings. (See also 4-4.1.4.2.)

(c) Listed or approved metallic gas tubing fittings that,
when made up, will provide a permanent joint exhibiting the
mechanical, thermal, and sealing integrity of a brazed joint
complying with 4-4.1.4.2, may be used anywhere in gas dis-
tribution lines.

(d) Listed or approved gas tubing fittings not complying
with 4-4.1.2.1(c), e.g., of the flare or compression type, may
be used on gas distribution lines when pipe sizes are /o in.
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nominal or less if the fitting is so installed as to be visible in
the room. Such fittings may also be used in connecting cop-
per tubing of ¥4 in. nominal or less to shutoff valves described
in 4-4.1.2.2, providing the fittings are readily accessible.

(e) Buried piping shall be adequately protected against
frost, corrosion, and physical damage. Ducts or casings shall
be used wherever buried piping traverses a roadway, drive-
way, parking lot, or other area subject to surface loads. Med-
ical gas piping may be-placed in the same tunnel, trench, or
duct with fuel gas piping, electrical lines, or steam lines, if
separated, provided that there is good natural or forced ven-
tilation. Medical gas piping shall not be placed in a tunnel,
trench, or duct where exposed to contact with oil.

(f) Medical gas piping installed in combustible partitions
shall be protected against physical damage by installation
| within metallic pipe or conduit. Openings for piping installed
in concealed spaces shall be fire-stopped with construction
having a fire resistance equal to or greater than the origi-
nal construction. Medical gas risers may be installed in pipe
shafts if suitable protection against physical damage, effects
of excessive heat, corrosion, or contact with oil is provnded
Medical gas risers shall not be located in elevator shafts

(g) Where installation of medical gas piping in kitchens,
laundries, or other areas of special hazard is unavoidable, the
piping shall be protected by an enclosure that will prevent
the liberation of medical gas within the room should leaks
occur in the piping system installed in the enclosure.

(h) Piping exposed to physical damage, such as might be
sustained from the movement of portable equipment such
as carts, stretchers, and trucks, in corridors and other loca-
tions shall be provided with suitable protection.

(i) Flexible connectors, metallic or nonmetallic, used where
required for flexibility, shall have minimized hose lengths.
They shall not penetrate walls, floors, ceilings, or partitions.

(j) Pipelines, shutoff valves, and station outlets for systems
at pressures other than the normal 50-55 psig (or 160 psig
for nitrogen) shall be so labeled.

|4-4.1.2.2 Gas Shutoff Valves. (See Appendix C-4.2.)

(a) Shutoff valves accessible to other than authorized per-
sonnel shall be installed in valve boxes with frangible or
removable windows large enough to permit manual oper-
ation of valves.

(b) A shutoff valve shall be placed at the immediate out-
let of the source of supply such that the entire source of sup-
ply, including all accessory devices (such as air dryers, final
line regulators, etc.) can be isolated from the pipeline sys-
tem. The source valve shall be upstream of the mainline shut-
off valve and shall be located in the immediate vicinity of the
source equipment. It shall be labeled “SOURCE VALVE FOR
THE (SOURCE NAME).”

The main supply line shall be provided with a shutoff valve
so located as to be accessible in an emergency. The main sup-
ply line valve shall be located downstream of the source valve
and outside of the source room, enclosure, or where the main
line first enters the building.

(¢) The main supply line shall be provided with a shutoff
valve so located as to be accessible in an emergency. This valve
shall be identified. .

(d) Each riser supplied from the main line shall be pro-
vided with a shutoft valve adjacent to the riser connection.
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(e) Station outlets shall not be supplied directly from a riser
unless a manual shutoff valve located in the same story is
installed between the riser and the outlet with a corridor wall
intervening between the valve and the outlets (see Figure
+-3.1.10.1). This valve shall be readily operable from a stand-
ing position in the corridor on the same floor it serves. Each
lateral branch line serving patient rooms shall be provided
with a shutoff valve that controls the flow of medical gas to
the patient rooms. Branch line shutoff valves shall be so
arranged that shutting off the supply of medical gas to one
branch will not affect the supply of medical gas to the rest
of the system. A pressure gauge shall be provided down-
stream of each lateral branch line shutoff valve.

() In-line shutoft valves intended for use to isolate exist-
ing systems for piping maintenance or to extend to new pip-
ing systems are permitted. These valves shall be located in
a secure area or locked open and labeled in accordance with
4-6.4.1.2.

(g) Pipelines, shutoff valves, and station outlets for systems
at pressures other than the normal 50-55 psig (or 160 psig
for nitrogen) shall be so labeled.

(h) New or replacement valves shall be of a quarter-turn
shutoff type with an indicating handle (i.e., ball or butterfly
valve).

4-4.1.2.3 Surface-Mounted Medical Gas Rail Systems.

(a) Listed or approved surface-mounted medical gas rail
systems may be installed where multiple use of medical gases
and vacuum at a single patient location is required or antic-
ipated. The surface-mounted medical gas rail system shall be
made of material as identified in 4-4.1.2.1(a) or a material
exhibiting the mechanical, thermal, and sealing integrity of
a brazed joint complying with 4-4.1.4.2. Individual gas chan-
nel sizes shall be in conformity with good engineering prac-
tice for proper delivery of maximum volumes specified. The
ends of the surface-mounted medical gas rails shall not be
used for station outlets.

(b) Station outlet locations for future expansion that are
capped shall not be readily removed via screwdriver, pliers,
wrench, etc., but shall require a special tool to remove them
when expansion is undertaken.

(c) Openings in surface-mounted medical gas rail systems
for station outlet assemblies or station outlet plug caps shall
be gas specific.

(d) All fittings used for internal and external connection
of surface-mounted medical gas rail systems shall be made
especially for brazed connection, or shall be assembled with
screw thread-type brass fittings with bronze or copper
brazing-type fittings.

(e)* Connections of surface-mounted medical gas rail sys-
tems to piping systems of dissimilar metals shall require plat-
ing of the connecting components to prevent interaction
between dissimilar metals.

{(f) The installation of the surface-mounted medical gas rail
system shall be tested per 4-4.1.4.

|4-4.1.2.4 Gas Station Outlets. (See Appendix C-4.2.)

(a)* Fach station outlet for medical gases, whether
threaded or noninterchangeable quick-coupler, shall be gas
specific and shall consist of a primary and a secondary valve
(or assembly). The secondary valve (or unit) shall close auto-
matically to stop the flow of medical gas when the primary
valve (or unit) is removed. Each outlet shall be legibly iden-

tified with the name or chemical symbol of the gas contained.
Where chemical symbols are used, they shall be in accordance
with Compressed Gas Association Pamphlet P-2, Character-
istics and Safe Handling of Medical Gases. Where supplemen-
tary color identification is used, it shall be in accordance with
CGA Pamphlet C-9, Standard Color-Marking of Compressed Gas
Cylinders Intended for Medical Use.

(b) Threaded outlets shall be noninterchangeable connec-
tions complying with CGA Pamphlet V-5, Diameter-Index Safety
System —— Non-Interchangeable Low Pressure Connections for Med-
ical Gas Applications.

(¢) Each station outlet, including those mounted in col-
umns, hose reels, ceiling tracks, or other special installations,
shall be designed so that parts or components that are
required to be gas specific for compliance with 4-4.1.2.4(a)
cannot be interchanged between station outlets for difterent
gases.

(1) The use of common parts such as springs, O-rings,
fasteners, seals, and shutoff poppets is permissible.

(d) Station outlets in patient rooms shall be located at an
appropriate height above the floor to prevent physical dam-
age to equipment attached to the outlet. They may be
recessed or otherwise protected from damage.

(e) When multiple wall outlets are installed, including those
for vacuum, there must be sufficient spacing between out-
lets to permit the simultancous use of adjacent outlets with
any of the various types of therapy equipment that may be
required.

(f) Pressure gauges and manometers for medical gas pip-
ing systems shall be cleaned and degreased.

(g) Pipelines, shutoff valves, and station outlets for systems
at pressures other than the normal 50-55 psig (or 160 psig
for nitrogen) shall be so labeled.

|4-4.1.3 Gas Piping Systems (Additional Requirements).

4-4.1.3.1 Anesthetizing locations and other vital life support
and critical areas, such as postanesthesia recovery, intensive
care units, and coronary care units, shall be supplied directly
from the riser without intervening valves except as provided
in 4-4.1.3.2 or 4-4.1.3.3.

4-4.1.3.2 A shutoff valve shall be located immediately out-
side each vital life support or critical care area in each med-
ical gas line and located so as to be readily accessible in an
emergency. Valves shall be protected and marked in accor-
dance with 4-6.4.1.4.

All gas-delivery columns, hose reels, ceiling tracks, control
panels, pendants, booms, alarm panels, or other special instal-
lations shall be located downstream of this valve.

4-4.1.3.3 A shutoff valve shall be located outside each anes-
thetizing location in each medical gas line, so located as to
be readily accessible at all times for use in an emergency.
These valves shall be so arranged that shutting off the sup-
ply of gas to any one operating room or anesthetizing loca-
tion will not affect the others. Valves shall be of an approved
type, mounted on a pedestal or otherwise properly safe-
guarded against physical damage, and marked in accordance
with 4-6.4.1.4.

4-4.1.3.4*% Each yoke insert shall be drilled with two holes
of a size and in locations specified in the “Pin-Index Safety
System,” in ANSI B57.1, Compressed Gas Cylinder Valve Out-
let and Inlet Connections (CGA Pamphlet V-1) (Canadian Stan-
dard CSA-B96) for the gas contained in the pipeline to which
it is attached.
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4-4.1.3.5 Each yoke insert or noninterchangeable quick cou-
pler or specifically designed noninterchangeable threaded
connection complying with CGA V-5, Diameter-Index Safety Sys-
tem, shall be equipped with a backflow check valve designed
to prevent flow of gas from the anesthesia apparatus into the
pipeline system. Each backflow check valve shall be designed
to function properly at pressures up to 190 kg/cm® gauge
(2700 psig) (18 617 kPa gauge).

4-4.1.3.6 Cylinder valve outlet connections shall conform
with ANSI B57.1 (see 8-3.1.7 and Appendix A-4-4.1.3.4).

|4-4.1.4 Installation and Testing of Gas Piping Systems.

4-4.1.4.1 Before installation, all piping, valves, fittings, and
other components for all nonflammable medical gas systems
shall be thoroughly cleaned of oil, grease, and other readily
oxidizable materials as if for oxygen service. After cleaning,
particular care shall be exercised in the storage and handling
of such material. Such material shall be temporarily capped
or plugged to prevent recontamination before final assem-
bly. Just prior to final assembly, such material shall be exam-
ined internally for contamination and shall be recleaned if
necessary.

(a)* Piping, valves, fittings, and other components may be
especially prepared in a facility equipped to clean, rinse, and
purge the material in accordance with the requirements of
4-4.1.4.1(a)(1) or may be prepared on the job site in accor-
dance with 4-4.1.4.1(a)(2). Trichloroethylene shall not be used
in any cleaning operation at the job site. CARBON TETRA-
CHLORIDE SHALL NOT BE EMPLOYED IN ANY
CLEANING OPERATION.

(1) Piping, valves, fittings, and other components that
have been especially prepared shall have been cleaned in
accordance with the provisions of CGA Pamphlet G-4.1, Clean-
ing Equipment for Oxygen Service. Such material shall be deliv-
ered capped or plugged and shall be inspected prior to final
assembly as required in 4-4.1.4.1. If necessary, recleaning shall
be done in accordance with 4-4.1.4.1(a)(2).

(2) Piping, valves, fittings, and other components pre-
pared at the job site shall be cleaned by washing in a hot alka-
line cleaner-water solution, such as sodium carbonate or
trisodium phosphate (proportion of one pound to three gal-
lons of water). Scrubbing shall be employed where necessary
to ensure complete cleaning. After washing, the materials shall
be thoroughly rinsed in clean, hot water.

4-4.1.4.2* All brazed joints in the piping shall be made up
using brazing filler alloys that bond with the base metals being
brazed and that comply with Specification for Brazing Filler
Metal, ANSI/AWS A5.8.

(a) Copper-to-copper joints shall be made using a copper-
phosphorus brazing filler alloy (BCuP series) without flux.

(b) Dissimilar metals such as copper and brass shall be
joined using an appropriate flux with either a copper-
phosphorus (BCuP series) or a silver (BAg series) brazing filler
alloy. Apply flux sparingly and in a manner to avoid leav-
ing any excess inside of completed joints. Use of prefluxed
rod is acceptable.

NOTE: Some BAg series filler metals contain cadmium,

which, when heated during brazing, can produce toxic fumes.

(c)* While being brazed, joints shall be continuously
purged with an inert gas such as dry nitrogen or carbon diox-
ide to prevent the formation of scale within the tubing.
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(d) A visual inspection of each brazed joint shall be made
to assure that the alloy has flowed completely in and around
the joint and, where flux has been used, that hardened flux
has not formed a temporary seal that holds test pressure. The
outside of all fluxed joints shall be washed with hot water after
assembly to remove excess flux for clear visual inspection of
brazed connections.

(e) The outside of all tubes, joints, and fittings shall be
cleaned by washing with hot water after assembly.

4-4.1.4.3* Threaded joints in piping systems shall be tinned
or made up with polytetrafluoroethylene (such as Teflon) tape
or other thread sealants suitable for oxygen service. Sealants
shall be applied to the male threads only.

4-4.2 Patient Gas Distribution — Type II (Manifold, Pip-
ing, Valving/Controls, Outlets/Terminals, Alarms).

4-4.2.1 Mechanical means shall be provided to assure the
connection of cylinders containing the proper gas to the pip-
ing system. Cylinder valve outlets for nonflammable gases and
gas mixtures for medical purposes shall comply with
American-Canadian Standard for Compressed Gas Cylinder Valve
Outlet and Inlet Connections (ANSI B57.1; CSA B96).

4-4.2.2 The provisions of 4-3.1.8.3 shall apply.

4-4.2.3 Threaded connections between the regulators and
the piping system shall comply with Compressed Gas Asso-
ciation Standard V-5, Diameter-Index Safety System.

4-42.4 Flexible connectors of other than all-metal construc-
tion used to connect outlets of pressure regulators to fixed
piping shall not exceed 5 ft (1.5 m) in length and shall not
penetrate walls, floors, ceilings, or partitions. Flexible con-
nectors shall comply with the provisions of 4-4.2.3.

4-4.2.5 A shutoff valve or check valve shall be installed
downstream of each pressure regulator.

4-4.2.6 A pressure relief valve set at 50 percent above nor-
mal line pressure shall be installed downstream of the shutoff
or check valve required in 4-4.2.5. Pressure relief valves shall
be of brass or bronze and designed for oxygen service.

4-4.2.7* Supply systems supplying a single treatment facil-
ity as outlined in 4-6.2.4.1(c) shall contain as a minimum:

4-4.2.7.1 Two cylinders of oxygen and two cylinders of
nitrous oxide (if used).

4-4.2.7.2 The cylinders for each gas service shall be man-
ifolded so that the cylinders can alternately supply the pip-
ing system. Each bank shall contain at least an average day’s
supply. When the content of the primary bank is unable to
supply the system, the secondary bank shall be capable of
being manually switched to supply the system. Automatic swit-
chover is permitted.

4-4.2.7.3 When the supply system is remote the switchover
shall be automatic.

4-4.2.8* Supply systems supplying two single treatment facil-
ities as outlined in 4-6.2.4.1(d) shall contain as a minimum:
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4-4.2.8.1 Two cylinders of oxygen and two cylinders of
nitrous oxide (if used).

4-4.2.8.2 The cylinders for each gas service shall be man-
ifolded so that the cylinders can alternately supply the pip-
ing system. Each bank shall contain at least an average day’s
supply. When the content of the primary bank is unable to
supply the piping system, the secondary bank shall automat-
ically operate to supply the piping system.

|4-4.2.9 Warning Systems for Gases.

4-4.2.9.1 An automatic pressure switch, which will actuate
a visual and audible alarm when the line pressure drops
below or increases above normal line pressure, shall be con-
nected to each main supply line within a single treatment
facility. (See 4-5.2.4.1.) The automatic pressure switch shall
be installed downstream of any main supply line shutoft valve
that may be required by the provisions of 4-4.2.12.2 or
4-4.2.12.3.

4-4.2.9.2 A warning system as required in 4-4.2.9.1 shall be
installed in each single treatment facility served by the sup-
ply system. The warning system shall be comprised of an
audible and noncancellable visual signal and shall be installed
to be heard and seen at a continuously attended location dur-
ing the time of operation of the facility.

4-4.2.9.3 A warning system as outlined in 4-4.2.9.2 shall be
installed to indicate whenever automatic changeover occurs
or is about to occur. The signal shall remain uncancellable
until the reserve supply bank has been replenished. The sen-
sor alarm shall be independent of the sensor actuator of
4-4.2.9.1. When two treatment facilities are served by a com-
mon supply system, the automatic changeover alarm shall
indicate in both facilities.

4-4.2.9.4 Warning systems for two single treatment facili-
ties shall conform to 4-4.2.9.1, 4-4.2.9.2, and 4-4.2.9.3, and
shall be independent.

|4-4.2.10 Pressure Gauges for Gas Systems.

4-4.2.10.1 A pressure gauge shall be installed in the main
line adjacent to the actuating switch required in 4-4.1.1.2(e).
It shali be appropriately labeled and be readily visible from
a standing position. (See C-4.2.14.)

|4-4.2.11 Gas Piping.
4-4.2.11.1* The provisions of Section 4-4.1.2 shall apply.

|4-4.2.12 Gas Shutoff Valves.

4-4.2.12.1* Where the central supply is remote from the
medical gas system use points, the main supply line shall be
provided with a shutoff valve so located in the single treat-
ment facility as to be accessible from use-point locations in
an emergency.

4-4.2.12.2 When the supply is remote from a single treat-
ment facility, the main supply line shall be provided with a
shutoff valve so located in the single treatment facility as to
be accessible from use-point locations in an emergency. Such

valves shall be labeled to indicate the gas controlled and shall
shut off only the gas to that single treatment facility. A
remotely activated shutoff at the supply manifold shall not
be used for emergency shutoff. For clinical purposes, such
a remote actuator shall not fail-closed in the event of a loss
of electric power. If remote actuators are the type that fail-
open, it is mandatory that cylinder shutoff valves be closed
whenever the system is not in use. (See 4-6.2.4.8.)

4-4.2.12.3 When the central supply system supplies two sin-
gle treatment facilities, each facility shall be provided with
a shutoff valve so located in each treatment facility as to be
accessible from the use-point locations in an emergency. Such
valves shall be labeled to indicate the gas controlled, and shall
shut off only the gas to that single treatment facility. A
remotely activated shutoff at the supply manifold shall not
be used for emergency shutoff valves for dual treatment facil-
ity installations. For clinical purposes, such a remote actu-
ator shall not fail-closed in the event of a loss of electric power.
If remote actuators are the type that fail-open, it is manda-
tory that cylinder shutoff valves be closed whenever the sys-
tem is not in use. (See 4-6.2.4.8.)

4-4.2.12.4 The provisions of 4-4.1.2.2(d) shall apply to any
installation with risers off the main line.

|4-4.2.13 Gas Station Outlets.

4-4.2.13.1 The provisions of 4-4.1.2.4 shall apply.

4-4.2.13.2 Station outlets shall be located at an appropri-
ate height above the floor to prevent physical damage to
equipment attached to the outlet.

NOTE: They may be recessed or otherwise protected from
damage.

4-4.2.13.3 Station outlets shall be located to avoid physical
damage to the valve and attached equipment.

4-4.3 Laboratory Gas Distribution (Manifold, Piping,
Valving/Controls, Outlets/Terminals, Alarms).

4-4.3.1 When a laboratory is intended to be routinely and
frequently operated with flammable gases supplied from a
manifold compressed system, the containers shall either:

(a) Be in a separate room having a fire-resistance classi-
fication of at least one hour and ventilated in accordance with
4-3.1.2, or

(b) Be located outside of the building and connected to
the laboratory equipment by a permanently installed piping
system.

Exception:  Wherever the volume and nature of the gas, in the judg-
ment of the laboratory safety officer or other authority having juris-
diction, do not offer a hazard, the requirement for the remote locations
of the cylinder may be waived.

4-4.3.2 When a laboratory is intended to be routinely and
frequently operated with nonflammable gases supplied from
a manifold compressed system:

(a) The manifold within the laboratory shall consist of not
more than six cylinders,
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(b) Manifolds larger than six cylinders shall conform to
4-4.3.1, and

(c) Cylinders shall be secured in position.

4-4.3.3 A pressure-reducing valve shall be connected to each
gas cylinder and adjusted to a setting to limit pressure in the
piping system at the minimum required gas pressure.

4-4.3.4 Pressure regulators shall be compatible with the gas
for which they are used.

4-4.3.5* Piping systems for fuel gases, such as manufactured
gas, natural gas, and LP-Gas, shall comply with NFPA 54,
National Fuel Gas Code, and NFPA 58, Standard for the Stor-
age and Handling of Liquefied Petroleum Gases.

4-4.3.6 Piping systems for gaseous hydrogen shall comply
with NFPA 50A, Standard for Gaseous Hydrogen Systems at Con-
sumer Siles.

4-4.3.7 Piping systems for nonflammable gases shall com-
ping sy 8
ply with Type I systems as specified in this chapter.

4-4.3.8 Piping systems for acetylene shall comply with NFPA
51, Standard for the Design and Installation of Oxygen-Fuel Gas
Systems for Welding, Cutting, and Allied Processes.

4-4.3.9 Supply and discharge terminals of piping systems
shall be legibly and permanently marked at both ends with
the name of the gas to be piped, after testing, to establish
their content and continuity.

4-4.3.10 Piping systems shall not be used for gases other
than those for which they are designed and identified.

4-4.3.11 If a system is to be connected for use with a gas
other than that for which it was originally installed, it shall
be inspected for suitability for the proposed gas, purged with
an inert gas (such as nitrogen), cleaned if necessary, and pres-
sure tested in accordance with the appropriate piping stan-
dard. Each outlet of such a system shall be identified by
chemical name and specifically converted for use with the suc-
cessor gas.

4-4.4 Other Gases. (Refer to NFPA 54, National Fuel Gas
Code.)

4-5 Gas System Performance Criteria and Testing.
4-5.1 Patient Gas System — Type I.
4-5.1.1 Cross-Connection.

4-5.1.1.1 Before piping systems are intially put into use, the
health care facility authority shall be responsible for ascer-
taining that the gas delivered at the outlet is that shown on
the outlet label and that the proper connecting fittings are
checked against their labels.

4-5.1.1.2 Gas System Testing and Verification.

(a) To determine that no cross-connection to other pip-
ing systems exists, reduce all medical gas systems to atmo-
spheric pressure. Disconnect all sources of test gas from all
of the medical gas systems with the exception of the one sys-
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tem to be checked. Pressure this system with oil-free, dry air
or nitrogen (see definitions) to 50 psig (350 kPa gauge). With
appropriate adaptors matching outlet labels, check each indi-
vidual station outlet of all medical gas systems installed to
determine that test gas is being dispensed only from the out-
lets of the medical gas system being tested.

(1) Disconnect the source of test gas and reduce the sys-
tem tested to atmospheric pressure. Proceed to test each addi-
tional piping system in accordance with 4-5.1.1.2(a).

(2) Where a medical vacuum piping system is installed,
the cross-connection testing shall include that piped vacuum
system with all medical gas piping systems.

(3) An alternate method of testing to assure that no cross-
connections to other piping systems exists is:

(i) Reduce the pressure in all medical gas systems to
atmospheric.

(it) Increase the test gas pressure in all medical gas pip-
ing systems to the values indicated in Table 4-5.1.1.2(a)(3).
Simultaneously maintain these nominal pressures through-
out the test.

(i) Any medical-surgical vacuum systems shall be in
operation so that these vacuum systems are tested at the same
time the medical gas systems are tested.

Table 4-5.1.1.2(a)(3) Alternate Test Pressures

Pressure
Medical Gas psig kPa gauge
Gas Mixtures 20 140
Nitrogen 30 210
Nitrous Oxide 40 280
Oxygen 50 350
Compressed Air 60 420

(iv) Following the adjustment of pressures in accordance
with 4-5.1.1.2(a}(3)(ii) and (iii), each station outlet for each
medical gas system shall be tested using the gas-specific con-
nection for each system with a pressure (vacuum) gauge
attached. Each pressure gauge used in performing this test
shall be calibrated with the line pressure regulator gauge used
to provide the source pressure.

(v) Each station outlet shall be identified by label (and
color marking, if used), and the pressure indicated on the
test gauge shall be that listed in 4-5.1.1.2(a)(3)(ii) for the sys-
tem being tested.

(b) The presence and correctness of labeling required by
this standard for all components (e.g., station outlets, shutoff
valves, and signal panels) shall be verified.

|4-5.1.2 Cleaning/Purging/Purity for Gas Systems.

4-5.1.2.1* After installation of the piping, but before instal-
lation of the station outlets and other medical gas system com-
ponents (e.g., pressure-actuating switches for alarms,
manifolds, pressure gauges, or pressure relief valves), the line
shall be blown clear by means of oil-free, dry air or nitrogen
(see Chapter 2, “Definitions”).

4-5.1.2.2 Purging. After all medical gas piping systems have
been tested in accordance with 4-5.1.1.2 and 4-5.1.8.4, the
source of test gas shall be disconnected and the proper gas
source of supply connected to each respective system. Fol-
lowing this connection and pressurization, all outlets shall be
opened in a progressive order, starting nearest the source
and completing the process of purge flushing at the outlet
farthest from the source.
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(a) Purge gas shall be allowed to pass through a white cloth
material at a minimum flow rate of 100 liters per minute until
no discoloration is evident and the test gas used during the
previous tests has been removed from the piping systems.

4-5.1.2.3 Analysis.

(a) After completing the purge flushing of the piping sys-
tem in accordance with 4-5.1.2.2 and 4-5.1.2.2(a), the flow
of gas from each station outlet for oxygen, mixed gases con-
taining oxygen, and medical compressed air shall be tested
with an oxygen analyzer to confirm the presence of the
desired percentage of oxygen.

NOTE: Testing of outlets for other gases to confirm the pres-
ence of the designated gas is recommended.

(1) Where mixtures are piped that involve a low concen-
tration of one component, such as 95 percent oxygen and
5 percent carbon dioxide, an analyzer must be used having
sufficient accuracy to properly indicate the mixture. This, in
some cases, may require an analyzer specific to each com-
ponent.

(b) The test specified in 4-5.1.2.3(a) shall be conducted on
the downstream portions of the medical gas piping system
whenever a system is breached and whenever modifications
are made or maintenance performed in anesthetizing loca-
tions or vital life support or critical areas.

4-5.1.3 Medical Gas System Test (Pressure, Valves, Etc.).

4-5.1.3.1 A periodic testing procedure for nonflammable
medical gas and related alarm systems shall be implemented.

4-5.1.3.2 Valves installed in each medical gas piping system
shall be tested to verify proper operation and rooms or areas
of control. Records shall be made listing the rooms or areas
controlled by each valve for each gas. The information shall
be utilized to assist and verify the proper labeling of the
valves.

4-5.1.3.3 A visual inspection of each brazed joint shall be
made to assure that the alloy has flowed completely in and
around the joint and, where flux has been used, that hard-
ened flux has not formed a temporary seal that holds test
pressure. Remove all excess flux for clear visual inspection
of brazed connections.

4-5.1.3.4 Pressure Testing.

(a)* Before attachment of system components (e.g.,
pressure-actuating switches for alarms, manifolds, pressure
gauges, or pressure relief valves), but after installation of the
station outlets, with test caps (if supplied) in place (e.g., rough-
in assembly), and before closing of the walls, each section of
the piping system shall be subjected to a minimum test pres-
sure of 150 psig (1 MPa gauge) [200 psig (1.4 MPa gauge)
maximum] with oil-free, dry air or nitrogen (see Chapter 2,
“Definitions”). This test pressure shall be maintained until each
joint has been examined for leakage by means of soapy water
or other equally effective means of leak detection safe for use

| with oxygen. The source shutoff valve shall be closed.

(1) Leaks, if any, shall be located, repaired, and retested
in accordance with 4-5.1.3.4(a).

(b)* After testing of each individual medical gas system in
accordance with 4-5.1.3.4(a), the completely assembled sta-
tion outlets and all other medical gas system components (e.g.,

pressure-actuating switches for alarms, manifolds, pressure
gaugcs, or pressure relief valves) shall be installed and all pip-
ing systems shall be subjected to a 24-hour standing pres-
sure test at 20 percent above the normal operating line
pressure. The test gas shall be oil-free, dry air or nitrogen
| (see definitions). The source shutoff valve shall be closed.

(1) After the piping system is filled with test gas. the sup-
ply valve and all outlets shall be closed and the source of test
gas disconnected. The piping system shall remain leak-free
for 24 hours. When making the standing pressure test, the
only allowable pressure changes during the 24-hour test
period shall be those caused by variations in the ambient tem-
perature around the piping system. Such changes can be
checked by means of the pressure-temperature relationship:
calculated final absolute pressure (absolute pressure is gauge
pressure plus 14.7 psi if gauge is calibrated in psi) equals the
initial absolute pressure times the final absolute temperature
(absolute temperature is temperature reading plus 460°F if
thermometer is calibrated in Fahrenheit degrees), divided
by the initial absolute temperature.
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(2) Leaks, if any, shall be located, repaired, and retested
in accordance with 4-5.1.3.4(b).

(c) Prior to the connection of any work or any extension
or addition to an existing piping system, the tests in
4-5.1.3.4(a) and (b) and 4-5.1.1.2 shall be successfully per-
formed. After connection to the existing system and before
use of the addition for patient care, the tests in 4-5.1.2 shall
be completed. Permanent records of these tests shall be main-
tained in accordance with 4-6.3.1.

(1)* The final connection between the addition and exist-
ing system shall be leak tested with the source gas at the nor-
mal operating pressure. This pressure shall be maintained
until each joint has been examined for leakage by means of
soapy water or other equally effective means of leak detec-
tion safe for use with oxygen.

(d) Flexible connectors, metallic or nonmetallic, shall have
a minimum burst pressure of 1000 psig (7 MPa gauge).
[See 4-4.1.2.1(i).]

4-5.1.3.5 Shutoff valves shall be tested in accordance with
4-5.1.3.2.

4-5.1.3.6 General Requirements for Central Supply Systems.
(See Appendix C-4.2.)

(a) Piping systems, with the exception of nitrogen systems,
|shall be capable of maintaining 50-55 psig (345-380 kPa
gauge) to all outlets at the maximum flow rate.

(b) Piping systems that vary from the normal 50-55 psig
(for example, systems supplying gas to hyperbaric chambers
or for driving medical tools), shall be capable of delivering
flows and pressures consistent with their intended use.

(c) A nitrogen system shall be capable of delivering at least
160 psig (1.1 MPa gauge) to all outlets at maximum flow.

|4-5.1.4 Alarm Testing for Gas Systems.

4-5.1.4.1 General.

(a) All warning systems for each medical gas piping sys-
tem shall be tested to assure that al. components function
1990 Edition
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properly prior to placing the piping system in service. Per-
manent records of these tests shall be maintained. (See Appen-
dix C-4.2.)

(1) Warning systems that may be included as part of an
addition to an existing piping system shall be tested prior to
the connection of the new piping to the existing system.

(b) Periodic retesting of audible and visual alarm indica-
tors shall be performed to determine that they are function-
ing properly and records of the test shall be maintained until
the next test. (See Appendix C-1.2.)

4-5.1.4.2 Master Alarm Systems. The audible and noncan-
cellable visual signals of 4-4.1.1.2(e) shall indicate if the pres-
sure in the main line increases or decreases 20 percent from
the normal operating pressure.

4-5.1.4.3 Area Alarm Systems. The warning signals for all
medical gas piping systems supplying anesthetizing locations
and other vital life support and critical care areas such as pos-
tanesthesia recovery, intensive care units, coronary care units,
etc., shall indicate if the pressure in the piping system
increases or decreases 20 percent from the normal operat-
ing pressure. [See 4-4.1.1.3(a) and Appendix C-4.1.]

4-5.1.5 Dew point for locally compressed air shall be mon-
itored and alarmed per 4-3.1.9.8 and 4-4.1.1.2(f) to protect
from a line pressure dew point rise to 39°F (3.9°C) from the
nominal design of 35°F (1.7°C).

4-5.2 Patient Gas System — Type II.

4-5.2.1 (Reserved)

4-5.2.2 (Reserved)
4-5.2.3 Gas System Test (Pressure, Valves, Etc.).

4-5.2.3.1 The medical gas system, including cylinders and
pressure regulators, shall deliver gas at a pressure per
4-5.1.3.6.

4-5.2.3.2 Flexible connectors of other than all-metal con-
struction used to connect outlets of pressure regulators to
fixed piping shall have a minimum burst pressure of 1000
psig (7 MPa gauge). (See 4-4.2.4.)

4-5.2.3.3 The pressure relief valve specified in 4-4.2.6 shall
close automatically when excess pressure has been released.

|4-5.2.4 Alarm Testing for Gas Systems.

4-5.24.1 Warning Systems. The automatic pressure switch
connected to each main supply line within a single treatment
facility shall actuate a visual and audible alarm when the line
pressure drops approximately 20 percent below or increases
approximately 20 percent above normal line pressure. (See
4-4.2.9.)

|4-5.2.5* Installation and Testing of Gas Piping Sys-
tems. The provisions of 4-5.1.1, 4-5.1.2, and 4-5.1.3 shall

apply.

|4-6 Administration of Gas Systems.
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4-6.1 Responsibility of Governing Body. (Reserved)

4-6.2 Policies.

4-6.2.1 Gases in Cylinders and Liquefied Gases in Con-
tainers.

4-6.2.1.1* Handling of Gases. Administrative authorities
shall provide regulations to assure that standards for safe
practice in the specifications for cylinders, marking of cylin-
ders, regulators, and valves, and cylinder connections have
been met by vendors of cylinders containing compressed gases
supplied to the facility.

4-6.2.1.2 Special Precautions — Oxygen Cylinders and
Manifolds. Great care shall be exercised in handling oxy-
gen to prevent contact of oxygen under pressure with oils,
greases, organic lubricants, rubber, or other materials of an
organic nature. The following regulations, based on those of
the Compressed Gas Association Pamphlet G-4, Oxygen, shall
be observed:

(a) Oll, grease, or readily flammable materials shall never
be permitted to come in contact with oxygen cylinders, valves,
regulators, gauges, or fittings.

(b) Regulators, fittings, or gauges shall never be lubricated
with oil or any other flammable substance.

(c) Oxygen cylinders or apparatus shall never be handled
with oily or greasy hands, gloves, or rags.

(d) Particles of dust and dirt shall be cleared from cylin-
der valve openings by slightly opening and closing the valve
before applying any fitting to the cylinder.

(e) The high-pressure valve on the oxygen cylinder shall
be opened before bringing the apparatus to the patient or
the patient to the apparatus.

(f) The cylinder valve shall be opened slowly, with the face
of the gauge on the regulator pointed away from all persons.

(g) An oxygen cylinder shall never be draped with any
materials such as hospital gowns, masks, or caps.

(h) Oxygen fittings, valves, regulators, or gauges shall
never be used for any service other than that of oxygen.

(i) Gases of any type shall never be mixed in an oxygen
or any other cylinder.

(j) Oxygen shall always be dispensed from a cylinder
through a pressure regulator.

(x) Regulators that are in need of repair or cylinders hav-
ing valves that do not operate properly shall never be used.

(I) Oxygen equipment that is defective shall not be used
until it has been repaired by competent personnel. If com-
petent in-house repairs cannot be made, such equipment shall
be repaired by the manufacturer or his authorized agent; or
it shall be replaced.

(m) Oxygen cylinders shall be protected from abnormal
mechanical shock, which is liable to damage the cylinder,
valve, or safety device. Such cylinders shall not be stored near
elevators, gangways, or in locations where heavy moving
objects may strike them or fall on them.

(n) Cylinder-valve protection caps, when provided, shall
be kept in place and be hand tightened, except when cylin-
ders are in use or connected for use.
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{(0) Cylinders shall be protected from the tampering of
unauthorized individuals.

(p) Valves shall be closed on all empty cylinders in stor-
age.

(q) Oxygen shall be referred to by its proper name, OXY-
GEN, not AIR. Liquid oxygen shall be referred to by its
proper name, not LIQUID AIR.

(r) Oxygen shall never be used as a substitute for com-
pressed air.

(s) Cylinders or cylinder valves shall not be repaired,
painted, or altered.

(t) Safety relief devices in valves or cylinders shall never
be tampered with. Sparks and flame shall be kept away from
cylinders; a torch flame shall never be permitted under any
circumstances to come in contact with cylinder valves or safety
devices. Valve outlets clogged with ice shall be thawed with
warm — not boiling — water.

(u) The markings stamped on cylinders shall not be tam-
pered with. It is against federal statutes to change these mark-
ings without written authority from the Bureau of Explosives.

(v) Markings used for the identification of contents of cyl-
inders shall not be defaced or removed, including decals, tags,
stenciled marks, and upper half of shipping tag.

(w) The owner of the cylinder shall be notified if any con-
dition has occurred that might permit any foreign substance
to enter a cylinder or valve, giving details and cylinder
number.

(x) Even if they are considered to be empty, cylinders shall
never be used as rollers, supports, or for any purpose other
than that for which they are intended by the supplier.

(y) When small-size (A, B, D, or E) cylinders are in use,
they shall be attached to a cylinder stand or to therapy appa-
ratus of sufficient size to render the entire assembly stable.

(z) Cylinders and containers shall not be dropped,
dragged, or rolled.

(aa) Freestanding cylinders shall be properly chained or
supported in a proper cylinder stand or cart.

(bb) Cylinders shall not be chained to portable or mov-
able apparatus such as beds and oxygen tents.

(cc) Cylinders shall not be supported by, and neither cyl-
inders nor containers shall be placed in proximity of, radi-
ators, steam pipes, or heat ducts.

NOTE: Cylinder and container temperatures greater than
125°F (52°C) may result in excessive pressure increase. Pres-
sure relief devices are sensitive to temperature and pressure.
When relief devices actuate, contents are discharged.

(dd) Very cold cylinders or containers shall be handled
with care to avoid injury.

(ee) Cylinders and containers shall not be handled with
hands, gloves, or other materials contaminated with oil or
grease.

4-6.2.1.3 Making Cylinder and Container Connections.

(a) Wrenches used to connect respiratory therapy equip-
ment shall be manufactured of steel or other suitable mate-
rial of adequate strength.

NOTE: Use of so-called nonsparking wrenches and tools is
not necessary.

(b) Cylinder valves shall be opened and connected in
accordance with the following procedure:

(1) Make certain that apparatns and cylinder valve con-
nections and cylinder wrenches are free of foreign mate-
rials.

(2) Turn the cylinder valve outlet away from personnel.
Stand to the side — not in front and not in back. Before con-
necting the apparatus to cylinder valve, momentarily open
cylinder valve to eliminate dust.

(3) Make connection of apparatus to cylinder valve.
Tighten connection nut securely with an appropriate wrench
[see 4-6.2.1.3(a)).

(4) Release the low-pressure adjustment screw of the reg-
ulator completely.

(5) Slowly open cylinder valve to full open position.

(6) Slowly turn in the low-pressure adjustment screw on
the regulator until the proper working pressure is obtained.

(7) Open the valve to the utilization apparatus.

(c) Connections for containers shall be made in accordance
with the container manufacturer’s operating instructions.

4-6.2.1.4 Care of Safety Mechanisms.

(a) Personnel using cylinders and containers and other
equipment covered in this chapter shall be familiar with the
Pin-Index Safety System (see 8-3.1.2) and the Diameter-Index
Safety System (see 8-3.1.3), both designed to prevent utiliza-
tion of the wrong gas.

(b) Safety relief mechanisms, noninterchangeable connec-
tors, and other safety features shall not be removed, altered,
or replaced.

4-6.2.1.5 Transfilling Cylinders.

(a) Mixing of compressed gases in cylinders shall be pro-
hibited.

(b) Transfer of gaseous oxygen from one cylinder to
another shall be in accordance with CGA Pamphlet P-2.5,
Transfilling of High Pressure Gaseous Oxygen to Be Used for Res-
piration. Transfer of any gases from one cylinder to another
in patient care areas of health care facilities shall be prohib-
ited.

4-6.2.1.6 Transferring of Liquid Oxygen. '

(a) Transferring of liquid oxygen from one container to
another, if permitted by the responsible authority of the facil-
ity, shall be accomplished in a location remote from patient
care areas, utilizing equipment designed to comply with the
performance requirements and procedures of CGA Pamphlet
P-2.6, Transfilling of Low-Pressure Liquid Oxygen to Be Used for
Respiration, and adhering to those procedures.

4-6.2.1.7 Laboratory Gases.

(a)* Use of Gases. Gases shall be handled and used with
care and with knowledge of their hazardous properties, both
individually and in combination with other materials with
which they can come in contact. (See NFPA 49, Hazardous
Chemicals Data, and NFPA 491M, Manual of Hazardous Chem-
ical Reactions.)

(b) Cylinders. 1In alaboratory, gas cylinders being held for
prompt use shall not exceed one cylinder of the sizes stated
in 4-3.3.3 or two days’ working needs, except as permitted
in 4-4.3.1. Cylinders shall be in racks or secured in position.
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(c) Working Supplies. The aggregate accumulation of cyl-
inders at any one working station shall not exceed one extra
cylinder for each cylinder actually connected for use. All cyl-
inders shall be secured in a rack or secured in an upright
position.

4-6.2.2 Storage of Cylinders and Containers.

4-6.2.2.1 Facility authorities, in consultation with medical
staff and other trained personnel, shall provide and enforce
| regulations for the storage and handling of cylinders and con-
tainers of oxygen and nitrous oxide in storage rooms of
approved construction, and for the safe handling of these
agents in anesthetizing locations. Storage locations for flam-
mable inhalation anesthetic agents, established in any oper-
ating or delivery suite, shall be limited by space allocation
and regulation to not more than a 48-hour normal require-
ment for any such suite. In storage locations, cylinders shall
be properly secured in racks or adequately fastened. No cyl-
inders containing oxygen or nitrous oxide, other than those
connected to anesthetic apparatus, shall be kept or stored in
anesthetizing locations.

NOTE: Electric wiring and equipment in storage rooms for
oxygen and nitrous oxide are not required to be explosion-
proof.

4-6.2.2.2 Nonflammable Gases.

(a) Storage shall be planned so that cylinders may be used
in the order in which they are received from the supplier.

(b) If stored within the same enclosure, empty cylinders
shall be segregated from full cylinders. Empty cylinders shall
be marked to avoid confusion and delay if a full cylinder is
needed hurriedly.

{(c) Cylinders stored in the open shall be protected against
extremes of weather and from the ground beneath to pre-
vent rusting. During winter, cylinders stored in the open shall
be protected against accumulations of ice or snow. In sum-
mer, cylinders stored in the open shall be screened against
continuous exposure to direct rays of the sun in those local-
ities where extreme temperatures prevail.

4-6.2.2.3 Flammable Agents. Facility administrative author-
ities, in consultation with the medical staff and others with
training and expertise, shall determine the adequacy of stor-
age space for flammable anesthetic and disinfecting agents
and medicaments (see 4-3.1.2.4) and shall provide and enforce
regulations for the storage and handling of containers of such
agents. Said regulations also shall provide for the periodic
inspection and maintenance of said storage locations.

4-6.2.3 Patient Gas Systems — Type L.

4-6.2.3.1 Piping systems shall not be used for the distribu-
tion of flammable anesthetic gases.

NOTE: These requirements do not restrict the distribution
of helium or other inert gases through piping systems.

4-6.2.3.2 Nonflammable medical gas systems used to sup-
ply gases for respiratory therapy shall be installed in accor-
dance with Sections 4-3 and 4-4 of this chapter.

|4-6.2.3.3* Gas Piping System Installation.

(a) The installation shall be made in accordance with the
instructions of the manufacturer.
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(1) Such instructions shall include directions and infor-
mation deemed by the manufacturer to be adequate for
attaining proper installation, testing, maintenance, and oper-
ation of the medical gas systems. These instructions shall be
left with the owner.

(2) The installation shall be made by qualified, compe-
tent technicians experienced in making such installations.

4-6.2.3.4* The responsible authority of the facility shall
establish procedures to assure that all signal warnings are
promptly evaluated and that all necessary measures are taken
to reestablish the proper functions of the medical gas system.

4-6.2.3.5 Piping systems for gases shall not be used as a
grounding electrode.

4-6.2.3.6 Complete Loss of Any Medical Gas System. The
facility shall have the capability and organization to imple-
ment a plan to cope with a complete loss of any medical gas
system.

4-6.2.4 Patient Gas Systems — Type II.

4-6.2.4.1* Type II systems cover nonflammable gas system
installations for use primarily in nonhospital-based facilities.
These include, but are not limited to, a stand-alone dental
office, or practice for dentistry, medicine, surgery, osteop-
athy, podiatry, veterinary medicine, or laboratories or sim-
ilar office(s) as part of a larger office or retail complex. Type
I1 systems cover cylinder systems installations that:

(a) Have not more than 2000 cu ft (56 m®) total capacity
of all gases (excluding nitrogen) connected and in storage
at one time, except that the total capacity of all gases may
be increased to 5000 cu ft (143 m®) (excluding nitrogen) if
oxygen is used in a DOT Specification 4L (liquid) cylinder,
and

(b) Have a listed pressure regulator directly connected to
each cylinder, and

(c) Supply only a single treatment facility and also as a
minimum comply with the specific requirements of 4-4.2.7,
or

(d) Supply a maximum of two single treatment facilities
and also as 2 minimum comply with the specific requirements
of 4-4.2.8. :

4-6.2.4.2 Systems defined in 4-6.2.4.1 may be located within
a hospital when they are not served by the hospital’s central
supply system.

4-6.2.4.3 Single treatment facilities for nonhuman use of
medical gas, such as veterinary medicine and laboratories,
shall not be subject to the provisions of 4-4.2.7 and 4-4.2.9.2.

4-6.2.4.4 The provisions of 4-3.1.3 and 4-6.2.3.3 apply.

4-6.2.4.5 Type II systems shall be installed in accordance
with Type I systems except as provided by 4-6.2.4.

4-6.2.4.6 Medical gas systems not specifically provided for
in 4-6.2.4.1 or 4-6.2.4.3, such as systems within a hospital
served by a central supply system or systems serving three
or more treatment facilities, as may be found in a medical
or dental office building, shall comply in all respects with
Type I systems.
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4-6.2.4.7 Equipment shall be obtained from and be installed
under the supervision of a manufacturer or supplier famil-
iar with proper practices for its construction and use.

4-6.2.4.8 Every facility shall establish a procedure for man-
ually turning off the gas supply at the cylinder valves at the
end of the work day, or when the facility is not in use.

|4-6.3 Recordkeeping for Gas Systems.
4-6.3.1 Patient Gas Systems — Type L.

4-6.3.1.1* Prior to the use of any medical gas piping sys-
tem for patient care, the responsible authority of the facil-
ity shall assure that all tests required in Section 4-5.1 have
been successfully conducted and permanent records of the
test maintained in the facility files.

|4-6.4 Information and Warning Signs for Gas Systems.
4-6.4.1 Patient Gas Systems — Type L.

4-6.4.1.1 The gas content of medical gas piping systems shall
be readily identifiable by appropriate labeling with the name
of the gas contained. Such labeling shall be by means of metal
tags, stenciling, stamping, or with adhesive markers, in a man-
ner that is not readily removable. Labeling shall appear on
the piping at intervals of not more than 20 ft (6 m) and at
least once in each room and each story traversed by the pip-
ing system. Where supplementary color identification of pip-
ing is used, it shall be in accordance with the gases and colors
indicated in CGA Pamphlet C-9, Standard Color-Marking of
Compressed Gas Cylinders Intended for Medical Use.

4-6.4.1.2 Shutoff valves accessible to other than authorized

personnel shall be labeled in substance as follows: [See
4-4.1.2.2(a).]

CAUTION — (NAME OF MEDICAL GAS) VALVE
DO NOT CLOSE EXCEPT IN EMERGENCY
THIS VALVE CONTROLS SUPPLY TO . ..

4-6.4.1.3 Pressure gauges and manometers for medical gas
piping systems shall be identified: (NAME OF GAS) — USE
NO OIL!

4-6.4.1.4 The shutoff valve located outside or inside each
anesthetizing location or located immediately outside each
vital life support or critical care area in each medical gas line
shall be marked to prohibit tampering or inadvertent clos-
ing, such as: (NAME OF MEDICAL GAS) — DO NOT
CLOSE. (See 4-4.1.3.3.)

4-6.4.2 Patient Gas Systems — Type IIL.
4-6.4.2.1 The shutoff valves of 4-4.2.12 shall be labeled to

indicate the gas controlled and to indicate that they are to
be closed only in an emergency.

4-6.5 Transport and Delivery.
4-6.5.1 Personnel concerned with use and transport of

equipment shall be trained in proper handling of cylinders,
containers, hand trucks, supports, and valve protection caps.

4-6.5.2 Large cylinders (exceeding size E) and containers
larger than 100 ib (45.4 kg) weight shall be transported on
a proper hand truck or cart complying with 8-5.2.

[Vacuum System requirements start on next page.]
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NOTE: Sections 4-3 through 4-6 cover requirements for
pressurized centrally piped gas systems; Sections 4-7 through
4-10 cover requirements for centrally piped vacuum systems.

4-7 Vacuum System Sources.
4-7.1 Patient Vacuum Source.
I4-7 .1.1 Medical-Surgical Vacuum.

4-7.1.1.1* Vacuum Pumps.

(a) Multiple Pumps. The central vacuum source shall con-
sist of two or more vacuum pumps that, alternately or simul-
taneously on demand, serve the vacuum system. Each vacuum
system shall be served by two or more vacuum pumps that,
alternately or simultaneously on demand, supply the vacuum
system. In the event that one vacuum pump fails, the remain-
ing pump(s) shall be sized to maintain required vacuum at
100 percent of total system demand. Each pump shall have
a shutoff valve to isolate it from the centrally piped system
and other pump(s) for maintenance or repair without loss
of vacuum in the piping system.

NOTE 1: Depending on anticipated vacuum system demand
and utilization, as determined by consultation with the med-
ical hospital staff, two or more centrally piped systems may
be considered.

NOTE 2: Where several adjacent buildings are each
equipped with vacuum sets, installation of a valved, normally
closed, cross-connection line should be considered to provide
emergency backup and operating economy under low load
conditions. The pipe should be adequately sized. Consider-
ation should also be given to the fact that, when the valve is
open, continuous-duty operation of the single vacuum source
may pose special design problems.

NOTE 3: Consideration should be given to being able to
interconnect two or more duplex pump systems.

(b) Pump Alternation. 1f automatic alternation of pumps
in normal service is not provided, a manual alternation shall
be achieved through an appropriate schedule determined by
the facility.

| (©)* Backup Operation. A device shall be provided to auto-

matically activate the additional pump unit(s) should the
pump in operation be incapable of maintaining minimum
required vacuum.

A local audible and visual signal shall be provided to indi-
cate when the reserve or off-duty vacuum pump is in oper-
ation.

(d) Electrical Power. Electrical equipment and wiring shall
conform to the requirements of NFPA 70, National Electri-
cal Code. Emergency electrical service for the vacuum pumps
shall conform to the requirements of Chapter 3 of this doc-
ument.

(€) Pump Motors and Controls. Each vacuum pump motor
shall be provided with a separate motor-starting device and
overload protection. A suitable disconnecting device shall be
installed in the electrical circuit ahead of each motor-starting
device. Electrical control circuits shall be so arranged that
shutting off or failure of one vacuum pump will not affect
the operation of other pump(s).

() Receivers (Tanks). Receiver(s) shall be installed where
the size of the vacuum system would cause excessive cycling
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of the pump(s). A suitable method shall be provided for drain-
age so that substances that might accumulate may be drained
from the receiver(s) (tank). The method, if included, shall pro-
vide means to drain or service the receiver without interrupt-
ing the vacuum system.

NOTE: Characteristics of the vacuum pump and volume of

the piping system are considerations for proper receiver siz-

ing.

(g) All piping between vacuum pump(s), discharge(s),
recetver(s), and vacubum main line valve shall be in accordance
with 4-8.1.1.2(a).

(h)* Noise and Vibration. Provision shall be made to min-
imize the transmission of noise and vibration created by the
central vacuum source beyond the space in which the equip-
ment is located.

(i) Exhausts. The exhaust from vacuum pumps shall be
discharged outdoors in a manner that will minimize the haz-
ards of noise and contamination to the hospital and its envi-
ronment. The exhaust shall be located remote from any door,
window, air intake, or other openings in buildings with par-
ticular attention given to separate levels for intake and dis-
charge. Care shall also be exercised to avoid discharge
locations contraindicated by prevailing winds, adjacent build-
ings, topography, and other influences. Outdoor exhausts
shall be protected against the entry of insects, vermin, debris,
and precipitation. Exhaust lines shall be sized to minimize
back pressure. Discharge of pumps utilizing a ‘common
exhaust pipe shall be fitted with a check valve, a manual valve,
or arranged to permit capping of the active pipe when
removing or servicing a pump.

NOTE: Vacuum exhaust from separate pumps may be man-
ifolded to a common exhaust line.

() Typical Vacuum Source. A schematic of a typical medical-
surgical vacuum source is shown in Figure 4-7.1.1.1(j).

4-7.1.2 Waste Anesthetic Gas Disposal.

NOTE: Nonflammable waste anesthetic gases may be dis-
posed of by the medical-surgical vacuum system provided that
its inclusion does not affect the performance of other parts
of the system as outlined in 4-10.2.1.6 and in 4-7.1.2.1.

4-7.1.2.1 Explosion Hazard. Flammable anesthetic or other
flammable vapors shall be diluted significantly below the
lower flammable limit prior to disposal into the medical-
surgical vacuum system.

NOTE 1: For further information, see Appendix A-5-4.2 on
ANSI Z79.11, and Appendix C-12.1.3.1 on flammable anes-
thetic agents.

NOTE 2: Flammable and nonflammable gases are known
to be incompatible with the seals and piping used in medical-
surgical vacuum systems. If waste anesthetic gas disposal is
to be included as part of the medical-surgical vacuum system,
it should be recognized that this activity will cause certain dete-
rioration of the vacuum system. The station inlet performance
tests outlined in 4-10.2.1.4 are extremely important in main-
taining the integrity of the medical-surgical vacuum system,
and they should be made at more frequent intervals if waste
anesthetic gas disposal is included in the vacuum system.

4-7.1.2.2 Pumps for Waste Anesthetic Gas Disposal.
(Reserved)
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Note: dotted lines indicate optional items.
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NOTE: Other arrangements that differ from this schematic in such items as the number of pumps, receivers, pif)ing layout, etc., or other
arrangements that meet specific recommendations of the vacuum source equipment manufacturer are permissible.

Figure 4-7.1.1.1(j) Typical medical-surgical vacuum source.

4-7.1.2.3 Fans
(Reserved)

for Waste Anesthetic Gas Disposal.

4-7.2 Nonpatient Vacuum Source.

4-7.2.1 Laboratory Vacuum. Where only one set of vacuum
pumps is available for a combined medical-surgical vacuum
system and an analysis, research, or teaching laboratory vac-
uum system, each connection from such a laboratory branch
shall be piped through a fluid trap or scrubber with shutoff
valves and drain valves and shall be connected directly to the
receiver (tank) and not into the network of piping serving
patients.

NOTE: Any laboratory (such as for analysis, research, or
teaching) in a hospital that is used for purposes other than
direct support of patient therapy should preferably have its
own self-supporting vacuum system, independent of the
medical-surgical vacuum system. A small laboratory in patient
care areas used in direct support to patient therapy should
not be required to be connected directly to the receiver or
have fluid traps, scrubbers, etc., separate from the rest of the
medical-surgical vacuum system.

4-7.2.2 Other. (Reserved)

4-8 Vacuum System Distribution.
4-8.1 Patient Vacuum Distribution.

4-8.1.1 Medical-Surgical Vacuum (Piping, Valving/Controls,
Station Inlets, Alarms).

4-8.1.1.1* Number of Vacuum Station Inlets. Table
4-8.1.1.1 sets forth the minimum number of vacuum system
station inlets for patient suction therapy, but does not include
station inlets for disposing of waste anesthetic gases.

Table 4-8.1.1.1 Minimum Number of Vacuum Station
Inlets (without Waste Anesthetic Gas Disposal)

NOTE: Ifitis intended to use the vacuum system for waste
anesthetic gas disposal, provision for an additional station inlet
should be made.

Anesthetizing Locations

Operating Room 3/room
Cytoscopy 3/room
Delivery 3/room
Special Procedures 3/room
Other Anesthetizing Locations 3/room

Acute Care Locations (Nonanesthetizing Locations)

Recovery Room 3/bed
Intensive Care Units (Except Cardiac) 3/bed
Special Procedures 2/room
Emergency Rooms 1/bed
Emergency Rooms—Major Trauma 3/bed
Cardiac Intensive Care Units 2/bed
Catheterization Lab 2/bed
Surgical Excision Rooms 1/room
Dialysis Unit (Yo)/bed
| Birthing Rooms 2/room

Subacute Patient Care Areas (Nonanesthetizing Locations)

Nurseries 1/bed
Patient Rooms 1/bed
Exam and Treatment Rooms 1/bed
Respiratory Care Convenience
Other

Autopsy 1/Table
Central Supply Convenience
Equipment Repair, Calibration, and

Teaching Convenience

4-8.1.1.2 Vacuum Piping Network.

(a) Pipe Materials. All pipelines shall be constructed of
seamless Type L, M, or ACR [ASTM B280] copper tubing
or
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other corrosion-resistant metallic tubing such as stainless steel,
galvanized steel, etc. If vacuum piping is installed simulta-
neously with other medical gas piping, either it shall be
labeled or otherwise identified prior to installation in order
to preclude inadvertent inclusion into a medical gas system,
or it shall be cleaned and degreased in accordance with
4-4.1.4. Copper pipelines shall be hard temper for exposed
locations and soft temper for underground or concealed loca-
tions.

NOTE: The purpose of this requirement is that oxygen,
nitrous oxide, and compressed air lines are often installed in
hospitals at the same time as vacuum systems, and careless-
ness and errors in installing the vacuum lines might result in
fire, explosion, damage to or contamination of other medi-
cal pipelines, or inadvertent switching of pipes. (4lso see Sec-
tions 4-3 through 4-6.)

(b)* Minimum Pipe Sizing. In both branch and main lines
the minimum pipe size shall be not less than Y5 in. nominal,
except that smaller pipe diameters shall be permitted for

|drops to individual station inlets and static lines to gauges

and alarm actuators (vacuum switches). Pipe size for drops
| to individual station inlets shall not be less than Y4 in. inner
diameter (1.D.).

(©) Pipe Supports. Vacuum piping shall not be supported
by other piping or ductwork, but shall be supported by pipe
hooks, metal pipe straps, bands, or hangers suitable for the
size of the pipe and of proper strength and quality at proper
intervals so that the supports are on the joints. [See Table
4-8.1.1.2(c).] Pipeline supports shall be insulated from the pipe
or be of a compatible material so as to prevent deterioration
due to bimetallic electrolyte action.

| Table 4-8.1.1.2(c) Intervals of Vacuum/Pipe Support

6 ft (1.83 m)

8 ft (2.44 m)

10 ft (3.05 m)
every floor level

Yo-in. pipe or tubing

¥4-in. or 1-in. pipe or tubing
1V4-in. or larger (horizontal)
1Y4-in. or larger (vertical)

(d) Permanent Fittings. All fittings used for connecting cop-
per tubing shall be wrought copper, brass, or bronze made
especially for brazed or soldered joining, except as provided
in 4-8.1.1.2(¢) and (f).

(€) Nonpermanent Fittings. Any nonpermanent-type fitting,
such as unions, flare connections, etc., when used on vacuum
system distribution lines, shall be installed so as to be readily
accessible.

() Metallic Shape Memory Fittings. Listed or approved
metallic shape memory fittings that, when made up, will pro-
vide a permanent joint equal to the mechanical, thermal, and
sealing integrity of a brazed or soldered joint complying with
4-8.1.1.10(a) may be used anywhere in vacuum distribution
lines.

(g) Mechanically Formed Tubing Fittings. A listed or
approved fabricating process, which when completed will pro-
vide a permanent joint equal to the mechanical, thermal, and
sealing integrity of a brazed or soldered joint complying with
4-8.1.1.10(a), may be used anywhere in vacuum distribution
lines.

(h) Mechanical and Environmental Protection. All installa-
tions, including buried piping, shall be adequately protected
against frost, freezing, corrosion, and physical damage. Ducts
or casings shall be used wherever buried piping passes under
a roadway, driveway, parking lot, or other area subject to sur-
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face loads. Exposed piping shall be suitably protected against
physical damage from the movement of portable equipment
such as carts, stretchers, and trucks.

|4-8.1.1.3 Vacuum System Valve Boxes. Valve boxes shall
be permanently labeled in substance as follows:

CAUTION —
MEDICAL-SURGICAL VACUUM VALVE
DO NOT CLOSE EXCEPT IN EMERGENCY
THIS VALVE CONTROLS VACUUM TO....

|4-8.1.1.3.1 Valves Not in Boxes. All shutoff valves that are

not in labeled boxes, such as in the main line, risers, above
suspended ceilings, etc., shall be identified by means of dura-
ble tags, nameplates, or labels in substance as follows:

CAUTION —
MEDICAL-SURGICAL VACUUM VALVE
DO NOT CLOSE EXCEPT IN EMERGENCY
THIS VALVE CONTROLS VACUUM TO....

|4-8.1.1.4 Vacuum System Station Inlets. Each station inlet
for vacuum shall be legibly labeled in substance as follows:

SUCTION

or

VACUUM

or, if used,

WASTE ANESTHETIC GAS DISPOSAL

|4-8.1.1.5 Vacuum Shutoff Valves.

(a) General. Shutoff valves shall be provided to isolate
appropriate sections or portions of the piping system for
maintenance, repair, or planned future expansion need, and
to facilitate periodic testing. All valves, other than those in
valve boxes, shall be placed in a secure area accessible to
authorized personnel only or locked open.

(b) Valve Types. Shutoff valves shall be of a type that will
create no greater flow restriction than the piping to which
they are connected.

(c) Ruser Valves. Shutoff valves shall be provided at the
base of vertical risers servicing more than one floor.

(d) Section Valves. A shutoff valve shall be provided on
|each floor between the riser and the first station inlet to allow
for maintenance and periodic testing without serious disrup-
tion of service. In single-story facilities, a shutoff valve shall
be installed between the main line and the first terminal of
each branch line.
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(e) Valve Boxes. All shutoff valves in public and anesthe-
tizing areas shall be installed in valve boxes with frangible
or removable windows large enough to permit manual oper-
ation of the valve.

NOTE: Shutoff valves are not required for each anesthetiz-
ing room.

|4-8.1.1.6 Vacuum Station Inlets.

| (a) General. Each station inlet for vacuum shall be
equipped with a valve mechanism of a type not interchange-
able with other systems (such as oxygen, compressed air, etc.)
and either a threaded connection or quick coupler.

(b) Threaded Connections. Valves with threaded connec-
tions shall conform to the Diameter-Index Safety System as
described in the Compressed Gas Association pamphlet
CGA V-5.

| (c) Secondary Check Valves. Vacuum station inlets shall not
incorporate a secondary check valve.

| (d) Physical Protection. Stations inlets shall be located so
as to avoid physical damage to the valve or attached equip-
ment.

(€) Physical Spacing. Careful consideration shall be given
| 1o provide adequate spacing between the station inlets and
adjacent medical gas outlets.

| () Removable Assemblies. Station inlet assemblies, as fur-
nished by manufacturers, shall be legibly marked VACUUM
or SUCTION so that, in their state of disassembly for hookup
to the vacuum system, proper identification is not lost.

}4-8.1.1.7 Master Alarm System for Vacuum Systems.

(a) General. The vacuum system master alarm shall pro-
vide cancellable audible and noncancellable visual signals at
a continuously monitored location so as to indicate when the
vacuum in the main line drops below the level required in
4-9.1.4. When one continuously monitored location is not
available, a secondary master alarm shall be installed at some
location, such as the telephone switchboard or the security
office, where it is most likely to be seen or heard.

(b) Actuator Switch. The actuator (vacuum switch) for the
master alarm shall be connected to the main line immedi-
ately upstream (on the terminal or inlet side) of the main-
line valve [i.e., the main-line valve is between the receiver
(tank) and the master alarm vacuum switch].

(c) Alarm Panels. The master alarm signal panel(s)
required in 4-8.1.1.7(a) (each with visual and audible signal)
shall Le actuated by the vacuum switch described in
4-8.1.1.7(b).

(d) Panel Labels. The master alarm signal panel(s) shall
be appropriately labeled.

(e) Combined Alarm Signals. 'The vacuum alarm signal shall
serve only the medical-surgical vacuum system. (See Sections
4-3 through 4-5 and Chapter 3.)

NOTE I: The master alarm signal panel for the vacuum sys-
tem may be combined with other alarm signals for other facil-
ity systems, such as oxygen, emergency electrical power, fire
alarms, etc., provided that the function of this alarm signal
is clearly distinguished from the others by labeling as described
in 4-8.1.1.7(d).

| NOTE2: See Table 4-4.1.1.2 for list of master alarm signals.

(f) Alarm System Power. The master alarm signal system
shall be energized by the essential electrical system described
in 4-7.1.1.1(d). (See also Chapter 3.)

(g) Connection to Centralized Computers. The connection of
the master alarm(s) to a centralized computer (e.g., a build-
ing management system) is permitted. If computers are used
as asecondary master alarm, the requirements of4-8.1.1.7(e)
and (f) shall be met. The primary master alarm shall be a sep-
arate device.

|4-8.1.1.8 Area Alarm Systems for Vacuum Systems.

(a) Genmeral. Vacuum area alarm systems shall be provided
in anesthetizing location areas and other life support and crit-
ical care areas, such as postanesthesia recovery, intensive care
units, coronary care units, etc.

NOTE 1: Two or more adjacent alarm areas may be served
by a single signal panel at a location near the points of use,
which will provide responsible surveillance.

NOTE 2: For additional information concerning alarms for
central medical-gas-piping systems, refer to Sections 4-3
and 4-4.

(b) Visual and Audible Signals. The vacuum area alarm sys-
tem shall incorporate both cancellable audible and noncan-
cellable visual signals that are activated by actuators (vacuum
switches) connected to the vacuum line serving each specific
area.

(c) Alarm Panels. The visual and audible signal panels
shall be installed at nurses’ stations or other suitable locations
in the areas described in 4-8.1.1.8(a) and be appropriately
labeled.

(d) Actuator Switches. The actuator (vacuum switch) for
each area described in 4-8.1.1.8(a) shall connect to the vac-
uum line for that area and upstream (on the terminal or inlet
side) of any shutoff valves, with no shutoff valves interven-
ing between the area alarm actuator (vacuum switch) and the
station inlets in the area.

(e) Actuator Switch Settings. Actuators (vacuum switches)
for the area alarm signals shall be set to activate their respec-
tive warning signals (visual and audible) when the vacuum
drops below 12 in. Hg (vacuum).

(f) Electrical Power. The area alarm signal system shall be
energized by the essential electrical system described in
4-7.1.1.1(d). (See also Chapter 3.)

4-8.1.1.9 Vacuum Gauges.

(a) Main-Line Gauge. A vacuum gauge shall be provided
in the main vacuum line adjacent to the actuator (vacuum
switch) for the master alarm, with this gauge located imme-
diately upstream (on the terminal or inlet side) of the main-
line valve. Those with “normal range” display shall indicate
normal only between 12 and 19 in. Hg (vacuum).

(b) Area Gauge. Vacuum gauges shall be located at each
area vacuum alarm signal location, with this gauge connected
upstream (on the terminal or inlet side) of any valve control-
ling that area. Those with “normal range” display shall indi-
cate normal only between 12 and 19 in. Hg (vacuum).

(c) Vacuum Gauge Identification. All permanently installed
vacuum gauges and manometers for the vacuum system shall
|be continuous reading, manufactured expressly for vacuum,
and labeled: VACUUM.
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NOTE 1: Vacuum gauges should have an indicated range
of 0 in. to 30 in. Hg (vacuum).

NOTE 2: Vacuum gauges may be part of shutoff valves in
boxes, or incorporated in a unit with gauges for the central
medical gas piping systems described in Sections 4-3 through

4-8.1.1.10 Installation of Piping Systems for Vacuum Sys-
tems.

(a) Joints. All joints in copper or stainless steel piping,
except those at valves or at equipment requiring pipe thread
connections, shall be made with solder, brazing material, or
fittings complying with 4-8.1.1.2(f) or (g) having a melting
point not less than 450°F (232°C). Joints in galvanized steel
piping shall be threaded, flanged, gasketed couplings, or fit-
tings complying with 4-8.1.1.2(f), compatible with the pipe
material used.

NOTE: It is recognized that vacuum lines are installed and
soldered at the same time as nonflammable medical gas sys-

| tems. Therefore, brazing [at minimum 1000°F (537.8°C) melt-
ing point] should be considered in order to avoid inadvertent
soft soldering of nonflammable medical gas piping.

(b) Flux. Particular care shall be exercised in applying
the flux to avoid leaving any excess inside the completed
joints.

(c) Cleaning. The outside of the tube and fittings shall be
cleaned by washing with hot water after assembly.

(d) Purging. After installation of the piping, but before
attachment of the vacuum line to the vacuum pumps and
receiver(s) (tank), and before installation of the vacuum alarm
switches, station inlets, and gauges, the line shall be blown
clear by means of oil-free, dry nitrogen or air.

(e) Threaded Connections for Vacuum Systems. Pipe thread
joints shall be installed by tinning the male thread with soft
solder, litharge and glycerin, polytetrafluoroethylene (such
as Teflon) tape, or a suitable luting compound.

| (© Pipe Identification. Vacuum piping shall be readily iden-
tified by appropriate labeling, such as MEDICAL-SURGICAL
VACUUM. Such labeling shall be by means of metal tags,
stenciling, stamping, or adhesive markers, in a manner that
is not readily removable. Labeling shall appear on the pipe
at intervals of not more than 20 ft (6.1 m) and at least once
in or above each room and each story traversed by the pipe-

}line. Arrows (when used) shall point from the station inlets
and toward the receiver or pump.

4-8.1.1.11 Labeling. Labeling shall conform to 4-8.1.1.3
through 4-8.1.1.4.

4-8.1.2 Waste Anesthetic Gas Disposal. (See Note in Table
4-8.1.1.1 and in 4-7.1.2))

4-8.1.2.1 Waste anesthetic gas evacuation terminals, whose
vacuum source is separate from the medical-surgical vacuum
source, shall be equipped with a valve mechanism of a type
not interchangeable with the medical-surgical vacuum sys-
tem or with other systems.

4-8.2 Nonpatient Vacuum Distribution. (Reserved)

4-9 Vacuum System Performance Criteria and Testing.
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4-9.1 Patient Vacuum System.

4-9.1.1 Cross-Connection. Cross-connection testing shall
be performed as described in 4-5.1.1.

4-9.1.2 Flow/Standing Pressure for Vacuum Systems.

4-9.1.2.1 Minimum Flow and Pressure Requirements at Vac-
uum Station Inlets. Piping shall be sized such that 3 SCFM
can be evacuated through any one station inlet without reduc-
ing vacuum pressure below 12 in. Hg at an adjacent station
inlet.

NOTE: This is not a criterion for pump sizing purposes. See
Appendix C-4.3 for pump sizing recommendations.

4-9.1.2.2 Overall System Pressure-Drop Criteria. Pipe sizes
shall be in conformity with good engineering practice for
delivery of maximum design volumes.

NOTE: Itis recommended that vacuum pressure loss, from
| source to farthest station inlet when the calculated demand
is drawn on the vacuum system, be limited to 3 in. Hg.

4-9.1.2.3 Minimum Vacuum and Operating Range. The
vacuum pumps and collection piping shall be capable of
maintaining a vacuum of 12 in. of mercury (Hg) at the sta-
‘tion inlet farthest away from the central vacuum source when
the calculated demand for the hospital is drawn in the sys-
Item. (See Appendix C-4.3 for examples.)

NOTE: An operating range of 15 in. to 19 in. Hg is sug-
gested at the receiver.

4-9.1.2.4 Standing Pressure Test. After installing a vacuum
| system, including station inlets, but before attaching the vac-
uum lines to the vacuum pumps, receiver(s) (tank), and alarm
system(s) switches and gauges, the entire system or sections
of the system shall be subjected to a test pressure of not less
than 60 psig (413 kPa gauge) by means of oil-free, dry nitro-
gen or air. After allowance for temperature variation, the
pressure at the end of 24 hours shall be within 5 psig
(345 kPa gauge) of the initial pressure. Corrective action shall
be taken if this performance is not verified. After completion
of the test, corrections, and reverification if necessary, the sys-
tem shall be connected to the vacuum pumps, receiver(s),
alarm actuators (vacuum switches), and gauges.

NOTE: For information on how to correct pressure for tem-
perature changes, see Sections 4-3 through 4-5.

|4-9.1.3 Leakage in Vacuum Systems. The following tests

are intended to be performed to certify acceptance of a sys-
tem after initial installation. Routine tests for maintenance
of the system are addressed in 4-10.2. The tests shall be con-
ducted on the upstream portion of the medical-surgical vac-
uum system whenever it is breached and whenever
modifications are made.

|4-9.1.3.1 Inspection of Vacuum Systems. A visual inspec-

tion of each joint shall be made to assure that the alloy has
flowed completely in and around the joint and that hardened
flux has not formed a temporary seal that holds test pres-
sure. All excess flux shall be removed for clear visual inspec-
tion of connections.
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|4-9.1.3.2 Leakage Tests. Before attaching the vacuum lines
to the vacuum pumps, receivers(s) (tank), and alarm signal-
ing system(s) switches and gauges, each section of the vac-
uum piping system shall be subjected to a test pressure not
less than 150 psig (1034 kPa gauge) by means of oil-free, dry
nitrogen or air. This test pressure shall be maintained until
each joint has been examined for leakage by use of soapy
water or other suitable means. All leaks shall be repaired and
the section retested. (See Compressed Gas Association Pamphlet
G-10.1, Commodity Specification for Nitrogen.)

4-9.1.3.3 Final Installation Leakage Test. The facility shall
perform a final installation leakage test for detecting leaks
in the vacuum system.

NOTE: An acceptable method of testing is by means of shut-
ting down portions of the system using the shutoff valves
described in 4-8.1.1.5 to determine the capability of the sec-
tion to maintain a vacuum. An acceptable condition is a vac-
uum level loss of less than 1.5 in. Hg in one hour with the
vacuum system piping initially at a vacuum in excess of
12 in. Hg.

4-9.1.3.4 Schedule of Testing. When the piping is intended
to be concealed inside of walls or partitions, the tests described
in 4-8.1.1.10(d) and 4-9.1.3.2 shall be completed before the
walls or partitions are closed in. Tests described in 4-9.1.2.4
shall be conducted after walls or partitions are closed in.

|4-9.1.4 Vacuum System Alarm Testing. The vacuum sys-
tem master alarm and any secondary master alarm shall sig-
nal when the vacuum in the main line drops below the level
required to maintain 12 in. Hg (vacuum) at the station inlet
farthest from the source.

4-9.2 Nonpatient Vacuum System. (Reserved)

}4-10 Administration of Vacuum Systems.

4-10.1 Responsibility of Governing Body. (Reserved)

4-10.2 Policies.

4-10.2.1 Vacuum System (Patient).

4-10.2.1.1 General. The locations and number of vacuum

| system station inlets in a system shall be determined by con-
sultation with medical and facility staff having knowledge of
the requirements for, and the utilization of, vacuum in each
space or patient location.

}4-10.2.1.2* Maintenance. The facility shall establish rou-
tine preventive maintenance programs applicable to both the
vacuum piping system and to the secondary equipment
| attached to vacuum station inlets to assure the continued good
performance of the entire vacuum system.

NOTE: Clogging of regulators, for example, with lint, debris,
or dried body fluids reduces vacuum system performance.

4-10.2.1.3 Leakage Tests. The facility shall perform peri-
odic tests for detecting leaks in the system in accordance with
4-9.1.3.4. A

|4-10.2.1.4 Station Inlet Performance Tests. Station inlet

terminal performance, as required in 4-9.1.2.1, shall be tested
on a regular preventive maintenance schedule as determined
by the facility maintenance staff. The test shall be based on
|flow of free air (SCFM) into a station inlet while simulta-
neously checking the vacuum level.

NOTE 1: The test can be conducted using (1) a rotometer
or other flow-measuring device and (2) a vacuum gauge, both

| devices being fitted with the appropriate station inlet con-
nector.

NOTE 2: The test procedure will be to measure the flow
with the station inlet wide open while simultaneously mea-
suring the vacuum level at an adjacent wall station inlet or
other station inlet on the same branch line.

NOTE 3: It is recognized that this criterion may not be met
by some existing systems. It is the responsibility of facility per-
sonnel, based on past experience and use, to determine the
acceptable alternate performance criterion for their system(s).

4-10.2.1.5 Instruction of Staff. The facility shall instruct its
personnel in the proper uses of the vacuum system in order
to eliminate practices that reduce the system’s effectiveness,
such as leaving suction tips and catheters open when not actu-
ally aspirating, and using equipment arrangements that are
improperly trapped or are untrapped.

NOTE: Suction collection bottles that are used as part of

patient treatment equipment should be equipped with an

overflow shutoff device to prevent carryover of fluids into

equipment of the piping system. It is recommended that a sep-

arate vacuum trap with shutoff be used between the suction
| collection bottle and the vacuum system station inlet.

4-10.2.1.6 Contamination. Liquid or debris shall not be
introduced into the medical-surgical vacuum system for dis-
posal.

4-10.2.1.7 Nonmedical Use. The medical-surgical vacuum
system shall not be used for vacuum steam condensate return
or other nonmedical or nonsurgical applications.

4-10.2.2 Vacuum System (Nonpatient). (Reserved)
|4-10.3 Recordkeeping for Vacuum Systems. Upon com-
pletion of the tests described in 4-9.1, a written record of the
performance of these tests shall be maintained in the per-
manent records of the facility.

|4-10.4 Information and Warning Signs for Vacuum Systems.

4-10.4.1 Patient Vacuum Systems.

4-10.4.1.1 Piping Distribution System. Shall conform to
4-8.1.1.10.

|4-10.4.1.2 Gauge Identification. Shall conform to

4-8.1.1.9(c).

4-10.4.2 Nonpatient Vacuum Systems. (Reserved)
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Chapter 5 Environmental Systems

NOTE: The application of requirements contained in this
chapter for specific types of health care facilities can be found
in Chapters 12 through 18.

5-1 Scope. This chapter covers the performance, mainte-
nance, and testing of the environmental systems used within
health care facilities.

5-2 Nature of Hazards.
(See Sections 3-2 and 8-2 for information on hazards.)
5-3 Source.

5-3.1 Air exhausted from laboratory areas shall not be recir-
culated to other parts of the facility.

5-4 Distribution.

NOTE: For additional distribution requirements, see NFPA
90A, Standard for the Installation of Air Conditioning and Venti-
lating Systems, and NFPA 90B, Standard for the Installation of
Warm Air Heating and Air Conditioning Systems.

5-4.1* Ventilation — Nonflammable Anesthetizing
Locations.

5-4.1.1 The mechanical ventilation system supplying non-
flammable anesthetizing locations shall have the capability
of controlling the relative humidity at a level of 35 percent
or greater.

NOTE: Advantages claimed for humidity include avoidance
of hypothermia in patients, especially during long operative
procedures; the fact that floating particulate matter increases
in conditions of low relative humidity; and the fact that the
incidence of wound infections may be minimized following
procedures performed in those operating rooms in which the
relative humidity is maintained at the level of 50 to 55
percent.

5-4.1.2 Supply and exhaust systems for windowless anes-
thetizing locations shall be arranged to automatically vent
smoke and products of combustion.

5-4.1.3 Ventilating systems for anesthetizing locations shall
be provided that (a) prevent recirculation of smoke originat-
ing within the surgical suite, and (b) prevent the circulation
of smoke entering the system intake, without in either case
interfering with the exhaust function of the system.

5-4.1.4 The electric supply to the ventilating system shall
be served by the equipment system of the essential electri-
cal system specified in Chapter 3, “Electrical Systems.”

5-4.1.5 Window-type temperature regulating units (air con-
ditioners) may be installed in exterior windows or exterior
walls of anesthetizing locations (see also 5-4.2.4 and 5-4.2.5).
Where such units are employed, the provisions of 5-4.1.1 or
5-4.2.1 shall be met.

5-4.1.6 Scavenging apparatus, if installed, shall exhaust the
waste anesthetic gases to the outside of the facility in a man-
ner that will preclude their reentry.

5-4.2* Ventilation — Flammable Anesthetizing Locations.

5-4.2.1 Relative humidity of not less than 50 percent, at a
temperature range of 64.4°F (18°C) to 80.6°F (27°C), shall
be maintained in flammable inhalation anesthetizing locations.

5-4.2.2 Other requirements for ventilation and cooling of
flammable anesthetizing locations are set forth in 5-4.1.

5-4.2.3 Duct Work for Air Handling. It is not required that
duct work be fabricated of nonsparking material.

5-4.2.4 If a window-type temperature regulating unit
(air conditioner) is installed so that any part is less than 5 ft
(152 cm) from the floor of a flammable anesthetizing loca-
tion, such unit shall comply with the requirements set forth
in 5-4.2.5.

5-4.2.5 Such a window-type temperature regulating unit
shall be provided with a vertical divider that effectively pre-
vents airflow from the room side to the outside side, and all
electric equipment on the room side of this divider shall meet
the requirements of 3-4.1.2.1(e)(2). The installed unit shall
tightly fit the opening in the window or wall. Openings in
the divider for shafts of fans, other moving parts, or wiring
shall be gasketed unless the local air pressure on the room
side of the opening when the unit is in operation is less than
that on the oudoor side. A fresh-air port may be provided
in the divider if it is automatically closed when the unit is not
in operation. The rotating parts of fans on the room side of
the divider shall not cause percussion sparks if they acciden-
tally contact surrounding objects.

5-4.3 Ventilation — Laboratories.

5-4.3.1* Laboratories provided with mechanical ventilation
throughout or employing fume hoods as a fixed part of the
exhaust system shall have the air supply and exhaust balanced
to provide a negative pressure with respect to surrounding
hospital occupancies.

Exception:  Laboratories for procedures requiring maximum pro-
tection against contamination and not involving infectious or nox-
ious materials may be arranged for slight positive pressure when the
safety of the arrangement is affirmed by a responsible laboratory

official.

5-4.3.2 Exit corridors shall not be used as plenums to sup-
ply or exhaust air from laboratory areas.

5-4.3.3 Exhaust systems for laboratory ventilation shall be
arranged with motors and fans located at the discharge end
of the systems, and with the exhaust air discharged above the
roof in such a manner that it will not be drawn into any air
intake or blown into windows.

NOTE: The discharge side of fume hood exhaust fans is
under positive pressure and often leaks toxic fumes into the
surrounding environment; therefore, all fume hood exhaust
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fans should be installed out-of-doors, and not inside pent-
houses or other mechanical equipment enclosures that have
to be frequented by maintenance and service personnel.

5-4.3.4 Air exhausted from areas in which highly infectious
or radioactive materials are processed or used shall pass
through high-efficiency (99.7 percent) filters before discharg-
ing to the atmosphere.

5-4.4* Fume Hoods — Laboratories.

5-4.4.1 Fume hoods shall be located in areas of minimum
air turbulence and away from doors and windows, and in a
manner that will not impede access to egress.

5-4.4.2 Glazing at the face of the hood shall be of a mate-
rial that will provide protection to the operator or environ-

ment against the hazards normally associated with the use
of the hood.

5-4.4.3 Fume hoods, and their associated equipment in the
| air stream, intended for use with perchloric acid shall be con-
structed of stainless steel or other material consistent with
special exposures and shall be provided with a water wash
and drain system to permit periodic flushing of the duct and
hood. Electrical equipment intended for installation within
such ducts shall be designed and constructed to resist pen-
etration by water. Lubricants and seals shall not contain
organic materials.

| Exception:  When perchloric acid is transferred from one container
to another.

5-44.4 Fume hoods intended for use with radioactive iso-
topes shall be constructed of stainless steel or other material
suitable for the particular exposure.

NOTE: See NFPA 801, Recommended Fire Protection Practice

Jfor Facilities Handling Radioactive Materials, for related infor-
mation.
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5-4.4.5 Fume hood ventilating controls shall be so arranged
that shutting off the ventilation of one fume hood will not
reduce the exhaust capacity or create an imbalance between
exhaust and supply for any other hood connected to the same
system.

The operation of the these controls shall be tested annu-
ally by a qualified person who shall certify the result of the
test. The qualified person may be a staff member of the
facility.

5-4.4.6* Fume hoods shall be so designed that the face
velocity ventilation is adequate to prevent the backflow of con-
taminants into the room, especially in the presence of cross
drafts or the rapid movements of an operator working at the
face of the hood.

5-4.4.7 Shutoff valves for services, including gas, air, vac-
uum, and electricity, shall be outside of the hood enclosure
in a location where they will be readily accessible in the event
of fire in the hood. The location of such shutoffs shall be leg-
ibly lettered in a related location on the exterior of the hood.

5-5 Performance Criteria and Testing. (Reserved)

5-6 Administration.
5-6.1 Anesthetizing Locations.

5-6.1.1 Ventilating and humidifying equipment for anes-
thetizing locations shall be kept in operable condition and
be continually operating during surgical procedures
(see Appendix A-5-4.1).

5-6.1.2 All gas storage locations or manifold enclosures shall
be routinely inspected to assure that the ventilation require-
ments stated in 4-3.1.2.1(a) are not obstructed.

5-6.2 Laboratories. Warning signs describing the nature
of any hazardous effluent content shall be posted at fume
hoods’ discharge points.
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Chapter 6 Materials

NOTE: The application of requirements contained in this
chapter for specific types of health care facilities can be found
in Chapters 12 through 18.

6-1 Scope. This chapter covers the hazards associated with
the use of flammable and combustible materials used within
health care facilities.

6-2 Nature of Hazards.

6-2.1 Flammability. (Reserved)

6-2.2 Combustible Loading. (Reserved)

6-2.3 Toxicity of Products of Combustion. Many sub-
stances, when subjected to a fire, may undergo a chemical

change resulting in a new toxic product. This is especially
true of many plastic substances. Many highly toxic combus-

tion products can cause sudden unconsciousness, cardiovas-
cular collapse, and severe injury or death, even though the
person injured is relatively remote from the fire. These com-
bustion products have been found to cause injury after pass-
ing through halls, ventilating systems, and even through
electrical conduit.

6-2.4 Chemical Burns. (Reserved)

6-2.5 Safety. (Reserved)

6-2.6 Radioactivity. (Reserved)

6-3 Source. (Reserved)

6-4 Distribution. (Reserved)

6-5 Performance Criteria and Testing. (Reserved)

6-6 Administration. (Reserved)
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Chapter 7 Electrical Equipment,
Health Care Facilities

NOTE 1: The application of requirements contained in
this chapter for specific types of health care facilities can be
found in Chapters 12 through 18.

NOTE 2: For requirements of manufacturers of equip-
ment, see Chapter 9.

7-1* Scope.

7-1.1 This chapter covers the performance, maintenance,
and testing of electrical equipment used within health care
facilities.

7-1.2 Although an appliance that yields erroneous data
or functions poorly may be dangerous, quality and assur-
ance of full appliance performance is not covered except as
it may relate to direct electrical or fire injury to patients or
per-

sonnel.

7-1.3 This chapter does not require formal approval or
listing of any appliance.

7-1.4 Experimental or research apparatus built to order
or under development shall be used under qualified super-
vision and shall have a degree of safety equivalent to that
described herein or have a degree of safety that has been
deemed acceptable by the facility.

7-2 Nature of Hazards.

NOTE: See also Section 3-2 in Chapter 3 for related elec-
trical hazards.

7-2.1 Fire and Explosion. Transmission of electricity
generates heat. The normal operating temperature of a
device is a function of material and design. Equipment or
wiring faults can cause abnormal temperature increases.
These abnormal temperatures may cause fire and explo-
sions. Use of oxygen or other oxidizing agents lowers igni-
tion temperatures. Normal operating temperatures of
equipment not designed for use in oxygen-enriched atmo-
spheres may cause fires if used in oxygen-enriched atmo-
spheres.

NOTE: See 8-2.1.2.4(c) for other fire ignition hazards.
7-2.2 Electrical Shock.

7-2.2.1 Elimination of Shock Hazards.

7-2.2.1.1 Personnel are cautioned to be aware of the haz-
ards presented by defective or improperly employed elec-
trical equipment (see 7-2.2.2) and shall avoid the use of
defective electrical equipment (see 7-6.2.2.4).

7-2.2.1.2 Adequate grounding for electrical equipment is
an important safeguard against fire and electric shock (see
3-5.2 and 7-5.1.2.2).

7-2.2.2 Effects of Moisture. Moisture, in the form of lig-
uids, vapors, or mists, can degrade insulation to the point
where fire, equipment malfunction, and electric shock haz-
ard become a threat. Moisture may enter equipment as a
result of defective seals, leaks, or inadvertent spillage. Ves-
sels containing liquids should not be placed on electrical
equipment.

7-2.3 Burns.

7-2.3.1 Heated Surfaces. Sustained skin contact with sur-
faces of equipment that have temperatures in excess of 107°F
(42°C) can cause burns. Caution is required when exposing
patients to warmed surfaces, particularly when they are help-
less.

7-2.3.2 High frequency electromagnetic fields, particularly
those from electrosurgical generators and from lasers, are
used to intentionally destroy tissue. Inadvertent burns, or
ignition of combustible materials, is a hazard. See Annex 2,
“The Safe Use of High-Frequency Electricity in Health Care
Facilities.”

7-2.4 Interruption of Power. (Reserved)

7-2.5 R.F. Interference.

(See Annex 2, “The Safe Use of High-Frequency Electricity in
Health Care Facilities.”)
7-2.6 Mechanical Injury. (Reserved)

7-3 Source.
7-3.1 Electrical System.

NOTE: See Chapter 3.

7-3.2 Battery. (Reserved)

7-4 Distribution. (Reserved)

7-5 Performance Criteria and Testing.

7-5.1 Patient-Care-Related Electrical Appliances and Equip-
ment. '

|7-5.1.1 Permanently Connected (Fixed).

7-5.1.1.1 Grounding of Appliances. Patient-connected elec-
tric appliances shall be grounded to the equipment ground-
ing bus in the distribution panel by an insulated grounding
conductor run with the power conductors.

7-5.1.1.2 Wiring for fixed equipment installed outside the
hazardous area of a flammable inhalation anesthetizing loca-
tion shall comply with 3-4.1.2.1(e)(1).

7-5.1.1.3 All service equipment, switchboards, or panel-
boards shall be installed outside hazardous areas.

7-5.1.1.4 Control Devices. Devices or apparatus such as
motor controllers, thermal cutouts, switches, relays, the
switches and contactors of autotransformer starters, resistance
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and impedance devices, which tend to create arcs, sparks, or
high temperatures, shall not be installed in hazardous areas
unless devices or apparatus are of a type approved for use
in Class I, Group C atmospheres in accordance with Sections
501-6(a), 501-7(a), or Sections 501-6(b) and 501-7(b) of NFPA
70, National Electrical Code.

NOTE: Itis recommended that control devices for such pur-
poses be installed in a nonhazardous area and actuated by
some suitable mechanical, hydraulic, or other nonelectric
remote-control device that may be operated from any desired
location. This recommendation applies particularly to foot and
other switches that must be operated from a location at or
near the floor.

7-5.1.1.5 Equipment in storage locations for flammable anes-
thetic locations shall comply with 4-3.1.2.4(f).

7-5.1.2 Cord- and Plug-Connected (Portable).

7-5.1.2.1 General. All patient-care-related electrical equip-
ment supplied by a flexible cord and plug, carrying 20 volts
or more, shall meet the requirements of 7-5.1.2.

| 7-5.1.2.2 Grounding of Appliances. All cord-connected elec-

trically powered appliances used in the patient vicinity shall
be provided with a three-wire power cord and a three-pin
grounding-type plug.

Exception:  Double-insulated appliances shall be permitted to have
two conductor cords.

Household or office appliances not commonly equipped
with grounding conductors in their power cords shall be per-
mitted provided they are not located within the patient vicin-
ity. For example, electric typewriters, pencil sharpeners, and
clocks at nurses’ stations, or electric clocks or TVs that are
normally outside the patient vicinity but may be in a patient’s
room, shall not be required to have grounding conductors
in their power cords.

7-5.1.2.3 Attachment Plugs. Attachment plugs installed by
the facility shall meet the requirements of 9-2.1.2.1.

7-5.1.2.4 Power Cords. Power cords installed by the facil-
ity shall meet the requirements of 9-2.1.2.2.

7-5.1.2.5 Line Voltage Equipment — All Anesthetizing Loca-
tions.

(a) Portable equipment shall be provided with a storage
device for its flexible cord, designed to minimize damage to
the cord during storage.

(b) Flexible cord for portable lamps or portable electric
appliances operating at more than ten volts between conduc-
tors, intended for use in all anesthetizing locations, shall be
continuous and without switches from the appliance to the
attachment plug and of a type designated for extra-hard
usage in accordance with Section 501-11 of NFPA 70, National
Electrical Code. Such flexible cord shall contain one extra insu-
lated conductor to form a grounding connection between the
ground terminal of the polarized plug and metal lamp
guards, motor frames, and all other exposed metal portions
of portable lamps and appliances. Cords shall be protected
at the entrance to equipment by a suitable insulating grom-
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met. The flexible cord shall be of sufficient length to reach
any position in which the portable device is to be used and
the attachment plug shall be inserted only in a fixed,
approved receptacle. For correct use and maintenance of
adapters, the provisions of 7-6.2 shall apply.

Exception No. 1: Foot-treadle-operated controllers are permitted
wn any anesthetizing location if appended to portable electric appli-
ances in an approved manner or if integral with the supply cord
and equipped with a connector containing a flammable anesthetiz-
ing location receptacle approved for use in Class I, Group C, Divi-
ston 1 hazardous locations into which the equipment plug [see
7-5.1.1.4 and 3-4.1.2.4(g) and (h)] may be inserted. Foot-treadle-
operated controllers and their connector shall be splashproof but need
not be explosionproof if used in a nonflammable anesthetizing loca-
tion.

| Exception No. 2:  Listed double-insulated appliances with two-wire
cords shall be permitted.

Exception No. 3:  Small metal parts not likely to become energized
P j4 y g
(e.g., nameplates, screws) shall not be required to be grounded.

| Exception No. 4:  Two or more power receptacles supplied by a flex-

ible cord may be used to supply power to plug-connected components
of a movable equipment assembly that is rack-, table-, or pedestal-
mounted in a nonflammable anesthetizing location provided:

(a) The receptacles are an integral part of the equipment assem-
bly, permanently attached; and

(b) The sum of the ampacity of all appliances connected to the
receptacles shall not exceed 75 percent of the ampacity of the flex-
ible cord supplying the receptacles; and

NOTE: Whole-body hyperthermia/hypothermia units should
be powered from a separate branch circuit.

(c) The ampacity of the flexible cord is suitable and in accordance
with the current edition of NFPA 70; and

(d) The electrical and mechanical integrity of the assembly is reg-
ularly verified and documented through an ongoing maintenance
program.

NOTE: See 3-4.1.2.4(d) for criteria of receptacles.

|Exception No. 5:  Querhead power receptacles, not in a hazard-
ous location, may be supplied by a flexible cord (ceiling drop) that
is connected at a ceiling-mounted junction box either:

(a) Permanently; or

(b) Utilizing a locking-type plug cap and receptucle combination,
or other method of retention. In either connection mode, suitable strain
relief shall be provided.

NOTE 1: The disconnection means is permitted only to facil-
itate replacement; as such, ceiling drop cords may not be dis-
connected for alternative usage.

NOTE 2: See 3-4.1.2.4(d) for criteria of receptacles.

7-5.1.2.6 Low-Voltage Equipment and Instruments — All
Anesthetizing Locations.

(a) Low-voltage equipment that is frequently in contact
with the bodies of persons or has exposed current-carrying
elements shall:

(1) Operate on an electrical potential of 10 volts or less,
or
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(2) Be approved as intrinsically safe or double-insulated
equipment, and

(3) Be moisture resistant.
(b) Power shall be supplied to low-voltage equipment from:

(1) An individual isolating transformer (autotransform-
ers shall not be used) connected to an outlet receptacle by
means of a listed cord and plug [see 3-4.1.2.4(d) through (f)],
or

(2) A common isolating transformer installed in a non-
hazardous location, or

(3) Individual dry-cell batteries, or

(4) Common batteries made up of storage cells located
in a nonhazardous location.

(c) Battery-powered appliances shall not be capable of
being charged while in operation unless their charging cir-
cuitry incorporates an integral isolating-type transformer.

7-5.1.2.7 Line Voltage Equipment — Flammable Anesthe-
tizing Locations.

(a) All equipment intended for use in anesthetizing loca-
tions shall be labeled by the manufacturer to indicate whether
it may be used in a flammable anesthetizing location. Elec-
tric equipment presently in use shall be so labeled by the user.
Labeling shall be permanent, conspicuous, and legible when
the equipment is in the normal operating position [see

7-5.1.2.7(f).

(b) Suction, pressure, or insufflation equipment, involv-
ing electric elements and located within the hazardous area,
shall be of a type approved for use in Class I, Group C, Divi-
sion 1 hazardous areas. Means shall be provided for liber-
ating the exhaust gases from such apparatus in such a
manner that gases will be effectively dispersed without mak-
ing contact with any possible source of ignition.

NOTE: Suction of pressure apparatus serving flammable
anesthetizing locations but located outside such flammable
anesthetizing locations need not be approved for Class I,
Group C, Division 1 hazardous areas, providing the discharge
from suction machines is kept away from sources of ignition.

(c) Portable X-ray equipment intended for use in flam-
mable anesthetizing locations shall be approved for use in
Class I, Group C, Division 1 hazardous areas and may be pro-
vided with an approved positive-pressure system for the tube
head and cables within the hazardous area [se¢ 7-5.1.2.7(f)(2)}.
All devices and switches for X-ray equipment within the haz-
ardous area shall conform to requirements of 7-5.1.1.3 and
12-4.1.3.5(f) and (h). X-ray equipment shall be provided with
an approved method of eliminating electrostatic accumula-
tion [see 12-4.1.2.6(c) and 12-4.1.3.5(f)].

{d) High-frequency equipment intended for use in flam-
mable anesthetizing locations shall be approved for use in
Class I, Group C, Division 1 hazardous areas.

NOTE 1: Remote-control switches are recommended [see
7-5.1.1.4 and 12-4.1.3.9(c)).

NOTE 2: For recommendations in connection with the use
of cautery and high-frequency equipment in flammable anes-
thetizing locations, see 12-4.1.3.8(j); Appendix C-12.3, Reg-
ulation Set (1), 4(d) and Set (3), 4(e); and Annex 2, “Safe Use
of High-Frequency Electricity in Health Care Facilities.”

(e) Portable electric equipment, such as incubators, lamps,
heaters, motors, and generators, used in flammable anesthe-
tizing locations in which anesthesia equipment is present or
in operating condition, shall comply with the requirements
of Articles 500, 501, and 517 of NFPA 70, National Eleciri-
cal Code, for Class I, Division 1 locations and shall be approved
for Class I, Group C, Division 1 hazardous areas except as
permitted in 7-5.1.2.7(f).

NOTE: The resistance and capacitive reactance between the
conductors and the noncurrent-carrying metallic parts must
be high enough to permit the use of the equipment on an
ungrounded distribution system having a line isolation mon-
itor specified in 3-4.3.3.

() The following shall be considered exceptions to
7-5.1.2.7(a) and (e).

(1) Equipment designed to operate on circuits of ten volts
or less shall comply with 7-5.1.2.6.

(2) Portable electric or electronic equipment mounted
within an enclosure and protected by an approved positive-
pressure ventilating system that conforms with the following
requirements shall otherwise comply with the standards of
NFPA 70, National Electrical Code, for ordinary locations. The
enclosure of such a system shall be supplied with air taken
from a nonhazardous area and circulated to maintain within
the enclosure a pressure of at least 1 in. (2.5 cm) of water
above that of the hazardous area and shall be provided with
means to deenergize the equipment if the air temperature
exceeds 140°F (60°C), or if the pressure differential drops
below 1 in. (2.5 cm) of water. The positive pressure shall be
continuously maintained whether or not the equipment is
in use, or means shall be provided to ensure that there are
at least ten changes of air within the enclosure before any
electric equipment within the enclosure that does not com-
ply with the requirements of 7-5.1.1.5 is energized. The enclo-
sure with its equipment shall be approved for use in Class
I, Group C, Division 1 hazardous areas.

(3) Portable electric or electronic equipment, if it is
mounted on a floor-borne movable assembly that will not
overturn either when it is tilted through an angle of 20
degrees or when in a normal operating position a horizon-
tal force of 25 Ib (11.3 kg) is applied at a height of 5 ft
(152 cm) above the floor; and if the equipment, together with
its enclosure, cannot be lowered within 5 ft (152 cm) of the
floor without tilting the assembly, need not be approved for
use in Class I, Group C, Division 1 hazardous areas, but shall
comply with the requirements of 7-5.1.2.7(e). The entire
assembly shall be approved for use in anesthetizing locations
as defined in Section 2-2.

(4) Intrinsically safe electric or electronic equipment,
which is incapable of releasing sufficient electric energy under
normal or abnormal conditions to cause ignition of flammable
anesthetic mixtures, may be approved for use in Class I,
Group C, Division 1 hazardous areas as provided in Section
500-1 of NFPA 70, National Electrical Code.

(g) Photographic lighting equipment used in flammable
anesthetizing locations shall comply with provisions of
7-5.1.2.7 to prevent ignition of flammable gases. Lamps used
above the hazardous area shall be suitably enclosed to pre-
vent sparks and hot particles falling into the hazardous area.
Photoflash and photoflood lamps that are not suitably
enclosed shall not be used within an anesthetizing location.
Neither flash tubes nor their auxiliary equipment shall be
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used within the hazardous area. Flash-tube operation may
be accompanied by sparking at switches, relays, and socket
contacts, and by corona discharge of flashovers from high-
voltage circuits.

(h) The exposed metal parts of photographic lighting
| equipment shall be grounded as specified in 7-5.1.2.2.

7-5.1.2.8 Low-Voltage Equipment — Flammable Anesthe-
tizing Locations. Specifications for portable equipment oper-
ating on low-voltage power supplies that are not stated in
7-5.1.2.7(H(1) and 12-4.1.3 are stated in 7-5.1.2.6.

7-5.1.2.9 Adapters and Extension Cords. Adapters and
extension cords shall meet the following requirements:

(a) Attachment plugs shall meet the requirements of
9-2.1.2.1.

(b) Power cords shall be adequate for the application to
avoid overload (i.e., 16 AWG or greater) and shall meet the
requirements of 9-2.1.2.2.

NOTE: For policy on the use of extension cords, see
7-6.2.1.5.

7-5.1.3 Testing Requirements (Fixed and Portable).

7-5.1.3.1 The physical integrity of the power cord and
attachment plug and cord-strain relief shall be confirmed by
visual inspection or other appropriate tests.

7-5.1.3.2* The resistance between the appliance chassis, or
any exposed conductive surface of the appliance, and the
ground pin of the attachment plug shall be measured. The
resistance shall be less than 0.50 ohm. The cord shall be
flexed at its connection to the attachment plug or connec-
tor and at its connection to the strain relief on the chassis
during the resistance measurement. This measurement shall
only apply to appliances that are used in the patient vicin-
ity. (See Appendix A-7-5.1.3.2 for suggested test methods.)

Exception:  The requirement does not apply to escutcheon or name-
plates, small screws, etc., that are unlikely to become energized.

7-5.1.3.3* Leakage Current Tests — General. The follow-
ing requirements shall apply to all tests.

(a) The resistance tests of 7-5.1.3.2 shall be conducted
before undertaking any leakage current measurements.

(b) Techniques of Measurement. Each test shall be per-
formed with the appropriate connection to a properly
|grounded ac power system at nominal voltage of the equip-
ment.

(c) Frequency of Leakage Current. The leakage current lim-
its stated in 7-5.1.3.4, 7-5.1.8.5, and 7-5.1.3.6 shall be rms
values for dc and sinusoidal waveforms up to 1 kHz. For fre-
quencies above 1 kHz the leakage current limits shall be the
values given in 7-5.1.3.4, 7-5.1.3.5, and 7-5.1.3.6 multiplied

Iby the frequency, in kHz, up to a maximum of 10 milliam-
peres.

NOTE 1: The limits for nonsinusoidal periodic, modulated,
and transient waveforms remain to be determined.
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NOTE 2: For complex leakage-current waveforms, a single
reading from an appropriate metering system can represent
the physiologically effective value of the composite waveform,
provided that the contribution of each component to the total
reading is weighted in accordance with 7-5.1.8.3(c). This
weighting can be achieved by a frequency-response-shaping
network that precedes a flat-response meter, or by a meter
whose own frequency-response characteristic matches

7-5.1.3.3(c).

(d) Leakage Current in Relation to Polarity. Leakage cur-
rent measurements shall be made with the polarity of the
power line normal, the power switch of the appliance “on”
and “off,” and with all operating controls in the positions to
cause maximum leakage-current readings. The leakage cur-
rent limits in 7-5.1.3 and 7-5.2.2.1 shall not be exceeded in
any of these conditions.

7-5.1.3.4 Chassis Leakage Current, Fixed Equipment.
Permanently wired appliances in the patient vicinity shall be
tested prior to installation while the equipment is temporarily
insulated from ground. The leakage current from frame to
ground of permanently wired appliances installed in general
or critical patient care areas shall not exceed 5.0 milliamperes
with all grounds lifted. After installation, such appliances shall
be tested periodically in accordance with
3-5.2.1.3 (“Voltage Measurements”) and 3-5.2.1.6(b) (“Exist-
ing Construction”).

7-5.1.3.5 Chassis Leakage Current, Portable Equipment.

(a) The leakage current for cord-connected appliances shall
be measured. The limit shall be 100 microamperes. Figure
7-5.1.3.5 shows one method of performing this test.

If multiple devices are connected together and one power
cord supplies power, the leakage current shall be measured
as an assembly.

When multiple devices are connected together and more
than one power cord supplies power, the devices shall be sep-
arated into groups according to their power supply cord and
the leakage current shall be measured independently for each
group as an assembly.

Exception No. 1:  Existing appliances with leakage currents up to
250 microamps shall be permatted to be used provided an appropri-
ate inspection and maintenance program is established for these items
to ensure that the integrity of the grounding connection is reliably
maintained.

Exception No. 2: Where existing or special equipment (such as
mobile X-ray machines) exhibit chassis leakage current between 250
and 500 microamperes, this condition does not represent a hazard
to the patient as long as the grounding connection is intact. Such
equipment shall be permitted to be kept in service provided a doc-
umented maintenance schedule is established to assure the integrity
of the grounding connection. A three-month interval is a nominal
period. Depending on the intensity of the use of the appliance and
prior test data, the hospital shall be permitted to establish a proto-
col with shortened or lengthened time intervals.

NOTE: Where existing equipment exceeds 500 microam-
peres, such as some types of ultrasound therapy devices or
portable hypothermia units, etc., methods to reduce leakage
current, such as the addition of a small isolation transformer
to that device, or methods to provide equivalent safety by add-
ing redundant equipment ground are permissible.
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Figure 7-5.1.3.5 Test circuit for measuring chassis leakage current.

(b) Measurements shall be made with the appliance
ground broken in two modes of appliance operation: power
plug connected normally and with the appliance on and with
the appliance off (if equipped with an on/off switch). When
the appliance has fixed redundant grounding (e.g., perma-
nently fastened to the grounding system), the chassis leak-
age current test shall be conducted with the redundant
grounding intact.

7-5.1.3.6 Lead Leakage Current Tests and Limits, Portable
Equipment.

(a) Lead to Ground (Nonisolated Input). The leakage cur-
rent between all patient leads connected together and ground
shall be measured with the power plug connected normally
and the device on. Figure 7-5.1.3.6(a) is an example of an
acceptable test configuration. The leakage current shall be

|less than 100 microamperes for ground wire open and closed.

Patient lead selector
switch (if any)
{activated as required)

This connection is
at service entrance
or on the supply

side of a separately Appliance power switch

derived system {closed) Apphance Patient
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<1
- Building
= ground / @'

Current meter H = Hot
N = Neutral {grounded)

G = Grounding conductor

Grounding contact switch
(Use in both “open’’ and
“closed’’ positions)
Figure 7-5.1.3.6(a) Test circuit for measuring leakage current between
patient leads and ground (nonisolated).

(b) Lead to Ground (Isolated Input). The leakage current
between each patient lead and ground for an appliance with
isolated leads shall be measured with the power plug con-
nected normally and the device on. Figure 7-5.1.3.6(b) is an
example of an acceptable test configuration. The leakage cur-

Patient lead selector
switch (if any)

ion i : .
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‘N = Neutral {grounded)
G = Grounding conductor

Figure 7-5.1.3.6(b) Test circuit for measuring leakage current between
patient leads and ground (isolated).

{Use both “off” and *“on’’ positions)

rent shall be less than 10 microamperes with the ground
intact and 50 microamperes with the ground open.

(c) Isolation Test (Isolated Input). The current driven into
the leads of an appliance that has isolated leads, when an
external power source at line voltage and frequency is applied
between each lead and ground, shall be measured in accor-
dance with Figure 7-5.1.3.6(c). The leakage current shall be
less than 20 microamperes in each case. The test is made with
the appliance’s normal patient cables.

Current meter
o e Patient lead selector
200,000 ohms > switch (activated as
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Insulating surface
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= ground H = Hot

N = Neutral {grounded)
G = Grounding conductor

Figure 7-5.1.3.6(c) Test circuit for measuring the electrical isolation of iso-
lated patient leads.

Suitable safety precautions (such as including a resistance
in series to limit the current, insulation of the meter, and a
momentary switch) shall be taken to protect the operator. In
appliances without a power cord or with ungrounded,
exposed conductive surfaces, measurements shall be made
with the exposed conductive surfaces temporarily grounded.
If there is no exposed conductive surface, measurement shall
be made with a simulated surface, as described in
9-2.1.13.4(b), “Appliances with No Exposed Conductive Sur-
faces,” that is also temporarily grounded.

Only isolated patient leads shall be connected to intrac-
ardiac catheters or electrodes.

(d) Between Leads (Nonisolated Input). 'The leakage current
between any one lead (not ground) and each other lead shall
be measured. Figure 7-5.1.3.6(d)/(e) is an example of an
acceptable test configuration. The leakage current shall be
less than 50 microamperes for the ground wire open and
closed.

Patient connected leads
(grouped and connected
as required)
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(note text

N = Neutral (grounded) requirements)
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Grounding contact switch
{Use in both “open’” and
“closed’” positions)
Figure 7-5.1.3.6(d)/(e) Test circuit for measuring leakage current between
patient leads (nonisolated and isolated).
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(e) Between Leads (Isolated Input). The leakage current
between any one lead (not ground) and each other lead shall
be measured. Figure 7-5.1.3.6(d)/(e) is an example of an
acceptable test configuration. The leakage current shall be
less than 10 microamperes with the ground intact and 50
microamperes with the ground open.

7-5.1.3.7 Testing Intervals.

(a) The facility shall establish policies and protocols for the
type of test and intervals of testing for each appliance.

(b) All appliances that may be used in patient care areas
shall be tested in accordance with 7-5.1.3 before being put
into service for the first time and after repair or modifica-
tion. Patient-care-related electrical appliances shall be retested
at intervals determined by their normal location or area of
normal use, but not exceeding the intervals listed below.

General Care Areas: 12 months
Critical Care Areas: 6 months

Wet Locations: 6 months.

Exception No. 1:  The testing intervals listed are intended to be nom-
inal values, and hospitals shall be permitted to adopt a protocol using
either longer or shorter intervals provided that there is a documented
Justification based on previous safety testing records for the equip-
ment in question, unusually light or heavy utilization, or similar con-
siderations.

Exception No. 2:  Facility-owned household or other appliances that
may be in the patient vicinity, but that are not intended to contact
the patient, shall be tested at intervals deemed appropriate by the facil-
ity. Some equipment in this category may require only an infrequent
visual inspection. The facility shall be permitted to structure a test-
ing protocol and frequency for some equipment that may be more lim-
ited than that prescribed in 7-5.1.3.

Exception No. 3:  The tests specified in 7-5.1.3.6, “Lead Leakage
Current Tests and Limits, Portable Equipment,” shall be required
|only for incoming inspections and following repairs and modifica-
tions that may have compromised the patient lead leakage current.

7-5.2 Nonpatient Electrical Appliances and Equipment.

7-5.2.1 Permanently Connected (Fixed). (Reserved)

7-5.2.2 Cord- and Plug-Connected (Portable).

7-5.2.2.1 Patient Care Area.

(a) Facility-Owned Household Appliances. The leakage cur-
rent for facility-owned household appliances (e.g., housekeep-
ing or maintenance appliances) that may be used in a patient
vicinity and are likely to contact the patient shall be measured.
The leakage current shall be less than 500 microamperes.

|7-5.2.2.2*% Laboratory.

(a) Portable equipment intended for laboratory use shall
be grounded or otherwise arranged with an approved
|method to protect personnel against shock.

(b) All electrical heating equipment to be used for labo-
ratory procedures shall be equipped with overtemperature-
limit controls so arranged that thermostatic failure will not
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result in hazardous temperatures. When such equipment is
intended for use with flammable or combustible liquids, its
electrical components shall be explosionproof, intrinsically
safe, or ventilated in a manner that will prevent accumula-
tion of flammable atmospheres under normal conditions of
operation.

() Heating equipment equipped with fans shall be
arranged with an interlock arranged to disconnect the heat-
ing elements when the fan is inoperative, unless the fan is
not essential to safe operation.

7-6 Administration.

7-6.1 Responsibilities of Governing Body. (Reserved)

7-6.2 Policies.
7-6.2.1 General.

7-6.2.1.1 Medical and surgical electrical instrumentation and
monitoring devices, as well as all electric appliances used for
the care and entertainment of the patient, purchased or oth-
erwise acquired for use by the facility (e.g., leased, donated,
constructed on-site, loaned, etc.), shall meet the safety per-
formance criteria of 9-2.1, “Patient-Care-Related Electrical
Equipment,” in Chapter 9, “Manufacturer Requirements.”

7-6.2.1.2 General. The facility shall perform the testing pro-
cedures at intervals as specified in 7-5.1.3.7.

7-6.2.1.3 Protection of Patients with Direct Electrical Path-
ways to the Heart. Only equipment that is specifically
designed for the purpose, i.e., provided with suitable isolated
patient leads or connections (see 9-2.1.12, “Direct Electrical Path-
ways to the Heart”), shall be connected directly to electrically
conductive pathways to a patient’s heart. Such electrically con-
ductive pathways include intracardiac electrodes such as
implanted pacemaker leads and guide wires. The facility shall
have a policy that prohibits the use of external cardiac pace-
makers and pacing leads with external terminals that are not
properly protected from potentially hazardous contact with
conductive surfaces.

7-6.2.1.4 Electrical appliance controls, (such as bed controls,
pillow speakers, television controls, and nurse-call controls)
that do not meet the minimum requirements of 9-2.1,
“Patient-Care-Related Electrical Equipment,” shall be
mounted so that they cannot be taken into the bed.

Exception:  Existing low-voltage controls may be used in general
patient-care areas.

7-6.2.1.5 Adapters and Extension Cords. With the excep-
tion of three-to-two-prong adapters, adapters and extension
cords shall be permitted to be used to permit appliances fitted
with distinctive plugs (such as those that may still be in use
in anesthetizing locations) to be used with conventional power
receptacles. The wiring of the adapter shall be tested for phys-
ical integrity, polarity, and continuity of grounding at the time
|of assembly and periodically thereafter.

7-6.2.1.6 Appliances Intended to Deliver Electrical Energy.
Electrical-energy-delivering appliances shall conform to the
leakage, grounding, and other requirements of this chapter
when powered, but not delivering energy.
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NOTE 1: When delivering energy, such appliances may devi-
ate from these requirements only to the extent essential for
their intended clinical function.

NOTE 2: Appliances that intentionally or that may inadvert-
ently apply electrical energy to the patient or to components
in contact with the patient require special safety considerations.

NOTE 3: Since there is a wide range of power levels, out-
put frequencies, and purposes of appliances that apply elec-
tricity directly to patients or to patient-connected devices, it
is not feasible to cite them in detail.

7-6.2.1.7 Specification of Conditions of Purchase. The pro-
curement authority shall include in its purchasing documents
any appropriate requirements or conditions specifically
related to the facility’s use of the appliance, which may
include, but are not restricted to, the following:

(a) The type of appliance listing or certification required,
if any,

(b) The delivery of manufacturer’s test data, where per-
tinent,

(c) Special conditions of use (such as in anesthetizing or
other locations with special hazards),

(d) Unusual environmental conditions (such as high
humidity, moisture, salt spray, etc.), and

(e) The type of electric power system (i.e., grounded or
isolated) intended to energize the appliance, the nature of
the overcurrent devices, the use of auxiliary emergency
power, etc., when pertinent.

NOTE: The facility may wish to reference compliance with
this chapter and Chapter 9 on its purchasing document.

7-6.2.1.8* Manuals for Appliances. Purchase specifications
shall require the vendor to supply suitable manuals for oper-
ators or users upon delivery of the appliance. The manuals
shall include installation and operating instructions, inspec-
tion and testing procedures, and maintenance details. [See
9-2.1.8.1(m).]

7-6.2.1.9 System Demonstration. Any system consisting of
several electric appliances shall be demonstrated as a com-
plete system, after installation, by the vendor designated to
assume system responsibility, and prior to acceptance of the
system by the facility. The vendor shall demonstrate the oper-
ation of the system and provide appropriate initial instruc-
tion to operators and maintenance personnel.

NOTE: This section is not intended to prevent facilities from
assembling their own systems.

7-6.2.1.10 Appliances Not Provided by the Facility. Policies
shall be established for the control of appliances not supplied
by the facility.

7-6.2.2 Servicing and Maintenance of Equipment.
7-6.2.2.1 Service manuals, instructions, and procedures pro-

vided by the manufacturer shall be used in the maintenance
of equipment.

7-6.2.2.2 A scheduled preventive maintenance program shall
be followed.

7-6.2.2.3 Areas designated for the servicing of oxygen equip-
ment shall be clean, free of oil and grease, and not used for
the repair of other equipment.

7-6.2.2.4 Defective electrical apparatus shall be tagged and
repaired or discarded.

7-6.2.2.5 Administrative vigilance is required to prohibit the
use of portable electric equipment and appliances — such
as electric drills — of a type unsuitable for use in hazardous
areas in flammable anesthetizing locations during their occu-
pancy by patients or near anesthesia equipment in operat-
ing condition and in storage locations containing flammable
inhalation anesthetic agents.

7-6.2.3 During Administration of Respiratory Therapy.

7-6.2.3.1 Electrical equipment used within the site of inten-
tional expulsion shall have no hot surfaces.

When only the remote control or signal leads of a device
are to be used in the site of intentional expulsion, only the
contro} or signal leads shall be required to comply with this
section.

NOTE: For further information concerning criteria for
equipment used within the site of intentional expulsion, see
9-2.1.9.3.

Exception:  Small (less than 2-watt) hermetically sealed heating ele-
ments such as light bulbs.

7-6.2.3.2 Electrical equipment used within oxygen delivery
equipment shall be listed for use in oxygen-enriched atmo-
spheres, or sold with the intent to be used in oxygen-enriched
atmospheres.

NOTE: For further information concerning the criteria for
equipment used in oxygen delivery equipment, see 9-2.1.

7-6.2.3.3 When high-energy-delivering probes (such as
defibrillator paddles) or other electrical devices that do not
comply with 7-6.2.3.1 are deemed essential to the care of an
individual patient and must be used within a site of admin-
istration or within oxygen delivery equipment, they shall be
used with extreme caution.

NOTE: Where possible, combustible materials such as hair,
fabric, and paper should be removed from the vicinity of
where the energy is delivered. Water-soluble surgical jelly has
been shown to dramatically reduce the combustibility of these
materials.

7-6.2.4 Laboratory.

7-6.2.4.1* Electrical equipment for laboratory use shall be
tested for electrical safety against standards acceptable to the
authority having jurisdiction.

7-6.2.4.2* Flectrical equipment intended for use in hazard-
ous areas in laboratories shall be approved by the author-
ity having jurisdiction. (See definition of hazardous area in
laboratories in Section 2-2 of Chapter 2.)
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7-6.3 Recordkeeping.
7-6.3.1 Patient Care Appliances.

7-6.3.1.1 Instruction Manuals. A permanent file of instruc-
tion and maintenance manuals as described in 9-2.1.8.1 shall
be maintained and be accessible. It shall preferably be in the
custody of the engineering group responsible for the main-
tenance of the appliance. Duplicate instruction manuals shall
be available to the user. Any safety labels and condensed oper-
ating instructions on an appliance shall be maintained in read-
able condition.

7-6.3.1.2* Documentation. A record shall be maintained
of the tests required by this chapter and associated repairs
or modifications. At a minimum, this record shall contain the
date, unique identification of the equipment tested, and an
indication of which items have met or have failed to meet the
performance requirements of this section.
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7-6.3.1.3 Test Logs. A log of test results and repairs shall
be maintained and kept for an appropriate time.

7-6.4 Use. (Reserved)

7-6.5 Qualification and Training of Personnel.

7-6.5.1 Personnel concerned with the application and main-
tenance of electric appliances, including physicians, nurses,
nurse aids, engineers, technicians, and orderlies, shall be cog-
nizant of the risks associated with their use. To achieve this
end the hospital shall provide appropriate programs of con-
tinuing education for its personnel.

7-6.5.2 Equipment shall be serviced by qualified personnel
only.
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Chapter 8 Gas Equipment (Positive and Negative
Pressure), Health Care Facilities

NOTE: The application of requirements contained in this
chapter for specific types of health care facilities can be found
in Chapters 12 through 18.

8-1 Scope.

8-1.1 This chapter covers the performance, maintenance,
and testing of gas equipment used within health care
facilities.

8-1.2* This chapter applies to the use of nonflammable
medical gases, vapors, and aerosols, and the equipment
required for their administration, at normal atmospheric
pressure.

8-1.3 When used in this chapter, the term oxygen is
intended to mean 100 percent oxygen as well as mixtures
of oxygen and air.

8-1.4 This chapter does not apply to special atmospheres,
such as those encountered in hyperbaric chambers. (See Chap-
ter 19, “Hyperbaric Facilities.”)

8-2 Nature of Hazards.

NOTE: See 7-2.2.2 for electrical hazards associated with gas
equipment.

8-2.1 Fire and Explosions.

8-2.1.1 Inhalation Anesthetizing Locations.

8-2.1.1.1 Oxygen and nitrous oxide, the gases normally used
for relative analgesia and as a component of general anes-
thesia, are strong oxidizing gases and individually or as a mix-
ture support combustion quite readily.

8-2.1.1.2 Inhalation gases or vapors introduce fire, chem-
ical, mechanical, and electrical hazards that are all inter-
related. Any mixture of inhalation gases will support com-
bustion. In an oxygen-enriched atmosphere, materials that
are flammable and combustible in air ignite more easily and
burn more vigorously. The materials that may be found on
or near patients include hair oils, oil-based lubricants, skin
lotions, clothing, linens, paper, rubber, alcohols, acetone, and
some plastics.

8-2.1.1.3 A hazard exists if any of the components of an oxy-
gen or nitrous oxide supply system become contaminated
with oil or grease.

8-2.1.1.4 Sources of ignition may include open flames, burn-
ing tobacco, electric heating coils, defective electrical equip-
ment, and adiabatic heating of gases.

NOTE 1: The use of carpeting is a matter of concern. It is
recognized that some carpeting contributes to the possible gen-
eration of high-energy static charges. Until more experience
is obtained, it is advisable that carpeting not be used.

NOTE 2: Sudden compression or recompression of a gas
to high pressure can generate large increase in temperature
[up to 2000°F (1093°C)] that can ignite any organic material
present, including grease. See also NFPA 53M, Fire Hazards
in Oxygen-Enriched Atmospheres.

8-2.1.1.5 A hazard exists if either oxygen or nitrous oxide
leaks into a closed space, creating an oxygen-enriched atmo-
sphere.

8-2.1.1.6 A hazard exists if improper components are
employed to connect equipment containing pressurized oxy-
gen or nitrous oxide.

8-2.1.2 During Respiratory Therapy Administration.

8-2.1.2.1 The occurrence of a fire requires the presence of
combustible or flammable materials, an atmosphere of oxy-
gen or other oxidizing agents, and a source of ignition. Com-
bustible materials may be unavoidably present when oxygen
is being administered, but flammable liquids and gases and
ignition sources are avoidable.

(2) Any mixture of breathing gases used in respiratory
therapy will support combustion. In an oxygen-enriched
atmosphere,-materials that are combustible and flammable
in air ignite more easily and burn more vigorously.

(b) Materials not normally considered to be combustible
may be so in an oxygen-enriched atmosphere.

8-2.1.2.2 Combustible materials that may be found near
patients who are to receive respiratory therapy include hair
oils, oil-based lubricants, skin lotions, facial tissues, clothing,
bed linen, tent canopies, rubber and plastic articles, gas-supply
and suction tubing, cyclopropane, ether, alcohols, and
acetone.

8-2.1.2.3 A particular hazard exists when high-pressure oxy-
gen equipment becomes contaminated with oil, grease, or
other combustible materials. Such contaminants will ignite
readily and burn more rapidly in the presence of high oxy-
gen concentrations and make it easier to ignite less-
combustible materials with which they come in contact.

(a) An oxygen-enriched atmosphere normally exists in an
oxygen tent, croup tent, incubator, and similar devices when
supplemental oxygen is being employed in them. These
devices are designed to maintain a concentration of oxygen
higher than that found in the atmosphere.

(b) Oxygen-enriched atmospheres may exist in the imme-
diate vicinity of all oxygen administration equipment. (See def-
ination of site of intentional expulsion in Section 2-2 of Chapter 2.)

The transfer of liquid oxygen from one container to
another container may create an oxygen-enriched atmosphere
within the vicinity of the containers.

(c) If oxygen is supplied by a container that stores the oxy-
gen as a liquid, there will be a small amount of oxygen vented
into the vicinity of the container after a period of nonuse of
the equipment. Larger amounts of oxygen will be vented if
the container is accidentally tipped over or placed on its side.
This venting may create an oxygen-enriched atmosphere if
the container is stored in a confined space [see 4-3.1.2.1(h)].

8-2.1.2.4 Sources of ignition include not only the usual ones
in ordinary atmospheres, but others that become significant
hazards in oxygen-enriched atmospheres [see 8-2.1.2.1(a)].
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(a) Open flames, burning tobacco, and electric radiant
heaters are sources of ignition.

(b) The discharge of a cardiac defibrillator may serve as
a source of ignition.

(c) Arcing and excessive temperatures in electrical equip-
ment are sources of ignition. Electrically powered oxygen
apparatus and electrical equipment intended for use in an
oxygen-enriched atmosphere are sources of ignition if elec-
trical defects are present.

(d) Electrical equipment not conforming to the require-
ments of 7-6.2.3.1, which may include but is not limited to
electric razors, electric bed controls, hair dryers, remote tele-
vision controls, and telephone handsets, may create a source
of ignition if introduced into an oxygen-enriched atmosphere
(see 7-6.2.3.1).

(e) A static discharge having an energy content that can
be generated under normal conditions in respiratory ther-
apy will not constitute an ignition source as long as easily
ignited substances (such as ether, cyclopropane, alcohols, ace-
tone, oils, greases, or lotions) are not present (see §-6.2.2.4).

NOTE: Experience and research indicate that static-
accumulating materials such as plastics, synthetic fibers, and
wool may be used under these conditions. The use of carpet-
ing in patient care areas of hospitals is a relatively new inno-
vation. It is recognized that some carpeting contributes to the
generation of significant static charges on personnel. Until
more experience is obtained with this potential problem, it
is advisable that carpeting of wool and acrylic, nylon, and other
synthetic fibers not be used in the area of administration unless
treated to render them permanently antistatic.

(f) Rapid opening of cylinder valves can cause sudden
increase in downstream gas pressure and temperature caused
by the adiabatic heat of recompression with consequent igni-
tion of combustible materials in contact with the hot gas
downstream, including the valve seat.

8-2.2 Toxicity.
8-2.2.1 During Respiratory Therapy Administration.

8-2.2.1.1 Chemical hazards may be associated with the pres-
ence of residual sterilant in high-pressure equipment.

8-2.2.1.2 Some breathing mixtures may decompose in con-
tact with hot surfaces and produce toxic or flammable sub-
stances (see 8-6.2).

8-2.2.1.3 Smoldering combustion of flammable substances
may occur with the production of significant amounts of toxic
gases and fumes.

8-2.3 Safety (Mechanical Injury; Cross-Connection, etc.).

8-2.3.1 Inhalation Anesthetizing Locations.

8-2.3.1.1 A large amount of energy is stored in a cylinder
of compressed gas. If the valve of a cylinder is struck (or
strikes something else) hard enough to break off the valve,
the contents of the cylinder may be discharged with sufficient
force to impart dangerous reactive movement to the
cylinder.

1990 Edition

8-2.3.2 During Respiratory Therapy Administration.

8-2.3.2.1 Mechanical Hazards.

(a) Cylinders and containers may be heavy and bulky and
can cause personal injury or property damage (including to
the cylinder or container) if improperly handled.

(b) In cold climates, cylinders or containers stored out-
doors or in unheated ventilated rooms may become extremely
cold [see 4-6.2.1.2(dd) and 4-6.2.1.2(¢e)]. A hazardous situa-
tion could develop if these cylinders or containers are heated
[see 4-6.2.1.2(cc)].

8-2.3.2.2 Improper maintenance, handling, or assembly of
equipment may result in personal injury, property damage,
or fire.

8-2.3.2.3 A hazardous condition exists if cylinders or con-
tainers are improperly located so that they may become over-
heated or tipped over. If a container is tipped over or placed
on its side, liquid oxygen may be spilled. The liquid can cause
frostbite on contact with skin.

8-2.3.2.4 A hazardous condition exists if there is improper
labeling of cylinders or containers or inattention to the man-
ufacturer’s label or instructions.

8-2.3.2.5 A hazardous condition exists if care is not exer-
cised in making slip-on and other interchangeable connec-
tions when setting up equipment.

8-2.3.2.6 Safety features, including relief devices, valves, and
connections, are provided in equipment and gas supply sys-
tems. Altering or circumventing these safety features by means
of adapters creates a hazardous condition.

8-2.3.2.7 Extreme danger to life and property can result
when compressed gases are mixed or transferred from one
cylinder to another.

8-2.3.2.8 A hazardous condition exists if devices, such as
fixed or adjustable orifices and metering valves, are directly
connected to cylinders or systems without a pressure-reducing
regulator.

8-2.3.2.9 Hazardous conditions are created when pressure-
reducing regulators or gauges are defective.

8-2.4 Electric Shock. (Reserved)

NOTE: See 7-2.2 for additional information.
8-3 Source.
8-3.1 Cylinders and Containers.

8-3.1.1 Cylinders and containers shall comply with 4-3.1.1.1.

8-3.1.2 Cylinder valve outlet connections shall conform to
ANSI B57.1, Standard for Compressed Gas Cylinder Valve Out-
let and Inlet Connections (includes Pin-Index Safety System for
medical gases). (See 4-3.1.1.1.)
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8-3.1.3 When low-pressure threaded connections are
employed, they shall be in accordance with the Compressed
Gas Association standard for noninterchangeable, low-
pressure connections for medical gases, air, and suction, Pam-
phlet V-5, Diameter-Index Safety System.

8-3.1.4 Low-pressure quick-coupler connections shall be
noninterchangeable between gas services.

8-3.1.5 Regulators and gauges intended for use in high-
pressure service shall be listed for such service.

8-3.1.6 Pressure-reducing regulators shall be used on
high-pressure cylinders to reduce the pressure to working
pressures.

8-3.1.7 Approved regulators or other gas-flow control
devices shall be used to reduce the cylinder pressure of every
cylinder used for medical purposes. All such devices shall have
connections so designed that they can be attached only to cyl-
inders of gas for which they are designated.

8-3.1.8 Equipment that will permit the intermixing of dif-
ferent gases, either through defects in the mechanism or
through error in manipulation in any portion of the high-
pressure side of any system in which these gases may flow,
shall not be used for coupling cylinders containing com-
pressed gases. It is particularly important that the intermix-
ing of oxidizing and flammable gases under pressure be
scrupulously avoided, as such mixing may result in violent
explosion.

8-3.1.9 Cylinder valve outlet connections for oxygen shall
be Connection No. 540 as described in ANSI B57.1, Standard
for Compressed Gas Cylinder Valve Outlet and Inlet Connections.

8-3.1.10 Cylinder valve outlet connections for nitrous oxide
shall be Connection No. 326 as described in ANSI B57.1,
Standard for Compressed Gas Cylinder Valve Outlet and Inlet Con-
nections.

8-3.1.11 Cylinders and containers shall be stored in accor-
dance with 4-3.1.2 and 4-6.2.2.

8-3.2 Generators. (Reserved)

8-3.3 Gas Systems. (See Chapter 4.)

8-4 Distribution. (Reserved)

8-5 Performance Criteria and Testing.
8-5.1 Patient-Care-Related Gas Equipment.
8-5.1.1 Fixed. (Reserved)

8-5.1.2 Portable.
8-5.1.2.1 Anesthetic Apparatus.
NOTE: Portable Supply Systems. If the sole source of sup-

ply of nonflammable medical gases, such as nitrous oxide and
oxygen, is a system of cylinders attached directly to and sup-

ported by the device (such as a gas anesthesia apparatus) used
to administer these gases, it is recommended that two cylin-
ders of each gas be attached to the administering device.

(a) Anesthetic apparatus shall be subject to approval by
the authority having jurisdiction.

(b)* Each yoke on anesthetic apparatus constructed to per-
mit attachment of small cylinders equipped with flush-type
valves shall have two pins installed as specified in ANSI B57.1
(Pin-Index Safety System) (see 4-4.1.3.6 and Appendix
A-4-4.1.3.4).

(c) After any adjustment or repair involving use of tools,
or any modification of the gas piping supply connections or
the pneumatic power supply connections for the anesthesia
ventilator, or other pneumatically powered device if one is
present, and before use on patients, the gas anesthesia appa-
ratus shall be tested at the final common path to the patient
to determine that oxygen and only oxygen is delivered from
the oxygen flowmeters and the oxygen flush valve if any.
Interventions requiring such testing shall include, but not be
limited to:

(1) Alteration of pipeline hoses or fittings;

(2) Alteration of internal piping;

(3) Adjustment of selector switches or flush valves;
(4) Replacement or repair of flowmeters or bobbins.

Before the gas anesthesia apparatus is returned to service,
each fitting and connection shall be checked to verify its
proper indexing to the respective gas service involved.

A paramagnetic or polarographic oxygen analyzer, or a
similar device, known to be accurate at 0 percent, 21 per-
cent, and 100 percent oxygen, is a suitable test instrument
(see Appendix C-12.2).

(d)* Yoke-type connections between anesthesia apparatus
and flush-type cylinder valves (commonly used with anesthetic
gas cylinders) shall be Connection No. 860 as described in
ANSI B57.1, Compressed Gas Cylinder Valve Outlet and Inlet Con-
nections (see Appendix A-4-4.1.3.4).

8-5.1.2.2 Apparatus for
Therapy.

Administering  Respiratory

(a) Oxygen tent circulation/conditioning apparatus, pres-
sure breathing apparatus, and other equipment intended to
rest on the floor shall be equipped with a base designed to
render the entire assembly stable during storage, transport,
and use. If casters are used, they shall conform to Class C
of U.S. Government Commercial Standard 223-59, Casters,
Wheels, and Glides for Hospital Equipment.

(b) Oxygen tent canopies having flexible components shall
be fabricated of materials having a maximum burning rate
classification of “‘slow burning.”

(1) Oxygen enclosures of rigid materials shall be fabri-
cated of noncombustible materials.

(¢) Equipment supplied from cylinders or containers shall
be designed and constructed for service at full cylinder or
container pressure or constructed for use or equipped with
pressure-reducing regulators.

(d) Humidification or reservoir jars containing liquid to
be dispersed into a gas stream shall be made of clear, trans-
parent material, impervious to contained solutions and med-
ications, and shall permit observation of the liquid level and
consistency.
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(e) Humidifiers and nebulizers shall be equipped with pro-
visions for overpressure relief or alarm if the flow becomes
obstructed.

() Humidifiers and nebulizers shall be incapable of tip-
ping or shall be mounted so that any tipping or alteration
from the vertical shall not interfere with function or
accuracy.

8-5.2 Nonpatient Gas Equipment.
8-5.2.1 Carts and Hand Trucks.

8-5.2.1.1 Carts and hand trucks for cylinders and contain-
ers shall be constructed for the intended purpose and shall
be self-supporting. They shall be provided with appropriate
chains or stays to retain cylinders or containers in place.

8-5.2.1.2 Carts and hand trucks that are intended to be used
in anesthetizing locations or cylinder and container storage
rooms communicating with anesthetizing locations shall com-
ply with the appropriate provisions of 12-4.1.

8-5.2.1.3 Gas Equipment — Laboratory. Gas appliances
shall be of an approved design and installed in accordance
with NFPA 54, National Fuel Gas Code. Shutoff valves shall be
legibly marked to identify the material they control.

8-6 Administration.

8-6.1 Responsibility of Governing Body. (Reserved)

8-6.2 Policies.
8-6.2.1 Elimination of Sources of Ignition.

8-6.2.1.1 Smoking materials (matches, cigarettes, lighters,
lighter fluid, tobacco in any form) shall be removed from
patients receiving respiratory therapy and from the area of
administration.

8-6.2.1.2 No sources of open flame, including candles, shall
be permitted in the area of administration.

8-6.2.1.3 Patients and hospital personnel in the area of
administration shall be advised of respiratory therapy haz-
ards and regulations.

(a) Visitors shall be cautioned of these hazards through
the prominent posting of signs (see 8-6.4.2).

(b) Prudent practice dictates that in pediatric hospitals, or
in pediatric wards of general hospitals, parents and other vis-
itors to the nursing units be placed on actual notice of the
hazards created by potential sources of ignition such as spark-
ing toys.

(c) It may be desirable to preclude the introduction of all
such toys into any pediatrics nursing unit in which oxygen
tents or oxygen hoods are used.

8-6.2.2 Misuse of Flammable Substances.
8-6.2.2.1 Flammable or combustible aerosols or vapors, such

as alcohol, shall not be administered in oxygen-enriched
atmospheres as outlined in 8-2.1.2.3(a).
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8-6.2.2.2 Oil, grease, or other flammable contaminants shall
not be used with oxygen equipment.

8-6.2.2.3 Flammable and combustible liquids and flammable
gases, such as ether, shall not be permitted within the site
of intentional expulsion. When flammable anesthetics, such
as ether, are administered, the area shall be considered a
flammable anesthetizing location. (See 12-4.1 for requirements
for flammable anesthetizing locations.)

8-6.2.2.4 High-pressure oxygen equipment shall not be ster-
ilized with a flammable sterilizing agent such as ethylene
oxide or alcohol. Sterilizing agents shall be oil-free and shall
not damage materials.

(a) High-pressure oxygen equipment shall not be steril-
ized in polyethylene bags.

NOTE: Sloughed particles of polyethylene produced by abra-
sion and flexure of such bags are pure hydrocarbons and
therefore constitute a severe flammability hazard in high-
pressure oxygen atmospheres. Nylon films produce practi-
cally no sloughing.

(b) Equipment operated at oxygen pressures under 60 psig
(0.414 kPa gauge) may be sterilized with nonflammable mix-
tures containing ethylene oxide and carbon dioxide or eth-
ylene oxide and fluorocarbon diluents.

(¢) Cylinders and containers shall not be sterilized.

8-6.2.3 Prevention of Chemical Breakdown.

8-6.2.3.1 Equipment capable of producing surface temper-
atures sufhicient to cause chemical breakdown of the atmo-
sphere within a patient enclosure shall not be permitted
therein.

(a) Where diethyl ether vapor is involved, surface temper-
atures shall not exceed 248°F (120°C).

NOTE 1: Such a potentially hazardous atmosphere can be
created by the placement in an incubator of a recently anes-
thetized infant or one whose mother received an inhalation
anesthetic during delivery.

NOTE 2: Diethyl ether vapor can produce formaldehyde
upon contact with a heating element. :

8-6.2.4 Servicing and Maintenance of Equipment.

8-6.2.4.1 Defective equipment shall be immediately removed
from service.

8-6.2.4.2 Defective electrical apparatus shall not be used.

8-6.2.4.3 Areas designated for the servicing of oxygen equip-
ment shall be clean, free of oil and grease, and not used for
the repair of other equipment.

8-6.2.4.4 Service manuals, instructions, and procedures pro-
vided by the manufacturer shall be used in the maintenance
of equipment.

8-6.2.4.5 A scheduled preventive maintenance program shall
be followed.
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8-6.2.5 Gases in Cylinders and Liquefied Gases in Contain-
ers. (See 4-6.2.1.)

8-6.2.6 Ambulatory Patients. Ambulatory patients on oxy-
gen therapy, whether in or out of a health care facility, shall
be permitted free access to all areas that prohibit smoking
and that have no open flames.

8-6.3 Recordkeeping. (Reserved)

8-6.4 Use (Including Information and Warning Signs).
8-6.4.1 Labeling.

8-6.4.1.1 Equipment listed for use in oxygen-enriched atmo-
spheres shall be so labeled.

8-6.4.1.2 Oxygen metering equipment and pressure-
reducing regulators shall be conspicuously labeled: OXYGEN
— USE NO OIL.

8-6.4.1.3 Flowmeters, pressure-reducing regulators, and
oxygen-dispensing apparatus shall be clearly and permanently
labeled, designating the gas or mixture of gases for which
they are intended. Apparatus whose calibration or function
is dependent on gas density shall be labeled as to the proper
supply gas pressure (psig/kPa) for which it is intended.

8-6.4.1.4 Canopies or enclosures intended to contain
patients shall be labeled advising that oxygen is in use and
that precautions related to the hazard shall be observed. The
labels shall be located on the enclosure interior in a position
to be read by the patient and on two or more opposing sides
of the enclosure exterior.

| NOTE: A suggested minimum text for labels is:

CAUTION
OXYGEN IN USE
KEEP FLAMES AWAY
NO SMOKING
NO ELECTRICAL APPLIANCES

8-6.4.1.5 Oxygen-metering equipment, pressure-reducing
regulators, humidifiers, and nebulizers shall be labeled with
the name of the manufacturer or supplier.

8-6.4.1.6 Cylinders and containers shall be labeled in accor-
dance with ANSI Z48.1, Standard Method of Marking Portable
Compressed Gas Containers to Identify the Material Contained. Color
coding shall not be utilized as a primary method of deter-
mining cylinder or container content.

8-6.4.1.7 All labeling shall be durable and withstand cleans-
ing or disinfection.

|8-6.4.2% Signs. Precautionary signs, readable from a dis-
tance of 5 ft (1.4 m), shall be conspicuously displayed at the
site of administration and in aisles and walkways leading to
the area. They shall be attached to adjacent doorways or to
building walls or be supported by other appropriate means.

NOTE 1: Special signs and additional precautionary mea-
sures should be employed whenever foreign languages present
a communication problem.

NOTE 2: A suggested minimum text for precautionary
signs is:

CAUTION
OXYGEN IN USE
NO SMOKING

NO OPEN FLAMES
Any material that can burn in air will burn more rap-
idly in the presence of oxygen. No electrical equipment
is allowed within an oxygen enclosure or within 5 ft
(1.5 m) of it.

This sign is intended to caution those not familiar with this
chapter.

NOTE 3: A suggested text for precautionary signs for oxy-
gen tent canopies and oxygen hoods (see Note 2 above) used
in pediatric nursing units is:

CAUTION
OXYGEN IN USE
ONLY TOYS APPROVED BY
NURSES MAY BE GIVEN
TO CHILD

8-6.4.3 Transportation, Storage, and Use of Equipment.

8-6.4.3.1 Flow-control valves on administering equipment
shall be closed prior to connection and when not in use.

8-6.4.3.2 Apparatus shall not be stored or transported with
liquid agents in reservoirs.

8-6.4.3.3 Care shall be observed in attaching connections
from gas services to equipment and from equipment to
patients.

8-6.4.3.4 Fixed or adjustable orifice mechanisms, metering
valves, regulators, and gauges shall not be connected directly
to high-pressure cylinders unless specifically listed for such
use and provided with appropriate safety devices.

8-6.4.3.5 Nasal respiratory therapy catheters shall be color
coded green. Verification of proper connection to oxygen
therapy equipment is necessary to prevent accidental attach-
ment to gastric or intestinal catheters.

8-6.4.3.6 Equipment for respiratory therapy need not be
electrically conductive unless intended for use in a hazard-
ous location.

8-6.5 Qualification and Training of Personnel.

8-6.5.1 Equipment shall be serviced by qualified personnel
only.
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Chapter 9 Manufacturer Requirements

NOTE 1: The application of requirements contained in this
chapter for specific types of health care facilities can be found
in Chapters 12 through 18.

NOTE 2: Sections of Chapter 9 identified by a dagger (])
include figures extracted from NFPA 493-1978, Standard for
Intrinsically Safe Apparatus and Assoctated Apparatus for Use in
Class I, II and III, Division 1 Hazardous Locations. Requests for
interpretations or revisions of the extracted figures will be
referred to the Technical Committee on Electrical Equipment
in Chemical Atmospheres.

9-1 Scope. This chapter covers the performance, mainte-
nance, and testing, with regard to safety, required of man-
ufacturers of equipment used within health care facilities.

9-2 Electrical Equipment.

9-2.1 Patient-Care-Related Electrical Equipment.

NOTE 1: It is the intent that 9-2.1 should not be used by
authorities having jurisdiction over health care facilities to limit
health care facilities’ purchases to patient-care-related elec-
trical appliances meeting these requirements; rather it is the
intent to encourage equipment manufacturers to conduct the
specified tests in order to ensure state-of-the-art electrical safety
in their patient-care-related electrical appliances. Similarly,
it is not the intent of the Technical Committee to require
health care facilities to conduct tests using these manufacturer
requirements to verify that their patient-care-related electri-
cal appliances are in conformance with the requirements of
this chapter. In this respect, it is the intent of the Commit-
tee that health care facilities perform only those tests speci-
fied in 7-5.1.

NOTE 2: See Chapter 2, “Definitions,” for the definition of
patient-care-related electrical appliance.

9.2.1.1 Mechanical Construction.

9-2.1.1.1 Separation of Patient Circuits. Patient-connected
circuits within an appliance shall be sufficiently separated or
insulated from all other circuits within the appliance to pre-
vent accidental contact with hazardous voltages or currents.

9-2.1.1.2 Mechanical Stability. The appliance shall be
mechanically stable in the position of normal use. If the appli-
ance is intended for use in an anesthetizing location, 12-4.1
applies.

9-2.1.2 Electrical Requirements — Appliances Equipped
with Power Cords.

9-2.1.2.1 Attachment Plugs.

(a) General. Attachment plugs listed for the purpose shall
be used on all cord-connected appliances.

NOTE: Hospital grade listing is acceptable, but not required.

{(b) Construction and Use. The plug (cap) shall be a two-
pole, three-wire grounding type. (See ANSI C73.11, C73.12,
C73.45, C73.46; and 410-56, 410-57, 410-58 of NFPA 70,
National Electrical Code.)

Exception No. 1:  Appliances used in special locations or purposes
may be equipped with plugs approved for the location (e.g.,
3-4.1.2.4).

Exception No. 2:  If the power cord of an appliance does not require
and does not contain a grounding conductor it shall not be fitted
with a grounding-type plug [see 9-2.1.2.2(e), “Cords without Ground-
ing Conductors”].

Exception No. 3:  Appliances supplied by other than 120-V single-
phase systems shall use the grounding-type plug (cap) appropriate
for the particular power system (e.g., ANSI C73.16, C73.17,
C73.18, C73.28, C73.83, C73.84, C73.86, C73.87, C73.88,
C73.89, C73.90, C73.91, C73.92, C73.94, and C73.95).

The grounding prong shall be constructed so that it can-
not be easily broken. The grounding prong of the plug shall
be the first to be connected to and last to be disconnected
from the receptacle. If screw terminals are used, the stranded
conductor shall be twisted to prevent stray strands, but the
bundle shall not be tinned after twisting; if the conductor is
not twisted, it shall be attached by an approved terminal lug.
The power cord conductors shall be arranged so that the con-
ductors are not under tension in the plug. The grounding
conductor shall be the last one to disconnect when a failure
of the plug’s strain relief allows the energized conductors to
be disrupted.

(c) Strain Relief. Strain relief shall be provided. The strain
relief shall not cause thinning of the conductor insulation.
The strain relief of replaceable plugs shall be capable of being
disassembled. Plugs may be integrally molded onto the cord
jacket if the design is listed for the purpose.

(d) Testing. The wiring of each cord assembly shall be
tested for continuity and polarity at the time of manufacture,
when assembled into an appliance, and when repaired.

9-2.1.2.2 Power Cords.

(a) Material and Gauge. The flexible cord, including the
grounding conductor, shall be of a type suitable for the par-
ticular application, listed for use at a voltage equal to or
greater than the rated power line voltage of the appliance,
and have an ampacity, as given in Table 400-5A of NFPA 70,
National Electrical Code, equal to or greater than the current
rating of the device.

“Hard Service” (SO, ST, or STO) or “Junior Hard Service”
(SJO, SJT, or SJTO) or equivalent listed flexible cord shall
be used (see Table 400-4 of NFPA 70, National Electrical Code)
except where an appliance with a cord of another designa-
tion has been listed for the purpose.

NOTE: “Hard Service” cord is preferable where the cord
may be subject to mechanical abuse. A cord length of 10 ft
(3.1 m) is recommended for general locations, and 18 ft (5.5
m) for operating rooms, but may be of a different length if
designed for a specific location.

(b) Grounding Conductor. Each electric appliance shall be
provided with a grounding conductor in its power cord. The
grounding conductor shall be no smaller than No. 18 AWG.
The grounding conductor of cords longer than 15 ft (4.6 m)
shall be no smaller than No. 16 AWG. Grounding conduc-
tors shall meet the resistance requirements of 9-2.1.13.2,
“Grounding Circuit Continuity.”
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Exception: A grounding conductor in the power cord need not be
provided for listed double-insulated appliances, but such a ground-
ing conductor shall be permitted to be used to ground exposed con-
ductive surfaces (see 9-2.1.3.2, “Grounding of Exposed Conductive
Surfaces”).

(c) Separable Cord Sets. A separable power cord set shall
be permitted to be used if it can be shown that an acciden-
tal disconnection is unlikely or not hazardous. Separable
power cord sets shall be designed so that the grounding con-
ductor is the first to be connected and the last to be discon-
nected. Cord-set plugs and receptacles at the appliance shall
be polarized in accordance with ANSI C73.13 and C73.17.

Appliances with separable cord sets shall meet the
grounding-wire-resistance requirements of 9-2.1.13.2,
“Grounding Circuit Continuity,” when the cord set is con-
nected to the appliance. Both the cord set and the means of
connection to the appliance shall be listed for the purpose.

(d) Commnection to Circuit and Color Codes. Power cords,
regardless of whether intended for use on grounded or iso-
lated power systems, shall be connected in accordance with
the conventions of a grounded system. (See 200-2 to 200-10
of NFPA 70, National Electrical Code.)

The circuit conductors in the cord shall be connected to
the plug and the wiring in the appliance so that any of the
following devices, when used in the primary circuit, are con-
nected to the ungrounded conductor: the center contact of
an Edison base lampholder; a solitary fuseholder; a single-
pole, overcurrent-protective device; and any other single-pole,
current-interrupting device. (See Exception No. 2 to 210-5(b)
of NFPA 70, National Electrical Code.)

Exception:  If a second fuseholder or other overcurrent-protective
device is provided in the appliance, it may be placed in the grounded
side of the line.

(e) Cords without Grounding Conductors. 1f the power cord
of an appliance does not require and does not contain a
grounding conductor, it shall not be fitted with a grounding-

type plug.

(f) Testing. The wiring of each cord assembly shall be
tested for continuity and polarity at the time of manufacture,
when assembled into an appliance, and when repaired.

(g) Cord Strain Relief. Cord strain relief shall be provided
at the attachment of the power cord to the appliance so that
mechanical stress, either pull, twist, or bend, is not transmit-
ted to internal connections. If the strain relief is molded onto
the cord, it shall be bonded to the jacket and shall be of com-
patible material.

{ (h) Storage. See 7-5.1.2.5(a).

9-2.1.3 Wiring within Appliances Equipped with Power
Cords.

9-2.1.3.1 Protection of Wiring in Appliances. Within the
appliance, the power conductors of the cord and the asso-
ciated primary wiring (other than the grounding conductor)
shall be mounted and dressed to minimize the likelihood of
accidental electrical contact with the frame or exposed con-
ductive parts of the appliance.
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9-2.1.3.2 Grounding of Exposed Conductive Surfaces. All
exposed conductive surfaces of an electric appliance likely
to become energized from internal sources shall be bonded
together to provide electric continuity with the connection
to the grounding conductor.

NOTE 1: Size and location are the main criteria used in
determining what is not likely to become energized and thus
may be exempted from the bonding and grounding require-
ments. Items such as screws, nameplates, hinges, metal trim,
handles, and other hardware are unlikely to become energized
because of their size. If they are sufhciently isolated from inter-
nal sources they need not be grounded.

NOTE 2:  Also, it is unnecessary for exposed conductive sur-
faces to be grounded separately with individual or looped
grounding wires if, by reliable contact or connection with other
grounded metal portions (frame), these surfaces can main-
tain ground.

9-2.1.3.3 Connection to Permit Replacement. The connec-
tion of the power cord to the appliance shall permit ready
replacement of the cord except where the power cord is not
intended to be replaced by the user.

9-2.1.3.4 Connection of the Grounding Conductor. The
grounding conductor shall be connected to the exposed metal
or frame of the appliance by a terminal or bolt so that a reli-
able electrical connection is always maintained. The connec-
tion shall be arranged so that it will not be broken during
electrical or mechanical repair of the appliance, except
replacement of the power cord.

The power cord shall be arranged so that the grounding
conductor is the last to disconnect when a failure of the strain
relief at the appliance allows the cord to be pulled free. When
a grounding conductor is not required and is not provided,
the appliance shall be visibly labeled to indicate that fact.

9-2.1.3.5 Connections with Grounding Conductor. Any
component, such as a filter or test circuit, within an appl-
ance that intentionally reduces the impedance between the
energized conductors and the grounding conductor shall be
in operation when the leakage current tests specified in 9-
2.1.13.4, “Leakage Current from Appliance to Ground,” are
performed.

9-2.1.3.6 Overcurrent Protection. An overcurrent protec-
tive device shall be permitted to be placed in the attachment
plug, the power cord, or in the main body of the appliance.

NOTE: Itis recommended that a listed overcurrent protec-
tive device be used in the power input circuit of all appliances.

The overcurrent protective device shall precede any other
components within the appliance, including the primary
power-control switch.

Exception:  Listed insulated terminal blocks or strips, listed connect-
ing devices, and RFI filters for use on power systems shall be per-
mitted to precede the overcurrent device (see 9-2.1.3.5).

This requirement shall not preclude the use of overcur-
rent protective devices within the appliance. The power con-
trol switch and overcurrent protective device shall be
permitted to be combined into one component provided it
is identified to indicate the combined function.
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9-2.1.3.7 Primary Power-Control Switch. When a primary
power-control switch is provided on an appliance it shall
mnterrupt all primary power conductors, including the neu-
tral conductor. The grounding conductor shall not be inter-
rupted by the switch.

Exception:  When the primary power wiring of an appliance is polar-
ized so as to enswre the proper connection of its neutral conductor
to the electric distribution system of the building, that neutral con-
ductor need not be interrupted by a primary power-control switch.

An in-line switch shall be permitted in a primary power
cord only if the switch is listed with the appliance with which
it is intended to be used.

9-2.1.3.8 Rack- or Cart-Mounted Equipment. Each appli-
ance mounted in an equipment rack or cart, when rated by
the manufacturer as a stand-alone appliance, shall indepen-
dently meet the requirements of 9-2.1.13.

When multiple appliances, as designated by the manufac-
turer, are mounted together in a cart or rack, and one power
cord supplies power, the cart or rack shall meet the require-
ments of 9-2.1.13.

9-2.1.4 Connectors and Connections to Devices.

9-2.1.4.1 Indexing of Receptacles for Patient Leads.

Receptacles on appliances shall be designed and constructed
so that those contacts that deliver electric current in a way
and of a magnitude greater than 500 microamperes, when
measured in accordance with 9-2.1.13.5(a), (b), (d), and (e),
are female and indexed. Receptacles and plugs shall be polar-
ized if improper orientation can create a hazard.

9-2.1.4.2 Distinctive Receptacles for Patient Leads. Where
reversal or misconnection of patient leads to an appliance
might constitute a hazard (for example: reversal of active and
dispersive electrodes of electrosurgical machines), distinctive,
noninterchangeable connections shall be employed.

NOTE: The purpose of these requirements is to prevent
interchanging connectors in any manner that permits the
inadvertent delivery of a hazardous current to a patient.

9-2.1.5 Line Voltage Variations and Transients — General.

All appliances shall be capable of operating within line volt-
age variations that conform with ANSI C84.1, Voltage Rat-
ings for Electrical Power Systems and Equipment.

NOTE: The design of an appliance intended for life sup-
port should minimize the effects on performance of transient,
line voltage variations, or other electrical interference. The
design of all appliances should minimize the production of
line variations and transients.

9-2.1.6 General Design and Manufacturing Requirements.

9-2.1.6.1 Thermal Standards. Electric appliances not
designed to supply heat to the patient, and operated within
reach of a nonambulatory patient, shall not have exposed sur-
face temperatures in excess of 122°F (50°C). Surfaces main-
tained in contact with the skin of patients and not intended
to supply heat shall not be hotter than 104°F (40°C).

9-2.1.6.2 Toxic Materials. Surfaces that contact patients
shall be free of materials that commuonly cause toxic reactions.
Coatings used on these surfaces shall conform to ANSI Z66.1,
Specifications for Paints and Coatings Accessible to Children to Min-
imize Dry Film Toxicity.

9-2.1.6.3 Chemical Agents. Electric appliances containing
hazardous chemicals shall be designed to facilitate the replen-
ishment of these chemicals without spillage to protect the
patient, the operating personnel, and the safety features of
the appliance from such chemicals.

NOTE: Preference should be given to the use of replaceable
sealed canisters of chemicals.

NOTE: See Tentative Interim Amendment on page 233.

9-2.1.7 Fire and Explosion Hazards.

9-2.1.7.1 Materials and Supplies. Materials used in the con-
struction of, and supplies for, electric appliances shall be non-
combustible or flame retardant and impermeable to liquids
and gases to the extent practicable; or the materials used in
the construction of, and supplies for, electric appliances shall
not ignite from internal heating or arcing resulting from any
and all possible fault conditions. This includes spillage of
liquids such as water and intravenous solutions onto the appli-
ance.

Exception:  Materials used in the construction and operation of elec-
tric appliances shall be permitted to be combustible when it is essen-
tial to their intended function.

9-2.1.7.2 Oxygen-Enriched Atmospheres. Electric appli-
ances employing oxygen, or that are intended to be used in
oxygen-enriched atmospheres, shall comply with the appro-
priate provisions of Chapter 8, “Gas Equipment (Positive and
Negative Pressure), Health Care Facilities”; Chapter 19,
“Hyperbaric Facilities”; and NFPA 99B, Standard for Hypobaric
Facilities, in addition to all applicable provisions of this
chapter.

NOTE: Sece also NFPA 53M, Manual on Fire Hazards in
Oxygen-Enriched Atmospheres.

9-2.1.7.3 Inhalation Anesthetizing Locations. Electric appli-
ances used in inhalation anesthetizing locations shall com-
ply with the provisions of Chapter 7, “Electrical Equipment,
Health Care Facilities” and 12-4.1, in addition to all appli-
cable provisions of this chapter.

9-2.1.8 Instruction Manuals and Labels.

9-2.1.8.1 Manuals. The manufacturer of the appliance shall
furnish operator’s, maintenance, and repair manuals with all
units. These manuals shall include operating instructions,
maintenance details, and testing procedures.

The manuals shall include the following where applicable:

(a) Ilustrations that show location of controls,

(b) Explanation of the function of each control,

(c) Illustrations of proper connection to the patient and
other equipment,

(d) Step-by-step procedures for proper use of the
appliance,
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(e) Safety considerations in application and in servicing,

(fy Difficulties that might be encountered, and care to be
taken if the appliance is used on a patient simultaneously with
other electric appliances,

(g) Schematics, wiring diagrams, mechanical layouts, parts
lists, and other pertinent data for the appliance as shipped,

(h) Functional description of the circuit,

(1) Electrical supply requirements (volts, frequency,
amperes, and watts), heat dissipation, weight, dimensions, out-
put current, output voltage, and other pertinent data,

() The limits of electrical supply variations — performance
specifications of the appliance shall be given for the appli-
cable limits of electrical supply variations,

(k) Technical performance specifications including design
levels of leakage current,

() Instructions for unpacking (readily available upon open-
ing), inspecting, installing, adjusting, and aligning,

(m) Comprehensive preventive and corrective maintenance
and repair procedures.

Where appropriate, the information itemized shall be per-
mitted to be supplied in the form of a separate operating
manual and a separate maintenance manual, except that the
separate maintenance manual shall also include essentially
all the information included in the operating manual.

9-2.1.8.2 Operating Instructions on Appliances. Con-
densed operating instructions shall be visibly and permanently
attached to, or displayed on, any appliance that is intended
to be used in emergency situations and that could result in
injury or death to the operator or patient if improperly used.

9-2.1.8.3 Labeling. The manufacturer shall furnish, for all
appliances, labels that are readily visible and legible and that
remain so after being in service for the expected life of the
appliance under hospital service and cleaning conditions.
Controls and indicators shall be labeled to indicate their func-
tion. When appropriate, appliances shall be labeled with pre-
cautionary statements. All appliances shall be labeled with
model numbers, date of manufacture, manufacturer’s name,
and the electrical ratings including voltage, frequency, cur-
rent, and/or wattage of the device. Date of manufacture shall
be permitted to be a code, if its interpretation is provided
to the user. Appliances shall be labeled to indicate if they (1)
are listed for use as medical equipment and (2) have isolated
patient leads. Appliances intended for use in anesthetizing
locations shall be labeled in an approved manner. (Se¢
12-4.1.)

9-2.1.9 Additional Requirements for Special Appliances.

9-2.1.9.1 Signal Transmission Between Appliances.

(a)* General. Signal transmission lines from an appliance
in a patient location to remote appliances shalt employ a sig-
nal transmission system designed to prevent hazardous cur-
rent flowing in the grounding interconnection of the
apphances.

(b) Outdoor Signal Transmission. Outdoor signal transmis-
sion lines from appliances attached to patients shall be
equipped with surge protection appropriate to the type of
transmission line used. Such appliances or signal transmis-
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ston lines shall be designed to prevent a hazard to the patient
from exposure of the lines to lightning, power contact, power
induction, rise in ground potential, radio interference, etc.

9-2.1.9.2 Appliances Intended to Deliver Electrical Energy.

(a) Conditions for Meeting Safety Requiremenis. Electrical-
energy-delivering appliances shall conform to the leak-
age, grounding, and other requirements of this chapter
when powered but not delivering energy.

NOTE 1: When delivering energy, such appliances may devi-
ate from these requirements only to the extent essential for
their intended clinical function.

NOTE 2: Appliances that intentionally or that may inadvert-
ently apply electrical energy to the patient or to components
in contact with the patient require special safety considerations.

NOTE 3: Since there is a wide range of power levels, out-
put frequencies, and purposes of appliances that apply elec-
tricity directly to patients or to patient-connected devices, it
is not feasible to cite them in detail.

(b) Specific Requirements by Type of Deuice.

(1) Electrically Powered Transducers. Exposed metal
parts of these devices shall be considered electrodes and meet
the applicable requirements of 9-2.1.13, “Manufacturers’ Tests
for Safety of Patient-Care-Related Electrical Appliances.” Con-
nectors shall be designed to prevent inadvertent interchange
of leads if interchange could constitute a hazard to the patient
or operator.

NOTE: Electrically powered transducers include pressure
transducers, flowmeters, endoscopes, etc. The electrical energy
is not intended to be applied to the patient but to a device
that contacts the patient.

(2) Patient Impedance Measuring Devices. For a partic-
ular application, the combination of frequency and current
levels shall limit the applied current to the minimum nec-
essary to achieve the medical purposes, but not to exceed the
limits given in 9-2.1.13.5, “Lead Leakage Current Tests and
Limits,” whichever is appropriate.

NOTE: Assessment of physiologic functions by electric
impedance measurements usually requires direct contact with
the patient and injection of electric current.

(3) Electrotherapeutic Devices. Appliances that require
specific pulse forms or high power levels shall be designed
to protect the operator and attendant personnel from acci-
dental electric shock.

NOTE: Electrotherapeutic devices include devices for elec-
trosleep, electroanesthesia, and electroshock.

(4)* Electrosurgery. Electrosurgical devices shall meet the
requirements of 9-2.1.9.2(a), “Conditions for Meeting Safety
Requirements.”

NOTE 1: See Annex 2, “Use of High-Frequency Electricity
in Health Care Facilities,” for information on electrosurgical
devices.

NOTE 2: Electrosurgery uses high levels of continuous or
pulsed radio frequency power. It presents some unique haz-
ards. It generates sparks with the attendant ignition hazard.
It generates radio frequency interference that may obstruct
monitoring. It may cause burns at inadvertent ground return
paths if its return circuit is inadequate. Demodulation prod-
ucts may contain components that cause fibrillation or stim-
ulation. DC monitoring currents may cause chemical burns.
Capacitive or inductive coupling may occur.
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(5) Cardiac Defibrillation. Since the operator holds the
high-voltage patient electrode paddles and defibrillation may
be a hurried emergency procedure, the appliance shall be
designed to protect the operator and attendant personnel
from accidental electric shock.

NOTE: Cardiac defibrillation applies high-voltage, short-
duration pulses to the patient.

9-2.1.9.3 Electrical Equipment in Oxygen-Enriched Atmo-
spheres. Electrically powered equipment intended to be
used within oxygen delivery equipment shall comply with (a)
or (b) or () or (d) or (e) as listed below. When only a remote
control or signal leads of a device are to be used in the site
of intentional expulsion, only the control or signal leads shall
be required to comply with this section.

(a) Listed for use in oxygen-enriched atmospheres.

(b) Comply with the requirements of NFPA 493, Standard
for Intrinsically Safe Apparatus.
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Figure 9-2.1.9.3(a)t.
NOTE: Extracted from NFPA 493, Standard for Intrinsically

Safe Apparatus and Associted Apparatus for Use in Class 1, 11, and
111, Dyvision 1 Hazardous Locations.

(c) Sealed so as to prevent an oxygen-enriched atmosphere
from reaching electrical components. The sealing material
shall be of the type that will still seal even after repeated expo-
sure to water, oxygen, mechanical vibration, and heating from
the external circuitry.

(d) Ventilated so as to limit the oxygen concentration sur-
rounding electrical components to below 23.5 percent by
volume.

(e) Both of following:
(1) No hot surfaces over 573°F (300°C).

Exception:  Small (less than 2-wait) hermetically sealed heating ele-
ments such as light bulbs.

(2) No exposed switching or sparking points of electri-
cal energy that fall to the right of the curve for the appro-
priate type of circuit contained in Figures 9-2.1.9.3 (a)
through (f). The dc (or peak ac) open-circuit voltage and
short-circuit current shall be used.
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Figure 9-2.1.9.3(b).

NOTE: Extracted from NFPA 493, Standard for Intrinsically
Safe Apparatus and Associated Apparatus for Use in Class 1, 11, and
111, Division 1 Hazardous Locations.
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9-2.1.10 Low-Voltage Appliances and Appliances Not Con-
nected to the Electric Power Distribution System.

9-2.1.10.1 General. Appliances and instruments operating
from batteries or their equivalent, or from an external source
of low voltage, or that are not connected to the electric power
distribution system shall conform to all applicable require-
ments of 9-2.1, “Patient-Care-Related Electrical Equipment.”
This shall include communication, signaling, entertainment,
remote-control, and low-energy power systems.

Exception:  Telephones.

9-2.1.10.2 Rechargeable Appliances. Battery-operated
appliances that are rechargeable while in use shall meet all
the requirements of 9-2.1.13.3, “Leakage Current Tests,” for
line-operated appliances.

9-2.1.10.3 Low-Voltage Connectors. Attachment plugs used
on low-voltage circuits shall have distinctive configurations
that do not permit interchangeable connection with circuits
of other voltages.

9-2.1.10.4 Isolation of Low-Voltage Circuits. Low-voltage
circuits shall be electrically isolated from the electric power
distribution system.
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Figure 9-2.1.9.3(c)t.

NOTE: Extracted from NFPA 493, Standard for Intrinsically
Safe Apparatus and Associated Apparatus for Use in Class 1, I1, and
HI, Division 1 Hazardous Locations.
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9-2.1.11 Cardiac Monitors and Electrocardiographs.
Monitoring of cardiac activity is crucial to effective defibril-
lation. Design of electrocardiographs, cardiac monitors, or
blood-pressure monitors intended for use on patients in crit-
ical care areas shall include protection against equipment
damage during defibrillation of the patient.

9-2.1.12 Direct Electrical Pathways to the Heart. The
requirements of this section shall apply only to manufactur-
ers except where specifically noted.

NOTE: This section is concerned with the patient who may
have either of two types of direct electrical connections to the
heart. The obvious and most hazardous conductor comprises
a wire in contact with the heart muscle. This may be a pace-
maker electrode, a guide wire, or a transthoracic or implanted
electrode. The second type of conductor is a liquid column
contained within a nonconductive catheter with the internal
end in the heart.

9-2.1.12.1 Cardiac Electrodes.

(a) General. Appliances that have isolated patient leads
shall be labeled as having isolated patient leads in accordance
with 9-2.1.13.5, “Lead Leakage Current Tests and Limits.”

(b) Insulation of Cardiac Leads. Pacemaker leads and other
wires intended for insertion into the heart, together with their
adapters and connections to appliances, shall be insulated
except for their sensing or stimulation areas.

NOTE: The user is required to have a policy to protect pac-
ing leads with external terminals from potentially hazardous
contact with conductive surfaces (see 7-6.2.1.3, “Protection of
Patients with Direct Electrical Pathways to the Heart”).
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Figure 9-2.1.9.3(d)f.

NOTE: Extracted from NFPA 493, Standard for Intrinsically
Safe Apparatus and Associated Apparatus for Use in Class 1, II, and
I, Division 1 Hazardous Locations.
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Exception No. 1: Metal stylets or guide wires temporarily intro-
duced into a vein or artery for purposes of positioning a catheter
need not be insulated. When such guide wires are inside the heart
the operator shall exercise extreme care to ensure safe use. When used
i conjunction with electrical devices (e.g., positioning catheters by
use of ECG recordings), the guide wire shall be insulated as required
above.

Exception No. 2:  Insulated wires designed to be introduced through
a surgical needle, or other special wires where it is not practicable
to maintain insulation, shall not be required to maintain insulation
during introduction or manipulation. At such times the operator shall
lake appropriate safeguards.

(c) Safety Requirements for Cardiac Electrodes. The electrode
catheter, fitting, and associated appliance, when assembled,
shall meet the applicable requirements of 9-2.1.13.5, “Lead
Leakage Current Tests and Limits,” for isolated patient leads.

(d) Insulation of Pacemaker Connections. Uninsulated or
open-type connectors shall not be used for external cardiac
pacemaker terminals.

9-2.1.12.2 Liquid-Filled Catheters.

(a) Cardiac Catheter System. Any conductive element of a
liquid catheter system that can come in contact with the lig-
uid column shall be insulated from ground or electric energy
sources.

1H TTITIT ITTTIT T T TIT
01 1 S
inductance circuits 1
500 mH +
(L>1mH) H
Minimum igniting currents at T
N 24 volts. 1
200 mH Applicable only to circuits where | ||
\ cadmium, zinc or magnesium | ]
\ can be excluded.
100 mH
AY
\
50 mH
X
20 mH
N
L 10mH
AY
5mH
2mH
1mH
A Y
500 uH
A ¥
A
200 uH \
100 uH
10mA 20mA 50 mA 100mA 200 mA 500 mA 1A 2A S5A

I
Figure 9-2.1.9.3(e)t.
NOTE: Extracted from NFPA 493, Standard for Intrinsically

Safe Apparatus and Associated Apparatus for Use in Class I, II, and
HI, Division 1 Hazardous Locations.

NOTE: A liquid catheter system may consist of the cathe-
ter itself, pressure transducers, electronic appliances, and asso-
ciated accessories.

(b) Nonconductive Cardiac Catheters. A nonconductive cath-
eter containing a conductive liquid, when connected to its
appropriate system, shall meet the applicable requirements
0f 9-2.1.13.5, “Lead Leakage Current Tests and Limits,” for
isolated patient leads, with the patient end of the liquid-filled
catheter considered to be an electrode.

(c) Conductive Cardiac Catheters. 1f the liquid column is con-
tained in a catheter made of conductive material having an
electrical conductivity approximating that of blood, the sys-
tem shall not require connection to an isolated patient lead.
Conductive catheters shall be appropriately identified.

9-2.1.12.3 Angiographic Catheters. Appliances used to
inject contrast media into the heart or major vessels shall meet
the same safety requirements as other liquid-filled catheter
systems.

NOTE: Although contrast injectors are not intended to apply
electrical energy to the patient, they may deliver current from
the power source and also may generate transient voltages
large enough to be hazardous.
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NOTE: Extracted from NFPA 493, Standard for Intrinsically
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HI, Division 1 Hazardous Locations.
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9-2.1.13 Manufacturers’ Tests for Safety of Patient-Care-
Related Electrical Appliances.

9-2.1.13.1 General. This section describes tests by manu-
facturers for the safe operation of an appliance. The tests in
this subsection are in addition to the design requirements of
the entire Section 9-2.1, “Patient-Care-Related Electrical
Equipment.” The appliance manufacturer shall perform the
testing adequate to ensure that each finished appliance will
meet the specified test limits of this section.

Exception:  Tests that are potentially destructive need only be per-
formed by the manufacturer to assure design compliance for new
appliances.

9-2.1.13.2 Grounding Circuit Continuity.

(a) Measurement of Resistance. The resistance between the
appliance chassis, or any exposed conductive surface of the
appliance, and the ground pin of the attachment plug shall
be measured. The resistance shall be less than 0.15 ohm. The
cord shall be flexed at its connection to the attachment plug
or connector, and at its connection to the strain relief on the
chassis during the resistance measurement.

9-2.1.13.3* Leakage Current Tests.

(@) Techniques of Measurement. Each test shall be performed
with the appropriate connection to a properly grounded ac
power system.

(b) Frequency of Leakage Current. 'The leakage current lim-
its stated in 9-1.1.13.4, “Leakage Current From Appliance
to Ground,” and 9-2.1.13.5, “Lead Leakage Current Tests
and Limits,” shall be rms values for dc and sinusoidal wave-
forms up to 1 kHz. For frequencies above 1 kHz, the leak-
age current limits shall be the values given in 9-2.1.13.4 and
9-2.1.13.5 multiplied by the frequency, in kHz, up to a max-

Jimum of 10 milliamperes.

NOTE 1: The limits for nonsinusoidal periodic, modulated,
and transient waveforms remain to be determined.

NOTE 2: For complex leakage current waveforms, a single
reading from an appropriate metering system can represent
the physiologically effective value of the composite waveform,
provided that the contribution of each component to the total
reading is weighted in accordance with 9-2.1.13.3(b).

This “weighting” can be achieved by a frequency-response-
shaping network that precedes a flat response meter, or by

a meter whose own frequency response characteristic matches

9-2.1.13.3(b).

(c) Leakage Current in Relation to Polarity. Leakage current
measurements shall be made with the polarity of the power
line normal and reversed, the power switch of the appliance
“on” and “off,” and with all operating controls in the posi-
tions to cause maximum leakage current readings. The leak-
age current limits in 9-2.1.13.4 and 9-2.1.13.5 shall not be
exceeded under any of these conditions.

9-2.1.13.4 Leakage Current from Appliance to Ground.

(a) Test Methods. The current shall be measured from the
exposed conductive surfaces of the appliance to ground with
all grounding conductors open at the end nearest the power
receptacle. The appliance shall not be grounded by any other
means. The current meter shall be inserted between the
exposed conductive surfaces and ground. This test shall be
made under the conditions of 9-2.1.13.3. This test is illus-
trated in Figure 9-2.1.13.4(a).
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Figure 9-2.1.13.4(a) Test circuit for measuring leakage current from exposed
conductive surfaces.

Appliances required to meet the limits of 7-5.2.2.1(a),
“Facility-Owned Household Appliances,” (i.e., appliances not
intended to contact a patient) shall be tested with switch “A”
open (open neutral). All other appliances meeting the lim-
its of 9-2.1.13.4(c)(1) and (2), “Chassis Leakage Current Lim-
its,” shall be tested with switch “A” closed (connected neutral).

(b) Appliances with No Exposed Conductive Surfaces. When
the appliance has no exposed conductive surface, one shall
be simulated by placing a 3.9 by 7.8 in. (10 by 20 cm) bare
metal foil in intimate contact with the exposed surface. This
shall be considered the “exposed metal surface” of the appli-
ance and all appropriate tests shall be performed to the foil.

()* Chassis Leakage Current Limits.

(1) Cord-Connected Appliances. Cord-connected appli-
ances that are intended for use in the patient vicinity shall
not exceed 100 microamperes of chassis leakage current as
measured in 9-2.1.13.4(a), “Test Methods.”

(2) Permanently Wired Equipment. Permanently wired
equipment installed in the patient vicinity shall not have leak-
age current from the frame to ground in excess of 5.0 mil-
liamperes. The leakage current shall be measured prior to
installation by the installer and verified and accepted by the
facility. This measurement shall be made in accordance with
9-2.1.13.4(a) while the equipment is temporarily insulated
from ground.

9-2.1.13.5 Lead Leakage Current Tests and Limits.

(a) Lead to Ground (Nonisolated Input). The lead leakage
current to ground shall be measured under the conditions
of 9-2.1.13.3, “Leakage Current Tests.” The test shall be made
between each patient lead and ground and between the com-
bined patient leads and ground. The test shall be made with
the patient leads active (e.g., in the case of a multilead instru-
ment, the lead selector switch shall be advanced through all
operating positions). Each measurement shall be performed
with the grounding conductors both opened and closed. For
this purpose the grounding conductor shall be interrupted
at the plug end of the appliance cord. Figure 9-2.1.13.5(a)
is an example of an acceptable test configuration. The leak-
age current shall be less than 50 microamperes.

(b) Lead to Ground (Isolated Input). The leakage current
to ground between each patient lead and ground shall be
measured under the conditions of 9-2.1.13.3, “Leakage Cur-
rent Tests.” The test shall be made with the patient leads
active (e.g., in the case of a multilead instrument, the lead



MANUFACTURER REQUIREMENTS

99-95

Patient lead selector
switch {if any)

Hance itch ) .
Appliance power switc {activated as required)

This connection Is  {use both “‘off” and “on’’ positions)
at service entrance Patient connected
or on the supply Polarity reversing leads

side of a separately switch {use both Between each

derived system Appliance

positions)

patient lead

H {Black) _\_\____ \ ~=—n Jand ground
€ Q 61';—<<H—-o".’o#§ 210 ote
120V = &l ois 300
N (White) NP T G e £
_____ J <~ 1= ol
o {a) {b)

G {Green)

L Building
= ground

Insulating surface /

H = Hot f

e

Grounding contact switch Current meter N = Neutral {grounded)

G = Grounding conductor
Between combined
patient leads and
ground

{use in both ““open’” and
“closed’’ positions)

Figure 9-2.1.13.5(a) Test circuit for measuring leakage current between
patient leads and ground (nonisolated).

selector switch shall be advanced through all operating posi-
tions). Each measurement shall be performed with the
grounding conductors both opened and closed. For this pur-
pose the grounding conductor shall be interrupted at the
plug end of the appliance cord. Figure 9-2.1.13.5(b) is an
example of an acceptable test configuration. The leakage cur-
rent shall be less than 10 microamperes with the ground
intact and 50 microamperes with the ground open.
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Figure 9-2.1.13.5(b) Test circuit for measuring leakage current between
patient leads and ground (isolated).

(c) Isolation Test (Isolated Input). The isolation between each
patient lead and ground for an appliance that has been
labeled as having isolated patient leads shall be measured by
observing the current produced by applying an external
source of power-line frequency and voltage between the lead
and ground while the leads are approximately 8 in. (20 cm)
from a grounded conductive surface. Similarly, the isolation
at the apparatus terminals to the patient cables shall be mea-
sured. Figure 9-2.1.13.5(c) is an example of an acceptable test
configuration. At the patient end of the leads the leakage cur-
rent shall be less than 20 microamperes and at the appara-
tus terminals less than 10 microamperes. Only appliances
meeting this requirement shall be permitted to be identified
as having isolated patient leads.

Suitable safety precautions (such as including a resistance
in series to limit the current, insulation of the meter, and a
momentary switch) shall be taken to protect the operator. In
appliances without a power cord or with ungrounded,
exposed conductive surfaces, measurements shall be made
with the exposed conductive surfaces temporarily grounded.
If there is no exposed conductive surface, measurement

shall be made with a simulated surface, as described in
9-2.1.13.4(b), “Appliances with No Exposed Conductive Sur-
faces,” which is also temporarily grounded.

P
7
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Figure 9-2.1.13.5(c) Test circuit for measuring the electrical isolation of
isolated patient leads.

(d) Between Leads (Nonisolated Input). The current between
any pair of leads or any single lead and all others shall be
measured under the conditions of 9-2.1.13.3, “Leakage Cur-
rent Tests.” Each measurement shall be performed with the
grounding conductors both opened and closed. For this pur-
pose the grounding conductor shall be interrupted at the
plug end of the appliance cord. Figure 9-2.1.13.5(d)/(e) is an
example of an acceptable test configuration. The leakage cur-
rent shall be less than 50 microamperes.

Exception:  Measuring leakage current between any single lead and
all other leads need only be performed to assure the approval agency
of design compliance.

(e) Between Leads (Isolated Input). The current between any
pair of leads or any single lead and all others shall be mea-

Patient connected leads
{grouped and connected
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. switch {activated as
Polarity reversing
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requlrements)
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Figure 9-2.1.13.5(d)/(¢) Test circuit for measuring leakage current between
patient leads (nonisolated and isolated).

sured under the conditions of 9-2.1.13.3, “Leakage Current
Tests.” Each measurement shall be performed with the
grounding conductors both opened and closed. For this pur-
pose the grounding conductor shall be interrupted at the
plug end of the appliance cord. Figure 9-2.1.13.5(d)/(e) is an
example of an acceptable test configuration. The leakage cur-
rent shall be less than 10 microamperes with the ground
intact and 50 microamperes with the ground open.
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Exception:  Measuring leakage current between any single lead and
all other leads need only be performed to assure the approval agency
of design compliance.

9-2.1.14 Flammable Gases. Additional design and construc-
tion requirements for appliances used in flammable anesthe-
tizing locations are contained in 7-5.1.2.7 and 7-5.1.2.8.
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9-2.2 Nonpatient Electrical Equipment.

9-3 Gas Equipment. (Reserved)

9-4 Material.

(Reserved)

(Reserved)
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Chapter 10 Laboratories

NOTE: The application of requirements contained in this
chapter for specific types of health care facilities can be found
in Chapters 12 through 18.

10-1 Introduction and Scope.

10-1.1 Hazards and Responsibilities. Laboratory facilities
present fire hazards of a nature not encountered elsewhere
in health-related institutions.

10-1.2* Scope.

10-1.2.1 This section is not intended to cover hazards result-
ing from the misuse of chemicals, radioactive materials, or
biological materials that will not result in fires or explosions.
Although it deals primarily with hazards related to fires and
explosions, many of the requirements to protect against fire
or explosion, such as those for hood exhaust systems, also
serve to protect persons from exposure to nonfire health haz-
ards of these materials.

10-1.3 Interface with Existing Codes and Standards.

10-1.3.1 Where interface with existing NFPA or other con-
sensus codes and standards occurs, reference is made to the
appropriate source in the text.

10-1.3.2 Where necessary, due to the special nature of lab-
oratories, codes and standards are supplemented in this text,
so as to apply more specifically to buildings or portions of
buildings devoted to laboratory usage.

10-2 Nature of Hazards.

10-2.1* General. Laboratory work may involve the use of
flammable, combustible, and explosive materials that can be
safely handled only if they are treated with a respect for and
a knowledge of their hazardous properties.

10-2.2 Fire Loss Prevention.

10-2.2.1 Hazard Assessment.

10-2.2.1.1 An evaluation shall be made of hazards that may
be encountered during laboratory operations before such
operations are begun. The evaluation shall include hazards
associated with the properties of the chemicals used, hazards
associated with the operation of the equipment, and hazards
associated with the nature of the proposed reactions (e.g.,
evolution of acid vapors or flammable gases).

10-2.2.1.2 Periodic reviews of laboratory operations and pro-
cedures shall be conducted with special attention given to any
change in materials, operations, or personnel.

10-2.2.1.3 Unauended operations and automatic laboratory
equipment shall be provided with periodic surveillance or
with automatic monitoring devices to detect and report abnor-
mal operation.

10-2.2.1.4 When chemicals and reagents are ordered, steps
shall be taken to determine the hazards and to transmit that
information to those who will receive, store, use, or dispose
of the chemicals.

10-2.2.2 Fire Prevention Procedures. Fire prevention pro-
cedures shall be established. (See Section 10-8.)

10-2.2.3 Emergency Procedures.

10-2.2.3.1 Procedures for laboratory emergencies shall be
developed. Such procedures shall include alarm actuation,
evacuation, and equipment shutdown procedures, and pro-
visions for control of emergencies that may occur in the lab-
oratory, including specific detailed plans for control
operations by an emergency control group within the orga-
nization or a public fire department.

10-2.2.3.2 Emergency procedures shall be established for
controlling chemical spills.

10-2.2.3.3* Emergency procedures shall be established for
extinguishing clothing fires.

10-2.2.4 Orientation and Training.

10-2.2.4.1 New laboratory personnel shall be taught gen-
eral safety practices for the laboratory and specific safety prac-
tices for the equipment and procedures they will use.

10-2.2.4.2 Continuing safety education and supervision shall
be provided, incidents shall be reviewed monthly, and pro-
cedures shall be reviewed annually.

10-2.2.4.3 Fire-exit drills shall be conducted at least quar-
terly. Drills shall be so arranged that each person shall be
included at least annually.

NOTE: Interruption of essential services is not required.

10-3 Structure.

10-3.1* Construction and Arrangement.

10-3.1.1 Health care laboratories shall be separated from
surrounding health care areas and from exit corridors by fire-
resistive construction with a minimum rating of one hour,
and all openings protected by ¥s-hour-rated assemblies.

Exception No. 1:  Laboratories that are protected by automatic extin-
guishing systems and that are not classified as a severe hazard are
not required to be separated.

Exception No. 2: Any opening in a laboratory corridor barrier may
be held open only by an automatic release device complying with the
applicable requirements in NFPA 101, Life Safety Code.

10-3.1.2 Interior finish in laboratories and means of egress
shall comply with the applicable sections of NFPA 101, Life
Safety Code.

10-3.2 Exit Details.
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10-3.2.1* Any room arranged for laboratory work that has
an area in excess of 1000 sq ft (92.9 sq m) shall have at least
two exit access doors remote from each other, one of which
shall open directly onto a means of egress.

10-3.2.2 Travel distance between any point in a laboratory
|and an exit access door shall not exceed 75 ft (22.9 m).

10-3.2.3 Exit access doors from laboratories shall meet the
requirements of NFPA 101, Life Safety Code.

10-3.2.4 Laboratory corridors constituting access to an exit
shall meet the requirements of NFPA 101, Life Safety Code.
Corridors shall be maintained clear and unobstructed at all
times.

10-3.2.5 Laboratory corridors, used for the transporting of
patients in beds or litters, and constituting access to an exit,
shall be not less than 96 in. (243.8 cm) in clear and unob-
structed width.

10-3.3 Exhaust Air. Exhaust air shall conform to 5-3.1.
10-3.4 Ventilation. Ventilation shall conform to 5-4.3.

10-3.5 Fume Hoods. Fume hoods shall conform to 5-4.4
and 5-6.2.

10-4 Equipment.
10-4.1 Equipment Employing Liquids.

10-4.1.1 Tissue processors and similar automatic equipment
that release ignitable (flammable or combustible) vapors into
the ambient workspace shall be operated at least 5 ft (1.52
m) from the storage of combustible materials, unless sepa-
rated by one-hour fire-resistive construction.

NOTE: Tissue processors that operate as a closed system
contain ignitable vapor hazards within the processor and thus
do not pose a hazard requiring a 5 ft separation.

10-4.1.2* Unattended laboratory operations employing flam-
mable or combustible reagents shall be conducted in an area
equipped with an automatic fire extinguishing system.

10-5* Fire Protection.

10-5.1* Automatic fire extinguishing protection shall be pro-
vided in all laboratories, including associated storage rooms,
when:

10-5.1.1 Laboratories are not separated from surrounding
areas by at least one-hour fire-resistive construction with door
openings protected by Class C self-closing fire doors, and
employ quantities of lammable, combustible, or hazardous
materials less than that which would be considered severe.

10-5.1.2 Laboratories are not separated from surrounding
areas by at least two-hour fire-resistive construction with door
openings protected by Class B self-closing doors, and employ
quantities of flammable, combustible, or hazardous materi-
als considered severe.
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NOTE: Where there is a critical need to protect data in pro-
cess, reduce equipment damage, and facilitate return to ser-
vice, considerations should be given to the use of Halon 1301
total flooding systems in sprinklered or unsprinklered com-
puter rooms. Chapter 5 of NFPA 75, Standard for the Protec-
tion of Electronic Computer/Data Processing Equipment, provides
general information on the protection of computer room
equipment.

10-5.2 Automatic fire extinguishment and fire detection sys-
tems, when required, shall be connected to the facility fire
alarm system and shall be arranged to immediately sound
an alarm.

10-5.3 Fire extinguishers suitable for the particular hazards
shall be located so that they will be readily available to per-
sonnel in accordance with NFPA 10, Standard for Portable Fire
Extinguishers.

10-6* Emergency Shower. Where the eyes or body of any
person may be exposed to injurious corrosive materials, suit-
able fixed facilities for quick drenching or flushing of the eyes
and body shall be provided within the work area for imme-
diate emergency use. Fixed eye baths shall be designed and
installed to avoid injurious water pressure.

If shutoff valves or stops are installed in the branch line
leading to safety drenching equipment, the valves shall be
OS and Y (outside stem and yoke), labeled for identification,
and sealed in the open position. The installation of wall-
mounted portable eye-wash stations shall not preclude the
adherence to the provisions of this section.

10-7 Flammable and Combustible Liquids.

10-7.1 General.

10-7.1.1 Flammable and combustible liquids shall be han-
dled and used with care and with knowledge of their haz-
ardous properties, both individually and in combination with
other materials with which they can come in contact. (See ref-
erences in Chapter 20 and Appendix B.)

10-7.2* Storage and Use.

10-7.2.1* Flammable or combustible liquids shall be used
from and stored in approved containers, in accordance with
NFPA 30, Flammable and Combustible Liquids Code.

10-7.2.2* Established laboratory practices shall limit work-
ing supplies of flammable or combustible liquids. The total
capacity of flammable or combustible liquids outside of
approved storage cabinets shall not exceed 10 gal (37.85 L)
per 5000 sq ft (464.4 sq m). The total capacity of all approved
storage cabinets in a laboratory shall not exceed 60 gal (227.1
L) per 5000 sq ft (464.4 sq m). No flammable or combusti-
ble liquids shall be stored or transferred from one vessel to
another in any exit corridor or passageway leading to an exit.
At least one approved flammable or combustible liquid stor-
age room shall be available within any health care facility reg-
ularly maintaining a reserve storage capacity in excess of 300
gal (1135.5 L). Quantities of flammable and combustible lig-
uids for disposal shall be included in the total inventory.

10-7.2.3 Venting of storage cabinets shall be permitted. Stor-
age cabinets with approved flame arresters shall be permit-
ted to be exhausted through a fume hood exhaust system.
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Construction of the venting duct within the laboratory shall
be equal to the rating of the cabinet.

10-7.2.4 Flammable or combustible liquids shall not be posi-
tioned near Bunsen burners, ovens, hot pipes and valves, or
other sources of heat, in corridors, or within exhaust can-
opies.

10-7.2.5* Class I flammable or combustible liquids shall not
be stored in refrigerators. Storage of other combustible lig-
uids in well-sealed containers is permissible in listed flammable
materials storage refrigerators or in refrigerators listed for
Class I, Division 1, Groups C and D. The outside of doors
to refrigerators shall be labeled to denote whether or not they
are acceptable for storage of flammable or combustible lig-
uids. If the refrigerator is not listed for the purpose, the warn-
ing shall be worded to prohibit all storage of flammable or
combustible liquids.

10-7.3 Transfer of Flammable or Combustible Liquids.

Transfer from bulk stock containers to smaller containers
shall be made in storage rooms as described in NFPA 30,
Flammable and Combustible Liquids Code, or within a fume hood
having a face velocity of at least 100 ft (30.5 m) per minute.

10-7.4 Handling of Flammable and Combustible Liquids.

10-7.4.1 Flammable liquids and combustible liquids with
flash points lower than 200°F (93.3°C) (Class I, II, and ITIA
liquids) shall be heated in hoods or with special local exhaust
ventilation if the quantities exceed 10 ml, or if the liquid is
heated to within 30° (16.6°) of the flash point of the liquid.

10-7.4.2 Flammable or combustible liquids shall be heated
with hot water, steam, or an electric mantle, depending upon
their boiling points. Open flames shall not be employed.

10-7.5* Disposal of Hazardous Materials. Disposal of haz-
ardous materials shall be accomplished off the premises by
a disposal specialist or at a safe location away from the health
care facility by competent personnel using procedures estab-
lished in concurrence with the authority having jurisdiction.

10-8* Maintenance and Inspection.
10-8.1 Procedures.

10-8.1.1 For adequate laboratory safety, careful maintenance
and watchfulness are imperative.

10-8.1.2 A safety officer shall be appointed to supervise safe
practices in the laboratory. Responsibilities shall include ensur-
ing that the equipment and preparation for fire fighting are
appropriate for the special fire hazards present. These
responsibilities shall be in addition to surveillance of hazards
attendant to caustics, corrosives, compressed gases, electri-
cal installations, and other hazards indigenous to laborato-
ries in health care facilities. This individual shall also supervise
the periodic education of laboratory personnel, including new
employee orientation, in the nature of combustible and flam-
mable liquids and gases, first-aid fire fighting, and the use
of protective equipment and shall review unsafe conditions
observed or reported.

NOTE: This individual may be the safety officer for the
health care facility or may be a specifically designated labo-
ratory safety officer.

10-8.1.3 Regular rounds of the health care facility labora-
tory shall be made by a member of the security force or
another designated individual whenever the laboratory is
unattended, but particularly and especially in the hours
immediately following the departure of the laboratory staff
for the night. The laboratory safety officer shall inform the
security force of those areas and items of equipment of a haz-
ardous nature requiring special surveillance.

10-8.1.4* Operations and equipment related to safe oper-
ations and practices, including such items as ventilating pro-
visions, fire protection apparatus, periodical flushing of sinks,
emergency showers and eye-wash units, shelf stocks and stor-
age of flammable and combustible materials, and caustic and
corrosive liquids shall be reviewed at appropriate, regular
intervals. A system of prompt reporting of defective equip-
ment and its prompt repair shall be instituted, and periodic
inspections shall be made of all electrical and gas equipment.
The laboratory safety officer shall prepare and supervise the
proper completion of a safety checklist that can be preserved
for record.

10-8.1.5 Periodic safety inspection shall include the testing
of all emergency showers, eye baths, and other emergency
equipment.

10-8.1.6* A system for disposing of hazardous chemicals and
combustible trash shall be established and regularly main-
tained. Disposal of chemical wastes shall be in accordance with
good safety practices and environmental standards.

10-8.2 Identification of Hazards.

10-8.2.1 All doors leading to laboratories in health-related
facilities shall be marked with the emblem described in NFPA
704, Standard System for the Identification of Fire Hazards of Mate-
rials, to indicate the fire hazards of materials intended to be
used within this area.

10-8.2.2 It shall be the responsibility of the laboratory safety
officer to assure periodically that the emblem properly indi-
cates the nature of the materials being used within the iden-
tified space.

10-8.2.3 It shall be the duty of the senior person respon-
sible for activities in respective laboratory areas to inform the
laboratory safety officer of changes in protocol and proce-
dures that involve variations in the fire hazards of materi-
als used in individual spaces.

10-9 Transfer of Gases.

10-9.1 Transfer of gaseous oxygen shall be in accordance
with 4-6.2.1.5(b).

10-9.2 Transfer of all other gases from one cylinder to
another within the laboratory shall be prohibited.

10-9.3 Transfer of liquid oxygen shall be in accordance with
4-6.2.1.6(a).

1990 Edition






HOSPITAL REQUIREMENTS

99-101

Chapter 11  (Reserved)

Chapter 12 Hospital Requirements
12-1 Scope. This chapter addresses safety requirements of
hospitals.

12-2 General Responsibilities.

12-2.1 As used in this chapter, the term hospital (except
where it obviously refers to the physical structure) shall mean
the entity and that portion of its internal governing struc-
ture that has the responsibility for the elements of hospital
operation covered by this chapter, including building design,
purchasing specifications, inspection procedures, maintenance
schedules, and training programs affecting such use.

12-2.2 It is understood that the individuals who are respon-
sible will vary from one hospital to another, although in most
cases the hospital’s administration exercises the concomitant
authority. It is further recognized that fulfillment of this
responsibility frequently occurs by means of delegating appro-
priate authority to staff, consultants, architects, engineers, and
others.

12-2.3 To achieve the performance criteria of Chapters 1
through 11 the governing body of the hospital shall be per-
mitted to assign responsibility to appropriate hospital per-
sonnel, consultants, architects, engineers, or others.

12-2.4 The hospital shall ensure that policies are established
and maintained that permit the attending physician to sat-
isfy the emergency needs of any patient that may supersede
the requirements of this chapter. Each such special use shall
be clearly documented and reviewed to attempt to have
future similar needs met within the requirements of this
chapter.

12-2.5 Electricity. It shall be the responsibility of the hos-
pital to provide an environment that is reasonably safe from
the shock and burn hazards attendant with the use of elec-
tricity in patient care areas.

The hospital shall establish policies and procedures related
to the safe use of electric appliances.

Each hospital shall be permitted to select a specific elec-
trical safety program that is appropriate to its particular
needs.

The physical protection afforded by the installation of an
electrical distribution system that meets the requirements of
this chapter and the purchase of properly constructed and
tested appliances shall be augmented by having designated
departments of the facility assume responsibility for the con-
tinued functioning of the electrical distribution system (Chap-
ter 3) and the inspection, testing, and maintenance of
electrical appliances (Chapter 7).

The hospital shall adopt regulations and practices concern-
ing the use of electric appliances and shall establish programs
for the training of physicians, nurses, and other personnel
who may be involved in the procurement, application, use,
inspection, testing, and maintenance of electrical appliances
for the care of patients.

12-2.6 Patient Care Areas. Areas of a hospital in which
patient care is administered are classified as general care areas
|or critical care areas, either of which may be classified as a
wet location. The governing body of the facility shall desig-
nate these areas in accordance with the type of patient care
anticipated and with the following definitions of the area clas-
sification. (See definition of patient care area in Chapter 2.)

(a) General care areas are patient bedrooms, examining
rooms, treatment rooms, clinics, and similar areas in which
it is intended that the patient shall come in contact with ordi-
nary appliances such as a nurse-call system, electric beds,
examining lamps, telephones, and entertainment devices. In
such areas, it may also be intended that patients be connected
to electromedical devices (such as heating pads, electrocar-
diographs, drainage pumps, monitors, otoscopes, ophthal-

|moscopes, intravenous lines, etc.).

(b) Critical care areas are those special care units, inten-
sive care units, coronary care units, angiography laborato-
ries, cardiac catheterization laboratories, delivery rooms,
operating rooms, and similar areas in which patients are
intended to be subjected to invasive procedures and con-
nected to line-operated, electromedical devices.

(c) Wet locations. (See definition in Chapter 2.)

12-2.7 Anesthesia. It shall be the responsibility of the gov-
erning body of the hospital to designate anesthetizing loca-
tions.

12-2.8 Laboratories. The governing boards of hospitals shall
have the responsibility of protecting the facilities (for patient
care and clinical investigation) and the personnel employed
therein.

12-3 General Requirements.

12-3.1 (Reserved)

12-3.2 (Reserved)

12-3.3 Electrical System Requirements.

12-3.3.1 The normal electrical distribution system for patient
care areas shall conform to the requirements in Chapter 3,
“Electrical Systems.”

These requirements apply to new construction. Existing
installations need not be modified, provided that they meet
the operational safety requirements in 3-5.2.1 through 3-5.2.3.

12-3.3.2 The essential electrical distribution system shall con-

form to a Type I system, as described in Chapter 3, “Elec-
trical Systems.”

12-3.4 Gas and Vacuum System Requirements.
12-3.4.1 Patient piped gas systems shall conform to Type

I systems in Sections 4-3 through 4-6 of Chapter 4, “Gas and
Vacuum Systems.”

12-3.4.2 Laboratory piped gas systems shall conform to
4-3.3, 4-4.3, and 4-6.

12-3.4.3 Patient piped vacuum systems shall conform to
4-7 through 4-10.

1990 Edition



99-102

HEALTH CARE FACILITIES

12-3.4.4 Laboratory piped vacuum systems shall conform
to 4-7 through 4-10.

12-3.4.5 For nonmedical piped gas systems, 4-3.4 shall
apply.

12-3.5 Environmental System Requirements. (Reserved)

(See 12-4.1 and 12-4.2 for requirements for anesthetizing loca-
tions and laboratories, respectively.)

12-3.6 Material Requirements. (Reserved)
12-3.7 Electrical Equipment Requirements.

12-3.7.1 Patient Care Areas. Electrical appliances shall con-
form to Chapter 7, “Electrical Equipment, Health Care Facil-
ities” as applicable to patient care areas. (See 7-5.1 and
7-5.2.2.1)

NOTE: The requirements of Chapter 7 apply to all electri-
cal appliances. Chapter 7 requirements and procedures are
intended to be implemented by the hospital to evaluate exist-
ing equipment or to evaluate new equipment as part of rou-
tine incoming inspection procedures for all appliances in
patient care areas.

12-3.7.2 Laboratories. Equipment shall conform to the non-
patient electrical equipment requirements in Chapter 7. (See
|7-5.2.2.2 for performance criteria; see 7-6.2.4 for policies.)

12-3.8 Gas Equipment Requirements.

12-3.8.1 Patient. Equipment shall conform to the patient
equipment requirements in Chapter 8, “Gas Equipment (Pos-
itive and Negative Pressure), Health Care Facilities.”

12-3.8.2 Nonpatient. Equipment shall conform to the non-
patient equipment requirements in Chapter 8, “Gas Equip-
ment (Positive and Negative Pressure), Health Care Facilities.”

12-4 Specific Area Requirements.

NOTE: This is in addition to any applicable requirements
in Section 12-3.

12-4.1 Anesthetizing Locations.
12-4.1.1 General.

12-4.1.1.1 Foreword. When this material was first published
in 1941 as a separate document, the majority of inhalation
anesthetics were administered with flammable agents, and
fires and explosions in operating rooms occurred with dis-
turbing frequency. Promulgation of this material by NFPA
and the use of this material by hospitals has lowered the inci-
dence of such tragedies significantly.

Since 1950, nonflammable inhalation anesthetics possess-
ing relatively safe properties have been developed. The
increasing use of these agents has curtailed, and in most insti-
tutions completely eliminated, the use of flammable agents.
This change in anesthetic practice has made it desirable to

| delineate standards of construction and operation in facili-
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|ties where flammable agents will never be used. It must be
emphasized that many safety recommendations pertain to
hazards other than those related to fires and explosions, e.g.,
electric shock. It must also be recognized that these agents
may possess toxicologic hazards to patients and personnel.

This material has been formulated in the belief that,
although materials and mechanical equipment must be relied
upon to the fullest possible extent for the mitigation of fire,
explosion, and electric shock hazards, such physical safeguards
are most effective only when augmented by safety precau-
tions conscientiously applied by operating room and support-
ing personnel. This section emphatically calls attention to the
need for constant human diligence in the maintenance of safe
practices because of the peculiar intermixing of flammable
anesthetic hazards and electric shock hazards, together with
the mental strain in the environment of surgical operations.

Studies of these operating room hazards by many inves-
tigators over more than 30 years have pointed to the con-
clusion that the greatest degree of safety possible within the
limitations of our present knowledge is secured only through